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Introduction and Project Objectives 

In 1967 the Ontario Department of Energy and Resources Management published Paper 67-2, “Guide to 
the Subsurface Palaeozoic Stratigraphy of Southern Ontario” (Beards 1967).  The guide consisted of 2 
key elements: regional geological structural cross-sections based on gamma-ray and neutron logs and 
lithological characteristics of subsurface Paleozoic bedrock strata encountered in a selection of deep 
petroleum wells; and description of standardized criteria for identification of Paleozoic geological 
formations in drill cuttings and gamma-ray logs.  The publication was intended to be a practical guide for 
the working petroleum geologist and was widely adopted and used for this purpose.  However, it was not 
adopted by geologists in other disciplines, such as aggregates and environmental studies, who rely on 
more traditional field-based studies of surface exposures of bedrock in outcrops and quarries, and core 
from shallow diamond-drill holes.  This has led, in some cases, to development and use of conflicting 
stratigraphic definitions and terminology, in particular for Middle and Upper Ordovician strata. 

In the almost 40 years since Paper 67-2 was published, over 5000 petroleum wells have been drilled 
in Ontario, including 450 to Precambrian basement and at least a dozen continuously cored holes.  
Geophysical logging technology has improved, new depositional models and methods of interpretation 
(e.g., sequence stratigraphy) have been developed, and revisions made to stratigraphic nomenclature.  In 
addition, digitization of subsurface data has enhanced their management and analysis.  

The main objective of the present study is to produce an updated version of the Beards (1967) 
publication, incorporating new subsurface data and using modern subsurface mapping techniques and 
interpretative models.  The authors have also attempted to make the guide more useful and relevant to 
geologists involved in aggregates, mining, water resources and environmental studies by extending the 
correlations of subsurface units to equivalent surface exposures in outcrops, quarries and shallow 
diamond-drill cores. 

Key components of this project include: 

• a comprehensive bibliography;  

• descriptions of each stratigraphic unit;  

• practical criteria for identification and picking of formation contacts in drill cuttings, core and 
from gamma-ray logs;  

• descriptions of regional trends in unit thickness, lithology and facies;  

• lithologic logs of reference well cuttings and cores;  

• formation top picks based on geophysical and geologic logs for each reference well; 

• lithologic descriptions of reference outcrops; 

• regional cross-sections; and  

• identification of oil-, gas- and water-bearing intervals. 

Another main objective of this project was to provide a comprehensive collection of photographs of 
drill core (more specifically, of whole core boxes and detailed lithologic features of stratigraphic units), 
drill cuttings and reference outcrops. Because of the impracticality of including all of  these photographs 
in hard copy, they have been placed on a DVD, available as Miscellaneous Release—Data 204. 

 



 

2 

Acknowledgements 

This work was completed as part of the Southern Ontario Hydrocarbon Resource Evaluation and 
Stratigraphic Synthesis Project using funding provided by Natural Resources Canada under the Targeted 
Geoscience Initiative 2 program.  Project leadership was provided by T.R. Carter of the Ontario Ministry 
of Natural Resources and A.P. Hamblin of the Geological Survey of Canada.  Project partners were the 
Ontario Ministry of Natural Resources, Geological Survey of Canada, the Ontario Oil, Gas and Salt 
Resources Library and the Ontario Geological Survey.  Contract administration was provided by the 
Ontario Oil, Gas and Salt Resources Corporation through the Oil, Gas and Salt Resources Library. 

Derek Armstrong and Terry Carter were the principal project geoscientists.  Derek Armstrong was 
responsible for all field work and diamond-drill core logging, reference outcrop selection and description, 
reference core and outcrop photos, unit descriptions and compilation of the bibliography.  Terry Carter 
was responsible for all subsurface geological work including selection of reference wells, preparation of 
reference well cards, standards for picking of formation tops in cuttings and geophysical logs, and 
correlation of the regional structural cross-sections. 

The project would not have been possible without the participation of the staff of the Oil, Gas and 
Salt Resources Library and access to the geological data and research materials that they manage.  
Richard Ostrowski managed the selection and acquisition of the log scanning and digitization and cross-
section software, trained staff in its use, and supervised the scanning and digitizing of the reference well 
logs.  Mike Dorland assisted in the field and picked formation tops for the reference wells by examination 
of drill cuttings and interpretation of geophysical logs.  Naamat Osman also assisted in the field.  Log 
scanning and digitization were completed by Naamat Osman and Edith Luther and cross-sections were 
constructed by Naamatt Osman, Richard Ostrowski and Jordan Clark under the direction of Terry Carter. 
The final version of this report benefited greatly from reviews by N. Hoey, A.P. Hamblin, and M. Rutka, 
R. Kelly and C. Baker of the OGS.  

Data Sources 

LITERATURE REVIEW AND BIBLIOGRAPHY 

This project commenced in the spring of 2004 with a thorough review of pertinent literature. A 
bibliography was created with a total of 627 references, including general and key references; historical 
references; references concerning stratigraphically equivalent units in adjacent jurisdictions; and bedrock 
map references.  The bibliography is included within this report, in addition to a standard reference 
section that lists cited references.  Particularly significant  publications include Bailey (in preparation), 
Bailey Geological Services Ltd. and Cochrane (1984a, 1984b, 1985, 1986, 1990), Beards (1967), Carter 
(1990), Johnson et al. (1992), Poole et al. (1970), Sanford (1961, 1968, 1969a, 1969b, 1993a, 1993b, 
1993c), Sanford et al. (1985) and Golder Associates Ltd. (2005). 

The most recent overviews of the Paleozoic stratigraphy of southern Ontario include publications by 
Sanford (1993b), Johnson et al. (1992), Derry Michener Booth and Wahl and OGS (1989a) and Winder 
and Sanford (1972).  Historically significant stratigraphic overviews for southern Ontario include those by 
Hewitt (1972), Poole et al. (1970), Beards (1967), Winder (1961) and Logan (1863). 

Overviews of the Paleozoic stratigraphy for specific geographic areas in southern Ontario include 
reports by Liberty and Bolton (1971), Liberty (1969), Wilson (1946), Caley (1940, 1941, 1943, 1946).  
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Historically significant reports on the stratigraphy of specific geological periods in southern Ontario 
include reports on the Cambrian (Sanford and Quillian 1959), the Ordovician (Sanford 1961; Liberty 
1955; Okulitch 1939; Parks 1925, 1928; Johnston 1912), the Silurian (Sanford 1965, 1969a, 1977; Bolton 
1957; Williams 1919), and the Devonian (Rickard 1984; Uyeno et al. 1982; Sanford 1968; Best 1953; 
Stauffer 1915). 

The bibliography was compiled from various sources including the references from Johnson et al. 
(1992), the on-line GeoRef database of EBSCO Publishing, unpublished OGS reference lists, and 
personal reference lists of the authors and those kindly provided by F.R. Brunton (OGS) and  
A.D. McCracken (GSC). 

THE OIL, GAS AND SALT RESOURCES LIBRARY 

Most of the drill core, all of the drill sample cuttings and all of the geophysical logs referenced and 
documented in this study are stored at the Oil, Gas and Salt Resources Library.  The Library is a public 
resource center for the study of the subsurface Paleozoic bedrock geology of Ontario.  It specializes in 
collection, generation, and dissemination of information and knowledge relevant to the oil, gas, salt and 
underground hydrocarbon storage industries. 

Over 50 000 wells have been drilled in Ontario to explore for and develop hydrocarbons, salt or 
underground storage resources.  Collection and management of subsurface geological data from these 
wells began in the late 1800s when the Borings Division of the Geological Survey of Canada solicited 
voluntary submissions of drill cuttings and cores from oil and gas wells drilled in Ontario and other parts 
of the country.  This informal collection evolved into the establishment of a core and cuttings sample 
processing, storage and study facility in Ottawa.  In 1950 a similar facility was constructed in Calgary and 
all the samples pertaining to western Canada were transferred to Calgary.  In 1971, Ontario core, cuttings 
and well records were shipped to the new provincial Petroleum Resources Laboratory located on Central 
Avenue in London, Ontario.  In 1987 the collection was moved to the present location at 659 Exeter Road 
in London and in 1996 was renamed the Oil, Gas and Salt Resources Library. 

The Library is a repository of all petroleum well information collected by the Petroleum Resources 
Centre of the Ministry of Natural Resources (MNR) under the authority of the Oil, Gas and Salt 
Resources Act and its predecessor legislation.  Information and data available for study include over 1000 
drill cores, drill cuttings samples from 13 000 wells, file information for over 21 000 wells including 
geophysical logs, formation tops, well history and construction, oil/gas/water zones, oil/gas/water 
analyses, etc., and records of monthly production of oil, gas and water by well.  The Library also 
maintains an extensive collection of reference books, periodicals, government reports and maps and 
reprints on the subsurface Paleozoic geology and bedrock resources of Ontario.  Hard-copy geophysical 
logs are available for approximately 4000 wells.  Scanning and digitization of these logs is underway.  
Gamma-ray, neutron and density curves are the most common log suite available for Ontario petroleum 
wells.  Areas covered by this wealth of data include those portions of Ontario underlain by stratified rocks 
of Paleozoic or younger age in southern Ontario, the Ottawa area, the Temiskaming outlier and the James 
Bay Lowlands in northern Ontario. 

Resources and tools for client use include a study room with semi-private booths and roller tables for 
indoor viewing of core and cuttings, a petrographic and binocular microscope, photocopying facilities, a 
GIS workstation, E-plus plotter, colour printer, and a light table.  The subsurface geologist of the Ministry 
of Natural Resources is available for consultation. 
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The Library and its data collection are owned by the Ministry of Natural Resources and managed by 
the Ontario Oil, Gas & Salt Resources Corporation, in partnership with the Petroleum Resources Centre, 
under the authority of a trust agreement signed in 1996.  The facility is nonprofit and funds its operations 
from annual licence fees on petroleum wells, sample processing fees, sales of data and publications and 
user fees.  For more information please visit www.ogsrlibrary.com, or telephone 519-686-2772. 

PETROLEUM WELL FILES 

Systematic collection and recording of well data by the Ontario government began in 1915 when the 
Ontario Bureau of Mines included a summary of well-drilling activity in its annual report (Beards 1967).  
Today all companies that drill or operate petroleum wells in Ontario are required to licence their wells 
under the provincial Oil, Gas and Salt Resources Act and its regulations.  Data collection and reporting 
requirements are established by the Provincial Operating Standards.  Well operators are required to 
submit copies of all drilling reports, geophysical logs, oil/gas/water analyses, core analyses, tests, well 
location plans, etc., to the Ministry of Natural Resources.  Copies of all reports, analyses, etc., are 
available at the Library for public study after the expiry of a confidentiality period, which is 1 year for 
exploratory wells and 30 days for all other wells. 

Well location plans must be prepared and submitted to the Ministry of Natural Resources by the well 
operator.  The plan describes the exact location of the well in relation to the nearest corner of the 
township lot within which it is located and the ground elevation of the well site above mean sea level.  
Measurements are required to be accurate to the nearest 1/10th of a metre.  Since 1997, well operators 
have also been required to provide geographic coordinates (latitude and longitude) of the well location, 
measured and reported to the nearest 1/100th of a second.  For wells drilled prior to 1997 that have no 
geographic coordinates but with known locations relative to township lot lines, Library staff have 
calculated latitude and longitude co-ordinates using GIS mapping tools. 

The well operator records the depths at which the drill cuttings, core samples and other subsurface 
measurements are obtained during the drilling of a well in metres below the drilling rig floor.  The height 
of the rig floor above the ground surface is also recorded, and in this way it is possible to record 
elevations for all depth measurements.  The well operator also measures the depths to the tops of bedrock 
formations and records these measurements on a standardized drilling and completion report that is 
submitted to the Ministry of Natural Resources.  Well cards, prepared by Ministry of Natural Resources 
staff, summarize well construction, location, formation top depths, rig floor (or “kb”, for kelly bushing) 
and ground elevation, depths of all oil, gas and water bearing intervals, well operator, well status, drilling 
and plugging dates, and related information.  Stratigraphic nomenclature for reporting has been 
standardized by Ministry of Natural Resources geological staff based on Beards (1967). 

ONTARIO PETROLEUM DATA SYSTEM AND PETROGIS 

Completion of this study was greatly facilitated by access to data stored on the Petroleum Resources 
Centre’s digital petroleum well database, the Ontario Petroleum Data System (OPDS) and use of the 
Centre’s custom ArcGIS® application, PetroGIS.   

OPDS consists of an Oracle® 8.0.5.1 relational database and a related custom software application 
written in PowerBuilder® 6.5.  The database resides on an Oracle® server located in Peterborough with 
principal users located in London at the Petroleum Resources Centre.  OPDS is used for entry, editing, 
viewing and querying data for all wells drilled under the authority of the Oil, Gas and Salt Resources Act 
or its predecessor legislation and for producing reports and approvals, including licences for petroleum 
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wells.  The data consist of geological, drilling and engineering information on over 21 000 petroleum 
wells drilled in all parts of Ontario and dating back into the late 1800s.  The stored data include well 
location, well status, operator, drilling dates and depths, geological formation tops, well construction, 
oil/gas/water intervals, logging intervals, cored intervals, drill sample disposition, etc. (Carter 2001). 

PetroGIS is a custom ArcMap® 8.3 script developed by staff of the Petroleum Resources Centre to 
facilitate viewing and extracting data from OPDS and performing spatial queries and three dimensional 
subsurface mapping (Carter and Castillo 2006).  PetroGIS was used extensively in the present study.  All 
the maps included in the study were produced from PetroGIS. 

GEOPHYSICAL LOGS 

Wireline or geophysical “logs” are measurements of the physical characteristics and depth of subsurface 
rock formations penetrated by a borehole.  Data are acquired by lowering a geophysical logging tool 
suspended on a cable to the bottom of the well bore, usually immediately after drilling operations are 
completed.  The instrument is equipped with specialized signal emitters and receivers that are turned on 
when the tool reaches the bottom of the hole.  The tool is then slowly drawn back to the surface and 
acquires data about the bedrock formations around the well bore.  The data is transmitted along the cable 
to the surface where it is recorded and translated by a computer.  The data is presented and printed in a 
chart, with the geophysical response of the rock formation plotted as a line graph relative to the depth 
below the datum.  The datum, in almost all cases, is the rig floor although if the log is acquired after the 
rig has been removed then the datum may be ground level.  

Gamma-ray and neutron logs are the most useful and commonly used logs in Ontario and are 
economical to acquire relative to the cost of drilling and operating wells.  A gamma-ray log is a 
measurement of the radioactivity released by subsurface rock formations in response to bombardment by 
gamma-rays from a radioactive source in the logging tool, and is used to identify rock types and for 
mapping and correlation of depths and thicknesses of rock formations.  Neutron logs are used principally 
for delineation of porous formations and determination of their “porosity”.  Porosity is the ratio of the 
volume of pore spaces (holes) to solid rock.  In the subsurface these pore spaces are filled with either 
water or hydrocarbons.  The neutron log responds to the hydrogen in the water and hydrocarbons.  Used 
together these logs provide invaluable information about subsurface rock formations and any porous 
horizons in the rocks, and depth measurements are much more accurate than when determined from 
examination of drill cuttings samples or drill core. 

In general, shaly or argillaceous rocks are more radioactive and this is expressed as an increase in 
gamma-ray response on geophysical logs.  Non-shaly rocks, such as clean limestone or sandstone, have a 
subdued response.  The presence of radioactive minerals, such as glauconite, will also cause an increase 
in the gamma-ray response but this is a relatively rare occurrence.  Consequently, the gamma-ray 
signature of a rock is determined by its lithology.  Depending on the lateral and vertical homogeneity of 
individual rock formations, characteristic gamma-ray log signatures can be identified and used as criteria 
for mapping or “picking” formation tops in individual wells.  These formation tops can then be correlated 
from well to well and used to construct geologic cross-sections.  Lateral or vertical changes in the 
gamma-ray signature can also be used to map facies changes. 

Formation top depths determined by use of geophysical logs, when properly interpreted, are more 
accurate than tops determined by examination of drill cuttings.  This is due largely to the inherent 
precision of the electronic measurement of depth along the wire cable from which the logging tool is 
suspended.  
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Density logs are very useful for identification of evaporate minerals such as anhydrite and salt, 
identification of hydrocarbon density and calculation of porosity.  A more recently developed log is the 
lithodensity or photoelectric effect (PEF) log.  The PEF log measures the photoelectric absorption index 
of the rock matrix of the formation, which can be related to mineralogy.  It is a particularly sensitive tool 
for distinguishing limestone (calcite) from dolomite as these 2 minerals have very distinct and well 
separated responses. 

DRILL CUTTINGS SAMPLES 

“Cuttings” are small chips or slivers of bedrock produced by the drill bit as it penetrates through the 
bedrock to create a bore-hole or well.  In southern Ontario, wells are drilled with either rotary drilling 
technology or with older cable tool drilling techniques.  Drilling techniques and related sample recovery 
and quality issues are described in Low (1977).  

In Ontario the operators of petroleum wells are legally required to collect cuttings samples of the 
bedrock formation penetrated by the drill bit during the drilling of the well.  These samples must be 
collected continuously during drilling of the well and are taken at intervals not greater than 3 m starting 
from the top of bedrock to the total depth of the well, for vertical or deviated well-bores.  Sample interval 
is 6 m for the horizontal portions of well-bores.  The samples are placed in small canvas bags, air dried 
and the bags are labeled with the depth interval, well name and well licence number.  The samples are 
then delivered to the Oil, Gas and Salt Resources Library, where the samples are processed by washing 
and drying and then transferred into glass vials labeled with the depth interval and an identifying code.  
The vials are stored, in sequence by increasing depth, in cardboard trays within larger wooden trays or 
drawers that are in turn permanently archived in a large metal cabinet.  Trays are identified by catalogue 
numbers and by well name.  The catalogue numbers are recorded in the MNR petroleum well database 
and printed on the hard-copy well cards in the well files. 

Cuttings samples can be retrieved by Library staff or clients for examination.  Samples are examined 
by experienced geologists using low-power binocular microscopes and methods adopted from Swanson 
(1981).  Depending on the skill, care and experience of the geologist and quality of the samples it is 
possible to determine lithology, grain size, colour, porosity, presence of hydrocarbons and to identify 
fossils.  Formation top depths can be routinely and accurately determined with sub-metre accuracy. 

ONTARIO GEOLOGICAL SURVEY DEEP DRILL HOLES 

In response to the oil crisis of the late 1970s, the Ontario government undertook a review of conventional 
oil and gas resources and of unconventional hydrocarbon resources such as peat, lignite and oil shales 
(see Churcher et al. 1991).  As part of that project, called the Hydrocarbon Energy Resource Program 
(HERP), a series of deep stratigraphic holes were continuously cored through the Paleozoic succession at 
a number of locations in south-central and southwestern Ontario (Figure 20.5 in Johnson et al. 1992).  
Most of the holes were geophysically logged, at least in part, and both geophysical and preliminary 
lithologic logs for most of these holes were published in a series of Ontario Geological Survey (OGS) 
Open File Reports (Johnson et al. 1983b, 1985; Johnson 1983) or in the marginal notes of a geological 
map (Wolf 1986).  Ten of these cores have been selected as reference wells for the present project.  All 
but one of these cores are stored at the Ministry of Northern Development and Mines (MNDM) office in 
Sudbury.  The Cockburn Island core is stored at the MNDM office in Sault Ste. Marie.  Significant 
intervals (primarily non-shale bearing intervals) of the cores drilled in southwestern Ontario have been 
slabbed, with one half of the core submitted to the OGSR Library for archival storage. 



 

7 

Four other OGS cores, drilled in the Ordovician outcrop belt in support of OGS mapping projects 
(Armstrong 1999, 2000; Carson 1982), have also been selected as reference wells for this project. These 
include 3 drilled in the Lake Simcoe area and one near Bath.  The Lake Simcoe area cores are stored at 
the MNDM office in Sudbury and the Bath core is stored at the MNDM office in Tweed. 

Project Methodology 

Project methodology was based on Paper 67-2 with modifications to accommodate new and updated 
stratigraphic interpretations, improved geophysical logging methods and new log types (in particular the 
photoelectric effect log) and the use of modern digital data management technology and techniques.  A 
major and important modification in this study is the addition of reference outcrops and reference cores 
and their correlation with geological observations and interpretations from petroleum well drill cuttings 
and geophysical logs.  This marriage of surface and subsurface mapping techniques necessitated some 
compromises to maintain the prime objective of providing a practical guide for use in subsurface 
geological studies. 

REFERENCE WELLS 

Sixty-three reference wells (Table 1) were selected for this project based on the following criteria: 

1. well penetrates the Precambrian basement; 
2. geophysical logs are available with a minimum of gamma-ray and neutron logs,  

preferably also including density and photoelectric effect logs;  
3. cuttings samples and/or core is available;  
4. appropriate location to provide regional coverage or illustrate specific geological  

features; and 
5. data quality. 

 

Geophysical logs for the reference wells were scanned using a dedicated log scanner to produce a 
TIFF file at either 300 or 400 dpi resolution.  The TIFF files were then digitized using Neuralog® 
software (produced by Neuralog Inc.).  Drill cuttings from each of the wells were logged by Mike 
Dorland under the supervision of Terry Carter. Photographs of cuttings representative of the stratigraphic 
units encountered in one of the wells, T008230 Pembina, Howard 1-96-BFC, are presented in Appendix 6 
(see MRD 204). Formation top picks determined either geophysically or by drill cuttings (in the case of 
unreliable geophysical picks) were made by Mike Dorland and Terry Carter, and recorded in the 
Neuralog® file and on a well card for each well.  Copies of the well cards for these reference wells are 
presented in Appendix 1 (in MRD 204).  

A grid of 12 reference lines of cross-section utilizing the 63 reference wells was constructed for this 
project (Figure 1, Table 1).  The lines of section were chosen to illustrate regional structures and 
depositional trends in the Paleozoic strata of southern Ontario (Figure 2).  Construction of these regional 
cross-sections is described below. 
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Table 1. List of reference wells selected for this project. Cross-section locations are shown on Figure 1. Logs include: GR = 
gamma-ray, N = neutron, D = density, PEF = photoelectric effect, NGRS=Natural Gamma-ray Spectrometry, CNL = 
Compensated Neutron Log, DIL = Dual Induction Laterolog, SONL = sonic log, LATL = Laterolog, ES = electrical log, SP 
= spontaneous potential, DIP = dipmeter, “Core” = core log.  Detailed information for each well is presented on well cards in 
Appendix 1. 

 

Well 
Licence # Well Name Cross-Section(s) Logs 

T010520 GGOL Huron #1, Aldborough 4-C-VII B - B' GRND, PEF, LATL 
T010456 TLM Disposal #1, Malahide 5-27-I B - B' GRND, PEF, SONL, DIL 

T010044 Talisman East, L.Erie 69-E-4 A - A', G - G' GRND, PEF, SONL, 
LATL 

T010043 Talisman East, L.Erie 38-P-3 A - A' GRND, PEF, SONL, DIL 
T009793 Shiningbank/ JEL #82, South Easthope 1-22-V C - C', G - G' GRND, PEF 
T008556 Imperial Brine Disposal #1, Sarnia 2-II-IVRSIR J - C GRND, PEF 
T008512 Pembina Central, L. Erie 185-M-3 A - A', F - F' GRND, PEF, DIL 
T008230 Pembina, Howard 1-96-BFC B - B', E - E' GRND, PEF 

T008111 PPC Rochester #15, Rochester 7-17-IV C - C' GRND, PEF, SONL, 
LATL 

T008079 Laker #1, Pelee 21-RP338 A - A', C - A GRND 
T007979 OGS 93-5, Medonte 8-13-IX F - K, K - K' Core, GRND, SP 
T007968 OGS 93-4, Mara 6-21-VII K - K' Core, GRND, DIL 
T007844 Brett et al. Burford 5-17-IV G - G' GRN 
T007726 OGS 91-I, Brock 19-VIII C - C', K - K' Core, GRND 

T007714 PPC/Ram 22 Dover 2-1-VE C - C', D - D' GRND, PEF, SONL, 
LATL 

T007544 BPI, Ashfield 2-6-XWD G - G', J - C GRND, PEF, SONL, 
LATL 

T007395 PPC Chatham 2-10-I C - C', E - E' GRND, PEF, SONL, 
LATL 

T007191 Pembina Maxus, Anderdon 2-II-V J - C, C - C', C - A GRND, PEF, SONL, 
LATL 

T007162 Imperial Oil 646, Romney 31- Gore A B - B', D - D' GRND, SONL, LATL 

T006965 Ram #90 Sombra 8-20-V E - E' GRND, PEF, SONL, 
LATL 

T006960 Hewitt Tundra et al., Mosa 8-21-II C - C' GRN  

T006912 Consumers’ 34025, Tilbury East 1-5-NMR D - D' GRND, PEF, SONL, 
LATL 

T006883 OGS 85-7, Cockburn Island 16-II J - C Core, GRND 

T006878 Denison #1, Southwold 1-27-NSTREB F - F' GRND, PEF, SONL, 
LATL 

T006818 Diamond Shamrock Lake Erie 117-G F - F' GRND, PEF, SONL, 
LATL 

T006815 Diamond Shamrock, L. Erie 240-V A - A' GRND, PEF, SONL, 
LATL 

T006814 Diamond Shamrock Lake Erie 175-H-3 E - E' GRND, PEF, SONL 
T006621 PPC #4 Dover 8-14-XIIIE D - D' GRND, PEF, LATL 
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Well 
Licence # Well Name Cross-Section(s) Logs 

T006539 Consumers et al. 33817, Mersea 3-13-A B - B' GRND, PEF, SONL, 
LATL 

T006364 Tipperary No. 4, Goderich 2-37-IX J - C GRND, LATL 

T006305 OGS-83-5 Manitoulin Howland 6 - V J - C Core, GRND, SONL, 
LATL 

T006124 OGS 83-3 Pickering 18-R3 B - B' Core, GRND, SONL, 
LATL 

T006120 OGS 83-I Halton, Nassagaweya 9-VII C - C', H - A' Core, DIL, NGRS 

T006102 OGS 83-2 Clarkson, Toronto 33-III B - B' Core, GRND, DIL, PEF, 
SONL 

T006078 OGS 82-3, Yarmouth 3-9-I B - B', F - F' Core, GRND, SONL, 
LATL, PEF 

T006056 OGS 82-4 Wiarton, Albemarle 4-25-I H - A', J - C Core, GRND 
T006045 OGS 82-2 Harwich 25-II ECR E - E' Core, GRND, SONL 
T006044 OGS 82-1 Moore 18-FC E - E', J - C Core, GRND, SONL 
T005473 Anschutz No.4, L. Erie 128-Q A - A', G - G' GRND, SONL 
T004985 Petromark et al., Elma 2-36-XIV F - K, G - G' GRND 
T004907 Bowman Dev., Wainfleet 7-4-III A - A', H - A' GRND 
T004881 Pacific, Culross 4-25-V G - G' GRN  
T004854 Pacific, Greenock 1-32-VIII J - C GRN 
T004772 Consumers’ 13501, L.Erie 313-N A - A', D - D' GRND, LATL, SONL 
T004767 Pacific, Turnberry I-I-II G - G' GRND, LATL 

T004754 Consumers’ 13502 Lake Erie 284-C D - D' GRND, SONL, LATL, 
DIP 

T004497 Consumers’ 13176, L. Erie 222-V-1 A - A', E - E' GRND, SONL, LATL, 
DIP 

T004105 Firebird No.2, Stephen 1-3-XXI F - K, F - F', J - C GRND 

T003071 Camac Maverick Walpole No.1, Sombra 241-
BK D - D', J - C GRN 

T002887A CPOG Welland 2A, L. Erie 24-T A - A' GRND, SONL, DIL 
T002843 Amerada Hess Essex No. 2, Lake Erie 359-F B - B', C - A GRND, ES 
T002713 Buxton Bozlan No.1, Arthur 8-25-V F - K, H - A' GRND  
T002613 Monray No.1, Egrement 4-VI H - A' GRN 
T002327 Thomas Wright No.1, Assignack 48-I J - C GRN, ES 
T002033 Imperial Oil, Saltfleet 12-IV B - B', H - A' GRND 
T002012 Imperial Grantham 3-III A - A', H - A' GRND 
T001536 IOE Bluewater et al., Delaware 15-III C - C', F - F' GRND 
T001021 Lloyd Vanderburg No.6 Windham I-XIII G - G' GRN 

H000015 OGS Deep Hole #1 Corbetton, Melancthon 251-
II F - K Core, GRN, SONL, SP 

F013651 OGS Bath No.1, S. Fredericksburg 18-I B - B' Core, GRND, SONL 
F012155 Imperial Oil No. 528, St. Edmund 44-I EBR J - C GR  
F012058 Arthur Gallagher Hope 25-II (with Jalore core) B - B', K - K' Core, GRN 
F005446 US Steel No.1, Charlotteville 21-I B - B', G - G' Core, no logs 
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REFERENCE CORES  

Sixteen of the 63 reference wells were cored over significant (virtually complete) intervals (see Table 1 
and Figure 1), and as such, provide invaluable subsurface data sources. Wells with both cores and logs 
provide lithologic basis for geophysical responses that are the industry standard for subsurface mapping.  
In addition, continuous cores provide lithologic details, such as unit contact relationships, that may not be 
detectable by geophysical logs or in drill cuttings sample suites.  

The time frame of this study permitted detailed logging of only 3 drill cores: T006045 (also called 
OGS-82-2) located near Chatham, F005446 (drilled by U.S. Steel) located in Charlotteville Township, 
near Port Rowan, and F013561 (drilled by the OGS) located near Bath, west of Kingston (see Figure 1 
and Table 1).  The detailed lithologic log descriptions for these 3 cores are presented in Appendix 2. 

The 3 logged reference cores were digitally photographed for the project. Photographs of whole core 
boxes providing complete coverage of each core are presented in Appendix 3 (in MRD 204 only).  Digital 
photographs illustrating lithologic details of the stratigraphic units encountered in these cores are also 
presented in Appendix 3 (in MRD 204) and listed in Tables A3-1, A3-2 and A3-3 of this report. 

REFERENCE OUTCROPS 

One of the key objectives of this study was to identify and describe significant outcrops that could be used 
as references for subsurface units. Eleven reference outcrops, including quarries and natural outcrops, 
were selected.  Location and stratigraphic information for these outcrops is presented in Tables 2 and A5-
1, and their locations are plotted in Figure 3. Section descriptions with annotated photographs are 
presented in Appendix 4.  Additional photographs of the reference outcrops are presented in Appendix 5 
(in MRD 204 only) and listed in Table A5-2. 

A number of additional outcrops were examined during the course of field work for this project. 
Annotated photographs of 10 of these non-reference outcrops are included in Appendix 5 (in MRD 204 
only) and are listed in Table A5-3.  The locations of the 10 non-reference outcrops are listed in  
Table A5-1. 

STANDARDIZED SUBSURFACE UNIT DESCRIPTIONS 

Standardized unit descriptions were developed for mappable subsurface units based on examination of 
reference cores and outcrops, drill cuttings and geophysical log responses.  In most cases the units are 
formational ranking; however, in other cases, only the group level is consistently mappable.  Subunits 
(e.g., members or mappable beds) that can be identified within the units described, at least locally in the 
subsurface, are also described and listed within the unit description.  Each unit description includes 
discussion of its stratigraphic nomenclature, lithologic character, locations and descriptions of reference 
outcrops and wells, geophysical log characteristics and the best criteria for defining the top contact of the 
unit.  

 

 



 

 

 
Table 2.  List of reference outcrops selected for this project.  Locations are plotted in Figure 3. Datum for UTM co-ordinates is NAD83. Latitude and 
longitude are reported in decimal degrees. 

Outcrop Location(s) Mapping 
Station # 

UTM 
East 

UTM 
North Latitude Longitude 

Stratigraphic Unit(s)    
(Gp = Group, Fm = Formation, 

Mb = Member) 
Age UTM 

Zone 

Rock Glen Conservation 
Area, Arkona 

04DKA-
001 433212 4770533 43.08457184 -

81.82052612 
Hamilton Gp: Widder Fm, Hungry 
Hollow Fm, Arkona Fm Devonian 17 

St. Marys Quarry 04DKA-
026 486689 4788213 43.2466011 -

81.16396332 
Dundee Fm; Lucas Fm (Detroit 
River Gp) Devonian 17 

Amherstburg Quarry 04DKA-
028 327464 4662533 42.09592438 -

83.08641052 
Detroit River Gp: Lucas Fm, 
Amherstburg Fm Devonian 17 

Welland Tunnel 04DKA-
008 644994 4757938 42.960289 -

79.22228241 Salina Fm Silurian 17 

Dundas Quarry 04DKA-
033 580898 4796028 43.31274033 -

80.00241852 
Guelph Fm; Eramosa Mb 
(Lockport Fm) Silurian 17 

Niagara Gorge – Art 
Park, Lewiston, NY 

04DKA-
035 

658963 
to 

659399 

4780692 
to 

4778954 

43.16228104 
to 

43.14654922 

-
79.04460144 

to -
79.03974152 

Lockport Fm: Goat Island Mb, 
Gasport Mb; Decew Fm; Rochester 
Fm; Irondequoit Fm; Reynales Fm; 
Neahga Fm; Thorold Fm; Grimsby 
Fm; Cabot Head Fm; Whirlpool 
Fm; Queenston Fm (Ordovician) 

Silurian, 
Ordovician 17 

East Meaford Creek, 
Meaford 

01DKA-
019 535090 4937371 44.58882904 -

80.55792999 
Georgian Bay Fm; Blue Mountain 
Fm Ordovician 17 

Bowmanville Quarry 04DKA-
039 685450 4861760 43.88562393 -78.6913681 Lindsay Fm: Collingwood Mb, 

lower mb (Cobourg) Ordovician 17 

Picton Quarry, Prince 
Edward County 

04DKA-
018 329310 4879890 44.05230713 -

77.13084412 
Lindsay (Cobourg) Fm; Verulam 
(Sherman Fall) Fm Ordovician 18 

Brechin (Lafarge) 
Quarry, Brechin 

04DKA-
025 647100 4932700 44.53262329 -

79.14860535 

Verulam (Sherman Fall) Fm; 
Bobcaygeon (Kirkfield and 
Coboconk Fms); Gull River Fm 

Ordovician 17 

Marmoraton Iron Mine, 
Marmora 

04DKA-
019 288934 4928300 44.47717667 -

77.65393829 

Bobcaygeon (Coboconk?) Fm; Gull 
River Fm; Shadow Lake Fm; 
Precambrian 

Ordovician 18 
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STANDARD GEOPHYSICAL LOG CHARACTERISTICS OF 
SUBSURFACE UNIT CONTACTS 

Effective subsurface geological mapping and correlation requires the ability to make accurate and 
consistent “picks” of the depth at which petroleum wells intersect the tops of formations in the 
subsurface.  These depths are converted to elevations relative to sea level by subtracting the depth to the 
top of the formation from the kb/rig floor elevation (if known) and can then be used for structural 
mapping including construction of structural cross-sections.  Accuracy of the picks is dependent on the 
skill, knowledge and experience of the geologist making the picks, availability of geophysical logs, 
quality of samples, as well as on the accuracy of the information collected by the driller.  Consistency of 
the picks relies on these factors as well, but is also dependent on application of standard criteria for 
identifying formation tops.  In this study and in most subsurface mapping applications these criteria are 
most practically established by observation of changes in lithologic characteristics at the contact of one 
formation with another.  These changes in lithology can usually be detected by geophysical logs and are 
evidenced by a shift or change in configuration of the log traces.  In carbonate-dominated terrains like that 
of southern Ontario, gamma-ray logs are used to measure these lithological variations and neutron logs 
are run in combination with the gamma-ray tool to measure porosity.  In general, the presence of shale or 
shaly rocks causes a positive response on the gamma-ray curve and a negative response on the neutron 
curve.  The pattern of the change in gamma-ray response at formation contacts and the complementary 
changes in neutron response can be used to establish standard criteria for picking formation contacts. 

Beards (1967) published a reference chart documenting the typical lithologic and geophysical log 
characteristics for identifying formation contacts for each of the Paleozoic bedrock formations of southern 
Ontario.  Beards’ chart has been modified to reflect updated unit top picks used in the present study; the 
updated chart is presented in Figure 4 (back pocket).  

REGIONAL CROSS-SECTIONS 

Structural cross-sections, using mean sea level as a datum for hanging the sections, were constructed 
using NeuraSection® software (produced by Neuralog Inc.).  Sections were constructed from well-to-well 
and displayed using equidistant spacing between wells in order to produce a practical display.  The 
distances between wells are displayed directly on the sections.  Well symbols are displayed for each well, 
indicating well type (e.g., natural gas well) and well mode (e.g., active, plugged and abandoned).  Shaly 
intervals are displayed with a light blue fill to add definition to the sections. 

Depending on thickness of strata encountered (i.e., depth of wells), there are either 1 or 2 cross- 
sections for each line of section, resulting in a total of 17 cross-sections for the 12 lines of section.  For 5 
lines of section (A-C, D-D′, E-E′, F-F′, and G-G′) 2 cross-sections were produced for each line consisting 
of an upper section and a lower section, using the top of the Queenston Formation as a boundary.  This 
was done as a practical way to manage cross-section construction and display issues caused by variations 
in the depths of the wells.  Condensed versions of the 17 reference cross-sections are presented in Figures 
5 to 21 (on charts A to C, in back pocket). Large scale, digital (TIFF) versions of these cross-sections are 
available in MRD 204 as Figures 22 to 38, or “e-size” plots can be purchased from the Oil, Gas and Salt 
Resources Library (www.ogsrlibrary.com). 

Well-to-well formation top correlations on the cross-sections are based, in most cases, on gamma-ray 
log characteristics.  Exceptions include the tops of the Lucas, Amherstburg, Bois Blanc, Springvale, 
Oriskany and Bass Islands/Bertie formations which are based on examination of drill cuttings samples. 

http://www.ogsrlibrary.com/
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Geophysical logs are not reliable in picking these formation tops because their geophysical responses are 
similar to those of their respective overlying units.  There are also local exceptions where gamma-ray logs 
were not available, in which case, tops were determined using drill cuttings or by examination of 
diamond-drill core.  In rare cases where there were no logs, core or cuttings, the tops were determined by 
analogy with, or interpolation from, a nearby well.  Where both diamond-drill core and gamma-ray logs 
were available, the picks on the cross-sections and well cards were determined using the geophysical logs.  
These picks may be in disagreement with the picks recorded in the reference core descriptions, principally 
due to differences in the precision of the depth measurements inherent to the 2 methods.  

Regional Geologic Setting 

During the Paleozoic Era eastern North America was mainly located in tropical latitudes and 
intermittently covered by basin-centered inland seas.  Thus, the Paleozoic bedrock succession in southern 
Ontario consists largely of marine sediments from Cambrian to Mississippian age.  

Southern Ontario is located between 2 major Paleozoic sedimentary basins, the Appalachian Basin to 
the south and the Michigan Basin to the west (Figure 2). The southwestern Ontario peninsula straddles a 
broad northeast-oriented basement high, the Algonquin Arch, situated between the 2 basins.  The 
Chatham Sag is a structural low at the southwestern end of the Algonquin Arch, separating it from its 
extension, the Findlay Arch, in the United States (see Figure 2).     

The Michigan Basin is a roughly circular, carbonate-dominated, evaporite-bearing intracratonic 
basin. The Appalachian Basin is an elongate, siliciclastic-dominated foreland basin.  It developed in 
response to collisional tectonic events (orogenies) that occurred along the eastern edge of North America 
(on the other side of the basin from Ontario) during the Paleozoic.  The Paleozoic bedrock succession of 
southern Ontario reflects the complex interplay of regional tectonic forces that caused vertical (and 
sometimes lateral) movements of these structural elements (e.g., basin subsidence and arch uplift), 
siliciclastic sedimentation associated with orogenic activity and eustatic sea level fluctuations (Johnson et 
al. 1992; Sanford 1993b).  In general, units that extend into Ontario from the Appalachian Basin tend to 
be more siliciclastic in nature, whereas those from the Michigan Basin tend to be more carbonate-rich and 
may contain evaporites.  Intermittent uplift of the Algonquin Arch has caused lateral shallowing-archward 
facies changes or post-depositional arch-centered erosion of units.  

Up to 1500 m of Paleozoic strata are preserved in southwestern Ontario.  Equivalent strata in the 
centers of the Michigan and Appalachian basins are approximately 4800 m and 7000 m, respectively 
(Sanford 1993b).  In general, bedrock strata dip from 5.5 to 8.5 m/km from the Algonquin Arch westward 
into the Michigan Basin and southward into the Appalachian Basin (Winder and Sanford 1972). The 
effect of regional dip on bedrock unit distribution is readily apparent in the general bedrock geology map 
of southern Ontario (see Figure 2) where progressively older units outcrop (or subcrop beneath 
Quaternary cover) towards the east and north away from the 2 basin depocentres.  

Stratigraphic Overview 

The standard subsurface stratigraphic terminology for southern Ontario is presented in Table 3.  The 
table is subdivided into 3 columns representing, from northwest to southeast, stratigraphy in the Ontario 
portion of the Michigan Basin, in the vicinity of the Algonquin Arch and in the Ontario portion of the 
Appalachian Basin.  This version varies slightly from that in current usage by the petroleum industry and 
somewhat more so as compared to the nomenclature charts published by Beards (1967) and Winder and  
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Sanford (1972).  Key differences between the Beards (1967) nomenclature chart and Table 3 include, in 
the latter, a more detailed breakdown of the Guelph-Lockport unit and replacement of the Meaford-
Dundas with the Georgian Bay and Blue Mountain formations.  These changes are discussed more fully 
in the following section.  

Stratigraphic nomenclature has evolved over time from being based largely on paleontology and 
biostratigraphy into being more lithologically based. More recently, interpretative genetic models such as 
sequence stratigraphy have been incorporated.  Originally nomenclatural schemes were developed based 
on examination of available outcrops.  Outcrops (both natural and man-made) may afford excellent 
exposures of rock units, although rarely (at least in Ontario) with much lateral or stratigraphic extent.  
Over time, as more strata was exposed (e.g., new quarries or road construction), new stratigraphic 
relationships and units were uncovered and stratigraphic nomenclature was modified to reflect these new 
observations. Increasingly, subsurface observations such as seismic survey imagery and borehole 
geophysical logs are being incorporated, especially with respect to the application of sequence 
stratigraphy concepts. However, there is a strong desire to tie nomenclature to actual rock, and as such, to 
a type outcrop or possibly core. Subsurface stratigraphic terminology was originally based on basic rock 
properties identified by drillers and drill-site geologists.  For instance, the shales of the Devonian 
Hamilton Group appeared to “foam-up” during drilling and thus became called the “Soap”.  Paper 67-2 
evolved beyond this driller terminology and standardized the definition of the Paleozoic bedrock strata 
using modern stratigraphic and facies concepts.  As well, the paper applied rigorous scientific methods in 
the description of bedrock formations, in particular with the use of downhole geophysical logs.  The latter 
has allowed well-constrained, precise measurements of physical rock properties.  However, details 
required for nomenclatural assignment, such as contact relationships or biostratigraphic data, may be 
missed in standard subsurface mapping. 

One of the challenges associated with merging surface-based stratigraphic nomenclature with 
subsurface stratigraphic terminology is the respective scales of observation afforded in each case.  
Standard subsurface data, such as drill cuttings and geophysical logs provide a more stratigraphically 
complete view than outcrops.  Detailed relationships can be studied in drill core, but core is taken 
infrequently in petroleum wells.  Outcrop based mapping can provide very detailed information that is not 
observable in cuttings, although commonly with limited stratigraphic extent.  Another bias with outcrop-
based mapping is that it has enabled the identification of thin units that are not resolvable in the 
subsurface.  Surface exposures of bedrock are also of very limited occurrence in southwestern Ontario 
and often preferentially expose lithofacies that are resistant to erosion.  For example, in southern Ontario 
outcrops of the Guelph Formation almost exclusively represent the reefal facies, while the basinal facies 
can only be studied from petroleum wells, and in the Salina Group salt-bearing basinal facies only occur 
deep in the subsurface. 

In preparing this report, the authors have attempted to balance the detailed and somewhat more 
academic, outcrop-based nomenclature system with the practical needs and constraints of mapping in the 
subsurface. Subsurface units must be mappable using standard subsurface mapping techniques.  If outcrop 
and subsurface stratigraphic terminology differs, both terms are presented in this report and their 
relationship discussed in the unit descriptions of the following sections.  

The nomenclature chart published by Beards (1967) contains a number of units, especially the 
Ordovician units that were based on biostratigraphically defined units from the outcrop belt. The actual 
correlation between the outcrop belt and subsurface was presumably based on lithologic rather than 
biostratigraphic grounds.  Beards (1967) defined the subsurface units based on subsurface mapping 
properties (i.e., top of unit picks made using drill cuttings samples or geophysical logs).  Since then, the 
stratigraphy in the outcrop belt has been redefined based on lithologic characteristics (e.g., Liberty 1969) 
and new names applied.  For the most part, Beard’s terminology remains entrenched in the petroleum 
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industry, so most of these names are retained in this report with some notable exceptions highlighted 
below.  Their approximately correlative surface terms are also presented.  

Standard Subsurface Unit Descriptions and Contacts 

Descriptions of subsurface stratigraphic units identified in southern Ontario are presented in descending 
stratigraphic order, from youngest to oldest.  The stratigraphic and geographic distribution of these units 
is also illustrated in Table 3.  

DEVONIAN UNITS 

Port Lambton Group 

Nomenclature:  The Port Lambton Group is the youngest Paleozoic unit preserved in southern Ontario. It 
consists of shales and sandstones of Late Devonian to Mississippian (?) age and is subdivided into (in 
ascending order) the Upper Devonian Bedford and Berea formations and the Lower Mississippian 
Sunbury Formation (Johnson et al. 1992).  Its occurrence is restricted to western Lambton County (see 
Ontario Geological Survey 1991) and its constituent units are equivalent to similarly named units in 
Michigan (Sanford 1968).  

Lithology:  The Port Lambton Group consists of siliciclastic sediments comprising 3 formations: the 
Bedford, Berea and Sunbury. The Sunbury Formation consists of up to 20 m of black, organic-rich shale 
that sharply and disconformably overlies the Berea Formation. Locally in Michigan, the Sunbury 
disconformably overlies the Bedford Formation. The Berea Formation consists of grey, fine- to medium-
grained sandstone with grey shale and siltstone interbeds. The lower contact is gradational with the 
Bedford Formation and disconformable with the Kettle Point Formation. Anomalous thicknesses, up to  
60 m, are associated with sandstone channels (or “shoestrings”) that cut down through the underlying 
Bedford Formation and into the Kettle Point Formation (Sanford 1968).  The Bedford Formation is a light 
grey, soft, fissile shale with silty and sandy interbeds in the upper part of the unit. The unit is 
approximately 30 m thick and disconformably overlies the Kettle Point Formation.  

Reference Outcrop(s):  The Port Lambton Group is not known to outcrop in Ontario.  Type localities of 
its constituent formations are located in Ohio (Catacosinos et al. 2001).  Winder (1961) lists an unnamed 
well drilled at Port Lambton, Ontario, as the type locality for the Port Lambton Formation (precursor to 
the group). 

Reference Core/Log/Well:  The Bedford Formation of the Port Lambton Group occurs from 61.60 m to 
94.36 m depth in reference well T006044. The 2 younger units of this group were not encountered in any 
of the reference wells selected for this project, although they occur in other wells in Ontario.   

Geophysical Log Characteristics:  Where all 3 constituent formations are present, the Port Lambton 
Group has a tripartite gamma-ray signature (see Figure 4 in Ells 1979). The organic-rich nature of the 
Sunbury Formation yields a high natural gamma-ray response. The Berea Formation’s natural gamma-ray 
response is lower and irregular, reflecting the interbedded nature of its sandstone and shale components.  
The shales of the Bedford Formation yield a relatively even and high gamma-ray response, although 
lower than the Sunbury and underlying Kettle Point Formation shales.  
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Unit Top Pick Criteria:  Where it occurs, the top of the Port Lambton Group is marked by the first 
occurrence of bedrock beneath Quaternary surficial deposits.  This pick can be difficult where clayey 
surficial deposits overly poorly consolidated or weathered clayey sediments of this unit.  The Port 
Lambton Group is usually not subdivided in the well cards and in the petroleum well database of the 
MNR. 

Kettle Point Formation 

Nomenclature:  The Upper Devonian Kettle Point Formation consists of up to 75 m of predominantly 
dark brown to black organic-rich shales and siltstones.  This unit is correlative with widespread black 
shale deposits of northeastern North America including the Antrim Shale of Michigan and the Ohio Shale 
of the Appalachian Basin (Russell 1985).  The Kettle Point Formation disconformably overlies limestones 
and calcareous grey shales of the Hamilton Group.  

Lithology:  The Kettle Point Formation consists of dark brown to black, organic-rich shale, silty shale 
and siltstone and subordinate organic-poor, grey-green silty shale and siltstone interbeds (Russell 1985; 
Armstrong 1986). Pyrite (and marcasite) is locally abundant as disseminated crystals and framboids and 
as nodules. Large calcite concretions occur in the lower part of this unit. Organic-rich intervals are 
commonly laminated, whereas organic-poor intervals are commonly bioturbated. Fossils include abundant 
algal cysts called Tasmanites, pyritized radiolaria and sponge spicules, conodonts, and some lingulid 
brachiopods and rare fish fragments. Coalified plant fragments are locally abundant. The sharp basal 
contact is commonly marked by a pyrite-rich lag bed with abundant small, black, phosphatized fossil 
fragments. 

Reference Outcrop(s):  The type locality for the Kettle Point Formation is at Kettle Point on Lake 
Huron, where over 3 m (depending on lake level) of the lower part of the formation is exposed. Large 
calcite concretions found there, informally termed “kettles”, have given the point and formation their 
names.  

Reference Core/Log/Well: Well T006044, drilled by the OGS in Moore Township, Lambton County, is 
designated as the reference well for this formation, where its complete interval occurs from 94.36 m to 
160.56 m depth.   

Geophysical Log Characteristics:  This formation has a high gamma-ray response due to its argillaceous 
content and organic-rich character. Organic-poor intervals have lower gamma-ray response. The 
uppermost part, approximately 10 m, of the formation is very organic-rich (up to 13.4% total organic 
carbon; Armstrong 1986) and yields the highest gamma-ray response.  

Unit Top Pick Criteria:  Where the Kettle Point is overlain by the Port Lambton Group the top of the 
Kettle Point is a very reliable sample and log pick:  soft grey, sometimes silty shales overlying highly 
radioactive, dark brownish-black shales. Where the Port Lambton is not present, the Kettle Point is 
overlain by Quaternary deposits and the contact is similarly reliably picked.  

