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PREFACE 

Cambrian, Ordovician, Silurian , and Devonian strata in t he Bruce Peninsula 
extend in subsurface into southwestern Ontario and adjoining states, where they yield 
valuable petroleum and natural gas. A deta iled knowledge of the surface stratigraphy 
of these predominantly calcareous intracratonic strata sho uld prove invaluable in 
future subsurface studies. 

Stratigraphic units in the Bruce Peninsula continue eastward in to the Lake Simcoe 
area and northward onto Manitoulin Island and, for the first time in many decades, 
permit the establishment of a uniform stratigraphic nomenclature over this wide area. 
The lithostratigraphic units so established may resolve several of the existing complex 
nomenclatural problems. The study has revealed the presence of facies changes, reefal 
complexes, and important data on the Algonquin (Ci ncinnati) Arch within the 
Bruce Penin sula area. 

Y. 0 . FORTIER , 

Director, Geological Survey of Canada 

OrrAWA, May 13, 1966 
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PALEOZOIC GEOLOGY OF THE BRUCE PENINSULA AREA, 
ONTARIO 

Abstract 

T his report describes flat-lying Paleozoic ca rbonate stra ta on the eastern fla nk 
of Michigan Basin . Ma p-units and strat igraphic nomenclature used a re consistent 
with those in adjacent a reas to the south a nd east a nd can be used on Mani to ul in 
Island to the north. 

Subsurface stra ta comprise the Jacobsvil !e, Moun t Simon, and Eau Claire 
Format ions of Cambrian age, and the Shadow Lake Format ion, Simcoe Group 
(G ull River, Bobcaygeon, Verulam, a nd Lindsay Formations), and the lower a nd 
upper members of the Whi tby Forma tion, all of Ordovician age. Oldest surface 
strata are the Ordovician Wh itby and Geo rgian Bay Formati ons of the Nottawasaga 
Group and the Queenston Forma tion. Overlying these un its a re the Siluria n Whir l­
pool, Ma nito uli n, a nd Cabot H ead Format ions (of wh ich the last named is f urther 
subd ivided in to Cabot Head (restr icted), D yer Bay, Wingfield, a nd St. Ed mund 
members) of the Cata ract Group, the Lockport (Fossil Hill and Amabel), G uelph, 
Sal ina, and Bass Isla nd Formations. The D evonian is subd ivided in to the Bois 
Blanc, D etro it River, and Dundee Formations. 

The Bois Blanc a nd D etro it R iver Format ions are considered to co mprise 
t he Onondaga Formation o f ew York State. They are descr ibed as lithic units of a 
reefa l complex. A large scale reef a l complex is a lso recognized in Lockport (Amabel) 
a nd G uelph stra ta in the excellent surface exposures north of Owen Sound . 

Several southern On ta ri o stra ti graphic pro blems of Jong standing have now 
been resolved through : (I) adoption of the term Dundee in p reference to Norfolk 
a nd Delawa re ; (2) defin ition of the biohermal fac ies within the D etroit River Form­
a tion; (3) es ta blishment o f the rela tionship of the Detroit River Format ion to the 
Bois Blanc a nd Onondaga Formati ons ; a nd (4) recognition of the importa nce o f 
the R ocky Bay sec tion, near Ca bot Head, on the Lower and Middle Silurian strati ­
graphy. 

Production of sa lt a nd na tural gas from the Goderich area a nd facing stone 
from the Wiarton a rea are the sole eco nomic opera tions within the map-area. 
The hi gh quality dolomite, spha lerite occurrences, petro leum possibilities, and the 
proximity of these items to a hi ghly industria li zed area, a ll add to the economic 
potentia l of the Bruce Peninsul a. 

R esume 

Le present ra ppor t decrit Jes couches horizontales de carbona tes paleozolques 
du versant est du bassin du Michigan. Les uni tes geo logiques et la nomenclature 
stratig raphique utilisees correspondent a celles des regions voisines du sud et de 
!'est et peuvent etre etendues a l' lle Manitoulin a u nord . 

