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Paleeozoic Geology of the Windsor-Sarnia Area, Ontario

CHAPTER 1

INTRODUCTION
GENERAL STATEMENT

The Windsor-Sarnia area comprises all that part of the peninsula of south-
western Ontario lying between Lakes Huron and Erie and west of longitude
82 degrees. It includes all of Essex county and the western two-thirds of Kent
and Lambton counties and has a total land area of about 1,850 square miles.

The last geological map! of the area was published in 1918 and since then
much additional information has been made available, particularly through
drilling for natural gas and petroleum. Accordingly, the author was assigned to
field work in the area in 1941 for the purpose of revising the existing geological
map and to report, so far as possible, on all phases of the bedrock geology. As
the bedrock is nearly everywhere concealed by glacial drift it can be studied only
by means of drill samples. The information so obtained furnishes additional
structural and stratigraphical data and enables certain geological contacts to
be placed more accurately than was formerly possible. The value of such a
study is evident from the fact that the gas, oil, salt, gypsum, and much of the
road metal and structural materials used in southwestern Ontario oceur in
association with the Pal®ozoic rocks of the area.

Only where Sydenham River has cut through the glacial deposits and on
the shore of Lake Huron at Kettle Point were natural outcrops seen. Quarrying
has also exposed various thicknesses of limestone in Essex county. All streams
and the shores of Lakes Erie, Huron, and St. Clair were traversed and all
outerops were located. Natural gas and oil wells were located and their elevations
determined, and these data, together with information obtained from drillers’
logs and from detailed examination of well cuttings, were used as a basis for
the preparation of subsurface structure maps covering most of the area.

HISTORICAL SKETCH

Prior to the establishment of the Canadian Geological Survey, considerable
geological work had been done by the New York State Survey. For the most
part, the succession worked out by its geologists was traced across the border
into Canada and many of the stratigraphic. names used in New York State have
become a part of the literature of the Palxozoic geology of Ontario.

One of the earliest geological accounts of southern Ontario was by Alexander
Murray2, who in 1843 examined the country between Georgian Bay and Lake
Erie. He divided the Palseozoic rocks there into ten divisions, which he correlated
with .existing divisions in New York State.

The Reports of Progress of the Geological Survey for the years between
1843 and 1863 contain accounts of the rocks present in the Ontario peninsula.

1Geol., Surv., Canada, Dept. of Mines, Map 1715 (1918).
*Murray, A.: Geol. Surv., Canada, Rept. of Prog. 1843, pp. 51-81.
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In 1863 Logan’s “Geology of Canada” was published, giving a summary of the
work of the Geological Survey from its beginning (1842). Throughout the
remainder of the century additional geological work was done in the Ontario
peninsula, results of which appear in the Reports of Progress and Annual Reports
of the Survey for that period. During that period, however, no basic changes
were made in Logan’s interpretation of the stratigraphy. More recent work in
the area has dealt with the rock formations according to the system to which
they belong, the Silurian and Devonian representatives having been investigated
somewhat independently.

In 1912, the Geological Survey commenced a revision of the Silurian geology
of the Ontario peninsula under direction of M. Y. Williams, and this work resulted
in publication of Memoir 111, in 1919.1

The Devonian rocks of the Windsor-Sarnia area were investigated by
Alexander Murray2 in 1848, and he adopted the subdivisions from the New York
State classification. For many years this nomenclature was followed by sub-
sequent workers who recognized, however, that the classification was not suf-
ficiently detailed.

In 1911 Rev. Thomas Nattress3 published an account of the Detroit River
beds of Essex county and concluded that they are of Devonian and not Silurian
age, as previously considered. The following year there appeared by the same
author4 an account of the geology of the Detroit River area. This describes
the Devonian rocks exposed in the “Dry Cut” of the Livingstone Channel of
Detroit River under construction at that time.

In 1915 Stauffer® published an account of the Devonian rocks of south-
western Ontario, which contains the latest and most detailed classification of
the Devonian rocks in the Windsor-Sarnia area. In 1916, the same author$
discussed the relative age of the Detroit River series. He states that all
divisions of the series contain Devonian faunal elements, and that this is most
marked in the Amherstburg dolomite and least in the overlying Lucas dolomite.
He then concludes that “4o maintain that such a fauna as that found in the
Ambherstburg dolomite is Silurian is more impossible than to find a place for it
among the recognized Devonian formations”.

Numerous contributions to the knowledge of Devonian palmontology in
this part of Ontario have been made also by Nicholson, Rominger, Whiteaves,
Parks, Fritz, and others.
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CHAPTER II
GENERAL CHARACTER OF THE AREA

The Windsor-Sarnia area occupies the extreme western part of the St.
Lawrence physiographic region. It is bordered on the north and south by
Lakes Huron and Erie respectively, and St. Clair River, Lake St. Clair, and
Detroit River each forms part of its western boundary. From the east boundary
of the area to within a few miles of Point Pelee, the Lake Erie shoreline consists
of almost continuous cliffs of boulder clay rising .abruptly from lake level (572
feet) to an altitude averaging 625 feet above sea-level. From here to Detroit
River, the shore for the most part is low and more sandy, although steep cliffs
of glacial till averaging about 50 feet in height are present between Leamington
and Kingsville. The shore of Lake St. Clair is very low and in places stony.
A delta at the mouth of St. Clair River forms an extensive area of swampy
land. From Point Edward to Errol, the Lake Huron shore is low and sandy,
but from Errol to the mouth of Shashawandah Creek it rises steeply from lake-
level (581 feet) to an average elevation of about 625 feet above sea-level and
consists chiefly of clay and sand. The remainder of this shoreline, that is, the
area of Kettle Point, is again low, with almost flat-lying shale forming the point.

The area as a whole is characterized by a general lack of relief. Across
Lambton and Kent counties from Lake Huron, the surface rises to a maximum
elevation of about 750 feet above sea-level at about the latitude of the city of
Sarnia. This part of the area is drained generally north and northwestward into
Lake Huron by a few small creeks. From this maximum elevation, the land
slopes gently southward to a minimum of about 580 feet in the region of Lake
St. Clair. From there, it again rises to about 650 feet above sea-level at the
shore of Lake Erie, where it falls as an abrupt cliff to the level of the lake
(572 feet). This region is drained generally southwestward into Lake St. Clair
by Thames River, Sydenham River, Bear Creek, and their tributaries. These
aur‘e‘i slow-flowing, sluggish streams with average gradients of only a few feet a
mile.

The land surface of Essex county rises gradually from Lake St. Clair (576
feet) to an average altitude of 625 feet above sea-level in the central part of
the county. From there it falls southward to the level of Lake Erie. In the
vicinity of Leamington, this plain-like topography is interrupted by irregular
morainic hills that attain an elevation of about 725 feet above the sea. Kssex
county is drained by a number of small creeks flowing north, west, and south
from the centre of the county into Lake St. Clair, Detroit River, and Lake Erie
respectively.

The entire region has been glaciated and the bedrock is covered by a variable
thickness of drift. These superficial deposits control the topography, so that
the present surface in no way reflects the structure of the underlying bedrock.
The thickness of the overburden varies greatly from place to place, with a
maximum of 244 feet shown by one boring in Sarnia township. The following
table, compiled from drilling records at hand, indicates the minimum and
maximum thickness of drift encountered in the townships specified.
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Thickness of drift
Township *

Minimum } Maximum
Feet Feet
...... 11 53
45 128
27 bid
33 117
Chatham Gore.... e . 55 114
Colchester South.................... .. cee 70 . 110
Colchester North.........covvevnnnn. e 60 93
F: 4 « W, [ Ve 30 120
Dover East............ . e et eea et e e sa e reaas 57 102
B Lo 16 102
Enniskillen......cooveaennen. cee 31 185
Gosfield South.......... e et e e a ettt e e e et a e sararnies 45 128
Malden......ccovevenennnnas. et eseanccnsunsntsetnsasanansroannanortifhransnad 8 99
Maidstone..... PP 95 109
Mersea....cocenennrneanannas e ey 44 152
Moore....... . 99 195
5 2 11T S v 70 185

Rochester... tesase e eaitin- 144
Romuney.... Y 113 202
Raleigh..... AP et 57 210
Sarnia...... Craeeisaeaseanae 47 244
SandwichWest...........cu0... hreaes cees 58 102
Sombra, ....cveviiiiiiiiiienin 52 109
Tilbury East....coovipeeennn b eevaesesnesrssunecsasisianssensn veee 96 189
Tilbury West......o0eune. e ieaienaibeeaetacatetacenannons 95 146
Tilbury North...... teeeiisasaeanen et reeneiara e teieaaaaraars RN 120 122

The Windsor-Sarnia area is one of the most densely settled parts of Canada
and is, therefore, easy of access. Three main highways traverse the area in amn
east-west direction and are connected by north-south highways at convenient
intervals, so that almost all major centres are on paved roads. In addition, a
grid of secondary gravel roads bounds most of the concessions,

The principal industry is agriculture and most of the area is under
cultivation. Tobacco growing occupies an important place in that industry,
especially in Kent and Essex counties. Production of natural gas and oil forms
an important industry, particularly in Kent and Lambton counties. In the
Detroit River region limestone is quarried for flux, lime, and crushed stone, and
there is also an important production of salt from brine. Considerable manu-
facturing is carried on at such centres as Windsor, Chatham, Sarnia, Kingsville,
Leamington, Wallaceburg, and Tilbury.
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CHAPTER III

STRATIGRAPHY

GENERAL STATEMENT

The entire area is underlain by Paleozoic sedimentary strata, the Ordovician,
Silurian, and Devonian systems being represented. The sediments rest upon the
uneven surface of Precambrian igneous and metamorphic rocks that outerop
along the north shore of Lake Huron as part of the Canadian Shield. The
thickness of the sedimentary strata varies from place to place within the area.
The deepest boring for which samples are available is in Enniskillen township.
This well shows 4,080 feet of Paleozoic beds, of which 872 feet are Devonian,
1,554 feet Silurian, and 1,634 feet Ordovician. Below the Ordovician, 20 feet of
basal sand, shale, and limestone were penetrated. Wells in Camden Gore town-
ship indicate an additional 200 feet of Devonian beds lying stratigraphically
above those encountered in the foregoing well.

The lower half of the Ordovician section consists essentially of limestone
and dolomitic limestone with some thin zones and partings of dark grey shale
(Trenton and older limestones). These strata are overlain by shales, commonly
black and bituminous at the base (Billings formation) and grey and greenish
grey, with an increasing number of limestone beds toward the top (Meaford-
Dundas), the whole followed by the characteristic red shales of the Queenston
formation. The Ordovician rocks are everywhere overlain by Silurian forma-
tions and are, therefore, known only from drill samples.

The oldest Silurian rocks are grey limestones and grey, greenish, and reddish
shales with thin calcareous bands (Medina formation). These are overlain by
a thin veneer of grey dolomite (Clinton), which in some wells is difficult to
identify and in others is apparently absent. Succeeding beds are grey, limy
shales and grey and buff dolomites (Niagaran) that are overlain in turn by
grey, calcareous shale, shaly dolomite, and brown dolomite, with gypsum,
anhydrite, and, in places, beds of salt (Salina formation). The uppermost
Silurian rocks are buff and brown dolomite (Bertie-Akron), and like those of
Ordovician age are everywhere concealed, and thus are known only from well
euttings.

Devonian strata consist in ascending order generally of dolomitic limestones
and limestones, with chert and small, though variable, quantities of sand at
the base or at one or more other horizons (Norfolk formation). Overlying beds
comprise a series of grey and bluish, soft shale with minor quantities of lime-
stone (Hamilton formation), followed in the eastern part of the area by the
dominantly black shale of the Kettle Point formation.

The Pal®zozoic strata of the Windsor-Sarnia area have not been subjected
to severe deformative forces, although subsurface work indicates the presence
of faults in some localities. The area forms part of a broad regional syncline
directly related to the Cincinnati Arch and the Michigan Basin.

In the work an effort was made to map lithological units and to define the
formations in reference to types of sedimentation and geological history rather
than solely to their contained faunas. Consequently, only those divisions that
can be separated lithologically appear on the accompanying map.

30991—23
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‘TABLE OF FORMATIONS

System Formation Thickness
Feet
Devonian and (?)Mississippian Kettle Point 0—290+
Devonian Hamilton 110—330
Norfolk and pre-Norfolk 374—726
Bertie-Akron! 60—397
Salinat 480—1,438
Silurian ﬁ‘)l:ll(%%;tl } 79—500
Rochester! 10—50
Clinton? 2—25
Medinat 140—180
Queenston! 130—350
Pontord ) 200—o10
Ordovician
Billings! 104—270
Trenton and older 832—990
Paleozoic limestones!
Ordovician or older Basal beds 0—26+

1Subsurface formations.

DESCRIPTIONS OF FORMATIONS
SUBSURFACE FORMATIONS

The Silurian and older formations are everywhere in this area overlain by
younger rocks and can, therefore, be seen only in well cuttings. With the
exception of the Trenton and older Palmozoic limestones, each of the pre-
Devonian formations has been traced westward from its outcrop area by means
of boring samples. The formational names are defined in earlier reports! by
the author, and the formations are identified in the Windsor-Sarnia area solely
on a basis of lithology.

Only a few wells penetrate the entire sedimentary succession. The following
logs prepared from well cuttings illustrate the lithology of all the subsurface as
well as overlying exposed formations in the area.

Log of Prairie Gas and Oil Company, Limited, L. Bruette Well No. §

Location: lot 5, Front con., Raleigh tp.
Elevation: 581 feet.

1Caley, J. F.: Geol. Surv., Canada, Mem. 224, 1940; Mern. 226, 1941; Mem. 237,1943.



Formation Depth Thickness Lithology
Feet Feet
0-290 290 No samples.
Norfolk 290450 160 Limestone: light buff, finely crystalline; trace pyrite at
300 to 310, 350 to 410 feet. Protosalvinia at 400, 430, and
450 feet; crinoid columns at 440 to 450 feet.
Pre-Norfolk 450-490 40 Sand: fine, rounded and subangular, with some larger
frosted grains.
490-670 180 Magnesian limestone: buff to brown, fine-grained; black
carbonaceous streaks throughout; trace of gypsum 540
to 580 feet.
670-840 170 Magnesian limestone: buff, finely crystalline; 1 per cent
light grey chert throughout; black carbonaceous
streaks 740 to 800 feet. .
840-920 80 Magnesian limestone: buff, finely crystalline; few frosted
sand grains at 840 and 900 feet; trace glauconite at
850, 880, 900 feet; 25 per cent grey chert.
Bertie-Akron 920-1, 060 140 Dolomite: buff and brown, fine-grained; some fine
porosity at 970 feet.
Salina 1,060-1,090 30 Dolomite: brownish grey, fine-grained; equal amount
grey, shaly dolomite; trace gypsum throughout.
1,090-1, 180 90 Dolomitic shale: dark greenish grey; trace gypsum
throughout; 25 per cent brown dolomite at 1,170 to
1,180 feet.
1,180-1,210 30 Dolomite: brownish grey, fine-grained; trace gypsum
throughout.
1,210-1,220 10 Dolomitic shale: dark greenish grey; trace gypsum.
1,220-1,240 20 Dolomite: brownish grey, fine-grained; trace gypsum,
1,240-1,250 10 Dolomitic shale: dark greenish grey; 25 per cent brown
dolomite; trace gypsum.
1,250-1, 340 90 Dolomite: brownish grey, fine-grained; trace dark grey
limy shale throughout; trace gypsum throughout.
1,340-1, 380 40 Dolomitic shale: dark greenish grey; trace gypsum
throughout.
1,380-1,420 40 Dolomite: brownish grey, fine-grained; 40 per cent dark
greenish grey shale; trace gypsum throughout.
1,420-1,440 20 Dolomitic shale: dark greenish grey; trace brown
dolomite.
1,440-1, 460 20 Salt; 10 per cent brown dolomite at 1,460 feet.
1,460-1, 530 70 Dolomite: brownish grey, fine-grained; trace gypsum.
1, 530-1, 580 50 Shaly dolomite: grey, fine-grained; 5 per cent dark grey
shale at 1,560 to 1,580 feet.
1,580-1, 590 10 Gypsum: 10 per cent dark grey, limy shale.
1,590-1,620 30 Dolomite: brownish grey, fine-grained; 40 per cent gyp-
sum at 1,600 feet.
Guelph-Lockport 1,620-1,700 80 Doloinégg:fgrey and buff, crystalline; some fine porosity
at 1, eet.
1,700-1,880 180 Dolomite: brownish grey, finely crystalline; trace
pyrite at 1,710 feet.
1,880-1,910 30 Dolomite: light grey, crystalline; trace pyrite at 1,890
to 1,910 feet.
Rochester 1,910-1,928 18 Shale: calcareous, dark grey.
Clinton 1,928-1,935 7 Dolomite: grey, finely crystalline; trace pyrite; trace
glauconite.
Medina 1,040-1, 960 20 Shale: red; small amount green shale.
1,960-1,980 20 Shale: green; small amount red shale.
1,980-2,030 50 Shale: greenish grey; trace of reddish impure limestone;
trace red shale,
2,030-2,080 50 Dolomite: grey, crystalline; 10 per cent greenish grey
shale: little reddish shale at 2,070 feet.
2,080-2,090 10 Shaly dolomite: greenish grey, crystalline; much green-
ish limy shale.
Queenston 2,080-2, 250 160 Shale: red; trace green shale throughout; trace grey
dolomite at 2,220 feet.
2,260-2,270 20 Shale: greenish grey, limy; equal amount red shale.
2,270-2,320 50 Shale: red; 40 per cent greenish grey shale.
2,320-2,330 10 Shale: greenish grey; 20 per cent red shale.
2,330-2,360 30 Shale: red; 40 per cent green shale.
2,360-2, 380 20 Shale: green; 5 per cent red shale.
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Formation Depth Thickness Lithology
Feet Feet
Meaford-Dundas 2,380-2, 500 120 Shale: greenish grey; little grey crystalline limestone
at 2,390 to 2,410, 2,440 to 2,500 feet.

2,500-2, 600 100 Shale: greenish grey.

2, 600-2, 750 150 Shale: dark greenish grey: trace of grey crystalline
limestone at 2,610, 2,670, and 2,710 feet.

Billings 2,750-2, 800 50 Shale: dark grey.
2,800-2,870 70 Shale: dark grey to black; trace pyrite at 2,870 feet.
Trenton and older 2,870-2,945 75 Magnesian limestone: brownish grey, crystalline; trace
Paleozoic dark grey shale at 2,920 and 2,935 feet.
limestone 2,945-3,035 90 Magnesian limestone: grey and brownish grey, crystal-
line; trace dark grey shale and shaly limestone
throughout.

3,035-3,095 60 Magnesian limestone: grey, finely crystalline; 1 per cent
dark grey limy shale; trace pyrite at 3,090 feet.

3,095-3,175 80 Limestone: brownish grey, finely crystalline; trace
dark brown to black shale throughout.

3,175-3,190 15 Limestone: brownish grey, finely crystalline; 50 per
clelnti dark brown to black, bituminous limestone and
shale.

3,190-3, 245 55 Limestone: brownish grey, finely crystalline; 30 per
cent dark brown and black bituminous shale and
limestone.

3,245-3, 255 10 Shale: calcareous, black; 15 per cent grey limestone;
trace pyrite.

3,255-3,275 20 Limestone: brownish grey, crystalline; 1 per cent green
shale; trace pyrite at 3,275 feet.

3,275-3,290 15 Limestone: brownish grey, crystalline; trace black

shale at 3,286 feet; trace grey chert at 3,290 feet.

Log of Prairie Gas and Oil Company, Limited, Thomas No. 6 Well

Location: lot 5, Front con., Dover tp.
Elevation: 581 feet.

Formation Depth Thickness Lithology
Feet Feet
0-300 300 No samples.
Norfolk 300420 120 Limestone: buff, finely crystalline; traces of pyrite at
320, 350, 380, 410 feet.
420-430 10 Limestone: buff, erinoidal; trace of chert.
430-470 40 Limestone: buff, fine-grained and crinoidal; little chert
throughout.
Pre-Noriolk 470490 20 Sand: medium-grained, rounded, some larger frosted
graing; little erinoidal limestone.
490-610 120 Magnesian limestone: buff, fine-grained; black carbon-
aceous streaks; few frosted sand grains at 550 to 560
feet; trace selenite 570 to 600 feet.
610-620 10 No sample.
620-710 90 Magnesian limestone: brownish grey, finely crystalline;
trace selenite; trace sulphur at 650 feet.
710-840 130 Magnesian limestone: brownish grey, finely crystalline;
little cherty limestone throughout. .
840-930 90 Magnesian limestone: buff, finely ecrystalline; much
chert throughout; trace of glauconite 900 to 920 feet.
Bertie-Akron 930-1,110 180 Dolomite: buff and brown, fine-grained; trace selenite
990 to 1,010 feet; trace gypsum 1,050 to 1,090 feet.
Salina 1,110-1,150 40 Shaly dolomite: grey; trace gypsum.
1,150-1,190 40 Dolomitic shale: greenish grey; trace gypsum through-
out.
1,190-1,240 50 Shaly dolomite: grey; some brown dolomite; trace

gypsum throughout.
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Formation Depth Thickness Lithology
Salina Feet Feet,
1,240-1, 290 50 Dolomite: brownish grey, fine-grained; trace of grey
limy shale throughout; little gypsum.
1,290-1,310 20 Dolomitic shale: grey and greenish grey; trace gypsum,
1,310-1,370 60 Dolomite: brownish grey, fine-grained; trace grey
limy shale throughout; trace pyrite at 1,360 feet.
1,370-1,480 110 Dolomitic shale: grey to greenish; trace brown dolomite
in most samples; trace gypsum throughout.
1,480-1, 560 80 Dolomite: brownish grey, fine-grained; some black
carbonaceous streaks; trace gypsum 1,480 to 1,520
feet; trace pyrite 1,510 to 1,540 feet.
1,560-1, 600 40 Shaly dolomite: grey, fine-grained; trace red shale at
1,580 feet; little gypsum at 1,600 feet.
1,600-1,610 10 Gypsum; little brown dolomite and grey shale.
1,610-1,640 30 Dolomite: buff, fine-grained; trace gypsum.
Guelph-Lockport 1,640-1,680 40 Dolomite: grey, crystalline.
1,680-1,790 110 Dolomite: buff, crystalline.
1,790-1,880 90 Dolomite: buff and brownish grey, crystalline. *
1,880-1, 920 40 Dolomite: light grey, crystalline.
Rochester 1,920-1,940 20 Shale: calcareous, dark grey; trace pyrite; trace grey
dolomite at 1,940 feet.
Medina 1,940-1,960 20 Shal}:: green; equal amount red shale; trace grey dolo-
mite.
1,960-1,980 20 Shale: red; minor amount green shale.
1,980-1,990 10 Shalg; green; minor amount red shale; trace grey dolo-
mite.
1,990-2,020 30 Shale: greenish grey; trace red shale.
2,020-2,040 20 Shale: grey; minor amount grey dolomite; trace red and
green shale. .
2,040-2, 100 60 Dolomite: grey, crystalline; small amount green shale
throughout; trace pyrite at 2,100 feet.
2,100-2,110 10 Shale: calcareous, greenish grey; trace grey dolomite.
Queenston 2,110-2,180 70 Shale: red; trace greenish grey, sandy shale throughout.
2,180-2, 260 80 Shale: red; minor amount green, caleareous shale.
2,260-2,270 10 Magnesian limestone; much red and green shale.
2,270-2, 300 30 Shal_% : green and red in equal amounts; trace grey dolo-
mite.
2,300-2, 340 40 Shale: red; minor amount green shale; trace pink gypsum
2,320 to 2,340 feet.
2,340-2,360 20 Shale- green; minor amount red shale; trace pink gypsum.
2,360-2,390 30 Shale: red; little green shale.
Meaford-Dundas 2,390-2,470 80 Shale; green; trace grey limestone throughout; trace
pyrite at 2,410 feet.
2,470-2,480 10 No sample.
2,480-2, 600 120 Shale: greenish grey; trace grey limestone throughout;
trace pyrite at 2,600 feet.
2, 600-2, 690 90 Shza}ii:o xfne;iium to dark grey; trace grey limestone at
E eet.
2,690-2,770 80 Shale: dark grey to greenish.
Billings 2,770-2,870 100 Shale: dark grey to black.
Trenton and older 2,870-2,939 69 Magnesian limestone: brownish grey, finely crystalline;
Palmozoic trace pyrite at 2,928 feet.
limestone 2,939-2, 985 46 Magnesian limestone: brownish grey, crystalline; trace
grey shale 2,955 to 2,965 feet.
2,985-3,005 20 No samples,
3,005-3,080 75 Magnesian limestone: grey, crystalline; trace dark grey
shale 3,065 to 3,075 feet.
3,080-3,240 160 Magnesian limestone: brownish grey, crystalline; small
amount dark grey to black shale throughout.
3,240-3,250 10 Shale; dark grey and greenish grey; trace greenish grey,
fine sandstone and pyrite.
3,250-3,255 5 Shale: grey; equal amounts greenish shale and grey
magnesian limestone; trace fine grey sandstone; trace
pyrite.
3,255-3,274 19 Magnesian limestone: brownish grey, crystalline; trace

greenish shale.
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Log of Rosslyn No. 1 Well
Location: lot 5, con. X, Tilbury West tp.

Elevation: 610 feet.
Formation Depth Thickness Lithology
Feet Feet
0-105 105 No samples.
Norfolk 105-180 75 Limestone: light buff, fine-grained; trace chert at
140 to 150, 170 to 180 feet; Protosalvinia.
Pre-Norfolk 180-190 10 Sand: fine, unconsolidated.

190-290 100 Magnesian limestone: brownish grey, finely crystalline;
black bituminous streaks.

290-340 50 Magnesian limestone: brown, finely crystalline.

340480 140 Magnesian limestone: brownish grey, finely crystalline
and granular; trace chert in most samples with mostly
chert 470 to 480 feet.

480-490 10 Magnesian limestone: brownish grey, fine-grained;
25 per cent chert.

Bertie-Akron 490-600 110 Dolomite: buff and brownish, fine-grained; trace 8olitic
dolomite 550 to 560 feet; fine porosity 590 to 600 feet.

Salina 600-660 60 Dolomite: brownish grey, fine-grained; little dark grey,
shaly dolomite in most samples; trace gypsum.

660-760 100 Dolomitic shale: grey; little brown dolomite in most
samples; trace gypsum throughout.

760-900 140 Dolomite: brownish grey, fine-grained; trace grey,
dolomitic shale throughout; trace gypsum throughout.

900-982 82 Dolomitic shale: grey and greenish; little brown dolo-
mite; 1 per cent red, limy shale at 910 to 920 feet; trace
gypsum.

982-1,100 118 Dolomite: brownish grey, fine-grained; trace gypsum
in many samples.
1,100-1,110 10 Gypsum; 1 per cent brown dolomite.
1,110-1,140 30 Dolomite: brownish grey, fine-grained.
Guelph-Lockport 1,140-1,300 160 Dolomite: grey, crystalline.
1,300-1,640 340 Dolomite: light grey, crystalline.
Rochester 1, 640-1, 680 40 Shaly dolomite: dark grey, crystalline.
Medina 1,680-1,712 32 Shale: red; minor amount green shale.
1,712-1,730 18 Shale: green; trace red shale and grey dolomite.
1,730-1,778 48 Shale: grey and greenish grey; minor amount grey
dolomite. .
1,778-1,832 54 Dolomite: grey, crystalline; little greenish grey shale in
most samples.
1,832-1,838 6 Dolomitic shale: greenish grey; little grey dolomite.
Queenston 1,838-1,970 132 Shale: red; trace green shale in each sample.
1,970-2,072 102 Shale: red; 20 per cent green shale.
Meaford-Dundas 2,072-2,230 158 S};ale: greenish grey; little grey limestone 2,102 to 2,224
eet.
2,230-2,422 192 Shale: grey.
Billings 2,422-2, 500 78 Shale: dark grey.
2,500-2,572 72 Shale: dark grey to black.
Trenton and older 2,572-2,693 121 Limestone: brownish grey, crystalline. .
0z0ic 2,693-2,903 210 Limestone: brownish grey, crystalline; minor amount
limestone dark grey, shaly limestone.
2,903-2,925 22 Limy shale: dark grey. .
2,925-3, 050 125 Limestone: brownish grey, fine-grained.
3,050-3, 140 90 Limestone: grey, fine to dense. . R
3,140-3,322 182 Limestone: brownish grey, finegrained; little dark
grey shale 3,170 to 3,216 feet. .
3,322-3,402 80 Limestone: brownish grey, fine-grained; 10 per cent
dark grey and greenish shale 3,340 to 3,346 feet.
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Formation Depth Thickness Lithology
Feet Feet
Basal beds 3,402-3,408 6 Limestone: brownish grey, crystalline; equal amount

dark grey and greenish shale; trace greenish grey,
fine sandstone.

3,408-3,418 10 Limestone: brownish grey, crystalline; equal amount
grey and greenish sandstone and green shale.

3,418-3,423 5 Sand; traces of green and grey shale.

Location: lot 6, con. I, Chatham tp.

Log of A. E. Conliffe No. 1 Well

Elevation: 598 feet.
Formation Depth Thickness Lithology
Feet Feet
0-381 381 No samples.
Norfolk 381405 24 Limestone: light buff, fine-grained; little chert 386 to
400 feet; Protosalvinia throughout.
405-425 20 Limestone: light buff, fine-grained; few clear quartz
grains throughout; few frosted grains at base.
425-435 10 No samples.
Pre-Norfolk 435445 10 Magnesian limestone: brown, fine-grained; black carbon-
aceous streaks.
445-460 15 No samples.
460470 10 Magnesian limestone: buff, fine-grained; Protosalvinia
at 470 feet.
470-520 50 No samples.
520-535. 15 Magnesian limestone: buff, fine-grained; black bitumin-
ous streaks; trace sulphur 525 to 535 feet.
535~-585 50 Limestone: buff, fine-grained; black bituminous streaks;
fine porosity 565 to 585 feet.
585-660 75 Limestone: brownish grey, finely crystalline; little
chert throughout; trace gypsum at 625 feet.
660-750 90 Limestone: brownish grey, sandy; much chert 710 to
750 feet; trace glauconite 735 to 750 feet.
750-755 5 Sandstone: calcareous, grey; 5 per cent chert; trace
glauconite.
755-765 10 Limestone: arenaceous, grey; 5 per cent chert; trace
glauconite.
765-770 5 Sandstone: calcareous, grey; few frosted sand grains.
Norfolk 770-775 5 Limestone: arenaceous, grey; 5 per cent chert; trace
glauconite.
775-805 30 Limestone: grey, finely crystalline; 15 per cent chert;
trace glauconite.
Bertie-Akron 805-915 110 Dolomite: buff, fine-grained; fine porosity at 820 to 855
: feet; few black bituminous streaks.
Salina 915-955 40 Dolomite: brownish grey, fine-grained; some grey,
dolomitic shale; trace gypsum.
955-970 15 Dolomite: brownish grey, fine-grained; much dark grey,
dolomitic shale; 25 per cent gypsum at 970 feet.
970-990 20 Dolomitic shale: grey; 5 per cent gypsum,
990-1, 000 10 Dolomitic shale: greenish grey; trace pink gypsum.
1,000-1,070 70 Dolomitic shale: grey; some brown dolomite; trace
gypsum.
1,070-1,215 145 Dolomite: brown, fine-grained; minor amount grey,
limy shale at 1,075 to 1,085, 1,130 to 1,150, 1,190 to 1,215
{eet; trace gypsum throughout.
1,215-1,270 55 Dolomitic shale: greenish grey; trace red shale at
1,230 feet; brown dolomite at 1,255 feet; trace gypsum
throughout.
1,270-1,300 30 Dolomite: brown, fine-grained; trace gypsum.
1,300-1,470 170 Sall;;’,litftle brown dolomite at 1,320, 1,340, 1,375, 1,465 to
1,470 feet.
1,470-1,480 10 Dolomite: buff, fine-grained; trace gypsum and salt.
1,480-1,485 5 Salt.
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Formation Depth Thickness Lithology
Feet Feet
Salina 1,485-1, 565 80 Dolomite: brownish grey, fine-grained; trace gypsum.
1,565-1, 595 30 Shaly dolomite: grey, fine-grained; little grey, dolo-
mitic shale; 50 per cent gypsum at 1,590 to 1,595 feet.
1, 595-1, 650 55 Dolomite: buff, fine-grained; 5 per cent gypsum 1,605 to
1,615 feet; trace pyrite 1,620 to 1,630 feet.
Guelph-Lockport 1,650-1, 665 15 Dolomite: grey, erystalline.
1,665~1,715 50 D?Io:‘mte: buff, granular; fine porosity 1,700 to 1,705
eet.
1,715-1,795 80 Dolomite: brownish grey, fine-grained; finely porous at
1,720 to 1,725 and 1,745 to 1,750 feet; trace pyrite at
1,760 to 1,765 feet.
1,795-1,815 20 Dolomite: buff, finely crystalline.
1,815-1,835 20 Dolomite: grey, finely crystalline,
1,835-1,890 55 Dolomite: light grey, crystalline; trace pyrite 1,835 to
1,860 feet; finely porous 1,870 to 1,880 feet.
Rochester 1,890-1,915 25 Shale: calcareous, dark grey; trace pyrite.
Clinton 1,915-1,930 15 Dolomite: medium to dark grey, crystalline.
Medina 1,930-1,965 35 Shale: red; minor amount green shale; trace greenish
grey, fine sandstone at 1,945 to 1 955 and 1,960 to
1,965 feet.
1,965-1,975 10 Shale: green; little red shale and greenish grey, fine
sandstone.
1,975-2,030 55 Shale: greenish grey; trace grey dolomite 1,985 to 1,995
feet; trace red, impure limestone 2,010 to 2,020 feet
50 per cent grey, crystalline dolomite at 2, 025 to 2, 030
eet.
2,030-2, 085 55 Dolomite: grey, crystalline; 10 per cent greenish grey
shale.
2,085-2, 090 5 Shale: calcareous, greenish grey.
Queenston 2,090-2, 230 140 Shale: red; 5 per cent green shale; trace greenish grey,
calcareous sandstone at 2,090 to 2,095 feet.
2,230-2,240 10 Limestone: shaly, greenish and red; little red shale.
2,240-2, 260 20 Shale: red; 10 per cent green shale.
2, 260—2 275 15 Shale: calcareous, red.
2,275-2,380 105 Shale: red; 15 per cent green shale; trace pink gypsum at
2,315 to 2, 345 feet.
Meaford-Dundas 2,380-2, 385 5 Magnesian limestone: grey, fine-grained; some grey,
impure limestone.
2,385-2, 560 175 Shale: greenish grey; trace grey, crystalline limestone
2,385 to 2,470, 2,490 to 2,505, and 2, 520 to 2,535 feet.
2,560-2,745 185 Shale: grey; trace pyrite at 2, 710 to 2 715 feet.
Billings 2,745-2,805 60 Shale: dark grey.
2,805-2,880 75 Shale: dark grey to black.
Trenton and older 2,880-2,930 50 Limestone: brownish grey, crystalline; trace dark grey
Palmozoic shale.
limestone 2,930-3,070 140 Limestone: brownish grey, finely crystalline; trace
dark grey shale 3,035 to 3,055 feet.
3,070-3,100 30 Limestone: light buff, finely crystalline; trace green
shale at 3,075 to 3,080 feet.
3,100-3,190 90 Limestone: brownish grey, finely crystalline; trace
dark grey, limy shale throughout.
3,190-3,300 110 Limestone: brownish grey, finely crystalline; 5 per cent
dark grey, limy shale.
3,300-3,390 90 Limestone: brownish grey, fine-grained; little altered
bentonite 3,310 to 3,325 feet; 50 per cent grey and
greenish shale at 3,300 to 3,305 feet.
3,390-3,455 65 Limestone: brown, dense,
3,455-3,495 40 Limestone: dark brownish grey, dense.
3,495-3, 690 195 Limestone: dark brownish grey, fine to dense.
3,690-3,780 90 Limestone: dark brownish grey, fine-grained; trace
dark grey shale 3,690 to 3,705, 3,745 to 3,755, 3,775 to
3,780 feet; trace greenish grey shale 3,725 to 3,735 feet.
Basal beds 38,780-3, 802 22 Sand: grey, fine-to coarse-grained; some angular quartz;
little dark grey shale; little glauconite.
Precambrian 3,802-3,812 10 Quartz; feldspar; mica; chlorite.
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Log of Erie Petroleum, F. Dawson Well No. 1

Location: lot 194, con. T.R.N., Romney tp.
Elevation: 631 feet.