Hamilton Group 

Nomenclature:  The Middle Devonian Hamilton Group consists of up to approximately 90 m of 
calcareous shales and limestone interbeds that disconformably overlie limestones of the Dundee 
Formation over much of its distribution in southwestern Ontario. South and east of St. Thomas, the 
Hamilton Group disconformably(?) overlies black shales of the Marcellus Formation. In New York and 
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Ohio, the Marcellus Formation is considered part of the Hamilton Group (Rickard 1984).  In Michigan, 
the Hamilton Group is approximately equivalent to the Traverse Group (Rickard 1984). 

In Ontario, the Hamilton Group is subdivided into, in descending order, the Ipperwash, Widder, 
Hungry Hollow, Arkona, Rockport Quarry and Bell formations.  These units consist alternately of shale 
and limestone or mixed shale and limestone.  These formations are not routinely picked by the 
hydrocarbon exploration industry in Ontario, although units such as the Hungry Hollow Formation have 
distinctive geophysical signatures and could be picked for use as marker beds. 

Lithology:  The Hamilton Group consists predominantly of soft, grey, calcareous shales with lesser 
limestone beds that commonly range from argillaceous and fine-grained to coarse-grained and bioclastic 
(see Johnson et al. 1992).  It is subdivided into 6 formations that are described below in descending order 
(i.e., youngest to oldest).  

The Ipperwash Formation consists of up to 13 m of grey-brown, fine- to coarse-grained, argillaceous 
and bioclastic limestone with shaly interbeds. Very large (up to 15 cm in diameter) burrows occur in 
limestones at the type section of this formation at Stony Point, Lake Huron.  Fossils include crinoidal 
debris, brachiopods and corals.  The Ipperwash Formation may be locally absent where it has been cut out 
by a sub-Kettle Point Formation disconformity (Uyeno et al. 1982; see core log for well T006045 in 
Appendix 2).  The Ipperwash sharply but conformably overlies the Widder Formation.  

The Widder Formation consists of up to 21 m of calcareous, grey to brown-grey shale; bioturbated, 
fine-grained, argillaceous, nodular limestone; and coarse-grained bioclastic limestone. This unit is 
fossiliferous with abundant crinoidal material, brachiopods, bivalves, cephalopods and trilobites (Tsujita 
et al. 2001).  The unit conformably overlies the Hungry Hollow Formation.  

The Hungry Hollow Formation consists of 2 parts, an upper coral-rich, calcareous shale-dominated 
interval and a lower interval dominated by fossiliferous, bioclastic limestones. This formation is up to 2 m 
thick with the basal crinoidal limestone bed ranging up to 1 m in thickness (Tsujita et al. 2001). The 
Hungry Hollow Formation contains sharp, pyritized internal contacts and disconformably overlies shales 
of the Arkona Formation.  

The Arkona Formation consists of up to 37 m (Uyeno et al. 1982) of blue-grey, soft, calcareous 
shales, with minor thin argillaceous limestone beds. Its contact with the underlying Rockport Quarry 
Formation is gradational.  

The Rockport Quarry Formation consists of up to approximately 6 m (Sanford 1968) of grey to 
brown, fine-grained, argillaceous limestone. It has a sharp contact with the underlying Bell Formation.  

The Bell Formation consists of approximately 14.5 m of blue-grey, soft, calcareous shales with 
abundant rhynconellid brachiopods (Johnson et al. 1992).  It includes thin limestone and organic-rich 
interbeds towards the base.  Its basal contact with limestones of the Dundee Formation is commonly sharp 
and marked by the present of pyrite. Where it overlies black shales of the Marcellus Formation its basal 
contact is also disconformable; however, it may be more difficult to pick due to similarities in lithologic 
character.  

Reference Outcrop(s):  Due to its shaly nature, the Hamilton Group is not well exposed in Ontario. Its 
type section is located in West Hamilton, Madison County, New York (see Winder 1961). Outcrops of the 
Hamilton Group at Rock Glen Conservation Authority, northeast of Arkona, were selected as a reference 
section for this study. At this locality a series of outcrops along a tributary to the Ausable River expose 
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approximately 24 m of the Arkona, Hungry Hollow and Widder formations.  This reference section is 
described with photographs in Appendix 4.  

Reference Core/Log/Well: A stratigraphically complete interval of the Hamilton Group is encountered 
from 160.57 m to 238.43 m depth in reference well T006044 (Moore–Lambton).  

Geophysical Log Characteristics:  The shaly character of the Hamilton Group yields a generally high 
gamma-ray response, with gamma-ray lows corresponding to thin limestone-dominated units such as the 
Hungry Hollow and Rockport Quarry formations. The mixed shale-carbonate nature of the Widder 
Formation results in a moderate and spiky gamma-ray response.  

Unit Top Pick Criteria:  The top of the Hamilton Group is reliably picked with both geophysical logs 
and samples, as it is commonly marked by the rapid transition from brown to black siliciclastic shales and 
siltstones of the Kettle Point Formation into limestones of the Ipperwash Formation or grey, soft, 
calcareous shales and limestones of the Widder Formation. In some cases, when the lower parts of the 
Kettle Point Formation consist of green-grey, organic-poor shales or siltstones overlying shales of the 
Widder Formation, the contact is indicated by the sharp increase in carbonate content of the Hamilton 
Group shales. The Hamilton Group is usually not subdivided on the well cards or in the petroleum well 
database of the MNR, and neither has it been subdivided in the cross-sections or well cards of this report. 

Marcellus Formation 

Nomenclature:  The Middle Devonian Marcellus Formation is a black shale-bearing unit that occurs only 
on the southeast side of the Algonquin Arch in the Appalachian Basin. It is sharply and apparently 
disconformably overlain by the Bell Formation shales of the Hamilton Group and conformably overlies 
the limestones of the Dundee Formation.  In the United States the Marcellus Formation is considered to 
be part of the Hamilton Group (e.g., Rickard 1984).  

The Marcellus Formation is not exposed in Ontario and its distribution in the province is limited to 
central Lake Erie and onshore in the area south of St. Thomas, from Port Stanley to Port Burwell 
(Johnson et al. 1989). 

Lithology:  The Marcellus Formation is up to 12 m thick and consists of black, organic-rich shales, with 
interbeds of grey shale and very fine- to medium-grained, impure carbonates (Johnson et al. 1992).  The 
organic-rich shale units occur at the top and bottom of the formation, with the middle part consisting of 
grey, slightly calcareous shales and fossiliferous limestone (Johnson et al. 1989). The grey shales are 
lithologically similar to those of the overlying Bell Formation.  

Reference Outcrop(s):  The Marcellus Formation does not outcrop in Ontario but forms the subcrop 
beneath glacial drift on the north shore of Lake Erie from Long Point to Plum Point, west of Port Stanley, 
and beneath the neighbouring portion of the lake. This unit was named from outcrops in the vicinity of 
Marcellus, Onondaga County, New York (Johnson et al. 1989).  

Reference Core/Log/Well:  The Marcellus Formation was cored in well T006078 and is represented in 
both cross-section F-F′ and B-B′ (Figures 16 and 6, Charts C and A, respectively, in back pocket). The 
contact depths reported from core descriptions in neighbouring wells (e.g., Johnson et al. 1985) correlate 
well with the geophysical logs. 
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Geophysical Log Characteristics:  The Marcellus Formation has an enhanced response on gamma-ray 
logs and is readily distinguished from the overlying relatively nonradioactive grey shales and limestones 
of the Hamilton Group and the limestones and dolostones of the underlying Dundee Formation. 

Unit Top Pick Criteria:  Where it is overlain by the Bell Formation, the Marcellus Formation top can be 
readily picked in samples and geophysical logs based on the sharp downward transition from soft, grey, 
calcareous shales to black, organic-rich, radioactive shales. 

Dundee Formation 

Nomenclature:  The Middle Devonian Dundee Formation comprises limestones that occur between the 
shales of the Hamilton Group or Marcellus Formation and limestones and dolostones of the Detroit River 
Group (Uyeno et al. 1982).  It is disconformably overlain by the Bell Formation of the Hamilton Group, 
or sharply, yet conformably overlain by the Marcellus Formation. Over much of southwestern Ontario the 
Dundee sharply and disconformably overlies the Lucas Formation (Detroit River Group). To the 
southeast, where the Lucas is not present, the Dundee disconformably overlies the Amherstburg 
Formation (Detroit River Group).  

The Dundee Formation is approximately equivalent with the Delaware Limestone of Ohio and the 
Seneca Member of the Onondaga Limestone of New York and the Dundee Limestone of Michigan 
(Rickard 1984).  

Lithology:  The Dundee Formation in Ontario consists of approximately 35 to 45 m of grey to tan to 
brown, fossiliferous, medium- to thick-bedded limestones and minor dolostones (Johnson et al. 1992). 
Bituminous partings and microstylolites are common. Oil staining occurs in more porous, fossiliferous 
beds and along fractures. Chert nodules are locally abundant. Fossils include crinoidal debris, 
brachiopods, rugose and tabulate corals, rostroconchs, trilobites and the algal cyst Tasmanites.   

Reference Outcrop(s):  The type locality of the Dundee Formation is at Dundee, Monroe County, 
Michigan (Uyeno et al. 1982).  The St. Marys Quarry section is selected as a reference outcrop for the 
Dundee Formation in Ontario for the purpose of this report. At this quarry the basal 11.1 m of the Dundee 
is exposed, sharply overlying 8.1 m of the underlying Lucas Formation.  This section is described in 
Appendix 4. 

Reference Core/Log/Well:   In well T006045 (Chatham), the Dundee Formation is encountered between 
106.9 m and 151.20 m. The core from this well is stored as drill core #860 in the OGSR Library drill core 
collection. 

Geophysical Log Characteristics:  The Dundee Formation has a very low and relatively flat gamma-ray 
response, typical of clean carbonate that is readily distinguished from the more radioactive shales of the 
overlying Hamilton Group or Marcellus Formation.  A gamma-ray spike locally present in the Dundee 
(e.g., at 115.8 m depth in T006078 – Port Stanley) may represent the Tioga Ash bed. 

Unit Top Pick Criteria:  Where it is overlain by shales of the Bell Formation (Hamilton Group), the 
upper contact of the Dundee Formation is typically sharp and readily picked in samples or geophysical 
logs as relatively radioactive shales overlying nonradioactive carbonates.  Locally, such as in core 
T006045 (Chatham), where the uppermost Dundee contains argillaceous and/or bituminous beds, the 
contact appears gradational over less than 0.5 m.  Where the Dundee is overlain by the Marcellus 
Formation, organic-rich shale or limestone interbeds in the upper Dundee may complicate the 
determination of this pick.  
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Detroit River Group 

The Middle Devonian Detroit River Group consists mainly of limestones and dolostones and has been 
subdivided into 2 formations: the Amherstburg Formation and the overlying Lucas Formation.  Locally, 
the group contains minor sandy intervals (e.g., the “Columbus sands”) and, especially towards the 
Michigan Basin, the Lucas Formation contains evaporite (mainly anhydrite) beds. The Detroit River 
Group and its constituent units are not well constrained biostratigraphically and, due to their overall 
carbonate-dominated character, the latter are not easily distinguished geophysically.  This, in addition to 
the poor outcrop exposure of the Group in southern Ontario, results in the generally poor understanding of 
these strata (especially north of the Algonquin Arch).  

LUCAS FORMATION (DETROIT RIVER GROUP) 

Nomenclature:  The Lucas Formation, consisting of limestones, dolostones, anhydritic beds and local 
sandy limestones, is the uppermost formation in the Detroit River Group. It is disconformably overlain by 
limestones of the Dundee Formation and it conformably overlies limestones and dolostones of the 
Amherstburg Formation.  The Lucas contains a high-purity limestone lithofacies, termed the Anderdon 
Member, which occurs in Essex County (Anderdon Township), beneath central Lake Erie and in adjacent 
areas of Elgin, Norfolk and Oxford counties (Sanford 1968).  The Anderdon Member occurs in the upper 
part of the Lucas; however, in some localities such as at Ingersoll, Oxford County, it is reported to 
comprise the entire Lucas interval (Uyeno et al. 1982). Locally, the upper Lucas Formation contains a 
sandy lithofacies that has been termed the “Columbus” or “Columbus Sands” or “Columbus Sandstone”. 
There is some uncertainty with regard to the stratigraphic placement of these sandy limestones in Ontario 
(see Bailey Geological Services Ltd. and Cochrane 1985) and their potential correlation with the 
Columbus Limestone of Ohio.  For the purpose of this report, sandy limestone facies occurring below the 
Dundee Formation, commonly identified in industry well logs as “Columbus”, will be considered as a 
lithofacies within the Lucas Formation.  

Although there is some uncertainty in the biostratigraphy of the Detroit River Group, the Lucas 
Formation in Ontario appears to be time correlative with at least part of the Columbus Limestone of Ohio 
and the Moorehouse and/or Nedrow members of the Onondaga Formation of New York (Klapper and 
Oliver 1995; Rickard 1984; Uyeno et al. 1982).   

Lithology:  Uyeno et al. (1982) subdivided the Lucas Formation into 3 lithologically based units:  the 
Lucas Formation undifferentiated, the Anderdon Member limestone and the Anderdon Member sandy 
limestone.  The undifferentiated Lucas consists of thin- to medium-bedded, light to grey-brown, fine-
crystalline, poorly fossiliferous dolostone and limestone with stromatolitic laminations.  Needle-like 
porosity, likely after evaporite minerals, is locally abundant. Anhydrite and gypsum beds and breccias 
apparently related to their dissolution occur in the Amherstburg and Goderich areas (i.e., more basinward 
locations). This unit is exposed at the St. Marys Quarry, in outcrops along the Maitland River at Goderich 
and in the lower part of the sections in the Amherstburg area quarries. 

The Anderdon Member consists mainly of light to dark grey-brown, thin- to medium-bedded, fine-
grained, sparsely fossiliferous limestone, alternating with coarse-grained, bioclastic limestone.  Fossils 
occurring in the bioclastic beds are mainly stromatoporoids and amphipora, and less abundant rugose and 
tabulate corals.  Limestones of this member occur in the upper part of the Lucas Formation in the 
Amherstburg area quarries and comprise most of the Lucas section at the Beachville quarry near 
Ingersoll.   
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Locally, the Anderdon Member contains medium- to massive-bedded, medium- to coarse-grained, 
fossiliferous sandy limestones. These beds tend to occur towards the top of the Anderdon, either capping 
the member (and formation) or interbedded with the uppermost strata of the Lucas. At the Beachville 
Quarry, this unit is approximately 7 m thick and forms the “caprock” of the quarry.  This unit is very 
fossiliferous with abundant brachiopods, rugose and tabulate corals, stromatoporoids, rostroconchs and 
trilobites (Tsujita et al. 2001).   

A more detailed lithofacies breakdown of the Lucas Formation was recently completed by Birchard 
et al. (2004). 

The Lucas Formation is thickest in the centre of the Michigan Basin where it is dominated by 
evaporites.  In Ontario it thins southeastwardly from a maximum thickness of 99 m at the Imperial Brine 
Disposal #1 well (T008556) at Sarnia to zero thickness in central Lake Erie and adjacent Norfolk County 
(Sanford 1968). 

Reference Outcrop(s):  The type section of the Lucas Formation is in Lucas County, Ohio (Winder 
1961).  For the purpose of this study 2 reference outcrops are selected, the St. Marys Quarry at St. Marys, 
northeast of London, and the Amherstburg Quarry located south of Windsor.  At the St. Marys Quarry up 
to 8.1 m of the uppermost Lucas Formation is exposed beneath a sharp and disconformable contact with 
the overlying Dundee Formation. The Lucas at this location consists of the undifferentiated lithofacies 
characterized by laminated, stromatolitic limestone (see Appendix 4).  At the Amherstburg Quarry,  
40.6 m of dolostones and limestones of the Lucas Formation are exposed, sharply overlying dark brown, 
bituminous, stromatoporoid-rich limestone of the Amherstburg Formation (see Appendix 4).  Another 
significant outcrop of the Lucas Formation occurs at the Beachville Quarry, near Ingersoll. The quarry 
exposes almost 40 m of the Anderdon Member limestone, overlain by approximately 7 m of the sandy 
limestone lithofacies of the Anderdon. The sump of this quarry exposes brown, bituminous, 
stromatoporoid-rich limestones that may represent the uppermost Amherstburg Formation (see 
photographs in Appendix 5 in MRD 204).   

Reference Core/Log/Well:  In well T006045 (Chatham), undifferentiated Lucas Formation strata is 
encountered between 151.16 m and 184.30 m. 

Geophysical Log Characteristics:  The Lucas Formation is generally very unresponsive on gamma-ray 
logs, as are the “Columbus sands”.  The local presence of anhydrite beds can be distinguished on density 
logs if they are available. 

Unit Top Pick Criteria:  The contact with the overlying Dundee Formation has been classified as a 
reliable pick on the basis of samples rather than geophysical logs (Beards 1967). The presence of 
abundant Tasmanites spore cases in the Dundee and their absence in the Lucas is commonly a reliable 
contact indicator. Lithologically, the cherty and occasionally silty, crinoidal limestone of the Dundee 
overlies one of 3 Lucas Formation lithofacies:  (1) light-coloured, high-calcium limestone (Anderdon 
Member), (2) sandy, brown limestone or dolostone (Anderdon Member; formerly termed “Columbus”), 
or (3) light brown, very fine- to fine-crystalline, laminated limestone or dolostone (undifferentiated Lucas 
Formation). Although geophysical logs may indicate the contact in a specific well that corresponds to a 
sample-based pick, correlation from well to well and area to area by means of geophysical logs is 
extremely difficult.   
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AMHERSTBURG FORMATION (DETROIT RIVER GROUP) 

Nomenclature:  The Amherstburg Formation is a poorly defined unit based originally on dredgings from 
the Detroit River near the town of Amherstburg (Winder 1961; Uyeno et al. 1982). Although there is 
some uncertainty in the biostratigraphic evidence, it is generally accepted that the Amherstburg Formation 
is mostly Middle Devonian, with the lower parts of the formation possibly being Lower Devonian 
(Klapper and Oliver 1995).  

The Amherstburg Formation consists of up to 60 m of fossiliferous, bituminous, commonly cherty 
limestones and dolostones (Johnson et al. 1992). Over most of its distribution in Ontario it conformably 
and gradationally overlies cherty fossiliferous limestones of the Lower Devonian Bois Blanc Formation. 
In the subsurface of Essex County the Amherstburg Formation conformably overlies up to 25 m of 
orthoquartzitic sandstones of the Sylvania Formation (Bailey Geological Services Ltd. and Cochrane 
1985), which is also considered part of the Detroit River Group (Uyeno et al. 1982).  The Sylvania 
sandstones are thicker and more extensive in Michigan (Sanford 1968). 

In Bruce and Huron counties, the Amherstburg Formation contains abundant stromatoporoid-
dominated bioherms that have been variously termed the Formosa Reef Limestone (Fagerstrom 1961; 
Uyeno et al. 1982) or Formosa reef facies (Tsujita et al. 2001).  The latter, more informal term, is 
favoured by the authors of this report.  

The Amherstburg Formation correlates with the Amherstburg Formation of Michigan and the lower 
part of the Onondaga Formation of western New York (Rickard 1984; Uyeno et al. 1982).  The Onondaga 
Formation terminology has been used in the outcrop belt of southern Ontario east of Norfolk County 
(Uyeno et al. 1982).  

Lithology:  The Amherstburg Formation consists of tan to grey-brown to dark brown, fine- to coarse-
grained, bituminous, bioclastic, fossiliferous limestones and dolostones.  Stromatoporoid-dominated 
bioherms are locally significant, such as in outcrops in the Formosa area, Bruce and Huron counties.  In 
addition to stromatoporoids, this formation includes rugose and tabulate (some very large) corals, 
brachiopods, crinoids, cephalopods and trilobites. Towards the Appalachian Basin, the Amherstburg 
Formation gives way to crinoidal, coral-rich limestones and grey-brown argillaceous, cherty limestones 
that constitute members of the Onondaga Formation (Johnson et al. 1992; Tsujita et al. 2001).  

Reference Outcrop(s):  Significant outcrops of the Amherstburg Formation occur at the Zorra Quarry 
near Woodstock, the Amherstburg Quarry at Amherstburg, and north of Formosa. The Amherstburg 
Quarry, selected as a reference outcrop for this study, exposes 6.25 m (including sump) of 
stromatoporoid-rich, dark brown bituminous dolostone and limestone beneath 40.6 m of the Lucas 
Formation (see description in Appendix 4).  At the Zorra Quarry, up to 26 m of the upper Amherstburg 
Formation is exposed beneath approximately 18 m of the overlying Lucas Formation.  The Amherstburg 
at this locality is very chert-rich (Appendix 5), with the uppermost beds consisting of tan-weathering, 
brown, bituminous coarse-grained bioclastic limestones. Additional significant outcrops include a roadcut 
outcrop of the Formosa reef facies just north of the village of Formosa and the Ridgemount Quarry on the 
Niagara Peninsula. Approximately 4 km north of the village of Formosa, outcrops expose up to 27 m 
(Tsujita et al. 2001) of stromatoporoid-boundstone biohermal development that is probably located in the 
lower part of the formation.  At the Ridgemount Quarry up to 7 m of the approximately equivalent 
Onondaga Formation is exposed (Derry Michener Booth and Wahl and OGS 1989c; see photographs in 
Appendix 5).  

Reference Core/Log/Well:  In reference core T006045 the Amherstburg Formation was encountered 
between 184.30 m and 202.65 m depth (see Appendix 2). The top contact in this core is marked by a 
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relatively sharp downwards colour change to dark brown. The uppermost 5.5 m of the formation here 
contains abundant planar and bulbous stromatoporoids and may be a small bioherm. The basal contact is 
very gradational and placed at a sharp irregular hardground surface.  

Geophysical Log Characteristics:  As with the Dundee and Lucas formations, the Amherstburg 
Formation is generally very unresponsive on gamma-ray logs and there are no distinctive marker beds. 

Unit Top Pick Criteria:  The Lucas–Amherstburg contact is classified as one that can only be reliably 
established on the basis of sample control and requires considerable experience to carry the pick over any 
distance. It is picked where the typically light brown, very fine-grained, evaporitic dolostones of the 
Lucas change to a dark brown, organic-looking carbonate (dolostone or limestone) with bituminous 
partings. It does not appear to be possible to pick the contact consistently (on a regional basis) on 
geophysical logs. 

Bois Blanc Formation 

Nomenclature:  The Lower Devonian Bois Blanc Formation consists of cherty, fossiliferous limestones 
that disconformably overlie Silurian strata, or where present, sandstones of the Lower Devonian Oriskany 
Formation. Glauconitic sandstones that locally occur at or near the base of the Bois Blanc Formation are 
termed the Springvale Member. The Bois Blanc Formation correlates with units of the same name in 
Michigan and New York (Sanford 1968; Rickard 1984).  

Lithology:  The Bois Blanc Formation consists of greenish grey to grey-brown, thin- to medium-bedded, 
fine- to medium-grained, fossiliferous, bioturbated, cherty limestone and dolostone.  Fossils include 
rugose corals, tabulate corals, some amphipora and brachiopods.  Chert ranges from white to grey to 
black in colour and locally constitutes up to 90% of the rock volume. The Bois Blanc Formation ranges 
from 3 to 50 m thick in Ontario and is generally thicker towards the Michigan Basin (Sanford 1968; 
Johnson et al. 1992).  

The Springvale Member consists of white to green-brown, commonly glauconitic, rarely 
argillaceous, quartzitic sandstones and minor sandy carbonates.  These sandstones occur either at the base 
of the Bois Blanc Formation or as interbeds in the lower part of the formation.  The member ranges from 
3 to 10 m in thickness and tends to be thicker and better developed towards the east (Sanford 1968).  
Locally, anomalous thicknesses of up to 30 m of the Springvale are preserved in depressions in the 
underlying Silurian surface (Sanford 1968). The depressions are likely sinkholes caused by dissolution of 
salt beds in the underlying Salina Formation. 

Reference Outcrop(s):  The Bois Blanc Formation is exposed in outcrops and quarries in the Niagara 
Peninsula area.  At the Ridgemount Quarry, west of Fort Erie, the entire Bois Blanc interval is up to 3 m 
thick and consists of cherty, fossiliferous, dolomitic limestone with thin glauconitic sandstone at its base 
(Derry Michener Booth and Wahl and OGS 1989c; Brett et al. 2004; Telford and Johnson 1984).  The 
type locality for the Bois Blanc Formation is on Bois Blanc Island, Lake Huron, Michigan (Sanford 
1968).  The type locality for the Springvale Member is near Hagersville, Ontario (Winder 1961).  

Reference Core/Log/Well:  The Bois Blanc Formation occurs from 202.65 m to 261.48 m depth in 
reference well T006045 (Chatham).  Thin, argillaceous sandstone intervals (up to 1.5 m thick) occur in 
the basal 27 m of the Bois Blanc Formation and are interpreted to represent the Springvale Member.  

Geophysical Log Characteristics:  This formation exhibits a relatively flat gamma-ray response. There 
are no distinguishing log characteristics.  
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Unit Top Pick Criteria:  The upper contact of the Bois Blanc Formation with the Amherstburg 
Formation is gradational and is a sample pick with no diagnostic log signature. This is the most unreliable 
pick in the Paleozoic section. Chert, one of the key characteristics of the Bois Blanc Formation, also 
commonly occurs within the Amherstburg, so is not a consistently reliable top pick indicator for the Bois 
Blanc.  In this study the formation top is picked where the samples are dominated by the presence of 
white, tripolitic chert. 

Oriskany Formation 

Nomenclature:  The Lower Devonian Oriskany Formation consists of quartzose sandstones that occur in 
small erosional outliers beneath the Bois Blanc Formation and above the Upper Silurian Bass Islands or 
Bertie formations.  Both upper and lower contacts of the Oriskany are unconformable.   

The Oriskany Formation in Ontario is equivalent to the Oriskany Formation in New York and Ohio 
and the Garden Island Formation of Michigan (Uyeno et al. 1982; Sanford 1968; Rickard 1984).   

Lithology:  The Oriskany Formation consists of grey to yellowish white, coarse-grained, thick- to 
massive-bedded, calcareous quartzose sandstone.  Locally, up to 30 cm of the base of this unit is 
conglomeratic, with clasts of dolostone, glauconitic shale and sandstone (Johnson et al. 1992).  The 
Oriskany Formation sandstones contain fossiliferous horizons with abundant brachiopods, bryozoans and 
other fragments.  

The distribution of Oriskany sandstone erosional remnants (as well as thicker intervals of the 
overlying Springvale sandstones) is thought to be related to penecontemporaneous and postdepositional 
dissolution of underlying Upper Silurian Salina Formation salt beds and creation of sinkholes in the 
overlying strata (Bailey Geological Services Ltd. and Cochrane 1985). 

Reference Outcrop(s):  The type locality of the Oriskany Formation is at Oriskany Falls, in Oneida 
County, New York.  A reference locality in Ontario was identified as an abandoned quarry in Oneida 
Township, Regional Municipality of Haldimand–Norfolk (Uyeno et al. 1982).  This unit is presently well 
exposed on a nearby property in the active Cayuga Quarry, 5.5 km west of the village of Cayuga (Derry 
Michener Booth and Wahl and OGS 1989c; Appendix 5).  At this quarry approximately 2 m of the 
Oriskany is preserved beneath a thin cap of Bois Blanc Formation. Fossiliferous horizons occur in the 
calcareous sandstone and locally the base of the Oriskany is a brachiopod coquina. Beneath the sharp and 
irregular basal contact of the Oriskany Formation, the uppermost dolostones of the Bass Islands 
Formation are heavily limonite stained.  

Reference Core/Log/Well:  Few wells intersect the Oriskany Formation due to its limited distribution. 
Well F005446 (US Steel Charlotteville) encountered approximately 1 m of sandstone interpreted to be the 
Oriskany Formation (from 142.23 m to 143.24 m depth).  In this well, the Oriskany is overlain by almost 
10 m of chert and limestone of the Bois Blanc Formation, which is in turn overlain by approximately  
11 m of Springvale Member sandstones (see Appendix 2 for detailed log).  No geophysical logs were run 
in this well.  

Geophysical Log Characteristics:  The clean sandstone of the Oriskany does not produce a significant 
or diagnostic response. 

Unit Top Pick Criteria:  Where overlain by cherty limestones of the Bois Blanc Formation, the yellow-
grey sandstones of the Oriskany Formation are readily picked in samples. The geophysical response is not 
diagnostic. 
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Where overlain by the glauconitic sandstones of the Springvale Member (Bois Blanc Formation), the 
top contact of the Oriskany Formation will be more difficult to pick. One would expect the glauconitic 
Springvale to be more radioactive and as such yield a higher gamma-ray response.  The Oriskany sands 
tend to be cleaner and coarser than the Springvale and often are poorly cemented.  The difficulty in 
making this formation top pick led Bailey Geological Services Ltd. and Cochrane (1985) to combine 
these 2 units for the purpose of creating isopach maps.  

SILURIAN UNITS 

Bass Islands and Bertie Formations 

Nomenclature:  The uppermost Silurian strata preserved in southern Ontario are the dolostones and 
minor shales of the Bass Islands and Bertie formations. The Bertie Formation is an Appalachian Basin 
unit, restricted in southern Ontario to the Niagara Peninsula area. The Bass Islands Formation is a 
Michigan Basin unit that has long been regarded as laterally equivalent to the Bertie (Johnson et al. 1992).  
Haynes and Parkins (1992) demonstrated that the Bass Islands strata is actually younger and 
disconformably overlies the Bertie in the Dunnville to Hagersville area, Haldimand County.  Outside the 
area of their overlap, these 2 units occupy the same stratigraphic position, the uppermost and youngest 
preserved Silurian strata. The petroleum industry in Ontario treats the Bass Islands and Bertie formations 
as a single, roughly equivalent unit. 

The Bass Islands Formation of Ontario is equivalent with at least part of the Bass Islands Group of 
Michigan (Catacosinos et al. 2001). There may be younger Bass Islands strata missing in Ontario due to 
erosion at the Silurian–Devonian unconformity (Lilienthal 1978).  

The Bertie Formation is equivalent to the Bertie Group of New York and both are subdivided into a 
succession of alternating carbonate and mixed carbonate-shale units. These units in ascending order, the 
Oatka, Falkirk, Scajaquada, Williamsville and Akron, are considered formations of the Bertie Group in 
New York and members of the Bertie Formation in Ontario (Haynes and Parkins 1992).   

Both the Bass Islands and Bertie formations are reported to conformably overlie the Salina 
Formation (Johnson et al. 1992).   

Lithology:  The Bass Islands Formation consists of dark brown to light grey-tan, variably laminated, 
mottled, argillaceous and bituminous, very fine- to fine-crystalline and sucrosic dolostones, with local 
intraclastic breccias, evaporite mineral moulds, blue-grey mottling, minor anhydritic beds and rare thin 
sandstone beds.  Argillaceous dolostones are commonly dark grey-green in colour.  Fossils are rare to 
sparse, with ostracods, brachiopods and stromatolites. Oolitic beds in the uppermost few metres of the 
formation are reported to be useful as regional markers (Sanford 1969a; Liberty and Bolton 1971).  

The Bertie Formation consists of a succession of dark brown to light grey-tan, very fine- to fine-
grained, variably laminated and bituminous, sparsely fossiliferous dolostones and argillaceous dolostones 
and minor shales.  The vertical distribution of these lithologic characteristics define 5 members, in 
ascending order: dolomitic shales of the Oatka Member; bituminous, dark brown dolostones of the 
Falkirk Member; dark grey to black shales and argillaceous dolostones of the Scajaquada Member; grey, 
micritic dolostones and dolomitic shales of the Williamsville Member; and the grey, wavy-bedded, 
burrow-mottled dolostones of the Akron Member (Haynes and Parkins 1992).  The Williamsville 
Member is well known for its exceptional eurypterid fossils.  
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The Bass Islands and Bertie formations range in thickness from 10 to 90 m (Sanford 1969a). Local 
thicker intervals, up to 150 m, are interpreted to be due to syndepositional subsidence related to 
dissolution of underlying salt deposits (Sanford 1969a), as shown in well T010520 in cross-section B-B′ 
(Figure 6, Chart A).  

Reference Outcrop(s):  The type outcrop locality for the Bass Islands Formation is the Bass Islands in 
western Lake Erie, Ohio (Winder 1961).  No reference outcrop was selected for this project.  Sections of 
the Bass Islands Formation are described for outcrops along the Saugeen River (Liberty and Bolton 
1971). The upper contact of the Bass Islands with the Bois Blanc Formation was described at the 
presently water-filled quarry at Innerkip (Winder 1961), with the Springvale Member of the Bois Blanc at 
the Hagersville Quarry and the Oriskany Formation at the Cayuga Quarry (Haynes and Parkins 1992).  At 
the latter 2 outcrops, the upper surface of the Bass Islands dolostone is cut by joints and fractures, and 
these openings are in-filled with sands from the overlying Devonian units (Kobluk et al. 1977).  

Winder (1961) lists the type locality for the Bertie Formation as being exposures in Bertie and/or 
Cayuga townships. Most of the Bertie Formation stratigraphy is exposed in the Ridgemount Quarry (also 
called Campbell Quarry), located west of Fort Erie, in Bertie Township.  This quarry exposes 
approximately 11 m of strata representing all but the Oatka Member of the Bertie Formation (Brett at al. 
2004).  A similar stratigraphic interval is also exposed at the Port Colborne Quarry (Derry Michener 
Booth and Wahl and OGS 1989c). At the Cayuga Quarry the upper part of the Akron Member has been 
cut by a sub-Bass Islands Formation disconformity, and the total thickness of the Bertie Formation (all 
members except the Oatka) there is approximately 5 m (Haynes and Parkins 1992).  Annotated 
photographs of the Bass Islands and Bertie formations at the Cayuga Quarry and of the latter unit at the 
Ridgemount Quarry are presented in Appendix 5.  

Reference Core/Log/Well:  The Chatham core (T006045) intersected the Bass Islands Formation from 
261.48 to 299.54 m depth.  The upper contact of the Bass Islands is very sharp and planar, and is directly 
overlain by a 30 cm thick quartzose sandstone bed at the base of the Springvale Member of the Lower 
Devonian Bois Blanc Formation.    

Intervals containing intraformational breccias, nonhorizontal bedding and cavity in-fill textures occur 
in the upper 15 m of the Bass Islands Formation in this core. Cavities and breccia matrices are infilled 
with dolomitic sediments and/or secondary minerals such as gypsum.  These features are likely due to 
karstic processes active during the development of the Silurian–Devonian unconformity.  Thin sandstone 
beds within the uppermost 1 m of the formation may represent fracture infilling by Devonian sandstones.  
Quartz-rich sands were not found in the deeper karstic features.  

An anhydritic, argillaceous dolostone interval from 289.20 to 293.33 m depth, likely represents the 
“False G unit” (see below), a term informally used by the Ontario petroleum industry.   

Geophysical Log Characteristics: The Bass Islands Formation has a relatively flat gamma-ray signature 
as would be expected for a clean lime mudstone.  The various shaly intervals within the Bertie Formation 
are generally too thin to form correlatable markers on the gamma-ray log curves.  The exception is the so-
called “False G” that forms a subdued but distinctive peak on the gamma-ray logs that can be correlated 
from well to well for a considerable distance.  The authors have traced this marker bed into the Michigan 
Basin using log markers identified by Lilienthal (1978), where it clearly is correlative with the top of the 
G Unit of the Salina Group.  The authors have chosen not to modify the Ontario pick due to the 
impracticality of repicking the formation top for the thousands of affected wells. 

The lateral transition from Bertie to Bass Islands has not been mapped out as part of this project.  
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Unit Top Pick Criteria:  The upper contact of the Bass Islands or Bertie formations, which is also the 
Devonian–Silurian unconformity, is easily identified in samples and is considered a reliable sample pick. 
A distinct lithologic break occurs at the erosional surface where the very cherty and often sandy carbonate 
of the Bois Blanc Formation or the Springvale Member of the Bois Blanc Formation or the sandstone of 
the Oriskany Formation rapidly changes to homogenous, fine-crystalline dolomudstone of the Bass 
Islands Formation or argillaceous, laminated dolostone of the Bertie Formation.  

No regionally consistent geophysical log pick occurs at the top contact of either the Bertie or Bass Islands 
formation, although it is possible to establish gamma-ray log markers over short distances.  

Salina Group 

Nomenclature:  In southern Ontario the succession of evaporites and evaporite-related sediments 
underlying the Bass Islands and Bertie formations and overlying the reefal dolostones of the Guelph 
Formation have been termed the Salina Formation (Johnson et al. 1992) or Salina Group (Sonnenfeld and 
Al-Aasm 1991).  Equivalent strata in adjacent jurisdictions and in more basinward positions in the 
Michigan and Appalachian basins are termed the Salina Group (Lilienthal 1978; Rickard 1975).  For the 
purpose of this report the term Salina Group will be used, although there is not a type section for the 
group or its constituent units.  

In southern Ontario the Upper Silurian Salina Group consists of up to 420 m of evaporitic 
carbonates, shales and evaporites in the Sarnia area at well T008556. In the middle of the Michigan Basin, 
equivalent strata are up to 750 m thick (Catacosinos et al. 1990).  In Michigan, the Salina Group is 
informally subdivided into lettered units, A through to G, based on their subsurface mapping 
characteristics (Lilienthal 1978; Sonnenfeld and Al-Aasm 1991).  Some of these are further subdivided 
(e.g., A-1 Carbonate and A-1 Evaporite), largely based on dominant rock types.  This informal 
stratigraphic subdivision scheme is used in the subsurface of southern Ontario and has been correlated 
across the Algonquin Arch into the Appalachian Basin (Carter 1987).  In New York and other 
jurisdictions within the Appalachian Basin, the Salina Group is subdivided into 3 formations, in 
ascending order: the Vernon, Syracuse and Camillus formations (Rickard 1975).  

The Salina Group is conformably overlain by the Bass Islands or Bertie Formations, although 
evidence presented by Haynes and Parkins (1992) suggests there should be a time gap between the Bass 
Islands and Salina. All of the units within the Salina were deposited conformably, although small-scale 
internal disconformities occur due to postdepositional dissolution of evaporite beds (Sanford 1977).  The 
relationship between the Salina Group and the underlying Guelph Formation is complex and poorly 
understood (see Friedman and Kopaska-Merkel 1991; Carter et al. 1994).  It has been variously 
interpreted as conformable and disconformable largely depending on whether one is looking at an on-reef 
or off-reef position. This will be discussed further in the section on the Guelph Formation.  

Lithology:  Salina Group strata are dominated by evaporite lithologies in the Michigan Basin and become 
gradually shalier to the southeast into the Appalachian Basin.  Evaporite-dominated units vary cyclically 
in lithology, grading upwards from basal carbonates to anhydrites to halite.  The tops of each evaporite 
cycle are often marked by shaly strata.  Eight units of formation rank are commonly recognized in the 
subsurface in Ontario, G through A-1, with a ninth mappable unit known as the A-0 Unit.  The A-0 Unit 
is described below but is not identified on the well cards or mapped on the cross-sections. 

G Unit:  In the Michigan Basin the G Unit averages 12 m in thickness and consists in ascending sequence 
of tan-coloured dolomite or anhydrite grading into a bed of grey shaly dolomite or dolomitic shale.  The 
G Unit thins to the southeast and is absent or not mapped in the Appalachian Basin.   
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F Unit:  The F Unit consists of salts, anhydrites, shales and dolostones that, in Michigan, are subdivided 
into 6 subunits, each containing a salt bed (Lilienthal 1978).  Towards the basin margin, salt beds 
decrease in thickness and eventually pinch out, so that the F salts are restricted to an arcuate belt from 
north of Goderich, along the shore of Lake Huron to south of Sarnia (Sanford 1969a).  Outside of this belt 
the F Unit is characterized by dark green shales with pink and light blue anhydrite nodules in the upper 
half and mixed dolostones, shales and anhydrite in the lower half.  Dolostones are commonly tan 
coloured, massive to laminated, and fine grained, with locally abundant evaporite mineral moulds.  In this 
study the salts are thickest at the Imperial Brine Disposal #1 well (T008556) at Sarnia, where over  
110 m of F salt is present.  Where the F Unit salts are absent, the non-salt beds of the lower and upper F 
Unit strata have a combined thickness of about 30 m in the rest of southern Ontario. 

E Unit:  The E Unit consists of interbedded tan, laminated to massive dolostone, light grey-green 
argillaceous dolostone, dark to light green, laminated to massive shale and anhydrite nodules and beds.  
The top is usually marked by a distinctive bed of shaly dolomite or dolomitic shale up to a few metres in 
thickness. This unit is not known to contain significant evaporite beds in Michigan (Lilienthal 1978). The 
E Unit is 33 m thick at the T008556 well and averages 25 m thick in most of southern Ontario. 

D Unit:  The D Unit is a predominantly a salt bed, with minor, thin dolostone and shale beds.  Its 
distribution in Ontario is limited to the northern two thirds of Lambton County and a narrow belt from 
there, along the shore of Lake Huron to north of Goderich (Sanford 1969a).  Outside of this belt, a thin 
package of strata equivalent to the D salts (i.e., the insoluble or non-salt constituents of the unit) can 
sometimes be identified above the underlying C Unit shales.  The D Unit is up to 16 m thick in Ontario. 

C Unit:  The C Unit is of uniform lithological composition throughout southern Ontario, consisting 
mainly of a lower bed of shaly anhydrite or dolostone grading upwards to green shale with anhydrite 
nodules. It also contains minor, thin dolostone beds and local red shale.  This unit is very widespread and 
is used as a marker unit (Lilienthal 1978).  The C Unit has a consistent thickness of 23 to 30 m in 
southern Ontario. 

B Unit:  Typically the B Unit consists of, in descending order, the upper B Unit (which is capped by a 
pick informally called the B marker), the B salt, and the B anhydrite.  Where the B salt has been removed 
by dissolution, the remaining insoluble constituents are called the B equivalent.  The B salt is the thickest 
and most widespread salt unit in Ontario, ranging upwards to approximately 90 m thick in the Sarnia area 
(Sanford 1969a).  The B salt thins markedly or is totally removed by dissolution in the vicinity of faults, 
such as the Dawn or Electric faults, and over some pinnacle reefs in the underlying Guelph Formation.  

The upper part of the B Unit consists of dolostone, anhydritic to argillaceous dolostone, anhydrite 
and anhydritic shale.  Where the underlying B salt is missing, the “B equivalent” has similar lithologic 
characteristics as the upper B Unit.  The B salt is typically coarse crystalline and varies from clear white 
to dark translucent brown. It contains thin interbeds and partings of yellowish to light green-grey shale 
and dolostone. The base of the B Unit is marked by an anhydrite-rich zone called the B anhydrite.  In 
addition to anhydrite it contains dolostone and shale.  

The B Unit ranges up to 92 m thick where it contains salt, and only 15 to 20 m thick over the 
Algonquin Arch and in the Niagara Peninsula.  

A-2 Unit:  The A-2 Unit is divided into 2 lithologic-based units, an upper A-2 Carbonate and lower A-2 
Evaporite unit.  A thin, dark grey-green shale marker, called the A-2 shale, occurs within the lower half of 
the A-2 Carbonate unit.  The A-2 Evaporite unit contains the A-2 salt and A-2 anhydrite subunits.  
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The A-2 Carbonate consists mainly of dark to light grey-brown, laminated to thin-bedded, very fine- 
to fine-grained dolostone and limestone, with patches of microsucrosic dolostone, minor argillaceous 
dolostone and anhydrite nodules. Small intraclastic breccia zones occur locally.  Dolomitization patterns 
in the A-2 and A-1 Carbonate units are related to position on the basin margin and proximity to reefs, 
faults and fractures (Carter 1991).  

The A-2 Evaporite consists of A-2 salt and A-2 anhydrite subunits, with the latter being more 
prevalent adjacent to Guelph Formation pinnacle reefs (Carter et al. 1994). Anhydrite is also more 
prevalent at the top and bottom of the A-2 Evaporite unit.  Minor amounts of anhydritic, very fine-grained 
dolostone occur in this unit. The A-2 salt occurs in an arcuate belt from north of Lake St. Clair, through 
Lambton County, to northwest Middlesex County and the western half of Huron County to the southwest 
corner of Bruce County (Sanford 1969a).  Outside of this belt the A-2 Evaporite consists only of 
anhydrite or is absent.  The A-2 anhydrite is typically light blue-grey, very fine-grained and dense.   

The A-2 Unit varies from only 12 m in thickness over the Guelph barrier reef complex to a 
maximum of 85 m in the Sarnia area where the A-2 salt is present.  

A-1 Unit: The A-1 Unit is subdivided into upper A-1 Carbonate and lower A-1 Evaporite units.  The A-1 
Carbonate consists of very fine- to medium-grained, tan-grey to black, variably bituminous, laminated to 
massive dolostones and limestones.  It also locally contains thin anhydritic beds, especially near Guelph 
Formation pinnacle reefs. In Ontario, the A-1 Evaporite consists of anhydrite with minor dolostone and 
salt. Anhydrite changes basinward in the Michigan Basin to salt and sylvite (Lilienthal 1978).  The A-1 
Unit ranges from a maximum of 49 m bordering Lake Huron to 6 m or less around the margins of the 
Michigan Basin (Sanford, 1969a).  In the Niagara Peninsula it is common practice among petroleum 
geologists to map the A-1 and A-2 Units together as an unsubdivided A Unit. 

A-0 Unit:  The A-0 Unit is a dark brown to black, laminated, bituminous dolostone underlying the lowest 
A-1 Evaporite and overlying the sucrosic and fossiliferous Guelph Formation dolostone (Carter et al. 
1994). It is not well mapped in southern Ontario and is better known in Michigan (Catacosinos et al. 
2001).  It averages 2 m thick in Ontario. 

Reference Outcrop(s):  Type sections for the Salina Group units in Ontario are wells in southern 
Michigan (Landes 1945; Lilienthal 1978; Catacosinos et al. 2001).  Although no type outcrop location has 
been designated, outcrops of the equivalent Vernon, Syracuse and Camillus formations occur in the 
northern part of Onondaga County, New York (Rickard 1969).  

In Ontario, outcrops of the Salina are known in the Saugeen River valley in Grey County (Liberty 
and Bolton 1971) and in the vicinity of Welland, on the Niagara Peninsula. One of the latter outcrops is a 
road/railway cut located in an underpass beneath the Welland Canal on Netherby Road (Highway 58a) 
south of Welland.  It exposes roughly 5.3 m of interbedded dolostones and shales (see Appendix 4) that 
likely represent part of the Camillus Formation, upper Salina Group (Brett et al. 2004), roughly equivalent 
to the E Unit (Rickard 1975). The dolostones are thin bedded and contain gypsum (selenite) moulds. The 
shales contain large gypsum nodules.  

Reference Core/Log/Well:  Well T008556 in cross-section J-C (Figure 21, Chart C) has the thickest (420 
m) and most complete intersection of the Salina Group in the present study.  This well intersects all the 
major salt units that occur in Ontario with a very thick section of F Salt.  Well T006044 (Lambton– 
Moore) is the best cored intersection of the Salina Group but unfortunately the F Salt is not present.  
Wells such as T009793 on cross-section G-G′ (Figure 18, Chart C) illustrate the dramatic thinning (110 
m) of the Salina Group over the Algonquin Arch due to a lack of deposition of salt.  Diamond-drill core in 
well F005446 is an excellent reference core for this facies of the Salina. 
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Geophysical Log Characteristics:  Salina Group lithologies vary cyclically and with considerable 
regularity from carbonate to anhydrite to salt to shale or shaly carbonate and are usually readily identified 
with a combination of gamma-ray, neutron and density logs.  Salt, anhydrite and carbonate intervals can 
be readily distinguished by their different densities: 2.17 for halite, 2.96 for anhydrite and 2.7 and 2.87 for 
limestone and dolostone, respectively.  Shaly beds are readily identified as spikes on the gamma-ray 
curves and often form marker beds that can be correlated over hundreds of kilometres.  The A-2 shale is 
the best known of these markers and is distinguished as a very thin but locally prominent high reading on 
the gamma-ray logs from 1 to 10 m above the top of the A-2 Anhydrite and/or A-2 Salt. 

Unit Top Pick Criteria:   

G Unit:  The top of the G Unit is a reliable log pick, indicated by a positive shift on the gamma-ray curve, 
and can usually be picked in samples although the diagnostic shale becomes less prominent to the east 
and becomes a difficult sample pick. The top of the unit can be found an average of 9 m above the more 
reliable F Unit top. 

Other shaly beds occur above the G Unit and are identified by some workers in Ontario as the “False 
G Unit”. Correlation of Salina Group units from the Michigan Basin into Ontario indicate that our False 
G Unit is in fact the true G Unit as identified by workers in Michigan (Lilienthal 1978). 

F Unit:  The top of the F Unit is a reliable sample and log pick, indicated by a positive shift on the 
gamma-ray curve and easily picked in samples, as the basal G Unit carbonate and/or anhydrite changes to 
shales of the F Unit.  The F Unit shales also contain pink anhydrite nodules.  Where the F Salt is present, 
as in well T008556, it is easily identified in cuttings or core and in geophysical logs, as distinguished by 
its flat response broken by small spikes corresponding to shaly interbeds. 

E Unit:  Where F Unit salt units are present, the E Unit top is easily identified on logs and in samples, as 
the salt, or an anhydrite bed at the base of the F salt, abruptly changes to shaly dolostone. If the salt beds 
are absent, F Unit shales, dolostones and anhydrites, remaining after salt dissolution, rest directly on 
similar-looking rock types of the E Unit making the sample pick very difficult. Fortunately, the shale beds 
at the top E Unit have a characteristic gamma-ray log signature (see Figure 4, back pocket) and can be 
reliably correlated from areas where the top of the E Unit has been confidently identified, as in well 
T008556. 

Common practice by many workers in Ontario is to pick the E Unit at the top of the first massive-
bedded dolostone. Known as the “E Carbonate”, this pick is easily made in samples and on logs; 
however, detailed careful correlation of the E and F units from Michigan into Ontario demonstrates that 
the “E Carbonate” is actually part of the F Unit.  The “E Carbonate” top is also very inconsistent and 
makes an unreliable pick.  MNR staff have not picked the E Carbonate on MNR well cards since 1986. 

D Unit:  The top of the D Unit is readily recognizable on the gamma-ray log, as the salt is less radioactive 
than the overlying E Unit dolostone or shale.  Where the D salt is absent, a D Unit “equivalent” bed can 
be recognized on logs; however, it is not common practice to make a D Unit pick in this case. 