Les couches profo ndes comprennent Jes form ati ons de Jacobsville, Mo unt 
Simon et Eau Claire, d'iige cambrien, et la fo rma tion de Shadow Lake, le grou pe 



de Simcoe (co111pose des fo r111 at ions de Gull Ri ver, Bo bcaygeon, Verula111 et L indsay), 
ai nsi que Jes ni veaux inferieurs et superieurs de la for111ation de Whitby, tous d'age 
ordovicien. Les couches superficielles Jes pl us anciennes sont !es formatio ns de 
Whitby et Georgian Bay de J'Ordovicien, appartenant au groupe de ottawasaga, 
et la for 111a tion de Queen ton. R ecouvrant ces unites, on trouve !es formatio ns 
siluriennes de Whirlpool, Manitou lin et Cabot H ead (celle-ci se subdivisant en plu­
sieurs nivea ux dont Cabot H ead propre111ent dit, Dyer Bay, Wingfield et St. Edmund) 
du gro upe de Cataract, et Jes for111ations de Lockport (Fossi l Hill et Amabel) , 
Guelph, Salina et Bass I sland . La couche devonienne comprend Jes formation s de 
Bois Blanc, D etroit Ri ve r et Dundee. 

Les for 111ations de Bo is Blanc et D etroit Ri ver sont censees const ituer la for111a­
tion d'Onondaga de l'Etat de ew York . On Jes decrit co111111e des un ites rocheuses 
d' un co111plexe de recifs. On a egale111ent iden tifie un importa nt co111 plexe de recifs 
dans !es couches de Lockpo rt (Amabel) et Guelph, qu i presentent d 'excellentes sur­
faces affleurantes a u nord d 'Owen Sound. 

Plusieurs anciens problemes strat igraphiques du sud de !'Ontario se trouvent 
act uelle111ent resolus grace a: l ) l'adoption de !'appellation Dundee de preference 
a Norfolk et D elaware; 2) la definition du fac ies biother111a l a l'inter ieur de la 
for111atio n de Detroit Ri ver; 3) J'etablisse111en t de la relation entre la for111ation de 
Detroit Ri ver et Jes for111atio ns de Bois Blanc et Onondaga; et 4) la reconnaissance 
de !'importance de la secti on de R ocky Bay, pres de Cabot Head, dans !'i nterpreta­
tion des co uches du Si lur ien inferieur et 111oyen. 

La production de sel et de gaz natu re! dans la region de Goderich et de pierre 
de revetement dans la region de W iarton demeure la seule ac ti vite economique de la 
reg ion. La dolo111ie de ha ute qualite, Jes venues de sphaleri te, Jes ressources eventu­
elles en petrole et leur proxi mite d ' une region haute111ent industria lisee contribuent 
toutes au potentiel econo111ique de la peninsule Bruce. 



Chapter I 

INTRODUCTION 
The Bruce Peninsula comprises that part of Onta rio between 43°30' a nd 45°20'N lati tude 

and west from 80°30' W longi tude to Lake Huron , which includes most o f Grey a nd Bruce 
counties and parts of Wellington a nd Huron . lt is bo unded o n the east by the Lake Simcoe 
district and on the south by the London area. 

The district is one of the o ldest sett led areas in Ontario a nd includes Owen Sound, 
Wiarton, Tobermory, So uthampton , Meafo rd , Kincardine, Chatsworth, Ches ley, Wa lkerton , 
H a nover, Durha m, Neustadt, Goder ich , Clinton , a nd Seaforth. These loca lities a re Jinked 
by a netwo rk of paved a nd gra ve l roads. Owen Sound, the on ly city in the area , is a prosperous 
co mmunity of more tha n 17,000 in a n idyllic set ting a t the head of Owen Sound H a rbo ur. 
Manufacturin g is its chief i ndustry. 

Agricu lture is the most importa nt industry in the a rea; the main crops are grains . Catt le 
raising is prima rily for the production of milk. Of increas in g importance is the lucrative 
to urist industry; ma ny thousa nds of people travel a nnua ll y into a nd through the 'Bruce'. 

To the writers' knowledge, the onl y qua rri es in opera ti on in the a rea a re those of Cook, 
Ebel, a nd Bruce Peninsu la Sto ne a nd Owen Sound Ledgerock, which extract building stone 
for sill s a nd other purposes on a limited scale. The Sifto Sa lt , Division of Domtar Chemi­
cals Ltd. , at Goderich a nd the Bayfi eld gas fie ld are the o nl y ot her econo mic geo logica l 
o perations in the map-area. 