Formation Depth Thickness Lithology
Feet Feet
0-275 275 No samples.
Norfolk 275-350 75 Limestone: light buff, finely crystalline; Protosalvinia
320 to 345 feet.
350-390 40 Limestone: magnesian, buff, finely crystalline; crinoidal
380 to 390 feet; trace chert throughout.
Pre-Norfolk 390-400 10 Limestone: magnesian, grey, granular.
400-510 110 Limestone: magnesian, light buff, ﬁnely crystalline;
black bituminous streaks.
510-540 30 Lm}llest,one magnesian, buff, finely crystalline; trace
chert
540~590 50 L‘uﬁestéone; sandy, grey, finely granular; 2 per cent
chert.
590-620 30 Limestone: magnesian, buff, finely crystalline; 2 per
cent chert.
620-630 10 Chert; little buff limestone.
630-660 30 Limestone: magnesian, buff, finely erystalline; 50 per
centchert; trace glauconite at 635 to 640 feet.
660-670 10 Chert; little grey, sandy limestone.
670-680 10 Limestone: magnesian, buff, finely crystalline; 25 per
cent chert; 25 per cent sand.
Bertie-Akron 680-740 60 D%%ngite: buff, fine-grained; some porosity at 730 to
eet.
740-850 110 Dolomite: brownish grey, fine-grained, few black
bituminous streaks 760 to 840 feet.
Salina 850-905 55 Dolomite: brownish grey, fine-grained; trace gypsum.
905-990 85- Dolomitic shale: grey; trace gypsum throughout.
990-1,125 135 Dolomite: buff, fine-grained; few black bituminous

streaks; 25 per cent grey, limy shale 995 to 1,020 feet;
trace gypsum in most samples.

1,125-1,150 25 Shaly dolomite: grey; little buff dolomite; trace gypsum.
1,150-1,205 55 Dolomitic shale: grey; little buff dolomite; trace
1,205-1, 360 155 Dgﬁ})mlte buff and brownish grey, fine-grained; little
§rey, limy shale; trace green shale at 1,225 to 1,235
Guelph-Lockport 1,360-1,440 80 Dolomite: medium grey, crystalline; finely porous
1,360 to 1,400 feet.
1,440-1,520 80 Dolomite: medium to light grey, granular; finely porous.
1,520-1, 630 110 Dolomite: brown, finely crysta.llm
1,630-1,685 55 Dcl)lgsnsufte tgrey, crystalline; some fine porosity 1,650 to
e
1,685-1,730 45 Dolomite: light grey, crystalline; finely porous; trace
selenite 1,700 to 1,720 {eet.
Rochester 1,730-1,750 20 Limy shale: dark grey; little grey, shaly limestone.
Clinton 1,750-1,765 15 Dolomite: dark grey, finely crystalline.
Medina 1,7656-1,780 15 Shale: red; some green shale and grey limestone.
1,780-1,825 45 Shale: greemsh grey; trace red shale.
1,825-1,840 15 Unreliable samples.
1,840-1,845 5 Shale: grey.
1,845-1,855 10 Miug;ulre of grey limestone, greenish grey, red, and grey
shale.
1,855-1,865 10 Shale: grey and greenish grey; 25 per cent grey dolomite;
trace red shale.
1,865-1,870 5 Dolrzimitg: grey, finely crystalline; little greenish grey
and red sh
1,870-1,875 5 Shale: grey; 25 per cent ey dolomite.
1,875-1,920 . 45 Dolomite: %rey, crystalline; 15 per cent greenish
shale 1,875 to 1,895 feet; 50 per cent green, limy s

at 1 915 to 1, 920 feet.
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Formation Depth Thickness Lithology
Feet Feet
Queenston 1,920-2,130 210 Shale: red; little green shale in most samples
2,130-2,190 60 Shale: red 15 per cent green shale; trace gypsum 2,130
t0 2,150 feet.

Meaford-Dundas 2,190-2,205 15 Shale: greenish grey; trace red shale.

2,205-2,220 15 Limestone: grey, crysta,lhne, equal amount of greenish
grey shale; trace red shale,

2,220-2,250 30 Shale: dark greenish grey; 15 per cent grey, impure
dolomite.

2,250-2,310 60 Shale: dark greenish grey.

2,310-2,600 290 Shale: grey; trace grey, impure limestone at 2,330 to
2,370 feet and 2,450 to 2,470 feet.

Billings 2,600-2, 690 90 Shale: dark grey to black.

2,690-2, 750 60 Shale: black.

Trenton and older 2,750-2,780 30 Limestone: magnesian, brownish grey, crystalline.
Paleozoic 2,780-2,880 100 Limestone: brownish grey, finely crystalline.
limestones 2,880-2,920 40 Limestone: brownish grey, finely crystalline; little dark

brown, shaly limestone.

2,920-3, 000 80 Limestone: shaly, brown, finely crystalline.

3,000-3,070 70 Limestone: brownish grey, finely erystalline; 10 per
cent dark grey, limy shale.

3,070-3, 100 30 Limestone: shaly, brownish grey, finely erystalline;
trace metabentonite at 3,100 feet.

3,100-3,110 10 Limy shale: dark grey; trace metabentonite.

3,110-3,210 100 Limestone: buff, fine-grained; trace green shale 3,115 to
3,120 feet; trace pyrite 3,120 to 3,140 feet.

3,210-3,310 100 Limestone: magnesian, brownish grey, dense.

3,310-3,340 30 Limestone: buff, fine-grained.

3,340-3,440 100 Limestone: brownish grey, fine-grained; trace black
bituminous shale 3,380 to 3,410 feet.

3,440-3,470 30 Limestone: brown, dense.

3,470-3, 5870 100 Lxm%st:onef brown, fine-grained; trace green shale 3,530
to 3,540 feet.

3,570-3,595 25 Limestone: rey, finely cryatalline; 10 per cent grey and
greenish shale.

3,595-3,610 15 Dolomite: sandy, light grey.

3,610-3, 645 35 Dolomite: light grey, crystalline.

Basal beds 3,645-3,669 24 Quartz: angular, clear; little light grey dolomite.

QUEENSTON AND OLDER FORMATIONS

The basal beds represent the sediments of the initial encroachment of the
sea over the Precambrian land surface. They differ somewhat in lithology and
thickness from place to place, and include arkose, sandstone, shale, limestone,
and arenaceous dolomite. A well in Tilbury East township penetrated 35 feet of
these deposits without reaching the Precambrian, and one in Dover East township
entered the Precambrian after passing through 20 feet of ‘arkose’.

No satisfactory criteria have been found by which the well cuttings rep-
resenting the thick series of dominantly ealcareous rock between the basal beds
and the Billings formation can be subdivided. The series includes the Trenton
and probably part of the Black River group. It is undifferentiated and is logged
as a single unit under the name Trenton and older Pal®ozoic limestones. The
rock is essentially grey, brownish grey, and brown. It is a crystalline, partly
dense and partly magnesian limestone, with small though variable quantities
of dark grey shale. Some wells also show small amounts of green shale and
traces of chert in the lower part of the section.

The Billings formation rests on the Trenton and is overlain by the Dundas
formation. It occupies the stratigraphic position of the ‘ Utiea’ and is logged
under that term by the drillers. The formation is characteristically black
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bituminous shale in its lower part, becoming dark grey toward the top. It
grades upward into the Dundas shale. The contact is placed where the shale
becomes more grey than black. In most of the wells examined this position
seems to coincide roughly with a complete disappearance of bituminous
matter, and above this horizon small proportions of calcareous rock are in many
cases present in the samples. The base of the Billings is in sharp contact with
Trenton limestone. Sproule! reports an erosional interval at the top of the
Cobourg formation (Upper Trenton) in the Georgian Bay region and on
Manitoulin Island. This feature is not recognizable in well cuttings from the
Windsor-Sarnia area, but the abrupt change from grey crystalline limestone
to black bituminous shale suggests that it may be represented.

The Dundas formation is typically a grey shale with occasional thin lime-
stone bands in the upper part. It grades upward into the Meaford formation,
which is also dominantly shale, characteristically grey and greenish grey, and
with scattered thin crystalline limestone bands that apparently increase in
thickness and number toward the top of the formation. No definite line of
division can be made in well cuttings between the Dundas and Meaford forma-
tions. They form a single lithological unit and have, therefore, been logged
together under the term Meaford-Dundas.

The Queenston formation represents the youngest Ordovician strata in the
area. It is typically a dark red clay shale with green bands and mottlings.
The green colouring, thought to be due to bleaching by percolating waters
charged with organic acids in solution, is noticeable throughout the formation.
Traces of calcareous rock have been seen also in samples from some wells. The .
base of the Queenston is readily recognizable and is placed at the lowest
occurrence of the typical red shale. This shale is underlain fairly abruptly
by the dark greenish grey shale and grey limestone of the Meaford.

The following table summarizes- the thickness in feet of the Ordovician
formations in the townships indicated:

Townships
Formation - - -

Raleigh |Dover E. Tllv%‘_“y TxlEbfu'y (1311;2.11;- ]13{:11111;?1- Romney| Dawn

Queenston................. 290 280 234 275 290 201 270 290

Meaford-Dundas.......... 370 380 350 480 365 280 410 350

Billings.......co0evannnnn 120 100 150 120 135 104 150 110
“"Trenton and older Pal-

mozoic limestones. ...... 887 990 830 914 900 959 895 920

Basalbeds................ 104 20 214+ 264 22 20 24+ 20

MEDINA FORMATION

As proposed in a previous report? the Medina formation comprises all strata
between the Queenston below and the Clinton formation above. In the Niagara
peninsula, where it is exposed, the formation consists of three members, which,
in ascending order, are the Whirlpool sandstone, Manitoulin dolomite, and
Cabot Head shale, the last member comprising two facies known as the Grimsby
and Thorold sandstones.

1Sproule, 3, C.: Contributions to the Study of the Ordovician of Ontario and Quebec; Geol. Surv., Canada, Mem. 202,

p. 99 (1936).
2Caley, J. F.: Geol. Surv., Canada, Mem., 224, pp. 25-26 (1940).
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The Whirlpool sandstone has not been recognized in samples from any of
the wells examined either in the Windsor-Sarnia area or in the adjoining areal
to the east. In both areas the Queenston shale is overlain directly by the Mani-
toulin member. This consists of grey, crystalline dolomite, most samples of
which contain small quantities of greenish grey shale. In the few wells that
penetrate this member in the Windsor-Sarnia area, the lower 5 to 10 feet con-
sists of greenish, limy shale or shaly dolomite with lesser amounts of grey
dolomite. This rests on the red Queenston shale and the contact marks the
Ordovician-Silurian boundary. In the Niagara peninsula the contact is dis-
conformable2, and in view of the fairly abrupt change in lithology at this
horizon in the Windsor-Sarnia area, an interval of non-deposition is probably
represented there also.

The Cabot Head member overlies the Manitoulin and forms the upper part
of the Medina formation. It consists of greenish grey, green, red, and grey
shale with small amounts of reddish impure limestone and grey dolomite. Traces '
of green, sandy shale were also seen in samples from one well. The bryozos
Helapora fragilis, which is restricted to the Cabot Head member, has also been
observed. .

The Manitoulin-Cabot Head contact is gradational and, in general, can-
not be placed exactly in well cuttings. As the member where it is exposed?
typically contains red shales, its presence in wells is recognized chiefly by this
feature. The contact is thus considered to be below the lowest red shale and
above the first occurrence of rock consisting mainly of grey, crystalline dolomite.
However, in view of the gradational character of the contact, the Medina forma-
tion is logged as a single unit.

Neither the Grimsby nor the Thorold facies of the Cabot Head member
has been recognized in well cuttings from the Windsor-Sarnia area.

The following logs prepared from well samples illustrate the lithology of
the Medina formation in the townships specified. The presence of the two
members is indicated wherever poseible by a division based purely on lithology.
The logs also show the general lithological similarity and thickness of the
Medina wherever it has been penetrated.

Township Formation Depth Thickness| Lithology Member
Feet Feet
Tilbury W. Medina 1,680-1,712 32 Shale: red; minor amount of green| Cabot
hale Head

8 .
1,712-1,730 18 Shale: green; trace of red shale and
grey dolomite.
1,730-1,778 48 Shale: grey and greenish grey; minor
amount of grey dolomite.

1,778-1,832 54 Dolomite: grey, crystalline; little] Manitoulin
' greenish grey shale in most samples.
1,832-1,838 6 Dolomitic shale: greenish grey; little
grey dolomite.

Chatham Medina 1,930-1,965 35 Shale: red; minor amount of green| Cabot
shale; trace of greenish grey, sandy| Head
shale at 1,945 to 1,955 and 1,960 to
1,965 feet.

1,965-1,975 10 Shale: green; little red shale and green-|
ish grey, sandy shale.

1,975-2,030 55 Shale: greenish grey; trace of grey
dolomite at 1,985 to 1,995 feet; trace]
red, impure limestone at 2,010 to|
2,020 feet; 50 per cent grey dolomite,
at 2,025 to 2.030 feet.

1Caley, J. ¥.: Geol. Surv., Canada, Mem, 237, p. 18 (1943).
2Caley, J. F.: Geol. Surv., Canada, Mem. 224, p. 23 (1940).
3Caley, I. F.: Geol. Surv., Canada, Mem. 224, p. 32 (1940).
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Township Formation| Depth |[Thickness Lithology Member
Feet Feet
Chatham 2,030-2, 085 55 Dolomite: grey, crystalline; 10 per| Manitoulin
cent greenish grey shale.
Dover Medina 1,940-1, 960 20 Shale: green; equal amount red shale;] Cabot
trace grey dolomite. Head
1,960-1,980 20 Shale: red; minor amount green shale.
1,980-1,990 10 Shale: green; minor amount red shale;
trace grey dolomite.
1,990-2,020 30 Shale: greenish grey; trace red shale.
2,020-2,040 20 Shale: grey; minor amount grey dolo-
mite; trace red and green shale.
2,040-2,100 60 Dolomite: grey, ecrystalline; smalll Manitoulin
amount green shale throughout;
trace pyrite at 2,100 feet.
2,100-2,110 10 Shale: calcareous, greenish grey; trace
grey dolomite.
Raleigh Medina 1,940-1, 960 20 Shale: red; small amount green shale. CsilI)Otd
ea
1,960-1,980 20 Shale: green; small amount red shale.
1,980-2,030 50 Shale: greenish grey; trace reddish,im-
pure limestone; trace red shale.
2,030-2, 080 50 Dolomite: grey, erystalline; 10 per| Manitoulin
cent greenish grey shale; little red
shale at 2,070 feet.
2,080-2, 090 10 Shaly dolomite: greenish grey, crystal-|
line; much green, limy shale.
Sarnia Medina 2,633-2,670 37 Shale: red; minor amount green shale;| Cabot
. trace pyrite at 2,633 to 2,638 feet. Head
2,670-2,706 36 Shale: green; minor amount red shale;
trace grey dolomite.
2,706-2,724 18 Shale: greenish grey; little red shale;
bryozoa and brachiopod fragments.
2,724-2,769 45 Dolomite: grey, ecrystalline; little] Manitoulin
green shale at 2,724 to 2,759 feet.
2,769-2,783 14 Shale: greenish grey.
2,783-2,790 7 Dolomite: grey, cryvstalline.
2,790-2,795 5 Shale: greenish grey.
Enniskillen Medina 2,305-2,310 5 Shale: red and green. . Cabot
2,310-2,380 70 Shale: greenish grey; some red, limy| Head
shale and grey, shaly dolomite near
the base; some bryozoa fragments.
2,380-2,417 37 Dolomite: grey, crystalline; some| Manitoulin
greenish shale in most samples.
2,417-2,446 29 Shaly dolomite: ai;reenish grey; some|
green, limy shale.
Romney Medina 1,765-1,780 15 Shale: red; some green shale and grey| Cabot
dolomite. Head
1,780-1,825 45 Shale: greenish grey; trace red shale.
1,825-1,840 15 Unreliable samples.
1,840-1,845 5 Shale: grey.
1,845-1,855 10 Mixture of grey limestone, greenish
grey, red, and grey shale.
1,855-1,865 10 Shale: grey and greenish grey; 25 per
cent grey dolomite; trace red shale.
1,865-1,870 5 Dolomite: grey, crystalline; little
greenish grey and red shale.
1,870-1,875 5 Shale: grey; 25 per cent grey dolomite.| Manitoulin
1,875-1,920 45 Dolomite: grey, crystalline; 15 per
cent greenish grey shale at 1,875 to
1,895 feet; 50 per cent green, limy
shale at 1,915 to 1,920 feet.
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CLINTON FORMATION

The Clinton formation occupies a position between the Medina formation
below and the Rochester above. It consists of grey, crystalline dolomite or
dolomitic limestone and is lithologically similar wherever it has been drilled.
Because only a small percentage of the wells drilled in the Windsor-Sarnia
area reach this horizon the exact distribution of the Clinton cannot be stated.
Samples of a few wells, notably in Dover, Tilbury West, and Sombra townships,
apparently contain no Clinton strata. It is possible, therefore, that the forma-
tion is locally absent in the western part of the area.

The Clinton is typically well defined in cuttings from both the red and
green Medina shale below and the grey Rochester shale above. However, in
a few of the wells examined, the calcareous nature of the Rochester and the
grey colour of both formations make it difficult to place an exact boundary
between them. In such wells they are separated purely on composition. The
following table gives the thickness present in the townships specified.

County Township Thickness
Feet

ROCHESTER FORMATION

The Rochester formation overlies the Clinton and is succeeded by the
Lockport dolomite. As in the case of the Clinton formation, the Rochester is
penetrated by only a small number of the wells drilled. Where drilled, it
consists of dark grey, calcareous shale and shaly dolomite and is readily
separable in well cuttings from the overlying grey, crystalline dolomite of the
Lockport formation. The following table gives the thickness of the Rochester
in the townships specified:

County Township Thickness

Feet

Lambton......oooiiiiiiiiiiiaiiiierieanense. Enniskillen

GUELPH AND LOCKPORT FORMATIONS

Although the Guelph and Lockport formations were mapped separately in
the Niagara peninsuls, no satisfactory criteria were found upon which the two
could be separated in well samples. They were, therefore, logged as a single
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unit under the term Guelph-Lockport!. This method of logging was also found
necessary in the adjoining area2 to the east. In the Windsor-Sarnia area the
same conditions of sedimentation prevail. The two formations as seen in wells
are essentially similar lithologically and form a unit that cannot be subdivided.
The usage cited above is, therefore, continued.

The Guelph-Lockport beds occupy a position between the Rochester shale
below and the Salina formation above. They consist of a succession of crystal-
line, finely erystalline, and granular dolomite beds that are commonly grey and
buff in the upper part (Guelph) and light grey to nearly white towards the
base (Lockport).

The lower contact is easily recognized in well cuttings, the ehange from
light grey, crystalline (Lockport) dolomite to dark grey, limy shale (Rochester)
being fairly abrupt.

The upper limit of the Guelph-Lockport is not always easy to place. It will
be discussed with the overlying Salina formation.

The following table indicates the thickness of the Guelph-Lockport in the
townships specified.

County Township Thickness
Feet
Enniskillen.......oiooieivvniioncisocoinons 79-95
DR O 90-278
Lt o 13T 82
..| Sombra......... 110-170
..| Camben Gore... 161-1924-
.| Chatham....... 160-240
Dover Bast...oeervieereeririnrineeenenanns 190-205
Raleigh. . ..iiveriiiiiiiiiiiniieininaneens 280-300
Tilbury East....coveeverniravareeninsacnens 310-470
ROMNEY. .ot viiirieiiiennnreransnnnnennas 325470
Tilbury West.....ooveeerineoienininensnnes 480-500
osfield South............ocvvviienniiinnn, 379
Colchester South.......c.cocvivnninenaennnns 371-404+

SALINA FORMATION

This formation everywhere overlies the Guelph-Lockport beds and is suc-
ceeded by the Bertie-Akron series. As seen in well cuttings, the Salina exhibits
in general alternations of grey and brown zones, each of which presents a lithology
peculiar to itself. The brown zones consist of fine-grained to dense dolomite and
the grey zones vary from argillaceous dolomite to dolomitic shale. The forma-
tion as a whole is, therefore, more or less caleareous, the nearest approach to
true shale being some thin zohes of grey and greenish grey, argillaceous rock
observed in wells from Romney, Camden Gore, Dawn, Sombra, Sarnia, Ander-
don, and Plympton townships, and traces of red shale up to 5 feet thick in wells
from Romney, Anderdon, and Sarnia townships. Traces of white gypsum
(anhydrite and gypsum are not differentiated) are present throughout most of
the formation, and in most wells examined it forms a zone up to 10 feet thick
commonly within the lower 30 feet of the formation (See Figure 1). Wells from
Enniskillen, Dawn, Sarnia, Sombra, Raleigh, Tilbury East, Romney, and Ander-
don townships show thicknesses of salt aggregating as much as 540 feet (See
Figure 1). The salt may occur in from one to six separate beds in a single well,
and individual beds range from about 5 to 200 feet in thickness. Although at
least one well from each of the foregoing townships is known to have encountered

1Caley, J. F.: Geol. 8urv., Canada, Mem. 224, pp. 60, 72 (1940); Mem. 226, pp. 26, 20 (1941)
*Caley, J. F.: Geol. Surv., Canada, Mem. 237, p, 21 (1043).
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salt, it does not follow that this mineral is present in every well in any given
township. For instance, cuttings of some wells from Dawn, Sombra, Raleigh,
Tilbury Esst, and Romney townships have been examined in which no salt was
drilled.

The base of the Salina is not everywhere easy to locate in well samples. In
all wells examined there was found to be a recognizable change in texture usually
a short distance below the lowest occurrence of gypsum, and in most wells this
change coincided with a change in colour. The contact with the underlying
Guelph formation is placed at this change. Typically, the lower 50 to 150 feet
of the Salina is brown or brownish grey, fine-grained to dense dolomite with
traces of gypsum throughout and, commonly, a single bed of gypsum up to
10 feet thick within the lower 30 feet. Below, the Guelph dolomite is typically
grey and distinetly erystalline or even granular, and, though it may contain traces
of selenite, white gypsum is rarely present. In some wells, however, the coinci-
dence of the disappearance of gypsum with change in texture and colour is not
so evident. In such wells there may be a considerable thickness of brownish
or buff, erystalline dolomite below the lowest gypsum and above the typical grey,
crystalline Guelph dolomite. In such wells the base of the Salina is placed where
a distinet change in texture is recognizable even though this change may not
also mark a corresponding change from brown to grey.

The top of the Salina is readily recognizable in most wells. It is placed
above the highest occurrence of gypsum or anhydrite, usually associated with
brownish dolomite and grey, shaly dolomite. This horizon is overlain by buff
and brown, fine-grained dolomite with, in some wells, black bituminous streaks,
and which represents the Bertie-Akron series.

The following table illustrates the contacts of the Salina as well as the
lithology of the Salina and Bertie-Akron formations. The table is based on
examination of one well from each of the townships specified.

Township Depth Thickness Lithology Formation
Feet Feet
Romney 680-740 60 D%(E);I?it:: buff, fine-grained; porous at 730 to|Bertie-Akron
eet.
740-850 110 {Dolomite: brownish grey, fine-grained; few|
black bituminous streaks.
850-905 55  |Dolomite: brownish grey, fine-grained; trace{Salina
gypsum.
905-990 85 Dolt;mitic shale: grey; trace gypsum through-
out.
990-1,125 135 |Dolomite: buff, fine-grained; 25 per cent grey,

}imy shale 995 to 1,020 feet; trace gypsum
in most samples.

1,125-1,150 25 |Shaly dolomite: grey; little buff dolomite;
trace gypsum.
1,150-1, 205 55 |Dolomitic shale: grey; little buff dolomite;
trace gypsum. :
1,205-1, 360 155 |Dolomite: buff, fine-grained; little grey, limy
shale; trace green shale 1,225 to 1,235 feet.
1,360-1, 440 80 |Dolomite: medium grey, crystalline; finely|Guelph-
porous 1,360 to 1,400 feet. Lockport
Tilbury West 490-600 110 |Dolomite: buff and brownish, fine-grained;Bertie-Akron

trace oolitic dolomite 550 to 560 feet; fine
porosity 590 to 600 feet.

600-660 60 |Dolomite: brownish grey, fine-grained; little|Salina
grey, shaly dolomite in most samples; trace|
gypsum.

560760 100 |Dolomitic shale: grey; little brown dolomite|

in most samples; trace gypsum throughout.
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Township Depth Thickness Lithology Formation
Feet Feet
Tilbury West 760-900 140 |Dolomite: brownish grey, fine-grained; trace
grey, dolomitic shale throughout; trace
gypsum throughout.
900982 82 [Dolomitic shale: grey and greenish; little
brown dolomite; 1 per cent red, limy shale|
at 910 to 920 feet; trace gypsum.
982-1,100 118 |Dolomite: brownish grey, fine-grained; trace
gypsum in many samples.
1,100-1,110 10 |Gypsum; 1 per cent brown dolomite.
1,110-1,140 30 [Dolomite: brownish grey, fine-grained.
1,140-1, 300 160 {Dolomite: grey, crystalline. Guelph-
Lockport
Chatham 805-915 110 |Dolomite: buff, fine-grained; fine porosity at|Bertie-Akron
820 to 855 feet; few black bituminous streaks.
915-955 40 |Dolomite: brownish grey, fine-grained; some|Salina
grey, dolomitic shale; trace gypsum.
955-970 15 [Dolomite: brownish grey, fine-grained; much
dark grey, limy shale: 25 per cent gypsum
at 970 feet.
970-990 20 |Dolomitic shale: grey; 5 per cent gypsum.
990-1, 000 10 |[Dolomitic shale: greenish grey; trace pink
gypsum.
1,000-1,070 70 |Dolomitic shale: grey; some brown dolomite;
trace gypsum.
1,070-1,215 145 |Dolomite: brown, fine-grained; minor amount,
grey, limy shale at 1,075 to 1,085, 1,130 to
1,150, and 1,190 to 1,215 feet; trace gypsum
throughout.
1,215-1,270 55 |Dolomitic shale: greenish grey; trace red
shale at 1,230 feet; brown dolomite at 1,255
feet; trace gypsum throughout.
1,270-1, 300 30 |Dolomite: brown, fine-grained; trace gypsum.
1,300-1,470 170 (Salt; little brown dolomite at 1,320, 1,340,
1,375, and 1,465 to 1,470 feet.
1,470-1,480 | . 10 |Dolomite: buff, fine-grained; trace gypsum
and salt.
1,480-1,485 5 Salt.
1,485-1, 5665 80 |Dolomite: brownish grey, fine-grained; trace|
gypsum. -
1,565-1, 595 30 [Shaly dolomite: grey, finegrained; little
grey, dolomitic shale; 50 per cent gypsum
at 1,590 to 1,595 feet.
1, 595-1, 650 55  [Dolomite: buff, fine-grained; 5 per cent gyp-
sum at 1,605 to 1,615 feet; trace pyrite
1,620 to 1,630 feet.
1,650-1, 665 15 |Dolomite: grey, crystalline. Guelph-
1,665-1,715 50 |Dolomite: buff, granular; fine porosity at| Lockport
1,700 to 1,705 feet.
Dover 930-1,110 180 |Dolomite: buff and brown, fine-grained; trace|Bertie-Akron
selenite at 990 to 1,000 feet.
1,110-1,150 40 |Shaly dolomite: grey; trace gypsum Salina
1,150-1, 190 40 |Dolomitic shale: greenish grey; trace gypsum
throughout.
1,190-1,240 50 |Shaly dolomite: grey; some brown dolomite;
trace gypsum throughout.
1, 240-1, 200 50 |{Dolomite: brownish grey, fine-grained; trace
grey, limy shale throughout; little gypsum.
1,290-1,310 20 |Dolomitic shale: grey and greenish grey;
trace gypsum.
1,310-1,370 60 |Dolomite: brownish grey, fine-grained; trace
grey, limy shale throughout; trace pyrite
at 1,360 feet.
1,370-1,480 110 |Dolomitic shale: grey to greenish; trace
brown dolomite in most samples; trace
gypsum throughout.
1,480-1,560 80 [Dolomite: brownish grey, fine-grained; some|

black bituminous streaks; trace gypsum at
1,480 to 1,520 feet; trace pyrite at 1,510 to
1,540 feet.
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Township Depth Thickness Lithology Formation
Feet Feet,
Dover 1, 560-1, 600 40 |Shaly dolomite: grey, fine-grained; trace red
?h?e at 1,580 feet; little gypsum at 1,600
oet.
1,600-1,610 10 |Gypsum; little brown dolomite and grey
shale.
1,610-1,640 30 |Dolomite: buff, fine-grained; trace gypsum.
1,640-1, 680 40 |Dolomite: grey, crystalline. Guelph-
Lockport
Mersea 430-540 110 |Dolomite: buff, fine-grained. Bertie-Akron
540-590 50 |Dolomite: buff, fine-grained; some grey, shaly|Salina
dolomite in most samples; trace gypsum.
590-680 90 Dolc;mitic shale: grey; trace gypsum through-
out.
680-810 130 |Dolomite: brownish grey, fine-grained; trace
dark grey, dolomitic shale in many samples;
trace gypsum in most samples.
810-900 90 {Dolomitic shale: grey and greenish grey;
trace gypsum throughout.
900-1, 040 140 |Dolomite: brownish grey, fine-grained; 30 per|
cent gypsum at 1,020 to 1,030 feet.
1,040-1, 060 20 |Dolomite: grey, crystalline. Guelph-
Lockport
Tilbury North 680-800 120 |Dolomite: buff and brownish grey, fine-|Bertie-Akron
grained; trace oolitic dolomite at 720 to 725,
750 to 755, and 770 to 780 feet.
800-850 50 |Dolomite: brownish grey, fine-grained; little|Salina
grey, shaly dolomite at 820 to 825 feet; trace
psum.
850-870 20 Shaly dolomite: grey, fine-grained; 5 per cent
dark grey, dolomitic shale; trace gypsum.
870-940 70 |Dolomitic shale: greenish grey; little grey,
shaly dolomite; trace gypsum throughout.
940-1,105 165 |Dolomite: brownish grey, fine-grained; 2 per
cent dark grey, dolomitic shale 940 to 1,025
feet; trace grey, shaly dolomite 1,040 to
1, 070 feet; trace gypsum in most sa.mples
1,105-1,210 105  |Dolomitic shale: greenish grey; brown dolo-
mite at 1,195 to 1,200 feet: trace gypsum in
most samples.
1,210-1,320 110  |Dolomite: brownish grey, fine-grained; trace
gypsum at 1,210 to 1,285 feet.
1,320-1,325 5 |Gypsum; little grey, dolomitic shale.
1,325-1,335 10 |Dolomite: brownish grey, fine-grained.
1,335-1, 345 10 |(Gypsum.
1, 345-1, 360 15 |Dolomite: brownish grey, fine-grained; trace
gypsum.
1,360-1,405 45 |Dolomite: medium grey, crystalline. Guelph-
1,405-1,415 10 |Dolomite: buff, crystalline. Lockport
1,415-1,450 35 |Dolomite: light grey, crystalline.
Dawn 1,161-1,242 81 |Dolomite: buff and grey, fine-grained; oolitic|Bertie-Akron
at 1,203 feet; some fine porosity 1,209 to
1,215 feet.
1,242-1,247 5 |Dolomite: brownish grey, fine-grained; 2 per{Salina
cent dark grey, shaly dolomite.
1,247-1,262 15 |Shaly dolomite: grey, fine-grained; 40 per cent
brown dolomite; trace dark grey shale;
' trace gypsum at 1,252 feet.
1,262-1,313 51  |Dolomite: brownish grey, fine-grained; grey,
shaly dolomite at 1,289 feet; dolomitic]
shale 1,295 to 1,301 feet.
1,313-1,400 87 |Dolomitic shale: dark greenish grey; trace
pink gypsum throughout; 50 per cent dolo-
mite at 1,400 feet.
1,400-1,537 137 Dolomite: brownish grey, fine-grained; trace

gypsum in most samples; from trace to 25
per cent dark grey, dolomitic shale.
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Township Depth Thickness Lithology Formation
Feet Feet
Dawn 1,637-1,596 59 |Dolomitic shale: greenish grey; trace gypsum
throughout; little brown dolomite
1,596-1,612 186 |[Dolomite: brownish grey, ﬁne—gramed; some)|
grey, shaly dolomite; trace gypsum.
1,612-1,618 6 |Dolomitic shale: greenish grey; trace pyrite.
1,618-1,742 124 |Dolomite: brownish grey, fine-grained; trace|
grey shale 1,618 to 1,630 feet; trace gypsum
1,630 to 1,642 feet.
1,742-1,757 15 Shaly dolomite: grey; trace dark grey, dolo-
mitic shale.
1,757-1,886 129  |Dolomite: brownish grey, fine-grained; trace
dark grey, dolomitic shale 1,762 to 1,777
and 1,846 to 1,880 feet; 10 per cent gypsum
1,767 to 1,777 feet: 25 per cent gypsum at
1,886 feet.
1,886-1,965 79 [Dolomite: buff, finely crystalline. Guelph-
Lockport
1,965-2,021 56 |Dolomite: light grey, crystalline; some fine|
porosity at 2,021 feet.
2,021-2,031 10 {Dolomite: medium grey, crystalline.
Malden 321-401 80 |Dolomite: buff, fine-grained; black bitum-|Bertie-Akron
inous streaks; trace oolitic dolomite at 353
to 359 and 389 to 398 feet.
401410 9 [Sample missing.
410471 61 |Dolomite: buff and grey, fine-grained.
471-499 28 |Dolomite: brownish grey, fine-grained; little|Salina
grey, shaly dolomite; trace gypsum.
499-587 88 |Dolomitic shale: grey; little brown dolomite
in lower 24 feet; little gypsum throughout.
587-746 159  |Dolomite: buff and brown, fine-grained; 50|
per cent grey, shaly dolomite 669 to 675 feet;
25 per cent shaly dolomite in lower 20 feet;
trace gypsum throughout.
746-795. 49  |Dolomitie shale: grey; little brown dolomite
in most samples; trace gypsum.
795-801 6 |[Gypsum; 20 per cent grey, dolomitic shale.
801-818 17 Dolomitic shale: grey; 10 per cent brown dolo-|
mite; trace gypsum.
818-854 36  |Dolomite: brownish grey, fine-grained; 5 per|
cent grey, dolomitic shale; trace gypsum.
854866 12 |Gypsum; 20 per cent greenish grey shale.
866-957 91 |Dolomite: brownish grey and buff, finely
i<_:ryst',a.lline; 50 per cent gypsum 866 to 880
eet.
957-975 18 |Gypsum; 20 per cent brown dolomite.
975-1,016 41 Dolomite: buff, finely crystalline; little
gypsum in most samples.
1,016~1,022 6 |Dolomite: buff and grey, granular. Guelph-
Lockport
Sarnia 985-1, 080 95 |Dolomite: buff, fine-grained; trace gypsum Bertie-Akron
1,038 to 1,068 feet
1,080-1,150 70 |Dolomite: brownish grey, fine-grained; trace|Salina
gypsum 1,080 to 1,088, 1,115 to 1,120 feet.
1,150-1,180 30 |Shaly dolomite: grey, fine-grained; greenish
shale 1,185 to 1,170 feet; trace gypsum
throughout
1,180-1,205 25 |Dolomite: brownish grey, fine-grained.
1,205-1,250 45 |Dolomitic shale: grey; trace gypsum through-|
out.
1,250-1,255 5 [Shale: red; trace green shale.
1,255-1,290 35 |Shale: greenish grey; trace gypsum through-|
out.
1,290-1,318 28 Dolomitic shale: grey; trace gypsum through-
out.
1,318-1,404 86 |Salt; grey, shaly dolomite 1,344 to 1,350 feet;
trace greenish shale 1,365 to 1,375 and 1,396
to 1,404 feet.
1,404-1,412 8 Shale: greenish grey; trace gypsum.
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Township Depth Thickness Lithology Formation
Feet Feet,
Sarnia 1,412-1,427 15 |Dolomite; brownish grey, fine-grained; trace

gypsum.

1,427-1,435 8 [Dolomitic shale; greenish grey; little gypsum.

1,435~1,480 45  (Salt; little green shale 1,435 to 1,440 feet.

1,480-1,510 30 |Dolomite: brownish grey, fine-grained; trace
gypsum.

1,510-1,520 10 alt.

1,520-1, 540 20  [Dolomite: brownish grey, fine-grained; trace
gypsum.

1,540-1,605 65 |Salt.

1,605-1,615 10 |Dolomite: brown, fine-grained; 50 per cent
greenish shale; little gypsum.

1,615-1,620 5 |Gypsum.

1,620-1,630 10 [Samples missing.

1,630-1, 635 5 Gypsum.

1,635-1,695 60 |Dolomite: brownish grey, fine-grained; 35 per
cent gypsum 1,625 to 1,695 feet.

1,695-1,745 50 |Salt.

1,745-1,760 15 |Dolomite: brownish grey, fine-grained; little
gypsum,

1,760-1,806 46 |Shale: greenish grey; 15 per cent gypsum,

1,806-1,814 8 |Gypsum; little brown dolomite.

1,814-1,820 6 |Dolomite: brownish grey, fine-grained.