C Unit:  The contrast between D Unit salt and C Unit shale is easily picked in both samples and gamma-
ray logs.  Where the D Unit is absent, the contact between the E Unit and C Unit is usually marked by a 
thin, anhydritic dolostone bed (possibly a D Unit equivalent?) that overlies grey-green, silty shales.  

B Unit:  The top of the B Unit is marked by an anhydrite or anhydritic dolostone informally called the B 
Marker Bed. The mixed shales and dolostones below this marker are generally less radioactive than the 
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shales of the overlying C Unit.  The B Unit pick is a more reliable geophysical pick than sample pick. 
Where the B salt is present, the top of this subunit is very reliably picked in either logs or samples.   

A-2 Unit:  The A-2 Unit top is readily picked in samples or geophysical logs as a relatively sharp 
transition from the basal B Unit salt and anhydrite to carbonates of the A-2. This contact is somewhat less 
evident in geophysical logs for areas where the B salt has been removed and the B anhydrite overlies 
anhydritic carbonates of the A-2 Unit.  The A-2 shale marker bed can be readily identified on gamma-ray 
logs in Lambton County as a very thin, sharply defined peak.  It is difficult to detect in cuttings samples 
as it is very soft and is only a few tens of centimetres thick, but with careful examination it is possible to 
find a few very small, rounded fragments of distinctive grey shale. 

A-1 Unit:  Where the A-2 Evaporite is present, the top of the A-1 Unit is readily picked in samples and 
geophysical logs at the sharp transition from basal A-2 anhydrite to A-1 carbonate.  In the eastern part of 
its occurrence, this contact is less reliable to pick because both A-2 and A-1 units are very argillaceous 
(Beards 1967).  

A-0 Unit:  The gradational nature of the upper contact of the A-0 Unit carbonate with the A-1 Unit 
evaporite results in a subtle pick based on geophysical response.  The A-0 Unit cannot be reliably 
identified in cuttings but the thinly laminated dolostone is easily identified in drill core (Carter et al. 
1994). 

Guelph Formation 

Nomenclature:  The middle Silurian Guelph Formation consists of platformal and reefal dolostones and 
limestones that underlie the evaporites and evaporitic carbonates and shales of the Upper Silurian Salina 
Group and overlie platformal carbonates and argillaceous carbonates of the Lockport and/or Amabel 
formations (Johnson et al. 1992) or groups (Carter et al. 1994).  

The complex and poorly understood interrelationships of these units has resulted in a variety of 
nomenclatural schemes. Caley (1940) combined Guelph strata with the underlying Lockport strata to form 
the Guelph–Lockport Formation.  Guelph strata have also been included with underlying strata to form 
the Lockport Group (Rickard 1975) or Albemarle Group (Bolton 1957).  Presently, New York workers 
include the Guelph strata as a formation within the Lockport Group (Brett et al. 1995), and in Michigan 
the Guelph is considered the uppermost formation within the Niagara Group (Catacosinos et al. 2001) and 
is also—especially in the subsurface—referred to as the Brown Niagaran (Gill 1979).  In northern 
Michigan the Guelph is considered equivalent to the upper part of the Engadine Group (Catacosinos et al. 
2001) 

Bituminous dolostones and minor limestones occurring near the base of (or underlying) the Guelph 
Formation are called the Eramosa Member.  These strata have been assigned to the Lockport and Amabel 
formations (Bolton 1957), considered to be a member of the Guelph Formation (Sanford 1969a) or 
considered as a formation within the Lockport Group (Brett et al. 1995).  For the purpose of this report 
the Eramosa Member will be included within the Guelph Formation, although the strata assigned to 
Lockport, Amabel and Guelph formations (or groups) appear to represent a genetically related continuum 
and should likely be combined with an over-arching group.  

Lithology:  The Guelph Formation carbonates (mainly dolostones) form a basin-rimming carbonate 
complex that has been subdivided into facies belts such as barrier reef, lagoonal, patch reef and pinnacle 
reef belts (Sanford 1969a; Bailey 1986).  Recent conceptual models (Carter et al. 1994; Coniglio et al. 
2003) have grouped the patch reef belt and reef-bank complexes into the “Ontario platform” and placed 
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the pinnacle reef belt in a “basin slope” setting.  On the basin slope the regional inter-reef facies of the 
Guelph averages 4 to 8 m in thickness, thickening by up to 1 m adjacent to pinnacle reefs.  The upper 1 to 
3 m consists of very thinly laminated, dark brown to black, bituminous dolomudstone that is gradational 
upwards into laminated anhydrite of the A-1 Evaporite.  This lithofacies is the A-0 Carbonate (Carter et 
al. 1994), but in the MNR databases and well cards it has been grouped with the Guelph Formation.  The 
remaining 2 to 6 m below consists of porous, sucrosic, dark brown to black dolomudstone with pebble 
size fragments of grey dolo-wackestone similar to the underlying Goat Island Formation.  Within pinnacle 
reefs on the basin slope the Guelph Formation may exceed 100 m in thickness. 

The Guelph Formation (non-Eramosa Member part) is characterized by tan- to brown-coloured, fine- 
to medium-crystalline, moderately to very fossiliferous, commonly biostromal to biohermal, sucrosic 
dolostones. Fossils include stromatoporoids, tabulate corals, cephalopods, crinoids, bivalves and 
gastropods, although dolomitization commonly obscures fossil content.  Bedding ranges from medium to 
thick and tabular, to massive and lenticular where associated with reefal development.  

The Eramosa Member consists of thin- to thick-bedded, tan to black, fine- to medium-crystalline, 
variably fossiliferous, bituminous dolostone. Microstylolitic, bituminous seams are common.  Locally the 
Eramosa is well laminated (especially intervals on the Bruce Peninsula), argillaceous or cherty.   

Reference Outcrop(s):  The Guelph Formation was named by Logan (1863) although no type section 
was designated. Classic outcrops (including railway cuts and quarries) of the Guelph and Eramosa strata 
occur in the Guelph area, and middle to upper Guelph strata can be viewed in the Cambridge and Elora 
areas (Williams 1915a, 1915b, 1919; Shaw 1937).  Basinal facies of the Guelph are not exposed in 
Ontario and must be studied in drill core.  The authors recommend well T006044 and wells referenced in 
Carter et al. (1994). 

Guelph Formation strata and underlying Eramosa Member are exposed in quarries at Guelph 
(Guelph Reformatory Quarry) and Dundas (Dundas Quarry). The latter quarry section is described in 
Appendix 4. Stratigraphically higher exposures occur at the Guelph Dolime Quarry (highways 24 and 6) 
and at the Elora Gorge and Elora Quarry (Derry Michener Booth and Wahl and OGS 1989c).  No 
outcrops are known that expose the upper contact of the Guelph with Salina Group strata.  

On the Bruce Peninsula, the Guelph Formation is extensively exposed in stratigraphically limited 
bedding planes and low ridges. Exceptional exposures of Guelph reefs occur along the north shore of the 
peninsula (Armstrong et al. 2002). Guelph strata occur overlying and possibly adjacent to Eramosa 
Member strata in quarries along Oliphant Road, northwest of Wiarton.  

The type locality for the Eramosa Member is listed as outcrops along the banks of the Eramosa River 
between Rockwood and Guelph (Winder 1961).  Better exposures in this area include outcrops near the 
Rockwood Conservation Area (lower Eramosa), along Highway 7 between Rockwood and Guelph and at 
the inactive Guelph Reformatory Quarry. The Lafarge quarry at Dundas exposes 19.6 m of the Eramosa 
Member gradationally overlain by approximately 3 m of the Guelph Formation (see Appendix 4 for 
description).  The Eramosa Member is well exposed on the Bruce Peninsula, especially in a number of 
quarries northwest of Wiarton and in a low escarpment on the west side of Sky and Isaac lakes.   

Reference Core/Log/Well:  Due to the variation in depositional environments and facies represented by 
the Guelph Formation, several wells are recommended as key references. Well T006364, in cross-section 
J-C (Figure 21, Chart C in back pocket), is recommended as a good representative of a pinnacle reef.  A 
good core through a pinnacle reef is well T003000A, Union Enniskillen 8-9-II, filed as drill core #578 in 
the OGSR Library drill core collection (Carter et al. 1994).  Reference well T006044, in cross-section E-
E′ (Figure 14, Chart B), is recommended for its representation of the Guelph Formation in an off-reef, 
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basin slope environment. A good core from this setting is well T007290, Tec-Dow 4 Moore 6-21-XII, 
filed as core #996 in the OGSR Library (Carter et al. 1994).  For representation of the Guelph in a 
carbonate platform environment, reference wells T006045 in cross-section E-E′ (Figure 14) and T004497 
in cross-section E-E′ (Figure 14) and A-A′ (Figure 5, Chart A) are recommended. 

Geophysical Log Characteristics:  The Guelph Formation is characterized by a very low or non-
radioactive expression on the gamma-ray log.  This same interval is also a regional water aquifer and will 
be expressed as a porous interval on the neutron and density logs. 

Unit Top Pick Criteria:  Criteria for identifying the top of the Guelph Formation vary considerably 
depending on the character of the overlying Salina Group strata and the Guelph lithofacies represented.  
There is also a disagreement among some geologists about whether the A-1 Carbonate was deposited on 
the crests of pinnacle reefs, which has an impact on the pick criteria.  From an oil and gas reservoir 
perspective it is an academic issue, since the reef crest lithologies have porosity that is continuous with 
the porosity in the portions of the reef that are not in dispute.  For consistency in mapping, most of the 
picks recorded in the MNR petroleum well database and well cards have been made on the assumption 
that the A-1 Carbonate is not present on the tops of pinnacle reefs. 

The Guelph top can usually be reliably picked in either samples or logs, but it is best to examine 
both, especially where the overlying Salina Group does not contain anhydrite or salt.  Where the A-1 
Evaporite is present, the contact with the Guelph is easily distinguished in samples and density logs by 
the change in lithology from anhydrite to dolostone.  Over the crests of pinnacle reefs the crystalline 
brown dolostone of the Guelph is usually overlain by several metres of white to blue-gray to brown 
anhydrite of the A-2 Anhydrite or by a very thin layer of soft grey shale of the A-2 Shale marker.  East of 
London it is difficult to distinguish the lowermost dark grey to brown dolostone of the A-1 Carbonate 
from the underlying slightly more crystalline and coarser grained porous dolostone of the Guelph. 

Guelph/Eramosa:  The upper contact of the Eramosa Member with overlying Guelph Formation strata is 
commonly gradational, with an upward decrease in organic content (i.e., less bituminous), decrease in 
abundance of microstylolites and upward increases in fossil content, grain size, bedding thickness, and 
porosity.  The Guelph is also lighter coloured and more sucrosic.  There does not seem to be a 
characteristic log signature that corresponds with this lithological change.  

Lockport and Amabel Formations 

Nomenclature:  The nomenclature of the Lower Silurian (previously considered Middle Silurian) 
carbonate-dominated strata underlying the Guelph Formation and overlying the mixed siliciclastic and 
carbonate units of the Lower Silurian Clinton and Cataract groups is complex.  In the outcrop belt (i.e., 
the Niagara Escarpment) these strata are essentially the Lockport Formation of the Niagara Peninsula area 
and the Amabel Formation of the Bruce Peninsula area (Bolton 1957). Although they occupy roughly the 
same stratigraphic position (i.e., beneath the Guelph Formation and/or Eramosa Member), it is generally 
accepted that a number of units in the underlying Clinton Group are equivalent to lower parts of the 
Amabel Formation (e.g., Sanford 1969a; Brett et al. 1995; Norford 1997).  Placement of the Eramosa 
Member has also been an ongoing issue: either within the Lockport and Amabel formations (e.g., Bolton 
1957) or within the Guelph Formation (e.g., Sanford 1969a; Armstrong and Goodman 1990) or as a 
separate formation (e.g., Brett et al. 1995). Additionally, various schemes have been proposed to combine 
these (and sometimes the overlying Guelph Formation and/or underlying Lower Silurian units) into an all 
encompassing group: such as, Amabel Group (Sanford 1969a), Albemarle Group (Bolton 1957), or 
Lockport Group (Brett et al. 1995).  Currently, the petroleum industry in Ontario uses the term Amabel 
Group, as per Sanford (1969a) and Winder and Sanford (1972), that includes all units above the Grimsby 
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Formation and below the Eramosa Member or equivalent Guelph Formation strata; the Gasport and Goat 
Island members are promoted to formational status, and the term Lockport is not used. 

For the purpose of this report, the Lockport and Amabel formations will be treated as a single unit 
with mappable subunits or members described separately.  These members include, in descending order, 
the Goat Island (including Ancaster and Vinemount beds) and Gasport members of the Lockport 
Formation, and the Wiarton (including the Colpoy Bay Member) and Lions Head members of the Amabel 
Formation.  

Some of the mixed shale, carbonate and sandstone units underlying the Lockport Formation, part of 
the Clinton Group, are interpreted to be stratigraphic equivalents to parts of the Amabel Formation  
(e.g., Bolton 1957; Sanford 1969a; Norford 1997). Due to their distinctive lithologic character, and thus 
mapability, they will be treated separately in this report. 

The Lockport–Amabel strata, as used here, is roughly equivalent to the Lockport Dolomite or lower 
(Gray) Niagaran of the subsurface of Michigan, the lower Engadine and upper Manistique groups of the 
surface in Michigan (Catacosinos et al. 2001) and the Goat Island and Gasport formations of western New 
York (Brett et al. 1995).  

Lithology:  

Goat Island:  The Goat Island Member of the Lockport Formation consists of dark to light grey to brown, 
very fine- to fine-crystalline, thin- to medium-bedded, irregularly bedded, variably argillaceous dolostone, 
with locally abundant chert or vugs filled with gypsum, calcite or fluorite.  Locally, especially near 
Hamilton, abundant chert nodules and lenses occurring in the basal beds of the Goat Island are informally 
called the Ancaster chert beds. A shaly interval, termed the Vinemount shale, occurs at the top of the Goat 
Island near and east of Hamilton (Bolton 1957).  In the subsurface the Goat Island is characterized by its 
colour and grain size and argillaceous microstylolitic seams/partings.  It is sparsely to moderately 
fossiliferous with local crinoidal material, stromatoporoids and corals.   

Gasport:  The Gasport Member of the Lockport Formation consists of thick- to massive-bedded, fine- to 
coarse-grained, blue-grey to white to pinkish grey dolostone and dolomitic limestone, with minor 
argillaceous dolostone. The Gasport is characteristically a crinoidal grainstone, with common current 
lamination and cross-stratification. Small bryozoan and coral bioherms occur locally developing on top of 
crinoidal shoals (see Crowley 1973).  

Recent workers in the Niagara Peninsula outcrop area (e.g., Tepper et al. 1990) have recognized that 
the Gasport and Goat Island comprise 2 fining upward cycles. Each cycle starts with coarse-grained, 
fossiliferous, grainstone shoal, “Gasport-like” lithofacies overlain by fine-grained, less fossiliferous, 
lower energy, “Goat Island-like” lithofacies. Along the Niagara Escarpment these lithofacies vary in 
thickness and some pinch out laterally; consequently, a variety of configurations occur. Brett et al. (1995) 
assigned member names to each of the lithofacies and elevated the Goat Island and Gasport to formational 
status.  

In the subsurface the Gasport is characterized by white to blue-grey, fine- to medium-crystalline, 
porous dolostone or dolomitic limestone (Sanford 1969a).  These characteristics are very similar to the 
Wiarton Member of the Amabel Formation, so these 2 units are commonly not differentiated in the 
subsurface.  In the outcrop belt the Gasport to Wiarton lateral transition occurs just north of Hamilton. 

Wiarton:  The Wiarton Member of the Amabel Formation consists of massive-bedded, blue-grey mottled, 
light grey to white, fine- to coarse-crystalline, porous crinoidal dolostone (Bolton 1957).  Local biohermal 
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developments, especially towards the top of this unit, are indicated by lensoidal bedding and abundance 
of frame-building organisms. Fossils include abundant crinoidal debris, tabulate corals, brachiopods, 
among others; however, dolomitization commonly obscures fossil content.  

Underlying the Wiarton Member in the Bruce Peninsula area is the Colpoy Bay Member (Bolton 
1957), which is browner, finer grained, less fossiliferous and less porous than the Wiarton. It is 
transitional in nature between the Wiarton and the underlying Lions Head Member.   Because of its 
limited distribution and lithologic similarity with the Wiarton Member, the Colpoy Bay Member is not 
identified as a separate unit in this report.  

Lions Head: The Lions Head Member is the lowest unit of the Amabel Formation on the Bruce Peninsula. 
It consists of light grey to grey-brown, fine-crystalline, thin- to medium-bedded, sparsely fossiliferous 
dolostone, with locally abundant chert nodules.  In many respects the Lions Head is lithologically very 
similar to the Goat Island.  Basinward the Wiarton Member grades laterally into the Lions Head Member 
so that in some places the Lions Head or combination of Lions Head and Goat Island lithofacies 
constitute the entire Lockport–Amabel interval (Sanford 1969a).  

Reference Outcrop(s):   

Goat Island: The type locality for the Goat Island Member is Goat Island at Niagara Falls between the 
American and Horseshoe falls. Brett et al. (1995) proposed reference sections for this unit at the haul road 
into the Robert Moses Powerplant, Lewiston, New York, and the access road into the Sir Adam Beck 
Powerplant at Queenston, Ontario. Brett et al. (2004) report approximately 10 m of Goat Island strata at 
the top of the Robert Moses haul road section.  Immediately north of this section, at Art Park (see 
Appendix 4), roughly 2.5 m of thin-bedded, argillaceous dolostone at the top of the section is assignable 
to the Goat Island Member.   

The Goat Island Member is well exposed at the Vinemount Quarry, approximately 4 km south of Winona, 
Ontario (Derry Michener Booth and Wahl and OGS 1989c). At this quarry the Goat Island Member is 
approximately 15 m thick and includes approximately 2 m of chert-rich dolostone (Ancaster chert beds) at 
its base and approximately 5 m of shale and very argillaceous dolostone (Vinemount shale beds) at its top.  
The Goat Island is gradationally overlain by approximately 3.5 m of bituminous dolostones of the 
Eramosa Member at this quarry.  Underlying the Goat Island Formation here are 11.5 m of strata (the 
quarry was recently deepened by approximately 6 m) that include argillaceous dolostone, with minor 
crinoidal grainstones that may represent the Gasport Member, overlying very argillaceous dolostone, that 
may represent the uppermost Rochester Formation (Brett et al. 1990) or possibly Decew Formation.  

Gasport:  The type locality of the Gasport Member is in Gasport, New York (Winder 1961). Brett et al. 
(1995) suggest reference sections for the Gasport along the Niagara River Gorge. Located approximately 
30 km to the west, the Vineland Quarry exposes up to 14 m of the Lockport Formation, of which most 
appears to be the Gasport Member.  Gypsum filled vugs and chert nodules (Goat Island characteristics) 
occur in the middle part of this section; however, the quarry is capped by a very thick bed of brachiopod-
rich, light grey to white, crinoidal grainstone (Gasport characteristic).  A further 20 km to the west, at the 
Vinemount Quarry, the Gasport Member has become very argillaceous and grainstone beds form a minor 
component.  In the subsurface the Vinemount Quarry section would likely be mapped entirely as Goat 
Island.  

Wiarton:  The type section of the Wiarton Member, and of the Amabel Formation, is the large road cut on 
the north side of the town of Wiarton, on the Bruce Peninsula. Bolton (1957) reported approximately  
19.5 m of Wiarton and Colpoy Bay member strata in this outcrop.  The white weathering dolostones of  
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the Wiarton Member form the caprock for much of the Niagara Escarpment, from the north end of the 
Bruce Peninsula to north of Hamilton.  This unit is well exposed in a number of quarries in the outcrop 
belt, most notably: quarries in the Milton area, the Duntroon Quarry southwest of Collingwood, the 
Sydenham Quarry southeast of Owen Sound and the Adair Quarry north of Wiarton (Derry Michener 
Booth and Wahl and OGS 1989c).  

Lions Head:  The type section of the Lions Head Member is located on the shore of Isthmus Bay, 
approximately 400 m north of the lighthouse at the village of Lions Head (Bolton 1957).  The Lions Head 
Member was also described at the Wiarton road cut section (Bolton 1957); however, subsequent road 
improvements have largely covered this member and underlying units, with only transitional (= lower 
Colpoy Bay Member?) strata to the overlying Wiarton Member remaining exposed. 

The Lions Head Member is exposed at numerous localities near the base of the Niagara Escarpment 
on the Bruce Peninsula.  At a road cut adjacent to Inglis Falls, immediately south of Owen Sound, 
approximately 3 m of the Lions Head Member is exposed, disconformably overlying the Fossil Hill 
Formation (Bolton 1957).  

Reference Core/Log/Well:   

Goat Island and Gasport:  Due to the variation in lithofacies of these formations from reefal to non-reefal 
environments of deposition, several wells are recommended as key references.  Within the pinnacle reef 
belt of the overlying Guelph Formation on the basin slope in Lambton County, well T006364 in cross- 
section J-C (Figure 21, Chart C in back pocket) is recommended and, for a reference core, well 
T003000A, Union Enniskillen 8-9-II, drill core #578 in the OGSR Library drill core collection (Carter et 
al. 1994).  In the off-reef, basin slope environment of the Guelph Formation, well T006044 in cross- 
section E-E′ (Figure 14, Chart B) and core from well T007290, Tec-Dow 4 Moore 6-21-XII, core #996 in 
the OGSR Library (Carter et al. 1994) are recommended.  For representation in a carbonate platform 
environment, well T006045 in cross-section E-E′ (Figure 14) and well T004497 in cross-section E-E′ 
(Figure 14) and A-A′ (Figure 5, Chart A) are recommended. 

Wiarton and Lions Head:  Well T006056 (OGS-82-4) located northwest of Wiarton is designated as the 
reference well and core for the Wiarton and Lions Head units. 

Geophysical Log Characteristics:   

Goat Island:  The generally argillaceous nature of the Goat Island Member gives it an elevated gamma-
ray response relative to the overlying Guelph Formation or underlying Gasport Member.  

Gasport:  The generally clean (nonargillaceous) nature of the Gasport Member yields a very low, 
sometimes negatively dished, gamma-ray response. 

Wiarton:  The Wiarton Member has a gamma-ray signature almost identical to that of the Gasport 
Member. 

Lions Head:  The Lions Head Member is slightly more argillaceous than the overlying Wiarton Member, 
so it has a slightly higher gamma-ray response. It also tends to be less argillaceous than the Goat Island.  

Unit Top Pick Criteria: 

Goat Island:  Where the argillaceous dolostones of the Goat Island Member are overlain by bituminous 
dolostones of the otherwise lithologically similar Eramosa Member, the pick on geophysical logs can be 
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difficult, and a sample pick from dark brown Eramosa to grey Goat Island is more reliable.  Where the 
overlying units consist of biohermal buildups such as platform or pinnacle reefs of the Guelph Formation, 
the Goat Island is overlain by clean, sucrosic and coarser-grained carbonates.  This contact can be readily 
identified, in geophysical logs, by a subtle but discreet upward decrease in the gamma-ray response, and 
in samples by the change in grain size and change to generally cleaner carbonates.  In Lambton County, in 
an inter-reef basinal/basin slope environment, the Goat Island top is picked at the top of the highest 
gamma-ray response immediately before a steep decline marking the presence of a thin bed of much 
cleaner, grey to brown sucrosic carbonate of the Guelph Formation. 

Gasport:  The top of the Gasport is readily picked in geophysical logs where the higher gamma-ray 
response of the Goat Island drops to the lower response of the Gasport. This contact is relatively reliable 
in samples where the greyer, finer grained dolostone of the Goat Island grades quickly into the light grey 
to bluish white, coarser grained, more porous dolostone of the Gasport.  Where the Goat Island is absent, 
and the Gasport is overlain by the Guelph Formation, the pick is unreliable in both geophysical logs and 
cuttings samples.   

Wiarton: As with the Gasport, the top of the Wiarton is readily picked in samples. However, where it is 
overlain by the Guelph Formation it is difficult to pick on geophysical logs.  

Lions Head:  The Lions Head is gradationally overlain by the Wiarton Member, so its top contact is 
marked by gradual upward decrease in gamma-ray response and grain size increase and colour change in 
samples.  

Clinton–Cataract Groups 

Nomenclature:  The Lower Silurian Clinton and Cataract groups consist of a series of relatively thin 
sandstone, shale and carbonate units, most of which are considered Appalachian Basin units. In Ontario, 
on the northern flank of the basin, many of these units thin and pinch out or are progressively cut by 
regional unconformities.  

In the Niagara Peninsula area, the Clinton Group has traditionally been considered to consist of, in 
descending order, the Decew, Rochester, Irondequoit, Reynales, Neahga and Thorold formations (Bolton 
1957).  In this area the Cataract Group has traditionally been considered to consist of, in descending 
order, the Grimsby, Cabot Head, Manitoulin and Whirlpool formations (Bolton 1957).  Some recent 
workers (e.g., Brett et al. 1995) suggest re-assigning the Thorold Formation to the Cataract Group.  The 
Cataract Group is approximately equivalent to the Medina Group in New York (e.g., Rickard 1975; Brett 
et al. 1995).  The term Medina Group or Medina Formation has also been used in Ontario for these strata 
(e.g., Duke 1987) but is not in common use. 

North and west of the Niagara Peninsula, the Clinton Group consists of remnants of the Niagara 
Peninsula units in addition to the Bruce Peninsula-based Fossil Hill Formation. Underlying the Fossil Hill 
Formation on the Bruce Peninsula and Manitoulin Island are 3 units, in descending order, the St. Edmund, 
Wingfield and Dyer Bay formations. These 3 units have been variously assigned to the Clinton Group 
(e.g., Bolton 1957) or interpreted to be equivalent to the Cataract Group (e.g., Johnson et al. 1992; 
Norford 1997).   

Recent revisions to this nomenclature have been proposed by workers (e.g., Brett et al. 1995) tracing 
thicker equivalent units and unconformities from New York into the Niagara Peninsula area of Ontario.  
Brett et al. (1995) maintain that the Reynales Formation, as represented at its type locality in New York, 
is truncated by an unconformity just west of the Niagara Gorge, and that the unit traditionally referred to 
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as the Reynales Formation in Ontario (e.g., Bolton 1957; Telford 1978), consists of 2 distinct carbonate 
units the Rockway Dolomite and underlying Merriton Limestone, separated by a thin discontinuous unit 
called the Williamson Shale.  Brett et al. (1995) further suggest that the Merriton is equivalent to the 
Fossil Hill Formation, the Rockway is equivalent to the Lions Head Member of the Amabel Formation 
and the “true” Reynales is equivalent to the Dyer Bay Formation.  While these proposed equivalences 
appear lithologically valid, age relationships are more complex and uncertain (cf. Stott and von Bitter 
1999).   

For the purpose of this report, the traditional nomenclature will be used, with reference to revised 
nomenclature where possible.  This approach is considered valid considering that there is uncertainty 
concerning the interrelationship of these units across southern Ontario (especially the subsurface); that 
many of these units are too thin to map consistently in the subsurface; and that they occupy roughly the 
same stratigraphic position.   

Ultimately, it would be beneficial to undertake detailed subsurface mapping and biostratigraphic 
analysis of the Clinton and Cataract units across southern Ontario.  This would allow the accurate 
documentation of correlative relationships and a more accurate determination of the timing and nature of 
vertical tectonic movements.  

Strata equivalent to the Cataract and Clinton groups in Michigan include, in ascending order, the 
Manitoulin, Cabot Head and Clinton formations of the Niagaran Group (Lilienthal 1978), or the Cataract, 
Burnt Bluff and Manistique groups (Catacosinos et al. 2001).  

Lithology:  

Decew:  The Decew Formation consists of up to 4 m of very fine- to fine-grained, argillaceous to 
arenaceous dolostone, with locally abundant shale partings and interbeds (Johnson et al. 1992). It has a 
very sharp upper contact with the Gasport that has been interpreted to be disconformable and erosive 
(e.g., Bolton 1957).  Its basal contact with shales of the Rochester Formation is gradational.  The most 
distinctive features of the Decew in outcrop are the large-scale soft-sediment deformation structures that 
some have interpreted to be caused by synsedimentary seismic activity (e.g., Brett et al. 2004).  The 
Decew Formation occurs in outcrop along the Niagara Escarpment. Its distribution in the subsurface is not 
as well documented because of its lithologic similarity to the underlying shale-dominated Rochester 
Formation (Sanford 1969a), but it can be readily identified on gamma-ray logs. Complexities associated 
in mapping the Decew in the subsurface were highlighted by Bailey (1986).  

Rochester:  The Rochester Formation consists of dark grey to black, calcareous shale with variably 
abundant, thin, fine- to medium-grained calcareous to dolomitic calcisiltite to bioclastic calcarenite 
interbeds (Bolton 1957; Brett et al. 1995).  Although the Rochester has been subdivided into members 
(Brett 1983) based generally on abundance and thickness of carbonate interbeds, these subunits are not 
commonly mapped in the subsurface in Ontario.  The Rochester Formation averages approximately 18 m 
in thickness in the Niagara Peninsula area. In the subsurface it varies from up to 24 m in eastern Lake Erie 
to its pinch-out along a line from near Hamilton to Goderich (Sanford 1969a). 

Irondequoit:  The Irondequoit Formation consists of thick- to massive-bedded, light to pinkish grey, 
medium- to coarse-grained, crinoidal and brachiopod-rich limestone (Johnson et al. 1992; Brett et al. 
1995).  In its outcrop belt along the Niagara Peninsula it ranges up to 3 m thick and in the subsurface 
thicknesses of up to 10 m are reported (Sanford 1969a).  The Irondequoit Formation pinches out (or 
grades into the Rochester Formation) to the west along an irregular line from central Lake Erie, east of 
London, to the north end of Waterloo County (Sanford 1969a).  North of its outcrop and subcrop belt, the 
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Irondequoit is interpreted to grade laterally into the lower part of the Colpoy Bay Member of the Amabel 
Formation (Brett et al. 1995) (or Wiarton Formation of Sanford 1969a).  

Small, bryozoan-dominated bioherms occur in the Irondequoit Formation, especially towards the top 
of this unit. The Irondequoit sharply and disconformably overlies the Reynales Formation (or Rockway 
Dolomite of Brett et al. 1995).  A basal conglomerate consisting of fragments of the underlying unit is 
locally developed in the Irondequoit Formation. 

Reynales:  The Reynales Formation in Ontario consists of light to dark grey, buff weathering, thin- to 
medium-bedded, very fine- to fine-grained, sparsely fossiliferous, dolostone to argillaceous dolostone, 
with thin shaly interbeds and partings.  The upper part of the Reynales Formation in Ontario, consisting 
mainly of buff weathering nonfossiliferous, fine-grained dolostone is likely equivalent to the Rockway 
Dolostone of Brett et al. (1995). The lower part of the Ontario Reynales is argillaceous and fossiliferous, 
with locally abundant pentamerid brachiopods. The lower beds are likely the “true” Reynales Formation 
at the Niagara River gorge sections and the Merriton Formation (Brett et al. 1995) east of the Niagara 
River.  The Merriton Limestone will be referred to herein as the lower Reynales and the Rockway 
Dolomite as the upper Reynales. Thicknesses given for the Reynales in Ontario, up to 5 m thick in the 
outcrop belt, likely include both parts of the formation.  Sanford (1969a) reports a maximum thickness of 
approximately 6 m in the subsurface.  The base of the upper Reynales is sharp and disconformable, with a 
phosphatic hardground and/or a thin green shale bed (Brett et al. 1995) and commonly is referred to in the 
literature as a “welded” contact (e.g., Telford 1978).  The base of the lower Reynales (both “true” 
Reynales and Merriton) is unconformable (Brett et al. 1995), although its argillaceous content suggests a 
gradational content where it is underlain by shaly units.  

Neahga:  The Neahga Formation is a dark to greenish grey, sparsely fossiliferous, fissile shale, with minor 
thin limestone interbeds. It ranges up to 2 m thick and is only exposed at the east end of the Niagara 
Escarpment to its pinch out near Grimsby Beach (Bolton 1957). In the subsurface, it is reported 
southward into Welland County, with outliers occurring in Haldimand County (Sanford 1969a).  The base 
of the Neahga Formation consists of a phosphatic pebble lag that indicates an unconformable contact with 
the underlying Thorold Formation (Brett et al. 1995).  Due to its thinness and limited distribution, the 
Neahga is not commonly identified in MNR well cards.   

Thorold:  The Thorold Formation consists of grey-green to white, fine- to coarse-grained, quartzose 
sandstone, with minor thin grey to green shale or siltstone partings. This sandstone contains numerous 
trace fossils (Pemberton 1987) and a variety of current-related sedimentary structures (Johnson et al. 
1992).  

The Thorold Formation ranges up to approximately 4 m thick along its outcrop belt on the Niagara 
Peninsula (Bolton 1957) and up to 6.5 m thick in the subsurface (Sanford 1969a). The Thorold pinches 
out along an irregular, southwestwardly trending line, from north of Hamilton to central Lake Erie 
(Sanford 1969a), possibly cut by a low-angle, regional unconformity (Brett et al. 1995). The basal contact 
of the Thorold has been variously interpreted as conformable and unconformable. 

Grimsby: The Grimsby Formation consists of interbedded red shales and sandstones.  The upper part 
(approximately half) of the formation is dominated by red and green to white, mottled, channelized, cross-
stratified, fine-grained, thin- to thick-bedded, quartzitic sandstones.  The lower part of the formation 
consists of red to green shale with interbeds of mainly red, planar laminated to hummocky cross-
stratified, thin- to thick-bedded sandstone.  Much of the red and green colouration within the Grimsby 
Formation is diagenetic in origin (Duke 1987). Despite this, the basal contact of the Grimsby is 
commonly placed at the transition from red shale or sandstone of the Grimsby to the mainly grey to grey-
green shales of the underlying Cabot Head Formation.  
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In the Niagara River area the basal Grimsby includes up to 4 m of sandstones.  Brett et al. (1995) 
have assigned these to a separate unit they call the Devils Hole Sandstone, that thins to the west and 
grades into a dolomitic sandstone unit they call the Balls Falls facies.  For the purpose of this report these 
units are considered part of the Grimsby Formation.  

The Grimsby Formation ranges up to approximately 15 m thick on the Niagara Peninsula (Bolton 1957) 
and up to 24 m in the subsurface beneath eastern Lake Erie (Sanford 1969a).  To the northwest the upper 
Grimsby is truncated by a regional angular unconformity beneath either the Thorold or the lower 
Reynales (or Merriton) formations. The lower part of the Grimsby becomes greener and shalier and likely 
grades laterally into the upper Cabot Head Formation.  The irregular pinch-out and/or erosional edge of 
the Grimsby extends from the Hamilton area southwest to west-central Lake Erie (Sanford 1969a).  

Fossil Hill:  The Fossil Hill Formation consists of thin- to medium-bedded, very fine- to coarse-grained, 
very fossiliferous dolostone. The formation also contains intervals of tan-grey, very fine-crystalline, 
sparsely fossiliferous dolostone.  Fossils include abundant pentamerid brachiopods, stromatoporoids and 
tabulate corals. The formation ranges up to 33.5 m thick on Manitoulin Island (Telford et al. 1981) and up 
to 24 m thick in the subsurface in northern Huron County (Sanford 1969a). More typically, it ranges from 
3 to 7 m in thickness in outcrop and subsurface.  The variation in thickness of this formation does not 
appear to be due to the development of bioherms, despite the abundance of frame-building organisms, but 
may instead be due to post-Fossil Hill erosion (Sanford 1969a).  

The Fossil Hill Formation sharply overlies dolostones of the St. Edmund Formation on Manitoulin 
Island and the northern Bruce Peninsula. This contact is apparently conformable on Manitoulin Island, but 
becomes unconformable to the south, as the St. Edmund and then progressively older units (Wingfield, 
Dyer Bay and Cabot Head formations) are cut by a sub-Fossil Hill regional angular unconformity.  Over 
much of southwestern Ontario, the Fossil Hill Formation overlies shales of the Cabot Head Formation.  

St. Edmund:  The St. Edmund Formation consists of up to 25 m of light creamy tan, microcrystalline thin-
bedded, sparsely fossiliferous dolostone and tan to brown, fine- to medium-crystalline, thick-bedded 
dolostone with locally abundant stromatoporoids (Johnson et al. 1992). Locally a thin grey-green shale 
bed occurs at the top of this formation. The St. Edmund Formation is restricted in its distribution to 
Manitoulin Island and the northern third of the Bruce Peninsula (Sanford 1969a). The base of this 
formation is conformable with the underlying Wingfield Formation.  

Wingfield:  The Wingfield Formation consists of up to 15 m of interbedded brown, fine- to medium-
grained, argillaceous dolostone and olive-green, noncalcareous, sparsely fossiliferous shale (Johnson et al. 
1992). Ostracods and lingulid brachiopods are the most common fossils. Sedimentary structures, such as 
planar and ripple laminations, are common in the dolostones and desiccation cracks in the shales. Top and 
bottom contacts with the St. Edmund and Dyer Bay formations, respectively, are gradational.  The 
Wingfield is restricted to the northern two thirds of the Bruce Peninsula and to Manitoulin Island 
(Sanford 1969a).  

Dyer Bay:  The Dyer Bay Formation consists of up to approximately 8 m of thin- to medium-bedded, 
fine- to medium-grained, blue-grey to brown, argillaceous, fossiliferous dolostone with green-grey shaly 
partings (Johnson et al. 1992).  Sedimentary structures include planar and ripple lamination, burrow traces 
and soft sediment deformation.  The Dyer Bay Formation outcrops on Manitoulin Island and along the 
east side of the Bruce Peninsula as far south as Owen Sound. In the subsurface it underlies the Bruce 
Peninsula and most of Essex and Kent counties (Sanford 1969a). Its absence under much of the rest of 
southwestern Ontario is thought to be due, at least in part, to erosion beneath a sub-Fossil Hill Formation 
unconformity. Lithologically the Dyer Bay Formation resembles the “true” Reynales Formation of New 
York and the Niagara River gorge outcrops, but the direct correlation of these 2 units remains uncertain.  
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Cabot Head: The Cabot Head Formation consists predominantly of grey to green to red-maroon, 
noncalcareous shales, with subordinate sandstone and carbonate interbeds (Johnson et al. 1992).  
Although generally unfossiliferous, a few thin, bryozoan-rich, shale and argillaceous limestone beds are 
known.  Throughout much of southwestern Ontario the Cabot Head shales range from greenish grey in 
the upper part of the formation, grading downwards into medium grey shales (Sanford 1969a).  North of 
the Grimsby Formation pinch-out the uppermost Cabot Head shales are red.  Also, in the Bruce Peninsula 
area, a significant part of the Cabot Head Formation is red to maroon in colour.  For the purpose of this 
report, the grey shales of the Power Glen Formation of the Niagara Peninsula (Bolton 1957; Brett et al. 
1995) are considered to be part of the Cabot Head Formation. 

The Cabot Head Formation is of variable thickness, ranging from a maximum of approximately 40 m 
thick under west-central Lake Erie, to approximately 12 m over the Algonquin Arch and then to over  
36 m in the Owen Sound area (Sanford 1969a).   Some variability in thickness can be attributed to the 
uncertainty of picking its upper contact with the Grimsby Formation and the likely lateral equivalence of 
at least parts of these 2 formations. Also, towards the Algonquin Arch the top of the Cabot Head appears 
to be cut by a regional angular unconformity at the base of the Fossil Hill or Reynales (or Merriton) 
formations.  

Manitoulin:  The Manitoulin Formation consists of up to 25 m of dolostone, argillaceous dolostone and 
minor grey-green shale.  It thickens towards the Michigan Basin and pinches out to the southeast along a 
line from eastern Niagara Peninsula to western Lake Erie (Sanford 1969a).  The dolostone is typically 
grey, thin- to medium-bedded, moderately fossiliferous, fine- to medium-crystalline and commonly 
contains chert nodules or lenses and silicified fossils (Johnson et al. 1992).  Bioherms occur in the 
Manitoulin Formation on Manitoulin Island (Copper and Fay 1989) and at the northern end of the Bruce 
Peninsula (Anastas and Coniglio 1992).  Analysis of sedimentological features, such as those related to 
storms and fair-weather processes, indicates that the Manitoulin Formation was deposited on a shallow 
carbonate ramp that dipped to the south and was not affected by the Algonquin Arch (Anastas and 
Coniglio 1993).  

The Manitoulin Formation gradationally overlies the Whirlpool Formation where it is present, or, 
where the Whirlpool is absent, the Manitoulin sharply and unconformably overlies the Upper Ordovician 
Queenston Formation.   

Whirlpool:  The Whirlpool Formation consists of white to grey to maroon, fine-grained, orthoquartzitic 
sandstone (Johnson et al. 1992). The lower part of this formation is unfossiliferous and contains 
sedimentary structures such as trough cross-bedding and other paleocurrent indicators consistent with 
deposition in a braided fluvial environment (Rutka et al. 1991).  The upper part of the Whirlpool 
Formation contains features such as marine trace and body fossils, symmetrical ripple marks and 
hummocky cross-stratification, consistent with a shallow nearshore marine depositional environment 
(Rutka et al. 1991).  

The Whirlpool Formation ranges up to 9 m thick, thinning westwardly to an irregular pinch-out line 
that extends from south of Collingwood to central Lake Erie (Sanford 1969a; Rutka et al. 1991).   

Reference Outcrop(s):   The extensive exposures along the Niagara River Gorge are classic if not type 
sections for many of the Lower Silurian units.  An especially well exposed section from Art Park at 
Lewiston, New York, to the Robert Moses Power Plant was examined and measured for this project 
(Appendix 4). Descriptions of this section can also be found in field trip guidebooks and related 
publications by C.E. Brett and others (e.g., Brett et al. 2004; Brett et al. 1995; Brett et al. 1991).  This 
section exposes the entire Clinton and Cataract (or Medina) groups, from the Whirlpool up to the Decew 
formations, a composite thickness of almost 60 m.  Units constituting these groups here include, from 
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bottom to top, the Whirlpool, Cabot Head (or Power Glen), Grimsby, Thorold, Neahga, Reynales (“true” 
Reynales plus the overlying Rockway), Irondequoit, Rochester and Decew formations. The “true” 
Reynales is truncated by an unconformity just west of the Niagara River and replaced by the Merriton 
Formation (Brett et al. 1995). The type section for the Merriton is located in a railway cut, west of Lock 5 
on the Welland Canal, near the village of Merriton (Brett et al. 1995).  Type sections for all of the other 
formations, except the Cabot Head Formation, are located at various places on the Niagara Peninsula, 
Ontario, or in adjacent New York State (Bolton 1957; Winder 1961; Brett et al. 1995).  Other good 
exposures of the Clinton and Cataract groups occur in road cuts along highways 20 and 403 in the 
Hamilton area (e.g., Cheel 1991).  Quarries in the Georgetown area afford good exposures of the 
Whirlpool Formation (e.g., Rutka et al. 1991).   

The type section for the Fossil Hill Formation is located on Manitoulin Island in a roadcut at the 
intersection of Highway 6 and New England Road, approximately 10 km southwest of Manitowaning 
(Winder 1961). Other good exposures of the Fossil Hill Formation are located on the shore of Isthmus 
Bay, just north of the village of Lions Head and in a road cut near Inglis Falls, just south of Owen Sound 
(Liberty and Bolton 1971; Bolton 1957; Armstrong et al. 2002). 

The type locality for the St. Edmund, Wingfield, and Cabot Head formations is the cliff exposure at 
Rocky Bay (also called Clay Cliffs), just east of Cabot Head at the north end of the Bruce Peninsula 
(Liberty and Bolton 1971).  Although the Dyer Bay Formation is also exposed in this outcrop, its type 
locality is near Dyer Bay, just south of Cabot Head.  

The Cabot Head through to Wingfield formations are exposed at a road cut on the west side of Ice 
Lake on Manitoulin Island (Telford et al. 1981).  The St. Edmund Formation is exposed at numerous 
locations on Manitoulin Island, including the lower bluffs of the Cup and Saucer Trail (Telford et al. 
1981).  

The type locality for the Manitoulin Formation is listed (Winder 1961) as Manitoulin Island 
(Williams 1913).  Specific outcrops on the island include the large bioherm at Manitowaning (Copper and 
Fay 1989) and the more typical nonbiohermal strata such as exposed at the Kagawong road cut and quarry 
(Telford et al. 1981). The Manitoulin Formation is well exposed in numerous outcrops at various 
locations along the Niagara Escarpment, on the Bruce Peninsula from Cabot Head to Cape Dundas and 
Owen Sound.  

Reference Core/Log/Well:  Well T004907 in cross-section A-A′ (Figure 5, Chart A in back pocket) 
intersects a 62 m thick interval that includes the Decew, Rochester, Irondequoit, Reynales, Grimsby, 
Cabot Head and Whirlpool formations.  Well T005473, also in cross-section A-A′ (Figure 5) intersects a 
much thicker section of Decew and also includes 3 m of Thorold sandstone and 2 m of Manitoulin 
dolostone.  The Neahga is not intersected by any of the wells included in this study.  The US Steel No.1 
core, well F005446, is the best reference core and includes thin intervals of the Decew, Rochester, 
Irondequoit, Reynales, Thorold, Grimsby, Cabot Head, Manitoulin, and Whirlpool formations. 

The Fossil Hill, Dyer Bay and Manitoulin formations are best represented by the OGS-82-4 Wiarton 
core, well T006056.  Well F012155 is the reference well for the St. Edmund and Wingfield formations. 

Geophysical Log Characteristics:  The complex geophysical log characteristics of the Clinton–Cataract 
group of formations as illustrated in Figure 4 (back pocket) are due to their interbedded relationships, thin 
beds, and lack of continuity of many units from the Appalachian Basin to the Michigan Basin over the 
Algonquin Arch due to pinch-outs, facies changes and erosion of units over the uplifted arch.  Radioactive 
minerals in many of the sandstone beds make them difficult to distinguish reliably from shale beds, so 
consistent and reliable identification requires sample studies to verify the log picks. 
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Unit Top Pick Criteria: 

Decew:  Bailey (1986) provides a good description of the Decew and an explanation of how to discern it 
from the lithologically similar shales of the underlying Rochester.  The upper contact is fairly easily 
picked in logs and samples where the medium grey, argillaceous carbonates of the Decew are in sharp 
contact with clean, coarse, bluish grey to white dolostone of the Gasport.  

Rochester:  The Rochester has a gradational contact with the lithologically similar Decew, but can be 
readily distinguished using the criteria established by Bailey (1986).  The Rochester has a very uniform 
regional thickness and a characteristic funnel-shaped gamma-ray response.  The contact is picked at the 
first occurrence of a cleaner bed of carbonate.  Where the Decew is missing the contact is readily picked 
in logs and samples by the upward transition from grey shales to carbonate. 

Irondequoit:  The Irondequoit has a sharp upper contact (gradational over short intervals) with shales of 
Rochester Formation, so is readily picked in logs or samples.  

Reynales (or Merriton):  The contact with the Irondequoit is difficult in both samples and logs.  In 
samples the contact is picked where coarse-grained crinoidal bluish-grey to white dolostone or limestone 
overlies buff, fine-grained dolostone.  In logs the Reynales is slightly more radioactive than the 
Irondequoit and the contact is picked at the mid-point of the change in log character.  Where the Reynales 
is directly overlain by the Rochester the contact is usually readily picked at the upward transition to shales 
and shaly carbonates of the Rochester.  

Neahga:  Where present the Neahga shale is readily identified in samples by lithological contrast with the 
overlying dolostone of the Reynales and in logs by its elevated gamma-ray response.  

Thorold:  When overlain by Neahga shales the contact is a good sample or log pick.  Where overlain by 
Reynales carbonates the sample pick is readily made.  If the Thorold sands are radioactive the log pick is 
made at the transition to nonradioactive carbonates.  

Grimsby:  The Grimsby is sharply overlain by Thorold sandstone.  The contact is picked in samples at the 
colour change from red sandstones and shales of the Grimsby to the clean white sandstone of the Thorold.  
The log pick is more problematic as both formations have similar gamma-ray responses.  Where sharply 
overlain by Reynales (or Merriton), there is a good lithologic contrast for a sample pick, and a lower 
gamma-ray response in the Reynales distinguishes the log pick. 

Cabot Head:  The Cabot Head is gradationally overlain by Grimsby, so this is a difficult sample or log 
pick, traditionally placed at the upward transition from grey-green Cabot Head shales and siltstones to red 
Grimsby shales and sandstones.  On gamma-ray logs the contact is placed where the relatively consistent 
radioactive shale response of the Cabot Head becomes much more variable due to the occurrence of 
abundant beds of nonradioactive red sandstones interbedded with red shales and siltstones having a strong 
gamma-ray expression (see Figure 4).  In the Bruce Peninsula area the upper contact of the Cabot Head 
with the carbonates of either the Fossil Hill Formation or Dyer Bay Formation is sharp and readily 
recognized in both samples and logs. 

Manitoulin: The gradational contact with the overlying Cabot Head Formation is very difficult to pick 
consistently in either samples or logs.  In this study the log and sample picks are made at the base of the 
lowermost significant shale bed in the Cabot Head as indicated by an elevated gamma-ray response 
relative to the carbonates of the Manitoulin Formation. 
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Whirlpool:  Where overlain by the Manitoulin Formation this pick can only be made in samples based on 
an upward gradation from sandstone to dolostone.  When overlain by the Cabot Head shales the upper 
contact is readily picked in both samples and logs (see Figure 4). 

Fossil Hill: The Fossil Hill Formation may be overlain by the Rochester, Gasport/Wiarton, Goat Island, or 
Lions Head formations depending on the location.  The Lions Head, Goat Island and Rochester 
formations have more radioactive ‘shalier’ responses on the gamma-ray logs and the Gasport and Wiarton 
have less radioactive or ‘cleaner’ responses on the gamma-ray logs.  Except for the Rochester the 
lithologies are very similar and formation tops are more difficult to pick in samples.  One practical criteria 
is colour: the Fossil Hill has a more brownish colour than the grey to white carbonates of the overlying 
formations. 

St. Edmund:  The St. Edmund has a sharp upper contact with the Fossil Hill Formation, but similar 
lithology; therefore, the contact is hard to pick in samples or geophysical logs.  The top is reported to be 
sometimes marked by a thin green shale bed. 

Wingfield:  The Wingfield has a gradational top contact with carbonate of the St. Edmund or a sharp 
unconformable contact with carbonate of the Fossil Hill Formation.  The Wingfield is more argillaceous 
than either the St. Edmund or Fossil Hill formations so can be picked with geophysical logs. It is typically 
darker brown than the St. Edmund dolostone and less fossiliferous than the Fossil Hill dolostone; 
however, the presence of green shale in the samples is likely a better indication of the Wingfield 
Formation.  