Previous and Present Work 
M . Y. Willia ms publis hed (19 19) a comprehensive repo rt and geo logica l map that in­

cluded the Silurian strata of the Bruce Peninsul a a rea. J. F. Ca ley commenced systematic 
strat igra phic studi es in the district in l 940, co ntinu ing his mappi ng a nd in vestigations 
no rt l1ward from the Toronto-Hami lton (l 940), Bran tford ( J 94 1 ), a nd London ( 1943) areas; 
he published a pre li m inary map of the Owen Sound area in 1945. B. A. Liberty continued 
the field program in 1948, a nd between then a nd 1954 wo rked eastward to the Lake Simcoe 
district (Liberty, 1969) an d northwa rd to Manitoulin I sland (Liberty, 1957). Jn 1950, T. E. 
Bolton exte nded hi s studies of the Niagara Esca rpment northwa rd into the Bruce Peninsu la, 
a nd in 195 1 and 1953 wo rked both there a nd o n Manitoulin Jsla nd (Bo lto n, 1953, 1957). The 
present report includes a ll work u ndertaken by Caley, Liberty, a nd Bo lton up to 1959. 

Physical Features and Drainage 
The most prominent physical feature of the Bruce (a lso known as .In ter lake, Saugeen 

a nd Indian) Peninsula is the Niagara Esca rpment, whi ch ex tends nort hward to Manitou lin 

Original M S. sub111itted by autho rs January, 1963. 
Final ve rsion approved for publication May 13 , J 966. 
Dr. Liberty is no w Professor of Geology, D cpart111cnl of Geological Science, Brock 
U nive rsity, St. Ca tharines, Ont. 



PALEOZOIC GEOLOGY OF THE BRUCE PEN! SULA AREA 

Island and so uth wa rd to the Niagara Peninsula . The greatest relief of this escarpment (or 
cuesta) is about 200 feet, but it averages between 120 and 140. 

West of the escarpment, the topographic relief is low and rolling and the surface gradu­
a lly slopes towards Lake Huron . Although drift thicknesses increase westward, the topog­
rap hy is essentially bedrock-controlled for a considera ble distance from the face of the 
cuesta. The bedrock beneath this area i ch iefly Silurian, but south and west from a line 
joining Kincardine a nd Walkerton Devonian strata are present. Below the iagara Escarp­
ment, on its east face, .is a narrow band of bedrock consisti ng mainly of Ordovician shales. 
J nto these soft Ordovician sediments and their covering boulders, gravel beaches, and clays 
are cut notches and terraces of the ipissing Great Lakes . These features were produced 
during the evolution of the Great Lakes (Hough, J 958; Chapman and Putnam, 1951). 

There is little overbu rden on the Bruce Peninsula . Sand dunes and gravel bars are ex­
ceptionally well developed in Eastnor township. The Jong flats between the resistant rock 
knobs (reefa l bioherms) on hi ghway 6 north of Wiarton are underlain by silt beds and la­
custrine clay deposits. The rock knobs appear to increase northward towards Tobermory, 
where the Guelph reefal complex becomes continuous and forms the northern head land from 
there to Cabot Head . 

South and westwa rd from Wiarton , moraines, kames, drumlins, eskers, and clay p lains 
may be found. The Saugeen clay plain (lacustrine clays) lies between Singhampton, Walker­
ton , Gibraltar, and Chesley. Morainal deposits are typified by the Ches ley moraine. Fringing 
the Lake Huron side of the area is a thin belt (the Huron Fri nge of Chapman and Putnam, 
1951) that comprises wave-cut terraces, gravel bars, and sand dunes. On the Bruce Peninsula 
it is typified by a scoured belt of the Guelph dolomites. 

Because of the Niagara cuesta, wit h its monoclinal str ucture, drainage is prevailingly 
westward towards Lake Huron . Creeks flowing eastward are small and of little significance; 
East Mea ford Creek is perhaps one of the more important. Few exposures of bedrock are 
found in any of the streams. Westward-flowing streams, such as Maitland , Teeswater, Pene­
tangore, Saugeen, Bayfield, and Ausable Ri vers are in many places excavating pre-Pleistocene 
drainage channels that are now filled with sands and gravels. These rivers greatly influenced 
the opening-up of this country by the early settlers in the middle of the 19th century. 
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Chapter II 

STRATIGRAPHY 

(B. A. Liberty and T. £. Bolton) 

The Bruce Peninsula district is underlain by strata that range in age from Cambrian to 

Devon ian. The beds a re genera lly Aat lying with a so uth westerly regional dip averaging 
abou t 23 feet to the mi le, but loca l struct ures are present in a few places. For the most part 
the area lies above the Niagara Escarpment with but a thin belt fo ll owing the base of the 
cuesta. The entire area has been glaciated, a nd thi ckness of dr ift varies from a few feet on 
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STRATIGRAPHY 

the main peninsula to more than a hundred feet south of Wiarton and Owen Sound. South 
of these localities outcrop is much Jess numerous a nd occurs mostly in bedrock valleys that 
are now being re-excavated. Quarries are relatively few. Addi tional stratigraphic information 
was obtained from well s that have been drilled in search of petroleum. 