1,820-1,845 25 |Shale: greenish grey; trace gypsum.

1,845-1,873 28 Salt.

1,873-1,882 9 |Dolomite: brownish grey, fine-grained.

1,882-1,890 8 Salt.

1,890-1,898 8 |Dolomite: brownish grey, fine-grained.

1,898-2,096 198 Salt.

2,096-2,101 5 |Dolomite: brownish grey, fine-grained.

2,101-2,120 19 Salt.

2,120-2,215 95 |Dolomite: brownish grey, fine-grained; 25 per
cent gypsum 2,146 to 2,150 feet.

2,215-2,268 53 |Shaly dolomite: grey; 25 per cent gypsum
2,260 to 2,268 feet.

2,268-2,276 8 |Gypsum.

2,276-2,360 84 Salt.

2,360-2,417 57 [(Dolomite: brown, fine-grained; trace pyrite
2,395 to 2,410 feet.

2,417-2,498 81 |Dolomite: grey, finegrained; little dark grey
shale 2,462 to 2,492 feet; trace pyrite 2,435
to 2,462 feet.

2,498-2, 505 7 Gypsum.

2,505-2,518 13  |Dolomite: buff, fine-grained; 60 per cent
gypsum.

2,518-2,576 58 |Dolomite: grey, erystalline; trace pyrite 2,527|Guelph-
to 2,538 feet. Lockport

The Salina formation shows some variation in thickness both in wells within
a given township and in wells more widely spaced throughout the area. It is
suggested that the more local variation may be due, in part at least, to difficulty
in placing the lower boundary. Also, the presence of variable thicknesses of salt
in wells from some localities accounts for much of the local variation in total

thickness of the formation.

This feature is illustrated in the following table:
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Thickness | Thicknesa
County Township Thickness of withoqut

salt salt
Feet Feet Feet
Lambton..... et seae ey Enniskillen........cccovveenn... 1,003 233 770
Lambton..cv.eereicieniinearnens Enniskillen...,.. . 971 258 713
Lambton...eceneveiiiiiininnnnes Enniskillen...... . 1,129 478 651
Lambton...coovevvenvinnninnan. Dawn............ .. 687 78 609
Dawn........ . 960 270 690
Dawn........ .. 830 220 610
Dawn........ .. 870 235 635
Dawn........ .. 890 210 680
Dawn........ . 855 235 620
Dawn........ .. 880 165 715
Dawn........ .. 920 255 665
Dawn........ .. 655 15 640
Dawn....... 677 10 667
Dawn........ 644 0 644
Sarnia....... 1,438 541 897
Sombra..... .. 0945 285 660
Sombra.............. .. 855 240 615
Camden Gore.......... .. 648 0 648
Chatham.......... .. .. 735 175 560
Dover East...... . .. 560 0 560
Raleigh................ .. 550 10 540
Raleigh.................... . 668 150 518
Raleigh.................... .. 585 92 493
Raleigh............0co0uue .. 550 20 530
Raleigh................ . 490 10 480
Tilbury East...... .. 685 95 590
Romney.......ocovevevveninnn. 530 10 520
Tilbury West.................. 540 0 540
Tilbury North................. 560 0 560
Mersea...cooouvienenenainnnn. .. 500 0 500
Gosfield South................. 600 0 600
.| Colchester South............... 554 0 554
1d 545 0 545
.. 620 107 513
Anderdon....... . 640 180 460

Notwithstanding the local variation indicated by the foregoing figures, and
after deducting the total thickness of salt from each well, there appears to be a
general thickening of the formation northward across the area from a minimum
of 460 feet in Anderdon township to0 a maximum of 897 feet in Sarnia township.

For correlation of the Salina formation the reader is referred to the
Paleozoic Geology of the Brantford Area, Ontario; Geol. Surv., Canada,
Mem. 226, p. 43 (1941), by J. F. Caley.

BERTIE-AXRON SERIES!

The Bertie-Akron series overlies the Salina formation and constitutes the
youngest Silurian strata in the Windsor-Sarnia area. These rocks occupy the
stratigraphic position of the Bertie-Akron as it is developed in areas? to the
east: it is not divisible there, nor in the present area, and, therefore, the method
of logging it as a single unit is continued.

As seen in well cuttings, these youngest Silurian rocks are a lithologically
uniform series of buff, brownish grey, and brown, fine-grained dolomite with,
in some wells, black bituminous streaks. Traces and small quantities of oolitic
dolomite have been observed in some wells, and traces of selenite are not
uncommon. The details of this lithology are shown in foregoing logs illustrating
the contacts of the Salina formation.

o ;E‘o;sh(x?&g and present use of the term Bertie-Akron Ses Geol. Surv., Canada, Mem. 224, p. 78 (1940); Mem. 237,
: ’C'aleg, I, F.: Palwozoic Geology of the Toronto-Hamilton Area, Ontario; Palzozoic Ge(310§:3 of the Brantford Area,

gngfg:)'iw alozoic Geology of the London Area, Ontario; Geol. Surv., Canada: Mem. 224 (1940); Mem, 226 (1941); Mem. 237



28

The lower contact of the Bertie-Akron series is referred to in the description
of the Salina formation. It is placed above the highest occurrence of gypsum
in that formation, which is associated with brown dolomite and grey, shaly
dolomite. .

The upper contact of the series is at the Silurian-Devonian boundary, and
is described with the overlying Devonian rocks.

The thickness of the Bertie-Akron shows much local variation, due, doubt-
less, to erosion prior to desposition of the overlying Devonian. The following
are thicknesses indicated by well logs in the townships specified.

County Township Thickness
Feet

Enniskillen.......ovvveiviiiiininneninnn.. 102-173

DS - 60-205
SATNIA. .ottt e it 95
[ST0 00 7 - RN 72-115
Camden GOre.....oovvevenerueienociinnonss 76-238
Chatham............civiiiieiiirinannann. 92-259
Dover Bast...oocvvariiiiinnieiaiienaninans 143-180
Raleigh.....cooiivuiiiiiiiiiiineniencnenes 48-275
Tilbury East...cooeevninneianensenennenns 77-318
ROMNEY . .oet i iiiiaiineiiiiiieniiein s 82-300
Tilbury North....c.oooveiiiiiiniiiniinnsn. 60
Tilbury West.....covvviniiiiiiiinianan. 120-130

120-205

92-160
134-395
120-162
130-150
110

In Michigan and Ohio the Silurian rocks above the Salina have been called
the Bass Island series!. The term was proposed for the Lower Monroe division
of Grabau’s? restricted use of the original Monroe beds of Lane® and the name
was taken from the group of islands of the same name in western Lake Erie.
Ag thus defined, the Bags Island occupies a position between the Salina forma-
tion below and the Sylvania sandstone above. In Ohio the Sylvania is placed
in the Devonian by Carman* and described by him as resting disconformably
upon the Bass Island series. The Bass Island thus occupies a like stratigraphic
position with the Bertie-Akron of the Windsor-Sarnia area.

The name Bertie-Akron is here used rather than Bass Island, as the post-
Salina Silurian in the Windsor-Sarnia area is known only from drilling samples;
paleontological material is entirely lacking; and the strata are a westward
continuation, with an essentially similar lithology, of the Bertie-Akron of the
Niagara peninsula.

Chadwick’s statement5, when discussing the Cayugan Waterlimes of western
New York, that “it is claimed that the name Bertie should either be retained in
the primitive sense covering the entire series inclusive of the Akron, or else be
restricted to the cement bed here called the Buffalo, a name said to be pre-
occupied”, merits consideration. As the Akron dolomite cannot be individually
distinguished, and as Chapman’s original use of the term Bertie® apparently
included all the Silurian rocks above the Salina, it seems worth pointing out
that the post-Salina Silurian strata of the Windsor-Sarnia area might properly
be designated by the term Bertie formation.

1Grabau, A. W.: Geol. Soc. Amer., vol. 19, 1908, p. 554.

2Grabau, A. W.: Science, N.S., vol. 27, p. 622 (1908).

2Lane, A, C.: Mich. Geol. Surv., vol. 5, pt. 2, pp. 26-28.

‘Carman, J. E.: Geol. Soc. Amer., vol, 47, pp. 253-268 (1936).
5Chadwick, G. H.: Geol, Soc. Amer., vol. 28, p. 173 (1917) (abstract).
$Chapman, E. J.: Minerals and Geology of Canada, p. 190 (1864).
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OUTCROPPING FORMATIONS

GENERAL STATEMENT

Outcropping strata in the Windsor-Sarnia area are confined to the Devonian
system, and consist of the Norfolk, Hamilton, and Kettle Point formations. Of
these only the Norfolk and Kettle Point beds can be seen, the Hamilton being
everywhere concealed by glacial overburden. Exposures of the other two
formations are rare and exhibit only a small part of the respective formations,
so that recourse to drilling samples is necessary in studying the entire Devonian
section.

NORFOLK AND PRE-NORFOLK BEDS

Historical Review. When mapping the Brantford areal the pre-Hamilton
Devonian was represented as a single unit under the term Norfolk formation.
The term was used to designate the rocks previously mapped as Delaware and
Jnondaga, together with any underlying Devonian strata of the same general
‘haracter that were conformable with them. The term was adopted because it

‘as impossible to separate the Delaware and Onondaga in well cuttings and: also

scause of the failure to recognize with certainty the presence of Detroit River
Ltrata, either in wells or at the outerop, as separate from the overlying Onondaga.
The Norfolk as thus defined constitutes a lithological unit that is readily de-
imited and, therefore, suitable for mapping purposes. This method of mapping
the pre-Hamilton Devonian was continued westward into the London area2,

Outside the present area, and also typically exposed at the Brunner Mond
quarry at Amherstburg, is a series of rocks somewhat similar to the Onondaga
ind containing a fauna that “if considered by itself would probably be pro-
nounced a Schoharie or Onondaga fauna without a moment’s hesitation although
there is considerable Siluric element”3. These rocks were named the Detroit
River series by Grabaut and are reported to underlie disconformably the
Dundee® (Onondaga).

In 1895 A. C. Lane® proposed the term Monroe beds for the rocks in south-
eastern Michigan included between the Dundee (Onondaga) above and the
lowest gypsiferous beds below. This term embraced everything from the top
of the Niagaran to the base of the Dundee (in ascending order, the Salina, Bass
Island, Sylvania, and Detroit River). Prosser? used the term Monroe for rocks
occupying the same stratigraphic position in western Ohio, but divided them into
a lower member, the Tymochtee, and an upper member, the Lucas limestone,
geparated by the Sylvania sandstone of Orton. In 1908, Grabau® removed the
Salina rocks from the Monroe. In the same year a more detailed classification
of the Monroe was proposed?. This classificationl? has been in general use in
Ohio and Michigan since that time, It is as follows:

C. Upper Monroe

or Feet
Detroit River series......c.ceeeceesesnes Lucas dolomite ......ccvevvnennns. 2004

Ambherstburg dolomite ............ 20

Anderdon limestone............... 35-50

Flat Rock dolomite............... 40-100

1Caley, J. F.: Geol. Surv., Canada, Mem. 226, p. 49 (1841).

Caley, J. F.: Geol. Surv., Canada, Mem. 237 (1943).

3Grabau, A. W., and Sherzer, W. H.: Mich. Geol. and Biol. Surv., Pub. 2, p. 217 (1809).

4Grabau, A. W.: Bull. Geol. Soc. Amer., vol.19, p. 555 (1908).

5Grabau, A. W., and Sherzer, W, H.: Op. cit., p. 27.

¢Lane, A. C.: Geol. Surv., Mich., vol. 5, pt. 2, pp. 26-28 (1895).

TProsser, C. 8.: Jour. of Geol., vol. 8, pp. 538-541 (1903).

8Grabau, A. W.: Science, N.S. vol. 27, p. 622 (1908).

"Lane, A, C., Prosser, C. 8., Sherzer, W. H., Grabau, A. W.: Bull. Geol. S8o¢. Amer., vol. 19, pp. 553-556 (1908).
10Grabau, A. W., and Sherzer, W, H.: Mich. Geol, Surv., Pub. 2, p. 27 (1909}.
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Disconformity
. Feet
B. Sylvania sandstone and dolomites.
Disconformity
A. Lower Monroe
or
Bass Island series..cceeceiievenssoncenees Raisin River dolomite............. 200
Put-in-Bay dolomite............... 100
Tymochtee shale .........cco0venee 90
Greenfield dolomite .............. 100

For many years the Monroe was considered to be Silurian. Grabau and
Sherzerl, and later Sherzer?, placed it in the Silurian, although the Devonian
aspect of the faunas of the Anderdon and Amherstburg members of the Detroit
River series was clearly emphasized. Grabau3 states that the fauna of the Lucas
dolomite is “throughout a Siluric fauna”. He also states that the most charac-
teristic feature of the fauna of the Flat Rock, Amherstburg, and Anderdon
beds is its Devonic element. But, “the position of this fauna beneath 200 to 250
feet of the Lucas dolomite with a Siluric fauna forces us to consider this as
Siluric”4,

According to Stauffer®, some doubt exists as to the stratigraphic sequence of
the subdivisions of the Detroit River series as well as to the age of the entire
series. He states that all divisions of the Detroit River series contain Devonian
faunal elements, and makes it clear that the fauna of the Amherstburg dolomite
is a Devonian fauna closely related to that of the Onondaga. Williams® places
the Detroit River series in the Devonian on faunal evidence, as also does
Carman? in Ohio and Newcombe® in Michigan.

At the Ambherstburg quarry there are physical conditions that have been
interpreted?® as positive evidence of a disconformity at the base of the Onondaga.
Below this disconformity the rock is considered to belong to the Detroit River
series10, The present writer has examined this quarry and agrees that an interval
of erosion is indicated. Fossils collected from the quarry face above the dis-
conformity have been identified by A. E. Wilson of the Geological Survey as of
undoubted Onondaga age. Fossils collected from below the disconformity and
from a small quarry located 1% miles to the south are numbered among the
typical Detroit River fauna. The coral Cladopora cryptodens was found above
and below the disconformity. This indicates a beginning of the Onondaga influ-
ence before the time interval occurred. Elsewhere in southwestern Ontario, and
notably on Maitland River and on the Lake Huron shore near Goderich, are
rocks enclosing faunas that contain a preponderance of Onondaga forms and yet
include the genus Prosserella, which is generally regarded as a typical Detroit
River form. The presence of this genus implies that the emergence before
Onondags time, suggested at the Amherstburg quarry, was probably of minor
duration.

A division of the pre-Hamilton Devonian into an upper and lower part
seems possible in samples from some wells in the Windsor-Sarnia area. In
descending order the rock is typically buff limestone containing some chert in
the lower part and small resinous spores (Protosalvinia) throughout. This is
underlain by buff and brownish magnesian limestone, chert-free at the top, but

1Grabau, A. W, and Sherzer, W. H.: Mich. Geol. and Blol Surv Pub. 2 (1909).

’Sherzer,w H.: Mich. Geol. and Biol. Surv., Pub. 12 (19

3Grabau, A. W.: Mich, Geol, and Biol. Surv., Pub, 2, p. 221 (1909)

4{Grabau, A. W.: Op cit., p. 217.

5Stauﬂer C.R.: Geol Soe. Amer., vol, 27, pp 72-77 (1916).

“Wlllla.ms, M.Y.: Geol Surv., Canada, Mem. 111 » Pp. 18-22 (1919).

"Carman, J. B.: Jour. of Geol., vol. 35 (1927)

sNewcombe, R. B.: Mich. Geol, and Biol. Surv., Pub. 38 (1033

sStauffer, C. R.: Geol. Surv., Canada, Mem. 34, p. 279 (1915); Geol Soc. Amer.,, vol. 27, pp. 75-76 (1816),
WStauﬁ'er C. R.: Bull, Geol. Soc. Amer vol. 27,}7 75 (1916).
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becoming cherty in the lower part, the chert commonly constituting the grester
part of the rock at and near the base. Traces of sand in the form of rounded
and sub-rounded, frosted grains occur at the base of the upper and lower chert
horizons. The lower sand is usually associated with glauconite.

A study of insoluble residues of these rocks made recently by Crombie! has
shown the upper sand to be invariably present, and although in the residues
it is detected over a considerable vertical range, it is concentrated at an horizon
that appears to be constant throughout the area studied. Where traced eastward
from Kent county, it is the horizon of the Oriskany sandstone that outcrops in
the Niagara peninsula.

The lower sand, being at the base of the Devonian, occupies the position of
the Sylvania of Ohio. Although the Sylvania sand is often coarser than the
Oriskany, Crombie states that “stratigraphic position and the glauconite fre-
quently associated with the Sylvania are the best criteria for distinguishing
Sylvania and Oriskany sandstones”. He further suggests that as Protosalvinia is
always present in the upper (Onondaga) chert and has rarely been seen in the
lower (Detroit River) chert, its presence or absence may assist in identifying
the cherty limestone and chert horizons at the outerop.

It thus appears that, chiefly on a basis of insoluble residues, the pre-Hamilton
Devonian in well cuttings is separable, at an upper horizon of rounded sand, into
two generally similar appearing series of strata. This sand appears to be at
the horizon of the Oriskany sandstone, in which case the underlying Devonian
strata would represent the Detroit River series. The succession between the
Detroit River and the base of the Hamilton is not divisible, even on the basis
of insoluble residues.

Comparing the well cuttings with the exposed rock at the Amherstburg
quarry, it seems reasonable to place the Oriskany sand horizon in the wells below
the disconformity in the quarry. Admitting a disconformity there, the lower
part of the quarry section must, by definition, include the Detroit River series
and is pre-Norfolk. The Norfolk formation is thus here restricted to the Dela-
ware-Onondaga part of the pre-Hamilton Devonian.

In view of the difficulty in placing the base of the Norfolk in well cuttings
without the aid of insoluble residues, the method of mapping the pre-Hamilton
Devonian as a unit, which was adopted for the Brantford and London areas,
has been continued. However, as the presence of pre-Norfolk Devonian strata
immediately underlying the drift is suspected in the southern part of Essex
county, it is indicated by placing an approximate contact on the map.

Distribution. The Norfolk and pre-Norfolk beds include all the pre-
Hamilton Devonian strata in the Windsor-Sarnia area. They have an areal
extent of about 675 square miles, constitute the uppermost bedrocks throughout
almost all of Essex county, including Pelee Island, and are elsewhere overlain by
younger Pal®ozoic rocks.

Natural outcrops of these rocks occur only on Pelee Island. However, they
have been exposed by quarrying on the island and in the vicinity of Amherstburg.

Lithology. As seen at the quarries near Amherstburg, the Norfolk and pre-
Norfolk rocks consist of grey, brownish grey, and drab, coarsely crystalline to
dense limestone and magnesian limestone in fairly even beds from a few inches
to 8 feet thick, the thicker beds being at the base of the Norfolk formation.
Styliolitic bedding surfaces appear in the upper part of the formation, and thin,
dark, wavy lines, probably representing bituminous material, can be seen on the

ICrombie, G. P.: A Study of Insoluble Residues of the Pal=ozoic Rocks of Southwestern Ontario; Ph.D. is, o
goyorabie, G, 2. A Sta 9{3 f Insolub ¢ Rocks of Bouthwestern Ontario; Ph.D. Thesis, Dept.
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lower face of the Brunner Mond quarry. Fossils are present, though not common,
and are more numerous in the upper part of this quarry. The following sections
illustrate this lithology.

I. BSection at quarry of Brunner Mond Canada, Limited, Amherstburg. This quarry is
about 1% miles northeast of Amherstburg. It is roughly semicircular with a working
face over one-third mile in length. The following section was measured near the
northeast end of the workings.

Feet Inches
Glacial overburden «..eeiiieeiiiianieaerneeiarenssanssssnnasnnss 5

Norfolk Formation (Onondaga)

17. Limestone: magnesian, brownish grey, fine-grained, with uneven
bedding SUrfacEs .. .vtvusereereraeenrerenenereaneneeassnseesnnes 1 0

16. Chert: light grey, in an irregular zone along the bedding plane.... 0 2

15. Limestone: magnesian, grey, coarsely crystalline, in two layers with
even bedding planes. Some disseminated pyrite seen on fresh
surface; some small corals .....cooviviiienrienreneanennennns 3 0

14, Limestone: magnesian, brownish, semi-crystalline, hard, in beds
from 8 to 14 inches thick with uneven surfaces and styliolitic at

the top ...vvnvvvens P e teeeasan Seasertianeiaa. 4 6
13. Limestone: magnesian, grey, crystalline, hard, in beds about
14 inches thick ....cvviveriiiieniirineenurecencosoeancesnnns 4 6

12. Limestone: magnesian, brownish grey, medium-grained, in beds

2 to 8 feet thick. Vugs up to 4 inches in diameter filled with calcite

ATE COMMIOIL .. eunonsecacsotoesssasatsontnnaneesssssssassnnassss 12 0
11. Limestone: magnesian, brownish grey to brown, medium-grained,

in beds 4 to 8 feet thick with styliolitic bedding surfaces. Small

vugs lined with calcite crystals and dogtooth spar are numerous... 12 0

Disconformity

Pre-Norfolk Beds (Detroit River)
10. Limestone: high calcium, grey, fine to dense, in a single bed that

breaks into blocks with conchoidal faces; no fossils observed..... 1 6
9. Limestone: high calcium, grey, semi-crystalline, in a single irregular

bed with styliolitic upper surface. Some corals and brachiopods

(08 0T 153 - 1 6
8. Limestone: grey, semi-crystalline; upper 1-5 feet composed almost

entirely of stromatoporoids; lower part a single bed with profusion

of corals—Cladopora cryptodens, Cystiphyllum sp., Clathrodictyon

VATIOLATE .ttt ittt it ettt etatree et e astaaaneeann 4 9
7. Limestone: high calcium, grey to brownish, dense; in two beds

with even surfaces and numerous thin, dark, wavy lines (bitu-

minous) showing on quarry face. No fossils observed ........... 3 0
6. Limestone: high calcium, grey to brownish, dense to semi-

crystalline, in a single bed. Some crinoid columns and one small

brachiopod observed ......ciiiiiiiiiiiiiiiiiiiiiierireiriieeanan 2 4
5. Limestone: high calcium, grey to cream coloured, dense. No fossils

ODSEIVE .. eiitteeteeettnneerenaeronaetennenssasssascnsasannns 3 0
4. Limestone: high calcium, grey, dense; in two beds of equal thick-

ness that break conchoidally .........cviveiiiiienirenerennnns 3 0

8. Limestone: high calcium, grey; in two beds, an upper of 8 inches
that is semi-crystalline and a lower that is hard and dense in

texture. No fossils observed ......cocviiiiiiiiieniiiinienane, 4 0
2. Limestone: high calcium, grey, finegrained to dense, in a single
bed with sharp even bedding surfaces .....coovevecrenreeerenenn. 2 6

1. Limestone: high calcium, grey, semi-crystalline, with small vugs
lined with calcite crystals. Lower part of bed covered with talus at
base of quarry face ....coeeiiiiinennann Ceecerentteentanseceena 2 0

Total thickness .....cvvveevvenreeeiiocennacenens cesenees 64 9

According to Goudge?l, the high caleium limestone is underlain by brown
dolomite exposed in a pit near the northeast edge of the quarry.

1Goudge, M. F.: Dept, Mines and Resources, Bur. Mines Pub. 781, p. 217 (1938).
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That part of the section lying above the disconformity, that is, the upper
37 feet, is essentially a grey and brownish grey, coarsely erystalline and medium-
grained, magnesian limestone, the lower 24 feet of which is in massive beds up
to 8 feet thick. Fossils are not plentiful, and although a few brachiopods were
observed in the lower massive beds, most of the fossils collected are from the upper
14 feet of the quarry face (intervals 13 to 17). These include: Zaphrentis sp.,
Heliophyllum sp. ef. H. corniculum (Lesueur), Favosites hemisphericus Yandell
and Shumard, Cladopora cryptodens Billings, Fenestella sp., Stropheodonta
concava Hall, 8. demissa (Conrad), S. sp., Leptaena rhomboidalis (Wilckens),
Rhipidomella semele Hall, R. vanuxemi Hall, Chonetes acutiradiatus Hall,
C. lineatus Hall, Productella spinulicosta Hall, Atrypa reticularis (Linnaeus),
A. spinosa Hall, A. sp. (very fine), Tentaculites scalariformis Hall, and Proetus
crassimarginatus Hall.

This fauna, identified by A. E. Wilson of the Geological Survey, is considered
of undoubted Onondaga age.

The 27 feet of rock below the disconformity is essentially grey to brownish,
dense, high calcium limestone in even beds from 1-5 to 3 feet thick, and is
lithologically distinguishable from the magnesian limestone above. Fossils are
rare except in interval 8, which is composed largely of stromatoporoids and
corals.

The upper magnesian limestone (Onondaga) is not desired by the present
quarry operators and has been stripped off, exposing the surface of the under-
lying, pre-Norfolk, high calcium limestone (Detroit River). This surface is
gently undulating, and is partly covered with a veneer of sandstone (Oriskany?)
from % to % inch thick. The sand fills small cracks that extend several feet into
the underlying rock. The cracks, thought to represent jointing, vary from a
fraction of an inch to 2 inches in width, and extend laterally as much as 10 feet.
They have not been observed passing into the overlying rock. In places the
cracks are filled with brownish sandy limestone of the overlying Onondaga, which
ig distinct from the lower dense grey limestone. Large, loosely coiled gasteropods,
with a core of dense limestone and with the brownish sandy limestone filling
between the whorls, are seen on the undulating surface of the Detroit River rock.
Blocks showing angular pieces of the lower dense limestone incorporated in the
brownish magnesian limestone were also seen. This indicates the presence of a
basal conglomerate. At one place, where the actual contact could be observed,
the lower few inches of the Onondaga brownish magnesian limestone (38-06 per
cent MgCO;) ! is quite sandy and rests directly on the grey, dense, high caleium
limestone (0-79 per cent MgCOg)! with sharp styliolitic contact surface.

The foregoing accumulation of observed evidence points to a disconformity,
with the Onondaga deposited on the eroded surface of the Detroit River series.

II. Section at quarry of Industrial Construction Company, Limited. This quarry is at the
northeast corner of lot 22, Malden township, about 14 miles east of Amherstburg.
It was opened about 1935 for production of crushed stone, but was abandoned and
partly filled with water so that only about § feet of rock was exposed when visited by
the writer in 1941. However, Goudge? describes about 10 feet of rock visible when
he visited the quarry. According to him “the top 3 feet is fine-grained, mottled grey
to buff, high ealcium limestone, the next 3 feet consists of interbedded, fine-grained,
magnesian limestone and calcium limestone, mostly buff and brown in colour, and the
bottom 4 feet exposed is soft, buff, porous, fine-grained dolomite, the lowest bed of
which contains many crystals of calcite and is somewhat argillaceous”.

1Goudge, M. F.: Op. cit., p. 222.
*Goudge, M. F.: Op. cit., p. 219,
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The following beds were exposed at this quarry when visited by the writer.

Feet Inches

5. Limestone: grey, semi-crystalline, hard, with some poorly preserved

brachiopods, bryozoa, and corals. Cylindrohelium? sp., Prosserella

lucasi; P. cf. modestoides depressa, P. cf. subiransversa .......... 1 0
4. Limestone: grey, dense; in places & single bed, but appears as two

beds at others, with minute cavities filled with caleite. Closely

resembles the high calcium . limestone seen st Brunner Mond

quarry, ° Cylindrohelium? sp., Cyathophyllum sp., Prosserella

modestoides, P. subtransversa, P. subtransversa alt@. ....occouvvunn 1 6
3. Limestone: light grey, dense; with small calcite filled cavities

gimilar to interval 4. Prosserella lucasi, P. modestoides, P, cf.

subtransversa, P. untlamellosa .........ccovvieiiieeieveinnonnnss 0 6

2. Limestone: grey with brownish cast, semi-crystalline; in broken

beds 4 to 8 inches thick. Cladopora cf. cryptodens, Cyathophyllum

sp., Syringopora sp., Prosserella lucasi, P. subtransversa, Dal-
TRANEEES BDe v ovvovenneesstansassssasssossossonasssssonsessconssnns 1 2

1. Limestone: brown, dense, with tabular branching cavities filled with
calcite. No fossils observed ....covviveeiiiinevrireenessssnssaes 0 8
Total thickness «vovevreneeeinesreecerecsensecsroaceanans 4 10

The fossils identified above are regarded as representative of the typical
Detroit River fauna. The beds are believed to underlie the horizon of the dis-
conformity at the Brunner Mond quarry, and are, therefore, pre-Norfolk.

The following quarry sections exposed on Pelee Island are taken from
Goudgel, who has made chemical analyses of the rock. The fossils listed indicate
the Onondaga age of the strata and are taken from the work of Stauffer2.

III. Section exposed at Wm. McCormick quarry, Pelee Island.

2 inches to 1} feet...ovevvevnn... Soil.

L -] Thinly bedded, fine-grained, soft, dull-lustred, light
brown limestone.

9 feet 10 inches......ccvuvuvnn.n. Usually one solid bed of harder, fine-grained, light

brown limestone through which are some dark-
coloured bands abounding in fossils. This massive
bed is an horizon marker and is generally known
a9 the “Bottom Rock”.

LB -3 P R Soft, dull-lustred, grey-brown, fine-grained, magnesian
limestone, the lower 8 feet of which is In one
solid bed and the upper 3 feet in beds from
4 inches to 1 foot in thickness. Numerous fossils
and irregular streaks of calcite characterize this
stone, which is at the lowest geological horizon
observed on the island.

The following fossils are from this quarry:

Foraminifera
Calcisphaera robusta Williamson

Anthozoa

Acervularia rugosa 'Milne-Edwards and Haime
Crepidophyllum archiact Bi iindgs
Cystiphyllum vestculosum Goldfuss
Eridophyllum vernuillianum Milne-Edwards and Haime
Favosites pleurodictyoides Nicholson
Favosites polymorphus Goldfuss
Favosites turbinatus Billings
Heliophyllum corniculum (Lesueur)
Heliophyllum helli Milne-Edwards and Haime
Syringopora tabulata Milne-Edwards and Haime
Zaphrentis gigantea Lesueur
Zaphrentis prolifica Billings
1Goudge, M. F,: Dept. of Mines and Resources, Bur. Mines Pub. 781, pp. 220-221 (1938
sStauffer, C. R.: Geol. Surv., Canada, Mem. 34, pp. 207-211 (1915).
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Hydrozoa
Stromatoporella granulata Nicholson
Bryozoa
Cystodictya gilbert: (Meek)
Fenestella parallela Hall
Brachiopoda

Athyris vitlata indianaensis Stauffer
Atrypa reticularis (Linnaeus)
Chonetes hemisphericus Hall
Chonetes mucronatus Hall
Nucleospira concinnag Hall
Productella spinulicosta Hall
Rhipidomella vanuzems Hall
Schizophoria propingua Hall
Spirifer acuminatus (Conrad)
Spirifer gregarius Clapp

Spirifer manni Hall
Stropheodonta demissa (Conrad)
Stropheodonta hemispherica Hall
Stropheodonta perplana (Conrad)

Pelecypoda
Paracyclas elliptica Hall

Gasteropoda
Euryzone lucina (Hall)
Platyceras carinatum Hall
Platyceras sp. .
Pleuronotus decewt (Billings)

Pteropoda
Tentaculites scalariformis Hall

Trilobita

Coronura diurus (Green)
Proetus rowt (Green)

IV. Section exposed at Capt. John McCormick quarry, Pelee Island.

06 inches.....cvvevvevnnancnanss Sonil.

(30 -1 7SR Light brown, fine-grained, soft, dull-lustred limestone
in beds 2 to 4 inches thick. Fossily are plentiful.

1 foot 9 inches......covvinnenn. Dark grey-brown, semi-crystalline, porous, fossili-

ferous limestone, sometimes in one bed. Numerous
crystals of secondary calcite impart a coarse-
grained appearance. Bituminous matter is com-
monly present in small cavities.

2 feet.eeenernreercceetnenananinns Blue-brown, soft limestone in beds 2 to 4 inches -

ick.

8 feet 9 inches.........ocvuennn. Light brown, soft, massive, fine-grained limestone,
usually in two beds, but with lines of weakness at
intervals.

(R 2 TN Massive, light brown, soft, fine-grained limestone,

usually in one bed.

The fauna from this quarry is essentially similar to that listed above from
Section ITL.

Norfolk and Pre-Norfolk Strata in Well Cuttings. In boring samples this
series of rocks appears as light buff and cream coloured, finely crystalline lime-
stone and cherty limestone passing downward into buff and brown coloured
magnesian limestone that is chert free in its upper part, but contains chert in
increasing quantity downward until, at and near the base, chert may constitute
the greater part of the rock (See Figure 2). In some wells, notably in Lambton
county, the upper cherty horizon may be absent. At the base of the upper
cherty zone, most wells show small though variable quantities of sand as rounded
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and sub-rounded frosted grains typically embedded in the limestone
(See Figure 2). Insoluble residue studies! have shown that, although the sand
can be detected over a considerable vertical range, there is invariably a concen-
tration at one horizon. A similar sand, with which glauconite is commonly
associated, is also present at the base of the series. The lower part of the series
may also be arenaceous to varying degrees. Above the upper embedded sand
horizon, small, circular, resinous-appearing “‘spores” (Protosalvinia) are common,
but they are rare below. However, black bituminous films and streaks are
common below this horizon, but rarely occur above it. One well in Plympton
township penetrates 5 feet of gypsum about 330 feet above the base of the
Devonian, and traces and small quantities of this mineral were also seen in
wells from Raleigh and Sandwich West townships. In Essex county, and par-
ticularly in Malden, Anderdon, and Sandwich West townships, incoherent sands,
in beds from 5 to 75 feet thick, may occur in wells at more than one horizon
from 110 to 172 feet above the top of the Silurian. Elsewhere, the limestone
of this zone may be strongly arenaceous.

Although all the above characters were not observed in every well examined,
the Norfolk and pre-Norfolk strata as a unit consist of an upper part composed
of light buff, finely crystalline limestone, commonly with ‘spores’ and with
embedded sand grains and some chert at the base, and a lower part, buff or
brownish in colour and usually magnesian, containing black bituminous streaks
toward the top and much chert toward the base. Sand, with associated glauconite,
is common at the bottom and in some wells (Essex county) beds of sand up to
75 feet thick may be present at onme or more horizons 110 to 172 feet above "
the base of the Devonian.

In attempting to correlate the well sections with the rock exposed at the
Ambherstburg quarry, it seems reasonable to place the upper zone of embedded
sand below the disconformity indicated at the quarry. In view of the discon-
formable relations, the part of the well sections above the upper sand would
be Norfolk (Onondaga and Delaware) and the part below would be pre-Norfolk
(Detroit River). According to this interpretation, there appears to be an area
in the southern part of Essex county where pre-Norfolk strata lie immediately
beneath the glacial drift.

In Michigan and Ohio, the initial Devonian sediment is typically a basal
deposit of sandstone known as the Sylvania sandstone. The name was given by
Orton2 to the well-defined sandstone of Lucas county that was originally
part of Newberry’s® twofold division of the Oriskany, but which Orton recog-
nized as being not at the base of the Corniferous, but well down in the Water-
lime of Upper Silurian age. In 1903, Prossert made the Sylvania the middle
member of the Monroe beds of Lane®, and in the more complete classification of
19088, when the Monroe was given a threefold division, the Sylvania was
retained as its middle unit.

The Sylvania typically consists of a white quartz sand that is commonly
incoherent and is considered by Grabau and Sherzer? to be molian in origin.
However, it may grade into dolomitic sandstone and cherty limestone and
may even occur as two or more beds of sandstone separated by sandy lime-
stone. In Michigan, Newcombe8 states that “the thickness is usually 100 feet

1ICrombie, G. P.: Op. cit.

20rton, E.: Ohio Geol. Surv., vol. 6, pp. 18-20 (1888).

$Newberry, J. 8.: Ohio Geol. Burv., vol. 1, pt. 1, pp. 140-141 (1873).

“Prosser, C. 8.: Jour. Geol., vol. II, pp. 530-541 (1903).

$Lane, A, C.: Geol, Surv., Michigan, vol. 5, pt. 2, pp. 28-28 (1895).

SLane, A, C., Prosser, C. 8., Sherzer, W, H., Grabau, A, W.: Bull. Geol. Soc. Amer., vol. 19, pp. 553-556 (1908)
Grabau, A.W., Sherzer, W. H.: Mich. Geol. and Biol. Surv., Pub. 2, pp. 81-86 (1910},

$Newcombe, R. B.: Mich. Geol. Surv., Pub. 38, p. 42 (1933).
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or less, but loeally over 250 feet”, and “the sandstone may be replaced entirely
by white cherty and siliceous dolomite and is not easily recognized in wells”.