Dyer Bay: The upper contact of the Dyer Bay Formation is gradational with the Wingfield, and sharp and 
disconformable with any other unit (e.g., Fossil Hill, Reynales/Merriton), although overlying units may 
be shaly and therefore difficult to distinguish geophysically.  The distinctive medium to dark blue-grey, 
medium-grained texture of the Dyer Bay distinguishes it in samples from tan to brown dolostones of 
overlying carbonates or green shales of the Wingfield Formation.  

ORDOVICIAN UNITS 

Queenston Formation 

Nomenclature:  The Upper Ordovician Queenston Formation, characterized by red shales, underlies all 
of southwestern Ontario and outcrops along the Niagara Escarpment from the Niagara River to Cabot 
Head on the Bruce Peninsula. These terrestrial to marginal marine, siliciclastic-dominated sediments are 
part of the large wedge of clastic sediments that were deposited within and west of the Appalachian Basin 
in response to the Taconic Orogeny.  

The Queenston Formation is unconformably overlain by Lower Silurian sandstones (Whirlpool 
Formation) or dolostones (Manitoulin Formation) and conformably overlies shales and interbedded 
limestones of the Georgian Bay Formation.  

In Ontario, the Queenston Formation ranges from over 300 m thick beneath eastern Lake Erie to less 
than 50 m at the north end of the Bruce Peninsula (Sanford 1961).  Between the Bruce Peninsula and 
Manitoulin Island the Queenston grades laterally into the upper part (Kagawong or Meaford–Kagawong 
member) of the Georgian Bay Formation (Telford et al. 1981; Liberty and Bolton 1971).   
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The Queenston Formation of Ontario is approximately equivalent to strata of the same name in New 
York State (Fisher 1977) and Michigan (Lilienthal 1978; Catacosinos et al. 2001), although it is 
sometimes included with underlying shale-dominated units in the Richmond Group or Cincinnatian Series 
(Lilienthal 1978).  

Lithology:  The Queenston Formation consists of brick red to maroon, noncalcareous to calcareous shale, 
with subordinate amounts of green shale, siltstone, sandstone and limestone (Brogly et al. 1998; Johnson 
et al. 1992; Donaldson 1989).  Gypsum occurs as locally abundant nodules and thin, subhorizontal 
fracture in-fillings.  Carbonate content, both of the shale and in terms of the abundance and thickness of 
limestone beds tends to increase regionally to the northwest.  On the Bruce Peninsula the middle part of 
the formation consists of green shale interbedded with fossiliferous limestones (Armstrong et al. 2002).  
The lower part of the Queenston Formation consists of thinly interbedded to interlaminated red and green 
shales, siltstones, sandstones and limestones with abundant intertidal sedimentary structures (e.g., 
mudcracks).  

Reference Outcrop(s):  The type locality for the Queenston Formation is along the Niagara River at 
Queenston, Ontario (Winder 1961).  Across the Niagara River, at Lewiston, New York, the top 
approximately 23 m of the formation are exposed (Appendix 4).  The upper part of the Queenston 
Formation is well exposed at a number of locations along the Niagara Escarpment underlying the erosion-
resistant Whirlpool Formation sandstone or, north of Collingwood, the Manitoulin Formation dolostone. 
Examples of the former in the Hamilton area include the Highway 403 roadcut and the lower outcrop at 
the Devil’s Punchbowl Conservation Area near Stoney Creek (Brett et al. 1991).  Examples of the latter 
can be found on the east side of Owen Sound (Telford and Johnson 1984) and just north of Owen Sound 
at the Indian River Conservation Area. Farther north on the Bruce Peninsula, a recently excavated roadcut 
east of the village of Big Bay exposes the middle part of the Queenston Formation with red and grey-
green shales capped by fossiliferous limestone beds (Armstrong et al. 2002).  

Reference Core/Log/Well:  Three reference wells have been selected.  The Bruce Peninsula well 
T006056, at the intersection of cross-sections H-A′ and J-C (Chart C: Figures 19 and 21, respectively), 
intersects 67 m of Queenston consisting of red shales at the top and base and a thick section of 
argillaceous carbonates and green shales in the central portion of the formation.  The shales thin and pinch 
out very rapidly to the north of this well.  To the south, well F005446 has been selected as a reference 
core, and well T010044 has been selected as a log reference due to the 290 metre thickness of red shale 
intersected by this well. 

Geophysical Log Characteristics:  The red shales have a consistently elevated gamma-ray expression 
except where the Queenston contains interbeds of carbonate rocks. 

Unit Top Pick Criteria:  The mainly red shales of the upper Queenston Formation are readily 
distinguished in samples and on geophysical logs from the overlying light-coloured sandstones of the 
Whirlpool Formation or, to the north and west, the tan to grey dolostones of the Manitoulin Formation.  
The contact is locally obscured where the upper few metres of the Queenston shales are green or grey and 
the overlying Manitoulin dolostone is anomalously argillaceous.    

Georgian Bay and Blue Mountain Formations 

Nomenclature:  The Upper Ordovician Georgian Bay Formation is characterized by greenish to bluish 
grey shale, interbedded with limestone, siltstone and sandstone (Johnson et al. 1992; Kerr and Eyles 
1991; Byerley and Coniglio 1989).  It is conformably overlain by the Queenston Formation and 
conformably overlies the Blue Mountain Formation. The Blue Mountain Formation consists of blue-grey 
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to grey-brown shales with thin, minor interbeds of limestone and siltstone.  Due to the very gradational 
nature of the contact between the Georgian Bay and Blue Mountain formations and lack of a reliable 
formation top pick criteria, these units are commonly combined in subsurface mapping. The resulting 
Georgian Bay–Blue Mountain unit will be described here.   

In the lower part of the Blue Mountain Formation there is a downward gradation from grey to 
greenish grey shales to a very dark grey to black shale.  Petroleum industry personnel and the Beards 
(1967) study identify these shales as the Collingwood Formation, but the Collingwood Member of the 
Lindsay Formation, as defined by Russell and Telford (1983), is calcareous and these shales are not.  In 
addition, mapping by Churcher et al. (1991) and Trevail et al. (2004) shows the Collingwood to have a 
very limited extent.  In this study these black, noncalcareous shales are included in the Blue Mountain. 
The Collingwood Member is described in detail later in this report. 

Strata presently assigned to the Georgian Bay Formation were previously assigned to the 
biostratigraphically defined Dundas and Meaford Formations (Liberty and Bolton 1971). The Blue 
Mountain Formation strata were previously assigned to the middle and upper members of the Whitby 
Formation, informally called the Thornbury and Rouge River members (Liberty 1969; Russell and 
Telford 1983).  Russell and Telford (1983) note that the dark brown to black shales of the Rouge River 
Member were limited to the Toronto area, whereas the overlying lighter coloured shales of the Thornbury 
Member constituted the remainder of the Blue Mountain Formation.  In old MNR well records and in 
Beards (1967) the Georgian Bay and Blue Mountain formations are referred to as Meaford–Dundas.   

The Georgian Bay and Blue Mountain formations are approximately equivalent to the (in descending 
order) Oswego, Pulaski, Whetstone Gulf and Deer River formations of New York State (Lehmann et al. 
1994) and with the sub-Queenston part of the Richmond Group in Michigan (Catacosinos et al. 2001).    

Lithology:  Both the Georgian Bay and Blue Mountain formations consist of shales with variable 
amounts of limestone, siltstone and sandstone interbeds.  Generally the abundance and thickness of non-
shale constituents (also called “hard beds”) decrease stratigraphically downwards. There is also a decrease 
in thickness and abundance of limestone beds from north to south as shown in cross-sections G-G′ or  
H-A′ (Figures 17 and 19, Chart C in back pocket) for example.  The shales are generally noncalcareous 
and range in colour from greenish grey to bluish grey to dark grey-brown. Minor amounts of reddish 
brown to red shale occur locally near the top of the Georgian Bay Formation.  Sandstones and siltstones 
are commonly calcareous and contain both calcite cement and calcareous bioclastic material.  Hard beds 
are typically fossiliferous, with bryozoans, crinoids, pelecypods and brachiopods being the most common 
fossils.  Trace fossils are common in the Georgian Bay Formation, as are graded beds, gutter casts and 
ripple marks (Johnson et al. 1992).  

The Georgian Bay Formation ranges from 125 to 200 m thick and the Blue Mountain Formation 
ranges up to 60 m thick (Johnson et al. 1992).  

Reference Outcrop(s):  The type locality for the Georgian Bay Formation and the upper part of the Blue 
Mountain Formation is the East Meaford (also called Workman’s) Creek located on the south shore of 
Georgian Bay east of the village of Meaford (Liberty 1969). At this locality, Liberty (1969) reports 
thicknesses of 3 m and 127 m, respectively, for the Blue Mountain and Georgian Bay formations.  This 
locality was recently re-examined by Armstrong and Sergerie (2002) and their composite section is 
included here in Appendix 4.  They determined a thickness of over 29 m for the Blue Mountain 
Formation and an incomplete thickness (the top was not examined) of 69 m for the Georgian Bay 
Formation.   

Other good exposures of the Georgian Bay Formation in the Georgian Bay area occur at the Clay 
Banks, northwest of Meaford and the Clay Cliffs on the eastern end of Manitoulin Island (Byerley and 
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Coniglio 1989).  In the Toronto area, numerous creek and river bank outcrops expose the Georgian Bay 
Formation at various stratigraphic levels (Kerr and Eyles 1991).  

Additional exposures of the Blue Mountain Formation (upper part) include the lower part of the 
shore bluff outcrops east of Meaford and outcrops along the adjacent Christie Beach Creek (Armstrong 
and Sergerie 2002). The lower part of the Blue Mountain Formation, informally called the Rouge River 
Member (Russell and Telford 1983), is exposed east of Toronto, in the Rouge River valley (Liberty 1969; 
Armstrong and Sergerie 2002). 

Reference Core/Log/Well:  Three reference wells have been selected.  On the Bruce Peninsula, well 
T006056 (diamond-drill core #1103 stored at the OGSR Library), located at the intersection of cross- 
sections H-A′ and J-C (Figure 1, and Figures 19 and 21 on Chart C), intersected 136 m of Georgian Bay 
and Blue Mountain formations. To the south, well F005446 (diamond-drill core #100 in the OGSR 
Library drill core collection) intersected nearly 280 m of interbedded shale and limestone of the Georgian 
Bay and Blue Mountain formations.  The basal approximately 35 m of the Blue Mountain in well 
F005446 is dark grey-brown to black, bituminous, blocky bedded, is increasingly calcareous with depth 
and may in fact be an anomalous development of the Rouge River Member. Since well F005446 was not 
geophysically logged, well T010044 has been selected as the log reference well for these formations. This 
well, located in Lake Erie, less than 50 km southeast of F005446, on cross-section lines G-G′ (Figure 18, 
Chart C) and A-A′ (Figure 5, Chart A), intersected 262.8 m of the Georgian Bay and Blue Mountain 
formations. 

Geophysical Log Characteristics:  The shales have a consistently elevated gamma-ray expression while 
the clean limestone interbeds have subdued responses.  The Georgian Bay has a spikier gamma-ray 
response than the Blue Mountain because of  thicker and more frequent limestone interbeds in the former 
than the latter (Figure 4).  

Unit Top Pick Criteria:  The contact between the Georgian Bay and Queenston formations represents 
the gradual upward transition from a subtidal marine depositional environment to intertidal marginal 
marine environment in a shale-dominated system.  Limestones or calcareous sandstones are common to 
both formations; however, those in the Georgian Bay Formation are commonly more fossiliferous.  Also, 
limestone beds in the Georgian Bay Formation increase in thickness and abundance upwards in the 
formation.  Although the Queenston Formation also contains limestone interbeds, they are generally 
thinly interbedded to interlaminated with shale in the lower part of the formation. Ideally then, and the 
method used in this study, the top of the Georgian Bay Formation could be picked at the base of the 
highest and largest negative limestone spike in a gamma-ray log, which is approximately coincident with 
the downward transition in samples from red to green shale.  It is advisable to compare to other nearby 
wells as this is a difficult pick to make with consistency.   

The top of the Blue Mountain Formation is much more difficult to pick consistently and is not 
attempted in this study. It is arbitrarily defined as the base of the lowest “significant” limestone bed.  Due 
to the extremely gradational nature of this contact it is highly unreliable to pick.   

Trenton and Black River Groups 

The Middle Ordovician carbonate rocks in the subsurface of Ontario are subdivided into 2 main 
assemblages, the Black River Group and the Trenton Group, in ascending order.  These rocks were 
deposited during a regional marine transgression and represent an overall deepening-upward sequence, 
from basal clastics to supratidal and tidal flat carbonates to lagoonal/shoal, and finally to deep shelf 
carbonates (Kobluk and Brookfield 1982).  They were deposited on a shallowly dipping ramp northwest 
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of the Taconic foreland basin and unconformably overlie Upper Cambrian clastics and carbonates or lie 
directly on Precambrian basement rocks of the Canadian Shield.  Trenton and Black River group rocks 
are widely distributed in eastern North America.  Although subdivided differently, equivalent rocks 
referred to as Trenton and Black River, occur south into West Virginia and west into Michigan (Shaver 
1985; Patchen et al. 1985). 

The Trenton Group ranges to over 170 m in thickness and consists of the Cobourg, Sherman Fall and 
Kirkfield formations, in descending order.  The Black River Group consists of the Coboconk, Gull River 
and Shadow Lake formations, in descending order.  The Black River Group ranges from only 10 m thick 
near its erosional edge in eastern Ontario, gradually thickening to the southwest to nearly 150 m at the 
Detroit River (Trevail et al. 2004; Bailey Geological Services Ltd. and Cochrane 1984b). 

Outcrop studies of these rocks use a different nomenclature and different criteria for definition of 
formations and identification of formational contacts.  Rationalization of these conflicts is not attempted 
in this study, but approximate correlations are given where possible. 

TRENTON GROUP 

Collingood Member (Lindsay Formation) (Trenton Group) 

Nomenclature:  The Collingwood has had a long and complicated nomenclatural history (see reviews by 
Russell and Telford 1983; and Hamblin 1999).  Russell and Telford (1983) formally defined the 
Collingwood Member as the uppermost member of the Lindsay Formation (outcrop belt equivalent of the 
Cobourg Formation), based mainly on lithologic characteristics identified in the shallow subsurface near 
its outcrop belt. They defined the Collingwood Member as consisting of dark grey to black, organic-rich, 
calcareous shales that gradationally overlie nodular, fine-grained limestones of the lower member of the 
Lindsay Formation.  Previously the Collingwood strata were assigned to the lower member (also 
Craigleith Member) of the Whitby Formation (Liberty 1969).  

Traditionally in the subsurface of southwestern Ontario, the term “Collingwood Formation” has been 
applied to widespread dark-coloured, noncalcareous shales that overlie the Trenton Group (i.e., Cobourg 
Formation) carbonate rocks (e.g., Beards 1967; Sanford 1961).  Churcher et al. (1991) demonstrated that 
the Collingwood, as defined by Russell and Telford (1983), does not extend far into the subsurface from 
its outcrop belt, except for small outliers. The shales identified by the industry as “Collingwood” in the 
subsurface likely represent part or all of the Blue Mountain Formation as defined in the outcrop belt by 
Russell and Telford (1983). The Collingwood Member appears to be equivalent to at least part of the 
widespread Utica Shales of eastern North America.  

Lithology:  The Collingwood Member consists of dark grey to black, organic-rich, calcareous shales with 
very thin, fossiliferous bioclastic interbeds containing mainly trilobites or brachiopods with lesser 
amounts of bivalves, conularids, and nautiloids (Rudkin et al. 1998).  Mineralogical analysis (Macauley et 
al. 1990) demonstrated that the Collingwood Member is actually an impure limestone or lime marlstone.  
The other defining characteristic is the high organic content of the Collingwood that imparts its dark 
colour.  

The Collingwood Member ranges up to approximately 10 m thick (Johnson et al. 1992).  West of a 
line from approximately Port Elgin on Lake Huron to Port Colborne on Lake Erie (Hamblin 1999) the 
Collingwood pinches out (except for small outliers) due either to post-depositional erosion (Churcher et 
al. 1991) or to nondeposition during time of maximum transgression (Melchin et al. 1994).   
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The Collingwood Member gradationally overlies the lower member of the Lindsay (=Cobourg) 
Formation. Its upper contact with the organic-poor, noncalcareous, blue-grey shales of the Blue Mountain 
Formation is reported to vary from sharp to gradational (Russell and Telford 1983). Where the 
Collingwood Member is absent, a phosphatic lag has been identified at the contact between the Blue 
Mountain and Cobourg (or lower member of the Lindsay Formation) formations (Churcher et al. 1991).  

Reference Outcrop(s):  The type locality for the Collingwood Member consists of outcrops in the 
vicinity of Craigleith, along the shore of Georgian Bay, west of Collingwood (Rudkin et al. 1998; Liberty 
1969).  Another good outcrop of the Collingwood Member is located east of Toronto at the top of the 
section exposed in the Bowmanville Quarry (Melchin et al. 1994).  This section exposes 2.85 m of the 
Collingwood Member overlying more than 53 m of the lower member of the Lindsay Formation (see 
section description and photos in Appendix 4).  

Reference Core/Log/Well:  In 1982, the Ontario Geological Survey (OGS) cored and geophysically 
logged a deep hole near Corbetton (Johnson et al. 1983a) in Melancthon Township, Dufferin County. 
This hole, well H00015 in cross-section F-K (Figure 8, Chart A), intersected the Collingwood Member 
from a depth of 414.34 m to 425.83 m.  Other holes drilled by the OGS that targeted the Collingwood 
Member are reported in Johnson et al. (1983a). 

Geophysical Log Characteristics:  Russell and Telford (1983) described the Collingwood Member as 
having a lower natural gamma-ray response than overlying units due to its lower clay content and higher 
calcite content.  In addition, the higher organic content of the Collingwood results in an increase in 
resistivity relative to overlying units.  The characteristic log response for the Collingwood from the 
Corbetton reference well is presented in Figure 4. The main difference between this response and one 
where the Collingwood is absent (i.e., most wells in southwestern Ontario) is this one exhibits jagged 
decrease in gamma-ray response from the typical high gamma-ray signature of the overlying Blue 
Mountain Formation to the typical low gamma-ray response of the Cobourg (or lower member of the 
Lindsay Formation).  Where the Collingwood is absent, the sharp contact between Upper Ordovician 
shales and the underlying Trenton carbonates (Cobourg Formation) is marked by an abrupt decrease in 
the gamma-ray response.  

Unit Top Pick Criteria:   The top of the Collingwood Member is marked by a relatively abrupt increase 
(downward) in carbonate and organic carbon contents, and a decrease in clay content (Russell and Telford 
1983).  The colour also changes from blue-grey of the Blue Mountain Formation to dark grey to black of 
the Collingwood; however, this colour change may be subtle.  As described above, the top is also 
indicated by a decrease in the natural gamma-ray response and a sharp increase in resistivity (Figure 4).   

Cobourg Formation (Lower Member of Lindsay Formation) (Trenton Group) 

Nomenclature:  The Cobourg Formation was originally defined in the Ordovician outcrop belt of south-
central Ontario based primarily on biostratigraphic grounds (Melchin et al. 1994; Kay 1937).  Liberty 
(1969) redefined these strata based on lithologic characteristics and assigned the name Lindsay Formation 
to them.  The term Cobourg Formation continues to be used in the subsurface of southern Ontario by the 
petroleum industry and in this study for the uppermost unit of the carbonate-dominated Trenton Group 
(Sanford 1961; Beards 1967). 

Russell and Telford (1983) re-assigned the black, organic-rich, calcareous shales of the lower 
member of the Whitby Formation of Liberty (1969) to the Collingwood Member (or upper member) of 
the Lindsay Formation.  As discussed above, the Collingwood Member does not extend far into the 
subsurface and the strata called Collingwood (formation or shales) by the industry in the subsurface are 
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likely equivalent, at least in part, to the Blue Mountain Formation of the outcrop belt. So, for the most 
part, the Cobourg Formation in the subsurface is roughly equivalent to the lower member of the Lindsay 
Formation of the outcrop belt.  

Lithology:  The Cobourg Formation consists of very fine- to coarse-grained, fossiliferous, bluish-grey to 
grey-brown limestones and argillaceous limestones.  Shaly partings are common and thin shale interbeds 
are locally common. Limestones range from nodular bedded to irregular tabular bedded to planar tabular 
bedded. These bedding styles are commonly interbedded in varying proportions. The latter are typically 
fine- to coarse-grained, horizontally to low-angle cross-laminated, bioclastic packstones and grainstones 
probably deposited by storms.  There have been numerous attempts to subdivide the Cobourg (or 
Lindsay) into subunits (other than the Collingwood and lower member) or facies; however, these 
subdivisions have proven difficult to apply regionally.  In general, coarser grained bioclastic packstone 
and grainstone interbeds tend to be more abundant towards the base of the formation and finer grained 
wackestones and lime mudstones tend to be more abundant towards the top of the formation (Melchin et 
al. 1994).  Fossils include crinoids and crinoidal fragments, gastropods, brachiopods, bryozoans and 
trilobites. Bioturbation is especially evident in the nodular beds and some grainstone beds show grading, 
cross-lamination and may contain intraclasts (Melchin et al. 1994). 

In the subsurface of Essex, Kent and part of Lambton counties, the uppermost few metres of the 
Cobourg is dolomitized (Sanford 1961) and informally referred to as the “cap dolomite” (e.g., Middleton 
1990; Trevail et al. 2004).   Dolomitization of Cobourg strata and that of older Trenton units, particularly 
of their coarser grained facies, also occurs in the vicinity of vertical fault zones and is associated with the 
development of significant hydrocarbon reservoirs (e.g., Trevail et al. 2004; Golder Associates Ltd. 2005; 
Keith 2000).  

The Cobourg Formation (lower member of Lindsay Formation) is reported to range up to 
approximately 60 m in thickness (Liberty 1969; Sanford 1961).  The Cobourg ranges from 17 m in 
thickness in westernmost Essex County at well T007191 to approximately 60 m at well T009793. Both 
wells are located on cross-section C-C′ (Figure 7, Chart A in back pocket).   

Reference Outcrop(s):  The type locality of the Cobourg Formation is in the vicinity of Picton, in Prince 
Edward County, Ontario (Winder 1961).  The type locality for the Lindsay Formation is a roadcut on 
Highway 35 near the town of Lindsay (Liberty 1969).  However, only a small part of the formation is 
exposed at this locality (Melchin et al. 1994). 

Two reference sections exposing the lower and upper parts of the Cobourg were examined for the 
present study.  The lowermost approximately 10 m of the Cobourg (=lower Lindsay) Formation is 
exposed at the Picton Quarry and is described in Appendix 4.  The basal contact of the Cobourg, with the 
underlying interbedded limestones and shales of the Sherman Fall (=Verulam) Formation is gradational 
and picked at this location at the top of a package of bioclastic grainstones that may represent an 
equivalent of the Sherman Fall “Fragmental” (discussed in next section).  

The uppermost approximately 54 m of the Cobourg (=lower Lindsay) Formation is exposed east of 
Toronto in the Bowmanville Quarry.  This section is described in Appendix 4. The upper contact of the 
lower Lindsay with the Collingwood Member is exposed at the Bowmanville Quarry and at a creek 
section near Collingwood (Winder and Sanford 1972).  

Reference Core/Log/Well:  Two reference cores have been selected.  Well T006045 in cross-section  
E-E′ (Figure 13, Chart B) is located close to the principal Trenton oil reservoirs in the Leamington area 
and cored 37.2 m of the Cobourg.  The Cobourg is overlain by the Blue Mountain Formation at this 
location.  Geophysical logs were not acquired over this interval in T006045, so well T006965 in cross-
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section E-E′ (Figure 13) is selected as a reference well for illustration of the gamma-ray character of the 
formation.  The second reference core is well T006124 on cross-section B-B′ (Figure 6, Chart A), which 
intersects 42.3 m of Cobourg, including its contact with the overlying Collingwood member of the 
Lindsay Formation. 

Geophysical Log Characteristics:  The Cobourg Formation generally exhibits a subdued to very flat 
gamma-ray response, with shalier intervals indicated by slightly elevated responses and clean grainstone 
beds represented by more subdued responses.    

Unit Top Pick Criteria:  Over most of southwestern Ontario the top of the Cobourg Formation is an easy 
pick on either geophysical logs or samples, as the mainly carbonate Cobourg is sharply overlain by the 
noncalcareous shales of the Blue Mountain Formation (traditionally called the Collingwood Formation by 
the industry).  Closer to the outcrop belt, east of a line from roughly Port Elgin on Lake Huron to Port 
Colborne on Lake Erie (Churcher et al. 1991; Trevail et al. 2004), the limestones of the Cobourg (= lower 
Lindsay) are gradationally overlain by black, organic-rich limestones and calcareous shales of the 
Collingwood Member. The Collingwood Member is also preserved in small outliers west of this line.  
Where the Collingwood Member is present, the gamma-ray response reflects the gradual downward 
change, through the Collingwood (upper Lindsay), from shales of the Blue Mountain to carbonates of the 
Cobourg (=lower Lindsay) (see Figure 4).   

Sherman Fall Formation (=Verulam Formation) (Trenton Group) 

Nomenclature:  The name Sherman Fall Formation was originally applied in Ontario by Kay (1929) 
from its type section in Trenton Falls, New York (Winder 1961).  Liberty (1955) proposed a new name, 
Verulam, for these strata and this remains in current usage in the outcrop belt (Liberty 1969; Johnson et 
al. 1992).  The term Sherman Fall continues to be used by the petroleum industry in the subsurface 
(Beards 1967).  The Sherman Fall Formation is part of the Trenton Group.  

Lithology:  The Sherman Fall Formation consists of 2 subunits, a lower shaly or “argillaceous” unit and 
an upper, thinner, coarser grained, bioclastic or “fragmental” unit (Beards 1967). These subdivisions 
correspond well with the 2 informal members of the Verulam Formation as described by Liberty (1969).  
The lower member of the Verulam, or the Sherman Fall “argillaceous”, consists of interbedded limestones 
and calcareous shale. Limestone beds include very fine- to coarse-grained, thin- to thick-bedded, nodular 
to tabular-bedded, light to dark grey-brown, fossiliferous limestone, ranging from lime mudstones and 
bioclastic and intraclastic wackestones to grainstones.  This unit ranges up to 60 m thick in the outcrop 
area (Melchin et al. 1994).  In the wells selected for this study, the Sherman Fall Formation ranges from 
16.4 m thick in well T006305, on Manitoulin Island (cross-section J-C, Figure 21, Chart C), to 43.8 m in 
well T008079, in Lake Erie, south of Essex County (cross-section A-A′, Figure 5, Chart A), to 52.3 m in 
well T006124, located east of Toronto (cross-section B-B′, Figure 6, Chart A), up to a maximum 
thickness of 66.5 m in well T009793 (cross-section C-C′, Figure 7, Chart A) in Perth County. 

The upper member of the Verulam Formation, or the Sherman Fall “fragmental”, consists of thin- to 
thick-bedded, medium- to coarse-grained, cross-stratified, tan to light grey, fossiliferous limestones, 
dominantly bioclastic and intraclastic grainstones.  This unit ranges up to 10 m thick in the outcrop belt 
near Lake Simcoe (Armstrong 2000).  It is apparently absent or much thinner (perhaps a single bed?) to 
the east in the Belleville area (Melchin et al. 1994).  The upper member, interpreted to represent 
deposition in a shallow shoal environment, is thought by some to be laterally discontinuous and to not 
represent a single stratigraphic unit (Brookfield and Brett 1988).  Gamma-ray logs indicate that it is 
widespread in the subsurface.  The term “Sherman Fall fragmental” is still in common usage in the 
petroleum industry, although it is not picked separately in this study or in MNR well records.  
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Reference Outcrop(s):  Due to its shaly nature the Verulam (Sherman Fall) Formation is not well 
exposed in natural outcrops.  Two quarries located in the outcrop belt between Lake Simcoe and 
Peterborough, the Gamebridge and Lakefield quarries, afford good exposures of the lower and middle 
parts of the lower member of the Verulam, respectively (Melchin et al. 1994; Winder and Sanford 1972).  
The upper member is well exposed in road cut outcrops approximately 7 km south of the village of 
Kirkfield, east of Lake Simcoe (Melchin et al. 1994).   

For this study, the section exposed at the Picton Quarry, south of Belleville, was examined 
(Appendix 4).  At the Picton Quarry up to approximately 50 m of the uppermost Verulam (Sherman Fall) 
Formation is exposed beneath approximately 10 m of the Lindsay Formation.  The upper member of the 
Verulam is not well developed here, so the resulting gradational contact was picked at the base of nodular 
to irregular-bedded argillaceous limestones that overlie medium- to thick-tabular-bedded bioclastic 
grainstones (see photos in Appendix 4). Trough cross-bedding that characterizes the upper member of the 
Verulam Formation east of Lake Simcoe does not appear to be present here.   

Reference Core/Log/Well:  Two reference cores have been selected.  Well T006045 in cross-section  
E-E′ (Figure 13, Chart B) is located close to the principal Trenton oil reservoirs in the Leamington area 
and intersects 49.2 m of the Sherman Fall. Geophysical logs were not acquired over this interval in 
T006045, so well T006965 in cross-section E-E′ (Figure 13) is selected as a reference well for illustration 
of the gamma-ray character of the formation.  The second reference core, well T006124 on cross-section 
B-B′ (Figure 6, Chart A), intersects 52.3 m of the Sherman Fall.   

Geophysical Log Characteristics:  The upper Sherman Fall (= “fragmental”) has a low gamma-ray 
response typical of a clean carbonate unit. Where this subunit is well developed it exhibits a broad 
negative dish shape with more argillaceous and radioactive units above and below.  Where it is not well 
developed it may be difficult to separate from other limestone interbeds in this succession.  

The lower Sherman Fall (or “argillaceous”) has a spiky gamma-ray response reflecting the 
interbedding of clean and shaly limestone in this unit.  

Unit Top Pick Criteria:  The lower Sherman Fall and Cobourg have similar gamma-ray signatures, so it 
is only where the upper Sherman Fall (“fragmental”) is clearly developed that the contact between these 2 
formations is readily picked with geophysical logs (Figure 4).  This pick, as with most of the others in the 
Trenton Group, is difficult to make with samples.  A colour change from bluish grey Cobourg to tan or 
grey-brown of the Sherman Fall and the finer grain size of the Cobourg can be used as pick criteria; 
however, these are not regionally definitive. 

Kirkfield Formation (=Upper and Middle Bobcaygeon Formation) (Trenton Group) 

Nomenclature:  The Kirkfield Formation is the lowest unit of the Trenton Group and corresponds to the 
upper and middle members of the Bobcaygeon Formation (Liberty 1969) in the outcrop belt (Melchin et 
al. 1994).  The formation has a complex nomenclatural history and is poorly defined (Winder 1961).  

Lithology:  The Kirkfield Formation consists essentially of thin- to thick-bedded, fossiliferous limestones 
with shaly partings and locally significant thin shale interbeds.  In the outcrop belt east of Lake Simcoe, 
the Kirkfield can be subdivided into 2 informal units, lower and upper, that correspond to the middle and 
upper members of the Bobcaygeon Formation, respectively (Melchin et al. 1994; Liberty 1969).  Here the 
lower Kirkfield is characterized by thin- to medium-tabular-bedded, pelloidal to bioclastic, very fine- to 
fine-grained limestones with green shale interbeds and partings.  These limestone beds typically have flat 
bases with bioclastic lags, horizontal to low-angle cross-lamination, and rippled to undulatory tops, and 
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have been interpreted as storm beds (Melchin et al. 1994).  The upper Kirkfield in the outcrop belt  
(= upper Bobcaygeon) includes similar storm beds but these are mixed with a variety of other types of 
limestone, and shale content is limited to thin shaly partings. Limestones in the upper Kirkfield include 
fine- to medium-grained, dark grey to light brown, thin- to medium-bedded, irregular to tabular bedded, 
bioturbated to horizontally or low-angle cross-laminated, fossiliferous limestones, ranging from bioclastic 
wackestones, to packstones and grainstones. Fossils in the Kirkfield include echinoderms (e.g., crinoids), 
trilobites, bryozoans and brachiopods.  

The contact between the lower and upper Kirkfield is very gradational. Melchin et al. (1994) report 
that the lower Kirkfield (= middle Bobcaygeon) may be restricted to the Lake Simcoe area outcrop belt.  
In the subsurface the lower Kirkfield is more argillaceous than the upper part of the formation (Beards 
1967). 

In this study the Kirkfield attains a greatest thickness of 49 m in well T007191 in cross-section C-C′ 
(Figure 7, Chart A) and thins to less than 20 m in well T006305 on Manitoulin Island and 44.4 m in well 
T006124 east of Toronto. 

Reference Outcrop(s):  The type locality for the Kirkfield Formation is the now-water-filled Kirkfield 
Quarry (Winder 1961), located just north of the village of Kirkfield. Similar strata are exposed in the new 
quarry at Kirkfield, located a few kilometres to the north, and at the Kirkfield liftlocks. Perhaps the best 
current exposure of the Kirkfield Formation (and underlying Coboconk Formation) is located at the 
Brechin Quarry (Melchin et al. 1994) just east of Lake Simcoe.  At this quarry up to 20 m of the Kirkfield 
Formation are exposed beneath up to 2 m of lower Verulam and sharply overlie approximately 7 m of the 
Coboconk Formation.  In addition, approximately 5 m of the Gull River Formation are exposed in the 
lowest part of the quarry. This section is illustrated in Appendix 4.  

Reference Core/Log/Well:  Two reference cores have been selected.  Well T006045 in cross-section E-
E′ (Figure 13, Chart B), located close to the principal Trenton oil reservoirs in the Leamington area, cored 
40.9 m of the Kirkfield.  Geophysical logs were not acquired over this interval in T006045, so well 
T006965 in cross-section E-E′ (Figure 13) is selected as a reference well for illustration of the gamma-ray 
character of the formation.  The second reference core, well T006124 on cross-section B-B′ (Figure 6, 
Chart A), intersects 44.4 m of the Kirkfield.   

Geophysical Log Characteristics:  A well-developed pattern of upwardly decreasing gamma-ray 
response, reflecting shoaling upwards with increased grainstone content and decreased shale content, is 
characteristic of the Kirkfield Formation (Figure 4).  

Unit Top Pick Criteria:  The top of the Kirkfield Formation is best picked on geophysical logs at the top 
of an interval of relatively clean (i.e., shale-poor) limestones (likely bioclastic grainstones) below a 
modest increase in gamma-ray response that marks the base of the shalier lower Sherman Fall Formation 
(Figure 4). This is a less reliable pick where the bioclastic interval at the top of the Kirkfield is not well 
developed or where shale content increases gradationally.  Samples are generally not reliable for picking 
contacts between Trenton Group units, as limestone rock types are very similar throughout the succession.   
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BLACK RIVER GROUP 

Coboconk Formation (=Lower Bobcaygeon Formation) (Black River Group) 

Nomenclature:  The Coboconk Formation is the uppermost unit of the Black River Group. There has 
been considerable confusion in the stratigraphic nomenclature for this unit (see Liberty 1969; Winder 
1961; Winder and Sanford 1972).  Melchin et al. (1994) determined that the equivalent of the Coboconk 
in the Lake Simcoe area outcrop belt is the lower member of the Bobcaygeon Formation (Liberty 1969).  
Liberty (1969) created the Bobcaygeon Formation in part to avoid biostratigraphically based units such as 
the Coboconk.  

Lithology:  The Coboconk Formation consists of light grey-tan to brown-grey, medium- to very thick-
bedded, fine- to medium-grained, bioturbated to current-laminated, bioclastic limestones, mostly pelloidal 
bioclastic wackestone, packstones and grainstones.  Bioturbation results in a semi-nodular texture through 
most of the unit.  Bioclastic and intraclastic grainstone beds with low- to high-angle cross-stratification 
are locally abundant.  Grains are commonly algal coated. Well-sorted grainstones are locally abundant. 
Fossils are mainly echinoderm debris, as well as large tabulate corals and stromatoporoids, rugose corals, 
brachiopods, bryozoans, gastropods, bivalves, nautiloids and trilobites.  The fauna and sedimentary 
features indicate deposition in shallow offshore shoals (Melchin et al. 1994).  

The basal contact of the Coboconk Formation varies from sharp to gradational.  Where gradational, 
the limestone matrix grades downward to lime mud and fauna decreases in abundance and variety.   

In this study the Coboconk attains a greatest thickness of 28.1 m in well T007191 in cross-section  
C-C′ (Figure 7, Chart A) and thins from southwest to northeast to less than 5 m in well T006305 on 
Manitoulin Island and only 1.9 m in well T006124 east of Toronto. 

Reference Outcrop(s):  The type locality for the Coboconk Formation is the inactive Canada Lime 
Quarry at Coboconk (Winder 1961).  Equivalent strata, including more of the underlying Gull River 
Formation, are exposed in the immediately adjacent road cut. A newer, active quarry, located immediately 
northeast of the roadcut, exposes the upper part of the Coboconk Formation.  

A complete interval, approximately 7 m thick, of the Coboconk Formation (= lower Bobcaygeon) is 
exposed in the Brechin Quarry. A description with photos of this section is presented in Appendix 4.  

Reference Core/Log/Well:  Two reference cores have been selected.  Well T006045 in cross-section  
E-E′ (Figure 13, Chart B) is located close to the principal Trenton oil reservoirs in the Leamington area 
and intersects 33.3 m of the Coboconk in drill core.  Geophysical logs were not acquired over this interval 
in T006045, so well T006965 in cross-section E-E′ (Figure 13) is selected as a reference well for 
illustration of the gamma-ray character of the formation.  The second reference core, well T006124 on 
cross-section B-B′ (Figure 6, Chart A), intersects 1.9 m of Coboconk and illustrates the dramatic thinning 
of the formation from southwest to northeast.  

Geophysical Log Characteristics:  The generally clean (shale-poor) limestones of the Coboconk 
Formation yield a relatively low gamma-ray signature.  Locally, small, sharp gamma-ray spikes 
correspond to K-bentonite layers that occur in the vicinity of the contact between the Coboconk and the 
overlying Kirkfield Formation (Trevail 1990).  Others (Sanford 1961; Melchin et al. 1994) place this  
K-bentonite bed in the uppermost Gull River Formation.  
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Unit Top Pick Criteria:  The top of the Coboconk Formation, which is also the top of the Black River 
Group, is one of the more reliable picks in the Ordovician of southern Ontario.  The shalier limestones of 
the basal Kirkfield sharply overlie the clean lighter-coloured grainstones of the Coboconk. This contrast 
shows up well in the gamma-ray log (Figure 4) and in samples. 

Gull River Formation (Black River Group) 

Nomenclature:  The Gull River Formation, part of the Black River Group, gradationally to sharply 
underlies the Coboconk Formation and gradationally overlies the Shadow Lake Formation.  In the outcrop 
belt it was subdivided by (Liberty 1969) into 3 informal members, lower, middle and upper. The members 
are not commonly identified in the subsurface.  

Lithology:  The Gull River Formation consists mainly of limestone, with lesser amounts of dolostone, 
shale and argillaceous sandstone. The formation, especially the upper part, is characterized by very fine-
grained (lithographic), light grey to dark brown, limestones. The abundance of lime mud is a key 
distinguishing characteristic of the Gull River Formation as compared with coarser grained limestones of 
the overlying Coboconk Formation.  Thin shale beds and partings are also more common in the Gull 
River, and more so in the subsurface.  

The following descriptions of the 3 members of the Gull River Formation are based on their 
characteristics in the Lake Simcoe area outcrop belt (Liberty 1969).  The upper member of the Gull River 
Formation consists of light grey to dark brown, thin- to very thick-bedded, bioturbated, fossiliferous 
limestones, mainly wackestones. Interbeds of grey lime mudstones are locally common towards the base 
of this unit. Towards the top of this member, interbeds of coarser grained, pelloidal and bioclastic 
packstone to grainstone are locally common. The middle member of the Gull River Formation consists 
mainly of grey, sparsely fossiliferous lime mudstones that are commonly laminated and contain 
intraclasts.  The lower member is the most lithologically variable, containing light to dark grey to brown, 
fine-grained dolostones (dolosiltites); light grey to dark brown, very fine-grained, non- to moderately 
fossiliferous limestones (lime mudstone to wackestone to packstone); green argillaceous sandy 
dolostones; and minor green-grey argillaceous dolomitic sandstones and green to dark brown shale.  In 
the outcrop belt the lower member is capped by a green argillaceous dolostone informally called the 
“green marker bed”.   Bedding style ranges from tabular and planar to slightly irregular to semi-nodular. 
In the subsurface large intervals of the Gull River Formation are semi-nodular lime mudstones to 
wackestones with locally abundant dolomitic (dolosiltite) burrow-mottles.   

The Gull River Formation ranges up to 25 m thick in the Lake Simcoe area (Liberty 1969) and up to 
approximately 135 m in the subsurface of southwestern Ontario (Johnson et al. 1992).  In this study the 
Gull River attains a greatest thickness of 122.8 m in well T002843 in cross-section B-B′ (Figure 6, Chart 
A) and thins from southwest to northeast to less than 40 m on Manitoulin Island and 21 m in well 
T007968 on the northeast shore of Lake Simcoe. 

Reference Outcrop(s):  The type locality for the Gull River Formation is a series of outcrops in the 
vicinity of the village of Coboconk (Liberty 1969).  For this study exposures of the Gull River were 
examined at the Marmoraton Iron Mine (lower member) and the Brechin Quarry (upper and middle 
members).  Section descriptions and photos for these localities are presented in Appendix 4.  The lower 
Gull River Formation is approximately 20 m thick at the Marmoraton Mine (Appendix 4).  At the Brechin 
Quarry the upper Gull River is approximately 3 m thick and overlies the uppermost 2 m of the middle 
Gull River. Although the middle and upper members of the Gull River are exposed at Marmoraton, only 
the lower part of the middle member was accessible for detailed examination.  Derry Michener Booth and 
Wahl and OGS (1989b) reported thicknesses for the middle and upper members of the Gull River (their 
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upper member of the Gull River and lower unit of the lower member of the Bobcaygeon Formation) as 
7.2 m and 13.7 m, respectively.  

Reference Core/Log/Well:  Two reference cores have been selected.  Well T006045 in cross-section E-
E′ (Figure 13, Chart B) is located close to the principal Trenton oil reservoirs in the Leamington area and 
intersects 68.2 m of the Gull River in drill core.  Geophysical logs were not acquired over this interval in 
T006045, so well T006965 in cross-section E-E′ (Figure 13) is selected as a reference well for illustration 
of the gamma-ray character of the formation.  The second reference core, well T006124, on cross-section 
B-B′ (Figure 6, Chart A), intersects 35.8 m of the Gull River.  

Geophysical Log Characteristics:  The mixture of clean limestone beds with thin shale interbeds and 
partings yields a gamma-ray signature that is slightly elevated and spikier than that of the overlying 
Coboconk Formation. Part way though the Gull River interval, a relatively broad gamma-ray positive 
spike marks the occurrence of an argillaceous dolostone, a possible equivalent to the “green marker bed” 
that caps the lower member in the outcrop belt.   

Unit Top Pick Criteria:  The top of the Gull River Formation is typically picked at the first shaly spike 
below the low gamma-ray response of the Coboconk Formation, concomitant with an increase in the base 
level response (Figure 4). There is sometimes a larger positive gamma-ray spike immediately below the 
contact that marks a K-bentonite bed.  

The contact generally shows up well in samples as well, with the downward change from fine-
grained bioclastic limestones of the Coboconk to the very fine-grained (lithographic) lime mudstones of 
the Gull River.  

Shadow Lake Formation (Black River Group) 

Nomenclature:   The Shadow Lake Formation is the basal unit of the Black River Group. In central and 
southwestern Ontario it is the oldest Ordovician unit (Johnson et al. 1992). It lies unconformably on the 
Precambrian basement or, where present, on Cambrian age strata.  

Lithology:  The Shadow Lake Formation is characterized by poorly sorted, red and green sandy shales, 
argillaceous and arkosic sandstones, minor sandy argillaceous dolostones and rare basal arkosic 
conglomerate. Sand grains, found in all these rock types, are commonly frosted, suggestive of eolian input 
to the depositional environment.  Trevail (1990) identified 3 lithofacies in the Shadow Lake Formation in 
3 cores from the subsurface of southwestern Ontario.  These lithofacies are green glauconitic sandstone 
with abundant frosted sands grains (informally called the “golf ball sands”); interbedded laminated to 
bioturbated siltstone and sandstone; and fossiliferous (skeletal debris) sandstone.   

The upper contact of the Shadow Lake Formation is generally gradational with the overlying Gull 
River Formation and in the outcrop belt has been placed at different levels depending on which criterion 
is used (see discussion in Melchin et al. 1994).  Generally there is a rapid upward lithologic transition 
through the Shadow Lake into the Gull River from basal, coarse-grained, arkosic sandstone, to poorly 
sorted, very argillaceous sandstone, to sandy shale, to argillaceous and sandy dolostone to very fine-
grained limestone. These rock types are also commonly interbedded and green or red colouration can 
extend upwards into the carbonate-dominated strata of the lower Gull River.  The contact can appear to be 
sharp where most lithologic characteristics (i.e., colour, argillaceous content, and carbonate content) 
change together.  
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Where the Shadow Lake Formation directly overlies Precambrian basement, its thickness can be 
variable due to the irregular paleotopography of the basement. In some locations it is reported to be up to 
15 m thick (Sanford 1969a; Johnson et al. 1992).  

Reference Outcrop(s):  The type section for the Shadow Lake Formation is a road side outcrop on 
Highway 35 north of the village of Coboconk (Okulitch 1939; Liberty 1969). It is also exposed at the base 
of the Paleozoic section overlying the Marmoraton Iron Mine, at Marmora (Coniglio et al. 1990).  At the 
Marmoraton Mine up to approximately 9 m of the Shadow Lake Formation is exposed, unconformably 
overlying the irregular Precambrian basement. This section is described with photos in Appendix 4.  

Reference Core/Log/Well:  Well T006124, OGS 83-3 Pickering on cross-section B-B′ (Figure 6, Chart 
A) is a good reference core for the eastern part of the study area, where the Shadow Lake Formation lies 
directly on Precambrian basement.  In the western portion of the study area, where the Shadow Lake 
locally overlies Cambrian strata, well T006078, OGS 82-3 Yarmouth, in cross-section F-F′ (Figure 15, 
Chart B), is selected as a reference core.  

In this well, 8 m of Shadow Lake Formation strata were intersected overlying 36.8 m of Cambrian 
strata. The lithofacies of both the Shadow Lake and underlying Cambrian units in this core was described 
by Trevail (1990).  

Geophysical Log Characteristics:  The highly argillaceous character of the Shadow Lake Formation 
results in a high gamma-ray response relative to the overlying carbonate rocks (see Figure 4).  

Unit Top Pick Criteria:  As discussed above the contact between the Shadow Lake and Gull River 
formations varies from gradational to sharp.  The contact is generally a reliable pick in both samples and 
logs except where the basal Gull River becomes argillaceous and silty to sandy.  The top of Shadow Lake 
is commonly picked at the top of the largest positive shift in the gamma-ray log (Figure 4).  This should 
correspond in samples to a rapid change from limestone and dolostone (which may have a greenish 
colouration) of the Gull River to green or red shale with frosted sand grains (“golf balls”) of the Shadow 
Lake Formation. 

CAMBRIAN UNITS 

Trempealeau, Eau Claire and Mount Simon Formations 

Nomenclature:  Cambrian age sedimentary rocks, dominated by sandstones, occur in the subsurface of 
southwestern Ontario and in outcrop and subsurface of eastern Ontario (Johnson et al. 1992).  
Lithologically the Cambrian succession of southwestern Ontario consists of, in ascending order, quartzose 
sandstones, interbedded sandstones and dolostone, and dolostones.  This three-fold lithologic break-down 
led Sanford and Quillian (1959) to apply corresponding, lithologically based, stratigraphic nomenclatures 
from the adjacent Appalachian and Michigan basins.  They arbitrarily assigned 81ºW longitude (located 
approximately half way between London and Woodstock) as the dividing line between these 
nomenclatural schemes.  Therefore, east of 81ºW longitude, Sanford and Quillian (1959) subdivided the 
Cambrian strata into, in ascending order, the Potsdam, Theresa and Little Falls formations. West of 81ºW 
longitude, the corresponding Michigan Basin units are the Mount Simon, Eau Claire and Trempealeau 
formations. 

Rickard (1973) noted that the Theresa Formation of western New York (and presumably 
southwestern Ontario) was not continuous with the Theresa Formation in the outcrop belt of eastern New 
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York.  The latter unit is Ordovician in age and correlative with the March Formation of eastern Ontario 
(Williams 1991).  Recent revisions to stratigraphic nomenclature (e.g., Bernstein 1992) extend the term 
Theresa Formation into eastern Ontario and call into question the application of this term in the 
subsurface of southwestern Ontario.  

As the Cambrian sea transgressed over the Precambrian basement, Cambrian units progressively on-
lapped the Algonquin Arch and may have even been deposited over most of southwestern Ontario. 
However, post-depositional uplift centered on the Algonquin Arch eroded these strata to their present 
configuration, fringing the southwestern Ontario peninsula (Sanford and Quillian 1959; Trevail 1990).  
The different erosional edges of each of the constituent units reflect the transgressive nature of Cambrian 
sedimentation and the post-depositional uplift of the Algonquin Arch and erosion of these rocks (Trevail 
1990).   

As noted by Bailey Geological Services Ltd. and Cochrane (1984a) the character of individual 
Cambrian units becomes less distinct as its pinch-out edge is approached on the Algonquin Arch, and 
therefore the application of basinal terminology becomes less appropriate. They found it easier to treat the 
entire Cambrian section as a single unit. This approach is standard in the industry today and will be 
followed in this report.  This is also prudent given the uncertainty in regional correlation of units in the 
subsurface and to their outcropping equivalents (see above).  Recent work by Bailey (in preparation) has 
attempted to resolve correlation and terminology issues with the Cambrian strata in the subsurface of 
southern Ontario.   

Cambrian strata are unconformably overlain by the impure siliciclastic rocks of the Middle 
Ordovician Shadow Lake Formation. They unconformably overlie crystalline rocks of the Precambrian 
basement.  

The characteristics of the 3 Michigan Basin units are described in the following section. 