The four formations in the basal grou p and the four in the Simcoe G roup occur only 
in the subsurface in the Bruce Penins ul a distric t. All for mations from the Whitby upward 
are known to outcrop wi thin the district (Fig. 1). 

Cambrian and Ordovician 

Basa l Group 

The term ' basa l beds ' has been used by most workers for the elastic beds below the main 
ca rbonate developmen t of the Simcoe Group (Black River-Trenton age). As so defined, this 
basal group in central Ontario embraces stra ta of Cambrian and Ordovician age, which 
accumulated on the Precambrian surface and attained their greatest thicknesses in the ' basins' 
on the site of the present Great Lakes. The gro up comprises fo ur for mations wit hin the map­
area, the Jacobsvi lle, Mount Simon, Ea u Claire, and Shadow La ke, which are known so lely 
fro m subsurface studies. Reference wells are the Flesherton well (600 feet from the intersection 
of highway 10 and the Ceylon R oad, behind the Co-op store on the nor th side of the Ceylon 
R oad) in Artemesia township, a nd the E. Hind No. 1 well in lot 28, concess ion Hf, Sarawak 
township, Grey county. The Shadow Lake Formation is of Middle Ordovicia n age, in con­
trast to the La te Cambrian age of the other formations. It is included in the gro up because 
of its closer affinity to the ' basa l beds'. 

As the Bruce Peninsula distric t is a pproached from the centre of the Michi ga n Basin, 
progressively younger formations lie on the Precambrian surface, beca use o f truncation , 
erosion , and progressive overlap. The Ca mbrian and Ordovician seas may well have trans­
gressed a higher Precambrian surface. 

Jacobs vi/le Formation 

Definition 
The name Jaco bsville was firs t proposed by A. C. Lane a nd A. E. Seaman in 1907, from 

Jacobsville, Houghton county, in northern Michigan. As used here, the term applies to strata 
at the base of the Paleozoic, whi ch constitute the oldest Pa leozoic strata in south western 
Ontario. 

Distribution 
T his formation is considered to underl ie only a small part of the Bruce Peninsula district 

(see Roliff, 1954, F ig. l ), being identified in the E. Hind N o. I well a nd the Flesherton well. 
Its presence at a given locality wou ld be dependent on the configuration of the Precambrian 
surface at the time of deposition and the subsequent erosiona l history. The youngest strata 
wou ld tend to overlap fart her and would have been more suscep tib le to erosion during the 
hiatus between Late Cambrian and Middle Ordovician t imes. 

Thickness and Lithology 
Well data indicate a thickness of a few feet to 27 feet. T he for mation is red, brown , and 

p urplish , fine-grained sandstone, a nd arenaceous sha les. At the type locali ty, the unit is red 
and reddish brown , fine-grai ned sandstone with minor shale, conglomerate, a nd breccias. 
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Contacts 
As with a ll thin units , co ntacts can be difficult to delimit, for example, the 27-foot unit 

in the E. Hind No. 1 well in Sarawak township. The lower contact with the Precambrian 
basement rocks is readily delimited by the contrasting rock types below, which include 
g ranite and granite-gneiss; the upper contact is arb itrarily defined so as to retain the elastic 
nature of the unit. Thus the formation must include any arkosic units that underlie typical 
Jacobsville sediments a nd overlie the Precambrian surface. 

Strat igraphic Relations 
Cohee ( I 945a) used the term Jacobsville in southern Michigan; R oliff ( 1954) traced this 

defined unit into central Ontario. More recently, Hamblin (1958) restricted the term to the 
Lake Superior a rea, north of a struct ura l a nd sou rce barrier, thu casting serious doubt on 
the identity of the named Jacobsville sed iments in so uthern Michigan a nd Ontario. 