In northwestern Ohio, Carman! finds the Sylvania resting with sharp dis-
conformable contact on the Bass Island series. The formation is pure sandstone
in its lower half, grading upward through alternations of dolomitic sandstone and
arenaceous dolomite into the. Detroit River formation. The upper limit of the
Sylvania is conformable and Detroit River fossils have been found to within
2 feet of its base and beneath 25 feet of sandstone. Carman, therefore, con-
siders it to be a part of the Detroit River series and Devonian in age. It has
two phases, “first, a probably @olian deposit, which has great development in
southeastern Michigan and is only slightly developed in northwestern Ohio,
and second, a re-worked and water laid phase which is the dominant type in
northwestern Ohio and which may show all graduations to pure dolomite”.2

In the Windsor-Sarnia area, as already intimated, most wells show some
sand with associated glauconite at the base of the Devonian. This rests discon-
formably on the Silurian and is, therefore, the horizon of the Sylvania sand-
stone. Crombied finds a gradation of this sand upward into typical Detroit
River cherty limestone, and frosted quartz grains embedded in the limestone
and chert may persist, though in decreasing amount, well up in the Detroit
River beds. In Anderdon and Sandwich townships, 60 to 75 feet of pure quartz
sand, with its base 110 to 172 feet above the base of the Devonian, is present.
This sand is separated from the Silurian by the chert-bearing magnesian lime-
stone that forms the lower part of the pre-Norfolk series and which may be
quite arenaceous. The sand is essentially similar to that quarried at Rockwood
in Michigan, where it is called Sylvania. If, in the foregoing townships, the
base of the pure 3and is interpreted as the base of the Devonian, the underlying
110 to 172 feet of cherty limestone would become Bertie-Akron (Bass Island).
However, nowhere else has the writer seen chert and sand in the Bertie-Akron,
nor is it reported from the type area of the Bass Island series. For this reason,
and in view of the known disconformity at the base of the Devonian, the similar-
ity of this cherty limestone to the lower Detroit River elsewhere in the area, and
the presence of cherty limestone in the Sylvania of Michigan, the 110 to 172
feet of cherty limestone is here placed in the Devonian.

From the above discussion it is seen that the lower part of the Devonian
sectién in the Windsor-Sarnia area contains sand and sandy limestone that in
character and position closely resembles the Sylvania sandstone of Michigan and
Ohio. This material grades upward into typical Detroit River strata and can-
not be precisely separated from it. Therefore, though the presence of Sylvania
is recognized it is included, as in northwestern Ohio, in the pre-Norfolk or
Detroit River series.

The following sections, compiled from well cuttings, illustrate in condensed
form the lithology of the Norfolk formation and pre-Norfolk beds.

Section I, Lambton County, Moore Township*

Norfolk Formation
Feet . . .
65 Limestone: grey, finely crystalline; trace of pyrite; Protosalvinia.

Pre-Norfolk
70 Magnesian limestone: buff, finely granular.
100 Magnesian limestone: buff, finely crystalline; trace of gypsum; trace of sulphur.

1ICarman, J. F.: Bull. Geol. Soc. Amer., vol. 47, pp. 253-266 (1936).
2Carman, J. F.: Op cit., ﬂ.s264. .

3Crombie, G. P.: Unpublished Thesis, 1943.

‘Partial section.
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Gypsum; little buff dolomite.
Magnesian limestone: buff, fine-grained; trace of sulphur.

Section 2, Lambton County, Plympton Township

Norfolk Formation

Limestone: light buff, fine-grained; Protosalvinia.
Samples missing.
Pre-Norfolk
Magnesian limestone: brownish grey, finely crystalline; trace gypsum at base.
Samples missing.
Magnesian limestone: buff and brownish grey, finely erystalline; trace gypsum at base.
Magnesian limestone: brownish grey, finely crystalline; black bituminous streaks;
40 per cent gypsum near base.
Gypsum; 5 per cent bufl dolomite.
Magnesian limestone: buff, finely crystalline; black bituminous streaks.
Magnesian limestone: brownish grey, finely ecrystalline; black bituminous streaks,
Magnesian limestone: brownish grey, finely crystalline; little chert and cherty lime-
stone throughout. ’
‘Magnesian limestone: buff, finely crystalline; 40 per cent chert.

Magnesian limestone: buff, finely crystalline; 25 per cent chert; few frosted sand
grains and trace of glauconite near base.

Section 8, Lambton County, Sombra Township

Norfolk Formation

Limestone: light buff, finely crystalline; Protosalvinia; some erinoidal limestone;
trace of pyrite near base.

Limestone: light grey, finely crystalline; black bituminous streaks; few frosted sand
grains at base.

Pre-Norfolk

Limeittzle: light buff, finely ecrystalline; black bituminous streaks; trace selenite
Lim:stq;es e brownish grey, finely crystalline; black bituminous streaks; some fine
M};;;oeli?;. limestone; brownish grey, finely crystalline; some fine porosity; trace
Magis;if;f .limestone: brownish grey, finely erystalline; little chert throughox;t.

Section 4, Lambton County, Dawn Township

Norfolk Formation

Limestone: light buff, finely crystalline; Protosalvinia; trace of pyrite near base.
Samples missing. . .
Limestone: buff, fine-grained; trace pyrite.

Pre-Norfolk

Limestone: buff, finely ecrystalline; few sand grains at top and base; some fine
porosity.

Limestone: buff to brown, finely crystalline; some black bituminous streaks; trace
gypsum.,

Magnesian limestone: buff to brown, finely crystalline; black bituminous streaks; some

fine porosity.

Magz})esflan limestone: brownish grey, finely crystalline; 30 per cent chert in lower
40 feet.

Chert: grey; 25 per cent magnesian limestone.

Magnesian limestone: grey, finely erystalline; 40 per cent chert.

Chert; 40 per cent grey, magnesian limestone.

Magnesian limestone: brownish grey, finely crystalline; many sand grains at base;
40 per cent chert in upper part.
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Section &, Lambton County, Sarnia Township
Pre-Norfolk

Magnesian limestone: buff and brown, finely crystalline; black bituminous streaks;
trace of chert.

Magnesian limestone: brown, granular; trace of chert.

Cherty limestone: light buff.

Magnesian limestone: buff, finely crystalline; little chert throughout.

Chert: light grey; some buff, magnesian limestone.

Magnesian limestone: buff, finely crystalline; little chert throughout.

Chert: light grey; some buff, magnesian limestone.

Magnesian limestone: light buff; much chert.

Chert: light grey; some grey, magnesian limestone; trace of glauconite.

Section 6, Kent County, Tilbury East Township

Norfollk Formation

Limestone: light buff, finely crystalline; Protosalvinia.
Limestone: light buff, finely crystalline; traces of chert throughout.

Pre-Norfolk

Magnesian limestone: buff, fine-grained; black bituminous streaks; little sand in
the upper 18 feet.

Magnesian limestone: brownish grey, fine-grained; black bituminous streaks; trace
of gypsum near top.

Magnesian limestone: brownish grey, fine-grained; trace of chert; trace of gypsum.

Magnesian limestone: sandy, light buff, granular; little grey chert throughout; trace
of glauconite near base.

Magnesian limestone: buff, finely ecrystalline; minor amount of chert throughout;
few sand grains with glauconite in lower 60 feet.

Section 7, Kent County, Camden Gore

Norfolk Formation
Limestone: light buff, fine-grained; Protosalvinia; trace pyrite near base.

Pre-Norfolk

Sand; 25 per cent light buff limestone.

Limestone: light buff, fine-grained; 30 per cent frosted sand.

Limestone: light buff, fine-grained; 2 per cent sand at the base.

Limestone: brownish grey, fine-grained; black bituminous streaks; some fine porosity.

Magnesian limestone: buff, fine-grained; black bituminous streaks; some fine porosity.

Magnesian limestone: brown, finely crystalline; trace of gypsum near base; cherty
limestone at base.

Magnesian limestone: brownish grey, finely crystalline; 2 per cent cherty limestone.

Magnesian limestone: brownish grey, fine-grained; 2 per cent cherty limestone.

Magnesian limestone: buff, finely crystalline; 25 per cent grey chert; trace of
glauconite and frosted sand grains in lower 12 feet.

Section 8, Kent County, Romney Township

Norfolk Formation

Limestone: grey and buff, fine-grained; Protosalvinia; trace of pyrite.
Limestone: buff, finely crystalline; trace of chert.
Magnesian limestone: buff, fine-grained; black bituminous streaks; trace of chert
in upper part.
Pre-Norfolk

Magnesian limestone: buff, fine-grained; few frosted sand grains embedded in rock.

Magnesian limestone: buff and brownish grey, finely crystalline; black bituminous
streaks; traces of chert in lower 60 feet.

Chert; some brown limestone; trace of pyrite,

Magtx:esmn limestone: sandy, brownish grey; little chert; few frosted sand grains at
ase,

30991—41
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Section 9, Kent County, Raleigh Township

et Norfolk Formation
ee
160 Limestone: light buff, finely crystalline; Protosalvinia.

Pre-Norfolk

40 Sand: fine, rounded and subangular, with some larger frosted grains.

180 Magnesian limestone: buff to brown, fine-grained; black bituminous streaks.

170 Magnesian limestone: buff, finely crystalline; 1 per cent light grey chert; black
bituminous streaks.

80 Magnesian limestone: buff, finely crystalline; few frosted sand grains at top and near
the base; trace glauconite near base; 25 per cent chert.

Section 10, Essex County, Malden Township

Pre-Norfolk

45 Magnesian limestone: brown, finely crystalline; few black bituminous streaks.

18 Magnesian limestone: brown, finely crystalline; 10 per cent sand and sandy limestone.
11 Calcareous sandstone; little incoherent sand.

5 Magnesian limestone; 25 per cent sand.

11 Sand; little brown magnesian limestone.

15 Magnesian limestone: brownish grey, sandy.

10 Unreliable samples.

16 Sandstone: calcareous, loosely cemenied; trace of chert. . .
42 Magnesian limestone: grey, fine-grained; 5 per cent grey cherty limestone; trace pyrite.
29 Magnesian limestone: grey, fine-grained; some sandy limestone; 5§ per cent chert.

11 Sandy limestone: grey, fine-grained; 8 per cent chert.

49 Dolomite: brownish grey, fine-grained; little chert.

Section 11, Essex County, Anderdon Township

Pre-Norfolk

65 Magnesian limestone: brown and buff, finely crystalline; black bituminous streaks;
some fine porosity.

85 Magnesian limestone: brown, finely crystalline; black bituminous streaks; some fine
porosity. :

75 Sand: incoherent; trace calcareous sandstone at the base.

10 Calcareous sandstone: buff

25 Magnesian limestone: buff, finely crystalline; 40 per cent calcareous sandstone; trace
of chert at base.

5 Sand; trace buff limestone.

65 Magnesian limestone: brownish grey, fine-grained; 20 per cent chert.

45 Magnlesian limestone: brownish grey, finely crystalline; 5 per cent chert; trace of
glauconite.

Section 12, Essex County, Sandwich Township

Pre-Norfolk

10 Magnesian limestone: brownish grey, finely crystalline; 10 per cent chert.
50 Samples missing.
40 Limestone: light buff, finely crystalline; few black bituminous fragments.
60 Magnesian limestone: brown, finely crystalline; some fine porosity.
140 Magnesian limestone: buff and brown, finely crystalline; few black bituminous streaks.
90 Magnesian limestone: buff, finely crystalline; black bituminous streaks; 25 per cent
gypsum in upper 5 feet.
10 Samples missing.
10 Sand: inc¢oherent.
30 Magnesian limestone: brownish grey, finely crystalline.
60 Sand: incoherent, medium- to fine-grained.
10 Samples missing.
10 Sand: incoherent, fine- to medium-grained.
120 Magnesian limestone: brownish grey, finely crystalline; little chert throughout.
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Section 18, Essex County, Tilbury North Township

Norfollk Formation

Limestone: buff, fine-grained; Protosalvinia.

Limestone: light buff, finely crystalline; some crinoidal limestone; litile chert
throughout.

Limestone: light buff, crystalline.

Pre-Norfolk

Sandstone: loosely cemented; grey, fine-grained.

Magnesian limestone: buff, finely erystalline; few black bituminous streaks; some
fine porosity.

Magnesian limestone; brownish grey, granular; trace cherty limestone.

Magnesian limestone: brownish grey, finely erystalline; little chert throughout.

Magnesian limestone: buff, fine-grained; 5 per cent chert; few sand grains and trace of
glauconite near base.

Section 14, Essex County, Gosfield South Township

Pre-Norfolk

Limestone: light buff, finely crystalline; crinoidal near top; few sand grains; some
black bituminous streaks.

Limestone: brownish grey, finely crystalline; black bituminous streaks.

Samples missing.

Limestone: brownish grey, finely crystalline; few black bituminous streaks.

Limestone: buff, crystalline; trace of chert.

Section 15, Essex County, Mersea Township

Pre-Norfolk

Magnesian limestone: buff, finely crystalline; few black bituminous fragments.

Magnesian limestone: light buff, finely crystalline; few black bituminous streaks.

Magnesian limestone: brownish grey, finely crystalline; trace of chert in lower 50 feet.

Magnesian limestone: brownish grey, granular; trace of chert,

Magnesian limestone: light buff, granular; 10 per cent chert; trace glauconite.

Sand h intcoherent, rounded and subangular grains; 15 per cent brown limestone; trace
chert.

Magnesian limestone: brownish grey, finely crystalline; 10 per cent chert; few sand
grains,

Section 16, Essex County, Tilbury West Township

Norfolk Formation
Limestone: light buff, fine-grained; trace chert in lower 40 feet; Protosalvinia.

Pre-Norfolk

Sand: incoherent, fine-grained.

Magnesian limestone: brownish grey, finely erystalline.

Magnesian limestone: brownish grey, finely ecrystalline and granular; little chert
throughout; mostly chert in lower 10 feet.

Magnesian limestone: brownish grey, fine-grained; 25 per cent chert.

Delimitation and Thickness. Treating the Norfolk and pre-Norfolk beds as
& unit, the lower limit is at the Silurian-Devonian contact. It is readily recog-
nized in well cuttings, and is placed at the horizon marked by the fairly abrupt
disappearance of chert, sandy limestone, and embedded sand grains with asso-
ciated glauconite below which the Silurian is invariably represented by brownish,
finely crystalline dolomite.
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In the Niagara peninsulal and the Brantford area2, this contaet is discon-
formable and has been described from exposures. In the Windsor-Sarnia area
and in the adjoining London area3 to the east, this contact is everywhere con-
cealed and the relationship of the Silurian to the Devonian is, therefore, not
observable. However, the appreciable local variation in thickness of the Bertie-
Akron, together with the widespread presence of sand grains and glauconite at the
base of the overlying Devonian beds point to the probability that the discon-
formity separating the two systems in areas to the east is present also throughout
the Windsor-Sarnia area.

In Lambton and Kent counties, where the series is overlain by younger
rocks, the upper contact is with soft grey Hamilton shale. This contact is
likewise not exposed, but is easily spotted in well cuttings. It is placed at the
horizon at which soft grey shale disappears and below which the cuttings are
grey to light buff, fine-grained limestone. In some wells the lower few feet
of the shale is ealcareous, and includes a thin zone of grey, argillaceous limestone.

The Norfolk-pre-Norfolk contact has already been deseribed as very diffi-
cult to recognize without the aid of insoluble residue work. It is apparently
disconformable and is placed at or near the base of the upper chert horizon and
just above the occurrence of frosted sand grains embedded in the limestone.
In wells in which the upper chert is absent and the sand is not seen except on
digestion of the limestone, added difficulty is experienced. In general, however,
the pre-Norfolk commonly is brownish and magnesian and contains black
b1tum1nous streaks, whereas the Norfolk is commonly light buff, contains
‘spores’, and only rarely has the black streaks.

The entire section of Norfolk and pre-Norfolk beds is nowhere exposed,
and only in Lambton and Kent counties, where these beds are overlain by
younger rocks, is the total thickness obtainable from borings. The following
table gives the total thickness in the townships specified. Measurements marked
with an asterisk are thought to represent only pre-Norfolk strata.

County Township Thickness

Tilbury East...
Camden Gore..

.. Tllbury North....
..| Gosfield South.... ..
.| Mersea............ cee 330*
Tilbury West.....oovvviriniiieearnerinnnnas 385

Fauna and Correlation. The fauna of the Norfolk formation is the com-
bined faunas of the Onondaga and Delaware formations. Stauffert has reported
on the fossils of each of the above rock assemblages, and a check-list appears

1Csley, J. F.: Geol. Surv., Canada, Mem. 224 (1940).
’Caley,l F Geol. Burv,, Cmda, Mem. 226 51941

.: Geol. SBurv., Canada, Mem. 237
‘Stauﬂ'er C ‘R.: Geol. Surv Canada, Mem. 34 (1915)
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in the above reference. Some fossils collected by the writer from the quarry
at Amherstburg have been identified by A. E. Wilson of the Geological Survey,
and appear with the description of the rocks concerned. Stauffer! concludes that
the fauna of the Ontario Delaware is transitional between that of the Onondaga
and Hamilton formations. From an analysis of the Onondaga fauna of the
Toronto-Hamilton area? the writer placed the enclosing rocks at about the time
of the Onondaga of New York, the Columbus of Ohio, and the Dundee of
Michigan. As the Norfolk formation includes strata somewhat younger than
typical Onondaga, and as its upper limit is the base of the Hamilton, it is
considered to represent about the time of the Onondaga and Marcellus of New
York, the Dundee and perhaps part of the Traverse of Michigan, and the
Columbus and Delaware of Ohio.

Fossils collected from pre-Norfolk rocks at the quarries near Amherstburg
are found among the typical Detroit River fauna. As these rocks are thought
to underlie disconformably the Onondaga, they are here correlated with the
Detroit River series of Michigan and Ohio.

HAMILTON FORMATION

Definition. The term Hamilton group was introduced by Vanuxem3 and
included shales and sandstones typically exposed at Hamilton, Madison county,
New York. In 1842 the same author defined the Hamilton group as including
“all the masses between the upper shales of Marcellus and the Tully limestone,”
and stated that “it consists of shale, slate and sandstone, with endless mixtures
of these materials. It commences near the Hudson and extends to Lake Erie”4.
In Ontario Logan® was unable to distinguish either the Marcellus shales or the
Tully limestone, and so included all the strata between the Corniferous
(Onondaga) limestone and the Genesee shale (Huron) in the Hamilton formation.
Stauffer® used the term Hamilton in ‘Ontario for the rocks between the Delaware
below and the Genesee above. This usage corresponds to that of Logan, as the
Delaware was included in the Corniferous by that author. In the present report,
the term Hamilton is used to comprise the same strata as the Hamilton of both
Logan and Stauffer. It occupies a position between the Norfolk formation below
and the Kettle Point, formation above.

Distribution. The Hamilton formation has an areal extent of about 210
square miles, and the outerop area is almost entirely confined to Lambton and
Kent counties. In general the formation forms a northwest-trending belt per-
haps 10 miles wide crossing the area from Lake Erie to Lake St. Clair. In addi-
tion, several irregular-shaped areas from 4 to 50 square miles in extent occur
within the general outerop area of the overlying Kettle Point formation, where,
due to structural causes, Hamilton strata immediately underlie the glacial drift.

Nowhere within the Windsor-Sarnia area are Hamilton rocks known to
outerop and their presence is, therefore, known only from drilling results.

Lithology. In drill samples, the Hamilton formation appears as a thick
succession of dominantly grey, fossiliferous shale, with minor amounts of grey,
crystalline limestone indicating the presence of thin limestone beds at several
horizons. Typically, the limestone occurs at the top and throughout the upper
50 feet; about 60 or 80 feet above the base; and in the lower few feet of the
formation. Also, small though variable quantities of calcareous material are
likely to be present almost anywhere in the section (See Figure 2).

13tauffer, C. R.: Op. cit., p. 214.

2Caley, J. F.: Geol. Surv Canada, Mem. 224 (1940).
‘Vanuxem.L Geol. Surv., N.Y., 4th Ann. Rept p. 380 (1840).
‘Vanuxem.L Geol. of N. Y vol, 3, p. 150 (184 )

sLogan, S ir Wm. E.: Geology of Canada, 1863, p. 3

6St.anﬁer.(} R.: Geol. Surv., Canada, Mem. 34, p. 7 (1915)
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Stauffer! has described the Hamilton formation in four divisions, although
he states that these are probably not of great importance. They are, in ascending
order: the Olentangy shale, 60 to 70 feet thick; the Widder beds, 50 feet thick;
the Petrolia shale, 100 to 130 feet thick; and the Ipperwash limestone, 40 feet
thick. 'This subdivision, as indicated by outcrops in the adjoining area to the
east, is discussed in the report on that areaZ2.

In many wells from the Windsor-Sarnia area, subdivision of the Hamilton
is not possible owing to frequent limestone intercalations, but in other wells the
foregoing subdivisions are generally recognizable. The following table illustrates
the subsurface lithology where the entire formation is present. Where the sub-
divisions are recognizable, the respective names are inserted.

County Township Depth Thickness Lithology
Feet Feet
Lambton Moore 400460 60 Ipperwash
Limestone: grey, crystalline; minor
amount of grey shale; some crinoid
columns and brachiopod fragments.
Petrolia
460490 30 Shale: grey; trace of grey limestone; trace
of pyrite.,
490-647 157 Samples missing.
647-650 3 Shale: grey.
Lambton Plympton 155-180/ 25 Ipperwash
Shale: greenish grey; little grey, stal-
. line limestone throughout; crinoid col-
umns and bryozosa at 180 feet.
180-205 25 Limestone: grey, crystalline, fossiliferous.
Petrolia
205-295 90 Shale: grey, fossiliferous.
295-325 30 Shale: greenish grey; trace of pyrite.
325-333 8 Limestone: grey, crystalline, fossiliferous.
333-385 52 Shale: grey.
Widder
385-395 10 Limestone: grey, crystalline; little grey
shale.
Olentangy
395448 53 Shale: grey, fossiliferous.
448-460 12 Limestone: grey, crystalline; some grey
shale.
Sombra 275~-305 30 Shale: grey; minor amount of grey lime-
stone; bryozoa, ostracods.
305-310 5 Limestone: grey, fine-grained; some grey
shale; erinoid eolumns.
310320 10 Shale: grey.
320-330 10 LinﬁeTtone: grey, crystalline; some grey
shale.
330-390 60 Shale: grey; trace of grey limestone in
most samples; bryozoa at 380 to 385 feet.
390470 80 Shale: grey; some ostracods and tent-
aculites.
Dawn 279-309 30 Limestone: grey, crystalline; 30 per cent
grey shale; crinoid columms, bryozoa,
?nd brachiopod fragments at 303 to 309
309-339 30 Shale: grey; 50 per cent grey limestone at
327 {feet; bryozoa and brachiopod frag-
ments at 321 to 339 feet.
18tauffer, C. R.: Geol. Surv., Canada, Mem., 34, pp. 1-11 (1915)3

*Caley, J. F.: Geol. Surv., Canada, Mem. 237, pp. 51-56 (1943).
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County Township Depth Thickness Lithology
Feet Feet
Lambton Dawn 339-345 6 Li:ﬁe?tone: grey, crystalline; trace grey
ale.
345-510 165 Shale: grey; trace of grey limestone at 363
to 381, 411, 447 feet.
510-520 10 Limestone: grey, shaly; 50 per cent grey
shale; trace of pyrite.
Ipperwash
Kent Camden Gore 290-330 40 Limestone: grey, crystalline; 50 per cent

grey shale at 320 feet; crinoid columns
and trace of pyrite throughout.

Petrolia
330-350 20 Shale: grey, fossiliferous.
350-360 10 Linﬁe?tone: grey, crystalline; trace grey
shale.
360460 100 Shale: grey; fossiliferous; trace pyrite at
390 feet.
Widder
460480 20 Limestone: grey, fine-grained; trace grey
shale; trace pyrite.
Olentangy
480-500 20 Shale: grey; fossiliferous.
500-506 6 Limestone: shaly, grey; some grey shale;
trace pyrite.

Delimitation and Thickness. The Hamilton beds everywhere rest upon the
Norfolk formation. The actual contact is nowhere exposed and can, therefore,
be studied only in well cuttings. As thus seen, it is commonly fairly sharp and
easily recognizable. It is placed where the soft, grey, fossiliferous shale com-
pletely disappears and the underlying samples are light buff, finely crystalline
limestone. In those wells where the lower few feet of the shale contain much
limestone, this is commonly much darker in colour and quite argillaceous, and so
is easily separable from the typical Norfolk limestone below.

The upper contact of the Hamilton is likewise not exposed in the Windsor-
Sarnia area. In well cuttings the formation is easily separable from overlying
Kettle Point strata on a lithological basis, as the latter formation consists, com-
monly, of nearly black bituminous shale, with a profusion of spores, whereas
the upper Hamilton is grey fossiliferous limestone and shale. So far as can
be seen in well samples, this contact is conformable. However, the apparent
irregularity in the occurrence in some wells of green shale in the lower part of
the Kettle Point formation, together with considerable local variation in thickness
of the Hamilton, may be taken as suggestive of disconformable relations at the
top of this formation.

The followipg table, compiled from well samples, gives the thickness of the
Hamilton formation in the townships specified:

County Township Thickness
Feet

SOMDIA. cicvreinintiriiiiiieeiiieiasrnnsnes 195-230
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Fauna and Correlation. TFossils from outerops of Hamilton rocks in the
adjoining area to the east have been studied by various workers, such as
Whiteaves!, Grabau2, Stauffer3, and Parks4, and fossil lists may be found in
their reports. In addition, Fritz5 and Turner® have recently described a number
of ostracods from well cuttings from Lambton and Kent counties.

The fauna is typically a Hamilton fauna, and the enclosing rocks are, there-
fore, contemporaneous with the Hamilton of New York State. The Hamilton
of Ontario is also correlated with at least part of the Traverse group of Michigan.
According to Stauffer?, it is more closely related to the Michigan deposits than
to those of New York, Many of the ostracods described by Turner® from
well cuttings of the Ontario Hamilton are known also from the Silica shale of
Ohio, and from the Bell shale and the Traverse group of Michigan. Most of
these ostracods are typical Middle Devonian forms and their presence indicates
equivalency of the enclosing beds.

KETTLE POINT FORMATION

Definition. The name ‘Kettle Point’ was proposed by the writer? for
black, fissile shales that overlie the Hamilton formation and form the youngest
Palzozoic rocks in the adjoining area to the east. The beds are typically
exposed within the Windsor-Sarnia area at Kettle Point on Lake Huron, and
all the post-Hamilton Pal®ozoic rocks in this area are here described as Kettle
Point beds. They were previously called Huronl® and Port Lambton! beds
and mapped under those names.

Distribution. The Kettle Point beds have an areal extent of about 960
square miles. They are confined to Lambton and Kent counties where, except
for a relatively small area in the extreme southwest part of Kent and several
small isolated areas in Lambton county, they underlie the drift.

Qutcrops occur at only two localities and expose only a few feet of rock.
Black shale forms the bed of Sydenham River about 54 miles east of Dresden,
on lot 6, con. XI, Camden Gore tp., where at low water it is seen to extend
for about 100 feet. The other outerop is at Kettle Point, where a section of
the shale about 12 feet thick is exposed.

Lithology. As seen at the type locality the Kettle Point beds consist of
about 12 feet of thin-bedded to laminated, paper-thin weathered, dark grey to
black shale that is rusty coloured and even greenish along some of the bedding
planes. A profusion of small amber-coloured spore cases (Protosalvinia
huronensis) are present, and small pyrite concretions are not uncommon. The
entire outcrop is characterized by spherical concretions (kettles) from 8 inches
to several feet in diameter. The ‘kettles’ are composed of radiating fibres of
impure carbonate of lime extending from an amorphous shaly cgntre and occurr-
ing in zones divided by concentric amorphous bands. The shale bedding curves
above and below the concretions, indicating that they “grew” after deposition of
the sediments. Daly12 has discussed in some detail the probable mode of forma-

1Whiteaves, J. F.: Contributions to Canadian Paleontology, vol. 1, pt. 5, pp. 412—418 (1885-89).
2Grabau, A. W., and Shimer, W. H.: Bull. Geol. Soe. Amer.,, vol. 13 pp. 180-185 (1902)
3Btauffer, C. R.: Geol. Surv., Canada, Mem. 34, pp. 229-237 ( 915).

4Parks, W. A.: University of "Toronto Studies, Geol, Ser. 39 pt. 1 (1936).

sFritz, "M. A.: Bull. Geol. Soc. Amer., vol. 50 pp. 79-88 (1939).

¢Turner, M. C.: Bull. of Amer. Pal., vol. 25, No. 88, p. 7 (1939).

"St.a.uﬁ'er C. R.: Geol. Surv., Canada, Mem. 34, p. 914 (1915).

8Turner, M. C.: Op cit., p. 7.

sCaley, J. F.: Geol. Surv., Canada, Mem. 237, p. 59 (1943).

1Kin 1e,E M.: Geol. Surv Ca.nada., Su.m Rept. 1912, p. 287,

uStauffer, C. R.: Geol. Surv Canada, , PP- 13 n.nd 215 (1915)

12Daly, R. A.: Jour. of Geol., vol. 8, pp 135—150 (1900).
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tion of the ‘kettles’. At the top of this exposure, detached pieces of what
appears to have been a 1-foot, irregular bed of hard, greenish grey, calcareous
and sandy rock can be seen protruding at several places.

The following flora and faunal are from these dark shales.

Plant
Knorria sp.
2Lepidodendron primaevum Rodgers
Protosalvinia huronensis (Dawson)
Pseudobornia inornatus (Dawson)

Brachiopoda
Lingula ligea Hall
Lingula spatulata Vanuxem

Vermes

2Polygnathus coronatus Hinde
2P, dubtus Hinde

2P. ymmersus Hinde

P. palmatus Hinde

2P. (?) serratus Hinde
2Prioniodus ponder: Hinde

Pisces
Dinichthys sp.
Rhadinichthys sp.
Stenosteus sp.

About 54 miles above Dresden, Sydenham River flows over bedrock for about
100 feet. This is dark grey to black, platy to laminated shale with some thin
lighter bands and a few doubtful ‘spores’. No ‘kettles’, pyrite coneretions, or
fossils could be found. Otherwise, this rock is essentially similar to that seen at
the type loeality.

In well cuttings the Kettle Point beds are typically dark brownish to black,
bituminous shale with many amber-coloured spore cases in most samples (See
Figure 2). Many wells, notably in Plympton, Sombra, Dawn, Chatham, and
Camden Gore townships, exhibit green and greenish grey shale up to 20 feet
thick interbedded with the typical black shale. These green beds do not appear
to be at the same horizon in different wells, and they may be absent. In the
adjoining area to the east8 one well is known in which the green shale rests
directly on the Hamilton formation.

Hunt* describes arenaceous green and black shale overlying the black slate
at Kettle Point. Stauffer® states that “the wells in Moore township show the
presence of these greenish shales associated with greenish sandstones in the
uppermost Devonian”, and proposes to call them “the Port Lambton beds from
their occurrence in wells at that place”. No recent drilling has been done in
the vicinity of Port Lambton and no reliable samples are available from the
early drilling done there. It is not known, therefore, whether the green beds
referred to by Stauffer are later than, and separable from, the typical black beds
at Kettle Point. Stauffer wrote further, “the Port Lambton beds do not out-
crop within the province unless the uppermost layers at Kettle Point, Kingston
Mills, and Alvinston belong to them”.® In view of the occurrence of green
beds at several horizons within the post-Hamilton shales, as seen in many wells
within the Sarnia area, Stauffer’s Port Lambton beds are here included and
mapped with the Kettle Point formation.

18tauffer, C. R.: Geol, Surv., Canada, Mem. 34, p. 184 (1915).
2Collected by G. J. Hinde.

3Caley, I. F.: Geol. Surv., Canada, Mem., 237, p. 62 (1943).
‘Hunt, T, 8.: Geol. 8urv., Canada, Rept. Prog. 1863-1866, p. 242.
sStauffer, C. R.: Geol. Surv,, Canada, Mem. 34, p. 12 (1015),
sStauffer, C. R.: Geol, Surv., Canada, Mem. 34, p. 275 (1915).
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The following sectioﬂs illustrate the lithology of the Kettle Point beds:

Shale:
Shale:
Shale:

Shale:
Shale:

Shale:
Shale:
Shale:

Shale
Shale

Section 1, Kent County, Gore of Camden

black, bituminous, trace of green shale; Protosalvinia throughout.
green; 20 per cent black shale.
black; trace of pyrite; Protosalvinia.

Section 2, Lambton County, Plympton Township
black; trace of pyrite at the base; Protosalvinia throughout.
black; little green shale throughout.

Section 3, Lambton County, Sombra Township

black; Protosalvinia throughout.
black; some green shale in lower § feet.
black; trace of pyrite in most samples.

Section 4, Lambton County, Dawn Township

: black; 20 per cent green shale at base; Protosalvinia throughout.
: black; little greenish grey shale at the base; trace of pyrite in most samples;

Protosalvinia throughout.

Shale:
Shale:

Shale:
Shale:
Shale:
Shale:
Shale:
Shale:

Shale:
Shale:
Shale:

Section 6, Lambton County, Moore Township

black; Protosalvinia.
black; trace of green shale throughout; Protosalvinia.

Section 6, Lambton County, Dawn Townshipl

greenish grey.
black, bituminous.
greenish grey.
black, bituminous.
greenish grey.
black, bituminous.

Section 7, Kent County, Chatham Townshipt

black, bituminous.
greenish grey.
black, bituminous.

Delimitation and Thickness. The Kettle Point beds constitute the youngest
bedrock in the area, and are nearly everywhere overlain by glacial drift. The
lower contact is nowhere exposed. As seen in well cuttings, it is fairly sharp,
the change from black bituminous shale to the grey limestone and shale of the
Hamilton formation occurring without apparent gradation.

Positive evidence of unconformable relations at this contact has not been
observed in well cuttings. However, as indicated in discussing the upper
contact of the Hamilton formation, the appreciable local variation in thickness
of that formation, together with the irregularity in occurrence of green shales
in the lower part of the Kettle Point beds, may be taken as indicative of an
interval of erosion at the close of Hamilton time.

iFrom logs by C. 8. Evans, Union Gas Company of Canada, Limited.
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The thickest exposed section of Kettle Point strata is at the type locality,
where about 12 feet of the shale can be seen. The following table gives the
thickness from well cuttings in the townships specified:

County Township Thickness
Feet

Age and Correlation. The Kettle Point beds occupy the same general posi-
tion as the Antrim shale of Michigan. The two deposits in their type
exposures are essentially similar lithologically and both contain spherical con-
cretions (kettles) and an abundance of spore cases. Newcombel states that
“a concretionary zone near the base of the Antrim is probably nearly equivalent
to a like zone observed at Kettle Point, Ontario”. He?2 considers the lower part
of the Antrim to be Upper Devonian, but places the upper part of the formation
in the Mississippian. The present writer points out that in wells in the west
part of Moore and Sombra townships the uppermost post-Hamilton beds are
probably in areas of low structure and may, therefore, be somewhat younger
than the typical black shales at Kettle Point. It is thus possible that these
highest ‘beds in the Windsor-Sarnia area are later than Devonian and of the
same age as the upper Antrim of Michigan.

According to Stauffers, Lingula spatulata occurs in the Genesee and Portage
of New York. Polygnathus dubius and P. palmatus occur in the Genesee of New
York and Polygnathus truncatus end Prioniodus panderi occur in the Hamilton
of New York.

INewcombe, R. B.: A.A.P.G., vol. 16, p. 166 (1032).
1Newcombe, R. B.: Geol. Surv., Michiga an, Pub. 38, p. 490 (1933).
sStauffer, C. R.: Geol. Surv., Canada, Mem., 34, p, 237 (1915).
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CHAPTER IV
STRUCTURAL GEOLOGY

Bedrock in the Windsor-Sarnia area is nearly everywhere overlain by a
mantle of glacial drift, which produces a topography that does not reflect the
attitude of the underlying strata. Exposures are small and widely separated.
The rocks are locally almost flat-lying, and in the absence of exposed key
horizons that might be used for structural determination it will be clear that
little structural data is available from surface mapping alone. Drilling records
provide the most reliable structural data and constitute practically the sole
source of information on local and detailed structures.

Very little information is available on the topography of the Precambrian
surface upon which the Pal®ozoic sediments rest. Few wells reach the Pre-
cambrian rocks, and these are so widely separated that they do little more than
indicate the general character of the Precambrian surface. This surface is
apparently undulating, with little relief, and appears to slope generally north-
ward across Kent and Lambton counties at an average rate of perhaps 8 feet
a mile. It is known to be at an elevation of 3,473 feet below sea-level in Ennis-
killen township and to the west; in Moore township a well was drilled to 3,830
feet below sea-level without reaching granite. The Pal®ozoic sediments are
4,270 feet thick at one place in Moore township, and at least 3,600 feet thick
near Lake Erie. The following table summarizes the available information
regarding wells penetrating the entire sedimentary succession in the Windsor-
Sarnia area.