Lithology:  Cambrian rocks in the subsurface of southwestern Ontario are dominated by quartzose 
sandstones.  Sanford and Quillian (1959) provide brief descriptions of the 3 formations based upon 
limited drill cuttings samples. They report the Mount Simon Formation to consist of white to light grey 
quartzose sandstone with a basal arkose. The Eau Claire Formation consists of fine- to medium-grained 
sandstone, with interbeds of grey, fine-crystalline dolostone and grey, shaly dolostone and locally minor 
amounts of glauconite. They report the Trempealeau Formation to consist mainly of buff to grey-buff, 
fine- to medium-crystalline dolostone. Trevail (1990), in a detailed study of cores in the London area, 
identified 3 lithofacies constituting the Mount Simon and Eau Claire formations.  Lithofacies 1, a 
feldspathic arkose corresponds to the basal Mount Simon Formation. Lithofacies 2 and 3, sandy oolitic 
dolostone and dolomite-cemented sandstone, respectively, correspond to the overlying Eau Claire 
Formation.  Trevail (1990) also recognized 2 subunits within the Eau Claire: a lower dolostone-dominated 
unit and an upper sandstone-dominated unit with dolostone interbeds. Bailey Geological Services Ltd. 
and Cochrane (1984a) report a typical lithologic transition upward through the Cambrian succession in a 
deeper basinal setting consisting of basal, well-sorted, coarse-grained sandstones (Mount Simon 
Formation), overlain by fine-grained, dolomitic quartz sandstones and sandy dolostones (Eau Clair 
Formation), that in turn are overlain by cream-coloured, very fine-grained, clean dolomite mudstone with 
sparse oolitic stringers (Trempealeau Formation). 

Basal Cambrian sandstones may contain abundant red to pink K-feldspar.  The presence of this 
feldspar has traditionally been interpreted to be the result of erosion from granitic Precambrian basement 
and the sands are described as arkoses.  However, much if not most of this K-feldspar is authigenic in 
origin and can be recognized by its deep salmon colour and fresh angular grains in drill cuttings.  It is 
interpreted to have precipitated as a result of rock-water interactions during regional migration of warm 
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formation waters along the Precambrian–Paleozoic unconformity approximately 444 million years ago 
(Harper et al. 1995). 

Reference Outcrop(s):  There are no outcrops of the Mount Simon, Eau Claire or Trempealeau 
formations in Ontario. Type sections for the Mount Simon and Eau Claire are reported to be in the 
vicinity of Eau Claire, Wisconsin, whereas the Trempealeau Formation is named after outcrops at 
Trempealeau, Wisconsin (Sanford and Quillian 1959; Winder 1961).  

The only outcropping Cambrian strata in southern Ontario are the Covey Hill and Nepean formations 
of eastern Ontario. The conglomerates and impure sandstones of the Covey Hill Formation are thought to 
be Early Cambrian in age (Johnson et al. 1992).  The Nepean Formation is thought to be approximately 
equivalent to the Potsdam Formation of New York State and thus to the basal Cambrian unit of 
southwestern Ontario (Johnson et al. 1992).  The type section for the Nepean Formation is located along 
Highway 417 (the Queensway) in Ottawa (Williams 1991; Williams and Telford 1986; Dix et al. 1997; 
Dix et al. 2004).  Outcrops of both the marine and eolian facies of the Nepean Formation are documented 
along both sides of the Frontenac Axis in the Kingston area (Wolf and Dalrymple 1984, 1985).  The 
section at the Sloan Quarry, located on the north side of the River Styx, 3 km west of Joyceville, exposes 
large-scale cross-bedded eolian sand dunes overlain by planar to horizontally laminated marine sandstone 
(see photos in Appendix 5, in MRD 204).  

Reference Core/Log/Well:  Cross-section F-F′ (Figure 15, Chart B) provides an excellent illustration of 
the onlap and pinch-out of Cambrian strata from the Appalachian Basin onto the southern flank of the 
Algonquin Arch.  The most southerly well in this section, T008512 Pembina Lake Erie, is selected as a 
reference well for this study. This well intersected 142.2 m of Cambrian strata that can readily be 
subdivided into the Mount Simon, Eau Claire and Trempealeau formations (see Figure 4).  Well 
T006078, OGS 82-3 Yarmouth is selected as a reference core. Located less than 50 km to the north of 
T008512, just onshore from Lake Erie, T006078 intersected a total of 36.8 m of Cambrian strata 
identified (Trevail 1990) as basal Mount Simon Formation sandstone overlain by the Eau Claire 
Formation. The Trempealeau Formation only occurs in the 2 southernmost wells in cross-section F-F′, 
wells T008512 and T006818.  

Geophysical Log Characteristics:  Cambrian strata generally have a lower gamma-ray response than the 
overlying shaly rocks of the Shadow Lake (Figure 4).  The presence of authigenic or detrital potassium 
feldspar in Cambrian units may, however, result in more positive gamma-ray values and obscure the log 
pick.  The gamma-ray profile of the Cambrian section in southwestern Ontario (Figure 4) largely reflects 
the proportion of sandstone versus dolostone, with the latter causing a decrease in gamma-ray response. 
Generally upward-decreasing gamma-ray profiles from the Mount Simon into the Eau Claire and from the 
upper Eau Claire into the Trempealeau (Figure 4) indicate a gradational upward increase in carbonate 
content of the otherwise sandstone-dominated strata.  Sharp positive shifts in the gamma-ray curve, 
especially at the contact between the lower and upper units of the Eau Claire Formation, indicate rapid 
changes to sandstone-dominated environments (possibly rapid shallowing).  

Unit Top Pick Criteria:  The top of Cambrian strata can usually be readily distinguished because of its 
lithologic contrast with the greenish, shaly clastics of the overlying Shadow Lake Formation.  The 
presence of loose frosted sand grains is also diagnostic of the Shadow Lake Formation. It is a more 
reliable pick in geophysical logs where there is a significant drop in the gamma-ray response from the 
shale and argillaceous sandstones of the Shadow Lake Formation into the clean quartzose sandstones, 
dolomitic sandstones or sandy dolostones of the Cambrian strata.   

The top of the Trempealeau Formation is marked by a sharp increase in gamma-ray response, 
reflecting its sharp contact with the overlying, more argillaceous Shadow Lake Formation.  Where the 
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Eau Claire is overlain by the Trempealeau, the top of the Eau Claire is marked by a decrease in gamma-
ray response and general decrease in the spikiness of the profile because of the Eau Claire’s interbedded 
nature (sandstone and dolostone).  Where the Mount Simon Formation is overlain by the Eau Claire, the 
former’s top pick can be marked either by a sharp drop in gamma-ray response (e.g., well T006078 in 
cross-section F-F′; Figure 15, Chart B) or gradational decrease upwards as in well T008512 (Figure 4).  

PRECAMBRIAN 

Precambrian Basement 

Nomenclature:  The Paleozoic succession of southwestern unconformably overlies crystalline 
metamorphic rocks of the Precambrian Grenville Province, commonly referred to as the Precambrian 
basement.  The Grenville Province in Ontario can be subdivided into 2 lithotectonic divisions, the Central 
Gneiss Belt and the Central Metasedimentary Belt (Easton 1992).  The Central Gneiss Belt underlies most 
of southwestern Ontario and consists of a variety of moderately to highly deformed amphibolite to 
granulite facies metasedimentary gneisses 1600 to 1800 Ma in age that have been intruded by granitic to 
monzonitic plutons 1400 to 1500 Ma in age (Easton and Carter 1995). The Central Metasedimentary Belt 
underlies Paleozoic strata east of a line roughly between Pickering and just west of Port Colborne (Easton 
and Carter 1995) and consists of a variety of marbles and metamorphosed clastic and volcanic rocks 
intruded by a diverse variety of metaplutonic rocks.  Grenvillian rocks have been subjected to several 
orogenies, or episodes of deformation and metamorphism, with the last major episode occurring 1050 to 
1070 Ma in association with major thrusting.  At that time, the resulting Grenvillian mountains probably 
rivaled or exceeded the Himalayas in height.   

Tectonic unroofing and erosion of these crystalline basement rocks began immediately after the last 
orogenic event.  The rocks now exposed represent the roots of the former Grenvillian mountains after 400 
to 500 million years of weathering and removal of up to several tens of kilometres of bedrock.  

The Precambrian basement beneath southwestern Ontario has been recently mapped through the 
examination of drill cuttings samples and available cores and interpretation of regional-scale geophysical 
maps (Easton et al. 1990; Carter and Easton 1990; Easton and Carter 1995).   

Lithology:  The Precambrian basement consists of a variety of metamorphic rock types, ranging from 
felsic gneisses to mafic metavolcanics to marble.  The rocks are gneissic with a well-developed mineral 
foliation parallel to the gneissosity.  Gneissic layering is at scales of a few centimetres to metres and is 
steeply dipping at angles inclined at up to 90 degrees to the horizontal.  Gneisses of granitic, monzonitic 
and tonalitic composition derived from metamorphosed plutonic and clastic sedimentary rocks are the 
most common.  These rocks are characterized by a pink to red colour because of the presence of 
potassium feldspar, variable amounts of quartz and the presence of biotite and/or hornblende. 

An alteration zone several metres or more in thickness often occurs at the top of the Precambrian 
basement (Carter and Easton 1990; Easton and Carter 1995; Harper et al. 1995), although locally it may 
be absent.  Most of the wells that penetrate the Precambrian reach total depth within this zone; 
consequently, it is important to understand the character of the rocks within this zone and the geological 
processes involved in their formation.  Intensively altered zones are characterized by a dark green 
colouration and replacement and alteration of primary minerals in the basement rocks.  Hornblende is 
replaced by sericite and calcite, plagioclase is replaced by albite and chlorite and biotite is degraded to 
chlorite.  Masses of illitic clay and reddish secondary potassium feldspar are common (Harper et al. 1995; 
Ziegler and Longstaffe 2000a, 2000b).  In the past this zone, in the subsurface, has been interpreted as a 
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zone of weathering and was often referred to as an “arkose” where potassium feldspar occurred in 
abundance (Bailey Geological Services Ltd. 1984) or as “wash”. True arkose does occur and is 
characterized by angular quartz and feldspar crystals and mica flakes but is not as widespread as once 
thought.  

Reference Outcrop(s):  The best guide to reference Precambrian outcrops is a field trip guidebook 
prepared for the 1994 annual meeting of the Geological Association of Canada by Easton and Carter 
(1994).  The best and most relevant outcrop for examining the rocks exposed at the Paleozoic–
Precambrian unconformity is Stop 1 in that guidebook.  Stop 1 is a roadcut on the north side of former 
Highway 7, located 4.1 km west of the intersection with former Highway 62, in Madoc Township, 
County of Hastings.  In this report, the unconformity is exposed in the Marmoraton Iron Mine section 
described in Appendix 4. 

Reference Core/Log/Well:  Three wells with drill core are recommended as references.  Well T006078, 
OGS 82-3 Yarmouth in cross-section F-F′ (Figure 15, Chart B in back pocket) is selected as a reference 
core (core #861 at OGSR Library) to illustrate the alteration zone at the unconformity.  This core exposes 
a 5 m intersection of highly altered, monzonitic to tonalitic gneiss with a predominant greenish-grey to 
pink colour and numerous patches of brown to yellowish-brown discolouration that may be clay minerals.  
Well F005446, US Steel No.1 has a 500 m long cored intersection of gneissic plutonic basement rocks 
(core # 1010 in the OGSR Library core collection).  The third well (not selected for this study) 
T001720A, BP Triad Saugeen 29-II, intersected a thin arkose at the top of the Precambrian (core #985 at 
the OGSR Library).  

Geophysical Log Characteristics:  Radioactive minerals in the Precambrian basement (e.g., biotite, 
muscovite, potassium feldspar) yield a high gamma-ray response (Figure 4).  The neutron curve may react 
positively also, indicating the compactness of the basement rocks relative to the less consolidated, more 
porous sediments above.  However, if the overlying rocks contain abundant secondary potassium feldspar, 
chlorite and illite (Harper et al. 1995; Ziegler and Longstaffe 2000a and 2000b) that also have a positive 
gamma-ray response, it is difficult to pick the contact with confidence on logs.   

Unit Top Pick Criteria:  The top of the Precambrian basement rocks can usually be picked where there 
is an increase in gamma-ray response relative to the overlying Paleozoic rocks (Figure 4).  However, the 
contact may be difficult to pick consistently in logs due to the presence of weathered fragments of 
Precambrian rocks or radioactive secondary minerals in the overlying Paleozoic strata.  Sample picks are 
more reliable.  Indicators in cuttings samples include loose mica flakes, angular metamorphic or igneous 
rock fragments or minerals (Beards 1967), and lack of identifiable clastic grains.  

Structural Cross-Section Descriptions 

Seventeen cross-sections have been constructed along 12 lines of section (Figure 1 and Figures 5 to 21, 
Charts A to C in back pocket).  Four lines of section (A-A′, B-B′, C-C′ and F-K) are oriented 
northeasterly, essentially parallel to the Algonquin Arch and roughly perpendicular to regional strike of 
the Paleozoic bedrock formations (Figure 2).  Seven lines of section (C-A, D-D′, E-E′, F-F′, G-G′, H-A′ 
and K-K′) are oriented northwesterly, essentially perpendicular to the trend of the Algonquin Arch and 
parallel to subparallel to regional strike (Figure 2).  Line J-C is a north-trending line of section parallel to 
the Lake Huron shoreline and the eastern edge of the Michigan Basin.  For 5 lines of section (C-A, D-D′, 
E-E′, F-F′ and G-G′) there are 2 cross-sections plotted for each: an upper section and a lower section, 
using the top of the Queenston Formation (i.e., top of Ordovician) as the lower and upper boundary, 
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respectively.  Descriptions of principal geological features of each cross-section follow. Unit names are 
indicated and are placed, in most cases, above the line representing the upper contact of the unit. 

As with the Beards (1967) report, the cross-sections, with a few exceptions, display largely regional 
features rather than local geological phenomena.  The vertical scale is exaggerated relative to the 
horizontal scale on the cross-sections and the wells are equally, rather than proportionally, spaced. These 
2 factors combine to yield a greatly exaggerated  regional dip.  Well cards for each of the reference wells 
are presented in Appendix 1 (in MRD 204).   

CROSS-SECTION A-A′ 

Cross-section A-A′ extends through Lake Erie from Pelee Island to the northwestern end of the Niagara 
Peninsula (Figure 1 and Figure 5, Chart A). Well T008079, at the westernmost end of the section, is 
located near the crest on the southeastern flank of the Findlay Arch.  East of this well the Chatham Sag is 
clearly visible and is over 250 km wide on this line of section, extending approximately from well 
T004772 in the west to well T005473 in the east.  Proceeding up section, the lowest point of the Sag 
shifts westward from well T008512 at the top of the Precambrian to well T006815 at the top of the 
Queenston and then shifts eastward back to well T008512 at the top of the Dundee Formation.  East of the 
Sag, the shallow northeast to southwest regional dip is apparent, with sequential truncation of the 
Devonian and Upper Silurian strata at the erosional unconformity at the subcrop contact with the glacial 
drift.  The section crosses the Niagara Escarpment between well T004907 and the end of the section at 
well T002012.  Lower Silurian sandstones of the Grimsby and Whirlpool formations thin from east to 
west and pinch out completely immediately west of well T004497.  One other local feature of note is a 
thick wedge of halite in the Salina B Unit at well T006815. 

CROSS-SECTION B-B′ 

Cross-section B-B′ runs mostly along the north shores of lakes Erie and Ontario (Figure 1 and Figure 6, 
Chart A). Well T002843, at the westernmost end of the section, is located close to the crest of the Findlay 
Arch.  East of this well the Chatham Sag is clearly visible and is approximately 150 km wide on this line 
of section, extending approximately from well T007162 in the west to well T006078 in the east.  The 
lowest point of the Sag is at well T008230 and, unlike cross-section A-A′, this low point does not shift up 
section. East of the Sag the shallow northeast to southwest regional dip is apparent with sequential 
truncation of the Devonian and Upper Silurian strata at the erosional unconformity at the subcrop contact 
with the glacial drift.  A local feature of note is the thickening of the Bass Islands Formation within the 
Sag, in particular at well T010520, probably due to syndepositional subsidence of underlying Salina 
Group strata due to dissolution of thick halite beds of the B Unit that were originally deposited within this 
portion of the Sag. 

The section crosses the Niagara Escarpment between well T002033 and well T006078.  All of the 
Silurian strata are truncated at the Escarpment, with shales of the Queenston Formation exposed at its 
base.  The cross-section extends a further 400 km to the east, ending at well F013651 east of Prince 
Edward County.  At this point, all the Upper Ordovician strata have been truncated because of erosion 
and regional dip, and the Sherman Fall Formation outcrops at the surface.   
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CROSS-SECTION C-C′ 

Cross-section C-C′ is located along the “spine” of the southwestern Ontario peninsula, extending from 
near Windsor to northeast of Toronto, near Rice Lake (Figure 1 and Figure 7, Chart A). This cross-section 
is located near or on the crest of the Algonquin Arch for most of its length (see Figure 2).  As in sections 
A-A′ and B-B′ the Chatham Sag is clearly visible, extending between wells T008111 and well T001536, a 
distance of approximately 200 km.  The lowest point of the Sag is at well T007395.  From this well the 
section extends up dip to the northeast, with the elevation at the top of the Precambrian surface increasing 
from 971.5 m below sea level to 96.4 m above sea level at well T007726, equating to a regional dip of 
approximately 2 m/km over a distance of 500 km.  The Cobourg Formation outcrops at the surface at well 
T007726, with all the overlying formations having been truncated by erosion.  Well T006120 is located at 
the base of the Niagara Escarpment, with shales of the Lower Silurian Cabot Head Formation occurring at 
the surface.  The Middle Ordovician Black River Group thins from 144.5 m at well T007191, at the 
westernmost end of the section, to only 43.4 m at well T007726 at the eastern end of the cross-section.   

Features of note in this cross-section include the occurrence of 33 m of sandstone of the Sylvania 
Formation at well T007191, in addition to 38.5 m of B-Salt; thinning and pinching out of the Cambrian 
from well T007191 to well T007714; and the occurrence of 7.5 m of sandstone of the Springvale and 
Oriskany formations and 46.3 m of B-Salt at well T006960.  Of particular interest from a petroleum 
resources perspective, are the occurrences in well T008111 of oil pay zones in the Coboconk and 
Sherman Fall formations, totaling 15.3 m and 13 m net pay thickness, respectively.  These pay zones are 
confined to 3 lenses of porous hydrothermal dolomite that are readily distinguished on the PEF log curves 
for this well (Figure 7). 

CROSS-SECTION F-K 

Cross-section F-K is oriented parallel to section C-C′ but trends obliquely along the length of the 
Algonquin Arch, from northwest of London to northeast of Lake Simcoe (Figure 1 and Figure 8, Chart 
A).  Well T004105 at the southwestern end of the line of section is located well off the flank of the Arch, 
within the Michigan Basin, but the remaining wells are on the northwest edge of the Arch.  In addition, 
this section crosses the Niagara Escarpment just south of its highest point.  As a result, the section dips 
steeply to the southwest providing a dramatic illustration of the erosional truncation of Devonian and late 
Silurian strata from southwest to northeast.  Well H000015 is located on the topographically highest point 
of the 12 lines of section in this study, and is located only 25 km south of the village of Singhampton, 
which is the highest point on the bedrock surface in southwestern Ontario (Chapman and Putnam 1984).  
This topographic high occurs at the top of the Niagara Escarpment on the highest point of the Algonquin 
Arch where it is coincident with development of a thick barrier reef complex in the Guelph and Amabel 
formations.  

CROSS-SECTION C-A UPPER AND LOWER 

This very short cross-section straddles the Findlay Arch, crossing from the Michigan to Appalachian 
basins, from northwest to southeast, over a linear distance of 50 km. It runs from Pelee Island to near 
Windsor (see Figure 1), connecting the ends of lines A-A′, B-B′ and C-C′. The cross-section is displayed 
in 2 parts: C-A Lower displays rocks of Ordovician to Precambrian age (Figure 9, Chart A) and C-A 
Upper illustrates strata of Devonian and Silurian age (Figure 10, Chart B).  The Findlay Arch is clearly 
visible on the cross-section, as well as the erosional truncation of Devonian units over the crest of the arch 
and up-section shallowing of dip off the flanks of the arch.  Local features of note include the occurrence 
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of Sylvania Formation sandstone and salt of the B Unit in well T007191 and pinch out of these 2 
formations over the arch. 

 

CROSS-SECTION D-D′ UPPER AND LOWER 

This cross-section straddles the Algonquin Arch, crossing from the Michigan to Appalachian basins from 
northwest to southeast over a linear distance of 80 km (see Figure 1).  D-D′ Lower (Figure 11, Chart B) 
displays rocks of Ordovician to Precambrian age and D-D′ Upper (Figure 12, Chart B) illustrates strata of 
Devonian and Silurian age.  The Algonquin Arch is clearly visible, cresting at well T007162, with 
thinning of the Devonian strata over the Arch and thinning and pinching out of the Cambrian from 
southeast to northwest.  Cambrian strata appear to be regionally porous, with shows of either natural gas 
or water in all 4 wells on the Appalachian (southeast) side of the Arch.  Local features of note include gas 
production from dolomitized Sherman Fall Formation limestone at well T007714 in the Dover gas pool; a 
gas show in the Guelph Formation and Salina A1-Carbonate in well T004772; thickening of the Guelph 
Formation in a platform reef at well T004754; and local accumulations of “Columbus” sandstone in wells 
T006621 and T007714. 

CROSS-SECTION E-E′ UPPER AND LOWER 

Cross-section E-E′ straddles the Algonquin Arch, crossing from the Michigan to Appalachian basins from 
northwest to southeast over a linear distance of 105 km (see Figure 1).  Cross-section E-E′ Lower (Figure 
13, Chart B) displays rocks of Ordovician to Precambrian age and E-E′ Upper (Figure 14, Chart B) 
illustrates strata of Devonian and Silurian age.  This section is located in the axis of the Chatham Sag and 
exhibits significantly shallower regional dips off the flanks of the Algonquin Arch than either section  
D-D′ or F-F′.  The Cambrian strata exhibit good regional porosity similar to section D-D′, with shows of 
gas, oil or water in all wells on the Appalachian side of the Arch. The Algonquin Arch is clearly visible, 
cresting at well T006045 in the Devonian and Silurian formations in E-E′ Upper (Figure 14) and in well 
T007395 at the top of the Precambrian and Queenston in E-E′ Lower (Figure 13).  Also, Devonian strata 
thin over the Arch and the Cambrian thins and pinches out from southeast to northwest against the Arch.  
Local features of note include wedges of B-Salt in wells T006044, T006045 and T006814; and gas 
production from the Guelph Formation in the Morpeth platform reef at well T004497. 

CROSS-SECTION F-F’ UPPER AND LOWER 

Cross-section F-F′ straddles the Algonquin Arch, crossing from the Michigan to Appalachian basins from 
northwest to southeast over a linear distance of nearly 120 km (see Figure 1).  Cross-section F-F′ Lower 
(Figure 15, Chart B) displays rocks of Ordovician to Precambrian age and F-F′ Upper (Figure 16, Chart 
C) illustrates strata of Devonian and Silurian age.  The Algonquin Arch is clearly visible, cresting at well 
T001536 in both F-F′ Lower and F-F′ Upper.  Cambrian strata thin from a maximum thickness of 142.2 m 
in well T008512 at the southernmost end of the cross-section to a thickness of zero on the crest of the arch 
at well T001536.  Shows of water and oil occur in the Cambrian in wells T006878 and T006078, 
respectively, near the crest of the Arch.  No oil, gas or water intervals in the Cambrian are reported for 
wells T008512 or T006818 but a drill stem test of T006818 recovered salty formational water and 
reported very good permeability in the Cambrian from 1161 to 1269 m.  In F-F′ Upper (Figure 16) 
Devonian strata thin from south to north over the Arch because of an erosional truncation, with shales of 
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the Kettle Point Formation, Marcellus Formation and Hamilton Group thinning from a maximum of  
133.4 m in thickness in well T008512 to zero thickness at well T006878.   

Local features of note include the occurrence of 11.3 m of “Columbus” sandstone in well T001536; 
and the occurrence of thick salt beds in the F Unit, B Unit and A-2 Unit of the Salina Group at well 
T004105.  In this same well the Guelph Formation attains a thickness of only 8.9 m, which is typical for 
its regional non-reefal facies in the Michigan Basin.  The Guelph varies greatly in thickness in F-F′ 
Upper, exceeding 65 m in wells T008512 and T006816, which have both penetrated the barrier reef 
complex beneath Lake Erie.  Other features of note include a gas-producing interval in sandstone of the 
Grimsby and Thorold Formation in well T008512; presence of Decew Formation argillaceous dolostone 
in well T008512 and T006878; and a regional transition from Reynales Formation in the Appalachian 
Basin to Fossil Hill Formation on the Arch crest and on the Michigan Basin side of the Arch. 

CROSS-SECTION G-G′ UPPER AND LOWER 

Cross-section G-G′ straddles the Algonquin Arch, crossing from the Michigan to Appalachian basins, 
from northwest to southeast over a linear distance of approximately 215 km (see Figure 1).  Cross-section 
G-G′ Lower (Figure 17, Chart C) displays rocks of Ordovician to Precambrian age and G-G′ Upper 
(Figure 18, Chart C) illustrates strata of Devonian and Silurian age.  The Algonquin Arch is clearly 
visible, cresting at well T004985 in both G-G′ Lower and G-G′ Upper.  In G-G′ Lower, Cambrian strata 
thin from a maximum thickness of 144.6 m in well T010044 at the southeastern end of the cross-section 
to a thickness of zero on the crest of the arch, and then increasing to 25.8 m in well T007544 on the 
Michigan Basin side of the Arch.  Shows of oil and water occur in the Cambrian in well T001021 on the 
flank of the Arch and natural gas production is reported at well T009793 and T007644 from shaly 
sandstone of the Shadow Lake Formation, formerly interpreted as Cambrian sandstone (Bailey, in 
preparation).  The Queenston Formation thins from a maximum thickness of 246.2 m at well T010044 at 
the Appalachian Basin terminus of the line of section to only 84.4 m at well T007544 on the Michigan 
Basin side of the Arch.  Strata of Devonian age are absent southeast of T004985 because of an erosional 
truncation over the crest of the Arch. 

Local features of note include the occurrence of thick salt beds in the B and A-2 Units of the Salina 
Group at well T007544; and extreme variation in thickness of the Guelph Formation, from only 6 m at 
well T007544 to 105 m in well T007844, corresponding to variations from basinal to platformal to reefal 
facies at the reference well locations.  Porosity development in reefal facies of the Guelph is evident in 
well T004985 and less so in T004767.  Well T010044 is completed for production of natural gas from 
sandstone of the Whirpool and Grimsby formations (see section G-G′ Upper).  These sandstone units thin 
and pinch out on the southeastern flank of the Arch between wells T007844 and T001021. 

CROSS-SECTION H-A′ 

This cross-section straddles the Algonquin Arch, crossing from the Michigan to Appalachian basins from 
northwest to southeast over a distance of 240 km (Figures 1 and Figure 19, Chart C).  The line of section 
crosses the Niagara Escarpment approximately at well T006120, which is drilled on the floor of the 
Dufferin Aggregates quarry immediately west of the edge of the Escarpment.  The Algonquin Arch is not 
as clearly defined on this section as in the previously described sections to the southwest.  The crest of the 
Arch is very wide and flat and occurs in different wells at different stratigraphic levels, occurring in well 
T002613 at the top of the Cobourg Formation and in well T006120 at the top of the Queenston 
Formation.  On the Precambrian surface the cross-section dips shallowly from northwest to southeast, 
with a sharp increase in dip between wells T006120 and T002033 but with no reversal in dip to define an 
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arch.  Wells T002713 and T002613 define a prominent structural high formed by the coincidence of a 
thick barrier reef complex in the Guelph and Amabel formations with the crest of the Algonquin Arch.  
The highest point on the bedrock surface in southwestern Ontario occurs approximately 60 km to the 
northeast of well T002613, near the village of Singhampton (Chapman and Putnam 1984).  The 
Queenston Formation thins from a maximum thickness of 197.8 m at well T002033 on the Appalachian 
Basin side of the Arch to only 66.1 m at well T006056 on the Michigan Basin side of the Arch.  

CROSS-SECTION K-K′ 

Cross-section K-K′ (Figure 20, Chart C) straddles the Algonquin Arch, crossing from the Michigan to 
Appalachian basins, from northwest to southeast over a distance of nearly 130 km, and is located entirely 
below (i.e., east of) the Niagara Escarpment (see Figure 1).  No rocks younger than middle Ordovician 
age are represented on this cross-section.  As in cross-section H-A′, the Arch is not strongly developed, 
but there is a definite reversal in dip at well T007968 marking the crest of the Arch.   

CROSS-SECTION J-C 

This arcuate cross-section (Figure 21, Chart C) extends from Cockburn Island in northern Lake Huron, 
along the eastern shore of Lake Huron and south to Windsor, at the south end of Lake St Clair (see  
Figure 1), a linear distance of 410 km and a distance along the line of section of over 600 km.  
Geologically, this cross-section parallels the eastern edge of the Michigan Basin, and the Chatham Sag is 
the principal structural feature.  The lowest point of the Sag occurs at well T008556 at the Precambrian 
surface, but by the end of late Silurian time (top of the Bass Islands Formation) and continuing into the 
Devonian, it shifted south to well T006044.  Regional dips are to the northeast and southwest into the 
Sag, with progressive erosional truncation of Devonian and Upper Silurian formations at the subcrop 
surface.   

There is dramatic thinning of the middle Ordovician carbonates of the Trenton and Black River 
groups from south to north on this cross-section.  From well T007191 to well T006883 at the south and 
north ends of the cross-section, respectively, the Trenton thins from 112.4 to 74.5 m in thickness and the 
Black River Group thins from 144.9 m to only 25.8 m.  Cambrian strata were intersected in the 2 end 
points of the section (wells T006883 and T007191), in well T007544 and in wells T008556 and T006044, 
located in the lowest point of the Chatham Sag.  

Local features of note include a pinnacle reef in the Guelph Formation at well T006364 with 
thinning and/or truncation of A-1, A-2 and B Units over the reef crest; the occurrence in well T008556 of 
all 4 of the Salina Group salt units that occur in Ontario (A-2, B, D and F); and the presence of the 
Collingwood Formation in the 5 northernmost wells.  The section crosses the Niagara Escarpment 
between wells T002327 and F012155. 

Structural and stratigraphic relationships at the northern end of the cross-section beneath the Bruce 
Peninsula and Manitoulin and Cockburn islands are complex and require elaboration.  Structurally there 
appears to be an arch at well T006305, but this is misleading.  Well T006305 is located approximately 
230 m up-dip from well T006883 on Cockburn Island (Bailey Geological Services 1984) creating the 
false appearance of an arch.  A structural high with 60 m of relief at well T006056 is probably due to 
local erosional relief on the Precambrian surface, as evidenced by the thinning of the Gull River 
Formation by almost the same amount over the top of this feature. 
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Conclusions and Recommendations 
The present study has produced an updated version of the Beards (1967) publication, incorporating new 
subsurface data, using modern subsurface mapping techniques and interpretative models and 
incorporating new data and modern digital techniques.  This study also addresses 2 of the 
recommendations made in the original report, namely, correlation of subsurface strata to bedrock 
exposures in outcrops and quarries and compilation of a complete bibliography of relevant geological 
publications on the subsurface stratigraphy of southwestern Ontario.  No attempt has been made in this 
study to extend the stratigraphic correlations into the Ottawa area of southeastern Ontario. 

The digital version of this guide (MRD 204) has enabled the inclusion of many digital photographs 
of drill core and cuttings, and in particular, reference outcrops and quarries that would have been 
impractical to place in the hard copy version of the guide.  In a descriptive science like geology these 
visual references are an important enhancement to the usefulness of the guide. 

This study provides a practical guide that can be used by geoscience professionals to reliably 
establish the stratigraphic context for more detailed studies, using standardized terminology and 
definitions.  The study also contributes to a better understanding of the present structural setting of the 
Paleozoic succession in the subsurface of southern Ontario.  In particular it is hoped that the guide will 
assist in the exploration and exploitation of hydrocarbon resources, in source water protection studies 
relevant to bedrock water aquifers, and in contaminant studies involving Paleozoic bedrock in southern 
Ontario.   

Although this study provides a more up-to-date and digitally accessible stratigraphic framework, 
much more detailed work is required that is beyond the scope of this study.  The authors have several 
recommendations. 

Detailed logging of deep continuous cores from geophysically logged wells adds significantly to our 
understanding of geophysical log responses of subsurface units. Additionally, core provides invaluable 
hard data regarding contact relationships.  Because of time constraints only 3 cores were logged for this 
study.  The remaining 13 reference cores should be logged in similar detail. 

Brigham (1971) completed a structural study of southern Ontario that included interpretation and 
mapping of faults and fractures and regional arches and sags.  This work should be updated using modern 
digital geological mapping methods and taking advantage of new data from the 5000-plus wells drilled 
since that time and the updated stratigraphic standards developed in the present study.  More accurate 
mapping of faults and fractures will assist in exploration for structurally controlled reservoirs, in 
particular the fault-controlled hydrothermal dolomite reservoirs of the Middle Ordovician Trenton and 
Black River groups and Cambrian oil and gas reservoirs in block-faulted traps.  Bedrock structures such 
as joints, faults, fractures, salt dissolution and collapse structures, and karst features also have a 
controlling influence on regional groundwater flow and the development of bedrock aquifers.  

Regional cross-sections developed in this study could be extrapolated to adjacent jurisdictions, 
specifically Michigan, New York and Ohio, in order to provide a larger scale, basin-wide perspective and 
enable detailed correlations.  

Although subsurface to surface (or near-surface) correlation was attempted in this study for many 
units, it was generally not detailed nor completed in an academically rigorous manner.  Surface outcrop 
examples (i.e., reference outcrops) of subsurface units were identified principally on observations of 
lithological characteristics.  In some cases, especially for the Ordovician Trenton and Black River groups, 
a more rigorous surface-subsurface correlation is needed.  
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More work needs to be done in mapping of the Lower and Middle Devonian carbonate units 
(specifically the Detroit River Group).  Their lack of geophysical expression makes them difficult to map 
in the subsurface. More core and outcrop investigations need to be conducted to provide a better 
understanding of the depositional environment and diagenesis of these strata. These strata contain 
important sources of groundwater and high purity carbonates for industrial mineral applications, and have 
been significant sources of hydrocarbons. 

Relatively recent field work by Haynes and Parkins (1992) identified that the relationship between 
the Bass Islands and Bertie formations is more complex than was previously thought. This relationship 
should be mapped out in the subsurface to help provide a better understanding of depositional and 
uplift/erosional events in the latest Silurian.  

The relationship between the Guelph Formation and overlying Salina Group has been studied in 
detail in the subsurface of southern Ontario and neighbouring parts of the United States. Outcrop and 
shallow-subsurface studies of these units, however, have lagged behind, largely because of  the lack of 
surface exposure of Salina strata and the lack of wells in the near surface. The well-established 
subdivisions of the Salina Group in the subsurface are not recognized on bedrock geology maps published 
by the Ontario Geological Survey.  These 2 units need to be studied further, especially in light of 
relatively recent work highlighting significant paleo-karst within the Guelph carbonates and the 
importance of the Salina Group as an aquifer in the Regional Municipality of Kitchener–Waterloo.  
Similarly, the relationship between the Guelph Formation and underlying carbonate units (e.g., Eramosa, 
Goat Island, Gasport, Amabel, etc.) is not well understood, especially along the outcrop and shallow 
subcrop belt (from the Bruce Peninsula to the Niagara Peninsula) and from the surface to subsurface, 
where data points (e.g., shallow cored and logged wells) are sparser.  

More work is also required in the underlying succession of generally thin, carbonate and siliciclastic 
units that comprise the Lower Silurian Clinton and Cataract groups.  Although the subject of recent work 
by Brett and others in New York State and the Niagara Peninsula, these interpretations and correlations 
need to be tested and extended further into Ontario along the outcrop belt and into the subsurface.  

Detailed correlation is required of the constituent carbonate-dominated lithofacies of the Trenton and 
Black River groups, from surface to subsurface and into adjacent jurisdictions.  The terminology and 
stratigraphic subdivisions used in outcrop studies and on maps published by the Ontario Geological 
Survey is based on work in the outcrop belt east and north of Toronto and is not in agreement with the 
terminology and subdivisions used by subsurface geologists. These strata contain the most important 
hydrocarbon-bearing units in Ontario, and as such require more detailed work, especially in combining 
core-based lithofacies analysis with standard geophysical logs.  Surface to subsurface correlations will be 
especially vital in helping to understand the various depositional facies and subsequent structural history 
of these strata.  

Although this report has clarified the difference between the Collingwood Member (Lindsay or 
Cobourg Formation) in the outcrop belt and the traditional subsurface term “Collingwood Formation” (= 
lower Blue Mountain Formation), more work needs to be done to better define the relationship of the Blue 
Mountain Formation and the Collingwood Member in the subsurface.  

Attempts have been made to identify Cambrian stratigraphic units in the past; however, these are 
complicated by pinch-out, erosion and reworking along the flanks of the Algonquin Arch and the 
historical paucity of deep wells and cores. Recent work by Bruce Bailey (in preparation) has attempted to 
resolve these issues.  This recent work should be expanded, especially considering the increased 
availability of deep wells. 
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Appendix 2 

 

Detailed Reference Core Descriptions 

 

 
T006045 Chatham  
 
F005446 U.S. Steel  
 
F013561 Bath 
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T006045 Chatham: by D.K. Armstrong, March 2005, with data from Johnson et al. (1985) and 
Hamblin (2003). 
 
Well Name: Harwich 25-I ECR (OGS-82-2 Chatham)  
MNR Licence No:  T006045    OGSR Library Core #: 860    Year Drilled: 1982 
Location:  Lot 25, Concession I ECR, Harwich Twp, Kent County. 

UTM Easting: 411100 m    UTM Northing: 4693405 m  
Latitude: 42.388º   Longitude: -82.080º 

Elevation: 180.84 m     Total Depth = 1180 m 
 
Depth (m) Unit Description 
 
0 – 20.50 Drift (not logged).   
 

– DEVONIAN – 
 
20.50 – 45.41 Kettle Point Formation 
Siltstone, shale; dark brown to black, organic-rich, laminated silty shale to fine-grained siltstone, with locally 
abundant thin, white, silty laminae, and variably abundant interbeds of green to grey-green, bioturbated to laminated 
silty shale to fine-grained siltstone; very minor, thin, very fine-grained, grey to light blue-grey, mottled limestone 
beds and nodules (e.g., 34.43 – 34.50 m), typically with pyrite concentrations; pyrite occurs throughout formation as 
disseminated crystals and nodules; not noticeably fossiliferous, except for abundant Tasmanites spore casings; green 
interbeds are commonly < 10 cm thick, but range up to 30 cm;  basal 1.58 m is green silty shale; basal contact sharp 
at base of noncalcareous shale, and marked by fine, black (phosphatized?) fossil hash and pyrite.  
 
45.41 – 106.90 Hamilton Group 
 
45.41 – 53.09  Widder Formation 
Shale and limestone: calcareous, grey to brown-grey shale and bioturbated, fine-grained limestone; both vary from 
sparse to very fossiliferous; fossils include abundant brachiopods, locally abundant crinoidal fragments, some 
rostrochonchs and other shells; limestone beds up to 20 cm thick; highest limestone bed < 10 cm below top contact; 
limestone beds typically have gradational tops and burrowed bases (burrows into underlying shales); sharp, slightly 
irregular basal contact.  
 
53.09 – 53.90 Hungry Hollow Formation 
Limestone and minor shale: mostly light grey to light greenish grey, medium-grained, crinoidal limestone 
(encrinite), with lesser grey, bioturbated, argillaceous limestone and 2 thin, grey-brown (53.25 – 53.30 m) and black 
(53.75 – 53.80 m), brachiopod-rich shale interbeds; crinoidal limestones have a massive to bioturbated texture; 
pyrite disseminated and nodular, locally concentrated (e.g., at base of unit); basal contact is sharp at base of 
limestone over soft shale.  
 
53.90 – 91.12 Arkona Formation 
Shale and minor limestone:  mostly calcareous, grey, sparsely fossiliferous shale, with minor, thin, fine-grained 
nonfossiliferous limestone beds (nodules?) and fine- to medium-grained, argillaceous, bioclastic limestone beds; 
limestone-bearing intervals include:  thin, crinoidal grainstone bed near top (similar to overlying unit);  shelly, 
argillaceous, bioclastic limestone at 69.97 – 70.96 m;  grey, moderately fossiliferous, argillaceous limestone at 81.30 
– 82.65 m;  very fossiliferous, light grey, crinoidal limestone at 82.65 – 83.27 m;  and massive, bioturbated, grey, 
fine-grained limestone with some shelly fossils at 84.40 – 84.72 m;  thin shell-rich beds more prevalent toward base 
of unit; base of formation is gradational. 
 
91.12 – 97.70 Rockport Quarry Formation 
Limestone:  light brown-grey, fine-grained, fossiliferous, argillaceous limestone; fossils are mostly small 
brachiopods (and other shells?) and small crinoidal fragments; fossil content varies from sparse to abundant; shaly 
intervals at 93.70 – 95.00 m; base is sharp. 
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97.70 – 106.90 Bell Formation 
Shale:  grey, calcareous, fossiliferous shale; fossils are mainly brachiopods (white rhynconellids; smaller towards 
base); some pyrite nodules (e.g., 106.40 m); basal 20 cm is very argillaceous limestone with abundant small 
brachiopods and pyrite blebs; except for abundant pyrite, the basal contact appears to be gradational. 
 
106.90 – 151.16 Dundee Formation  
106.90 – 107.25  Argillaceous limestone: dark green-grey, fine-grained, bioturbated, fossiliferous, argillaceous 
limestone; abundant pyrite blebs, oriented sub-vertically, in uppermost 5 cm; fossils include: abundant tentaculitids 
(especially towards top), crinoidal fragments, rugose corals, and small brachiopods (thicker than those in Bell 
Formation); possible hard grounds at both top and bottom contacts.  
107.25 – 131.70  Limestone and minor dolomitic limestone:  mostly fine- to medium-grained, light grey to tan, 
sparsely to very fossiliferous limestone, with minor, locally blue-mottled, medium- to coarse-grained, bioclastic, 
pack-grainstone beds more prevalent towards base; microstylolites and microstylolitic seams throughout, more 
abundant towards base;  tan, fine- to medium-crystalline, slightly petroliferous, dolomitic limestone beds at 107.75 – 
108.56 m and 110.23 – 110.38 m; fossils include: crinoidal fragments, brachiopods, rugose and tabulate corals, 
trilobites and bryozoans(?); locally intraclastic; colour is more tan with depth, suggesting more dolomitic; some 
disseminated pyrite; minor oil staining (e.g., 130.50 – 130.55 m); some hard grounds (e.g., at 123.77 m); basal 
contact of unit is sharp.  
131.70 – 140.30  Cherty limestone: grey to grey-tan, very fine- to fine-grained, thin- to medium-bedded, semi-
nodular, sparsely fossiliferous limestone (lime mudstone), with abundant large, light grey to white chert nodules; 
chert nodules commonly round or lobate;  also, minor thin limestone beds as in overlying unit (e.g., with oil staining 
at 132.46 – 132.65 m); base is sharp at microstylolite seam. 
140.30 – 151.16  Limestone with chert:  medium- to coarse-grained, light brown, bioclastic limestone, with grey 
irregular chert nodules; large vug with oil staining at 140.50 m; basal 3 cm is dark brown, medium-grained 
limestone with planar hard ground at top; base of formation is sharp and planar. 
 
151.16 – 202.65 Detroit River Group 
 
151.16 – 184.30 Lucas Formation  
Limestone:  alternating 2 to 6 m thick intervals of fine- to very fine-grained, cream-white to grey-brown, 
nonfossiliferous, laminated limestone and fine- to medium-grained, fossiliferous limestones; laminated limestone 
intervals locally contain evaporite (mostly gypsum) crystals and nodules and intraformational breccia (especially 
166.79 – 171.95 m); fossiliferous limestone intervals contain mix of mainly light to medium brown lithofacies 
including pelloidal and bioclastic wackestones to grainstones and rudstones and some stromatoporoid boundstones; 
fossils are mainly stromatoporoids, amphipora, less abundant rugose corals and tabulate corals; uppermost 3 m is 
mainly laminated limestone; basal contact is gradational. 
 
184.30 – 202.65 Amherstburg Formation 
184.4 – 189.95  Limestone:  light grey-tan to dark brown, variably bituminous, coral-stromatoporoid boundstone; 
planar and bulbous stromatoporoids; tabulate corals (some fasciculate) and minor rugose corals; sharp base. 
189.95 – 202.65  Limestone with chert: alternating intervals of fossiliferous, pack-grain-rudstone and fine-grained, 
sparsely fossiliferous, burrowed limestone; both lithofacies contain chert nodules (more chert in sparsely 
fossiliferous limestone); burrows are dark brown and locally impart a “leopard-like” texture; fossils include tabulate 
corals, stromatoporoids and amphipora; lithofacies are gradational into underlying formation; basal contact placed at 
sharp, irregular hard ground surface. 
 
202.65 – 261.48  Bois Blanc Formation   
Cherty limestone, dolomitic limestone, and sandstone:  variety of lithofacies, overall characteristics include: chert-
rich, grey, moderately to very fossiliferous, thin- to medium-bedded, fine- to medium-grained limestone to dolomitic 
limestone, with locally abundant microstylolitic seams; fossils are mostly rugose corals, some tabulate corals, local 
amphipora (towards top) and some shells (brachiopods?); general changes with depth include: chert nodules become 
smoother and larger, grain size tends to decrease, fossil content decreases, and more dolomitic beds; minor, 
generally thin, dark greenish grey, noncalcareous, slightly glauconitic, fine- to medium-grained, argillaceous 
sandstone beds below 234.40 m (e.g., 250.55 – 250.68 m);  thickest sandstone interval at 254.90 – 256.63 m; basal 
32 cm is fine- to coarse-grained, light grey-brown, calcareous, quartz-rich sandstone (= Springvale Member?); basal 
contact is sharp with low (< 0.5 cm) relief.  



128 

 
 

– SILURIAN – 
 
261.48 – 299.54 Bass Islands Formation 
Dolostone, minor argillaceous dolostone and anhydrite:  mostly, very fine- to fine-crystalline, light tan-grey to 
brown, laminated to colour-banded dolostone (dolo-mudstone), with thin, medium- to coarse-grained, intraclastic 
intervals (wackestones to rudstones); also, very fine-crystalline, light grey dolostone with blue-grey mottles (e.g., 
262.26 – 262.50 m) and green-grey argillaceous dolostone intervals below 273.87 m;  thin, medium-grained, quartz-
rich sandstone bed at 262.89 – 262.92 m; from 263.45 to 269.47 m laminae and bedding are oriented subhorizontal, 
up to 30º off horizontal; probable paleo-karst intervals/cavities at 269.47 – 270.85 m and 274.90 – 276.06 m consist 
of chaotic intraclastic breccias and irregular cavities infilled with dolomitic sediment and/or secondary minerals 
(e.g., gypsum); anhydrite (and gypsum) with greenish grey argillaceous dolostone at 289.20 – 293.33 m (= “False 
G”?); base of formation is gradational, placed at relatively sharp increase in argillaceous content and change to 
green colour.  
 
299.54 – 493.80 Salina Formation 
 
299.54 – 308.63 G unit 
Argillaceous dolostone, shale, minor dolostone and anhydrite: green-grey, laminated to thin-bedded, fine-grained, 
argillaceous dolostone to dark green-grey dolomitic shale, variably interbedded and interlaminated with anhydrite 
and fine-grained, tan dolostone; dolostone is 10 to 20% of unit; dolostone contains locally abundant evaporite 
mineral blade casts.  
 
308.63 – 351.18 F unit 
Shale, anhydrite and dolostone: 308.63 – 326.86 m mostly dark green shale with pink to light blue anhydrite 
nodules; 326.86 – 339.98 m interbedded massive anhydrite, argillaceous anhydrite, dark green shale and tan 
dolostone; 339.98 – 348.89 m mostly dolostone, with relatively abundant evaporite mineral casts; 348.89 – 350.60 m 
dark green anhydritic shale; 350.60 – 351.18 m massive anhydrite with green shale partings and thin beds. 
 
351.18 – 375.65 E unit 
Shale, anhydrite and dolostone: 351.18 – 352.70 m mostly dark green, massive to faintly laminated shale; 352.7 – 
354.15 m massive anhydrite with minor thin dolostone beds (more towards base); 354.15 – 355.70 m laminated, 
light grey-tan to light green-grey dolostone and anhydrite; 355.70 – 358.99 m fine-grained, light tan to grey-brown, 
laminated to medium-bedded dolostone with small evaporite mineral crystals (= E-carbonate?) and possible 
stromatoporoids (e.g., at 356.91 m);  358.99 – 375.65 m alternating tan-grey dolostone, argillaceous, green-grey 
dolostone, green shale and anhydrite, with anhydrite and shale becoming more abundant below 371.60 m; sharp 
base. 
 
375.65 – 376.29 D unit  
Dolostone and anhydrite:  intraclastic breccia of light green-tan-grey dolostone with anhydritic matrix (= D 
equivalent?); breccia has flow-like or soft-sediment textures; sharp base, placed at base of thin anhydrite bed. 
 
376.29 – 390.80 C unit   
Shale, anhydrite, dolostone:  mostly dark green, massive to laminated shale, with light blue and pink anhydrite 
nodules; shale locally contains red mottles and is entirely red from 378.95 – 379.12 m; dolostone is fine- to very 
fine-grained, light cream-grey to green-grey to grey brown, laminated, locally with a clotted texture; thickest 
dolostone interval at 380.34 – 380.77 m; base is sharp. 
 
 
390.80 – 402.90  B unit 
390.80 – 393.30  Anhydritic dolostone and anhydrite (B marker): uppermost ~1 m is “disturbed” anhydritic 
dolostone (similar to D unit described above), with bedding at 20º to horizontal; basal 1.4 m is thin-bedded 
anhydrite grading downwards into laminated, light to medium grey-brown, anhydritic dolostone with evaporite 
minerals. 
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393.30 – 402.90  Dolostone, argillaceous dolostone, anhydrite, shale (B equivalent):  mixed, interbedded to 
interlaminated dolostone, argillaceous dolostone, anhydrite and grey-green shale; top 2.5 m is shalier than remainder 
of unit; dolostone is very fine- to fine-grained, light green-grey to light orange-brown, laminated to thin-bedded, 
locally intraclastic and contains locally abundant evaporite mineral crystals small and rare stromatolitic textures 
(e.g., laterally linked hemispheres at 396 m); base is sharp; however, basal 50 cm is soft and friable. 
 