The writers consider the Jacobsville Formation of Hamblin to embrace the Paleozoic 
sa ndstone at Sault Ste. Marie, Ontario (the Sa ult Ste. Marie sandstone of Logan, l 863, and 
the St. Mary sandstone of Co llins, 1925). These sa ndstones are traceable southeastward to 
Sugar Island a nd Cockburn Island. The writers concur with Logan ( 1863) as to the s imilarity 
of the unit on La Cloche Is land in the Manitoulin Island map-area. At an equal distance but 
southward from La Cloche Island is the Sarawa k well near Owen Sound. There, simi lar 
sediments occur (Roliff, 1954). 

Age 
The Jacobsville appears to underlie conformably the Middle Ordovician rocks south 

of Sault Ste. Marie (Logan , J 863) . The formation is more closely related to Upper Cambrian 
rocks west of Sault Ste. Marie, where in the type sect ion in northern Michigan it is of Dres­
bachian age. ln the Bruce Peninsula map-area the unfossiliferous st rata referred to as Jacobs­
ville are accordingly considered as Late Cambrian. 

Sedimentary Environment 
The sediments of the Jacobsville Formation show a curio us consistency of character 

wherever they occur, i.e. , Lake Simcoe map-area, Bruce Peninsula, La Cloche Island , Sault 
Ste. Marie, or northern Michigan . Thi s suggests them to be basinal rather than of restricted 
origin , which wo uld imply a local provenance for each deposit. 

Mount S imon Formation 

Definition 
The name Mount Simon was proposed by C. D. Walcott ( 1914) for rocks exposed near 

Eau Claire, in southwestern Wisconsin. The format ion there consists of a well-sorted grey 
sandstone that lies between Precambrian rocks and the Ea u Claire Formation. 

Distribution 
Within the Bruce Peninsula district, Rol iff (1954) and Sanford and Quillian ( 1959) have 

shown a narrow belt of Mount Simon. The latter ha ve shown the formation on ly in the 
Goderich , Kincardine, and Southampton area, and extend in g inland for a bout 20 miles. 
The formation probably rims the west shore of the Bruce Peninsula. 

Thickness and Lithology 
Maximum thickness is about 100 feet, but the formation thins inland from Lake Huron. 

A thickn ess of 43 feet is known in a well in lot 60, concession A, Kincardine township, 
Bruce cou nty. 
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At the type loca lity the fo rmat ion is reported to be a medium- and coarse-grained s;i nd­
stone with subangular to ro unded grains, and to lie on the Precambrian wherever the Jacobs­
vi lle is a bsent (Co hee, I 945a). In the map-area, the M oun t Simon consists of light grey, 
medium- to coarse-grai ned, friable, quartz sandstone. Generally the gra ins are rounded, 
clea r, and frosted, but finer and more angul a r grains occur in the lower part of the section. 
Glauconite may occur in greater than ' minor' or ' trace' amo unts . Light to dark brown, fine­
crys talline dolomite, may be present, least in the lower beds. Minor sha ly interva ls and arkose 
have been reported. 

Contacts 
Within the map-area , the format ion genera lly li es di rec tly on Preca mbri an strata. Thus 

the lower contact is a precise one, the underlyi ng igneous and meta morp hi c terra in com­
mo nly comprising granite or granite-gneiss or quartzite. The Moun t Simon Formation is 
genera ll y overlain by the Shadow La ke Formation (Midd le Ordovician), which consists of 
red and green shales. Stra tigraphi ca lly, however, the Mount Simon is over la in by th e Eau 
Cla ire Format ion from which it can be distin guished by its lighter co lour, a greater quan­
tity of glauconite, and pa rticula rly by the interbedding of grey sa ndsto ne and dolomite. 

Stratigraphic Relations 
Cohee (J945a, 1948) traced the Mount Simon Formation into the Mich igan Bas in from 

the type a rea in Wisconsin . This unit was then traced by Rolilf ( J 954) into Ontario where 
Sanford and Quillian (1959) have presented the most recent in terpretation of its areal extent. 
The Mount Simon is known to li e above the Jacobsville Formation and below the Ea u Claire. 
These two bounding formations are not everywhere present with the Mount Simon. Its occur­
rence depends a lmost who lly upon the pre- Mount Simon sur face topography. It is probable 
that the Moun t Simon was deposited on ly a long the western fl ank of the northeasterly trend­
ing. Algonquin Arch . The arch was a positive feat ure across the map-area in Cambrian time, 
but was irregula rly eroded durin g the La te Ca mbrian- Middle Ordovicia n hi atus. 