The Pal®ozoic formations do not appear to have suffered any severe
deformation, and wherever seen at the surface they are horizontal or nearly so.
The area occupies a position on the northeast extension of the Cincinnati arch
and the structure of the Ontario rocks is, in part at least, related to this more
regional uplift. However, a study of the few scattered wells that penetrate
the Trenton formation indicates the presence of a relatively broad saddle or
trough trending northwest and crossing the Windsor-Sarnia area in Kent and
Lambton counties. This trough is, therefore, transverse to the regional trend
of the Cincinnati arch. Northeast from the Windsor-Sarnia area, the Trenton
formation again rises gradually to its outcrop area in the Georgian Bay and
Lake Simcoe districts.

The areal distribution of the outcropping formations reflects, in a general
way, the broad, trough-like structure indicated by the top of the Trenton forma-
tion. The youngest rocks (Kettle Point) occupy most of Lambton and Kent
counties, whereas the next underlying formations are seen to have their out-
crop areas to the west in Essex county, and to the east in the adjoining London
area. A broad syncline, of which the Windsor-Sarnia area occupies the centre
and west limb, is thus seen to occupy the region from the city of London, on the
east, to Essex county, on the west.

The sedimentary succession above the Trenton indicates considerable varia-
tion in the thickness of the shales between it and the base of the Queenston
formation, ranging from a maximum of 610 feet in Tilbury East township to
& minimum of 200 feet in Dover township. The overlying Queenston also ranges
from 130 to 350 feet in thickness. Of the Silurian formations, the Medina is
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relatively uniform, but the Guelph-Lockport beds vary from 79 feet in Ennis-
killen to a maximum of 500 feet in Tilbury West township. Extensive though
irregular deposits of salt are partly responsible for a great variation in thick-
ness of the Salina formation. In Sarnia township over 1,400 feet of Salina,
with 540 feet of salt, is present, whereas one well in Romney township shows
only 530 feet of Salina beds, including 10 feet of salt. The youngest Silurian
formation (Bertie-Akron) ranges from 60 to 395 feet in thickness. Among the
Devonian formations the pre-Hamilton succession of limestones range from 375
to over 700 feet in thickness.

Some unconformities are known to be present in the sedimentary succession
of the Windsor-Sarnia area, and it is possible that much of the aforesaid
variation in formational thickness is due to erosion during these and other
intervals of emergence. With the possible exception of the basal beds no
Cambrian rocks are known in the area, so that a long period elapsed between
Precambrian and Ordovician time, during much of which at least no deposition
occurred.

In the Brantford areal the Ordovician-Silurian contact is disconformable.
This horizon is not exposed within the Windsor-Sarnia area, but studies of well
samples present little evidence in support of conformable relations. In view of
the variable thickness of the Queenston and the abript change from grey,
shaly dolomite of the Medina formation to the typical red Queenston shale,
as seen in well cuttings, it seems reasonable to suppose that the disconformity
observed in the Brantford area extends westward into the Windsor-Sarnia area.

The top of the Silurian is also an erosion surface. Elsewhere? in southwest~
ern Ontario, where this contact is exposed, there is evidence of an erosional inter-
val. The horizon is not exposed in the Windsor-Sarnia area, but the considerable
variation in thickness of the Bertie-Akron formation, and the presence of glau-
conite and sand at the base of the overlying limestone, as seen in well samples,
points to an erosional interval between the Silurian and Devonian systems.

At the Brunner Mond quarry near Amherstburg there is evidence of an
interval of non-deposition within the lower part of the Devonian system. It is
here that the Norfolk formation is seen to rest upon pre-Norfolk (Detroit River)
beds with apparent disconformity. This horizon is identified in some wells by
the presence of sand grains embedded in the limestone.

One result of the foregoing facts is that local structures on Norfolk strata,
which contain the main oil-bearing zone in Ontario, do not necessarily conform
with minor folds in the Trenton, although, regionally, the two are essentially
parallel. The Guelph formation is the most important natural gas producer in
the area. It is known that where considerable thicknesses of salt are present in
the Salina, local folds in overlying Devonian beds are not necessarily reflected
on top of the Guelph. It thus appears that local structures that may be outlined
by drilling only into Devonian strata cannot be assumed to persist to the Trenton
nor to any intervening horizon. It is, therefore, probable that each gas and oil
horizon presents a separate problem so far as oil or gas structures are concerned.

Detailed study and correlation of well samples, particularly from Lambton
and Kent counties, shows presence of local folds and reversals of dip super-
imposed on the regional, synclinal structure. Such local folds have been outhned
on the Norfolk and Guelph formations, and are apparently sufficient to play a
leading part in the accumulation of both oil and gas. Structure contours have
been drawn on the top of both of the foregoing formations, and on the top of
the Trenton in Dover West township, and are shown on the structure diagram
accompanying this report. They are discussed in the following chapter on
Economie Geology.

1Caley, J. F.: Geol. Surv., Canada, Mem. 226, p. 81 glMl).
2Caley, J. F.: Geol. Burv., Canada, Mem. 224, p. 81 (1940); Mem., 226, pp. 47-62 (1941),
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CHAPTER V

ECONOMIC GEOLOGY

The economic products derived from the Palzozoic formations of the
Windsor-Sarnia area are all of the non-metallic type. The more important of
these are lime, for chemical uses from the high calcium limestone at Amherst-
burg; road metal and concrete aggregate from the magnesian limestones and
dolomite; building stone and stone for engineering purposes, from the lime-
stones; salt; and natural gas and oil.

STRUCTURAL MATERIALS

LIMESTONE

Limestone from the Windsor-Sarnia area has not been used as building
material in recent years, but it was used for this purpose in the past. The pro-
ducing localities were at Amherstburg and on Pelee Island, where the rock was
obtained from the Norfolk formation. For a detailed account of limestone for
building purposes, the reader is referred to Bureau of Mines, Ottawa, Publication
No. 733, 1933, by M. F. Goudge.

CRUSHED STONE

Crushed stone for road metal and concrete aggregate is quarried near
Ambherstburg, and similar use was made of rock quarried on Pelee Island some
years ago. In both cases the rock thus utilized is Devonian limestone of the
Norfolk formation. Except on Pelee Island, this rock does not outerop within
the Windsor-Sarnia area, but it is very near the surface in the vicinity of
Amhersthburg where it has been exposed by quarrying.

LIME

The Devonian limestones of southwestern Ontario are used extensively for
making lime. In the Windsor-Sarnia area, commercial production is entirely
from the quarry of Brunner Mond, Canada, Limited, near Amherstburg. The
high calcium limestone that forms the upper part of the pre-Norfolk (Detroit
River) beds is quarried chiefly for the manufacture of lime for chemical use.
Elsewhere in the Windsor-Sarnia area these rocks are less accessible in that
they are concealed by glacial drift or are overlain by younger Pal®ozoic rocks.
For chemical analyses of these rocks the reader is referred to Bureau of Mines,
Publication 781, 1938, by M. F. Goudge.

SALT

Salt is among the most important and valuable products of the Paleozoic
rocks of southwestern Ontario. During 1943 about 594,889 tons, valued at
$3,356,870, was recovered from brine wells in Ontariol. This constitutes about
86 per cent of the total Canadian output in that year.

1Dominion Bureau of Statistics.



54

Salt was discovered in Ontario in 1866 when a company was formed at
Goderich for the purpose of drilling for oil. The first well was drilled on the
north side of Maitland River a short distance above the bridge at Goderich, but
instead of striking oil, a bed of rock salt was encountered at a depth of 964 feet.
The salt was interstratified with rock, but aggregated 30 feet in thickness. This
initial discovery was immediately followed by further drilling in the valley
near the town, and by 1872 several producing wells were in operation. At the
same time salt was found at Clinton and Seaforth.

Since its discovery in 1866, salt has been produced at other localities such
as Amherstburg, Sandwich, Windsor, Sarnia, Elarton, Parkhill, Courtright,
Exeter, Brussels, Hensall, Wingham, and Kincardine. However, in 1942, opera-
tions were carried on only at Goderich, Elarton, Windsor, Sarnia, and Amherst-
burg. Only the last three lie within the area of this report.

Throughout most of the Windsor-Sarnia area, a considerable number of the
wells drilled for oil and natural gas have passed through the salt-bearing forma-
tion, thereby furnishing data on the approximate area underlain by salt. On
this basis the salt appears to underlie almost all of Lambton county, much of
Dover, Harwich, and Camden Gore townships, and smaller partes of Raleigh,
Chatham, and Romney townships, Kent county, and Sandwich and the north
half of Anderdon townships, Essex county.

The salt does not form a continuous sheet or bed beneath the foregoing
area. A well in lot 25, con. X, Sombra tp., passed through 228 feet of salt,
whereas, in the same township, a well on lot 30, con. V, penetrated the entire
Salina formation without encountering any salt. Also, in Tilbury East town-
ship, a well on lot 15, con. V, shows no salt, but one drilled on lot 1, con. III,
passed through 95 feet of the mineral. Even loeal variations have been noted
within the general salt basin in the Dawn and Dover gas fields, where on a
single lot some wells penetrate the entire salt-bearing formation without
encountering salt and others show considerable thicknesses of the mineral.
However, drilling records do point to considerable continuity of the salt beds
and suggest that within the general salt basin there are only a few relatively
small areas where wells penetrating the salt-bearing formation have not
encountered salt.

Salt is everywhere associated with the Salina formation. It commonly
forms several beds separated by variable thicknesses of dolomite or limy shale.
From one to ten separate beds are known. Single beds range from 5 to 270 feet
in thickness, and their aggregate known thickness reaches a maximum of 593
feet in Sarnia township. The beds are apparently lenticular in form, the thick-
ness of a single bed varying greatly from well to well. The presence of detached
lenses is indicated by the local absence of salt in some wells.

In drilling, the first salt is commonly encountered between 350 and 450 feet
below the top of the Salina formation, although it is known within the upper
150 feet of the formation in a few places. Small quantities of gypsum are
commonly present above and below the salt, and in most wells occurs as a bed
up to 10 feet thick near the base of the Salina formation.

The following table summarizes the geological characters of the salt deposits,
their depth below the surface, position within the Salina formation, and number
and thickness of the beds.
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It is seen that vast quantities of salt underlie much of the Windsor-
Sarnia area. Using a specific gravity figure of 2-125 as determined by Hunt?!
for specimens of rock salt from Goderich, a bed of salt 1 foot thick will
¢ontain about 1,850,880 tons (2,000 pounds) for each square mile. The average
thickness of salt shown in the above table is about 85 feet. With at least
1,000 square miles of the Windsor-Sarnia area underlain by salt, there seems
little likelihood of the supply being exhausted in the foreseeable future.

The salt is produced by evaporation of artificial brine. The brine from the
first well drilled in 1866 at Goderich was analysed by Hunt, who reported?2
the following results.

In 1,000 |In100parts
parts of solid
by weight residue

Chloride of 800IUML. ... .0iviuitieenriintrienrinasssreresesiseriseasenrcacacescas 259000 99:018
Chloride of calcium........ 0-432 0-165
Chloride of magnesium 0-254 0-097
Sulphate of IimMe. .. ouvtiiiuieiioneerernennsnrateiasesssnerocsssessssaenconnns 1882 0-720

261-568 100-000

An analysis by the same author of rock salt taken from the core of the
Attrill well at Goderich gave the following resultss.

Per cent

Chloride of 80GIUM. .. ..ottt iiaiiieiiiietetretenineanatorosenronsneensosrsosesncsnssnons 99687
Chloride of CaICIUIM. .\ . vttt iuereriunaererarsiiiesesseaessrenssssersnatsensesasssssasnansnsns 0-032

* Chloride of magnesium 0-095
Sulphate of lime........ s .. 0-090
Insoluble in water . 0-017
MOTBEUTO . 4 v e ve e et esnsetes e etnaanssrasnsnsasnsesossonsasasosssesnasstonsensnonsososssnns 0-079
100-000

The following typical analysis of salt from the Western Salt Company
plant at Courtright is given by Cole4. (Operations at this centre were dis-
continued several years ago.)

Per cent

Insoluble MIAEtOT. oo vt ee s et ieniaeasinesrereseeecntesssucasssssenssescstosasssessssancses 0:002
Caleium SUlPRate. . ..ot iiitretieiiiettreeerneensneectoncaesessssssvsensnranansenssseasasane 0-871
Caleium chloride. . ....ovuiiiiiiiiiiiiiiiiieiiiiiiiiiiaseiiisntietenreinanses besoseoncansane 0-076
Magnesium Chloride. .uueiui it iererieeenrenerrneeeneeesosessosoerosinntonseenennsaanasessanes 0-003
Sodium Chloride. ... v covutiainniueiuerorertenraneeatoenerarsioserosnriecetareananransatonsane 99-044
99-996

For a detailed account of salt recovery, methods of manufacture, uses, ete.,
the reader is referred to Mines Branch, Department of Mines, Ottawa, Publica-
tion No. 716, 1930, by L. H. Cole.

PETROLEUM AND NATURAL GAS

GENERAL STATEMENT

Petroleum is a complex mixture of hydrocarbons, chief among which are
the parafins and naphthenes. A small amount of inorganic material is also
present and this may or may not be in combination with the hydrocarbon

1Hunt, T. Sterry: Geol. Burv., Canada, Rept. of Prog. 1876-77, p. 236.
2Hunt, T. 8terry: Geol. Surv., Canada, Rept. of Prog. 1863-66, p. 269.
3Hunt, T. Sterry: Geol. 8urv., Canada, Rept. of Prog. 1876-77, p. 233.
4Cole, L. H.: Mines Branch, Dept. of Mines, Pub. 716, p. 39 (1930).
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molecule. Natural gas is nearly always associated with oil, and the two
together form a continuous series of hydrocarbons ranging from solids to light
gases. The chief constituent hydrocarbons in natural gas are methane (CH,)
and ethane (C,Hg), although varying quantities of propane (CgHg) and
butane (C4H;,) may be present as gases. In addition, there may be certain
gaseous impurities such as nitrogen (N), carbon dioxide (CO.), and hydrogen
sulphide (H.S), as well as traces of oxygen (O), hydrogen (H), and carbon
monoxide (CO).

In oil and gas fields, natural gas is classified as “dry” or “wet” according to
the quantity of gasoline vapours present, and “sweet” or “sour” according to
the absence or presence of hydrogen sulphide. If much hydrogen sulphide is
present it must be removed before the gas is used commercially. The “dry”
gas is the usual natural gas of commerce, and it commonly occurs in reservoirs
separate from oil reservoirs.

Both natural gas and oil occur in commercial quantity within the Windsor-
Sarnia area. In general, the gas and oil are produced in separate fields from
different geological horizons. However, there are fields in which both oil and
gas are produced in commercial quantity from the same general zone.

There are several producing and abandoned oil fields within the area.
The producing fields are among the oldest in Ontario, including the Petrolia
and Oil Springs fields. Most of the present oil production is from the upper part
of the Norfolk formation (Devonian), with some from the Trenton (Ordovieian),
and a small quantity from the Guelph formation (Silurian). The abandoned
oil fields, with the exception of the Romney and Sarnia pools, produced from
either the lower Salina or upper Guelph formations. The Romney and Sarnia
pools were shallow Devonian fields, with production from high in the Norfolk
formation. In those fields yielding both oil and gas, production is from the
Trenton (West Dover field) and the Salina and Guelph formations (Dawn
field). The natural gas fields include one of the most prolific producing fields
(Tilbury field) so far discovered in Ontario. The entire production is from the
Guelph and Salina formations, with the former perhaps yielding the greater
volume.

During 1943, about 132,492 barrels of oil valued at $311,356 were produced
in Ontario. Of this total, about 82,743 barrels, or 62-4 per cent, came from
within the area covered by this report. In the same year, Ontario produced
7,914,408 M cubic feet of natural gas, of which about 4,583,098 M cubic feet or
57-9 per cent came from fields within the Windsor-Sarnia area.

GENERAL SUBSURFACE STRUCTURE

Within the Windsor-Sarnia area the wells have been drilled to test different
horizons in different localities. In the north part of Lambton county most
wells reach only into the Norfolk formation, which holds the main oil-yielding
reservoir. In the southern part of Lambton, and in Essex and most of Xent
counties, the Guelph, which there holds the chief gas-producing zones, is the
main objective of drilling, and only a few wells penetrate below it. In & small
part of Dover West township, Kent county, the wells test the Trenton formation,
which there yields gas and oil.

In Kent and Lambton counties, the Norfolk formation constitutes the
most widespread horizon upon which subsurface structure contours can be drawn.
Reliable cuttings are available for only a small number of the wells that reach
the Guelph. As the top of the Guelph cannot be recognized with assurance in
drillers’ logs, data for contouring on this formation are insufficient except at a
few vestricted localities. Samples for many of the older wells that reach only
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into the Norfolk formation were not available and the drillers’ logs of these
wells had to be relied upon in computing elevations of the Hamilton-Norfolk
contact. However, as this is a shale-limestone contact and easily recognized
by ft{lle drillers, reasonable assurance can be placed upon their recordings of its
depth,

In Essex county, where the Norfolk immediately underlies the drift, a
deeper horizon must be used for structure contouring. As most of the wells in
this county reach the Guelph, the top of this formation was used wherever
sufficient data are available.

The accompanying diagram shows structure contours drawn on the Norfolk
formation throughout Lambton and most of Kent counties, and on the Guelph
formation in Essex county. Contours on the Norfolk show a number of local
undulations forming gentle rolls, narrow troughs, and low domes. For the most
part these local structures have an east-west trend, but near Lake Erie, in
Romney, Tilbury East, and Raleigh townships, the general trend is more nearly
northwest. Closures vary from about 20 to over 60 feet, and dips on the flanks
are gentle and range from 40 to perhaps 200 feet a mile,

In Essex county, contours on the Guelph formation, together with informa-
tion from isolated wells, indicate a regional north dip of about 25 feet a mile
across the county. Locally, in Gosfield South township, & small elongate dome
is present with about 50 feet of closure. The south flank of this fold dips into
Lake Erie at about 120 feet a mile. The north flank dips at about half that
rate and flattens to the regional average of about 25 feet a mile within a few
miles of the crest of the fold.

The foregoing local structures have, in general, formed sites for accumula-
tion of oil and gas, and fields have, therefore, been developed on them. The
Petrolia and Oil Springs fields are the oldest oil fields in Ontario. They contain
a great number of shallow wells and these are too closely spaced to be represented
individually on the accompanying diagram. Their structure has, therefore,
been generalized, and the limits of the fields outlined as shown.

Fracturing and faulting are suggested at more than one locality by the
occurrence of producing wells in very narrow zones.

The subsurface structure is described in more detail in the subsequent dis-
cussion of the individual fields.

OIL AND GAS FIELDS

Lambton County

Oil Springs Field. This field occupies lots 16 to 19, cons. I and II, Ennis-
killen tp., and has an area of about 2 square miles. In 1858, exploration of the
tarry seepages long known to occur along Black Creek began when, at the
village of Oil Springs, wells 40 to 60 feet deep were dug to a gravel bed overlying
the bedrock. A heavy oil, much more fluid than the tarry material seen at the
surface, was encountered in the gravel beds. This oil was utilized as a lubricant
without previous treatment. About 1861, drilling into the bedrock was started
and many flowing wells were quickly brought in. Initial flows of 2,000 and
5,000 barrels a day were not uncommon, and one well is reported to have flowed
7,500 barrels a day. These early flowing wells were dug to the bedrock and
cribbed with wood before drilling was started. Except for a few wooden tanks
of about 150 barrels capacity, no storage facilities were available, and when it
was found impossible to control the gushing wells much oil escaped into Black
Creek and found its way to Lake St. Clair, where it is said to have formed a
layer inches deep over the surface of the water.
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Nearly all the wells are shallow, with depths ranging from 350 to 400 {eet.
Main production is from the Norfolk (Big Lime)?!, the reservoir being a porous
limestone 100 to 130 feet below the top of the formation. The thickness of the
oil-bearing zone is from 5 to 10 feet2. According to Williams3, the oil from
the early ‘gushers’ came from a ‘mud vein’ or ‘crevice’ about 7 to 11 feet below
the top of the Delaware limestone (Norfolk formation).

The Oil Springs field has produced continuously since its discovery, and is
at present one of the main oil-producing fields of Ontario. No estimate can be
made of the flush production, as much of the oil from the early large producers
was lost. Harkness4 estimates that 7,475,630 barrels of oil were recovered from
this field to the end of 1927. Production from 1928 to 1943 inclusive was about
496,745 barrels, making a total recovery of about 7,972,375 barrels to the end
of 1943. The production for 1942 was 27,368 barrels from seven hundred and
eighty-four operating wells: this indicates an average yield per well of about 35
barrels for that year.

The structure of the Oil Springs field is an eccentric dome that is slightly
elongate in a northwest direction and with the apex near the northeast margin.
The total closure is not more than 60 feet. Accumulation is directly related to
the structural high. Production is apparently fairly even over the dome except
at the northwest side, which appears to be barren at elevations that are produec-
tive elsewhere5,

During 1913 and 1914 several deeper wells were drilled on lots 18 and 19,
concession II. Some of these struck gas in the upper part of the Guelph forma-
tion at depths of 1,850 to 1,950 feet. Williams® states that two of these wells
had initial volumes of 20,000,000 cubic feet of gas a day, but the flow rapidly
decreased. Other Guelph tests were discouraging, and & few Trenton tests met
with no success. In 1941 a well drilled on lot 18, con. I, Ennigkillen tp., obtained
an initial flow of about 800,000 cubic feet from the Guelph at a depth of 1,925
feet.

Natural gas production from the Guelph formation in the Oil Springs field
is not usually recorded separately, but is included with that of the Dawn field.
However, it is very small, being only 9,779,000 cubic feet in 1943.

The following well log shows the stratigraphy in this field.
Location: Oil Springs, lot 18, con. II, Enniskillen tp.

Formation Depth Thickness Lithology
Feet Feet
0-220 220 Samples missing.
Norfolk 220-350 130 Limestone : buff; Protosalvinia.
350-370 20 Dolomitic limestone: brown, granular.
Pre-Norfolk 370-570 200 Limestone and dolomitic limestone: grey, granular,
and fine-grained; traces of gypsum.
570-810 240 Dolomite: grey, buff, and brownish, fine-grained and

granular; some cherty dolomite and chert; little
sand and glauconite at the base.

Bertie-Akron 810-880 70 Dolomite: grey and buff, ﬁne&grained.
880-890 10 Dolomite:hglrey and buff, fine-grained; trace dol-
omitic shale.

890-900 10 Dolomite: buff, fine-grained.

1Term used by drillers for the calcareous succession comprising the Norfolk formation.
2Harkness, R.B.: Ont. Dept. of Mines, 37th Ann, Rept., pt. 5, p. 83 (1928).
3Williams, M.Y.: Geol. Surv., Canada, Sum. Rept. 1918, pt. E, p. 34.

sHarkness, R. B.: Ont. Dept. of Mines, 37th Ann. Rept., pt. 5, p. 54 (1928).

sWilliams, M. Y.: Geol. Surv., Canada, Sum. Rept. 1918, pt. E, p. 34,

sWilliams, M, Y.: Geol. Surv., Canada, Sum. Rept. 1918, pt. E, p. 35.
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Formation Depth Thicknesa Lithology
Feet Feet
Salina 800- 915 15 Dolomite: grey; some shaly dolomite; trace gypsum.
915-1,005 90 Dolomite: buff, fine-grained.
1,005-1,045 40 Shaly dolomlte' grey; trace pmk gypsum,
1,045-1,065 20 Dolomite: buff, dense; some gypsum.
1,065-1,150 85 Dolomxbe buff, fine; some grey dolomitic shale; little
1,150-1,210 60 Dolonute: buff, fine-grained.
1,210-1,220 10 Salt.
1,220-1,225 5 Shaly dolomite: buff; some salt.
1,225-1,250 26 Dolomite: buff, fine-grained.
1,250-1,300 50 Dolomitic shale: grey.
1,300-1,485 185 Salt.
1,485-1,490 5 Dolomite: brown, fine; some salt.
1,490-1, 590 100 Samples missing.
1,590-1, 625 35 Limestone: brown.
1,625-1,645 20 Dolomite: buff, finely granular.
1,645-1,680 35 Limestone: brownish grey, dense; some shaly lime-
stone; httle gypsum,
1,680-1,740 60 Samples missing,
1,740-1,750 10 Luﬁeitone dark brownish grey, dense; some limy
ghale.
1,750-1,780 30 Samples missing.
1,780-1,790 10 Dolomite: buff, granular; some dark grey shaly dolo-
mite.
1,790-1,800 10 Salt.
1,800-1,810 10 Samples missing.
1,810-1,820 10 Limestone: light grey.
1,820-1,940 120 Dolomite: brown, fine-grained.
1,940-1,950 10 Gypsum.
Guelph-Lockport 1,950-1,970 20 Dolomite: buff, crystalline.
1,970-2,000 30 Dolomite: grey, crystalline. .
2, 000-2, 065 . 65 Dolomite: light grey, coarsely crystalline,
Rochester 2,065-2, 085 20 Shaly dolomite and dolomitic shale: grey.
Medina 2,085-2,115 30 Shale: grey; some red shale and grey dolomite,
2,115-2,125 10 Shale: red.
2,125-2,150 25 Shale: grey.
2,150-2,170 20 Dolomite: grey, ecrystalline; some grey shaly dolo-
mite.
Queenston 2,170-2,180 10 Shale: red.
2,180-2, 280 100 Samples missing,
2,280-2,300 20 Shale: red.
2,300-2,390 ] Samples missing.
2 390—2 400 10 Shale: red.
2 400-2,470 70 Samples missing,
2,470—2,480 10 Shale: red; some greenish grey shale.
Meaford-Dundas 2,480-2, 500 20 Samples missing,
2,500-2, 505 5 Shale; grey; some grey dolomitic shale.
2,505-2,770 265 Samples missing.
Billings 2,770-2,870 100 Shale: grey, bituminous.
2,870-2,900 30 Samples missi:
2,900-2,910 10 Shale: brown, b Suminous.
‘Trenton 2,910-3,025 115 Limestona: grey.

Petrolia Ol Field. The Petrolia field occupies lots 1 to 19, cons. IX to XIV,
Enniskillen tp., and small parts of the adjoining townships of Moore, Sarnia,
and Plympton. At its maximum it comprised some 20,000 acres?, but at present
less than half that area is being operated. The field was discovered about 1862,
when oil was encountered in a well being dug for water. The first flowing well
was drilled in 1865, after which development was very rapid. By 1890, two
thousand five hundred wells had been drilled in this field. Most of the several

1Harkness, R. B.: Ont. Dept. of Mines, 37th Ann. Rept., pt. 5, p. 55 (1928).
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thousand wells in the Petrolia field were drilled before the turn of the present
century, and for a great number of these no reliable records are now available.

Nearly all the wells are shallow, between 380 and 550 feet, with an average
depth of perhaps 470 feet. In general, no oil was found below a depth of 500
feet. Production is from 115 to 130 feet below the top of the Norfolk formation
(Big Lime). The thickness of the oil-bearing zone appears to vary in different
parts of the field. In the central and eastern part, which is the most productive,
it ranges from 5 to 13 feet and is a porous limestone!. The northwestern part
of the field is the least productive. There, “the oil is reported by the drillers to
occur in ‘fissures’ or ‘crevices’ in the rock. These ‘crevice’ wells haven’t a long
life, but when closed down for a short time appear to accumulate oil, for, when
they are again pumped, the production is temporarily restored. At present
these wells are operated intermittently, but those in the central and eastern part
of the field are operated for at least a few hours each day of the year”.2

Originally much gas under considerable pressure must have accompanied
" the oil, as many wells are reported to have flowed as much as 1,000 barrels a day.
However, so far as is known, all this gas was allowed to escape, and the wells
soon ceased flowing and had to be pumped.

This field has been in operation continuously since its discovery. It has
been the largest oil producer in Ontario and continues to lead all other Ontario
fields in production. The estimated production up to 1926 was 15,090,700
barrels: production for the period 1926 to 1943 inclusive was 1,018,243 barrels,
making a total of 16,108,943 barrels to the end of 1943. In 1941, the field
produced 54,583 barrels from about six hundred and forty-sm wells. Production
for 1942 was 51,917 barrels.

During the years 1936 to 1941, at least thirty-five wells were drilled within
the limits of the field. Ten of these were either dry or encountered only “shows"
of oil and the remainder are reported as small producing oil wells with initial
yields between 4 barrel and 3 barrels a day. Production is from the Norfolk
formation at depths between 400 and 450 feet below the surface.

The structure at the east-central part of the field is a dome with about
40 feet of closure and occupying lots 8 to 19, cons. IX to XIII, Enniskillen tp.
Accumulation is directly related to the structural ‘high’, and at the east part
of the field production is confined to the upper 40 feet of the dome. Westward
from the dome, however, production appears to cross the structure contours and
to extend about 120 feet down the dip from the highest part. This may be due to
increased porosity or permeability induced by a zone of fracture.

The following well log illustrates the stratigraphy of this field.

Log of MaclIntosh Oil and Gas Company, Well No. 1
Location: lot 14, con. X, Ennigkillen tp.

Formation Depth Thickness Lithology
Feet, Feet
0-20 20 Samples missing.
Kettle Point.......... 20-60 40 Shale: dark grey to black, bituminous.
Hamilton 60-100 40 Limy shale: grey; some shaly limestone.
100-200 100 Samples missing.
200-251 51 Limy shale: grey; some grey, shaly limestone.
251-315 64 Limy shale: dark grey and greenish grey; little grey,
¢ shaly limestone

IHarkness, R. B.: Qp. cit., p. 57 (1028).
tHarkness, R. B.: Op. cit.



63

Formation Depth Thickness Lithology
Feet Feet

Norfolk 315416 101 Limestone: light buff, finely crystalline; traces of

pyrite.
Pre-Norfolk 416-440 24 Limestone: dolomitic, brown, finely granular.
440-457 17 Limestone: dolommc, light buff, finely crystalline.
457-802 345 Limestone: dolomitie, brownish grey, finely crystal-
line; traces of gypsum throughout.
802-892 90 Limestone: dolomitic, grey, finely crystalline; some
grey, cherty limestone and chert.
Bertie-Akron 892-1,051 159 Dolomite: grey and brownish grey, finely erystalline.
Salina 1,051-1,061 10 Limy shale: dark grey; gypsum.
1,061-1,081 20 Dolomite: brown, fine; traces of gypsum.
1,081-1,169 88 Limy shale: darl greenish grey; traces of gypsum
throughout.

1,169-1,174 5 Dolomite: brown, fine-grained.

1,174-1,192 18 Limy shale: greenish grey; some brown, fine dolomite.

1,192-1,196 4 Salt; some dolomitic shale.

1,196-1,228 32 Salt.

1,228-1,247 19 Dolomite: buff, fine-grained; little grey, limy shale
and traces of gypsum.

1,247-1,252 5 Shale: greenish grey; some salt.

1,252-1,286 34 Salt.

1,286-1,316 30 Salt; minor amount of dolomitic shale.

1,316-1, 365 49 ley shale: greenish grey; minor amount of brownish
grey, fine dolomite; traces of gypsum throughout.

1,365-1,400 35 Dolomite: light buff, ﬁnely crystalline; some greenish.,
limy shale; trace of gypsum.

1,400-1,441 41 Salt.

1,441-1,451 10 Salt; small amount of greenish shale.

1,451-1,462 11 Shale: greenish grey; some salt and gypsum.

1,462-1,500 38 Limy shale: greenish grey; trace of gypsum.

1,500-1,510 10 Mixture limy shale, brownish dolomite, and salt.

1,510-1,525 15 Limy shale: greenish grey.

1,525-1,533 8 Salt and shale.

1,533-1,595 62 Salt.

1,595-1,613 18 Salt; minor amount of grey dolomite.

1,613-1,797 184 Salt.

1,797-1,873 176 Limestone: brown, finely crysta.llme trace of gypsum.

1,873-1,943 70 Limestone: dark brownish ﬂnely crystalline;
zones of grey, limy shale.

1,943-2,020 77 Salt.

2,020-2,025 5 Gypsum.

2,025-2,096 71 Dolomite: dark brownish grey, finely crystalline.

2,096-2,164 68 Limestone: dark grey, finely crystalline; some green-
ish, limy shale near base.

Guelpbh-Lockport 2,164-2,180 16 Dolomite: brownish and light grey, finely crystalline..
2,180-2,193 13 Dolomite: brownish grey, finely crystalline.
2,193-2,259 66 Dolomite: light grey, granular.

Rochester 2,259-2,305 46 Shale: dark grey; little grey dolomite.

Medina 2,305-2,310 5 Shale: green and red.
2,310-2,380 70 Shale: greenish grey; some red, limy shale and grey,

shaly dolomite near base.
2,380-2,417 37 Dolomite: grey, finely crystalline; some greenish
grey, limy shale.
2,417-2,446 29 Grey and greenish limy shale and shaly dolomite.
Queenston 2,446-2,737 291 Shale: red; some green mottlings.
Meaford-Dundas 2,737-2,856 119 Shale: greenish grey; some grey, erystalline limestone
at several horizons.
2,856-3,017 161 Shale: grey.
Billings 3,017-3,121 104 Shale: dark grey, bituminous.
Trenton and older 3,121-3,163 42 Dolomitic limestone: brownish grey, finely crystal-
Palzozoic line; some dark grey shale.
limestones 3,163-3,330 167 Limestone: brownish grey, ﬁnely crystalline; fossili-

30991—5%
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Formation Depth Thickness Lithology
Feet Feet
Trenton and older

Palmozoic 3,330-3,532 202 Limestone: grey, crystalline; some thin, greenish

limestones grey, limy shale zones.
3,532-3,562 30 Limestone: brownish grey, crystalline; much dark

grey, limy shale.

3,562-3,614 52 Shaly limestone: grey; some grey, limy shale.
3,614-3,724 110 Limestone: brown and buff, finely crystalline.
3,724-3,813 89 Limestone: dark brown, dense.
3,813-3,865 52 Limestone: light brown, crystalline.
3,865-4,009 144 Limestone: brown, dense.
4,009-4,080 71 Limestone: brown and brownish grey, dense; some

grey, limy shale.

Basal beds 4,080-4,100 20 Greenish and grey, coarse-grained sandstone with
brown limestone, grey shale, and biotite.

Precambrian 4,1004,124 24 Biotite granite.

The Petrolia and Oil Springs fields are remarkable for their long life. The
combined production for 1942 was 79,196 barrels from approximately one
thousand five hundred operating wells, or an average of nearly 53 barrels a well.
Combined production in 1943 was 72,578 barrels.

The early wells in these fields apparently ceased flowing within a short time
after completion. When this occurred, a number of wells were connected by a
‘jerker line’ system to a central power station and operated simultaneously.
Some wells had relatively short lives, but after a short period of ‘rest’ again
accumulated oil and production was restored for a time. Such wells are pumped
intermittently. The remainder, which form a majority of the total number, are
pumped a few hours daily. .

In 1925, Harkness! writes that “there is sufficient salt water (about 3 barrels
per well per day) in parts of the Petrolia field and more in Oil Springs, either
with the oil or reaching it from above or below, to have the effect of a partial
flood”.

No quantitative data are available regarding either the porosity or per-
meability of the reservoir rocks in these fields. The fact that it has been possible
to pump as many as eighty wells simultaneously from a central power unit
suggests that these two characters of the reservoir are at least uniform beneath
the area thus operated. It may be that the long life of so many of the wells
in these fields is in some manner related to a condition of low permeability
that retards the movement of oil to the wells.

Reference to the accompanying structure diagram will show a depression
on the ‘Big Lime’ in the area between Petrolia and Oil-Springs fields. During
the years 1937 to 1941, several widely spaced wells were drilled in this region.
Although some of these encountered small ‘shows’ of oil, only one, on lot 29,
concession VIII, is reported to be commercial. This well had an initial yield
of 4 barrels a day.

For further accounts of the Petrolia and Oil Springs fields the reader is
referrec(l1 to the following reports, upon which much of the foregoing account
is based.

Harlax;;g,) R. B.: Empire Mining and Metallurgical Congress III, Petroleum, pp. 82-85
Ont. Dept. of Mines, 35th Ann. Rept., pt. 5, pp. 49-63 (1926).

Ont. Dept. of Mines, 37th Ann. Rept., pt. 5, pp. 52-57 (1928).

Williams, M. Y.: Geol. Surv., Canada, Sum. Rept. 1918, pt. E, pp. 31-35.

Clapp, E. G: Canada, Dept. of Mines, Mines Branch, Pub. 291, pp. 179-181 (1915),
Hume, G. S.: Geol. Surv., Canada, Econ. Geol. Ser., No. 9, pp. 36-40 (1932).

Malcolm, W.: Geol. Surv,, Canada, Mem. 81, pp. 79-83 (1915).

1Harkness, R. B.: Ont. Dept. of Mines, 35th Ann. Rept., pt. 5, p. 57 (1926).
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Moore Oil Field. This field forms a western extension of the main Petrolia
field, and occupies lots 1 to 5, cons. VIII to XII, Moore tp. The field was
discovered about 1904. Development was rapid, the several hundred wells
having been completed during the ensuing 4 years. In 1915, there were about
two hundred? wells still producing in this field.