402.90 – 451.20 B salt 
Salt, with minor shale, dolostone and anhydrite:  mostly (~95%) clear white to dark brown translucent, coarse-
crystalline salt, with thin interbeds and partings of yellowish green-grey to light green-grey shale, light green-grey to 
yellow grey, locally argillaceous and/or intraclastic, thin-bedded to laminated dolostone, and light blue to grey-blue, 
thin-bedded anhydrite (below 444.50 m); thickest interval of shale and dolostone is at 417.30 – 419.04 m.  
 
451.20 – 451.90  B anhydrite 
Anhydrite, minor dolostone and salt: thin-bedded, dark grey to black, very fine-crystalline anhydrite, 
interbedded/laminated with tan dolostone and minor salt crystals; base is sharp. 
 
451.90 – 478.84 A2 unit 
451.90 – 472.77 A2 carbonate 
Dolostone with minor anhydrite and argillaceous dolostone:  thin-bedded to laminated, light grey-brown fine- to 
very fine-grained dolostone partly altered to tan, microsucrosic, fine-grained dolostone, with brecciated and 
dissolved (paleo-karst) intervals; gradational basal contact. 
472.77 – 473.00 A2 shale 
Shale: dark green-grey shale to dark grey fissile shale; sharp base. 
473.00 – 475.96 A2 carbonate (lower) 
Dolostone: laminated to thin-bedded, grey to green-grey to brown-grey, very fine- to fine-grained dolostone, with 
minor brecciated zones and argillaceous intervals; sharp base. 
475.96 – 478.84 A2 anhydrite 
Anhydrite:  dense, microcrystalline to fine-crystalline, light blue anhydrite; massive, nodular texture with light 
brown (argillaceous?) inter-nodule material; local stromatolitic textures; sharp base.  
 
478.84 – 491.75 A1 unit 
478.84 – 481.62 A1 carbonate 
Dolostone: mostly fine- to medium-grained, laminated dolostone; with interbeds of medium-grained, pelloidal(?) 
dolo-grainstone. 
481.62 – 484.90 A1 carbonate and anhydrite 
Dolostone and anhydrite:  interbedded/interlaminated light brown-grey, very fine- to fine-grained, dense, laminated 
dolostone and blue-grey anhydrite; laminae are undulatory to contorted. 
484.90 - 490.90 A1 carbonate 
Dolostone:  light tan to grey-tan, very fine- to medium-grained, laminated dolostone, grading with depth (by 
approximately 486.80 m) into medium grey-brown, bituminous, microstylolitic, microsucrosic dolostone; irregular 
subvertical cavities partly filled with light brown, porous sucrosic dolostone (paleo-karst network?) at 490.60 – 
490.90 m; basal cavity contains pyrite and sphalerite; sharp base. 
490.90 – 491.75 A1 (reefal) carbonate 
Dolostone: blue-grey, very fossiliferous, porous dolostone; crinoidal grainstones at top and bottom; rest of unit is 
mainly stromatoporoid boundstone; planar stromatoporoids typically at angle of 10 – 20º off horizontal; sharp base. 
 
491.75 – 493.80 A0(?) carbonate 
Dolostone: light cream-tan to light blue-grey, fine-grained, laminated dolostone; gradational base. 
 
493.80 – 504.30 Guelph Formation 
 
493.80 – 496.85 Guelph Formation 
Dolostone:  upper 1.8 m consists of grey-brown, thin- to medium-bedded, fine- to medium-grained, sucrosic 
dolostone, with microstylolites and local faint blue-grey mottles; basal 1.25 m is transitional into underlying unit: 
light to dark grey-brown (darker with depth), fine to medium-crystalline, irregularly bedded, moderately 
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fossiliferous dolostone; fossils are crinoidal fragments and possible stromatoporoids or corals; good porosity (fossil 
mouldic?); gradational base. 
496.85 – 504.30 Guelph Formation (reefal) 
Dolostone: irregularly textured, blue-grey mottled, medium- to coarse-crystalline, fossiliferous dolostone, with good 
porosity (fossil mouldic, intercrystalline, interparticle and small, open, subvertical fractures); fossils are obscure 
(ghost-like) and appear to be stromatoporoids, corals, brachiopods and others; basal 1 m is browner and more 
regularly bedded (transitional into underlying unit); gradational base, picked at base of lowest concentration of 
stromatoporoids.  
 
504.30 – 577.00 Lockport Formation 
 
504.30 – 516.50 Eramosa (Lockport Formation) 
Dolostone:  light tan-brown to grey-tan, fine- to medium-crystalline, sucrosic, bituminous dolostone, with abundant 
microstylolites and good intercrystalline porosity; sparsely to moderately fossiliferous, with small corals, 
stromatoporoids and shells (bivalves?); lighter towards base; very gradational basal contact, placed at colour change 
to greyer and finer grained dolostone.  
516.50 – 567.50  Goat Island Member (Lockport Formation) 
Dolostone:  fine-grained, grey to grey-brown, sparsely to moderately fossiliferous dolostone, with microstylolites 
imparting a semi-nodular texture; slightly bituminous in upper part; generally less porous and sucrosic than 
overlying unit; fossil content decreases with depth (sparse below 546.80 m); fossils include small stromatoporoids 
and corals; scattered dark blue-grey mottles throughout, but more abundant towards base; some patches of sucrosic, 
porous, tan-brown dolostone, more common towards top; some vuggy porosity with sparry dolomite lining (e.g., at 
535.30 m); some greenish grey argillaceous intervals below 536 m; rare small white gypsum and blue anhydrite 
nodules; gradational basal contact. 
567.50 – 577.00 Gasport Member (Lockport Formation) 
Dolostone:  medium- to coarse-crystalline, light grey to blue-grey dolostone, with variable blue-grey mottling, 
porosity and fossil content; top is finer grained and less fossiliferous; medium- to coarse-grained, crinoidal 
grainstones are locally well-developed, especially towards base; basal 75 cm is medium to dark blue grey, medium- 
to coarse-grained (coarser with depth), bioclastic grainstone, with medium grey-green shale partings and thin beds; 
basal 6 cm (below thin shale bed) is graded grainstone bed with planar laminated top, green-shale filled burrows and 
pyrite-rich base (may be a remnant of another unit? Decew?);  sharp base. 
 
577.00 – 585.92 Rochester Formation 
Shale:  dark grey, noncalcareous shale; middle part is fossiliferous with abundant shells and crinoidal fragments; 
light grey-brown, argillaceous dolostone bed with disseminated pyrite and glauconite 585.80 – 585.88 m;  sharp 
basal contact at base of shale bed.  
 
585.92 – 586.35 Reynales Formation (= upper Reynales at Niagara Gorge) 
Dolostone:  grey-tan to light grey-brown, fine-grained, dolostone, with grey-brown microstylolite swarms (up to 10 
cm apart), and small fossil fragments; basal 12 cm (below a hard ground) has a more bioturbated texture and 
contains blue-grey mottles; very sharp planar base.   
 
586.35 – 588.45 Dyer Bay Formation (= lower Reynales at Niagara Gorge?) 
Dolostone and shale: interbedded blue-grey dolostone and green shale; dolostone varies from coarse-grained, 
bioclastic grainstone to fine-grained, laminated (low angle to rippled) grainstone with burrows; fossils include 
crinoidal fragments, bryozoans and small brachiopods (possibly Virgiana pentamerid brachiopods at 586.75 m); 
dolostone grain size and bioclastic content decrease with depth; base is gradational. 
 
588.45 – 616.91 Cabot Head Formation 
Shale, dolostone and minor sandstone: bright green and maroon-red shales down to ~597.82 m; below this, shales 
are green to grey (greyer with depth) and are interbedded with up to 25 cm (typically 5 to 10 cm) thick dolostone 
beds; maroon to grey shales also occur in the basal 2.4 m of this unit, with bioclastic interbeds; dolostone ranges 
from light green-grey, fine- to medium-grained, argillaceous bioclastic grainstone, to light brown-grey, fine-grained, 
laminated (planar to low-angle cross-stratified) grainstone, and very fine-grained dolo-mudstone; yellowish green, 
fine- to medium-grained sandstone with rounded lithoclasts and large red anhydrite(?) nodule at 602.34 – 602.38 m; 
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fossils are mostly small debris (crinoidal?) and bryozoans (bryozoan-rich beds at 611.35 – 611.40 m and 615.30 – 
615.40 m); base is gradational. 
 
616.91 – 637.10 Manitoulin Formation 
Dolostone and shale: interbedded dolostone and grey to green shale; dolostone ranges from light green-grey, 
argillaceous, fine- to medium-grained, bioclastic to light grey, fine-grained, laminated; dolostone intervals range up 
to 20 cm thick; chert nodules occur below 628.5 m; fossils include abundant bryozoans, locally abundant shells and 
rare rugose corals; mostly green shale below 634.75 m; basal contact is sharp and slightly irregular, with 
concentration of black phosphatic(?) grains. 
 
637.10 – 637.34 Whirlpool Formation? 
Shale and sandstone:  thinly interbedded thin (< 2 cm), grey, medium- to coarse-grained sandstone and green shale; 
sandstone fills irregular fractures extending up to 10 cm down into underlying Queenston Formation shales; sharp 
basal contact. 
 
 

– ORDOVICIAN – 
 
637.34 – 731.50 Queenston Formation 
Silty shale, shale and limestone:  mostly red silty shale with green mottles and beds down to 676.30 m, except for 
interval of green silty shale with intraclasts and thin limestone (calcisiltite and calcarenite) beds at 651.3 – 652.2 m 
and 654.65 – 656.10 m;  red silty shales contain pedogenic textures;  below 676.30 m red silty shale is interbedded 
with green silty shale and light grey, thin, calcisiltite to fine-grained calcarenite beds;  lithologic constituents vary in 
relative abundance though the formation; locally red silty shale is the subordinate constituent; below ~720.50 m 
lithologic constituents are thinly interbedded, shale content increases and desiccation cracks occur; white gypsum 
nodules occur sporadically though the formation; basal contact is sharp at top of thick limestone beds. 
 
731.50 – 866.75 Georgian Bay Formation 
Shale and limestone:  thinly interbedded green-grey shale and grey, fine- to medium-grained limestone (calcisiltite 
to calcarenite); a few thin maroon shale intervals down to 735.30 m; limestone beds are commonly horizontally to 
subhorizontally laminated and have sharp bases with fossil lags (e.g., 740.05 – 740.25 m); fossils are mainly 
bryozoans; limestone beds generally decrease in thickness and abundance with depth, with beds greater than 10 cm 
thick being relatively rare below 757.45 m;  limestone beds up to 4 cm thick persist down to approximately 865.90 
m; basal contact is very gradational and is placed at transition from irregularly/shaly parted grey shale to grey-brown 
blocky parted shale or mudstone (in vicinity of lowest limestone bed) 
 
866.75 – 899.46 Blue Mountain Formation 
Shale/mudstone: grey brown, faintly laminated, thin blocky parted shale or mudstone (lacking thin shaly fissility); 
some intervals of more thickly parted beds, up to 30 cm thick (at 879.45 – 879.75 m, 883.50 – 884.10 m, and 894.10 
– 896.40 m); minor, very thin, planar silty beds; becoming black and bituminous below 896.40 m; sharp base.  (N.B. 
basal 3.06 m may represent equivalent to Collingwood Mb of Lindsay Fm.)  
 
899.46 – 936.70 Cobourg Formation (lower member, Lindsay Formation) 
Limestone:  fine-grained, light to medium grey, fossiliferous, semi-nodular to nodular limestone (mostly bioclastic 
wackestones and packstones and minor grainstones) with thin, dark grey shale beds and partings; fossils mainly 
small white crinoidal fragments disseminated throughout; shalier and more interbedded below 919.95 m, bioclastic 
grainstone beds more abundant towards base. 
 
936.70 – 969.45 Sherman Fall Formation (Verulam Formation) 
Limestone and shale: interbedded grey to tan, medium- to coarse-grained, medium- to thick-bedded, bioclastic 
limestone (grainstones), grey, fine-grained, semi-nodular, thin- to medium-bedded, bioclastic limestone (wacke- and 
packstones), and thin shale beds and partings; tan grainstones are more prevalent in uppermost 7 m (= “Sherman 
Fall fragmental”?); fossils are mostly crinoidal fragments; a few thick tan grainstone beds/intervals up to 40 cm 
thick in basal 7 m; base placed at sharp contact between tan grainstone bed and underlying grey-brown wacke-
packstone. 
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969.45 – 1026.80  Kirkfield Formation (upper and middle members, Bobcaygeon Formation) 
Limestone and shale:  interbedded thin- to medium-bedded, fine- to coarse-grained, grey brown to light brown-grey, 
bioclastic limestone (pack- to grainstones), thin-bedded, very fine- to fine-grained, sparsely fossiliferous limestone 
(wackestones), thin-bedded, fine-grained, sparsely fossiliferous, planar laminated limestone (fine grainstones), and 
thin dark brown to dark grey brown shale beds and partings; fossils dominated by crinoidal fragments that generally 
decrease in size and abundance with depth; shells (mostly brachiopods?) become more dominant with depth; below 
~1013.3 m shale interbeds become thicker and more abundant and planar laminated, fine- to medium-grained 
grainstones become more prevalent (1013.3 – 1026.8 m  = lower member of Kirkfield Fm?); base of formation is 
sharp at base of lowest shale and coincident colour change from grey-brown to underlying grey-tan. 
 
1026.80 – 1075.50  Coboconk Formation (lower member, Bobcaygeon Formation) 
1026.80 to 1031.1  Limestone: grey-tan to light tan-grey, fine-grained, faintly laminated (horizontal and low-angle) 
limestone; similar character to base of overlying unit, except no shale and lighter colour. 
1031.10 to 1075.50  Limestone: grey to light brown-grey, fine-grained, semi-nodular, variably burrow-mottled, 
sparsely to moderately fossiliferous limestones (mostly wackestones); few bioclastic packstone to grainstone beds; 
few small chert nodules; basal 0.5 m is pelloidal laminated grainstone. 
 
1075.50 – 1168.25   Gull River Formation 
Limestone, minor dolostone and shale: 
1075.50 – 1088.80  Limestone and minor shale: mostly light grey-brown, bioturbated, very fine-grained, semi-
nodular limestone; uppermost 0.5 m is thinly interbedded, grey, very fine-grained limestone and thin (< 1 cm thick) 
dark grey-brown shale beds; some thin shale beds below this; basal contact sharp. 
1088.80 – 1092.40  Limestone and argillaceous limestone:  light to dark brown-grey, horizontally laminated to 
banded argillaceous with large light tan-grey to white chert nodules; sharp base. 
1092.04 – 1168.25  Limestone, argillaceous limestone shale: various limestone and argillaceous limestone 
lithofacies with locally abundant thin, dark brown to green-grey shale interbeds; limestone types include: mostly 
light brown-grey to light tan-grey, very fine- to fine-grained, thin- to thick-bedded, bioturbated, semi-nodular 
limestone; pelloidal, intraclastic (and bioclastic?) grainstones; light grey to white, very fine-grained lime mudstone 
(only occurs at 1157.65 – 1159.50 m); shaly intervals (interbeds and/or very argillaceous limestone) at 1100.0 – 
1101.0 m, 1103.55 – 1104.0 m, 1106.10 – 1106.23 m (thick dark brown-grey shale bed with limestone burrows?) 
1123.7 – 1125.4 m, 1132.5 – 1133.9 m, 1137.80 – 1138.50 m (very shaly), 1139.10 – 1141.70 m, 1149.85 – 1151.90 
m (very shaly basal 10 cm), 1153.40 – 1155.35 m (top 10 cm is dark green shale), 1165.2 – 1166.8 m; base is sharp 
at top of thick interval of dark grey-green silty shale bed. 
 
1168.25 – 1174.90  Shadow Lake Formation 
Shale, sandstone and limestone: green to grey-tan to dark maroon, fine- to medium-grained, sandstone and 
argillaceous sandstone; minor bioturbated grey, very fine-grained, argillaceous limestone at 1169.35 – 1169.63 m; 
long, maroon, vertical burrows (or roots?) at 1173.60 – 1173.95 m  between green sandstone and underlying grey-
tan sandstone; long light green, vertical burrows at 1174.40 – 1174.85 m; base is sharp and planar. 
 

– CAMBRIAN – 
 
1174.90  – 1180.79  Eau Claire Formation 
Sandstone and dolostone:  alternating intervals of tan to grey, medium-grained sandstone and fine-crystalline 
dolostone; local horizontal to subhorizontal planar lamination; locally good fine (inter-granular?) porosity; top 
surface is planar with sandstone-filled cracks extending ~10 cm down. 
 

– END OF HOLE – 
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F005446 U.S. Steel:  by D.K. Armstrong, March 2005, with data from Hamblin (2003) and 
unpublished core descriptions by B.V. Sanford (1952). 
 
Well Name: U.S. Steel No. 1 (D.D.H. No. 1, J.H. Lawrence No. 1), Charlotteville - 21 
MNR Licence No:  F005446    OGSR Library Core #:  100     Date Drilled: 1952 
Location:  Lot 21, Concession I, Charlotteville Township, Norfolk County 

UTM Easting:  557580 m    UTM Northing:  4732065 m  
Latitude:  42.739º    Longitude: -80.296º 

Elevation: 214.6 m     Total Depth = 1711.80 m 
 
Depth (m) Unit Description 
 
0 – 62.79 Drift (not logged).   
 

– DEVONIAN – 
 
62.79 – 97.41 Dundee Formation  
Limestone, minor dolomitic limestone and dolostone:  light grey to dark grey brown, fine- to medium-grained, 
sparsely to moderately fossiliferous; with very fine- to fine-grained, light to dark grey-brown (lime mudstone to 
wackestone) intervals and locally abundant medium- to coarse-grained, fossiliferous, bioclastic and lithoclastic beds 
(pack- to grainstones); sparse to abundant chert nodules throughout;  microstylolites throughout, commonly 
concentrated into thin bands; stylolites; fossils include: crinoidal fragments, brachiopods, rugose and tabulate corals, 
rostrochonchs and Tasmanites spore casings; some oil staining (e.g., at 96.52 m); base relatively sharp at contact 
between light brown, dolomitic limestone and underlying dark brown, very fossiliferous, bituminous limestone. 
 
97.41 – 112.62 Amherstburg Formation (Detroit River Group)   
Limestone:  fossiliferous, dark brown to light grey brown, fine-grained, bituminous limestone; abundant 
microstylolites; stylolites; sparse chert nodules; fossils include: crinoids, rugose and tabulate corals (small to large), 
stromatoporoids(?), amphipora(?), bryozoans(?); interbeds up to 12 cm thick of light grey-brown, very fine-grained, 
nonfossiliferous limestone occur below 104.64 m;  small, dark grey brown, burrow-like lenses occur sporadically 
below 106.98 m; basal contact relatively sharp at top of greenish argillaceous limestone. 
 
112.62 – 142.23 Bois Blanc Formation   
112.62 – 122.45 Argillaceous limestone:  greenish brown-grey, fine-grained, moderately fossiliferous, argillaceous 
limestone, with some chert nodules (less than typical for Bois Blanc Fm); argillaceous microstylolites; fossils 
include: abundant small crinoidal fragments, rugose corals and a few tabulate corals; sharp base. 
122.45 – 132.84 Springvale Member, Bois Blanc Formation.  Sandstone: mostly white, fine- to medium-grained 
quartzite; some coarse quartz grains; mostly noncalcareous; topmost and basal 60 cm are more brownish green and 
argillaceous and slightly calcareous; thin greenish wisps (argillaceous seams) scattered throughout; thin light tan 
sandy dolomitic limestone bed with corals at 126.64 m. 
132.84 – 142.23 Chert, with limestone: very abundant (~90%) blue-grey to grey-brown chert; interbedded grey-
brown to light grey-brown, fine-grained limestone, with abundant microstylolites.  
 
142.23 – 143.24 Oriskany Formation   
Sandstone: dark greenish grey-brown (top 41 cm) to light brown (middle 20 cm) to light grey-white (basal 42 cm), 
medium- to coarse-grained, quartzose sandstone; upper 41 cm is glauconitic with coarse-grained, erosive base; 
middle 20 cm contains little or no glauconite; basal 42 cm contains minor glauconite at 142.92 m; fossils 
(brachiopods) in basal 15 cm; angular dolostone lithoclasts in basal 1 cm; very sharp planar basal contact. (N.B. it is 
possible that top 41 cm is another layer of Springvale-like sandstone and base of Bois Blanc Formation should 
actually be at 142.64 m).  

 
 
 

– SILURIAN – 
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143.24 – 162.98 Bass Islands Formation 
143.24 – 158.08 Dolostone:  light brown to tan to light creamy grey, fine- to very fine-grained, laminated to thin-
bedded, nonfossiliferous dolostone, with some thin intraclastic grainstone beds; also some in-situ intraclastic 
breccias; minor blue-grey mottling (mostly restricted to uppermost 1.2 m); top 50 cm is tan, sucrosic dolosiltite to 
dolo-arenite, with 5 cm bed of white sandstone at 143.86 m (Devonian sediments in-filling solution cavity?); local 
fine, intercrystalline to small vuggy porosity (e.g., 154.22 – 154.83 m); local small fractures with minor associated 
brecciation; some lamination appears to be crypt-algal in origin; bedding is mostly horizontal to subhorizontal 
throughout; sharp base at colour change and increase in argillaceous content. 
158.08 – 162.98 Dolostone and argillaceous dolostone with minor anhydrite:  light grey-tan to light greenish grey 
to light grey-brown; very fine- to fine-grained dolostone and argillaceous dolostone; variable blue-grey mottling, 
from diffuse to bedding parallel to distinct spots; minor anhydrite blebs; anhydrite bed at 158.67 – 158.84 m; sharp 
base of unit at intraclastic breccia. 
(N.B. top 10 cm is light green-grey argillaceous dolostone and may be the “False G unit”) 
 
162.98 – 271.97 Salina Formation 
 
162.98 – 172.81 G unit 
162.98 – 165.14 Argillaceous dolostone and shale: fine-grained, green-grey, argillaceous dolostone, grading 
downwards into grey-green shale with dolomitic interbeds; minor small anhydrite blebs; minor intraclastic breccia; 
variable lamination; sharp base. 
165.14 – 172.81 Dolostone and anhydrite, variably argillaceous:  various rock types including: dark green-grey, 
argillaceous anhydrite (165.14 – 165.42), laminated, tan, fine-grained dolostone with abundant evaporite mineral 
casts and some anhydrite nodules (e.g., 165.42 – 171.14 m), dark green-grey-brown argillaceous anhydrite, and 
grey-tan, argillaceous dolostone; some white gypsum nodules (e.g., 166.82 m); some horizontal fractures filled with 
white gypsum spar. 
 
172.81 – 205.93 F unit 
172.81 – 194.30 Shale:  dark green shale, with anhydrite and gypsum nodules and minor, thin (< 15 cm), 
laminated, tan dolostone beds with evaporite mineral casts; gypsum nodules are light brownish white and tend to 
occur in upper part of unit; anhydrite nodules are light blue, clearer and denser and tend to occur in lower part of 
unit; sharp base. 
194.30 – 205.93 Dolostone and shale, with anhydrite:  mostly light tan, massive to laminated dolostone with 
variable evaporite mineral casts; also dark green-grey shale; both rock types contain anhydrite nodules; sharp base. 
 
205.93 – 230.72 E unit 
Dolostone, shale, and anhydrite:  interbedded tan, massive to laminated dolostone and dark green-grey shale; both 
contain anhydrite nodules; dolostone contains evaporite mineral casts; top of unit marked by green shale bed; green 
shale also at 214.11 – 216.09 m; minor intraclastic beds; basal 1.2 m is mostly anhydrite; base of unit is sharp.  
 
230.72 – 238.49 C unit   
Shale and dolostone, with anhydrite nodules:  mostly green shale with pink anhydrite nodules; dolostone dominated 
interval at 238.34 – 241.09 m; dolostone beds commonly contain evaporite mineral casts and are locally laminated; 
shale is locally laminated (dolomitic?); dolostone also contains anhydrite nodules; sharp base at contact of anhydritic 
beds over dolostone interval. 
 
238.49 – 250.94  B unit 
238.49 – 248.02 B marker and equivalent 
Dolostone and shale: laminated, evaporitic, fine-grained, tan dolostone; anhydritic shale and dolostone more 
prevalent in lower half of unit; anhydrite is blue and pink; sharp base at top of abundant anhydrite nodules. 
 
248.02 – 250.94 B anhydrite 
Anhydrite, dolostone and shale: abundant anhydrite nodules, in tan dolostone and green shale; sharp base at top of 
green shale bed.  
 
250.94 – 268.13 A2 unit 
250.94 – 263.74 A2 carbonate 
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Dolostone and argillaceous dolostone:  thin-bedded to laminated, tan dolostone to green-grey argillaceous dolostone, 
both with scattered anhydrite nodules; becoming more argillaceous below 263.74 m; more shaly partings towards 
base.  
263.74 – 263.99 A2 shale 
Shale:  dark green with minor laminated grey dolostone; gradational base. 
263.99 – 268.13 A2 carbonate (lower) 
Dolostone:  thin-bedded to laminated, fine-grained, variably argillaceous dolostone; tan to grey-tan to grey; variable, 
not abundant evaporite mineral casts; sharp base. 
 
268.13 – 271.97 A1 unit 
Dolostone with anhydrite:  mostly (~60%) light tan-grey, micro-sucrosic, massive-textured dolostone, with blue-
grey mottles, stylolites; some (~20%) laminated, tan dolostone, with anhydrite nodules, fractures and evaporite 
mineral casts; some (~20%) medium blue-grey dolostone with disturbed (bioturbated?) appearance and light green 
clayey infilling of burrow-like pores; base of unit is sharp.  
 
271.97 – 285.28 Guelph Formation 
271.97 – 272.48 Dolostone: light tan-grey, fine-crystalline, micro-sucrosic dolostone with sparse blue-grey mottles; 
similar to A1 unit, but no evaporites.  
272.48 – 275.68 Dolostone:  dark grey-brown to grey, fine- to medium-crystalline, slightly bituminous dolostone, 
moderately(?) fossiliferous (more to top); uncertain fossil fragments; lighter colour (greyer) with depth; relatively 
sharp base. 
275.68 – 279.49 Dolostone:  medium to light tan-grey (rarely almost white), fine-crystalline, micro-sucrosic 
dolostone, with blue mottles, stylolites and faint microstylolites; sharp base.  (N.B. similar to Gasport only finer 
crystalline). 
279.49 – 285.28 Dolostone:  dark grey-brown to dark brown, moderately to very fossiliferous, sucrosic dolostone; 
darker upper part is slightly bituminous; lighter coloured lower two thirds is very fossiliferous; fossils include: 
small, thin stromatoporoids(?), corals(?), and possible megalodont brachiopods; small sphalerite bleb at 279.64 m; 
gradational basal contact.  
 
285.28 – 332.83 Goat Island Member (Lockport Formation) 
Dolostone:  dark brown-grey to tan-grey, fine-crystalline, sparsely to moderately fossiliferous dolostone, with 
stylolites and microstylolites; top part is darker and slightly bituminous; fossils include: crinoid fragments, small 
tabulate corals and stromatoporoids; some open vugs, and some lined with white sparry dolomite; sharp base.    
(N.B. there is no strata in this core that could be assigned to the Gasport.) 
 
332.83 – 336.79 Decew Formation 
Dolostone and shale: olive-grey to tan, fine- to medium-grained, thin-bedded, fossiliferous dolostone; variably 
argillaceous; locally dolostone has a “peppery” appearance (= phosphatic pellets or fossil fragments?); minor 
bioturbated textures; some planar (= current) lamination; fossils: mostly crinoidal debris, some shells and rare small 
rugose corals; dark olive-green shale interbeds, with gradational contacts.  
 
336.79 – 353.70 Rochester Formation 
Shale and dolostone: interbedded dark grey shale and grey dolostone; variably fossiliferous: mostly crinoidal debris; 
dolostone is generally thinner bedded and less fossiliferous towards top and more argillaceous with depth; dolostone 
is fine-grained, commonly horizontally laminated and contains some burrows; base of unit is gradational: 
interbedded with rocktypes of underlying unit, so placed at base of lowest shale bed.  
 
353.70 – 356.77 Irondequoit Formation 
Dolostone:  light brown to grey-brown, medium- to coarse-grained, fossiliferous dolostone; bioclastic grainstone; 
fossils: abundant crinoidal material and bryozoans, some rugose corals. 
 
354.77 – 356.90 Reynales Formation (upper part) 
Dolostone:  light yellowish brown, fine- to medium-grained, nonfossiliferous dolostone, with microstylolites, a few 
thin fossiliferous grainstone beds, and minor thin shale beds; pyrite blebs and possible phosphatic nodules at 356.75 
m, over shale interbeds. 
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356.90 – 358.88 Thorold Formation 
Sandstone:  light grey (with greenish cast), noncalcareous, fine-grained sandstone, with minor, thin green and rare 
red shale partings and thin beds; minor faint horizontal laminations; some shale beds contain burrows; sharp base at 
base of sandstone with green shale lithoclasts overlying thick red shale interval.  
 
358.88 – 370.01 Grimsby Formation 
Shale and Sandstone:  dominantly red shale from 358.88 to 361.78 m; interbedded red shale and light grey sandstone 
from 361.78 to 368.81 m; dominantly sandstone from 368.81 to 370.01 m; red shale contains thin silty to sandy 
laminae and green mottles; sandstone locally contains dark green to black lithoclasts; base placed at base of missing 
core interval with label “out for analysis”, over grey-green shale.  
 
370.01 – 384.64 Cabot Head Formation 
Shale, sandstone and dolostone:  noncalcareous, grey shale with interbeds of light grey sandstone (in upper part), red 
argillaceous sandstone (from 375.50 to 376.41 m) and grey to olive-grey, very fine- to fine-grained, locally 
bioclastic, dolostone; base is gradational, placed at base of lowest shale interval.  
 
384.64 – 393.43 Manitoulin Formation 
Dolostone, shale and limestone:  interbedded fine-grained, olive-grey, argillaceous dolostone and limestone, blue-
grey, medium-grained dolostone and limestone, and green-grey shale; limestones occur below 389.82 m; fossil 
content (mostly crinoidal material and small indeterminate fragments) increases with depth; sharp base at top of 
sandstone. 
 
393.43 – 394.39 Whirlpool Formation 
Sandstone, dolostone and shale:  light grey, fine-grained, noncalcareous sandstone, with interbeds of green-grey 
argillaceous dolostone and grey-green shale; base sharp at base of thinly interbedded green shale and light grey 
sandstone over red shale.  
 

– ORDOVICIAN – 
 
394.39 – 571.93 Queenston Formation 
Shale, siltstone and limestone:  red silty to sandy shale (mudstone) and sandy siltstone, with green mottles and thin 
beds; thin limestone beds below ~ 454 m, variably increasing in quantity with depth; minor thin, very fine-grained 
sandstone beds; green mottles and beds more abundant with depth; shales and siltstones are variably calcareous; 
pedogenic textures in red shale (especially in upper part of formation); limestones typically grey, dense and 
argillaceous; grey to green-grey and darker red to brown shales more prevalent towards base;  shales and limestones 
interlaminated towards base; base of formation placed at top of fossiliferous grey limestone; red shales (interbedded 
and interlaminated with grey shales and limestones) continue down to approximately 638.5 m.  
 
571.93 – 771.21 Georgian Bay Formation 
Shale and limestone:  interbedded green-grey shale (mudstone), grey calcisiltite to fine-grained calcarenite, and grey 
bioclastic limestone; calcisiltite and calcarenite beds vary in abundance and thickness (up to 15 cm thick), generally 
less abundant and thinner with depth; they are also commonly horizontally laminated; fossils include bryozoans, 
brachiopods; shales in upper 70 m include some coloured red to red-brown; basal contact is gradational.  
 
771.21 – 849.08 Blue Mountain Formation 
771.21- 814.69 Shale and minor limestone:  dark to medium grey, noncalcareous shale (mudstone) with minor, 
thin beds of grey, laminated fine-grained limestone (calcisiltite and very fine-grained calcarenite); relatively sharp 
basal contact.  
814.69 – 849.08 Calcareous shale and limestone:  dark grey-brown to black, organic-rich (bituminous), very fine-
grained limestone (lime mudstone) to calcareous shale; thin, blocky, planar parted; laminated but obscured by 
organic content; basal 85 cm is thicker parted, more fossiliferous (small shells) and dark grey-brown, possibly 
transitional with underlying unit; sharp base. (=Rouge River Member?). 
 
849.08 – 897.90 Cobourg Formation (lower member, Lindsay Formation) 
Limestone:  very fine- to fine-grained, fossiliferous, limestone and argillaceous limestone, with abundant shaly 
partings; nodular texture with argillaceous microstylolites; fossils are mostly small crinoidal fragments and various 
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shells; generally finer grained towards top; mostly wackestone, with local packstones and minor grainstone above 
869.86 m; below 869.86 m grainstones become more prevalent; grainstones are fine- to medium-grained, well-
sorted, crinoidal, up to 10 cm thick (typically < 5 cm), some exhibit grading and some have lithoclastic bases; 
grainstones are more abundant and coarser grained toward base of unit; also, grainstones tend to be more blue-grey 
in colour, whereas other limestone beds are grey and shales are brown-grey. 
 
897.90 – 946.66 Sherman Fall Formation (Verulam Formation) 
897.90 – 902.01 Sherman Fall fragmental (upper member, Verulam Formation) 
Limestone:  medium- to coarse-grained, bioclastic grainstones, fine-grained, wacke-, pack- and grainstones and thin 
shale interbeds; coarse-grained grainstone beds up to 20 cm thick; other limestone beds are thin; shale is more 
prevalent in this unit than in overlying unit. 
901.01 - 946.66 Sherman Fall Formation (lower member, Verulam Formation) 
Limestone and shale: thin- to medium-bedded (up to 10 cm, but typically less than 5 cm thick), very fine- to fine-
grained, sparsely fossiliferous limestone (wackestone), fine- to medium-grained, fossiliferous limestone (pack- and 
grainstone) and minor thick-bedded (up to 20 cm), bioclastic grainstones; shale comprises 10 to 20% of unit, is dark 
green-grey and fossiliferous (mostly crinoidal?), and occurs as partings and thin beds up to 3.5 cm thick; base of unit 
is gradational, placed at top of thick grainstone bed interval. 
 
946.66 – 978.97 Kirkfield Formation 
946.66 – 952.45 Limestone (grainstones):  mostly medium- to coarse-grained, bioclastic grainstones, up to 20 cm 
thick beds, with shale partings and a few thin (< 2cm) shale beds; grainstones not as coarse grained as in the upper 
Sherman Fall; fossils are mostly crinoids and bryozoans; bryozoans also occur in some shale beds.  
952.45 – 973.79 Limestone and shale, thinly interbedded:  limestones are mostly fine-grained, sparsely 
fossiliferous, bioclastic wackestones and fine-grained bioclastic grainstones; also, fine- to medium-grained and 
minor coarse-grained bioclastic grainstones; non-grainstone beds are commonly bioturbated and locally “lumpy” or 
pseudo-nodular in texture; some grainstones exhibit planar current lamination and sharp bases; basal contact placed 
at pyritized base of brachiopod-rich grainstone.  
973.79 – 977.45 Limestone (grainstones): grey, fine- to coarse-grained, bioclastic grainstone, with minor fine-
grained wackestone; mostly fine-grained, well-sorted grainstone; some beds exhibit grading and horizontal current 
lamination; fossils include crinoidal fragments and brachiopod shells; stylolites; base sharp at top of shale bed. 
977.45 – 978.97 Limestone and shale:  thinly interbedded shale and fine-grained bioclastic wackestone and 
medium- to coarse-grained, bioclastic grainstone; uncertain basal contact because core is jumbled (Box #239).  
 
978.97 – 997.49 Coboconk Formation 
Limestone:  thick-bedded, bioturbated, pseudo-nodular textured, brownish grey, fine-grain, moderately fossiliferous 
limestones (wackestone),with few medium-grained, bio- and lithoclastic grainstones; stylolites and microstylolites; 
fossils include shells, few crinoid fragments, a tabulate coral (at 985.98 m) and possible stromatoporoid; chert 
nodule at 995.50 m;  basal 0.5 m consists mainly of medium- to coarse-grained, litho-/bioclastic grainstone beds, up 
to 23 cm thick.  
(N.B. strata above this unit are more blue-grey in colour = difference between Trenton and Black River?) 
 
997.49 – 1064.00  Gull River Formation 
997.49 – 1049.53  Limestone, argillaceous limestone, dolostone and shale:  thin-bedded to laminated, grey, very 
fine-grained, lime mudstone, with interbeds/laminae of dark grey-brown shale (especially towards top and below 
1028.35 m); peloidal and bioclastic lithoclastic grainstones; light grey to light tan-grey lime mudstone-wackestone, 
locally lithoclastic, with stylolites; burrowed, argillaceous, olive-brown-grey, very fine-grained lime mudstone 
(mostly above 1020.83 m);  fossils include ostracods and other shelly fauna; light brown to light grey-brown, fine-
crystalline, sparsely fossiliferous dolostone from 1020.83 to 1028.35 m, with microstylolites, and variably burrow-
mottled; basal contact uncertain because of jumbled core pieces. 
1049.53 – 1055.32  Argillaceous dolostone, dolostone, argillaceous limestone, limestone: grey-green, fine-grained, 
silty to sandy, argillaceous dolosiltite (similar to “Green Marker Bed” of outcrop belt), with some burrows; dark 
grey-brown, massive-textured dolosiltite and dolomitic calcisiltite; laminated argillaceous limestone; light grey lime 
mudstone; grey-brown, fine-grained, bioclastic limestone (wackestone).  
1055.32 – 1064.00  Limestone, argillaceous limestone, shale: light grey-brown to dark brown, thin- to medium-
bedded, very fine- to fine-grained, bioclastic limestone (wackestone), with variable burrow-mottling and lumpy 
bedding; fossils are mostly small shells (ostracods? brachiopods?, cephalopods?); thin,  dark grey-brown, 
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argillaceous limestone interbeds and burrow-fillings; microstylolites; small and large burrows; pyrite blebs in dark 
grey-brown shale less than 3 cm above basal contact.  
 
1064.00 – 1066.75  Shadow Lake Formation 
Shale, sandy shale, argillaceous dolostone and argillaceous sandstone:  mostly dark grey-green shale, minor sandy 
shale and argillaceous dolostone, very minor thin, grey limestone and dark brown shale (at 1065.94 – 1065.99 m); 
below 1065.99 m variably argillaceous sandstone, with colour ranging with depth from grey-brown (near top) to 
light green-grey to green (towards base); friable, light green, argillaceous sandstone at 1066.54 to 1066.75 m; sharp 
base at top of competent light grey-white sandstone.  
 
 

– CAMBRIAN – 
 
 
1066.75 – 1150.56  Cambrian (unsubdivided) 
Sandstone and dolostone: mostly light grey to white, fine-grained, quartzose sandstone; intervals, 2 to 4 m thick, 
consisting of light brown to dark grey-brown, fine-crystalline dolostone or mixed dolostone-sandstone;  dolostone-
bearing or -dominated intervals at 1067.36 – 1069.49 m, 1072.84 – 1076.81 m, 1079.85 – 1081.99 m, and 1092.05 – 
1095.09 m; sandstone ranges in colour from light grey-white to green (glauconitic) to purple to dark grey and is 
locally rust-stained; sedimentary structures include low-angle cross-stratification and possible burrows; sandstone 
intervals contain minor, thin beds of dolostone and minor sandy shale; disseminated pyrite blebs occur sporadically 
in sandstone (e.g., 1066.75 – 1066.90 m); local concentrations of small dark flecks in light sandstone may be 
glauconite (e.g., 1094.18 m); core stored at OGSR Library ends at depth of 1150.56 m; top of Precambrian basement 
reported (MNR Form 7) to be at 1150.60 m; remainder of this core (i.e., contact with Precambrian basement and 
Precambrian interval to a depth of 1171.60 m) is stored at MNDM Drill Core Library in Tweed, Ontario. 
 

– END OF HOLE – 
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F013561 Bath: by D.K. Armstrong, March 2005. 
 
Well Name: South Fredericksburgh–18–1 (OGS Bath #1) 
MNR Licence No:  F013561   MNDM Library Core #: TW0373   Year Drilled: 1982 
Location:  Lot 18, Concession I, South Fredericksburgh, Lennox and Addington County. 

UTM Easting: 352250 m    UTM Northing:  4889250 m  
Latitude:  44.144º    Longitude: -76.845º 

Elevation: 81.4 m     Total Depth = 107.50 m 
 
Depth (m) Unit Description 
 
0.00 – 2.26 Drift 

– ORDOVICIAN – 
 
2.26 – 15.00 Sherman Fall Formation (lower Verulam Formation) 
Limestone and shale:  interbedded dark grey calcareous shale beds (up to 10 cm thick) and thin- to medium-bedded, 
fine-grained, grey limestone; limestone is not especially fossiliferous; limestone beds commonly < 10 cm and planar 
to semi-nodular; also some light grey, medium- to coarse-grained, bioclastic grainstone beds; base is gradational, 
placed at base of lowest relatively thick shale bed.  
 
15.00 – 36.10 Kirkfield Formation (upper and middle Bobcaygeon Formation) 
Limestone, with shale:  mostly fine-grained, thin- to thick-bedded, grey limestone, with dark grey shale partings and 
thin beds; mostly shale and argillaceous limestone at 30.55 – 32.90 m; below 32.90 m, mostly bioturbated, medium 
grey, fine- to medium-grained, argillaceous limestone, with a few, thin dark grey to black shale interbeds, minor 
fine-grained, light grey, nonargillaceous limestone beds and intra-bioclastic pack-grainstone beds; sharp base.  
 
36.10 – 44.96 Coboconk Formation (lower Bobcaygeon Formation) 
Limestone: bioturbated, semi-nodular, grey-brown, thin- to thick-bedded, very fine- to fine-grained limestone; local 
fine- to medium-grained, bioclastic grainstone beds; some dark brown, very fine-grained, burrowed wackestone 
beds; a few thin dark grey-brown shaly beds; sharp base.  
 
44.96 – 100.70 Gull River Formation 
44.96 – 61.65  upper Gull River Formation 
Limestone, minor argillaceous limestone: various lithofacies including: very fine-grained, semi-nodular lime 
mudstone, oolitic and pelloidal-intraclastic grainstones, and argillaceous limestone; colours vary from medium to 
dark grey and medium to dark grey-brown; top 0.64 m of unit is dark greenish brown, argillaceous limestone with 
abundant small shells (ostracods and brachiopods); basal 35 cm is argillaceous limestone (gradational into 
underlying unit). 
61.65 – 100.70 lower Gull River Formation 
Limestone, argillaceous dolostone: various lithofacies including: grey-green to green, argillaceous, sandy and silty 
dolostone; brown silty dolostone; grey to light grey, very fine- to fine-grained, variably laminated lime mudstone, 
intraclastic grainstone; topmost 1.2 m is grey-green argillaceous, sandy dolostone (= Green Marker Bed of outcrop 
belt); stylolites common; some subvertical fractures filled with calcite (1.5 cm thick fracture at 69.4 – 70.0 m; base 
is relatively sharp at base of laminated lime mudstone. 
 
100.70 – 103.10 Shadow Lake Formation 
Dolostone and shale: green dolomitic silty shale to green argillaceous dolostone to green sandy shale (basal 66 cm), 
with variably abundant coarse-grained (sand to small pebble), white and pink lithoclasts (from the Precambrian 
basement); base is very sharp and at 60º to the core axis.  
 

– PRECAMBRIAN – 
103.10 – 107.50 Precambrian basement 
Gneiss: pink to grey, coarse- to fine-crystalline, gneiss. 
 

– END OF HOLE – 
 



140 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

This page left blank intentionally. 



141 

Appendix 3   
 

Reference Core Photographs 

(photographs in MRD 204) 
 
Core box photographs are grouped into 3 well-specific folders in MRD 204. Core box photograph file 
names are composed of 4 components (only 3 components in the case of well T006045):  the well number 
(e.g., T006045), depth of the top of the core in the uppermost box in photo in metres (e.g., 1004.5 m); 
(except for T06045) the core box numbers in the photograph are listed (e.g., “bx 245 246” = boxes #245 
and #246); and a unique camera-assigned image number (e.g., IMGP4456). On each of the core box 
photographs, the top and bottom of the core is indicated with a circled “T”and “B”, respectively. Top of 
core is in the upper left of photographs of the F005446 and F013561 core boxes, and in the upper right in 
photographs of the T006045 core boxes.  The core box photograph folders are labeled as follows:  

 
T006045 Chatham core box photographs 

 
F005446 U.S. Steel core box photographs 

 
F013561 Bath core box photographs 

 
MRD 204 also includes 3 additional folders containing photographs illustrating detailed lithologic 
features observed in each of the 3 logged cores.  These folders are named:  

 
T006045 detailed core photographs 

 
F005446 detailed core photographs 

 
F013561 detailed core photographs 

 
File names for the detailed core photographs incorporate the age of rock unit, stratigraphic name, depth of 
the field of view (typically a noted feature), well number, and unique camera-assigned image number.  
They are listed, sorted by file name, with brief descriptions in the following 3 well-specific tables. 

 
Table A3-1: detailed core photographs for well T006045 

 
Table A3-2: detailed core photographs for well F005446 

 
Table A3-3: detailed core photographs for well F013561 



 

  Table A3-1. List of detailed core photographs for well T006045 (photograph files in MRD 204). 
 

Table A3-1. Well T006045.      

Photograph File Name (.jpg) Description Age Formation Depth Well ID 

DEV KET 20.2 T006045 IMGP0187 
dark brown, organic-rich, laminated, silty shale and 
grey-green, bioturbated, silty shale lithofacies; with 
pyrite blebs 

Devonian Kettle Point 20.2 T006045 

DEV HAM 45.41 T006045 
IMGP0241 

grey calcareous shale at top of Widder Fm (=top 
Hamilton Gp); green shale in above core run is lower 
Kettle Point Fm 

Devonian Hamilton 45.41 T006045 

DEV HAM 53.6 T006045 IMGP0263 limestone with interbedded dark brown-black shale, 
lower Hungry Hollow Fm Devonian Hamilton 53.6 T006045 

DEV HAM 70.1 T006045 IMGP0290 shelly, argillaceous limestone; Arkona Fm Devonian Hamilton 70.1 T006045 
DEV HAM 91.1 T006045 IMGP0311 shelly shale; Arkona Fm Devonian Hamilton 91.1 T006045 
DEV HAM 97.25 T006045 
IMGP0315 crinoidal limestone; Rockport Quarry Fm Devonian Hamilton 97.25 T006045 

DEV HAM 106.7 T006045 
IMGP0340 brachiopod-rich shale; Bell Fm Devonian Hamilton 106.7 T006045 

DEV DUN 106.95 T006045 
IMGP0355 

green-grey, argillaceous limestone of uppermost 
Dundee, with pyrite blebs Devonian Dundee 106.95 T006045 

DEV DUN 110.8 T006045 
IMGP0360 crinoidal bioclastic packstone; typical Dundee Devonian Dundee 110.8 T006045 

DEV DUN 130.5 T006045 
IMGP0394 oil staining Devonian Dundee 130.5 T006045 

DEV DUN 134 T006045 IMGP0402 chert nodule in very fine-grained limestone Devonian Dundee 134 T006045 
DEV DUN 142.1 T006045 IMGP412 coarse-grained bioclastic limestone with stylolites Devonian Dundee 142.1 T006045 
DEV DUN_LUC 151.16 T006045 
IMGP0437 basal contact of the Dundee Fm at 151.16 m (arrow) Devonian Dundee / 

Lucas 151.16 T006045 

DEV LUC 151.5 T006045 IMGP0439 laminated limestone Devonian Lucas 151.5 T006045 

DEV LUC 156.1 T006045 IMGP0458 stromatoporoid with evaporite mineral moulds; algal-
coated rugose corals Devonian Lucas 156.1 T006045 

DEV LUC 158.4 T006045 IMGP0459 abundant planar stromatoporoids Devonian Lucas 158.4 T006045 
DEV LUC 164.3 T006045 IMGP0465 abundant amphipora overlying stromatoporoids Devonian Lucas 164.3 T006045 
DEV LUC 164.8 T006045 IMGP0468 intraformational breccia Devonian Lucas 164.8 T006045 

142 



 

Table A3-1. Well T006045.      

Photograph File Name (.jpg) Description Age Formation Depth Well ID 

DEV LUC 165.8 T006045 IMGP0474 grainstone with low angle cross-stratification and 
evaporite mineral moulds Devonian Lucas 165.8 T006045 

DEV LUC 168.2 T006045 IMGP0478 gypsum nodules in laminated limestone Devonian Lucas 168.2 T006045 
DEV LUC 171.6 T006045 IMGP0484 evaporite minerals in faintly laminated limestone Devonian Lucas 171.6 T006045 

DEV LUC 173.8 T006045 IMGP0490 stylolite contact at 173.8 m, between evaporite mineral-
bearing intraclastic limestone and laminated limestone Devonian Lucas 173.8 T006045 

DEV LUC 174.74 T006045 
IMGP0491 typical laminated limestone; dark and light coloured Devonian Lucas 174.74 T006045 

DEV LUC 182.3 T006045 IMGP0508 abundant evaporite mineral blades in large 
stromatoporoid Devonian Lucas 182.3 T006045 

DEV AMH 184.3 T006045 
IMGP0513 

uppermost Amherstburg; abundant stromatoporoids, 
amphipora and corals, in dark brown bituminous 
limestone. 

Devonian Amherstburg 184.3 T006045 

DEV LUC_AMH 184.3 T006045 
IMGP0511 

formational contact at approximately 184.3 m; increase 
in stromatoporoids and darker, more bituminous 
limestone matrix in Amherstburg Fm. 

Devonian Lucas / 
Amherstburg 184.3 T006045 

DEV AMH 189.1 T006045 
IMGP0520 stromatoporoid-coral boundstone Devonian Amherstburg 189.1 T006045 

DEV AMH 192.8 T006045 
IMGP0534 white and grey, irregular chert nodules in limestone Devonian Amherstburg 192.8 T006045 

DEV AMH 197.7 T006045 
IMGP0537 

corals and amphipora in burrowed limestone; dark 
lenses are burrows? Devonian Amherstburg 197.7 T006045 

DEV AMH 201.15 T006045 
IMGP0540 large, partly silicified tabulate coral over chert nodule Devonian Amherstburg 201.15 T006045 

DEV AMH_BOI 202.65 IMGP0542 
irregular (after burrow?) chert nodules in uppermost 
Bois Blanc Fm; contact placed at irregular surface at 
202.65 m. 