Correlation 
The Mou nt Simon Format ion is dated as Croixan (la te Cambrian) in the type area. 

There, it is regarded as a basa l member of the Dres bach by Bell , Berg, and N elson (J 956). 
N o fossils have been found in this formation with in the map-a rea. 

Sedimentary Environment 
G la uconite within th e sa ndstone of the fo rmati on indicates that the sed iments were 

deposited in a marine environment. The cleanness a nd purity of the qua rtz sa nd gra ins, 
together with the degree of roundness, indica te that the sa nds were extensively reworked , 
sorted, an d tra nsported far from th e so urce area. The loca l dolomite and shale indicate va ria ­
tions in depositiona l co nditions. 

Eau Claire Formation 

Definition 
The na me Ea u Claire was proposed by L. C. Wooster (1878) for rocks exposed nea r­

Ea u Claire, in so uthwestern Wisconsin . As used in Ontario, the Eau Claire is a dist inct unit 
th at overlies the qua rtz sa ndston e of the M ount Simon Forma tion. 

Distribution, Thickness, and Lithology 
The formation is believed to fo rm a thi n wedge beneath the Bruce Peninsu la between 

G oderich and Southampton (Rolilf, 1954). Within the map-area, th e forma tion is 41 feet 
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thick in the McRae Point well (lot 60, con. A, Kinca rdine tp., Bruce co.). In Michigan and 
adjacent states, it consists of sandstone, sha le, and sha ly and sandy dolomite. The dolomite 
beds vary from grey to dark grey, dark purple, red to brown; the shale is similarly co loured. 
Glauconite is locally a bundant (Cohee, 1945a). 

In the map-area the Eau Cla ire consists of (1 ) buff to grey-buff, fine- to medium-crystal­
line dolomite and coarse quartz sandstone composed of frosted , well-rounded grains; (2) 
white to grey, fi ne- to medium-grained sandstone containing a ngul ar and subangular quartz 
grains and interbeds of grey, fine-crystall ine dolomite ; and (3) li ght to dark grey dolomite 
with light to dark zones that are red , pink, and buff, fine- to medium-crystalline, arenaceous 
and argi llaceous, and contain some gla uconite. Arkose is present in the basal few feet of the 
formation . The Eau Claire sed iments are distinguished from the subjacent Mount Simon by 
their darker colour, pink colorations, arenaceous dolomite, and glauconite. 

Contacts 
The Eau Claire Formatio n lies stra tigraphica lly above the Mount Simon. Its lower 

contact is delimited on the basis of gross lithology where grey interbedded sandstone and 
dolom.ite rest upon the quartz sa ndstone of the Mount Simon Formation. Where the Eau 
Claire overlaps the Precambrian surface, the contact with the granite- granite-gneiss terrain 
is genera lly sharp. In Michigan , the Trempealeau overlies the Eau Claire Formation ; within 
the map-area the Trempealeau is absent and the Shadow Lake overlies the Eau Claire. 

Stratigraphic Relations 

Cohee (1945a, 1948) traced the Eau Claire Formation from the type area in Wisconsin 
across the Michigan Basin; R oliff (1954) traced it into Ontario, believing it to be overlain by 
the Dresbach Formation. Sanford a nd Quillian (1959) considered R oliff's Eau Claire to be 
divisible into two units, the lower one being the true Eau Claire, the upper one being the 
Trempea leau Formation, whi ch they considered to embrace a ll the post-Mount Simon strata 
in the McRae Point well. The writers of this report fo ll ow Roliff in ass igning the sha le in the 
McRae Point well to the Eau Claire Formatio n. As R oliff (1954, p. 108) has pointed out, it 
is a logical inference that the for mations of Late Cambrian age originall y encroached more 
of the Algonqui n Arch than their present distribution indicates. This distribution is the 
result of erosion during the Late Cambrian- Middle Ordovician hiatus. 

Correlation and Sedimentary Environment 

In the Bruce Peninsula district the formation is tentatively assigned a Late Cambrian 
(Croixan) age on the bas is of fossil data from Wisconsin. No foss ils have been recognized 
from the McRae Point well. 

Pelletoid glauconite indicates a marine origin. The gla uconite content may be as h igh 
as 10 per cent. 