The wells are 470 to 500 feet deep. According to Williams,2 the oil-bearing
strata are 57 to 83 feet below the top of the Delaware limestone (Norfolk
formation). This is somewhat higher in the formation than at Petrolia, where
the main producing horizon is 115 to 130 feet below the top of the Norfolk.
Although the general elevation of the top of this formation is 80 feet lower than
in the main Petrolia field, the difference in elevation of the oil-bearing strata
in the two pools is perhaps only half that figure.

So far as is known the Moore field has produced -continuously since its
discovery, but no production figures are available for the years 1911 to 1917,
inclusive. To the end of 1943, about 360,572 barrels of oil are known to have
been recovered. Peak production was in 1905, with a yield of 93,815 barrels.
Production in 1943 was about 332 barrels. In 1942, the pool produced 806
barrels from twelve operating wells, a yield of about 67 barrels a well. The
initial yield of some of the best wells was 40 to 100 barrels a day.

Available well records indicate that gas accompanied the oil in most wells.
However, some wells did encounter gas at levels higher than the oil.

During the years 1934 and 1935, four wells were drilled within the Moore
field. Of these, one was dry and three had initial yields of 4, 1, and 2 barrels of
oil a day respectively. There has been no further drilling in this field.

The general structure, as shown on the accompanying structure diagram,
is a northwest-trending elongate dome with about 20 feet of closure. Williams2
states that the oil occurs on terraces and small domes.

The stratigraphy is essentially similar to that of the main Petrolia field, as
illustrated by the log of MacIntosh Oil and Gas Company well No. 1. The
following table of well logs shows the drillers’ interpretation of the stratigraphy
of the Moore field.

Lot 4 Lot 4, | Lot 2
: * | Lot 2, | Lot 5, | Lotl, | Lot 4, | Lot 2, ’
Location ‘cfﬁl con. X | con. X { con. IX; con. X | con. XI ggfl' ‘(}‘]):’h
Feet Feet Feet Feet Feet Feet Feet Feet
Glacial drift........covvvvnennnnnn. 125 149 150 142 150 160 153 103
Black shale (Kettle Point)........|.cceeneefonreiadieiiii]eeroreedireecna]orennned]oneennns 7
Top rock 90 55 50 48 62 40 55 90
Upper soap (Hamilton)....... 120 120 122 142 120 125 120 119
Middle lime 15 15 13 18 13 18 15 15
Lower soap 35 47 45 48 50 50 45 43
Big lime (Norfolk)...........ov... 85 99 96 72 69 97 124 113
Totaldepth........coevvnrninvane. 470 485 476 470 464 490 512 490
Depth to big lime........0........ 385 386 380 398 395 395 388 377
390 |........ 413 |........ 425 445
(01 1% S 404 410 460 430 422 463 450 445
435 f|o..oo... F7 N DA PR [ NN
413
GaBab....ooiiiiiiiiiiiea, 404 390 |........ 430 422 463 445 445
447
Waterat......coivvenivenneninnnn. 125 |........ 145 154 |....nen 172 |, 103

1Clapp, E. G.: Canada, Dept. of Mines, Mines Branch, Pub. 291, p. 183 (1915).
tWilliams, M. Y.: Geol. Surv., Canada, Sum. Rept. 1918, pt. E, p. 32,
Williams, M. Y.: Op. cit.
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Plympton-Sarnia Oil Field. This field lies in the southwest part of Plympton
township, and extends northwestward into Sarnia township. At the closest point
it is less than 2 miles from the north boundary of the main Petrolia field. The
field was opened before the turn of the present century. The wells range from
400 to 550 feet in depth and the oil occurs about 100 feet below the top of the
Norfolk formation.

Considerable quantities of gas occurred in this field. It was largely wasted,
although a small volume was used in gas engines and as a domestic fuel. By
about 1918 the field had greatly deteriorated, and operations were being carried
on chiefly by farmers during slack times!.

The field was developed on a low anticline trending northwest from near the
main Petrolia structure. A small dome with less than 20 feet of closure appears
to be present at the northern end of the anticline. This dome occupies lots 1
to 6, con. VI, Sarnia tp., and was apparently the point of accumulation for a small
oil pool discovered about 1898.

Plympton Touwnship. Outside the old Plympton-Sarnia field at least forty-
five wells have been drilled. Most of these penetrate only into the Norfolk
formation and range from 435 to 695 feet in depth. So far as is known, none
of these wells encountered gas or oil in commercial quantity, although many had
shows of gas and a few had shows of oil. A well on lot 18, con. IV, Plympton tp.,
is reported to have had an initial yield of 4 barrel of oil and 20,000 cubic feet
of gas a day. In 1935 a well on lot 22, con. IX, penetrated the Salina formation,
reaching a depth of 1,850 feet. Shows of oil and gas were encountered in the
Norfolk formation. In 1940, a well drilled on lot 3, con. V, reached the Queenston
formation, and a small show of gas was encountered in the Guelph formation
at a depth of 2,610 feet.

Sarnia Township. The southeastern part of Sarnia township, comprising
lots 1 to 9, cons. I to III, forms an extension of the main Petrolia field. This
district contains several hundred wells, about two hundred of which were still
producing in 1915 after some 25 years of operation.

Production for the period 1917 to 1942 was about 45,500 barrels. In 1921,
production was 4,069 barrels from one hundred and eleven operating wells, but
by 1942, this had declined to 236 barrels from fifteen wells. .

During the years 1921 to 1923, at least eighteen wells were drilled on lots
8 to 19, cons. VII and VIII, Sarnia tp. Most of these obtained natural gas
with initial yields ranging from 10 M to 255 M cubic feet a day. Production is
from the Norfolk formation at depths of 30 to 100 feet below the top.

In 1925, gas production from Sarnia township was 2,100 M eubic feet from
seventeen wells. In 1942 it had declined to 800 M cubic feet from thirteen wells.
During the same period, the rock pressure had declined from about 71 to 35
pounds a square inch. Structurally, accumulation appears to be related to a low
open ridge or nose on the general west-dipping surface of the Norfolk formation.

The following log of a well on lot 13, con. VII, Sarnia tp., completed from
drillers’ records, is typical of the stratigraphic succession in this region.

Formation Description Thickness Depth

Feet Feet

1S 11 6 -1 TP Glacial drift........coovvnnvnnenn. 126 126
Ipperwash (top rock)....... Grey limestone.... ves 74 200

Hamilton Petrolia (upper soap)....... Grey shale......... ves 165 365
Widder (middle lime)...... Grey imestone. ...covvvvevereranenns 5 370

Olentangy (lower 80ap).....| Grey shale...........oviiiiiveerinnns 65 435
NorfolK...ovoviriiiieniiiiiieiieenees Grey limestone...........oceeveennn. 90 525

Gas: 35,000 cubic feet a day at a depth of 525 feet.
ock pressure: 88 pounds a square inch.
Drilled: 1923.

1Willisma, M. Y.: Geol. Surv., Canada, Sum. Rept. 1918, pt. E, p. 33 (1918).
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Florence Oil Field. In 1897, oil was found on lot 19, con. XIII, Dawn tp.,
near the village of Florence, and a small field in lots 18 to 20, cons. XII and
XTII1, was immediately developed.

Production was from 80 to 90 feet below the top of the Norfolk formation
at depths ranging from 317 to 325 feet. Eleven producing wells were drilled
before the close of 18971, At least one of these had an initial yield of 30 barrels
a day, but production declined rapidly and the field was apparently abandoned
‘many years ago.

During 1938 and 1939, four wells were drilled on Iots 17, 18, and 19, con.
XIII, and lot 19, con. XII, within the limits of the old field. Of these, one was
a dry hole, two were reported as small producing oil wells, and the fourth had an
initial yield of 15 barrels a day. Production was from the upper part of the
Norfolk formation, at depths of 319 to 321 feet.

The Florence field was developed on a low, northwest-trending, elongate
dome having 20 feet of closure. The structure is about 2 miles long and § mile
wide. Dips on the flanks are about 80 feet a mile on the south and perhaps 100
feet a mile on the north.

According to Williams2, oil was discovered on lot 30, con. XIII, Dawn tp.,
about 4 miles north of the Florence field. The quantity of oil recovered was
insignificant.

The following log of a well drilled on lot 19, con. XII, compiled from
drillers’ records, indicates the stratigraphic succession in the Florence district.

Formation Description Thickness Depth

Foet Feet

[0 4 -1 S Glacial drift,.......cooiiiiiiiinnnnn 35 35
Ipperwash (top rock)....... Grey limestone....o.vuevveenreennenns 19 54

Hamilton )Petrolia (upper soap)....... Grey shale....... 133 187
Widder (middle lime)...... Grey limestone. . 14 201

Olentangy (lower soap).....| Grey shale......cccovvieiiiiinnnenen, 24 225
Norfolk..ooouiiieiiiiiareanianenancanen Grey limestone.........cevvivavinnn. 125 350

Oil at 319 feet.

Dauwn Gas and Oil Field. As now (1944) developed, the Dawn field is an
east-west trending area about 11 miles long and averaging less than a mile in
width. It occupies lots 23 to 25, cons. I to XIV, Dawn tp. A south-trending
extension from the west end of the main field occupies lots 18 to 20, con. I. The.
field was discovered in 1921, when a well on lot 24, con. V, came in with an
initial gas flow of 177,400 cubic feet a day and had a rock pressure of 775
pounds a square inch3. The gas was struck in the Salina formation at 1,615
and 1,750 feet below the surface. By the end of 1922, a total of fifteen wells
had been drilled, five of which were producerst. In 1930, another productive
area was discovered on lots 18 to 20, con. I, about 4 miles southwest of the
discovery well. Two years later oil in commercial quantity was discovered on
lots 24 and 25, con. II. The production was obtained from near the base of
the Salina formation and from the upper part of the underlying Guelph, at
depths of 1,813 to 1,955 feet. The Dawn field constitutes one of the main gas-
producing areas of Ontario, but oil production from it has greatly declined,
being 126 barrels in 1943.

Most of the wells within the present limits of the Dawn field are between
1,600 and 2,290 feet deep and do not penetrate below the Guelph-Lockport beds.

10nt. Bur. Mines, 7th Ann. Rept., p. 19 (1897).

*Williams, M.Y.: Geol. Surv., Canada, Sum. Regt. 1918, pt. E, p. 85.
30nt. Dept. of Mines, 31st Ann. Rept., pt. 5, pp. 28 and 49 (1922).
4Ont. Dept. of Mines, 32nd Ann. Rept., pt. 5, p. 6 (1923).
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Production is from three general zones; two in the lower part of the Salina, and
one in the upper part of the Guelph formation. Each of these may include
several pay-streaks separated by non-productive intervals. The position of the
two productive zones in the Salina formation seems to vary with reference to the
top of the Guelph. The upper zone is as much as 320 feet, and the lower one
as little as 5 feet, above the Guelph. Most of this variation appears to be due
to the presence or absence of thick salt beds, or to relatively abrupt changes in
the thicknesses of these beds from place to place. As indicated elsewhere in this
report, the Salina formation in Dawn township ranges in thickness from 644 to
960 feet, and the contained salt beds from zero to 270 feet. The lowest producing
horizon may be almost anywhere within the upper 100 feet of the Guelph
formation.

Of the three general producing zones mentioned above, the highest yields
only gas; the intermediate yields some gas and most of the oil; and the lowest
horizon yields a little oil and more gas than the two Salina horizons combined.
Initial yields of gas range from a few thousand to a million cubic feet a day,
although several wells had much higher yields and a few are reported to have
come in with yields of over 20 million cubic feet a day. The average initial
yield of seven producing wells drilled during 1942 and 1943 was about 436 M
cubic feet a day. To the end of 1943, the Dawn field had produced about
15,000,000 M cubic feet of gas; production for 1942 was 1,516,702 M cubic feet
from thirty-four wells, or about 45,000 M cubic feet for each well. Production
in 1943 was 1,092,293 M cubic feet. Initial yields of oil are from 1 to 25 barrels
a day and one well is reported to have come in with 50 barrels a day. Peak
production was in 1933 when 8,079 barrels! of oil were recovered from five
operating wells. This is a daily average of about 4 barrels for each well
Production in 1943 was 126 barrels of oil.

The structure of the Dawn field is difficult to determine. Contours on top
of the Guelph formation are not entirely satisfactory, as reliable samples for
many of the earlier wells are not available, and the Salina-Guelph contact is
not determinable from drillers’ logs. Also, not all wells reach to the top of the
Guelph formation. However, the surface of the Guelph shows a series of
elongate domes having an east-west trend and apparently separated by narrow,
shallow troughs (See Figure 3). Closure on these domes is from 20 to 100 feet,
and dips range from 80 to 400 feet a mile. Offset to the south about 2 miles
from the west end of the main field is another dome occupying lots 18 to 20,
con. I. This structure has 200 feet of closure and rises at a rate of about 800
feet a mile,

The Guelph-Lockport beds are known to vary from 90 to 278 feet in thick-
ness. The more pronounced and restricted variations may be due to reefs that
are built much higher than the adjacent strata, thus producing great local
increases in thickness of the formation. Although the wells located on the
highest part of the localized domes at the west end of the Dawn field do not
pass completely through the Guelph-Lockport sucecession, it seems more logical
to attribute these domes to reef structures than to folding of the beds.

Structure contours on top of the Guelph do not coincide with those drawn
at the base of the Guelph-Lockport beds, nor with contours drawn on top of
the Norfolk formation (Big Lime). Contours on the ‘Big Lime’ indicate strue-
tural ‘lows’ or depressions above high places on the surface of the Guelph. There
is thus a divergence of structure between these two horizons. This may result
from several causes. The long, narrow form of the main producing area is
strongly suggestive of faulting. Faulting has not been detected in any of the
well cuttings examined, but if present, could result in apparent variations in

10nt. Dept. of Mines, 43rd Ann. Rept., pt. 5, p. 53 (1934).
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thickness of a formation in the case of wells that pass through the fault where
it intersects the formation. Leaching of salt by waters circulating along a
fracture zone might result in a settling of the overlying strata. Also, changes
in thickness of the salt may be produced by flowage under differential pressure.
This, too, might be followed by a subsidence of the beds overlying the salt-
bearing formation.

There are places where structural ‘highs’ on the Norfolk formation seem
to be related to thick deposits of salt in the deeper, Salina beds. These ‘highs’,
on 'the other hand, are not always reflected on top of the Guelph formation,
which may show a depression below a ‘high’ on the Norfolk formation. This
may indicate that in areas underlain by salt, the Norfolk is likely to be ‘high’
where unusual thicknesses of salt occur in the Salina beds, and conversely, that
the Guelph is apt to be ‘high’ where salt beds in the overlying Salina are thin.
However, it is strongly emphasized that available data are inadequate as a basis
for interpreting the foregoing as a general rule. Thus, it should not be taken
for granted that a structural ‘high’ on the ‘Big Lime’, which is underlain by a
thick salt section, will necessarily be above a ‘low’ on the Guelph formation.

Accumulation in the Dawn field is controlled largely by structure and most
of the producing wells are located fairly high on the several domes that constitute
the field. In general, the largest producers are highest on the structure, although
during recent years commercial production of gas has been obtained as much
as 140 feet below the crest.

The following logs, prepared from well samples, illustrate the stratigraphic
succession in this field.

Log of Union Gas Company No. 98 Well

Location: lot 20, con. I, Dawn tp.
Elevation: 621 feet.

Formation Depth Thickness Lithology
Feet Feet
1068 B |Siface material.
Kettle Point 65-149 84 Shale: black; Protosalvinia throughout; traces of green~

ish grey shale at 89 to 107 feet and 119 to 131 feet;
20 per cent green shale at 143 feet,.

149-279 130 Shale: black; Protosalvinia throughout; trace of green~
ish grey shale at 267 to 279 feet; trace of pyrite in
most samples.

Hamilton 279-309 30 Limestone: grey, crystalline; 30 per cent grey shale;
crinoid columns, Bryozoa, and Brachiopod frag-
ments 303 to 309 feet.

309-339 30 Shale: grey; 50 per cent grey limestone at 327 feet;
crinoid columns, Bryozoa, and Brachiopod frag-
ments at 321 and 339 feet.

330-345 6 Limestone: grey, crystalline; trace grey ahale.

345-510 165 Shale: grey; trace grey limestone at 363 to 381, 411,

447 feet; Tentaculites, Ostracoda, Bryozoa, and
Brachiopod fragments 463 to 510 feet.

510-520 10 Limestone: grey, shaly; 50 per cent grey shale; trace
pyrite.
Norfolk 520-597 77 Limestone: light buff, finely crystalline; Protosalvinia
at 538 and 591 feet; trace pyrite 531 and 573 feet.
597-608 i1 No samples.
608-643 35 Limestone: buff, fine-grained; few frosted sand grains

638 to 643 feet; trace pyrite 608 and 623 feet.

.
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Formation Depth Thickness Lithology
Feet Feet
Pre-Norfolk 643-681 38 Limestone: buff, finely crystalline; some fine porosity
at 653 feet; fow sand grains at 681 feet.

681-783 102 Limestone: buff to brown, finely crystalline; 6 per
cent gypsum at 699 to 705 feet; trace selenite and
black carbonaceous streaks 729 to 777 feet.

783-891 108 Magnesian limestone: buff to brown; finely crystalline;
black carbonaceous streaks; some fine porosity at
789 to 801, 837 to 849, 873 to 891 feet.

891-1,065 174 Magnesian limestone: brownish grey, finely erystal-
line; trace cherty limestone 897 to 957 feet; 2 per
cent chert with dolomite erystals 969 to 1, 017 feet;
30 per cent chert 1,023 to 1,065 feet,

1,065-1,071 6 Chert: grey; 25 per cent magnesian limestone.
; 1,071-1,083 12 Magnesian limestone: grey, finely crystalline; 40 per
cent chert.
1,083-1,101 18 Chert; 40 per cent grey, magnesian limestona.
1,101-1,161 60 Magnesian limestone: brownish grey, finely crystal-
line; 40 per cent chert 1,101 to 1,149 feet; many sand
grains 1,155 to 1,161 feet; trace pyrite 1,161 feet.
Bertie-Akron 1,161~1,242 81 Dolomite: buff and grey, fine-grained; oolitic at
1,203 feet; some fine porosity 1,209 to 1,215 feet.
Salina 1,242-1,247 5 Dolomite: brownish grey, fine-grained; 2 per'cent dark
grey, shaly dolomite.
1,247-1,262 15 Shaly dolomite: grey, fine-grained; 40 per cent brown
d%l!’o2mxte trace dark grey shale trace gypsum at
1 feet.
1,262-1,313 51 Dolomite: brownish grey, fine-grained; grey, -shaly
dolomite at 1,289 feet; dolomitic shale 1,205 to
1,301 feet.
1,313-1,400 87 Dolomitic shale: dark greenish grey; trace pink
.;_gypsum throughout; 50 per cent dolomite at 1,400
eet
1,400-1, 537 137 Dolomite: brownish grey, fine-grained; trace of
gypsum in most samples; 5 per cent gypsum at
1,527 feet; from trace to 25 per cent dark grey,
dolomitic shale.
1,5637-1,562 25 Dolomitic shale: greenish grey; trace gypsum through-
out.
1,562-1,596 34 Dolomxtlc shale: grey and greenish; trace gypsum
throughout; some brownish grey dolom1
1,596-1,612 16 Dolomite: brownish grey, fine-grained; some grey,
shaly dolomite; trace gypsum.
1,612-1,618 6 Dolomitic shale: greemsh grey; trace pyrite. .
1,618-1,742 124 Dolomite: brownish grey and brown, fine-grained;
trace grey shale 1,618 to 1,630 and 1,742 feet; trace
gypsum 1,636 to 1, B42 feet.
1,742-1,757 15 Sha}‘lly1 dolomite: grey; trace dark grey, dolomitic
shale.
1,757-1,886 129 Dolomite: brownish grey, finely crystalline; trace
dark grey, dolomitic shale 1,762 to 1,777 and 1,844
to 1,880 feet; 10 per cent gypsum at 1 767 to 1, 777
feet; 25 per cent gypsum at 1,886 feet.
Guelph-Lockport 1,886-1,965 79 Dolomite: buff, finely crystalline.
1,965-2,021 56 Dolomite: llght grey, crystalline; some fine porosity
at 2,021 feet.
2,021-2, 031 10 Dolomite: medium grey, crystalline.
Rochester 2,031-2,035 4 Shale: calcareous, dark grey.
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Log of Unton Gas Company No. 61 Weu

Location: lot 23, con. IT, Dawn tp.
Elevation: 621 feet.

Formation Depth Thickness Lithology
Feet Feet
0-69 69 Glacial drift.
Kettle Point 69-245 176 Shale: black, bituminous; Protosalvinia.
Hamilton 245-315 70 Limestone: grey, crystalline, fossilsferous; some grey,
limy shale.
315425 110 Shale: grey.
425440 15 Limestone: grey, shaly; some grey, limy shale.
440-475 35 Shale: grey; some grey, limy shale,
Norfolk 475-555 80 Limestone: grey, finely crystalline, crinoidal; Proto-
salvinia near base.
Pre-Norfolk 555-580 25 Limestone: light grey, fine-grained; some black
bituminous streaks.
580-585 5 Dolomitic limestone: light buff, fine-grained; 15 pex
cent sand.
585-625 40 Dolomitic limestone: light buff, finely crystalline.
625-630 5 Dolomitic limestone: buff, fine-grained; about 30 per
cent sand.
630-640 10 Doloxélitic limestone: buff, fine-grained; 10 per cent
sand.
640-655 15 Dolomite: buff, fine-grained. i
655-690 35 Dolomibe: buff, fine-grained; few black bituminous
streaks.
690-695 5 Dolomite: light grey, fine-grained.
695-780 85 Dolomite: grey and light buff, fine-grained, finely
porous; trace of selenite.
780-790 10 Dolomitic limestone: light buff, medium-grained.’
790-835 45 Dolomite: brown, finely crystalline.
835-950 115 Dolomite: brown, medium-grained; much cherty
dolomite and chert; 50 per cent coarse sand at 945
to 950 feet.
Bertie-Akron 950~-980 30 Dolomite: grey, fine-grained.
980-1, 040 60 Dolomite: light buff and grey, fine-grained.
Salina 1,040-1,045 5 Dolomite and shaly dolomite: grey; 20 per cent
gypsum.
1,045-1,055 10 Dolomite: buff, fine-grained; 25 per cent gypsum.
1,055-1,070 15 Shaly dolomite: grey; trace gypsum.
1,070-1,085 15 Dolomite: buff, fine-grained.
1,085-1, 225 140 Shaly dolomite and dolomitic shale: grey; some buff
dolomite: trace gypsum.
1,225-1,335 110 Dolomite: buff, fine-grained; little grey, shaly dolo-
mite; trace gypsum. .
1,335-1,390 55 Shaly dolomite: grey; some grey, dolomitic shale;
little gypsum.
1,390-1, 395 5 Shaly dolomite: grey; 35 per cent gypsum.
1,395-1,435 40 Dolomite: grey; much grey, dolomitic shale; trace
gypsum.
1,435-1,615 180 Salt. .
1,615-1,625 10 Dolomite: brown, fine-grained; trace gypsum.
1,625-1,640 15 Dolomitic limestone and limestone: grey, fine-grained.
1,640-1, 670 30 Dolomitic Jimestone: brownish grey, fine-grained.
1,670-1,745 75 Dolomitic limestone: dark brownish grey, fine-
grained; some grey limestone,
1,745-1,770 25 Dolomitic limestone: grey and brownish, fine-grained;
some limy shale; trace gypsum.
1,770-1,805 35 Salt.
1,8056-1,815 10 Gypsum,
1,815-1,825 10 Dolomite: brown, fine-grained.
1,825-1,835 10 Dolomite: brown, fine-grained and granular.
1,835-1,845 10 Dolomitic limestone: grey, fine-grained.
1,845-1,850 5 Dolomite: grey, fine-grained.
1,850-1,870 20 Dolomite: brown, fine-grained.

30991—63
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Formation Depth Thickness Lithology
Feet Feet
Salina 1,870-1,875 5 Dolomite: brownish grey, fine-grained; some dense
, dolomitic limestone.
1,875-1,910 35 Dolomitic limestone: dark grey and grey, dense;
some brown dolomite.
1,910-1,930 20 Dolomitic limestone: dark grey, fine-grained; some
grey, limy shale.
Guelph 1,930~1,990 60 Dolomite: grey and light grey, crystalline.

Log of Union Gas' Company No. 69 Well

Location: lot 24, con. IT, Dawn tp.
Elevation: 627 feet.

Formation Depth Thickness Lithology
Feet Feet
0-69 69 Glacial drift.
Kettlo Point 69-252 183 Shale: black, bituminous.
Hamilton 252-265 13 Limestone: grey, crystalline.
265-325 60 Shale: grey; some grey, shaly limestone.
325-385 60 Shale: grey.
385-425 40 Shale: grey, limy.
425-440 15 Limestone: grey, shaly; some grey, limy shale.
440-470 30 Shale: grey, fossiliferous.
470476 [ Limy shale and shaly limestone: grey.
Norfolk 476-560 84 Limestone: light buff, finely crystalline; crinoidal.
Pre-Norfolk 560-580 20 Limestone: light buff, denge; 10 per cent sand.
580620 40 Dolomitic limestone: buff and brown, fine-grained;
10 per cent sand.
620650 30 Dolomitic limestone: light grey, fine-grained; some
black streaks.
650-805 155 Dolomitic limestone: light buff, fin ined; little
gypsum at the top; little chert at the base.
805-850 45 Dolomite; brown, granular; 20 per cent chert.
850-965 115 Dolomite: brownish grey, granular; some cherty
dolomite; chert throughout 20 per cent sand at 955
to 985 feot.
Bertie-Akron 965-990 25 Dolomite: light buff, fine-grained.
990-1,015 25 Dolomite: buff and brown, fine-grained.
1,015-1,070 55 Dolomite: light grey to buff, fine-grained.
Salina 1,070-1,080 10 Shaly dolomite: grey; some grey, dolomitic shale.
1,080-1,100 20 Dolomite: light buff, fine-grained.
1,100-1,190 90 Shaly dolomite: grey, fine-grained; some grey, dolo-
mitic shale and brown dolomite; trace of gypsum.
1,190-1,225 35 Dolomite: light brown, ﬁne—gra.med some grey
dolomite.
1,225-1,230 5 Shaly dolomite: grey, fine-grained; some grey, dolo-
mitic shale.
1,230-1,330 100 Dolomite: light brown, fine-grained; some grey, shaly
dolomite; 40 per cent gypsum at 1,320 to 1,330 feet;
trace gypsum throughout.
1,330-1,425 95 Shaly dolomite and dolomitic shale: grey, fine-
grained; brown dolomite at 1 380 to 1,425 feet; trace
gypsum at 1,330 to 1,380 fee
1,425-1, 540 115 Salt; some dolomitic shale at 1 430, 1,450, 1,480, and
1,500 feet; 70 per cent gypsum at 1 520 to 1, 530 feet.
1, 540-1, 555 15 Dolomite: brown, fine-grained.
1,555-1, 580 25 Dolomite: brownish grey, fine-grained.
1,580-1,610 30 Dolomite: brownish grey and dark grey, fine-grained.
1,610-1, 640 30 Shaly dolomite and dolomitic shale: grey; trace
gypsum at 1,610 to 1,625 feet; 60 per cent gypsum
at 1,625 to 1.640 feet.
1,640-1,645 5 Dolomite: brown, fine-grained; 50 per cent gypsum.
Guelph 1.645-1,670 25 Dolomite: light brown, medium-grained.




73

f |
| > _
29 26° 40
m._m; - \LN P_
m_m 28 Y \\ pn 240 ..m._
12207~

5l o] o e N ™ f

S Pl I - g7 i

gle % 55 - — - I (== \a
HRE (AN o] g
o 40 - ~IRAO \l S ﬂ@ 7S, I~ - ) W

i PO LD RN G DL el

» \ 7500 /J\nwl C =7 004 S \ 2007 ™

_ ﬁ ; |- -1280 ~ T ~—1 N N |

e/ == |

| q 2! 280~/ 1249 |

\\ L T | m | 2 | v | v |ve |vim| x x xx | xm | xv m

.,,.mokq e <
%9° 18 S |
_ Scale of Miles m _
17 ... 9 ) 2 3 N
_ - 16 = Contour,; datum, sex-level. m _
L N G.5.C.|

Figure 8. Dawn gas and oil field, showing structure contours drawn on top of the Guelph formation.

Euphzmia. Township



74

Kent County

Chatham Gas Field. The Chatham gas field occupies lots 5 to 19, cons. IX
to XIII, in the northern part of Chatham township. A small productive area
is also present in lot 23, con. VII. Natural gas in commercial quantity appears
to have been discovered in this region about 1936, when a well drilled in lot 8,
con, XII, obtained an initial yield of 250 M cubic feet a day from the Salina
formation at a depth of 1,460 feet. Three other wells were drilled to the Guelph
formation during the same year, but none of these attained production. The
discovery was followed by the drilling of eleven wells in 1937, and by the end of
1943 about sixty-two wells had been drilled, about twenty-five of which
obtained gas:in commercial quantity.

The wells in the Chatham field range from 1,470 to 2,135 feet in depth.
Most of themy end in the Guelph formation, but a few reach only into the Salina.
Production is from both of these formations. The main producing zone in the
Salina is wit}}in the lower 50 feet of the formation. However, gas is also found
from 100 to gver 200 feet above the top of the Guelph. In places both of these
producing zones contain more than one pay-streak. Much of the Guelph
production is from the upper 60 feet of the formation, but it may also come from
well over 100 feet. Several pay-streaks are usually present in the Guelph
formation, '

Initial yjelds range from about 40 M to 600 M cubic feet a day. Two wells
had initial yields of 2,000 M and 6,000 M respectively, but the average for the
field is around 200 M cubic feet a day. Production for 1942 from Chatham
township was 1,127,281 M cubic feetl. This had declined to 311,029 M cubic
feet in 1943.

Many of the wells in this field encountered shows of oil within the upper
15 feet of the Guelph formation, and a few within the lower 60 feet of the
Salina.

As contoured on top of the Guelph formation, the structure of the Chatham
field appears to be an easterly trending, elongate dome about 5 miles long
and 2 to 3 miles wide (See Figure 4). The south flank is steep and terrace-like,
with a maximum dip of about 300 feet a mile. The north flank shows a much
more gentle slope of about 50 feet a mile. Closure is approximately 100 feet.

This structure does not appear to be present on the higher Norfolk
formation. Contours on the top of the Norfolk indicate a low dome with less
than 20 feet of closure occupying lots 10 to 13, cons. IX and X, immediately
south of the steep ‘terrace’ on the Guelph, and a gentle north dip of about 100
feet a mile directly above the steep, south-dipping ‘terrace’ on this formation.
There is thiis a divergence in structure between the Norfolk and Guelph
formations. This divergence is thought to have resulted from a combination of
factors rather than from any single cause. No salt has been seen in samples
from any of the wells in this field, nor has any definite indication of faulting
been observed. However, there is considerable variation in thicknesses of the
formations from the Salina to the Norfolk, inclusive. The Bertie-Akron shows
the greatest range, varying from 92 to 259 feet, and there is thought to have
been a period of erosion before the overlying Devonian beds were deposited.
The Salina varies from 480 to 675 feet in thickness, and the Norfolk—Pre-Norfolk
succession from 445 to 688 feet. As stated elsewhere, it also seems likely that
a disconformity is present between the Norfolk and pre-Norfolk (Detroit River)
beds. It is, therefore, probable that these stratigraphic irregularities, together
have resulted in the structural divergence shown by the contours on the Guelph
and Norfolk formations respectively.

1 Dominion Bureau Statisties Metallurgical and Chemical Branch.
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Accumulation of gas in the Chatham field is controlled largely by struec-
ture. However, not all the wells located at the highest part of the structure
are productive, and there is some irregularity in the distribution of producers
and dry holes. Also, at the west end of the field, production is obtained 120
to 140 feet below the crest of the structure, whereas elsewhere dry holes
occur at higher levels. It is apparent that porosity must be an important
factor in gas accumulation and that favourable structure with unfavourable
porosity may result in small or non-productive wells.

During 1938 and 1939, four shallow wells were drilled immediately south
of the main gas field in lot 12, con. IX, Chatham tp. Depths are from 405
to 420 feet and reach only into the Norfolk formation. Two of these wells were
non-productive and the other two are reported as being small producing oil
wells. Production is from the Norfolk formation at 85 and 107 feet respectively
below the top of the formation. Structurally, these wells are on a very low
dome in the Norfolk.

In 1937 and 1938, about nine shallow wells were drilled into the Norfolk
formation on lots 6 to 9, cons. I and II, near Thames River. Depths are from
412 to 514 feet. Several of these wells obtained small shows of oil and gas
at 46 to 90 feet below the top of the Norfolk, but none was commercial. Structure
contours on top of the Norfolk indicate a gentle south dip at about 50 feet a mile.

Two wells in Chatham township penetrate the entire sedimentary succession.
A dry hole drilled on lot 6, con. XIV, in 1936, penetrated 10 feet into the Pre-
cambrian, reaching a depth of 3,725 feet. Another deep well drilled on lot 6,
con. I, in 1940, also penetrated 10 feet into the Precambrian and reached a
depth of 3,812 feet. This well obtained a small show of oil at 450 feet, about
12,000 cubic feet of gas at 1,100 feet, and a show of oil at 3,340 feet.

The following log illustrates the stratigraphic succession in the Chatham
gas field. .

Log of Union Gas Company Well No. 2

Location: lot 5, con. X111, Chatham tp.
Elevation: 583 feet.

‘Formation Depth Thickness Lithology
; Feet Feet
0-60 60 Glacial drift.
Kettle Point 60-190 130 Shale: black, bituminous. ,
Hamilton 190-230 40 Limestone: grey, crystalline; some grey, shaly lime-
stone.
230-295 65 Shale: grey; some grey, limy shale.
295-340 45 Shale: grey; some grey, limy shale.
340-345 5 Limestone: grey, shaly.
345-365 20 Shale: grey.
365-390 25 Limestone: grey, shaly.
390400 10 Shale: grey, limy.
Norfolk 400-500 100 Limestone: light buff, medium-grained: Protosalvinia
at 480 to 500 feet; trace of sand at the base.
Pre-Norfolk 500-515 15 Limestone: buff, dense; little sand. )
515-575 60 Limestone: buff, fine-grained; 40 per cent sand at the
top; 5 per cent sand at 525-575 feet.
575-695 120 Dolomli(tic limestone: buff, fine-grained; some black
streaks.
695-715 20 Dolomitic limestone: brownish grey, finely crystal-
s line: trace gypsum at the base.
715-7565 40 Dolomitic limestone: brownish grey, finely crystal-

line.
765-780 25 Dolomitic limestone: buff, finely crystalline.
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Formation Depth Thickness Lithology
Feet Feet
Pre-Norfolk 780-1,060 280 Dolomitic limestone: brownish grey, finely crystal-
line; some chert; little sand at the base.
1,060-1,082 22 Dolomitic limestone: buff; chert throughout; 40 per
cent sand.
Bertie-Akron 1,082-1,150 68 Dolomite: light buff, fine-grained.
1,150-1,170 20 Dolomite: brown, granular,
1,170-1,200 30 Dolomite: buff, fine-grained.
1,200-1,216 15 Dolomite: grey, fine-grained.
1,215-1,250 35 Dolomite: light buff, fine-grained.
Salina 1,250-1,275 25 Dolotx)nite: buff and grey, fine-grained; trace gypsum
at base.
1,275-1, 300 25 Dolomite: buff, fine-grained.
1,300-1,325 25 Shaly dolomite: grey and buff; little gypsum.
1,325-1,420 95 Shaly dolomite: g;ey; s0me gypsum,
1,420-1,425 5 Dolomite: buff, fine-grained.
1,425-1,430 5 Shaly dolomite: grey, fine-grained; little gypsum.
1,430-1,470 40 Dolomite: buff, fine-grained; little sum.
1,470-1,495 25 Shaly dolomite: grey and buff, fine-grained; trace
gypsum.
1,495-1,505 10 Dolomite: buff; trace gypsum.
1,505-1,525 20 Dolomite: buff; some grey, shaly dolomite; little
gypsum.
1,525-1, 550 25 Dolomite: buff, fine-grained; little gypsum.
1,550-1,570 20 Shaly dolomite: buff and grey; little gypsum.
1,570-1,665 95 Dolomitic shale: grey; little gypsum throughout.
1,665-1,715 50 Dolomite: buff, fine-grained.
1,715-1,800 85 Shaly dolomite: buff and grey, fine-grained.
1,800-1, 805 5 Gypsum.
1,805-1,890 85 Dollloxlnite: buff, fine-grained; some gypsum and grey
shale.
1,890-1,895 5 Dolomite: buff; 25 per cent gypsum.
Guelph-Lockport 1,895-1,930 35 Dolomite: light grey to buff, coarsely crystalline.
1,930-2,040 110 Dolomite: light grey to buff, crystalline.
2,040-2,095 56 Dolomite: light grey, coarsely crystalline.
Rochester 2,095-2,130 35 Dolomitic shale: grey.
Medina 2,130-2, 135 5 Shale: red and green. ¢

Gore of Camden. About forty shallow wells have been drilled in lots 1 to
6, cons. XIII and XIV, at the east end of this township. These wells range
from 285 to 619 feet in depth and do not penetrate below the Devonian. Most
of the wells are non-productive, although several had small shows of gas and
oil in the upper part of the Norfolk formation. Available records show that three
wells had initial yields of 4, 16, and 25 barrels of oil a day respectively. The
producing zone is within the upper 40 feet of the Norfolk formation.