Devonian Amherstburg 
/ Bois Blanc 202.65 T006045 

DEV BOI 207 T006045 IMGP0563 typical Bois Blanc; bioclastic, irregular bedded, cherty 
limestone; rugose corrals Devonian Bois Blanc 207 T006045 

DEV BOI 213.25 T006045 
IMGP0565 abundant chert Devonian Bois Blanc 213.25 T006045 

DEV BOI 214.5 T006045 IMGP0566 homogenous textured, fine- to medium-grained 
limestone with chert nodule and wispy microstylolites Devonian Bois Blanc 214.5 T006045 

DEV BOI 216.25 T006045 IMGP0567 large round chert nodules Devonian Bois Blanc 216.25 T006045 
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Table A3-1. Well T006045.      

Photograph File Name (.jpg) Description Age Formation Depth Well ID 
DEV BOI 225.75 T006045 
IMGP0667 typical cherty, bioclastic limestone Devonian Bois Blanc 225.75 T006045 

DEV BOI 234.8 T006045 IMGP0674 fine-grained, grey limestone; sparsely to moderately 
fossiliferous; corals Devonian Bois Blanc 234.8 T006045 

DEV BOI 249.35 T006045 
IMGP0683 typical bioclastic limestone, silicified fossils Devonian Bois Blanc 249.35 T006045 

DEV BOI 255.4 T006045 IMGP0594 greenish grey-brown, argillaceous non-calcareous 
sandstone Devonian Bois Blanc 255.4 T006045 

DEV BOI 259.5 T006045 IMGP0604 typical fine- to medium-grained limestone with large 
round chert nodule Devonian Bois Blanc 259.5 T006045 

DEV BOI 261.2 T006045 IMGP0606 basal sandstone beds, with microstylolites Devonian Bois Blanc 261.2 T006045 

DEV BOI 261.2 T006045 IMGP0607 close up of medium- to coarse-grained sandstone bed in 
#606 Devonian Bois Blanc 261.2 T006045 

DEV_SIL BOI_BAS 261.48 T006045 
IMGP0579 

Bois Blanc-Bass Islands (Devonian-Silurian) contact at 
261.48 m (1 cm above wood block). 

Devonian / 
Silurian 

Bois Blanc / 
Bass Islands 261.48 T006045 

DEV_SIL BOI_BAS 261.48 T006045 
IMGP0690 

close up of sharp contact between Devonian Bois Blanc 
Fm sandstone and underlying fine-grained, laminated 
dolostone of Bass Islands Fm (Silurian) 

Devonian / 
Silurian 

Bois Blanc / 
Bass Islands 261.48 T006045 

SIL BAS 261.7 T006045 IMGP0699 typical laminated dolostone Silurian Bass Islands 261.7 T006045 
SIL BAS 262.15 T006045 IMGP0700 intraclastic dolostone Silurian Bass Islands 262.15 T006045 
SIL BAS 262.5 T006045 IMGP0702 light grey-tan, planar to irregularly mottled dolostone Silurian Bass Islands 262.5 T006045 
SIL BAS 262.9 T006045 IMGP0704 thin sandstone bed in light grey dolostone Silurian Bass Islands 262.9 T006045 

SIL BAS 264 T006045 IMGP0709 intraclastic bed at 264.04 - 264.13 m, in laminated 
dolostone Silurian Bass Islands 264 T006045 

SIL BAS 266.7 T006045 IMGP0716 thin intraclastic dolostone beds Silurian Bass Islands 266.7 T006045 
SIL BAS 267.95 T006045 IMGP0721 sediment-filled subvertical fracture Silurian Bass Islands 267.95 T006045 

SIL BAS 270.3 T006045 IMGP0724 karstic cavity network; cavities filled with laminated 
and intraclastic sediment and sparry gypsum Silurian Bass Islands 270.3 T006045 

SIL BAS 270.3 T006045 IMGP0733 close-up of karstic cavity; filled with laminated 
intraclasts, capped by coarse-crystalline gypsum  Silurian Bass Islands 270.3 T006045 

SIL BAS 274.2 T006045 IMGP 0877 thin black shale bed at 274.2 - 274.26 m. Silurian Bass Islands 274.2 T006045 
SIL BAS 275.84 T006045 IMGP0879 karstic(?) breccia Silurian Bass Islands 275.84 T006045 
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Table A3-1. Well T006045.      

Photograph File Name (.jpg) Description Age Formation Depth Well ID 
SIL BAS 276.3 T006045 IMGP0906 rounded intraclasts in grainstone dolostone Silurian Bass Islands 276.3 T006045 
SIL BAS 278.55 T006045 IMGP0909 intraclastic breccia Silurian Bass Islands 278.55 T006045 
SIL BAS 287.85 T006045 IMGP0931 thinly laminated dolostone Silurian Bass Islands 287.85 T006045 

SIL BAS 288.3 T006045 IMGP0919 abundant small evaporite mineral blade casts in 
laminated dolostone Silurian Bass Islands 288.3 T006045 

SIL BAS 289.2 T006045 IMGP0920 laminated dolostone with large gypsum nodule Silurian Bass Islands 289.2 T006045 
SIL BAS 290.45 T006045 IMGP0929 blue anhydrite with light brown laminated dolostone Silurian Bass Islands 290.45 T006045 
SIL BAS 290.95 T006045 IMGP0930 blue-mottled dolostone Silurian Bass Islands 290.95 T006045 

SIL BAS 296.56 T006045 IMGP0935 dolostone with graded concentration of evaporite 
mineral prisms and blades Silurian Bass Islands 296.59 T006045 

SIL BAS_SALG 299.54 T006045 
IMGP0954 Bass Islands-Salina contact at 299.54 m (black marker) Silurian Bass Islands 

/ Salina G 299.54 T006045 

SIL SALG 300.35 T006045 
IMGP0959 

greenish grey, argillaceous, laminated dolostone; 
typical G unit Silurian Salina G 300.35 T006045 

SIL SALG 301.13 T006045 
IMGP0964 top of anhydrite-rich interval in G-unit at 301.13 m Silurian Salina G 301.13 T006045 

SIL SALG 305.6 T006045 IMGP0966 typical massive blue anhydrite Silurian Salina G 305.6 T006045 
SIL SALG 306.75 T006045 
IMGP0967 

blue anhydrite and tan dolostone over dolostone with 
evaporite mineral moulds Silurian Salina G 306.75 T006045 

SIL SALG_F 308.63 T006045 
IMGP0968 

contact between G unit anhydrite and F unit green shale 
at 308.63 m Silurian Salina G / F 308.63 T006045 

SIL SALF 308.95 T006045 
IMGP0999 anhydrite nodules in green shale Silurian Salina F 308.95 T006045 

SIL SALF 309.95 T006045 
IMGP1000 typical interlaminated dolostone and shale Silurian Salina F 309.95 T006045 

SIL SALF 316.5 T006045 IMGP1003 pink anhydrite nodules in green shale and argillaceous 
dolostone Silurian Salina F 316.5 T006045 

SIL SALF 334.95 T006045 
IMGP1070 

disturbed (brecciated?) laminated dolostone with 
evaporite minerals; rusty staining around stylolite Silurian Salina F 334.95 T006045 

SIL SALE 352 T006045 IMGP1121 typical dark green dolomitic shale of E unit; faintly 
laminated Silurian Salina E 352 T006045 

SIL SALE 352.53 T006045 
IMGP1124 

blue anhydrite and laminated dolostone; E carbonate 
subunit Silurian Salina E 352.53 T006045 
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Table A3-1. Well T006045.      

Photograph File Name (.jpg) Description Age Formation Depth Well ID 
SIL SALE 356.94 T006045 
IMGP1129 

small stromatolites (or stromatoporoids?) in E 
carbonate Silurian Salina E 356.94 T006045 

SIL SALE 360.3 T006045 IMGP1136 dark green-grey, laminated, shaly dolostone Silurian Salina E 360.3 T006045 

SIL SALD 375.9 T006045 IMGP1192 tan dolostone intraclasts in anhydritic and argillaceous 
matrix; non-horizontal bedding Silurian Salina D 375.9 T006045 

SIL SALD_C 376.29 T006045 
IMGP1206 

contact between D unit anhydrite and interlaminated 
shale and dolostone of C unit, at pencil tip at 376.29 m; 
top of higher core run in field of view is 375.7 m (core 
is dry) 

Silurian Salina D / C 376.29 T006045 

SIL SALC 378.93 T006045 
IMGP1210 bed of red shale Silurian Salina C 378.93 T006045 

SIL SALC 380.45 T006045 
IMGP1218 

carbonate beds in C unit; possible stromatoporoid at 
top? Silurian Salina C 380.45 T006045 

SIL SALC 390.4 T006045 IMGP1226 typical interlaminated shale and dolostone Silurian Salina C 390.4 T006045 
SIL SALB 396.3 T006045 IMGP1230 laminated and thin-bedded dolostone with small porous 

(leached?) spots Silurian Salina B 396.3 T006045 

SIL SALB 397.9 T006045 IMGP1233 contact between dolostone bed and shale Silurian Salina B 397.9 T006045 
SIL SALB 400.2 T006045 IMGP1235 intraclastic dolostone in anhydritic matrix Silurian Salina B 400.2 T006045 

SIL SALB 401.3 T006045 IMGP1238 laminated, very fine-crystalline dolostone, sharply 
overlying anhydrite Silurian Salina B 401.3 T006045 

SIL SALB 402.75 T006045 
IMGP1243 

intraclastic dolostone in anhydritic matrix, with salt at 
402.8 m Silurian Salina B 402.75 T006045 

SIL SALB 411.15 T006045 
IMGP1252 B-salt Silurian Salina B 411.15 T006045 

SIL SALB 417.65 T006045 
IMGP1258 brecciated grey-green dolostone in orange salt matrix Silurian Salina B 417.65 T006045 

SIL SALB 425.7 T006045 IMGP1261 salt with subvertical stringers of clay(?) Silurian Salina B 425.7 T006045 
SIL SALB 436.1 T006045 IMGP1265 large clear salt crystals Silurian Salina B 436.1 T006045 
SIL SALB 448.75 T006045 
IMGP1266 convolutedly laminated dolostone and anhydrite Silurian Salina B 448.75 T006045 

SIL SALB 448.9 T006045 IMGP1268 very thin-bedded impure salt Silurian Salina B 448.9 T006045 

SIL SALB 449.8 T006045 IMGP1269 thinly interbedded anhydrite (dark) and dolostone 
(light) Silurian Salina B 449.8 T006045 

SIL SALA2 456.4 T006045 IMGP1322 intraclastic dolostone at edge of large cavity Silurian Salina A2 456.4 T006045 
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Table A3-1. Well T006045.      

Photograph File Name (.jpg) Description Age Formation Depth Well ID 
SIL SALA2 457.75 T006045 
IMGP1404 tan, ripple(?) laminated dolostone Silurian Salina A2 457.75 T006045 

SIL SALA2 457.8 T006045 
IMGP1406 

tan dolostone replacing(?) light grey-brown dolostone; 
ripple laminated dolostone bed in #1404 Silurian Salina A2 457.8 T006045 

SIL SALA2 465.6 T006045 
IMGP1503 

karsted(?) dolostone with cavities filled with tan 
sucrosic dolostone and salt Silurian Salina A2 465.6 T006045 

SIL SALA2 466.4 T006045 
IMGP1504 thin shaly interval in dolostone Silurian Salina A2 466.4 T006045 

SIL SALA2 467.5 T006045 
IMGP1506 

karsted(?) dolostone breccia with cavities filled with tan 
sucrosic dolostone, blue anhydrite and salt Silurian Salina A2 467.5 T006045 

SIL SALA2 467.9 T006045 
IMGP1508 

light grey dolostone partially replaced by tan sucrosic 
more porous dolostone Silurian Salina A2 467.9 T006045 

SIL SALA2 472.77 T006045 
IMGP1512 close up of top of A2 Shale Silurian Salina A2 472.77 T006045 

SIL SALA2 472.8 T006045 
IMGP1511 A2 Shale Silurian Salina A2 472.8 T006045 

SIL SALA2 473.8 T006045 
IMGP1514 very fine-crystalline, olive-green dolostone Silurian Salina A2 473.8 T006045 

SIL SALA2 475.9 T006045 
IMGP1518 basal beds of A2 carbonate Silurian Salina A2 475.9 T006045 

SIL SALA2 478 T006045 IMGP1522 A2 anhydrite Silurian Salina A2 478 T006045 
SIL SALA2 478.65 T006045 
IMGP1524 small-scale stromatolitic(?) laminae in A2 anhydrite Silurian Salina A2 478.65 T006045 

SIL SALA1 479.6 T006045 
IMGP1526 stromatolitic laminae in dolostone Silurian Salina A1 479.6 T006045 

SIL SALA1 485.4 T006045 
IMGP1530 stromatolitic laminae in dolostone Silurian Salina A1 485.4 T006045 

SIL SALA1 489.45 T006045 
IMGP1532 

typical, non-laminated, semi-nodular, microstylolitic 
dolostone Silurian Salina A1 489.45 T006045 

SIL SALA1 490.75 T006045 
IMGP1533 

karstic(?) cavities partially in-filled with sucrosic 
dolomite Silurian Salina A1 490.75 T006045 
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Table A3-1. Well T006045.      

Photograph File Name (.jpg) Description Age Formation Depth Well ID 

SIL SALA1 490.82 T006045 
IMGP1540 

close up of karstic(?) cavities partially in-filled with 
sucrosic dolomite; note sphalerite in dolomite-filled 
vug at bottom right. 

Silurian Salina A1 490.82 T006045 

SIL SALA1 490.87 T006045 
IMGP1542 

back of core piece in #1540; note yellow sphalerite at 
480.87 m Silurian Salina A1 490.87 T006045 

SIL SALA1 490.96 T006045 
IMGP1543 

top bed of reefal(?) zone in A1 carbonate; bioclastic 
(and intraclastic) dolostone Silurian Salina A1 490.96 T006045 

SIL SALA1 491.25 T006045 
IMGP1544 

stromatoporoid boundstone and crinoidal grainstone; 
reefal(?) A1 carbonate; good porosity = fossil mouldic, 
inter-particle, and shelter? 

Silurian Salina A1 491.25 T006045 

SIL SALA1 491.45 T006045 
IMGP1545 

porous bioclastic bed sharply overlying stromatoporoid 
boundstone at 491.45 m Silurian Salina A1 491.45 T006045 

SIL SALA0 492.25 T006045 
IMGP1588 laminated dolostone; typical A0 Silurian Salina A0 492.25 T006045 

SIL SALA0 493.55 T006045 
IMGP1590 sub-horizontally laminated dolostone Silurian Salina A0 493.55 T006045 

SIL SALA2 495.45 T006045 
IMGP1493 

dolostone with small vuggy porosity and small patches 
of tan porous dolostone Silurian Salina A2 495.45 T006045 

SIL GUE 495.65 T006045 IMGP1593 typical: moderately? fossiliferous dolostone Silurian Guelph 495.65 T006045 
SIL GUE 498.15 T006045 IMGP1595 reefal dolostone Silurian Guelph 498.15 T006045 
SIL GUE 502.45 T006045 IMGP1601 cavernous porosity in reefal dolostone Silurian Guelph 502.45 T006045 
SIL GUE_ERA 504.2 T006045 
IMGP1605 stromatoporoid floatstone; base of Guelph at 504.3 m Silurian Guelph / 

Eramosa 504.2 T006045 

SIL ERA 506.4 T006045 IMGP1618 planar microstylolite bands in light brown, fine-grained, 
bituminous dolostone Silurian Eramosa 506.4 T006045 

SIL ERA 509 T006045 IMGP1623 
fossiliferous, microstylolitic light brown, fine- to 
medium-grained dolostone; shells? megalodonts? small 
coral and stromatoporoid fragments 

Silurian Eramosa 509 T006045 

SIL ERA 511.25 T006045 IMGP1761 microstylolitic, medium-crystalline, bituminous 
dolostone Silurian Eramosa 511.25 T006045 

SIL ERA_GOA 516.5 T006045 
IMGP1626 

gradational basal contact of Eramosa placed at colour 
(tan to grey) and grain size (medium to fine grained) 
change at 516.5 m. 

Silurian Eramosa / 
Goat Island 516.5 T006045 
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Table A3-1. Well T006045.      

Photograph File Name (.jpg) Description Age Formation Depth Well ID 
SIL GOA 524.35 T006045 
IMGP1769 

tan, medium-crystalline nodules in fine-grained dark 
grey-brown, microstylolitic dolostone Silurian Goat Island 524.35 T006045 

SIL GOA 526.6 T006045 IMGP1771 stromatoporoids and sucrosic dolomite patches in semi-
nodular dolostone Silurian Goat Island 526.6 T006045 

SIL GOA 528.04 T006045 
IMGP1774 

sucrosic dolomite patch with white dolospar in vug at 
top Silurian Goat Island 528.04 T006045 

SIL GOA 536.6 T006045 IMGP1781 greenish grey, argillaceous dolostone Silurian Goat Island 536.6 T006045 

SIL GOA 538.05 T006045 
IMGP1783 

small vug at top of sandy, sucrosic dolomite patch, in 
semi-nodular, fine-grained dolostone, with small fossil 
fragments (mostly crinoidal) 

Silurian Goat Island 538.05 T006045 

SIL GOA 553.8 T006045 IMGP1786 greenish grey, argillaceous dolostone Silurian Goat Island 553.8 T006045 
SIL GOA 561.55 T006045 
IMGP1955 

typical lithology near base of Goat Island; 
microstylolites and blue-grey mottles. Silurian Goat Island 561.55 T006045 

SIL GOA 563.9 T006045 IMGP1957 blue-grey mottled, semi-nodular dolostone Silurian Goat Island 563.9 T006045 
SIL GAS 567.65 T006045 IMGP1959 blue-grey fine- to medium-crystalline dolostone, with 

white stromatoporoid(?).  Silurian Gasport 567.65 T006045 

SIL GAS 570.9 T006045 IMGP1961 blue-grey banded, medium-grained dolostone; fine 
porosity; crinoidal Silurian Gasport 570.9 T006045 

SIL GAS 574.7 T006045 IMGP1973 abundant large crinoids Silurian Gasport 574.7 T006045 
SIL GAS 575.16 T006045 IMGP1976 very large crinoid in grainstone Silurian Gasport 575.16 T006045 
SIL GAS 575.95 T006045 IMGP1979 typical, streaky mottled lithology Silurian Gasport 575.95 T006045 

SIL GAS 576.3 T006045 IMGP1981 crinoidal grainstone with green, argillaceous, 
microstylolitic seams Silurian Gasport 576.3 T006045 

SIL GAS 576.6 T006045 IMGP1982 thin shale bed at 576.6 m in crinoidal grainstones near 
base of Gasport; also small green shale lithoclasts.. Silurian Gasport 576.6 T006045 

SIL GAS 576.85 T006045 IMGP1983 blue-grey, medium- to coarse-grained, bioclastic 
(mostly crinoidal) grainstone, dolostone Silurian Gasport 576.85 T006045 

SIL GAS 576.9 T006045 IMGP1985 grainstone sharply overlying green shale bed at 576.9 m Silurian Gasport 576.9 T006045 

SIL GAS 576.94 T006045 IMGP1990 

blue-grey dolostone bed at base of Gasport (or below 
Gasport?); abundant pyrite at base, overlain by 
bioclastic grainstone; top of bed is fine-grained, 
laminated blue-grey dolostone with irregular top (= 
hard ground?).  

Silurian Gasport 576.94 T006045 
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Table A3-1. Well T006045.      

Photograph File Name (.jpg) Description Age Formation Depth Well ID 
SIL ROC 577 T006045 IMGP1352 grey shales beneath sharp top contact. Silurian Rochester 577 T006045 
SIL ROC 581.65 T006045 IMGP1358 fossiliferous grey shale Silurian Rochester 581.65 T006045 
SIL ROC_REY 585.88 T006045 
IMGP1359 

basal beds: argillaceous bioturbated limestone over 
dark grey shale bed; sharp basal contact at 585.92 m. Silurian Rochester / 

Reynales 585.88 T006045 

SIL ROC_REY 585.92 T006045 
IMGP1361 

topmost Reynales dolostone; grey-tan bioturbated, with 
microstylolite seam, Silurian Rochester / 

Reynales 585.92 T006045 

SIL REY_DYE 586.35 T006045 
IMGP1365 

sharp contact between grey-tan (upper) Reynales 
dolostone and blue-grey Dyer Bay (lower Reynales) 
dolostone 

Silurian Reynales / 
Dyer Bay 586.35 T006045 

SIL DYE 586.45 T006045 IMGP1375 interbedded blue-grey dolostone and green shale Silurian Dyer Bay 586.45 T006045 

SIL DYE 586.67 T006045 IMGP1376 
thin-bedded, laminated, blue-grey dolostone, bioclastic 
medium-coarse-grained grainstone dolostone and thin 
green shale beds/partings.  

Silurian Dyer Bay 586.67 T006045 

SIL CAB 608.3 T006045 IMGP1397 cross-stratified (HCS?) dolostone Silurian Cabot Head 608.3 T006045 

SIL CAB 608.4 T006045 IMGP1393 horizontal and low angle laminated fine- to medium-
grained dolostone over grey shale. Silurian Cabot Head 608.4 T006045 

SIL MAN 621.8 T006045 IMGP1391 horizontally laminated dolostone (grainstone) overlying 
bioclastic grainstone. Silurian Manitoulin 621.8 T006045 

SIL MAN 630.15 T006045 
IMGP1399 

chert nodule in green-grey argillaceous, bioclastic 
dolostone. Silurian Manitoulin 630.15 T006045 

SIL MAN 636.3 T006045 IMGP1679 shale with thin limestone interbeds; lower Manitoulin Silurian Manitoulin 636.3 T006045 

SIL MAN_WHI 637.1 T006045 
IMGP1685 

close-up of sharp, erosive Manitoulin-Whirlpool 
contact at 637.1 m; basal Manitoulin is argillaceous, 
sandy limestone with small black phosphatized(?) 
oolites(?); uppermost Whirlpool is green shale. 

Silurian Manitoulin / 
Whirlpool 637.1 T006045 

SIL_ORD WHI_QUE 637.34 
T006045 IMGP1680 

contact between Whirlpool sandstone and Queenston 
shale at 637.34 m 

Silurian / 
Ordovician 

Whirlpool / 
Queenston 637.34 T006045 

SIL_ORD WHI_QUE 637.34 
T006045 IMGP1681 

close-up of irregular Whirlpool-Queenston contact 
(Silurian/Ordovician) at 637.34 m 

Silurian / 
Ordovician 

Whirlpool / 
Queenston 637.34 T006045 

ORD QUE_GEO 731.5 T006045 
IMGP1688 

contact between red shale of Queenston Fm and green 
shale and grey limestone of Georgian Bay Fm at 731.5 
m. 

Ordovician 
Queenston / 

Georgian 
Bay 

731.5 T006045 
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Table A3-1. Well T006045.      

Photograph File Name (.jpg) Description Age Formation Depth Well ID 
ORD GEO 731.7 T006045 
IMGP1689 

Low-angle cross-stratified limestone (grainstone) at 
base of uppermost Georgian Bay Fm bed. Ordovician Georgian 

Bay 731.7 T006045 

ORD BLU 869.48 T006045 
IMGP2544 

thin, laminated limestone bed at 869.48 m, in dark grey 
shales Ordovician Blue 

Mountain 869.48 T006045 

ORD SHA 1173.65 T006045 
IMGP2563 

light grey-brown sand-filled vertical burrows in mottled 
sandstone Ordovician Shadow 

Lake 1173.65 T006045 

ORD SHA 1173.75 T006045 
IMGP2564 

vertical burrows with dark grey core in mottled 
(bioturbated?) sandstone Ordovician Shadow 

Lake 1173.75 T006045 

ORD SHA 1174.4 T006045 
IMGP2558 

light brown, fine-grained sandstone with green, 
argillaceous sandstone filled vertical burrows Ordovician Shadow 

Lake 1174.4 T006045 

ORD SHA 1174.85 T006045 
IMGP2556 

green argillaceous sandstone over light tan-grey 
sandstone with green burrows Ordovician Shadow 

Lake 1174.85 T006045 

ORD_CAM SHA_CAM 1174.9 
T006045 IMGP2555 

sharp planar contact at 1174.93 m between light grey-
tan, medium- to coarse-grained sandstone with green 
shale-filled burrows(?) of Shadow Lake over dark grey  
medium-grained Cambrian sandstone with coarse sand-
filled sub-vertical crack. 

Ordovician 
/ Cambrian 

Shadow 
Lake / 

Cambrian 
1174.9 T006045 

CAM CAM 1178.9 T006045 
IMGP2550 cross-stratified orange sandstone Cambrian Cambrian 1178.9 T006045 

CAM CAM 1179.7 T006045 
IMGP2547 glauconitic sandstone Cambrian Cambrian 1179.7 T006045 
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Table A3-2. List of detailed core photographs for well F005446 (photograph files in MRD 204). 
 

Table A3-2. Well F005446.      

Photograph File Name (.jpg) Description Age Formation Depth Well ID 

DEV ORI 142.33 F005446 IMGP2679 glauconitic sandstone; cherty limestone of Bois Blanc in 
run above. Devonian Oriskany 142.33 F005446

DEV_SIL ORI_BAS 143.24 F005446 
IMGP2675 

sharp contact between fossiliferous sandstone Devonian 
Oriskany Fm over fine-grained dolostone of Silurian 
Bass Islands Fm at 143.24 m 

Devonian / 
Silurian 

Oriskany / 
Bass Islands 143.24 F005446

SIL DEC 336.64 F005446 IMGP4129 horizontally laminated fine-grained limestone 
(grainstone) and bioclastic limestone Silurian Decew 336.64 F005446

SIL IRO 353.76 F005446 IMGP4134 typical coarse-grained, crinoidal, bioclastic grainstone Silurian Irondequoit 353.76 F005446
SIL THO_GRI 358.88 F005446 
IMGP4148 

light grey sandstones and thin green shales of Thorold 
Fm sharply overlying red and minor green shale with 
silty to sandy laminae to thin beds of Grimsby Fm; green 
shale lithoclasts in base of Thorold; contact at yellow 
paper.   

Silurian Thorold / 
Grimsby 358.88 F005446

SIL CAB 375.5 F005446 IMGP4152 red argillaceous sandstone beds in Cabot Head; top (left) 
of bed in middle run is at 375.5m.  Silurian Cabot Head 375.5 F005446

SIL CAB 376.71 F005446 IMGP4154 grey shale with thin sandstone interbeds Silurian Cabot Head 376.71 F005446

SIL_ORD WHI_QUE 394.39 F005446 
IMGP4100 

light grey sandstone of the Silurian Whirlpool Fm 
sharply overlying red shale of the Ordovician Queenston 
Fm at 394.39 m (~1294'); argillaceous dolostone of the 
Manitoulin Fm is seen in topmost run in photo, above 
1290'. 

Silurian / 
Ordovician 

Whirlpool / 
Queenston 394.39 F005446

ORD QUE_GEO 572.08 F005446 
IMGP4259 

contact placed at top of uppermost fossiliferous 
limestone below red shale; contact at 571.93 m (= 
1876'6") 

Ordovician 
Queenston / 

Georgian 
Bay 

572.08 F005446

ORD GEO 702.83 F005446 IMGP4283 typical Georgian Bay Fm; interbedded grey shales and 
laminated or fossiliferous limestones Ordovician Georgian 

Bay 702.83 F005446

ORD BLU 820.48 F005446 IMGP4323 typical: thin-bedded, black, bituminous lime mudstone 
(lowest block = 820.48 m) (= Collingwood?) Ordovician Blue 

Mountain 820.48 F005446
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Table A3-2. Well F005446.      

Photograph File Name (.jpg) Description Age Formation Depth Well ID 

ORD BLU_COB 849.08 F005446 
IMGP4331 

sharp basal contact of Blue Mountain (= Collingwood?) 
at card labeled "2129" (core missing?) at 849.08 m; 
upper Cobourg is nodular, fine-grained limestone with 
small fossil (crinoids) fragments.  

Ordovician 
Blue 

Mountain / 
Cobourg 

849.08 F005446

ORD COB 858.58 F005446 IMGP4371 typical: argillaceous limestone and nodular limestone 
with shaly partings and beds Ordovician Cobourg 858.58 F005446

ORD COB 870.77 F005446 IMGP4377 lower Cobourg; more and thicker grainstones than upper 
Cobourg; yellow paper at 869.86 m. Ordovician Cobourg 870.77 F005446

ORD COB_SHE 896.37 F005446 
IMGP4379 

contact at 897.9 m (at yellow paper); shaly thin 
limestones (including grainstones) of Cobourg, overlying 
thicker coarser grained bioclastic limestones of Sherman 
Fall "fragmental"  

Ordovician 
Cobourg / 
Sherman 

Fall 
896.37 F005446

ORD SHE 901.25 F005446 IMGP4381 coarse-grained, bio-intraclastic grainstone Ordovician Sherman 
Fall 901.25 F005446

ORD SHE 914.36 F005446 IMGP4420 
typical: thin, irregular bedded fossiliferous (mostly 
crinoid fragments) limestone with shale partings and 
interbeds  

Ordovician Sherman 
Fall 914.36 F005446

ORD SHE 928.99 F005446 IMGP4422 medium beds with thin shale interbeds and partings. Ordovician Sherman 
Fall 928.99 F005446

ORD KIR 948.8 F005446 IMGP4426 bioclastic grainstones; upper Kirkfield Ordovician Kirkfield 948.8 F005446
ORD KIR 957.02 F005446 IMGP4430 interbedded limestone and shale Ordovician Kirkfield 957.02 F005446

ORD KIR 977.75 F005446 IMGP4473 
upper 2 core runs are laminated and bioclastic 
grainstones; lower run is interbedded limestone and shale 
(3208' = 977.75 m) 

Ordovician Kirkfield 977.75 F005446

ORD COB 985.37 F005446 IMGP4474 

typical: pseudo-nodular fine-grained limestone and 
bioclastic grainstones; coral at 985.98 m; contact 
between grainstone and semi-nodular limestone bed in 
middle of photo at 985.37 m. 

Ordovician Coboconk 985.37 F005446

ORD COB 997.26 F005446 IMGP4479 coarse-grained bio-intraclastic grainstone near base of 
Coboconk; 997.26 m at base of this bed (bottom right). Ordovician Coboconk 997.26 F005446
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Table A3-2. Well F005446.      

Photograph File Name (.jpg) Description Age Formation Depth Well ID 

ORD GUL 998.17 F005446 IMGP4510 

contact between Coboconk grainstones and upper Gull 
River limestones and shales at 997.49 m (at 
grainstone/shale contact in upper core run); note rugose 
coral in mottled lime mudstone in lowest core run.  

Ordovician Gull River 998.17 F005446

ORD GUL 1047.85 F005446 IMGP4548 typical: very fine- to fine-grained limestone and brown 
shale partings and interbeds. Ordovician Gull River 1047.85 F005446

ORD GUL 1052.12 F005446 IMGP4559 grey-green argillaceous dolostone at top of box (= 
1052.12 m) beside pencil. Ordovician Gull River 1052.12 F005446

ORD GUL 1060.95 F005446 IMGP4561 burrow-mottled limestone between 1060.95 and 1062.18 
m. Ordovician Gull River 1060.95 F005446

ORD GUL_SHA 1064 F005446 
IMGP4565 

sharp contact between limestone and brown shales of 
Gull River Fm and green argillaceous sandstone of 
Shadow Lake Fm at block labeled 3491' (1064 m). 

Ordovician 
Gull River / 

Shadow 
Lake 

1064 F005446

ORD SHA 1065.99 F005446 IMGP4566 
thin limestone beds immediately above wood block at 
1065.99 m; grey brown sandstone below; green 
sandstone below and argillaceous sandstone above. 

Ordovician Shadow 
Lake 1065.99 F005446

ORD_CAM SHA_CAM 1066.75 
F005446 IMGP4570 

sharp contact between green Shadow Lake Fm sandstone 
and white Cambrian sandstone at 1066.75 m.  

Ordovician 
/ Cambrian 

Shadow 
Lake / 

Cambrian 
1066.75 F005446

CAM CAM 1084.42 F005446 
IMGP4587 cross-stratified sandstone at 1084.42 m. Cambrian Cambrian 1084.42 F005446

CAM CAM 1094.18 F005446 
IMGP4589 black (glauconite?) flecked sandstone. Cambrian Cambrian 1094.18 F005446

CAM CAM 1102.73 F005446 
IMGP4591 bioturbation textures? Cambrian Cambrian 1102.73 F005446

CAM CAM 1150.56 F005446 
IMGP4629 

various sandstones in last box of core (end of core at 
1150.56 m). Cambrian Cambrian 1150.56 F005446

CAM CAM 1146.8 F005446 IMGP4631 coarse-grained sandstone above 1146.8 m.  Cambrian Cambrian 1146.8 F005446
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 Table A3-3. List of detailed core photographs for well F013561 (photograph files in MRD 204). 
 

Table A3-3. F013561.      

Photograph File Name (.jpg) Description Age Formation Depth Well ID 

ORD SHE 3.9 F013561 IMGP2249 typical grainstone bed Ordovician Sherman Fall 3.9 F013561 
ORD SHE 7.8 F013561 IMGP2250 typical Sherman Fall: interbedded limestone and shale Ordovician Sherman Fall 7.8 F013561 

ORD SHE_KIR 15 F013561 
IMGP2251 

contact between Sherman Fall and Kirkfield 
formations at (piece of paper) base of interbedded 
shale and limestone interval 

Ordovician Sherman Fall 
/ Kirkfield 15 F013561 

ORD KIR 17.3 F013561 IMGP2253 typical pseudo-nodular limestone, beneath grainstone 
bed Ordovician Kirkfield 17.3 F013561 

ORD COB 38.85 F013561 IMGP2257 typical burrowed, very-fine-grained limestone Ordovician Coboconk 38.85 F013561 

ORD GUL 45.7 F013561 IMGP2258 argillaceous limestone, underlain by fossiliferous 
limestone with abundant Tetradium corals Ordovician Gull River 45.7 F013561 

ORD GUL 47 F013561 IMGP2260 typical thin-bedded lime mudstone with shaly partings Ordovician Gull River 47 F013561 
ORD GUL 47.68 F013561 IMGP2262 oolitic, bioclastic limestone (top is 47.68 m) Ordovician Gull River 47.68 F013561 

ORD GUL 62.4 F013561 IMGP2264 light green, argillaceous dolostone with white 
burrows(?) Ordovician Gull River 62.4 F013561 

ORD GUL 69.5 F013561 IMGP2265 1.5 cm thick, calcite-filled, subvertical fracture, with 
pyrite(?). Ordovician Gull River 69.5 F013561 

ORD GUL 81.6 F013561 IMGP2267 vertical burrows in argillaceous dolostone Ordovician Gull River 81.6 F013561 

ORD GUL 90.43 F013561 IMGP2268 contact between green argillaceous dolostone and 
light grey lime mudstone Ordovician Gull River 90.43 F013561 

ORD GUL 94.9 F013561 IMGP2269 pink gypsum nodule in green argillaceous dolostone Ordovician Gull River 94.9 F013561 

ORD SHA 101.8 F013561 IMGP2271 sandy, argillaceous dolostone with small pink granitic 
pebble (at 101.8 m) Ordovician Shadow Lake 101.8 F013561 

ORD_PRE SHA_PRE 103.1 F013561 
IMGP2272 

sharp basal contact of green argillaceous sandstone 
(Shadow Lake) with coarse-crystalline gneiss at  
103.1 m.  

Ordovician / 
Precambrian 

Shadow Lake 
/ Precambrian 103.1 F013561 
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Appendix 4 
 

Reference Outcrop Descriptions 

 
 
This appendix includes descriptions and photographs of stratigraphic units for 11 reference outcrops 
(listed below).  UTM coordinates are in NAD83. Meterages shown on sections are meters above local 
datum, typically the bottom of the measured section (e.g., main floor of quarry).  Survey rod in the 
photographs is 2 m long with 20 cm long alternating red and white intervals (centimetre-scale red and 
white intervals can be seen in close-up photographs of the survey rod). Appendix 4 photographs, as well 
as other photographs from the reference outcrops, can be found in Appendix 5 (in MRD 204).  

 
The reference outcrops described in this appendix are as follows (bracketed codes are mapping station 
numbers): 

 
Rock Glen Conservation Area (Arkona) (04DKA001) 
 
St. Marys Quarry (04DKA026) 
 
Amherstburg Quarry (04DKA028) 
 
Welland Tunnel (04DKA008) 
 
Dundas Quarry (04DKA033) 
 
Niagara Gorge (Art Park, Lewiston, NY)  (04DKA035) 
 
East Meaford Creek (01DKA019) 
 
Bowmanville Quarry (04DKA039) 
 
Picton Quarry (04DKA018) 
 
Brechin Quarry (04DKA025) 
 
Marmoraton Quarry (04DKA019) 
 



158 
 

 



159 
 

 



160 
 

 



161 
 

 



162 
 

 



163 
 

 



164 
 

 



165 
 

 



166 
 

 



167 
 

 



168 
 



169 
 

 



170 
 

 



171 
 



172 
 



173 
 



174 
 

 



175 
 



176 
 



177 
 



178 
 



179 
 

 



180 
 



181 
 



182 
 



183 
 

 



184 
 



185 
 



186 
 



187 
 

 
 



188 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

This page left blank intentionally. 



189 
 

Appendix 5 
 

Reference Outcrop and Additional Outcrop Photographs 

(photographs in MRD 204) 
 
This appendix includes photographs (in MRD 204 only) of reference outcrops (in addition to those 
photographs presented in the outcrops descriptions in Appendix 4) and photographs (in MRD 204 only) 
of additional outcrops not designated as reference outcrops in this study. 

The following table lists the location and general stratigraphic information for both reference and 
non-reference outcrops. Their locations are plotted on the accompanying figure.  

Table A5-1: Locations and stratigraphic information for reference and non-reference outcrops selected 
for this project.   

Figure A5-1: Locations of reference (circles) and non-reference (squares) outcrops, plotted on map of 
Paleozoic geology with major tectonic features. Outcrop numbers refer to last 2 digits of mapping station 
numbers (see Table A5-1 for mapping station/outcrop locations).  Outcrop 19a is station 01DKA-019 and 
19b is station 04DKA-019. 

 
Photographs of reference and non-reference outcrops presented in this appendix (in MRD 204 only) 

are listed with descriptions in the following tables. 

 
Table A5-2:  photograph list for reference outcrops.  
 
Table A5-3: photograph list for non-reference outcrops. 
 
 
File names for the reference and non-reference outcrop photographs incorporate the age of the unit, 
stratigraphic name, mapping station number, and unique camera-assigned image number. 

 



 

Table A5-1.  Locations and stratigraphic information for reference (*) and non-reference outcrops selected for this project.  Datum for UTM coordinates is NAD83. 
Latitude and longitude are reported in decimal degrees.  Outcrop numbers on location map figure (Figure A5-1) refer to the last 2 digits of the mapping station number. 

Outcrop 
Location 

Mapping 
Station # 

UTM 
East 

UTM 
North Longitude Latitude 

Stratigraphic Unit(s)    
(Gp = Group, Fm=Formation, 

Mb =Member) 
Age UTM 

Zone 

Rock Glen 
Conservation 
Area, Arkona* 

04DKA-
001 433212 4770533 -81.82052612 43.08457184 Hamilton Gp: Widder Fm, Hungry 

Hollow Fm, Arkona Fm Devonian 17 

St. Marys 
Quarry* 

04DKA-
026 486689 4788213 -81.16396332 43.2466011 Dundee Fm; Lucas Fm (Detroit 

River Gp) Devonian 17 

Amherstburg 
Quarry* 

04DKA-
028 327464 4662533 -83.08641052 42.09592438 Detroit River Gp: Lucas Fm, 

Amherstburg Fm Devonian 17 

Welland Tunnel* 04DKA-
008 644994 4757938 -79.22228241 42.960289 Salina Fm Silurian 17 

Dundas Quarry* 04DKA-
033 580898 4796028 -80.00241852 43.31274033 Guelph Fm; Eramosa Mb (Lockport 

Fm) Silurian 17 

Niagara Gorge - 
Art Park, 
Lewiston, NY* 

04DKA-
035 

658963 
to 

659399 

4780692 
to 

4778954 

-79.04460144 
to  

-79.03974152 

43.16228104 
to 

43.14654922 

Lockport Fm: Goat Island Mb, 
Gasport Mb; Decew Fm; Rochester 
Fm; Irondequoit Fm; Reynales Fm; 
Neahga Fm; Thorold Fm; Grimsby 
Fm; Cabot Head Fm; Whirlpool 
Fm; Queenston Fm (Ordovician) 

Silurian, 
Ordovician 17 

East Meaford 
Creek, Meaford* 

01DKA-
019 535090 4937371 -80.55792999 44.58882904 Georgian Bay Fm; Blue Mountain 

Fm Ordovician 17 

Bowmanville 
Quarry* 

04DKA-
039 685450 4861760 -78.6913681 43.88562393 Lindsay Fm: Collingwood Mb, 

lower mb (Cobourg) Ordovician 17 

Picton Quarry, 
Prince Edward 
County* 

04DKA-
018 329310 4879890 -77.13084412 44.05230713 Lindsay (Cobourg) Fm; Verulam 

(Sherman Fall) Fm Ordovician 18 

Brechin (Lafarge) 
Quarry, Brechin* 

04DKA-
025 647100 4932700 -79.14860535 44.53262329 

Verulam (Sherman Fall) Fm; 
Bobcaygeon (Kirkfield and 
Coboconk Fms); Gull River Fm 

Ordovician 17 

Marmoraton Iron 
Mine, Marmora* 

04DKA-
019 288934 4928300 -77.65393829 44.47717667 

Bobcaygeon (Coboconk?) Fm; Gull 
River Fm; Shadow Lake Fm; 
Precambrian 

Ordovician 18 
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Woodstock 
Quarry 

04DKA-
004 507886 4771819 -80.9031 43.09905 Detroit River Gp: Lucas Fm, 

Amherstburg Fm Devonian 17 

Ridgemount 
Quarry north 

04DKA-
005 662106 4753965 -79.0137 42.92108 Bois Blanc Fm; Bertie Fm Devonian, 

Silurian 17 

Ridgemount 
Quarry south 

04DKA-
006 662766 4753372 -79.0058 42.9156 Onondaga Fm; Bois Blanc Fm; 

Bertie Fm 
Devonian, 
Silurian 17 

Cayuga Quarry 04DKA-
007 586931 4755421 -79.9344 42.94647 Bois Blanc Fm; Oriskany Fm; Bass 

Islands Fm; Bertie Fm 
Devonian, 
Silurian 17 

Beachville 
Quarry 

04DKA-
009 510340 4768230 -80.873 43.0667 Detroit River Gp: Lucas Fm Devonian 17 

Beachville/Global 
Stone Quarry 

04DKA-
011 510625 4767228 -80.8695 43.05768 Detroit River Gp: Lucas Fm Devonian 17 

Abbey Dawn 
Road - Kingston 

04DKA-
012 389531 4902328 -76.3841 44.26581 Shadow Lake Fm, Precambrian Ordovician, 

Precambrian 18 

Sloan Quarry 
(Joyceville) 

04DKA-
016 868800 4922400 -70.372 44.36104 Nepean Fm Cambrian 18 

Kirkfield south 
road cut 

04DKA-
021 662870 4929580 -78.9512 44.50116 Verulam Fm (Sherman Fall) Ordovician 17 

Norfolk Quarry 04DKA-
037 565800 4740300 -80.1952 42.81243 Dundee Fm Devonian 17 
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Table A5-2. List of reference outcrop photographs (photograph files in MRD 204). 
 Photograph File Name (.jpg) Age Formation Station # Description Location 

DEV ARK 04DKA001 
IMGP0009 Devonian Arkona (Hamilton Gp) 04DKA001 typical shale lithology Rock Glen CA 

DEV HUN 04DKA001 
IMGP0011 Devonian Hungry Hollow 

(Hamilton Gp) 04DKA001 large burrow on base of limestone bed Rock Glen CA 

DEV HUN 04DKA001 
IMGP0012 Devonian Hungry Hollow 

(Hamilton Gp) 04DKA001 corals on top of limestone bed Rock Glen CA 

DEV WID 04DKA001 
IMGP0015 Devonian Widder (Hamilton Gp) 04DKA001 limestone bed and shale near top of 

formation Rock Glen CA 

DEV WID 04DKA001 
IMGP0016 Devonian Widder (Hamilton Gp) 04DKA001 nodular limestone in shale near top of 

formation Rock Glen CA 

DEV WID 04DKA001 
IMGP0017 Devonian Widder (Hamilton Gp) 04DKA001 limestone nodules Rock Glen CA 

DEV HUN 04DKA001 
IMGP0020 Devonian Hungry Hollow 

(Hamilton Gp) 04DKA001 lower falls formed by limestone beds of 
Hungry Hollow Rock Glen CA 

DEV HUN 04DKA001 
IMGP0025 Devonian Widder (Hamilton Gp) 04DKA001 crinoidal limestone near top of 

formation Rock Glen CA 

DEV WID 04DKA001 
IMGP0028 Devonian Widder (Hamilton Gp) 04DKA001 main/upper waterfall over limestones 

and shales Rock Glen CA 

DEV WID 04DKA001 
IMGP0032 Devonian Widder (Hamilton Gp) 04DKA001 main/upper waterfall over limestones 

and shales Rock Glen CA 

DEV DUN_LUC 04DKA026 
IMGP0053 Devonian Dundee / Lucas 04DKA026 northwest quarry wall (view to west); 

hammer (circled) at formation contact. St. Marys Quarry 

DEV DUN_LUC 04DKA026 
IMGP0056 Devonian Dundee / Lucas 04DKA026 Dundee-Lucas contact; hammer at 

contact St. Marys Quarry 

DEV DUN 04DKA026 
IMGP0059 Devonian Dundee  04DKA026 oil staining in fossiliferous bed in 

Dundee Fm St. Marys Quarry 

DEV DUN 04DKA026 
IMGP0067 Devonian Dundee 04DKA026 oil staining on fracture surface and in 

fossiliferous bed St. Marys Quarry 

DEV DUN_LUC 04DKA026 
IMGP0074 Devonian Dundee / Lucas 04DKA026 

quarry face near ramp at east end; top 
of Lucas Fm approx. 10 cm above rust 
line. 

St. Marys Quarry 

DEV DUN_LUC 04DKA026 
IMGP0076 Devonian Dundee / Lucas 04DKA026 uppermost Lucas in contact with 

overlying Dundee (arrow) St. Marys Quarry 
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 Photograph File Name (.jpg) Age Formation Station # Description Location 
DEV DUN_LUC 04DKA026 
IMGP0077 Devonian Dundee / Lucas 04DKA026 Dundee-Lucas contact (arrow) St. Marys Quarry 

DEV LUC 04DKA026 
IMGP0079 Devonian Lucas 04DKA026 stromatolitic laminae in upper Lucas St. Marys Quarry 

DEV LUC 04DKA026 
IMGP0080 Devonian Lucas 04DKA026 laminated upper Lucas St. Marys Quarry 

DEV DUN_LUC 04DKA026 
IMGP82 Devonian Dundee / Lucas 04DKA026 undulatory nature of upper contact with 

Dundee Fm St. Marys Quarry 

SIL SAL 04DKA008 IMGP1884  Silurian Salina 04DKA008 view to west of outcrop in railway cut 
east of tunnel beneath Welland Canal Welland Tunnel 

SIL SAL 04DKA008 IMGP1886 Silurian Salina 04DKA008 view to southwest of outcrop on south 
side of railway Welland Tunnel 

SIL SAL 04DKA008 IMGP1888 Silurian Salina 04DKA008 close up of photo #1886; alternating 
dolostone and gypsiferous shale Welland Tunnel 

SIL SAL 04DKA008 IMGP1893 Silurian Salina 04DKA008 
Salina Fm; alternating laminated to 
thin-bedded dolostone and shales with 
large gypsum nodules 

Welland Tunnel 

SIL SAL 04DKA008 IMGP1897 Silurian Salina 04DKA008 shale and shaly dolostone Welland Tunnel 

SIL SAL 04DKA008 IMGP1898 Silurian Salina 04DKA008 large gypsum nodules in shaly beds Welland Tunnel 

ORD LIN_VER 04DKA018 
IMGP2386  Ordovician Lindsay (Cobourg) / 

Verulam (Sherman Fall) 04DKA018 general view to north of quarry (note 3 
benches) Picton Quarry 

ORD LIN_VER 04DKA018 
IMGP2388 Ordovician Lindsay (Cobourg) / 

Verulam (Sherman Fall) 04DKA018 closer view of 3 benches forming north 
wall Picton Quarry 

ORD LIN 04DKA018 IMGP2389 Ordovician Lindsay  (Cobourg) 04DKA018 typical Lindsay Fm near top of south 
wall (beside ramp) Picton Quarry 

ORD LIN_VER 04DKA018 
IMGP6103 Ordovician Lindsay (Cobourg) / 

Verulam (Sherman Fall) 04DKA018 Lindsay-Verulam contact above shale 
bed (arrow); top bench Picton Quarry 

ORD LIN_VER 04DKA018 
IMGP6109 Ordovician Lindsay (Cobourg) / 

Verulam (Sherman Fall) 04DKA018 upper bench south wall; Lindsay-
Verulam contact at arrow; top bench Picton Quarry 

ORD VER 04DKA018 
IMGP6098 Ordovician Verulam (Sherman Fall) 04DKA018 intraclastic grain-rudstone, upper 

Verulam Fm; top of middle bench Picton Quarry 
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 Photograph File Name (.jpg) Age Formation Station # Description Location 
ORD VER 04DKA018 
IMGP2401 Ordovician Verulam (Sherman Fall) 04DKA018 sub-vertical ultramafic dike in west 

corner of quarry (view to north) Picton Quarry 

ORD LIN_VER 04DKA018 
IMGP2402 Ordovician Lindsay (Cobourg) / 

Verulam (Sherman Fall) 04DKA018 south wall of quarry; view to southeast 
up ramps from near top of lowest bench Picton Quarry 

ORD LIN_VER 04DKA018 
IMGP2405 Ordovician Lindsay (Cobourg) / 

Verulam (Sherman Fall) 04DKA018 sub-vertical ultramafic dike in south 
wall of quarry (view to south) Picton Quarry 

ORD VER 04DKA018 
IMGP2406 Ordovician Verulam (Sherman Fall) 04DKA018 

close-up of ultramafic dike in contact 
with Verulam Fm; near top of lowest 
bench 

Picton Quarry 

ORD VER 04DKA018 
IMGP2408 Ordovician Verulam (Sherman Fall) 04DKA018 lower Verulam Fm; near base of lowest 

bench.  Picton Quarry 

ORD VER 04DKA018 
IMGP2411 Ordovician Verulam (Sherman Fall) 04DKA018 typical lower member, Verulam Fm; 

lowest bench Picton Quarry 

ORD VER 04DKA018 
IMGP2414 Ordovician Verulam (Sherman Fall) 04DKA018 lower Verulam Fm; top of lowest 

bench.  Picton Quarry 

ORD VER 04DKA018 
IMGP6090 Ordovician Verulam (Sherman Fall) 04DKA018 upper (top 2.5 m) and lower Verulam 

Fm; top of middle bench.  Picton Quarry 

ORD_PRE BOB_TO_PRE 
04DKA019 IMGP2423  

Ordovician / 
Precambrian 

Bobcaygeon 
(Coboconk) / Gull 

River / Shadow Lake / 
Precambrian 

04DKA019 east wall of open pit mine Marmoraton Iron 
Mine 

ORD_PRE BOB_TO_PRE 
04DKA019 IMGP2424 

Ordovician / 
Precambrian 

Bobcaygeon 
(Coboconk) / Gull 

River / Shadow Lake / 
Precambrian 

04DKA019 west wall of open pit mine Marmoraton Iron 
Mine 

ORD_PRE BOB_TO_PRE 
04DKA019 IMGP2425 

Ordovician / 
Precambrian 

Bobcaygeon 
(Coboconk) / Gull 

River / Shadow Lake / 
Precambrian 

04DKA019 west wall of open pit mine, south of 
#2424 

Marmoraton Iron 
Mine 

ORD_PRE GUL_SHA_PRE 
04DKA019 IMGP2426 

Ordovician / 
Precambrian 

Gull River / Shadow 
Lake / Precambrian 04DKA019 south wall of open pit, east side Marmoraton Iron 

Mine 
ORD_PRE GUL_SHA_PRE 
04DKA019 IMGP2427 

Ordovician / 
Precambrian 

Gull River / Shadow 
Lake / Precambrian 04DKA019 south wall of open pit, west side Marmoraton Iron 

Mine 
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 Photograph File Name (.jpg) Age Formation Station # Description Location 

ORD_PRE GUL_SHA_PRE 
04DKA019 IMGP2428 

Ordovician / 
Precambrian 

Gull River / Shadow 
Lake / Precambrian 04DKA019 

southwest corner of open pit; location 
of measured section; SL = Shadow 
Lake, P = Precambrian 

Marmoraton Iron 
Mine 

ORD_PRE GUL_SHA_PRE 
04DKA019 IMGP2429 

Ordovician / 
Precambrian 

Gull River / Shadow 
Lake / Precambrian 04DKA019 lower 2 benches in southwest corner of 

open pit 
Marmoraton Iron 

Mine 

ORD_PRE SHA_PRE 04DKA019 
IMGP2431 

Ordovician / 
Precambrian 

Shadow Lake / 
Precambrian 04DKA019 

Shadow Lake Fm sandstones and 
shales overlying irregular Precambrian 
surface 

Marmoraton Iron 
Mine 

ORD SHA 04DKA019 
IMGP2432 Ordovician Shadow Lake  04DKA019 pebbly, sandy shale of Shadow Lake 

Fm 
Marmoraton Iron 

Mine 

ORD SHA 04DKA019 
IMGP2436 Ordovician Shadow Lake  04DKA019 

green argillaceous sandstone with 
pebbles over red shale; Shadow Lake 
Fm 

Marmoraton Iron 
Mine 

ORD GUL_SHA 04DKA019 
IMGP2444 Ordovician Gull River / Shadow 

Lake 04DKA019 
upper part of 2nd bench; Gull 
River/Shadow Lake contact near top 
(arrow); 3rd bench in background 

Marmoraton Iron 
Mine 

ORD GUL_SHA 04DKA019 
IMGP2446 Ordovician Gull River / Shadow 

Lake 04DKA019 
basal beds of lower Gull River; contact 
with Shadow Lake Fm approx. 15 cm 
below hammer (at arrow). 