Shadoiv Lake Formation 

Definition 
The term Shadow Lake Formation was proposed by Okulitch in 1939. Liberty (1955) 

redefi ned the term to app ly strictly to the ' basal beds' of Johnston (19 11) in the same area. 
As such, the definition differs from that of Okulitch in that the unit contains only elastic 
sedin1ents. The reference section is 4 miles north of Coboconk in the Lake Simcoe district 
(Liberty, 1969). 
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Distribution 
The formation underlies most of the Bruce Peninsula district, but has been recognized 

only in well-cu ttings. Its presence at any given locality, however, depends upon the topo­
graphic relief of the underlying Precambrian surface. 

Thickness and Lithology 
Well records show rapid variations in thickness of the Shadow Lake strata from 3 to 

more than 65 feet , owing to irregularities in the Precambrian Aoor. Over some Precambrian 
'highs' the formation is entirely absent. 

The formation consists ch iefly of red and green sha le with embedded angular and sub­
rounded quartz and fe ldspar gra ins. Arkosic sandstone and arkose commonly occur as thin 
bands directly above the Precambrian surface. Where underlying Cambrian sediments are 
or were present the formation may include reworked material. In well-cuttings the formation 
appears to be more arkosic and sandy, with green and red sha le fragments, the softer shales 
having been ' washed out' during the course of drilling. 

Contacts 
Where the formation overlies the Precambrian gneiss, the lower contact can be readily 

defined. Where it lies on the Jacobsville Formation both units are thin (one 5-foot sample 
contains both formations) and the contact is delimited at the boundary between red and green 
shale and arkose of the Shadow Lake Formation and the purplish sandstone and shale of the 
Jacobsville Formation. The upper contact is drawn where the elastic sediments of the Shadow 
Lake Formation change to the carbonate equence initiated by the Gull River Formation. 

Age and Sedimentary Environment 
o fossi ls have yet been found, but the formation is dated as Middle Ordovician because 

it is overlain with apparent conformity by limestones enclosing a Pamelia fauna of Black 
River age. 

As the Shadow Lake was deposited in the map-area and over the Algonquin Arch, the 
Ordovician sea adva nced and overlapped any Cambrian strata that may have been deposited. 
Such a surface wou ld present an eroded and truncated pattern as suggested by Roliff (1954, 
Fig. 1). Thus, the underlying formations were probably limited in their extent by erosional 
processes between Upper Cambrian and Middle Ordovician time. The Middle Ordovician 
sea reworked parts of the Cambrian sandstones and 'tapped' the great mass of weathered 
detritus that must have been produced by weathering of the Precambrian Shield. 

Ordovician 

Simcoe Group 

The term Simcoe Group was proposed by Liberty (1955) for the limestone sequence 
between the basal elastic group and the 'Collingwood' black sha les. This group is divided 
into the Gull River, Bobcaygeon, Verulam, and Lindsay Formations. 

No for mations outcrop within the m.ap-area; all in formation has been gathered from 
subsurface investigations. The group's thickness is about 515 feet near Owen Sound, 506 
feet at the north end of the Bruce Peninsula, and about 550 feet near the eastern limit of the 
map-area. Each of the four format ions within the group is a rock unit readily traceable into 
a surface formation of the same name in adjacent map-areas. The formations are also trace­
able eastward into the Ottawa Valley and New York State and northwestward into Mani-
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STRATI GRAPHY 

toulin Island and northern Michigan. The Simcoe Group itself is the correlative of the Otta wa 
Formation in the Ottawa Valley as well as its lithic equ ivalent for the most part. 

The contacts of the group are fa irl y precise. As the underlying Shadow La ke Formation 
consists of elastic rocks, the e lastic rock- li mestone contact ca n be recognized fair ly easily, 
though there are severa l feet of transitional beds containing an a lternation of both facies. 
These transition strata are arb itrarily placed in the Simcoe Group. Simila rl y, at the upper 
contact, there are several feet of interbedded limestone and black shale below the main black 
shale section of the lower member of the Whitby Formation. The bounda ry between th e 
Simcoe Group and the Whitby Formation is a rbi trari ly drawn a t the base of the black shale, 
and the a lternat in g limestone- shale transition beds a re therefore included in the Whitby 
Format ion. 