These wells are located at the west end of the Bothwell-Thamesville oil
regionl., Contours on the Norfolk show a west-plunging nose dipping at 60 to
80 feet a mile.

During the years 1939 to 1943, about eleven deeper wells were drilled in
lots 3 to 10, cons. IT to XII. Most of these penetrate the Guelph formation;
three do mnot reach below the Salina. Depths are from 1,522 to 1,879 feet.
Most are either dry or had only shows of gas and oil. Four wells had initial
yields of 75 M to 221 M cubic feet of gas a day. The productive zone is in the
lower part of the Salina formation, and small shows of oil occur near the top
of the Guelph formation.

Structure contours on top of the Guelph show a dome, with about 60 feet
of closure, occupying lots 5 to 10, cons. VIII to XII. The distribution of pro-

1 Geol. Surv., Canada, Mem. 237, pp. 89-90 (1943).
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ducing wells and dry holes on this structure is irregular. The producers are
well below the crest of the dome, and the highest part of the structure is occupied
by a non-productive well. It thus appears that porosity is equally as important
as structure in controlling accumulation. The following log illustrates the
stratigraphic succession at this locality.

Log of Union Gas Company Well No. 102 Dawn

Location: lot. 10, con. IX, Camden Gore tp.
Elevation: 615 feet.

Formation Depth Thickness Lithology
Feet Feet
0-10 10 No samples.
1040 30 Surface material and black shale.
Kettle Point 40-220 180 Shale: black: Protosalvinia throughout; trace green
slléglfe a: 120 to 200 feet; trace pyrite 120 and 150 to
eet.
220-240 20 Shale: green; 2 per cent black shale; trace pyrite.
240~290 50 Shale: black; Protosalvinia; trace pyrite.

Hamilton 290-330 40 Limestone: grey, crystalline; 50 per cent grey shale at
320 feet; trace glauconite at 310 feet; crinoid columns
and traces of pyrite throughout.

330-350 20 Shale:tgrey; crinoid columns and brachiopod frag-
ments.
350-360 10 Limestone: grey, crystalline; trace grey shale.
360460 100 Slasél(;a:f grey; brachiopod fragments; trace pyrite at
eet.
. 460-480 20 Limestone: grey, fine-grained; trace grey shale; trace
pyrite.
480-500 20 Shale: grey; crinoid columns and brachiopod frag-
ments.
500-506 6 Limestone: impure, grey; some grey shale; trace
pyrite.

Norfolk 508-578 72 Limestone: light buff, fine-grained; Protosalvinia at
554 feet; trace pyrite at 542 feet; 50 per cent frosted
sand at 578 feet.

Pre-Norfolk 578-584 6 Sand; 25 per cent light buff limestone.

584-608 24 Lime(sibone: light buff, fine-grained; 30 per cent frosted
sand.
608-632 24 Limgsftone: light buff, fine-grained; 2 per cent sand at
eet.
632-674 42 Limestone: brownish greg, fine-grained; some fine
porosity 650 to 668 feet; black carbonaceous streaks

at 620 and 674 feet.

674-744 70 Magnesian limestone: buff, fine-grained; black car-
bonaceous streaks; some fine porosity at 702 feet;
trace selenite at 732 to 744 feet.

744-876 132 Magnesian limestone: brown, finely crystalline; some
fine porosity at 822 feet; trace gypsum at 846 to
852 feet; trace selenite 858 to 864 feet; grey cherty

limestone at 876 feet.

876-906 30 Magnesian limestone: brownish grey, finely crystal-
line: 2 per cent grey, cherty limestone.

006-942 36 Magnesian limestone: brownish grey, fine-grained;
2 821- fcent. grey, cherty limestone; trace selenite at

2 feet.

942978 36 Magnesian limestone: buff, finely crystalline; 25 per
cent grey chert; trace glauconite and few frosted
sand grains at 966 to 978 feet.

978-990 12 No samples.

Bertie-Akron 990-1,062 72 Magnesian limestone: buff, finely crystalline; trace
selenite at 990 and 1,008 feet.
Salina 1,062-1,082 20 Dolomite: buff, fine-grained; 50 per cent grey, shaly

dolomite at 1,074 feet; trace dark grey shale 1,074
to 1,086 feet; trace gypsum 1,068 to 1,074 feet.
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Formation Depth Thickness Lithology
Feet Feet
Salina 1,082-1,110 18 Dolomite: grey, fine-grained.
1,110-1,152 42 Dolomitic shale: dark grey; some buff dolomite and
traces of gypsum throughout.
1,152-1,224 72 Shale: greenish grey; trace buff dolomite 1,206 to 1218
feet; trace gypsum throughout.
1,224-1,284 60 Dolomite: brownish grey, fine-grained; 25 per cent

greenish, dolomitic shale; trace gypsum throughout;
50 per cent grey, dolimitic shale at 1,284 feet.
1,284-1,374 90 Dolomite: brownish grey, fine-grained; 2 per cent
greenish grey, limy shale 1,284 to 1,332 feet; 40 per
cent greenish grey, limy shale 1,356 to 1,374 feet;
trace gypsum from 1,338 to 1,374 feet.

1,374-1,422 48 Dolomitic shale: greenish grey; trace gypsum through-
out; trace brown dolomite 1,398 to 1,422 feet.
1,422-1,524 102 Dolomite: brownish grey, fine-grained; trace of

gypsum throughout; trace greenish grey shale
1,422 to 1,464 feet.

1,524-1, 578 48 Shaly dolomite: grey, fine-grained; 10 per cent grey,
dolomitic shale 1,548 to 1,578 feet; trace gypsum
1,554 to 1,560 feet. i
1,578-1,713 135 Dolomite: buff and brownish grey, fine-grained;
15 per cent dark grey, dolomitic shale; 10 per cent
gypsum 1,596 to 1,608 feet; some dark grey, dolo-
mitic shale 1,673 to 1,696 feet; 50 per cent gypsum
1,701 to 1,713 feet.

Guelph-Lockport 1,713-1,735 22 Dolomite: grey, crystalline.
1,735-1,824 89 Dolomite: buff, finely crystalline. i
1,824-1,858 34 Dolomite: light grey, erystalline; trace pyrite at
1,841 to 1,852 feet. - )
1,858-1,879 21 Dolomite: medium grey, crystalline.

Camden Touwnship. During the years 1938 to 1942, geveral wells from 340
to 492 feet deep were drilled in cons. I and II, Camden tp. Although some of
these encountered shows of oil in the upper beds of the Norfolk formation, only
two wells had initial yields of oil of commercial quantity. The producing zone
in these two wells is 10 and 16 feet respectively below the top of the Norfolk
formation, and the reported initial yields were 10 barrels a day from each well.

In addition to the foregoing shallow wells, four deeper wells were drilled
during 1942 in concessions 3, 4, and 5. Three of these penetrated the Guelph
formation and the remaining well reached only into the Salina. Depths are
from 1,328 to 1,810 feet. Two of the wells struck small shows of gas in the
Saling formation, but none was commercial.

Declute Gas Field. The Declute field is in the southern part of Raleigh
township and as developed in 1943 occupied lots 138 to 147, Talbot Road Survey,
and lots 13 to 17, con. XV, Raleigh tp. Gas in the field was first obtained in
1929 when the Union Natural Gas Company deepened an old well on lot 147,
Talbot Road Northl, and obtained an initial open flow exceeding 5,000 M cubic
feet of gas a day. Production was from the upper part of the Guelph formation,
-and the original reservoir pressure was 656 pounds a square inch. From 1929
to 1943, inclusive, about sixty-five wells were drilled within the present limits
of the field.

The wells range from 1,441 to 1,786 feet in depth and do not penetrate
below the Guelph-Lockport beds. The principal gas zone is from 1,500 to 1,580
feet below the surface and is within the upper 60 feet of the Guelph. There
may be several pay-streaks within the general producing zone, which is known
to be 50 feet thick in one well. Individual pay-streaks reach a thickness of

10nt. Dept. of Mines, 39th Ann. Rept., pt. 5, p. 5 (1930).
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50 feet, although in general their thickness appears to be less than half of that.
There is also a smaller productive zone within the lower 80 feet of the Salina
formation.

Initial open flows in this field range from 140 M to 24,000 M cubic feet a day
(thirty wells). Most of the wells came in with over 1,000 M cubic feet, and five
had open flows of 10,000 M cubic feet or more. Approximately 14,000,000 M
cubic feet of gas had been recovered to the end of 1943. Peak production was in
1940 with 2,717,192 M cubic feet; production for 1943 was 475,567 M cubic feet.

G.S.C.

| .
D TRV,
/

O

Tigure 5. Declute gas field, showing structure contours drawn on top of the Guelph formation.

Scale of Miles
1
Contour interval, 2O feetk.
Dalturm, sea-level.

V4

The Declute field appears to be divided into two parts by several dry holes
on lot 144, Talbot Road Survey. Whether this apparent division is due to
faulting or to lack of permeability is not known. Contours on the Guelph forma-
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tion indicate the presence of an irregular, northwest-trending anticlinal fold east
of lot 144, its axis being beneath lot 141 (See Figure 5). This structure closes
to the north and whether it also closes to the south beneath Lake Erie to form
an elongate dome is not known. The flanks have maximum dips of about 160
feet a mile. A shallow trough with its axial area occupying lots 143 and 144 is
present immediately west of the anticlinal fold. It is in this structural low that
the dry holes dividing the field are situated. :

Contours on the Norfolk formation also show an anticlinal roll. However,
the axis of this structure is some distance west of the axis of the fold in the
Guelph formation. The east flank of the Norfolk fold is thus above the west
flank of the deeper Guelph fold, resulting in some divergence of structure
between the two horizons. It is thought that this divergence is due chiefly to
variation in thickness of the intervening formation. .

Structure appears to have played a leading part in the gas accumulation,
and except on the Lake Erie side the field is practically limited by dry holes.
If the structure extends under the lake and closes to the south there is some
possibility that drilling under the lake would extend the field in that direction.

QOutside the Declute field and occupying lots 16 to 24, cons. VIII to XIV,
Raleigh tp., at least twenty wells have been drilled to the Guelph formation
during the period 1917 to 1939. Depths range from 1,386 to 1,890 feet. Although
seven of these wells obtained initial open flows of gas ranging from 35 to 546 M
cubic feet a day from the upper Guelph beds, no commercial field has resulted.
Structure contours on the Norfolk formation in this region show a dome with
40 feet of closure occupying lots 16 to 24, cons. IX to XII. This structure extends
southward to the lake as an anticlinal fold.

In 1902 a well drilled to a depth of 420 feet on lot 18, con. XII, Raleigh
tp., came in with an initial flow of 1,000 barrels of oil a dayl. However, pro-
duction settled to about 24 barrels a day by pumping and the well had a life of
about a year. The oil was struck in the Norfolk formation at a depth of 360
feet. ‘Subsequent drilling in this vicinity resulted in a few small producers, but
failed to find another large well.

About 1907, a small, shallow field in lots 23 and 24, cons. VIII and A,
Raleigh tp., known as the Kipp field2, wazs producing oil. The oil zone was in the
Norfolk formation at depths from 360 to 400 feet. Nine wells were pumping at
that time, and the recovery was about 150 barrels a month. The field was
abandoned several years ago.

Tilbury Gas Field. This field is in the southwestern part of Kent county.
It occupies the eastern part of Romney township, the central and southern part
of Tilbury East township, and a small part of western Raleigh township. It is
roughly triangular in outline, with the base extending along Lake Erie from lot
193, Romney township, to lot 160, Raleigh township, a distance of 94 miles,
and with the apex in lot 12, Middle Road South, Tilbury East township, about
6 miles north of the lake shore. The area is about 16,900 acres.
_ Gas_was first found in 1906, following discovery of oil in lot 10, North
Middle Road, Tilbury East township, in 1905. Development was rapid and by
1909 the land limits of the field were fairly well known. Available records exist

10nt, Dept. of Mines, 87th Ann, Rept., pt. §, p. 61 (1928).
%0nt, Dept. of Mines, 16th Ann, Rept., p. 1041’(19073. )
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for about three hundred wells within the field, most of which were drilled prior
t0 1929. Since then comparatively little drilling has been done, although during
the 5 years 1939 to 1943 at least twenty wells have been drilled. Most of the
wells are between 1,225 and 1,460 feet deep and do not penetrate below the
Guelph-Lockport beds. Gas is found between 1,070 and 1,409 feet below the
surface. Production comes from three principal zones, but many wells have
four pay-streaks, and a considerable number indicate five, six, or seven.

The highest of the three main gas horizons is near the base of the Salina
formation. The reservoir rock is fine- to dense-textured dolomite, usually con-
taining small, though variable, quantities of calcium sulphate. Yields from this
horizon are commonly small and in many wells little more than shows of gas are
encountered. The second producing zone is near the top of the Guelph forma-
tion and is as much as 80 feet below the productive Salina zone. The reservoir
rock is light buff and grey, crystalline dolomite. This horizon usually yields
gas in commercial quantity, and in some wells constitutes the lowest productive
zone. The third and lowest gas-bearing zone is also in Guelph, and in places
is more than 100 feet below the one above. The reservoir rock is grey, crystalline
dolomite, essentially similar to that of the upper Guelph zone. Some of the
]arge_st initial yields are from this horizon, but it commonly carries much water,
and in many wells has been plugged off.

Each of the two gas-bearing zones in the Guelph contains more than one
pay-streak, and such streaks may also be present in the intervals between the
main producing zones. Thus, the several pay-streaks are irregularly distributed
throughout a vertical thickness of 200 feet. They appear to be lens-like in form,
and are, therefore, difficult to correlate from well to well.

Durin.g.the earlier development of the field wells with large initial open
flow capacities were common. One well had an open flow of 7,000 M cubic feet
a day and many had capacities between 3,000 M and 5,000 M cubic feet. How-
ever, the more recently drilled wells have much lower open flows. For example,
twelve wells drilled during 1938 and 1939 had initial open flows ranging from
114 M to 537 M cubic feet a day. Greatest annual production was in 1917 when
15,284,875 M cubic feet was withdrawn. Since then the annual production has
gradually declined to 2,445,565 M cubic feet, in 1943. Total production of the
field to the end of 1943 was about 199,240,237 M cubic feet.

According to Mickle (1918), the original rock pressure in the Tilbury
field was 590 pounds a square inch. In the summer of 1941 the average pressure
for the whole field was calculated to be about 164 pounds a square inch. This
indicates a decline of 426 pounds, during which time approximately 192,832,675 M
cubic feet of gas was withdrawn.

Harkness (1937) states that bottom water is present throughout the Tilbury
field, salt water being present in the lowest productive zone. This condition
became serious in 1917, when compressors were introduced. However, this prac-
tice was immediately stopped, pumps were placed on all wet wells and the
water was brought under control. Also, many wells that some years ago were
pumped 24 hours a day have been plugged back to shut off the water and are
now pumped only intermittently. In some wells the pressure has been reduced
to 100 pounds a square inch without water flooding.

The structure of the Guelph formation in the Tilbury field is difficult to
portray. Cuttings for only thirty-eight of the total number of wells are avail-
able, and of these, cuttings for six are incomplete or are unreliable. Elevations
on the top of the Guelph are, therefore, impossible to determine except in the
comparatively few wells for which reliable samples are available. Also it was
impossible to place the Salina-Guelph contact in drillers’ logs with assurance.
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However, as the Hamilton-Norfolk contact is readily recognized by drillers,
their recordings of its depth furnish reliable data for calculation of elevations
on this contact. :

Contours drawn on the Norfolk show a broad elongate dome trending north-
west and extending from the lake to a point north of Stevens. Closure of about
50 feet is indicated. Dips are gentle, averaging 70 feet a mile on the southwest
flank and 40 feet a mile on the opposite side. A second, smaller dome, with
perhaps 40 feet of closure, is present at the extreme northern part of the field.

A detailed study of depth of production in the Guelph, correlated with depth
of production in those wells for which cuttings are available, was used as a
basis for contouring the top of the Guelph formation. Approximate results thus
obtained indicate that, in general, structure on this horizon roughly simulates
that on the Norfolk formation above. It thus appears that accumulation in
this field is related to a broad high on the Guelph, and that the largest wells
are generally at the highest parts of the structure.

-Recent studies regarding extension of the Tilbury field beneath Lake Erie
have been made by the writer. After application of the rock pressure-production
decli}?e and the porosity-pressure methods, the following conclusions were
réached: :

(1) About 374 per cent of the total withdrawal has come from outside the
land limits of the field.
(2) Most of this has migrated from beneath the lake.

(3) The distance of this migration depends to & great extent upon the
permeability of the reservoir rock, and this permeability cannot be
predicted. However, from a geological viewpoint, a considerable area,
extending perhaps several miles from shore, beneath Lake Erie, can be
considered as a potential gas field.

References: Mickle, G. R.: Ont. Bur. Mines, 27th Ann. Rept., pt. 1, pp. 53-57 (1922).

* Wyer, 8. 8.: Ont. Dept. Mines, 31st Ann. Rept., pt. 5, pp. 28-34 (1922).
Harkness, R. B.: Ont. Dept. Mines, 46th Ann. Rept., pt. 5, p. 81 (1937).

The following log illustrates the stratigraphic succession in the Tilbury
field.

Log of Union Gas Company R. J. Burgess No. 1 Well

Location: lot 15, con. V, Tilbury East tp.
Elevation: 581 feet.

Formation Depth Thickness Lithology
Feet, Feet
0-10 10 No samples.
10-135 125 Surface drift.
Hamilton 135-185 50 Shale: grey; fossiliferous. .
185-205 20 Limestone: grey, crystalline; fossiliferous.
205-220 15 Shale: grey; equal amount grey limestone; trace
pyrite.
Norfolk 220-316 96 Limestone: light buff, finely crystalline; Protosalvinia.
316-382 66 Limestone: light buff, finely erystalline; trace chert
throughout; little sand 364 to 382 feet.
Pre-Norfolk 382-468 86 Magnesian limestone: buff, fine-grained; black bitum-
inous streaks. R L
468-510 42 Magnesian limestone: brownish grey, fine-grained;
black bituminous streaks; trace gypsum 480 to 486
feet.
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Formation Depth Thickness Lithology
Feet Feet ’
Pre-Norfolk 510-588 78 Magnesian limestone: brownish grey, fine-grained;
. trace chert; trace gypsum 528 to 534 feet.
588-660 . 72 Magnesian limestone: light buff, granular; little grey
chert throughout; trace glauconite 642 to 648 feet.
660-762 102 Magnesian limestone: buff, finely crystalline; minor

amount chert throughout; few sand grains 702 to
732 feet; trace glauconite 690 to 732 feet.

Bertie-Akron 762-882 120 Dolomite: buff and brownish grey, fine-grained; fine
porosity 762 to 786 feet.
Salina 882-933 51 Dolomite: brownish grey, fine-grained; little gypsum
throughout.
933-987 54 Dolomitic shale: grey; trace gypsum throughout.
. 987-1, 005 18 Shaly dolomite: grey; fine-grained; trace brown dolo-
mite; trace gypsum.
1,005-1,166 161 Dolomite: brownish grey, fine-grained; minor amount
. of grey, shaly dolomite and dolomitic shale; trace
gypsum throughout.

! 1,166-1,256 90 Dolomitic shale: grey; trace red shale at 1,196 to'
1,202 feet; brown dolomite 1,238 to 1,250 feet; gypsum
throughout.

. 1,256-1,406 150 Dolomite: brownish grey, fine-grained; little gypsum

. throughout.
Guelph-Lockport 1,406-1,418 12 Dolomite: brown, fin ined.
1,418-1,460 42 Dolomite: grey, crystalli

Fletcher Oil Field. This abandoned oil field lies immediately north of the
Tilbury gas field. It extends north from lots 7 to 12, North Middle Road,
Tilbury East township, a short distance into the adjoining township of Raleigh,
crossing the towmship boundary in cons. V and VI, Raleigh tp. According to
Williams?, the field covered about 5,000 acres in Tilbury East township and
600 acres in Raleigh township.

. The discovery well was drilled in 1905 on the John Kerr farm on lot 10,
North Middle Road, Tilbury East township. According to Coste?, gas was
struck at 1,360 and 1,375 feet, oil and gas at 1,385 feet, and oil at 1,410 and
1,430 feet. After shooting, the well started to flow at the rate of 40 barrels of
oil a day, with a strong gas flow of about 500 M cubic feet a day. By 1907
many wells had been drilled, most of which were producers. In general, much
salt water and gas accompanied the oil in this field. The largest well flowed at
g tite of 1,500 barrels of fluid a day, 1,200 barrels of which was salt water
and 300 oil8.

Williams* states that the oil came from the buff-coloured dolomite at the
toprof the Guelph formation, or at the base of the Salina, and the gas from the
oil zone and from the overlying shales and dolomites of the Salina formation.
No reliable drill cuttings from this field are now available and no comparison
of the producing horizons with those of other fields can, therefore, be made.
It is believed that the invasion of the oil- and gas-bearing strata by salt water
from lower beds hastened the end of this field as an oil producer.

The structure of the Fletcher field is not readily determinable owing to
lack of data. No complete set of samples is available from any well in this field,
and the top of the Guelph formation cannot be determined from drillers’ logs
with sufficient accuracy. It is probable that the structure is an extension of that
of the Tilbury gas field to the south and that, as in the Tilbury field, the

1Williams, M. Y.: Geol. Surv., Canada, Sum. Rept. 1919, pt. E, p. 11,
Coste, E.: Jour. Can. Min. Inst., vol. 10, p. 77 (1907).

3Coste, E.: Op. ¢it., p. 78.
‘Wllham.s,M Y.: Geol, Surv., Canada, Sum. Rept, 1919, pt. E, p, 11,
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structures on the Guelph and on the Norfolk formation above are roughly
parallel. It thus appears that the Fletcher field is down the northeast flank
of the broad general high that forms the Tilbury gas field.

Glenwood Oil Field. This field is in lot 10, con. XIV, Tilbury East tp., about
4 miles south of the Fletcher field, and is also abandoned. Williams! in 1919
stated that seven wells in lot 10, con. XIV, were producing oil and gas, the oil
production being small. He continues: “The records of four of the wells
indicate that the productive horizon varies from 1,385 to 1,408 feet below the
surface or 752 to 776 feet below sea-level, the dip being to the north. The struc-
ture of the Onondaga (Norfolk) limestone in this area appears to be a narrow
terrace or nose extending to the northeast from the higher structure to the south
and west; but sufficient data are not available to indicate the structure of the
oil-bearing strata. The area around the oil pool has been extensively drilled,
and the pool is, in consequence, clearly outlined. Although descriptive logs of
these wells are not at hand, the correspondence between these wells and those of
the field to the north would indicate that the gas horizon is at the top of the
Guelph dolomite. The gas and oil evidently come from the same horizon. In
general this little pool is closely related to the Fletcher field.”

Peak production from Tilbury East township was in 1907 when 411,588

barrels? of oil were recovered. By 1938, however, this had declined to 206
barrels3.

Wheatley Oil Pool. This small field in lot 11, con. II, Romney tp., was
opened between 1902 and 1904, and in the latter year each of four principal wells
were yielding an average of about 10 barrels of o0il a day.

The oil was found in the upper part of the Guelph formation at depths of
1,290 to 1,300 feet below the surfacet. Production for 1904 was reported at
about 4,490 barrels, but by 1906 it had declined to 775 barrels. The field has
been abandoned for many years.

No reliable log is available for this field, but according to Corkill5 about
400 feet of salt called by the drillers the “big salt” was encountered.

Romney Shallow Field. This is in lots 21 and 24, cons. IV and V,
Romney tp., and the main activity appears to have been along the road separating
the two concessions. The discovery well was drilled in 1906 and the field was
abandoned in 1910. The oil was encountered within the upper 30 feet of the
Norfolk formation at drilling depths of 200 to 270 feet. According to Malcolms,
production amounted to 49,783 barrels in 1907, 11,165 in 1908, and 1,082 in 1909.
Several of the earlier wells had initial yields exceeding 1,000 barrels? a day.

Williams8 considers the reservoir to be & crevice rather than porous rock.

There is not sufficient data to give a detailed account of the structure of this
field. Contours on the Norfolk formation, based on a few scattered wells in the
general vicinity, show the field to.be on an east-dipping nose. This structure
rises gradually for at least a mile to the west of the field where it attains an
elevation almost equal to that of the highest part of the Tilbury gas field.

1Willjams, M. Y.: Geol. Surv., Canada, Sum. Rept, 1919, pt. E, p. 13.
2Ont. Dept. of Mines, vol. 24, pt. 2, p. 10 (1915).

30Ont. Dept. of Mines, 48 Ann. Rept., pt. 5, p. 64 (1939).

‘Malcolm, W.: Geol. Surv., Canada, Mem. 81, p. 76 (1915).

5Corkill, E. T.: Ont. Bur, Mines, 14th Ann, Rept., p. 111 (1905),
$Maleolm, W.: Geol. Surv., Canada, Mem. 81, p. 73 (1915).

1Coste, E.: Jour. Can. Min. Inst., vol. 10, p. 84 (1907).

sWilliams, M, Y.: Geol. S8urv., Canada, Sum. Rept. 1919, pt. E, p. 10.
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The following table! shows the oil production from Tilbury East and
Romney townships from 1906 to 1914:

Year Production

Barrels
* 106,992

The following production figures are compiled from the annual reports of
the Ontario Natural Gas Commissioner.,

Township Year Production
Barrels

Dover West, 16,297
Tilbury East
Tilbury East 10,041
Tilbury East.. 25,228
Tilbury East.. 1,660
Tilbury East.. 623
Tilbury East.. 1,003
Tilbury East.. 127
Tilbury East 1,950
Tilbury East No record
Tilbury East 60
Tilbury East 736
Tilbury East 138
Tilbury East 149
Tilbury East.. No record
Tilbury East.. )
Tilbury East.. 206

Much of the foregoing information regarding the Fletcher, Glenwood,
Wheatley, and Romney oil pools is based on the following reports:

Corkill, E. T.: Ont. Bur. Mines, 14th Ann. Rept., p. 111 (1905).

Coste, E.: Jour. Can. Min. Inst.,, vol. 10, pp. 77-84 (1907).

Knight, C. W.: Ont. Bur. Mines, 16th Ann. Rept., p. 100 (1907).

Knight, C. W.: Ont. Bur. Mines, 24th Ann. Rept., pt. 2, pp. 9-12 (1915).
Malcolm, W.: Geol. Surv.,, Canada, Mem. 81, pp. 74-76 (1915).

Harkness, R. B.: Ont. Dept. Mines, 37th Ann. Rept., pt. 5, p. 61 (1928).
Hume, G. S.: Geol. Surv., Canada, Econ. Geol. Ser., No. 9, pp. 48-51 (1932).

At least five deep wells, three of which penetrate the entire sedimentary
succession, have been drilled in Romney township. One of these, the No. 6
Shanks, on lot 188, North Talbot Road, struck oil at a depth of 3,560 feet. It
had an initial ‘gush’, and flowed at a rate of 150 barrels a day2, after which
16 barrels of oil a day3® was pumped for well over a year. Reports do not
make quite clear whether this oil came from the limestone of the Trenton
group or from the basal arkose. Harkness* states that it was struck at a depth

10nt. Dept, Mines, 24th Ann. Rept., pt. 2, p. 12 (1915).

20Ont, Dept. Mines, 33rd Ann. Rept., pt. 5, p. 99 (1924).

3Harkness, R. B.: Empire Mining ang Metallurgical Congress, pt. 8, p. 95 (1927).
4Harkness, R. B.: Ont. Dept. Mines, 33rd Ann. Rept., pt. 5, p. 98 (1824).
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of 848 feet below the top of the Trenton. As the thickness of the Trenton
group is 890 and 895 feet, respectively, in two wells drilled on lots 184 and 194,
North Talbot Road, it seems probable that the No. 6 Shanks well had not
reached the basal arkose when the oil was encountered. In the remaining
four deep wells, the Trenton was unproductive, although small shows of oil
were reported in those drilled on lot 19, con. III, and on lot 21, con. IV,
respectively.
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Figure 8. Dover gas and oil field, showing production depths below top of the
Trenton formation.

Dover Gas and Oil Field. This field is in Dover West township and the
adjoining parts of Dover East and Raleigh townships. The discovery well was
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drilled in 1917 on lot 3, con. III, Dover West tp., and a heavy flow of gas
was struck at a depth of 3,165 feet, or 282 feet below the top of the Trenton
formation. This gas, together with lighter flows from depths of 3,010 and 3,040
feet, gave an open flow of 6,000 M cubic feet a day, with a rock pressure of
1,250 pounds a square inchl, Oil was present with the gas. In 1919, eight
wells were producing gas and oil in commercial quantities. Subsequent drilling
in this vicinity resulted in a relatively high percentage of failures for a time, but
by 1935 the trend of the field had been determined, and in that year ten pro-
ductive wells and two dry holes were drilled. Five more producers were drilled
during the period 1938 to 1940. .
The wells are 3,000 to 3,800 feet deep, with the top of the Trenton between
2,780 and 2,950 feet below the surface. Production is from the Trenton limestone.
The field is of particular interest as it represents the only commercially important
Trenton field in Ontario, and as the production is from a struetural ‘low’.

% <& Scale of Miles
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Figure 7. Dover gas and oil field, showing structure contours drawn on top of the
Trenton formation.

The field contains no generally continuous gas-bearing or oil-bearing porous
zone (Figure 6). Gas occurs at levels irregularly distributed throughout the
upper 400 feet of the Trenton formation, and productive zones cannot be cor-
related from well to well. However, it appears that the main production is
from 100 to 200 feet below the top of the formation. The oil occurs below the
gas, but although it is known as high as 200 feet, most of the production is
from 300 to 425 feet below the top of the Trenton. This irregularity of pro-
ductive levels suggests fracturing of the reservoir rock and indicates a lack of
continuous porosity. The long and extremely narrow form of the productive
ares of the field strongly suggests faulting.

At least ten wells had initial open flows from 3,000 M to 7,000 M cubic
feet of gas a day, and initial yields for twenty-five other wells were from
50 M to over 2,000 M cubic feet a day. Initial yields of oil were from 4 to
100 barrels, and one well came in with 200 barrels a day.

Williams, M. Y.: Geol. Surv,, Canada, Sum. Rept, 1911, pt. E, p. 25.
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Structure contours drawn on the Trenton formation show that the Dover
field occupies a structural ‘low’, or what appears to be a faulted syncline, and
that production is practically limited to its axial area (See Figure 7). This
accumulation of oil and gas at the bottom of a syncline suggests that little or
no water is present, and an examination of drilling records indicates that in
general this is the case. However, water was encountered in some wells, but
according to Williams® “is not definitely associated with oil or gas and as it
was not struck in the nearby wells it appears to have been confined to rock
channels which are not connected with the oil accumulation”.

Figure 8 gives an interpretation of the structure across the east end of the
field as based on well cuttings. The inferred fault dips south so that the wells
cut the fault plane at progressively deeper horizons as they are located farther
gouth across the field. So far as is known the fracture zone is either developed
only in the Trenton or is sealed at higher levels.

Contours drawn on the Norfolk formation indicate a narrow depression or
syneline roughly parallel to that on the Trenton below.

In an attempt to extend the Dover field eastward a hole was drilled on
lot 7, con. III, Raleigh tp. This hole was completed in March 1944 and was
drilled to a depth of 3,275 feet. It entered the Trenton at about 2,850 feet
from the surface and was unproductive. Nothing is known of the possible
eastern extension of the inferred fault from the present productive limit of the
field. However, it is noted that wells of the Olga Gas, Limited, on lots 18, 19,
and 20, cons. VIII and IX, Raleigh tp., about 8 miles to the east, lie on the
projected line of the Dover fault. These wells obtained gas fairly low in the
Guelph formation, and it is suggested that faulting might be a factor in
accumulation here. There are several dry holes at the west end of the Dover
field, but so far as available data are concerned there is no apparent reason why
the fracture zone or fault should not continue to Lake St. Clair.

The following table, compiled from reports of the Ontario Natural Gas
Commissioner, shows the gas and oil production of the Dover field.

Year Natural gas | Petroleum
M cubic feet Barrels

185,525 8,000°
468,798 20, 0002
470,806 16,705
835,079 12,000
275,351 7,473
212,188 5,482
187,342 5,618
199,770 3,808
126, 687 2,957
159,136 9
189,438 602
178,273 773
366,224 715
459,112 457
338,422 891
275,958 453
252,694 763
363,344
935,446 13,117
842,362 15,536
636, 552 10,498
509,677 ,801
433,496 15,037
381,837 11,856
341,516 9,819
310,261 8,4043
220,133 9,376%

Williams, M. Y.: Geol. Surv., Canada, Sum. Rept. 1919, pt. E, p. 17,
*Estimated.
*Includes Raleigh and Tilbury East townships.
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The log of Prairie Gas and Oil Company, Limited, well on lot 5, Front
con., Dover tp., in Chapter II of this report illustrates the stratigraphic succes-
sion in the Dover field.
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Figure 8. Vertical section along A-B (Figure 7) through east end of Dover field,
showing offset of beds along inferred fault.

Essex County

Mersea (Leamington) Oil Field. This field, abandoned many years ago, is
in Mersea township northeast of the town of Leamington. The field has a north
trend and is about 8 miles long and from 4 to 1 mile wide.

Oil was discovered in this region in 1902, when a well drilled on lot 238,
Talbot Road Survey, struck oil in the upper part of the Guelph dolomite at a
depth of 1,074 feet!. No large producers were found until 1905, when some
large flowing wells were brought in, the largest being the Hickey No. 4, which
started with a flow of 1,200 barrels a day, maintained this rate for 3 days, and

10nt. Dept. Mines, 14th Ann, Rept., p. 90 (1905).
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then gradually diminished to 200 barrels a day. Another, the Jackson well, had
an initial flow of 400 barrels a day after shooting, but within a few days fell off
to 100 barrels a day!. By 1905, twenty-one wells, eighteen of which were pro-
ducers, had been drilled in this field by the Leamington Oil Company.

The following is the production record from 1906 to 1910, as given by the
supervigor of petroleum bounties2.

Year Production

Barrels

..................................................................................... 39,655
..................................................................................... 6,135

............................................................................. 9,334
..................................................................................... 5,929
..................................................................................... 141

According to Harkness3, about 235,175 barrels of oil were sold from the
Leamington oil field from 1903 to 1911, inclusive.

Williams# states that the oil-bearing horizon is probably in the lower part
of the Salina formation. Unfortunately, no reliable cuttings of the strata pene-
trated in this field are available. However, samples of the Dominion Natural
Gas Company well drilled just east of the field, on lot 233, Talbot Road Survey,
and of the Rosslyn well on lot 5, con. X, Tilbury West tp., immediately north of
the field, are at hand. The first of these wells was drilled to a depth of 1,065
feet without reaching the Guelph. This well encountered a show of gas at 1,030
feet in the Salina formation. The Rosslyn well was drilled to a depth of 3,426
feet, ending in the basal arkose. The Guelph was reached at 1,140 feet, gas
occurred at 1,064, 1,130, and 1,169 feet, and oil at 1,169 feet (9 barrels in 5 days).
It thus appears that gas occurs in both the Salina and Guelph and that the show
of oil was in the Guelph formation.

Drillers’ records report water in some of the Mersea wells just below the
productive horizon, and it is pointed out that water is much more common in the
Guelph than in the Salina throughout Kent and Essex counties. In the absence
of definite data from wells within the field, and chiefly on a basis of the two
foregoing wells, it seems probable that oil production was mainly from near the
top of the Guelph and that some gas occurred near the base of the Salina
formation.

Stewart and Evans® have contoured the top of the Guelph on a basis of the
depth of the main productive horizon, which they consider is about 40 feet below
the top of the formation. This interpretation is given on the accompanying
structure map. The structure as noted by Hume® appears to be a long, narrow
anticline with some suggestion of faulting.

The stratigraphic succession immediately north of this field is shown by the
log of the Rosslyn well, which may be found in Chapter II of this report.

Kingswille (Leamington) Gas Field. This field embraces a narrow strip
bordering Lake Erie and extending from Kingsville eastward to the town of
Leamington. It also includes those wells in which production was obtained in
cons. 1 and A, Mersea tp., north of Point Pelee, and is thus about 10 miles long
and from about 4 mile to 2 miley wide.