Marmoraton Iron 
Mine 

ORD GUL 04DKA019 
IMGP2447 Ordovician Gull River 04DKA019 laminated dolostone (above hammer 

handle in #2446); lower Gull River 
Marmoraton Iron 

Mine 

ORD_PRE BOB_TO_PRE 
04DKA019 IMGP2450 

Ordovician / 
Precambrian 

Bobcaygeon 
(Coboconk) / Gull 

River / Shadow Lake / 
Precambrian 

04DKA019 northeast wall of open pit; note drape 
over Precambrian high 

Marmoraton Iron 
Mine 

ORD_PRE GUL_SHA_PRE 
04DKA019 IMGP 2451 

Ordovician / 
Precambrian 

Gull River / Shadow 
Lake /  Precambrian 04DKA019 southeast wall of open pit Marmoraton Iron 

Mine 
ORD GUL 04DKA019 
IMGP2453 Ordovician Gull River 04DKA019 lower Gull River Fm, near base of third 

bench 
Marmoraton Iron 

Mine 
ORD GUL 04DKA019 
IMGP2458 Ordovician Gull River 04DKA019 middle Gull River Fm; near top of third 

bench, south wall; (hammer circled).  
Marmoraton Iron 

Mine 
ORD GUL_SHA 04DKA019 
IMGP2460 Ordovician Gull River / Shadow 

Lake 04DKA019 Gull River-Shadow Lake contact, at 
hammer (circled) head and arrow. 

Marmoraton Iron 
Mine 
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 Photograph File Name (.jpg) Age Formation Station # Description Location 
ORD SHA 04DKA019 
IMGP2466 Ordovician Shadow Lake 04DKA019 large vertical burrows in shadow Lake 

sandstone 
Marmoraton Iron 

Mine 
ORD COB 04DKA025 
IMGP2514 Ordovician Coboconk 04DKA025 bioturbated, semi-nodular limestone 

with calcarenite beds; Coboconk Fm Brechin Quarry 

ORD COB 04DKA025 
IMGP2515 Ordovician Coboconk 04DKA025 close-up of bioclastic calcarenite bed 

under hammer in #2524; Coboconk Fm Brechin Quarry 

ORD SHE_TO_GUL 04DKA025 
IMGP2516 Ordovician 

Sherman Fall / 
Kirkfield /  Coboconk / 

Gull River 
04DKA025 

east wall of quarry; lower bench = Gull 
River, Coboconk and lower Kirkfield; 
upper bench = Kirkfield and Sherman 
Fall(?) 

Brechin Quarry 

ORD KIR_COB 04DKA025 
IMGP2519 Ordovician Kirkfield / Coboconk 04DKA025 

close-up of top of lower bench in 
#2516; Kirkfield-Coboconk contact at 
base of thinly interbedded limestone 
and shale, approx. 4 m below top of 
bench (arrow) 

Brechin Quarry 

ORD KIR 04DKA025 IMGP2520 Ordovician Kirkfield 04DKA025 typical lower Kirkfield Fm; limestone 
storm beds and thin shale interbeds Brechin Quarry 

ORD SHE_TO_GUL 04DKA025 
IMGP2528 Ordovician 

Sherman Fall / 
Kirkfield /  Coboconk / 

Gull River 
04DKA025 

east wall of quarry; multiple bench 
levels; Sherman Fall Fm is uppermost 2 
to 3 m at top left 

Brechin Quarry 

ORD KIR 04DKA025 IMGP2529 Ordovician Kirkfield 04DKA025 black chert nodules in Kirkfield, 
approx. 15 cm below hammer head Brechin Quarry 

ORD KIR 04DKA025 IMGP2530 Ordovician Kirkfield 04DKA025 cross-stratified (HCS) limestone in 
Kirkfield Fm Brechin Quarry 

ORD KIR_COB_GUL 
04DKA025 IMGP2532 Ordovician Kirkfield / Coboconk / 

Gull River 04DKA025 

lower bench in east wall; K-bentonite 
bed (Deicke?) indicated by arrow; 
formational contacts indicated with 
white lines 

Brechin Quarry 

ORD COB_GUL 04DKA025 
FRB-5BRECHIN04 Ordovician Coboconk / Gull River 04DKA025 

Coboconk-Gull River contact (arrows); 
hammer head (circled) at K-bentonite 
bed (Deicke?) 

Brechin Quarry 

ORD KIR 04DKA025 FRB-
8Brechin04 Ordovician Kirkfield 04DKA025 typical Kirkfield; upper bench Brechin Quarry 

DEV AMH 04DKA028 
IMGP2922 Devonian Amherstburg 04DKA028 abundant planar stromatoporoids in 

Amherstburg Fm; lowest beds in quarry 
Amherstburg 

Quarry 
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 Photograph File Name (.jpg) Age Formation Station # Description Location 
DEV LUC_AMH 04DKA028 
IMGP2929 Devonian Lucas / Amherstburg 04DKA028 contact approx 1.5 m above top of 

measuring rod (at arrow). 
Amherstburg 

Quarry 

DEV LUC_AMH 04DKA028 
IMGP2932 Devonian Lucas / Amherstburg 04DKA028 

contact (arrow) between lighter Lucas 
and darker underlying Amherstburg 
strata; lowest bench, north wall 

Amherstburg 
Quarry 

DEV LUC 04DKA028 
IMGP2937 Devonian Lucas 04DKA028 large celestite crystals in stromatolitic 

bed 
Amherstburg 

Quarry 
DEV LUC_AMH 04DKA028 
IMGP2940 Devonian Lucas / Amherstburg 04DKA028 view to north of whole 1st bench; 

formational contact at arrow 
Amherstburg 

Quarry 
DEV LUC 04DKA028 
IMGP2944 Devonian Lucas 04DKA028 view to north of whole 2nd bench Amherstburg 

Quarry 

DEV LUC_AMH 04DKA028 
IMGP2952 Devonian Lucas / Amherstburg 04DKA028 

view of whole north face (3 benches); 
contact (arrow) at 4.25 m above base of 
1st bench 

Amherstburg 
Quarry 

DEV LUC 04DKA028 
IMGP2959 Devonian Lucas 04DKA028 

close-up of 2nd bench strata; thick, 
vuggy, massive to laminated dolomitic 
beds 

Amherstburg 
Quarry 

DEV LUC 04DKA028 
IMGP2962 Devonian Lucas 04DKA028 evaporite mineral "hash" layer, overlain 

by stromatolitic bed 
Amherstburg 

Quarry 
DEV LUC 04DKA028 
IMGP2973 Devonian Lucas 04DKA028 3rd bench (except topmost beds) Amherstburg 

Quarry 
DEV LUC 04DKA028 
IMGP2977 Devonian Lucas 04DKA028 thick beds near top of 3rd bench (in top 

of #2973) 
Amherstburg 

Quarry 
DEV LUC 04DKA028 
IMGP2984 Devonian Lucas 04DKA028 stromatoporoids and amphipora grain-

rudstone in uppermost beds of quarry 
Amherstburg 

Quarry 
DEV LUC 04DKA028 
IMGP2986 Devonian Lucas 04DKA028 uppermost beds in quarry, north wall Amherstburg 

Quarry 

DEV LUC 04DKA028 
IMGP2989 Devonian Lucas 04DKA028 

overturned stromatoporoid in bio-
intraclastic grain-rudstone, uppermost 
beds 

Amherstburg 
Quarry 

SIL GUE_ERA 04DKA033 
IMGP3211 Silurian Guelph / Eramosa 04DKA033 2 benches in south wall (of 

northernmost quarry) Dundas Quarry 

SIL ERA 04DKA033 IMGP3214 Silurian Eramosa 04DKA033 lower bench; Eramosa Member Dundas Quarry 
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 Photograph File Name (.jpg) Age Formation Station # Description Location 

SIL ERA 04DKA033 IMGP3216 Silurian Eramosa 04DKA033 
gypsum (white) nodules and galena 
("Gal") fracture coatings; Eramosa; 
near base of quarry 

Dundas Quarry 

SIL GUE_ERA 04DKA033 
IMGP3244 Silurian Guelph / Eramosa 04DKA033 

upper bench; Guelph (topmost 1 m) and 
Eramosa (remainder of bench); contact 
at arrow. 

Dundas Quarry 

SIL ERA 04DKA033 IMGP3248 Silurian Eramosa 04DKA033 irregular banded dolostone; Eramosa; 
2nd bench Dundas Quarry 

SIL ERA 04DKA033 IMGP3249 Silurian Eramosa 04DKA033 stromatoporoid-rich bed in Eramosa 
(near base of 2nd bench) Dundas Quarry 

SIL ERA 04DKA033 IMGP3252 Silurian Eramosa 04DKA033 cross-bedded grainstone over 
hardground; Eramosa (2nd bench) Dundas Quarry 

SIL GUE_ERA 04DKA033 
IMGP3254 Silurian Guelph / Eramosa 04DKA033 Guelph-Eramosa contact at base of 

measuring rod Dundas Quarry 

SIL_ORD WHI_QUE 04DKA035 
IMGP3332 

Silurian/ 
Ordovician Whirlpool / Queenston 04DKA035 

Whirlpool sandstone overlying red 
shale of Queenston Fm; north end of 
section 

Niagara Gorge 
(Art Park, NY) 

SIL_ORD WHI_QUE 04DKA035 
IMGP3334 

Silurian/ 
Ordovician Whirlpool / Queenston 04DKA035 

Whirlpool and Queenston fm's; closer 
than #3332; note thin green beds in 
Queenston 

Niagara Gorge 
(Art Park, NY) 

SIL WHI 04DKA035 IMGP3337 Silurian Whirlpool 04DKA035 cross-bedded sandstone; Whirlpool Fm Niagara Gorge 
(Art Park, NY) 

SIL THO_GRI_CAB 04DKA035 
IMGP3339 Silurian Thorold / Grimsby / 

Cabot Head 04DKA035 Cabot Head, Grimsby and Thorold fm's Niagara Gorge 
(Art Park, NY) 

SIL IRO_TO_CAB 04DKA035 
IMGP3371 Silurian 

Irondequoit / Reynales / 
Neahga / Thorold / 

Grimsby / Cabot Head 
04DKA035 

CH = Cabot Head; Gr = Grimsby; Th = 
Thorold; N = Neahga; Rl = lower 
Reynales; Ru = upper Reynales; Ir = 
Irondequoit; note large channel in 
Grimsby sandstone. 

Niagara Gorge 
(Art Park, NY) 

SIL THO 04DKA035 IMGP3380 Silurian Thorold 04DKA035 
cross-bedding in lower Thorold 
sandstone, approx. 30 cm above base of 
formation 

Niagara Gorge 
(Art Park, NY) 
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 Photograph File Name (.jpg) Age Formation Station # Description Location 

SIL REY 04DKA035 IMGP3385 Silurian Reynales 04DKA035 

close up of lower Reynales Fm, 
showing upper contact with upper 
Reynales (arrow) and lower contact 
with Neahga shale. 

Niagara Gorge 
(Art Park, NY) 

SIL NEA_REY_IRO 04DKA035 
IMGP3394 Silurian Neahga / Reynales / 

Irondequoit 04DKA035 

N = Neahga; Rl = lower Reynales; Ru 
= upper Reynales; Ir = Irondequoit; 
section just south of Queenston-
Lewiston Bridge 

Niagara Gorge 
(Art Park, NY) 

SIL IRO 04DKA035 IMGP3398 Silurian Irondequoit  04DKA035 Irondequoit Fm grainstones Niagara Gorge 
(Art Park, NY) 

SIL IRO 04DKA035 IMGP3399 Silurian Irondequoit  04DKA035 
close up of crinoidal grainstone 
(hammer in same location as in #3398), 
Irondequoit Fm 

Niagara Gorge 
(Art Park, NY) 

SIL LOC_DEC_ROC 04DKA035 
IMGP3402 Silurian Lockport / Decew / 

Rochester 04DKA035 section from Rochester shales up to 
Lockport carbonates 

Niagara Gorge 
(Art Park, NY) 

SIL ROC 04DKA035 IMGP3408 Silurian Rochester 04DKA035 close up of typical Rochester shale, 
with limestone interbeds 

Niagara Gorge 
(Art Park, NY) 

SIL ROC_IRO 04DKA035 
IMGP3415 Silurian Rochester / Irondequoit 04DKA035 

small bryozoan-dominated bioherm 
developed on the top of the Irondequoit 
Fm 

Niagara Gorge 
(Art Park, NY) 

SIL LOC_DEC_ROC 04DKA035 
IMGP3421 Silurian Lockport / Decew / 

Rochester 04DKA035 

Ro = Rochester; De = Decew; Lo = 
Lockport; argillaceous carbonates of 
Decew Fm; thick beds at base of 
Lockport are probably Gasport Mb 
grainstones. 

Niagara Gorge 
(Art Park, NY) 

SIL_ORD LOC_TO_QUE 
04DKA035 IMGP3432 

Silurian / 
Ordovician 

Lockport / Decew / 
Rochester / Irondequoit 
/ Reynales / Neahga  / 
Thorold / Grimsby / 

Cabot Head / Whirlpool 
/ Queenston 

04DKA035 

view to northeast of Art Park section 
from Queenston-Lewiston Bridge; only 
thin caprock of Lockport is preserved 
here at the north end of the Niagara 
Gorge. 

Niagara Gorge 
(Art Park, NY) 

ORD COL_LIN 04DKA038 
IMGP3756 Ordovician 

Lindsay (Collingwood 
and lower mbs) 

(Collingwood and 
Cobourg) 

04DKA038 north wall of quarry; 4 benches Bowmanville 
Quarry 
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 Photograph File Name (.jpg) Age Formation Station # Description Location 

ORD COL_LIN 04DKA038 
IMGP3757 Ordovician 

Lindsay (Collingwood 
and lower mbs) 

(Collingwood and 
Cobourg) 

04DKA038 north wall of quarry, northwest corner; 
primary crushed is at top left 

Bowmanville 
Quarry 

ORD LIN 04DKA038 IMGP3764 Ordovician Lindsay (lower mb) 
(Cobourg) 04DKA038 1st bench (lowest) Bowmanville 

Quarry 

ORD LIN 04DKA038 IMGP3767 Ordovician Lindsay (lower mb) 
(Cobourg) 04DKA038 closer view of 1st bench; nodular 

limestone with planar storm beds 
Bowmanville 

Quarry 

ORD LIN 04DKA038 IMGP3768 Ordovician Lindsay (lower mb) 
(Cobourg) 04DKA038 nodular limestone typical of 1st bench Bowmanville 

Quarry 

ORD LIN 04DKA038 IMGP3775 Ordovician Lindsay (lower mb) 
(Cobourg) 04DKA038 interbedded limestone and shale; near 

top of 1st bench 
Bowmanville 

Quarry 

ORD LIN 04DKA038 IMGP3778 Ordovician Lindsay (lower mb) 
(Cobourg) 04DKA038 2nd bench Bowmanville 

Quarry 

ORD LIN 04DKA038 IMGP3784 Ordovician Lindsay (lower mb) 
(Cobourg) 04DKA038 interbedded dark grey lime mudstone 

and calcarenite; 2nd bench 
Bowmanville 

Quarry 

ORD LIN 04DKA038 IMGP3786 Ordovician Lindsay (lower mb) 
(Cobourg) 04DKA038 closer view of upper half of 2nd bench Bowmanville 

Quarry 

ORD LIN 04DKA038 IMGP3790 Ordovician Lindsay (lower mb) 
(Cobourg) 04DKA038 3rd bench Bowmanville 

Quarry 

ORD COL_LIN 04DKA038 
IMGP3807 Ordovician 

Lindsay (Collingwood 
and lower mbs) 

(Collingwood and 
Cobourg) 

04DKA038 

contact (arrow) between Collingwood 
(upper) Member and lower member of 
the Lindsay Fm at base of measuring 
stick; 4th bench, northwest corner of 
quarry. 

Bowmanville 
Quarry 

ORD COL_LIN 04DKA038 
IMGP3810 Ordovician 

Lindsay (Collingwood 
and lower mbs) 

(Collingwood and 
Cobourg) 

04DKA038 

contact between Collingwood (upper) 
Member and lower member of the 
Lindsay Fm (at hammer head); 4th 
bench, northwest corner of quarry. 

Bowmanville 
Quarry 

ORD LIN 04DKA038 IMGP3812 Ordovician Lindsay (lower mb) 04DKA038 argillaceous, nodular limestone near 
top of Lindsay Fm, lower mb; bench 4 

Bowmanville 
Quarry 
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ORD COL_LIN 04DKA038 
IMGP3819 Ordovician 

Lindsay (Collingwood 
and lower mbs) 

(Collingwood and 
Cobourg) 

04DKA038 

contact between Collingwood (upper) 
Member and lower member of the 
Lindsay Fm (arrows); 4th bench, 
northwest corner of quarry. 

Bowmanville 
Quarry 

ORD COL 04DKA038 
IMGP3828 Ordovician Lindsay (Collingwood 

Mb) 04DKA038 
typical appearance of Collingwood Mb; 
planar bedded, fissile; near top of 4th 
bench  

Bowmanville 
Quarry 

ORD LIN 04DKA038 IMGP3840 Ordovician Lindsay (lower mb) 
(Cobourg) 04DKA038 lower member; near top of bench 3 Bowmanville 

Quarry 
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Table A5-3. List of non-reference outcrop photographs (photograph files in MRD 204). 

 Photograph File Name 
(.jpg) Age Formation Station # Description Location 

DEV LUC 04DKA004 
IMGP1412 Devonian Lucas 04DKA004 upper bench, north wall 

Zorra 
(Woodstock) 

Quarry 

DEV LUC 04DKA004 
IMGP1415 Devonian Lucas 04DKA004 

interbedded lime mudstone and amphipora-
stromatoporoid grain/rudstone; lower part of upper 
bench 

Zorra 
(Woodstock) 

Quarry 

DEV LUC 04DKA004 
IMGP1417 Devonian Lucas 04DKA004 stromatoporoids 

Zorra 
(Woodstock) 

Quarry 

DEV LUC 04DKA004 
IMGP1423 Devonian Lucas 04DKA004 amphipora grainstone in stylolitic contact with lime 

mudstone 

Zorra 
(Woodstock) 

Quarry 

DEV LUC_AMH 
04DKA004 IMGP1434 Devonian Lucas / 

Amherstburg 04DKA004 
east side of quarry; 2 main benches; Lucas-
Amherstburg contact near base of tan beds at top of 
lower bench (arrow) 

Zorra 
(Woodstock) 

Quarry 

DEV AMH 04DKA004 
IMGP1438 Devonian Amherstburg 04DKA004 very cherty limestones near base of lower bench 

Zorra 
(Woodstock) 

Quarry 

DEV LUC_AMH 
04DKA004 IMGP1442 Devonian Lucas/ 

Amherstburg 04DKA004 
southeast corner of quarry; 3 benches; Lucas-
Amherstburg contact near base of tan beds at top of 
2nd bench (arrow) 

Zorra 
(Woodstock) 

Quarry 

DEV AMH 04DKA004 
IMGP1443 Devonian Amherstburg 04DKA004 very cherty limestones, middle of lower bench 

Zorra 
(Woodstock) 

Quarry 

DEV AMH 04DKA004 
IMGP1455 Devonian Amherstburg 04DKA004 abundant rugose corals; towards top of lowest bench 

Zorra 
(Woodstock) 

Quarry 

DEV AMH 04DKA004 
IMGP1459 Devonian Amherstburg 04DKA004 abundant chert 

Zorra 
(Woodstock) 

Quarry 

DEV AMH 04DKA004 
IMGP1475 Devonian Amherstburg 04DKA004 

fossiliferous limestone; note very large white corals 
(and stromatoporoid?); middle bench on south side of 
quarry; Lucas-Amherstburg contact near top. 

Zorra 
(Woodstock) 

Quarry 
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(.jpg) Age Formation Station # Description Location 

DEV AMH 04DKA004 
IMGP1476 Devonian Amherstburg 04DKA004 abundant stromatoporoids and corals 

Zorra 
(Woodstock) 

Quarry 

DEV AMH 04DKA004 
IMGP1484 Devonian Amherstburg 04DKA004 very large tabulate coral (block from middle bench) 

Zorra 
(Woodstock) 

Quarry 

DEV AMH 04DKA004 
IMGP2765 Devonian Amherstburg 04DKA004 abundant stromatoporoids in uppermost Amherstburg 

(lower part of #2766). 

Zorra 
(Woodstock) 

Quarry 

DEV LUC_AMH 
04DKA004 IMGP2766 Devonian Lucas / 

Amherstburg 04DKA004 

Lucas-Amherstburg contact between arrows; near top 
of main lower bench in #1434, on northeast side of 
quarry (middle ramp) (hammer in same location as 
#2765) 

Zorra 
(Woodstock) 

Quarry 

DEV_SIL BOI_BER 
04DKA005 IMGP1790 

Devonian / 
Silurian 

Bois Blanc / 
Bertie 04DKA005 

west end of quarry, north wall; Devonian Bois Blanc 
(BB) Fm, unconformably (arrows) overlying Silurian 
Bertie Fm; Bertie members (A = Akron, W = 
Williamsville, S = Scajaquada, F = Falkirk) and 
contacts (white lines) are highlighted. 

Ridgemount 
North Quarry 

SIL BER 04DKA005 
IMGP1795 Silurian Bertie 04DKA005 Williamsville and Scajaquada members; contact at 

hammer head. 
Ridgemount 
North Quarry 

DEV_SIL BOI_BER 
04DKA005 IMGP1822 

Devonian / 
Silurian 

Bois Blanc / 
Bertie 04DKA005 

Devonian-Silurian unconformity (arrows) with 
abundant glauconite (green) and paleokarst with 
breccia in-fill, beneath unconformity. 

Ridgemount 
North Quarry 

DEV_SIL BOI_BER 
04DKA005 IMGP1826 

Devonian / 
Silurian 

Bois Blanc / 
Bertie 04DKA005 basal Bois Blanc Fm (BB) overlying (arrows) 

glauconite-coated top of Bertie Fm (Be). 
Ridgemount 
North Quarry 

DEV BOI 04DKA005 
IMGP1828 Devonian Bois Blanc   04DKA005 typical Bois Blanc Fm; semi-nodular, chert-rich 

limestone 
Ridgemount 
North Quarry 

SIL BER 04DKA005 
IMGP1829 Silurian Bertie 04DKA005 

sump section; shaly Scajaquada Member sharply 
overlying the algal-laminated dolostones of the 
Falkirk Member 

Ridgemount 
North Quarry 

SIL BER 04DKA005 
IMGP1835 Silurian Bertie 04DKA005 close up of Scajaquada-Falkirk contact (based of 

measuring rod) 
Ridgemount 
North Quarry 
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 Photograph File Name 
(.jpg) Age Formation Station # Description Location 

DEV_SIL BOI_BER 
04DKA006 IMGP1848 

Devonian / 
Silurian 

Bois Blanc / 
Bertie 04DKA006 

close up of Bois Blanc - Bertie (Akron Mb) contact, at 
base of measuring rod; base of section in northwest 
corner of quarry 

Ridgemount 
South Quarry 

DEV_SIL ONO_BOI_BER 
04DKA006 IMGP1850 

Devonian / 
Silurian 

Onondaga / 
Bois Blanc / 

Bertie 
04DKA006 section in northwest corner of quarry Ridgemount 

South Quarry 

DEV ONO_BOI 04DKA006 
IMGP 1858 Devonian Onondaga / 

Bois Blanc 04DKA006 
bioherm in lower Onondaga Fm (On); contact with 
underlying Bois Blanc Fm (BB) is indicated with 
arrow; middle of north wall 

Ridgemount 
South Quarry 

DEV ONO 04DKA006 
IMGP1861 Devonian Onondaga 04DKA006 abundant corals in small bioherm in lower Onondaga 

Fm 
Ridgemount 
South Quarry 

DEV ONO 04DKA006 
IMGP1873 Devonian Onondaga 04DKA006 upper Onondaga Fm; north wall, near northeast corner Ridgemount 

South Quarry 
DEV ONO 04DKA006 
IMGP1874 Devonian Onondaga 04DKA006 small corals in black chert; upper Onondaga Fm Ridgemount 

South Quarry 
DEV ONO 04DKA006 
IMGP1875 Devonian Onondaga 04DKA006 typical, semi-nodular, cherty limestone of non-

biohermal Onondaga, approx. 1 m above base.  
Ridgemount 
South Quarry 

DEV ONO 04DKA006 
IMGP1876 Devonian Onondaga 04DKA006 basal bed of Onondaga Fm; grainstone with 

lithoclasts. 
Ridgemount 
South Quarry 

DEV ONO_BOI 04DKA006 
IMGP1880 Devonian Onondaga / 

Bois Blanc 04DKA006 

section on west wall between ramp and northeast 
corner; Onondaga Fm (upper non-biohermal unit and 
lower, lighter coloured, lensoidally bedded biohermal 
unit) sharply overlying Bois Blanc Fm; contact at base 
of measuring rod (arrow) 

Ridgemount 
South Quarry 
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(.jpg) Age Formation Station # Description Location 

DEV_SIL 
BOI_ORI_BAS_BER 
04DKA007 IMGP1914 

Devonian / 
Silurian 

Bois Blanc / 
Oriskany / Bass 
Island / Bertie 

04DKA007 

west wall of quarry; possible cherty limestones of 
Bois Blanc (BB) Fm at top; arrows indicates location 
of unconformity between Devonian Oriskany Fm (Os) 
and Silurian Bass Islands Fm (BI); approximate 
positions of disconformity between Bass Islands and 
Akron Mb (Ak) of the Bertie Fm and contact between 
Scajaquada and Falkirk Mb's of the Bertie are 
indicated by white lines; contacts between Akron, 
Williamsville (W) and Scajaquada members are not 
highlighted here; floor of quarry consists of shales of 
the Oatka Mb (O), Bertie Fm; wall consists of 4 
benches: 1st = Falkirk Mb; 2nd = Scajaquada and 
Williamsville mbs; 3rd = upper Williamsville and 
Akron mbs and Bass Islands Fm; 4th bench = upper 
Bass Islands, Oriskany and Bois Blanc formations. 

Cayuga 
Quarry 

SIL BER 04DKA007 
IMGP1921 Silurian Bertie 04DKA007 algal laminite of the Falkirk Member Cayuga 

Quarry 
SIL BER 04DKA007 
IMGP1922 Silurian Bertie 04DKA007 1st bench of west wall; Falkirk Member; 2nd bench in 

background 
Cayuga 
Quarry 

SIL BER 04DKA007 
IMGP1927 Silurian Bertie 04DKA007 top of 1st bench; Falkirk Mb of Bertie Fm Cayuga 

Quarry 
SIL BER 04DKA007 
IMGP1931 Silurian Bertie 04DKA007 shaly dolostones of Scajaquada Mb. Cayuga 

Quarry 

SIL BAS_BER 04DKA007 
IMGP1934 Silurian Bass Islands / 

Bertie 04DKA007 

3rd bench; blocky bedded Bass Islands Fm (BI) 
dolostone disconformably (arrow) overlying thick-
bedded, burrow-mottled Akron Mb (Ak) of the Bertie 
Fm. 

Cayuga 
Quarry 

SIL BAS_BER 04DKA007 
IMGP1941 Silurian Bass Islands / 

Bertie 04DKA007 

3rd bench, west wall; blocky bedded Bass Islands Fm 
(BI) dolostone disconformably (arrow) overlying 
thick-bedded, burrow-mottled Akron Mb (Ak) of the 
Bertie Fm. 

Cayuga 
Quarry 

SIL BAS 04DKA007 
IMGP1945 Silurian Bass Islands 04DKA007 laminated dolostone; upper Bass Islands Fm; near top 

of 3rd bench, west wall. 
Cayuga 
Quarry 
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(.jpg) Age Formation Station # Description Location 

DEV_SIL ORI_BAS 
04DKA007 IMGP1949 

Devonian / 
Silurian 

Oriskany / Bass 
Islands 04DKA007 

close up of contact (arrows) between Devonian 
Oriskany (Os) Fm (calcareous sandstone and 
calcarenite) and Silurian Bass Islands (BI) Fm 
(blocky, fine-grained dolostone); 4th bench. 

Cayuga 
Quarry 

DEV_SIL ORI_BAS 
04DKA007 IMGP1954 

Devonian / 
Silurian 

Oriskany / Bass 
Islands 04DKA007 irregular unconformity (arrows) between  Devonian 

Oriskany Fm and Silurian Bass Islands Fm; 4th bench. 
Cayuga 
Quarry 

DEV LUC 04DKA009 
IMGP1998 Devonian Lucas 04DKA009 main (lower) bench, south wall of "west cut"; Lucas 

Fm 
Beachville 

Quarry 
DEV LUC 04DKA009 
IMGP2024 Devonian Lucas 04DKA009 thin upper bench over main lower bench, view to west Beachville 

Quarry 
DEV LUC 04DKA009 
IMGP2026 Devonian Lucas 04DKA009 upper bench, west wall; thick-bedded sandy limestone Beachville 

Quarry 

DEV LUC 04DKA011 
IMGP2057 Devonian Lucas 04DKA011 

2 benches in small quarry to west (north of old 
Beachville Quarry); upper bench is sandy, thick-
bedded, fossiliferous limestone; lower bench is mostly 
submerged, thin- to medium-bedded, high purity 
limestone (lime mudstones and stromatoporoid-
amphipora grainstones). 

Beachville 
Quarry - west 

DEV LUC 04DKA011 
IMGP2095 Devonian Lucas 04DKA011 thin, fossiliferous beds in thick bed of sandy limestone Beachville 

Quarry - west 
DEV LUC 04DKA011 
IMGP2105 Devonian Lucas 04DKA011 planar view of brachiopod-rich bed Beachville 

Quarry - west 
DEV LUC 04DKA011 
IMGP2107 Devonian Lucas 04DKA011 planar view of rugose coral-rich bed Beachville 

Quarry - west 

ORD_PRE GUL_SHA_PRE 
04DKA012 IMGP2274 

Ordovician/ 
Precambrian 

Gull River / 
Shadow 
Lake(?) / 

Precambrian 

04DKA012 

Ordovician-Precambrian unconformity; conglomerate 
is likely Ordovician in age and is either Shadow Lake 
Fm or similar lithofacies within Gull River Fm; 
uppermost beds are impure carbonate rocks of the 
Gull River Fm.  

Abbey-Dawn 
roadcut - 
Kingston 
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ORD_PRE GUL_SHA_PRE 
04DKA012 IMGP2277 

Ordovician/ 
Precambrian 

Gull River / 
Shadow 
Lake(?) / 

Precambrian 

04DKA012 

Ordovician-Precambrian (PC) unconformity; basal 
conglomerate (Cgl) is likely Ordovician in age and 
may be Shadow Lake Fm or similar lithofacies in Gull 
River; tabular-bedded, impure carbonate rocks at top 
are Gull River Fm (GR).  

Abbey-Dawn 
roadcut - 
Kingston 

ORD GUL 04DKA012 
IMGP2278 Ordovician Gull River 04DKA012 argillaceous, pebbly carbonates of the lower Gull 

River Fm. 

Abbey-Dawn 
roadcut - 
Kingston 

CAM NEP 04DKA016 
IMGP2344 Cambrian Nepean 04DKA016 large scale cross-stratification; eolian dunes, terrestrial 

sandstone 
Sloan Quarry 
(Joyceville) 

CAM NEP 04DKA016 
IMGP2347 Cambrian Nepean 04DKA016 

large scale cross-stratification; eolian dunes, terrestrial 
sandstone; freshly quarried face; 2 m measuring rod in 
middle. 

Sloan Quarry 
(Joyceville) 

CAM NEP 04DKA016 
IMGP2356 Cambrian Nepean 04DKA016 planar bedded marine sandstones sharply overlying 

cross-stratified, red terrestrial sandstones 
Sloan Quarry 
(Joyceville) 

ORD SHE 04DKA021 
IMGP2479 Ordovician Sherman Fall 

(Verulam) 04DKA021 trough cross-stratified grainstone of the upper 
Verulam (=Sherman Fall Fragmental). 

Kirkfield 
roadcut 

ORD SHE 04DKA021 
IMGP2480 Ordovician Sherman Fall 

(Verulam) 04DKA021 cross-stratified, bioclastic grainstone; upper Verulam 
(=Sherman Fall Fragmental). 

Kirkfield 
roadcut 

ORD SHE 04DKA021 
IMGP2481 Ordovician Sherman Fall 

(Verulam) 04DKA021 
closer view of #2480; cross-stratified, bioclastic 
grainstone; upper Verulam (=Sherman Fall 
Fragmental). 

Kirkfield 
roadcut 

DEV DUN 04DKA037 
IMGP3520 Devonian Dundee 04DKA037 east wall of Norfolk Quarry; note 2 dark beds in lower 

1/3 of wall 
Norfolk 
Quarry 

DEV DUN 04DKA037 
IMGP3525 Devonian Dundee 04DKA037 chert-rich block from upper part of quarry Norfolk 

Quarry 

DEV DUN 04DKA037 
IMGP3544 Devonian Dundee 04DKA037 

lower beds of quarry; note oil staining along base of 
bed in middle and associated with corals in lower 
beds; north wall 

Norfolk 
Quarry 

DEV DUN 04DKA037 
IMGP3551 Devonian Dundee 04DKA037 large oil stained coral (in #3544); lower beds Norfolk 

Quarry 
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DEV DUN 04DKA037 
IMGP3553 Devonian Dundee 04DKA037 close-up of piece of oil-stained coral in #3551 Norfolk 

Quarry 

DEV DUN 04DKA037 
IMGP3558 Devonian Dundee 04DKA037 closer view of oil-stained coral in #3551 Norfolk 

Quarry 

DEV DUN 04DKA037 
IMGP3579 Devonian Dundee 04DKA037 

view of quarry section in northeast corner; note 2 dark 
beds in lower part of wall and oil staining in bed 
immediately above lowest dark bed. 

Norfolk 
Quarry 
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Appendix 6 
 

Photographs of typical drill cuttings samples  

(in MRD 204 only) 
 
Photomicrographs of drill cuttings samples representative of various subsurface units were taken and are 
presented only in MRD 204.  A total of 60 photographs representing 32 units, from the Kettle Point 
Formation down to the Precambrian, are presented in unit-specific folders in the Appendix 6 folder in 
MRD 204.  Cuttings photograph numbers include subsurface unit name and depth interval of the sample. 
All samples are from well T008230 Pembina, Howard 1-96-BFC. The field of view for all the 
photomicrographs is 18.5 mm wide, except for the close-up of the Tasmanites in the Dundee Formation 
samples folder, which has a field of view of approximately 7.5 mm. Photographs of scales are included.  
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Appendix 7 

 

Paper 67-2 

(in MRD 204 only) 
 
 
A digital (PDF) version of Paper 67-2 (Beards 1967) is provided in MRD 204, with scanned versions 
(TIF files) of enclosures that accompanied Paper 67-2. 
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Metric Conversion Table

Conversion from SI to Imperial Conversion from Imperial to SI

SI Unit Multiplied by Gives Imperial Unit Multiplied by Gives

LENGTH
1 mm 0.039 37 inches 1 inch 25.4 mm
1 cm 0.393 70 inches 1 inch 2.54 cm
1 m 3.280 84 feet 1 foot 0.304 8 m
1 m 0.049 709 chains 1 chain 20.116 8 m
1 km 0.621 371 miles (statute) 1 mile (statute) 1.609 344 km

AREA
1 cm@ 0.155 0 square inches 1 square inch 6.451 6 cm@
1 m@ 10.763 9 square feet 1 square foot 0.092 903 04 m@
1 km@ 0.386 10 square miles 1 square mile 2.589 988 km@
1 ha 2.471 054 acres 1 acre 0.404 685 6 ha

VOLUME
1 cm# 0.061 023 cubic inches 1 cubic inch 16.387 064 cm#
1 m# 35.314 7 cubic feet 1 cubic foot 0.028 316 85 m#
1 m# 1.307 951 cubic yards 1 cubic yard 0.764 554 86 m#

CAPACITY
1 L 1.759 755 pints 1 pint 0.568 261 L
1 L 0.879 877 quarts 1 quart 1.136 522 L
1 L 0.219 969 gallons 1 gallon 4.546 090 L

MASS
1 g 0.035 273 962 ounces (avdp) 1 ounce (avdp) 28.349 523 g
1 g 0.032 150 747 ounces (troy) 1 ounce (troy) 31.103 476 8 g
1 kg 2.204 622 6 pounds (avdp) 1 pound (avdp) 0.453 592 37 kg
1 kg 0.001 102 3 tons (short) 1 ton (short) 907.184 74 kg
1 t 1.102 311 3 tons (short) 1 ton (short) 0.907 184 74 t
1 kg 0.000 984 21 tons (long) 1 ton (long) 1016.046 908 8 kg
1 t 0.984 206 5 tons (long) 1 ton (long) 1.016 046 90 t

CONCENTRATION
1 g/t 0.029 166 6 ounce (troy)/ 1 ounce (troy)/ 34.285 714 2 g/t

ton (short) ton (short)
1 g/t 0.583 333 33 pennyweights/ 1 pennyweight/ 1.714 285 7 g/t

ton (short) ton (short)

OTHER USEFUL CONVERSION FACTORS

Multiplied by
1 ounce (troy) per ton (short) 31.103 477 grams per ton (short)
1 gram per ton (short) 0.032 151 ounces (troy) per ton (short)
1 ounce (troy) per ton (short) 20.0 pennyweights per ton (short)
1 pennyweight per ton (short) 0.05 ounces (troy) per ton (short)

Note:Conversion factorswhich are in boldtype areexact. Theconversion factorshave been taken fromor havebeen
derived from factors given in theMetric PracticeGuide for the CanadianMining andMetallurgical Industries, pub-
lished by the Mining Association of Canada in co-operation with the Coal Association of Canada.
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FIGURE 4: Lithologic and 
geophysical log formation 

contacts of Paleozoic 
rocks in the subsurface of 

southern Ontario
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This chart has been revised from Beards (1967) 
to accommodate changes in stratigraphic 
nomenclature and correlations and to 
incorporate new information and interpretations.  
With one exception, the Cambrian in central 
Lake Erie well log, the original well logs and 
lithologic descriptions from Beards have been 
used. Consequently, most of the wells used in 
this chart are not represented on the cross-
sections accompanying this report.  If known, 
the wells used as references in this chart are 
identified at the bottom of each display.  

In general, the wells illustrate regionally 
representative log and lithologic characteristics 
which are useful for picking formation tops.  
Some stratigraphic intervals, especially in the 
Silurian, are represented by more than one set 
of logs due to facies changes between the 
Michigan and Appalachian basins and where 
associated with reefs.  Depths are indicated in 
feet below rig floor to honour the units used on 
the source logs in the original chart.  

LITHOLOGY LEGEND

- + - +
Gamma Ray Neutron

COLLINGWOOD

COBOURG

SHERMAN FALL
“ARGILLACEOUS”

DETAIL OF SHADOW LAKE TO PRECAMBRIAN

TOP OF TRENTON TO PRECAMBRIAN
ALGONQUIN ARCH - OXFORD COUNTY

Grey-black shale

Black, bituminous, calcareous shale

2200

2300

Grey to grey-brown lime wackestones
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Figure 9: Ordovician-Precambrian structural cross-section C-A (lower), southwestern Ontario (Essex to Pelee Island).   Larger scale, digital (TIFF) versions of these cross-sections 
are available in MRD 204 or E-size plots can be obtained from the Oil, Gas and Salt Resources Library (www.ogsrlibrary.com).
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LEGEND

Abbreviation Unit Name

Dev Devonian Units
Por Port Lambton 
Ket Kettle Point 
Ham Hamilton 
Mar Marcellus 
Dee Dundee 
Det Detroit River
Clb Columbus 
Luc Lucas 
Amh Amherstburg
Syl Sylvania 
Ono Onondaga
Boi Bois Blanc
Spr Springvale 
Ori Oriskany 

Sil Silurian Units
Bas Bass Islands 
Ber Bertie 
Sal Salina
Gun G unit
Fun F unit
Fsa F salt
Eun E unit
Dun D unit
Bun B unit
Bsa B salt
Ban B anhydrite
A2c A2 carbonate
A2sh A2 shale
A2a A2 anhydrite
A2s A2 salt
A1c A1 carbonate
A1E A1 evaporite
Gue Guelph
Era Eramosa 
Loc Lockport  
Ama Amabel 
Gas Gasport
Goa Goat Island
Wia Wiarton
Lio Lions Head
Cli Clinton 
Cat Cataract 
Dec Decew
Roc Rochester
Iro Irondequoit
Rey Reynales
Fos Fossil Hill
Nea Neahga
Tho Thorold
Gri Grimsby
Ste St. Edmund
Win Wingfield
Dye Dyer Bay
Cab Cabot Head
Whi Whirlpool

Ord Ordovician Units
Que Queenston 
Geo Georgian Bay 
Blu Blue Mountain 
Tre Trenton 
Col Collingwood Mb (of Lindsay)
Lin Lindsay (= Cobourg) 
Cbg Cobourg (= lower mb Lindsay)  
She Sherman Fall (= Verulam) 
Ver Verulam (= Sherman Fall) 
Kir Kirkfield (= upper and middle mbs, Bobcaygeon)
Bob Bobcaygeon
Bla Black River 
Cob Coboconk (= lower mb, Bobcaygeon)
Gul Gull River
Sha Shadow Lake

Cam  Cambrian (unsubdivided)
Nep Nepean

Pre Precambrian

Other Abbreviations

TD Total Depth 
DPHI Density log (porosity units)
RHOB Bulk Density
PEF Photoelectric effect
GR(GAPI) Gamma ray log (API units)
NPHI Neutron log (porosity units)
NEUT Neutron log (counts per second)

Table 4: Legend for figures 5 to 21, including abbreviations used for subsurface unit names. 
Abbreviations are placed, in most cases, above the line representing the upper contact of a unit.

Accompanies Open File Report 6191.
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Figure 5: Devonian-Precambrian structural cross-section A-A', southwestern Ontario (Pelee Island to Lincoln). Larger scale, digital (TIFF) versions of these cross-sections are 
available in MRD 204 or E-size plots can be obtained from the Oil, Gas and Salt Resources Library (www.ogsrlibrary.com).
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Figure 6: Devonian-Precambrian structural cross-section B-B', southwestern Ontario (Essex to Lennox-Addington).  Larger scale, digital (TIFF) versions of these cross-sections are available in MRD 204 or E-size plots can be obtained from the Oil, Gas and Salt Resources Library 
(www.ogsrlibrary.com).
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Figure 7: Devonian-Precambrian structural cross-section C-C', southwestern Ontario (Essex to Durham).  Larger scale, digital (TIFF) versions of these cross-sections are available 
in MRD 204 or E-size plots can be obtained from the Oil, Gas and Salt Resources Library (www.ogsrlibrary.com).
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Figure 8: Devonian-Precambrian structural cross-section F-K, southwestern Ontario (Lambton to Simcoe). Larger scale (E-size) plots are available in MRD 204 or from the Oil 
Gas and Salt Resources Library (www.ogsrlibrary.com).
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Figure 11: Ordovician-Precambrian structural cross-section D-D' (lower), southwestern Ontario (Lambton to Lake Erie).  Larger scale, digital (TIFF) versions of these cross-
sections are available in MRD 204 or E-size plots can be obtained from the Oil, Gas and Salt Resources Library (www.ogsrlibrary.com).
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Figure 15: Ordovician-Precambrian structural cross-section F-F' (lower), southwestern Ontario (Huron to Lake Erie).  Larger scale, digital (TIFF) versions of these cross-sections 
are available in MRD 204 or E-size plots can be obtained from the Oil, Gas and Salt Resources Library (www.ogsrlibrary.com).
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Figure 12: Devonian-Silurian structural cross-section D-D' (upper), southwestern Ontario (Lambton to Lake Erie).  Larger scale, digital (TIFF) versions of these cross-sections are 
available in MRD 204 or E-size plots can be obtained from the Oil, Gas and Salt Resources Library (www.ogsrlibrary.com).
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Figure 13: Ordovician-Precambrian structural cross-section E-E' (lower), southwestern Ontario (Lambton, Kent, Lake Erie).   Larger scale, digital (TIFF) versions of these cross-
sections are available in MRD 204 or E-size plots can be obtained from the Oil, Gas and Salt Resources Library (www.ogsrlibrary.com).

uQ e

Geo

C gb

She

Kir

Cob

Gul

Sha
P
re

Cam

Pre

Figure 14: Devonian-Silurian structural cross-section E-E' (upper), southwestern Ontario (Lambton, Kent, Lake Erie).   Larger scale, digital (TIFF) versions of these cross-sections 
are available in MRD 204 or E-size plots can be obtained from the Oil, Gas and Salt Resources Library (www.ogsrlibrary.com).
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Figure 10: Devonian-Silurian structural cross-section C-A (upper), southwestern Ontario (Essex to Pelee Island).   Larger scale, digital (TIFF) versions of these cross-sections are 
available in MRD 204 or E-size plots can be obtained from the Oil, Gas and Salt Resources Library (www.ogsrlibrary.com).
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Figure 17: Ordovician-Precambrian structural cross-section G-G' (lower), southwestern Ontario (Huron to Lake Erie).  Larger scale, digital (TIFF) versions of these cross-sections are available in MRD 204 or E-size plots can be obtained from the Oil, Gas and Salt Resources Library 
(www.ogsrlibrary.com).
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Figure 20: Ordovician-Precambrian structural cross-section K-K', southwestern Ontario (Simcoe, Durham, Northumberland).  Larger scale, digital (TIFF) versions of these cross-
sections are available in MRD 204 or E-size plots can be obtained from the Oil, Gas and Salt Resources Library (www.ogsrlibrary.com).
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Figure 21: Devonian-Precambrian structural cross-section J-C, southwestern Ontario (Cockburn Island to Essex).  Larger scale, digital (TIFF) versions of these cross-sections are 
available in MRD 204 or E-size plots can be obtained from the Oil, Gas and Salt Resources Library (www.ogsrlibrary.com).
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Figure 16: Devonian-Silurian structural cross-section F-F' (upper), southwestern Ontario (Huron to Lake Erie).  Larger scale (E-size) plots are available in MRD 204 or from the 
Oil Gas And Salt Resources Library (www.ogsrlibrary.com).
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Figure 19: Devonian-Precambrian structural cross-section H-A', southwestern Ontario (Bruce to Lincoln).  Larger scale, digital (TIFF) versions of these cross-sections are 
available in MRD 204 or E-size plots can be obtained from the Oil, Gas and Salt Resources Library (www.ogsrlibrary.com).
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Figure 18: Devonian-Silurian structural cross-section G-G' (upper), southwestern Ontario (Huron to Lake Erie).  Larger scale, digital (TIFF) versions of these cross-sections are available on CD or E-size plots can be obtained from the Oil, Gas and Salt Resources Library (www.ogsrlibrary.com).
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