1Malcolm, W.: Geol. Burv., Canada, Mem. 81, p. 66 (1915).

2Malcolm, W.: Op. cit. X

3Harkness, R. B.: Ont. Dept. of Mines, 37th Ann. Rept., pt. 5, p. 61 (1928).
‘Williams, M. Y.: Geol. Surv., Canada, Sum, Rept. 1919, pt. E, p. 14.
sStewart, J. 8., and Evans, C. 8.; Manuacn&t.

SHume, G. S.: Geol Surv., Canada, Econ. Geol. Ser. No. 9, p. 58 (1932).
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Gas was first encountered in the field in 1889 with the drilling of Coste
No. 1 well on the northwest corner of lot 7, con. I, eastern division, Gosfield
South tp., the flow being 10,000 M cubic feet a day in the upper part of the
Guelph formation at a depth of 1,020 feet. The rock pressure was 460 pounds
a square inchl. Drilling progressed, and in 1893 there were eight wells with a
capheity of 42,000 M cubic feet a day2. This gas supplied Kingsville, Ruthven,
and Leamington, and a pipe-line was laid to supply Sandwich, Windsor, and
Walkerville about 35 miles distant. In 1894 the pipe-line was extended to
Detroit, and gas was later supplied to Toledo. In 1896, the production of the
field is said to have been 25,550,000 M cubic feet3. Four years later production
had declined to 3,000,000 M cubic feet. This was from fifty-two wells and
represented the output from the entire field, exclusive of that from private and
municipally owned wells. There were at that time at least ninety-five wells
in the field, comprising 52 producers, 21 abandoned, and 22 dry holes. This rapid
decrease in production caused much concern regarding the life of the field, and
in October 1901 an Order-in-Council was passed revoking the licence of occupa-
tion by virtue of which the gas was exported, and the supply to Detroit, accord-
ingly, ceased4. At the time the quantity supplied to Detroit was about 1,500,000
M cubic feet a year, or one-half the production of the field. The exportation of
gas to Toledo was discontinued in July 19005,

In 1903, the Kingsville field rather suddenly ceased to produce®. This was
due to flooding by salt water from beds below the gas horizon into which many
of the wells had been drilled. The water was under considerable pressure. The
original rock pressure was 460 pounds and when the field ceased producing
it was about 310 pounds a square inch.

The wells are from 900 to 1,100 feet deep and production was from the
upper part of the Guelph formation. Many wells had initial capacities of
several million cubic feet a day. Besides the Coste No. 1 well, which had an
initial flow of 10,000 M cubic feet a day, a well on lot 6, con. I, Gosfield South
tp., struck 6,422 M cubic feet at a depth of 1,080 feet; one on lot 7, con. I, had
an open flow of 5,877 M cubic feet at a depth of 900 to 955 feet; one, on lot
8, con. I, had a flow of 5,700 M cubic feet at a depth of 965 to 990 feet; and
a well on lot 9, con. I, came in with 7,000 M cubic feet at a depth of 950
feet. The best wells were apparently in the south part of the field near the
lake. The following table? shows the production from 1890 to 1903.

Year Production
(Mef.)

100,000
100,000
267,594
433, 500
768,916
2,230,000

1Coste, E.: Jour. Can. Min. Inst., vol. III, p. 68 (1800).

2Hume, G. 8.: Geol. Surv,, Canada, Econ. Geol, Ber., No. 9, p. 68 (1032).
#Ont. Bur. Mines, vol. 10, p. 19 (1901).

4Ont, Bur. Mines, vol, 11, p. 44 (1902).

sOnt. Bur. Mines, vol. 10, p. 19 (1900).

60nt. Dept. Mines, 37th Ann. Rept., pt. 5, p. 60 (1928).

70Ont. Dept. Mines, 37th Ann. Rept., pt. 5, p. 61 (1928).
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Perhaps fifty wells have been drilled in the Kingsville field since it became
flooded in 1903. In general, care has been taken to avoid penetrating the salt
water horizon below the gas. Some of these wells had small initial fiows, but
so far as is known no wells with large open flows comparable to those drilled
during the early years of development have since been brought in.

At least ten wells were drilled in this field during the period 1935 to 1942,
inclusive, but only small gas flows were obtained. Depths are from 914 to 1,060
feet. Main production is from the upper few feet of the Guelph formation,
although in some gas was also obtained in the Salina formation. The gas-
bearing strata lie at depths of 820 to 990 feet, and the open flow capacities
were from 13 M to 75 M cubic feet a day. The original rock pressures of these
recent wells were from 250 to 395 pounds a square inch. One well is reported
to have struck salt water at a depth of 1,035 feet.

The Kingsville field continues to yield gas in commercial quantity,
although present production is small when compared with that prior to 1903. In
recent years annual production figures for thig field have been included with
those of the Tilbury field, but production! for 1942 and 1943 was 32,419 M
and 28,732 M cubic feet, respectively.

The structure of the Kingsville field is imperfectly known. The main part
of the field is concentrated in lots 6 to 12, con. I, eastern division, Gosfield
South tp. Contours drawn there on the Guelph formation show a west-trend-
ing elongate dome with 40 feet of closure. The north flank dips at about 75
to 80 feet a mile. The opposite side is much steeper, dipping into the lake at
perhaps double that rate. The field appears to be high on the north flank of
a west-trending anticline, the south limb of which is below the waters of Lake
Erie.

The following log is typical of the stratigraphic succession in the southern
part of Gosfield township.

Log of GQlenwood Natural Gas Company Well

Location: lot 3, con. V, Gosfield South 1p.
Elevation: 635 feet.

Formation Depth Thickness Lithology
Feet Feet
5-70 65 Surface drift.

Norfolk 70-185 115 Limestone: light buff, finely crystalline; crinoidal at
85 to 90 feet; few sand grains at 90 to 95 feet; fow
black bituminous streaks 125 to 185 feet.

Pre-Norfolk 185-200 15 Limestone: brownish grey, finely ecrystalline; few
black bituminous streaks.

200-225 25 No samples.
225-275 50 Limestone: brownish grey; finely crystalline; few
black bituminous streaks,
275-370 95 Limestone: light buff, erystalline; trace chert 350 to
370 feet.
Bertie-Akron 370-510 140 Dolomite: buff, fine-grained; finely porous 380 to 385

feet; few black bituminous streaks; trace selenite
390 to 400 feet.

Salina 510-595 85 Dolomite: buff and brownish grey, fine-grained; grey,
shaly dolomite at 575 to 580 feet.
595-645 50 Dolomite: brownish grey, fine-grained; little grey,
dolomitic shale in most samples; trace gypsum
throughout.

10Ontario Natural Gas Commissioner.
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Formation Depth Thickness Lithology
Feet Feet
Salina 645-7156 70 Dolomitic shale: grey; trace gypsum throughout.

715-730 15 Dolomitic shale: greenish grey; trace brown dolomite;
trace gypsum.

730-750 20 Dolomltlc shale: grey; trace brown dolomite and
gypsu.

750-880 130 Dolomxte brownish grey, fine-grained; little grey,

dolomitic shale; trace gypsum 750 to 790, 815 to
825, 865 to 870 feet.

880-940 60 Dolomitic shale: grey and greenish; trace_ brown
dolomite in most samples.
940-965 25 Dolomitic shale; grey-brown dolomite throughout;
trace gypsum.
965-1,085 120 Dolomite: brownish grey, fine-grained; trace gypsum
}n znany samples; 10 per cent green shale 990 to 995
eet.
1,085~-1,095 10 Gypsum; trace brown dolomite.
1,095-1,110 15 Dolomite: brown, fine-grained; 20 per cent gypsum.
Guelph-Lockport 1,110-1,130 20 Dolomite: brown, finely crystalline; trace green
shale at 1,125 to 1 130 feet.
1,130-1,140 10 Dolomxbe grey, crystallme

Belle River Oil Field. A small, shallow oil field in Rochester township
south of Belle River was in production during the period 1913 to 1918, inclusive,
and about 2,200 barrels of oil were recovered from twenty-five wells between
the years 1913 and 19181. Production was from the Norfolk formation at depths
of 110 to 120 feet below the surface2. The limestone here immediately under-
lies the drift. The oil was heavy and ‘dead’, with much sulphur, and was sold
at prices considerably less than those obtained for Oil Springs and Petrolia oil.

Pelee Island. The following are notes by J. S. Stewart of the Geological
Survey, who visited Pelee Island in 1936.

“The first wells were drilled on Pelee Island, about 1895, and a small pro-
duction of oil was obtained. Shipping the oil was expensive and difficult, and
with high operating costs and small production, development was apparently
unprofitable and the wells were abandoned.

“The writer was fortunate in meeting Mr. Jack Nichols, a driller who worked
on many of the early wells and who is now in charge of the Pelee Syndicate
wells drilled in 1935. Mr. Nichols accompanied him for two days, showed him
the location of the old wells, and gave him the information the Geological Sur-
vey has on depth and production.

“Ag the land on Pelee Island is not subdivided according to any regular
plan, it was necessary to allot each well on the accompanying sketch a number
for reference purposes (See Figure 9). These wells were located and their
elevations obtained by plane-table and alidade. The locations are accurate to
within a few feet with reference to road intersections. Distances between road
intersections, as shown on some detailed maps compiled from old plans, are in
places quite inaccurate, especially in a north-south direction across the big
marsh.

“The following tabulated description of the wells is arranged according to

numbers assigned arbitrarily to the wells. Elevations are to the nearest foot,
and are referred to a datum of 570 feet, the level of Lake Erie on July 1, 1936.

1Harkness, R. B.: Ont. Dept. Minee, 37th Ann. Rept., pt. 5, p. 59 (1928).
Clapp, F. G.: Canada, Dept. Mines, Mines Branch, Pub. 291, vol. 2, p. 137 (1915).
30991—7
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“The production given is the daily capacity of the well when first drilled.
All wells are abandoned except those of Pelee Petroleum Syndicate, Nos. 27
and 28, drilled in 1935.”
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Figure 9. Pelee Island, showing positions of wells.
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Descriptions of Wells

Well Property owner Elevation| Depth Initial result and yield
number
Feet Feet

1 | Dieffenbach......... 582 740 | A little oil and gas.

2 | Jakie Rinkel......... 590 740 | Qil and gas in small amount.

3 | Jakie Rinkel...... . 589 740 | Oil and gas in small amount.

4 | Archie McEwen...... 585 740 | Three to 4 barrels of oil and considerable gas.

5 | Archie McEwen...... 585 740 | Seven to 8 barrels of oil and less gas than in No. 4
well.

6 | Archie McEwen...... 585 740 Seveill to 8 barrels of oil and less gas than in No. 4
well.

7 | Lewis..ccovevvevennn. 592 740 | A little gas only.

8 | Chas. Roper......... 590 745 | Seven barrels of oil; almost no gas.

9 | Elizabeth Finlay..... 589 750 | Not much oil or gas.

10 | Elizabeth Finlay..... 587 750 | About 6 barrels of oil. This well flows occasion-
%}lgsgﬁ;md the oil is pumped and used locally

11 | Elizabeth Finlay..... 587 750 | A little oil and gas.

12 | Elizabeth Finlay..... 589 750 | Five barrels of oil and a little gas.

13 | Elizabeth Finlay..... 586 2,100 | Good show of oil and gas at about 735 feet. Small

show of oil and gas at 2,000 feet.

14 | Albert Glen.......... 581 740 | Tools lost in hole and well abandoned.

15 | Albert Glen.......... 581 740 | Three barrels of oil and very little gas.

16 | Albert Glen.......... 582 750 | Five to 6 barrels of oil and considerable gas; drilled

into salt water.

17 | Albert Glen.......... 580 745 | Five to 6 barrels of oil and considerable gas.

18 | Robley Wilson....... 578 750 Fi};re“}_laarrels of oil and a little gas; salt water at

ottom.

19 | Robley Wilson....... 572 750 Fil‘)ret:l)arrels of oil and a little gas; salt water at

ottom.

20 | Robley Wilson....... 583 740 | Six barrels of oil.

21 | Thos. Henderson..... 583 870 | Nine barrels of oil and a little gas.

22 | Robley Wilson....... 585 750 | Dry hole.

23 | Theo Rinkel......... 585 764 Gooc'l] gixgw t?f gas at 735 feet; drilled into salt water

at eet.

24 | T. Henderson.....,.. 573 740 | Five barrels of oil and a little gas.

25 | T. Henderson........ 573 870 | Nine barrels of oil and a little gas.

26 | Robley Wilson....... 575 740 | A little oil and gas reported.

27 | Peter Fast Plugged back to 887 feet. Very small show of oil
Pelee Petroleum 568-5 904 at 861 feet. Hole full of salt water in 1936 and
Syndicate No. 2 anattempt was being madeto pump off the water.

28 | Chas. Growas Qil at 883 and 885 feet; small flow of gas at 805 feet;
Pelee Petroleum } 571 888 big flow of gas at 878 feet. Big flow of salt
Syndicate No. 1 water at 889 feet. Well plugged back to 888 feet.

This well flows 2 to 3 barrels of oil a day and
yields sufficient gas to run engine for pumping
water from No. 2 well.

29 | M. Stiefwater........ 576 Well abandoned and no information available.

“Although the Pelee Island wells are concentrated within a small area,
almost every well drilled in this southeast part of the island showed some oil
or gas, and along the lake near the southeast corner of the island the soil filling
joint cracks in the outcropping limestone is saturated with oil.

“No logs of these old wells are available, and the log that follows is from a
well drilled in 1935. The top of the Guelph is at 855 feet and the main oil and
gas horizon, at 878 feet, is, accordingly, in the upper part of the Guelph forma-
tion. This is the same general horizon that yields most of the gas and oil in
Essex and Kent counties.

“The old wells, Nos. 1 to 26, a mile south of Pelee Petroleum Syndicate
wells, struck oil and gas at depths of 740 to 760 feet, and as the region is flat
the difference in depth cannot be attributed to surface elevation. Two alterna-
tive explanations are suggested. Difference in depth may be due to structure,
or the deeper wells may produce from a different stratigraphic horizon. As the
deeper wells, Nos. 27 and 28, penetrated all oil and gas horizons above the

30991—73
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Guelph without encountering appreciable shows, it seems unlikely that the shal-
lower wells, which reach production at 740 to 760 feet, obtain their gas and oil
from a higher horizon such as the Salina formation, as suggested by Williams1,
Thus, it appears that difference in depth of the producing horizon is due to a
northward dip of the strata, or to faulting with downthrow on the north side.
If, as is suspected, the oil-bearing horizon is the same in all the wells, then a
dip of 120 to 130 feet a mile in a northerly direction is indicated. This amount
of dip is not inconsistent with the pronounced southeast dip observed on the
coast near the southeast part of the island, and indicates an anticlinal fold
trending generally westward. An east-west fracture zone, produced by faulting
without appreciable vertical displacement, may have allowed oil and gas to
escape upward into the Salina formation in the more southerly group of wells.”

Log of Pelee Petroleum Syndicate, Limited, No. 1 Well
Location: lot 3-4, Pelee Island.

Formation Depth Thickness Lithology
Feet Feet
0-30 30 No samples.
Norfolk 30-60 30 Limestone: light buff, finely crystalline.
Pre-Norfolk 60-150 90 Magnesian limestone: brownish grey, finely crystal-

line; bl‘ack bituminous streaks 100 to 150 feet; trace
dolomite at 140 to 150 feet; some fine porosity 100

to 150 feet.
150-170 20 No samples.
170-240 70 Magnesian limestone: brown, finely crystalline; some

fine porosity 190 to 240 feet; trace chert 190 to 210
feet; black bituminous streaks 230 to 240 feet.

Bertie-Akron 240-250 10 Magnesian limestone: buff, finely crystalline; few
. bituminous streaks.
250270 20 No samples.
270-300 30 Magnesian limestone: brown and buff, finely crystal-
line; trace gypsum 270 to 280 feet.
Salina 300-320 20 Magnesian limestone; brownish grey, fine-grained.
320-340 20 No sample.
340-360 20 Dolomite: buff, fine-grained.
360-380 20 No samples.
380420 40 Dolomite: brownish grey, fine-grained; 10 per cent
gypsum,
420-480 60 Shaly dolomite: grey; some brown dolomite; trace
sum.
480~500 20 Dolomite: brown, fine-grained; 2 per cent gypsum.
500-510 10 Shaly dolomite: grey; trace brown dolomite; trace
gypsum,
510-585 75 Dolomite: brownish grey, fine-grained; little grey,
dolomitic shale in most samples; trace gypsum
throughout. . .
585-590 5 Shaly dolomite: grey; little brown dolomite; trace
gypsum.
590-630 40 Doﬂ)pmite: buff, fine-grained; little grey, dolomitic
. shale in most samples; trace gypsum.
630-690 60 Dolomitic shale: greenish grey; little buff dolomite
in most samples; trace gypsum throughout.
690-715 25 Dolomite: buff, fine-grained; trace gypsum.
715-725 10 Shaly dolomite: grey; some grey, dolomitic shale;
trace dolomite. .
725-745 20 Dolomite: brownish grey, fine-grained; 25 per cent
gypsum.
745-750 5 Gypsum; little brown dolomite.
750-760 10 Dolomite: brownish grey, fine-grained; trace gypsum.

Williams, M. Y.: Geol. Surv.,, Canada, Sum. Rept. 1919, pt. E, p. 15.
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Formation Depth Thickness Lithology
Feet Feet

760-770 10 Shaly dolomite: grey: 10 per cent brown dolomite.

770-815 45 Dolomite: grey and brownish grey, fine-grained.

815-820 5 Gypsum; trace brown dolomite.

820-825 5 Dolomite: brown, finely crystalline.

825-830 5 Gypsum; 15 per cent brown dolomite. X

830-855 25 Dolomite: brownish grey, finely crystalline; trace
gypsum,

Guelph-Lockport 855-890 35 Dolomite: grey, crystalline; trace green, caleareous

shale at 855 to 860 feet.

Colchester and Malden Townships. Perhaps fifty wells were drilled in the
southwest part of Essex county between 1885 and the end of 1943. Although
most of these penetrate the Guelph formation, and at least two were drilled into
the Trenton, no commercial field has been disclosed.

During the period 1939 to 1943, inclusive, about twenty-two holes were
drilled in Colchester and Malden townships. Depths are from 966 to 2,250
feet. Several of the wells encountered shows of gas and oil in the upper part of
the Guelph and the lower part of the Salina formations, but so far as is known
only three obtained production in commercial quantity. These wells are in
Malden township, and had initial open flows of 65 M, 112 M, and 147 M cubsc feet
of gas a day ab depths of from 833 to 970 feet below the surface. One well has
lgee}rll abandoned. Original rock pressures were from 400 to 450 pounds a square
inch.

Contours on the Guelph formation indicate a general north dip averaging
about 40 feet a mile across the two townships, Whether this structure repre-
sents the north limb of an anticlinal fold, whose crest is somewhere beneath
Lake Erie, is not known. However, wells drilled at the highest part of the
Guelph, that is, near the lake shore, were unproductive. )

,’:o[‘he following log shows the stratigraphic sequence in this part of Essex
county.

Log of Volcanic Gas and Oil Company, J. Bondy No. 1 Well
Location: lot 83, con. I, Colchester South tp.

Formation Depth Thickness Lithology
Feet Feet
148 47 Surface drift.
48-70 22 Magnesian limestone mixed with surface drift.
70-87 17 Magnesian limestone: buff, fine-grained; some surface
material,
Bertie-Akron 87-127 40 Dolomite: buff, fine-grained; trace of surface gravel.
127-214 87 Dolomite: buff, fine-grained; few black bituminous
streaks; oolitic from 157 to 193 feet; some fine por-
osity 169 to 187 feet.
214-219 5 No sample.
219-225 6 Dolomite: brownish grey, finegrained; trace oolitic
dolomite,
225-297 72 Dolomite: buff, fine-grained.
Salina 297-333 36 Dolomite: brownish grey, fine-grained; minor amount
grey, shaly dolomite.
333-430 97 Shaly dolomite: grey, fine-grained; minor amount
brown dolomite 333 to 344 feet; trace gypsum.
430-577 147 Dolomite: brownish grey, fine-grained; little grey,
shaly dolomite; trace gypsum throughout.
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Formation Depth Thickness Lithology
Feet Feet
5771-607 30 Dolomitic shale: greenish grey; little brown dolomite;
trace gypsum. ; .
607-719 112 Dolomitic shale: grey; little brown dolomite through-
out; trace gypsum throughout.
719-725 6 Gypsum 10 per cent greenish shale.
725-737 12 Dolomite: brownish, fine-grained; 40 per cent gypsum.
737-791 54 Dolomite: brownish’ grey, fine-grained; trace gypsum.
791-821 30 Shaly dolomite: grey; trace gypsum throughout.
821-827 6 Dolomite: brownish grey, fine-grained; 5 per cent
gypsum.
827-833 6 Gypsum. X
833-851 18 Dolomite: buff, fine-grained; trace gypsum.
Guelph-Lockport 851-878 27 Dolomite: light buff, finely crystallme, finely porous.
878-890 12 Dolomite: medium grey, crysta
800-924 34 Dolomite: light grey, crystalline.
924-978 54 Dolomite: brownish grey, crystallme, trace greenish
grey shale 930 to 936, 942 to 948 feet.
978-1,012 34 Dolomite: brownish grey, finely crystallme, trace
greenish grey, limy shale 984 to 996 feet.
1,012-1,005 83 Dolomite: brown, finely crystalline; trace selenite
at 1,018 to 1,024, 1,042 to 1,047 feet.
1,095-1,222 127 Dolomite: light grey, crystalline.
Rochester 1,222-1,233 11 Shale: calcareous, grey.

Log of Volcanic Gas and Oil Company Bush No. 1 Well

Location: lot 36, Con. 4, Malden tp.
Elevation: 580 feet.

Formation Depth Thickness Lithology
Feet Feet
1-59 58 Surface drift.

Pre-Norfolk 59-104 45 Magnesian limestone: brown, finely crystalline; finely
porous; few black bituminous streaks 59 to 61, 76
to 79 feet.

104-122 18 Magnesian limestone: brown, finely erystalline; 10 per
cent sand and sandy dolomite; trace pyrite.

122-133 11 Calcareous sandstone; little unconsolidated sand.

133-138 5 Magnesian limestone; 25 per cent sand.

138-149 11 Sand: little brown, magnesian limestone.

149-164 15 Magnesian limestone: brownish grey, sandy.

164-174 10 Unreliable sample: mixture shale, sand, chert.

174-190 ! 16 Sandstone: loosely cemented, calcareous; trace chert.

190-232 42 Magnesian limestone: grey, fine-grained; 5 per cent
grey, dolomitic chert; trace pyrite.

232-261 29 Magnesian limestone: grey, fine-grained; little sandy
dolomite; 5 per cent chert.

261-272 11 Sandy dolomite: grey, fine-grained; 3 per cent chert.

272-321 49 Dolomite: brownish grey, fine-grained; little chert in
most samples.

Bertie-Akron 321401 80 Dolomite: buff, fine-grained; black bituminous
streaks: trace oolitic dolomite at 353 to 359, 389 to
398 feet.

401410 9 No sample.
410471 61 Dolomite: buff and grey, fine-grained.

Salina 471499 28 Dolomite: brownish grey, fine-grained; little grey,
shaly dolomite; trace gypsum.

499-587 88 Dolomitic shale: grey; little brown dolomite in lower
: 24 feet; little gypsum throughout.
587-640 53 Dolomite: brown, fine-grained; little grey, dolomitic
shale 587 to 616 feet; trace gypsum throughout.
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Formation Depth Thickness Lithology
Feet, Feet

640-651 11 Dolomite: grey; fine-grained; trace gypsum.

651-705 54 Dolomite: brown, fine-grained; 50 per cent grey,
shalyldolomlte 669 to 675 feet; trace gypsum in most
samples

705-746 41 Dolomlbe buff, fine-grained; 25 per cent grey, shaly
dolomite in lower 20 feet; trace gypsum.

746-795 49 Dolomitic shale: grey; little brown dolomite in most
samples; trace gypsum.

795-801 6 Gypsum: 20 per cent grey, dolomitic shale.

801-818 17 Dolomitic shale: grey; 10 per cent brown dolomite;
trace gypsum.

818-854 36 Dolomite: brownish grey, fine-grained; 5 per cent
grey, dolomitic shale; trace gypsum.

854-866 12 Gypsum; 20 per cent greenish grey shale.

866-957 91 Dolomite: brownish grey and buff, finely crystalline;
50 per cent gypsum 866 to 880 feet.

957-975 18 Gypsum; 20 per cent brown dolomite,

975-1,016 41 Dolomite: buff, finely crystalline: little gypsum in
most samples.

Guelph-Lockport 1,016-1,022 6 Dolomite: buff and grey, granular.

COMPOSITION OF CRUDE PETROLEUM! AND NATURAL GAS?

The following tables, compiled from the references given above, indicate
the quality of crude oil and the general composition of natural gas from the main
producing fields within the Windsor-Sarnia area.

. A Carbon Hyd. n
Field Formation | Methane| Ethane | Propane| dioxide | Oxygen| Helium| sulphide
CH C:Hs | CiHs CO: [0) He H,S

Tibury...cooveuen.. Ceeenen Guelph..... 88:32 4.47 1.53 0.-00 0-16 0-17 0-00
Gosfield South............. Guelph..... 876 (Ex: T PP P veeenses] 0-15 0-3
Declute.....o.ovieinnrenn.. Guelph..... 86-68 5.00 1-94 0-00 0-32 0-23 0-67
DaWN.ceeetiiirernenennnens Guelph.....[ 87-50 4.59 2-00 0-00 0-15 0-20 0-00
Dover...........cvevens...|Trenton.....[ 88:89 4-97 1.72 0-49 0:32 0-17 0-00

lR;osewa.rne, P, V., Chantler, H. MoD., and Swinnerton, A. A,: Analyses of Canadian Crude Qils, Naphthas, Shale Oil,
and Bitumen; Dept. Mmes, Canada, Mines anch, Pub. 765 (1936)

*Harkness, R. B,: Natural Gas Fields of Ontario; Am. Assoe. Pet. Geol., June 1935 ,p. 85.
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OIL POSSIBILITIES

Three general stratigraphic zones have proved productive in the Windsor-
Sarnia area. These are, in order of importance: the upper part of the Devonian,
Norfolk formation; within the upper 425 feet of the Ordovician, Trenton forma-
tion; and in the Silurian system, above and below the Salina-Guelph contact.

0il was discovered in the Norfolk formation as early as 1859, and since then
this has been the chief productive formation in Ontario. About 90 per cent of
the oil being recovered from the Windsor-Sarnia area is from this formation
and comes entirely from the Petrolia and Oil Springs fields. Outside these
fields, particularly in Sarnia, Plympton, Gore of Camden, Camden, and Chatham
townships, this formation has been tested by many shallow wells. Shows of
oil and gas were obtained in several of these and a few came in with initial
yields of a few barrels a day, but no additional fields have been disclosed.

Commercial production from the Norfolk is everywhere associated with
definite structural ‘highs’. Structure is, therefore, the chief controlling factor
in accumulation. In general, the oil collected at and near the highest part of
a structure, but some came from as much as 60 feet below the crests of the folds.
Not all ‘highs’ have been productive of oil, but few commercial wells are located
where structure contours do not at least suggest the presence of a reversal, or
an appreciable variation in magnitude, of the regional dip.

Throughout Essex county the Norfolk formation directly underlies glacial
drift and, therefore, lacks the relatively impervious cover considered necessary
for the accumulation of any oil that the formation may contain. For this reason,
and because the oil-bearing strata elsewhere are relatively close to the top of
the formation, it does not appear probable that oil in commercial quantity will
be found in the Devonian rock bf this county.

In Kent and Lambton counties, however, the Norfolk is overlain by
younger Palmozoic strata that can prevent the escape of any oil that may be
present. In view of the very considerable quantity of oil already recovered from
the Devonian rocks of Lambton county, its general association with structural
‘highs’, and the fact that there are appreciable areas in these counties that have
not been tested adequately and in which favourable structures may occur, the
untested areas afford some encouragement for exploration. Unfortunately there
is insufficient geological information to outline any further structures within these
areas. Other methods, such as test drilling or geophysical surveying, may be
of assistance, however, in the further prospecting of the Norfolk formation.

It must be remembered that initial yields of wells producing from the
Norfolk formation are commonly small, and that in some of the more recently
drilled wellg production has lasted for only a short time. However, these factors
are to some extent offset by the shallow depth of production and the consequent
low cost of drilling,

Prospects of oil production from the Trenton formation are more speculative.
A considerable number of wells have penetrated this formation at widely
separated localities throughout most of the Ontario peninsula, but only in the
Dover field has production been of economic importance, although shows
and small quantities of oil have been obtained at several other places. Aside
from the Dover field, only the most general and regional information is available
regarding the structure of the Trenton formation in the Windsor-Sarnia area.
Wells penetrating this formation are widely spaced, and at best indicate only a
regional northward slope averaging about 22 feet a mile. Structural closure
that might afford conditions favourable for accumulation has not been recognized.

30991—8
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It will be recalled that in the Dover field production is from the trough of
a syncline with which faulting is believed to be associated. Accumulation of oil
under such conditions is thought to depend largely upon the absence of water
in the reservoir rock. It was stated that although water was encountered in
some Trenton wells, it probably occurred in channels or fractures not directly
connected with the oil. Also, production in this field is apparently from several
disconnected levels rather than from a continuous porous horizon.

Such an occurrence of oil necessitates the consideration of ‘lows’ where these
are free of water, as well as ‘highs’ in searching for oil in the Trenton formation.
Although available geological data are not sufficient to localize any structures,
either anticlinal or syneclinal, on the Trenton formation, it is noted that the
Precambrian surface in the general area of Moore township is at least 400 feet
lower than it is immediately east and south. Such a depression may be reflected
in the initial Pal®ozoic sediments, in which case it would produce conditions
favourable for the accumulation of oil in the absence of water. A well on lot 16,
con. I, Moore tp., drilled in 1929, is reported to have encountered a show of oil
in the Trenton at a depth of 3,690 feet below the surface.

Though the Trenton formation is known to contain oil and gas, it is not
possible on a basis of available geological data to indicate particular localities
where conditions are favourable. Consequently, prospecting this formation
becomes something of a venture, especially in view of the depth to the formation
and the resulting high cost of drilling.

The Salina-Guelph zone has yielded oil in commercial amount at several
localities within the Windsor-Sarnia area. Some of these, such as Merses,
Wheatley, Glenwood, and ¥Fletcher, have been abandoned and present oil
production from this zone is confined mainly to a few wells in the Dawn field.
Although a great number of drill holes have penetrated the Guelph-Lockport
succession outside the foregoing localities, oil production here has been relatively
small and short lived. 8o far as is known oil accumulation is controlled largely
by structure, the producing wells being closely associated with ‘highs’ on the
Guelph formation or, as in the case of the Mersea field, with a possible fault
as well.

In the northern third of the area, most of the wells do not penetrate below
the Devonian formations. Thus, the underlying Silurian zone has not been
tested adequately, even though the few wells that reach it have been unproductive.
Nothing is known of the detailed structure of the Guelph in this part of the area,
and no one locality can be recommended as offering better prospects than another.

In view of the quantity of oil already recovered from the Salina-Guelph
zone, and the fact that these formations underlie the entire area and are every-
where sufficiently buried, they must be considered as potential reservoir rocks.
However, only a few of the great number of wells penetrating this zone have
encountered oil and it has proved much more important as a source for gas.
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GAS POSSIBILITIES

In the Sarnia area natural gas has proved much more important; in point
of value, than oil. In 1943, the retail value of gas produced from this part of
Ontario was about $3,700,000 as compared with about $194,000 for oil. Almost
all the gas being produced in this area is from two horizons, the Salina-Guelph
and the Trenton. In addition, small volumes have been recovered from the
Norfolk formation, particularly in Sarnia and Enniskillen townships. The
Salina-Guelph zone produces by far the greatest quantity, having yielded about
95 per cent of the total gas recovered from this area in 1942. The fields producing
from this zone are, in order of importance, the Tilbury, Dawn, Chatham, Declute,
and Kinggville.

In these fields structure is the chief factor controlling accumulation. How-
ever, detailed study of the distribution of dry holes and productive wells shows
that porosity and permeability are also essential factors. Not all structural
‘highs’ on the Guelph formation have been found productive, and production has
been obtained where structural closure is not apparent. Also, there are instances
of productive wells located structurally lower than dry holes. It follows, that
in prospecting this horizon, even areas in which structural closure is not suspected
should not be overlooked.

The Guelph formation underlies the entire area. It is everywhere overlain
by rock capable of acting as a retainer against escape of any gas that might be
present. Drilling has already resulted in the recovery of important quantities of
gas. Thus, the Guelph formation must be considered as a potential source of gas
wherever it has not been tested.

Most of the wells north of the Dawn field do not penetrate below the
Devonian formsation and have not, therefore, tested the Salina-Guelph zone.
The few wells that have been drilled deep enough have so far proved unproduc-
tive. However, these tests were not sufficient to rule out possibilities of produc-
tion in this part of the area. Detailed structure of the Guelph formation here
is not known. In the south part of Ennigkillen township, between the Qil Springs
and Petrolia fields, the formation dips about 38 feet a mile north 50 degrees west,
the highest known point being on lot 25, con. V, Enniskillen tp. No structure
can be defined and available geological information is, therefore, inadequate as
a basis for recommending prospective drilling sites.

In Kent and Essex counties several important fields produce gas from the
Salina-Guelph zone. Although a great number of wells have been drilled here,
most of them are concentrated within the limits of the several fields. There are,
consequently, intervening areas of considerable extent that have not been ade-
quately tested. Unfortunately, wells in these intervening areas are, in general,
too widely spaced to furnish data upon which to define possible structures.

Elsewhere it was stated that the more pronounced and local variations in
thickness of the Guelph-Lockport unit may be due to development of reefs, and
the structural closure mapped at the west end of the Dawn field may be due, in
part at least, to this cireumstance. Reefs may occur anywhere, but drilling con-
stitutes the only geological means of detecting them. So far no reefs have been
recognized outside the present fields.

Recent detailed study of the Tilbury gas field has disclosed that: about 37%
per cent of the total withdrawal has come from outside the land limits of the
field; most of this gas has migrated from beneath the lake; and the distance of
this migration depends largely upon the permeability of the reservoir rock. Per-
meability cannot be predicted; but from a geological viewpoint, a considerable
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area beneath Lake Erie must be considered as a potential source of gas. A well
completed late in 1943 in the lake about 5,900 feet off shore opposite lot 183,
Romney township, is reported to have encountered about 630,000 cubic feet of
gas a day, mostly from near the top of the Guelph formation. This initial open
flow is roughly double that of the highest so far obtained in lake wells 800 feet
from shore in this vieinity.

To summarize, the Salina-Guelph zone underlies the whole of the Windsor-
Sarnia area, and is everywhere sufficiently covered by younger rocks capable of
preventing escape of any gas that might be present. Important fields have
already been developed from this zone. In these fields accumulation is con-
trolled largely by structure and by conditions of porosity and permeability. This
zone must be considered as potential wherever suitable conditions of porosity
and structure prevail. North of the Dawn field, most wells penetrate only the
Devonian rocks; the Salina-Guelph zone is, therefore, largely untested. How-
ever, the few wells that are deep enough are insufficient to localize any structures.
It is, therefore, not possible to recommend any particular drilling locations. In
Kent and Essex counties there are extensive areas, outside the several fields, in
which the wells are too widely spaced to properly test the Salina-Guelph zone.
Also, this drilling is not adequate to outline any structures. Under these condi-
tions, it is impossible to recommend any particular locality for testing. So far
as is known, all the untested localities are of equal promise.

Regarding future prospects of gas production from the Trenton formation,
the remarks already made about oil in this formation apply equally to natural
gas.
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CHAPTER VI

WELL RECORDS

The following table of well records was prepared by J. S. Stewart of the
Geological Survey from field work conducted by him, and brought up to date
(1943) by the writer. The records do not include all wells known to have been
drilled in the area. For example, during the early development of some of the
old fields many wells were drilled for which no records were kept. For many
wells, particularly among those drilled prior to establishment of the Ontario
Natural Gas Commission, complete information is not available, and there are
many wells, particularly dry holes and abandoned wells in which the casing has
been pulled, for which the location and elevation are not now obtainable. Some
of the names of the farm owners given in the tables may now be incorrect. The
yield given is the initial yield, in thousands of cubic feet (Mecf.) a day for
natural gas wells, and in barrels a day for oil wells.

The following abbreviations are used;

EBD. East Baldoon road.
ED. Eastern; Division.
LR. Indian Reserve,
LE. Lake Erie.
N.MR. North Middle road.
N.TR. North Talbot road.
R.R. River road.

RF River front

SM.R. South Middle road.
S.T.R. South Talbot road.
W. West.

WBR. West Baldoon road
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