The Simcoe Group appea rs to be the product of co ntinuous sedimentat ion. The Bob­
caygeon calcarenitic sediments are interpreted as the product of shallow-water conditio ns 
related to a biostrome development, in contrast to the quieter, lagoonal lithographic lime­
stones of the Gull Ri ver. The Verulam a nd Lindsay Formations indicate fa irl y sha llow deposi­
tion with oscillatory conditions producing the alternations of sha le, limestone, a nd argi llaceous 
li mestone. The denser, sublithographic st rata in the uppermost part of the Lindsay Formation 
may indicate quiet, deeper water condit ions for these ca lca reous claystones. Jt appears to be 
a consistent unit occurrin g over a wide area . 

The terms Black Ri ver a nd Trenton have on ly recently (Kay, 1960) evolved fo rma lly 
into time terms. In o lder reports 'Trenton ' was used casually (as jargon) by oil compa ny 
personnel , etc. , for the st rata inc luded in the Simcoe Group of this report. Too few workers 
have realized that the Black Ri ver- Trento n boundary is delimited by recourse to the enclosed 
fau nas (and thus it must be a time boundary). In this report this boundary i placed within 
the lower member of the Bobcaygeon Formation. 

Gull Rivzr Formation 
Definition 

The name Gull River was proposed by Okulitch in 1939. Liberty ( 1955) subsequently 
modified the original definition so that it wou ld app ly to the natura l rock unit for which 
Johnston (19 10, 1911) used the term 'Lowv il le'. As such, the fo rmat ion essenti a lly consi sts 
of the lithograph ic an d sublithographic limestone sectio n that lies above the red and green 
shales and arkoses of the Shadow Lake Formation and below the fi ne- and medium-grained 
bioclastic and calcarenitic limestones of the Bobcaygeon Fo rmation . 

As so defined, the formation comprises a nd /or embraces ( l ) the ' Beatricea beds ', which 
are the sa me rocks as Liberty's lower member of the Gull Ri ver Formation ; (2) Okulitch 's 
Moore Hill beds, which Liberty ( 1963 , Geol. Surv. Ca n., Paper 63-14, p . 6 ; 1969) cal led the 
upper member of the Gull Ri ver Format ion in the Lake Simcoe district ; a nd (3) the 'Birdseye 
limestone' (Johnston , l 9 11 ), which effectively embraces the Moore Hill beds and corresponds 
to Liberty 's middle a nd upper members of the Gull Ri ver. 

In the subsurface the fo rmation is not forma lly subdivided. A two-fo ld subdivision is 
believed possible, however, with the lower conta ining va riable amounts of dolomitic lime­
stone. 

Distribution , Thickness, and Lithology 
The Gull Ri ver Formation does not outcrop within the map-a rea , but well records 

indicate that it is consistently present beneath you nger strata. In the adjacent Lake Simcoe 
district, where it o utcrops, the formation is a bout 85 feet thick (Liberty, 1969). Tn the Bruce 
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Peninsula district, according to wells for which the dri lling samp les are ava il able, it thickens 
to J 00 feet in Nottawasaga and Collingwood townships, J 35 feet in Sarawak, J 87 feet in 
Keppel, 200 feet in Amabel, 198 feet in Albemarle, 174 feet in Eastnor, and 210 feet in 
St. Edmunds townships. 

The formation can be divided into two members in the Bruce Peninsula district. The 
lower is the same rock unit as the lower member recognized by Liberty (J 969) in the Lake 
Simcoe area to the east; the upper in the Bruce Peninsula district is a combination of the 
middle and upper members recognized by Liberty in surface expos ures in the Lake Simcoe 
area. This combi nation in the Bruce Peninsula dist ri ct is necessi ta ted by the absence of dis­
tingui shing characterist ics for the two members in drillhole samples. 

The lower member of the Gull River Formation is chiefly grey to dark grey to brown 
sublithographic to lithogra ph ic limestone. Important amo un ts of dolomit ic limestone and 
dolomite are present, increasing in ab unda nce down section ; their presence distinguishes the 
lower from the upper member. Thus the lower member is a more impure unit than the u pper 
member, which comp ri ses the high ca lcium limestone section. The dol omite varies from fine 
to medium crystalline and is brown. Some samp les show these dolomitic strata to be foss il­
iferous, ostracods, bryozoans, and brachiopods having been observed. Jnsoluble res idue 
studies indicate a fine quartz sa nd in some samples only. Min or amounts of clay-like gla uco­
nite, and traces of pyrite, sha le, ca lcarenites, and oolites have been reported in well-cuttings 
from the lower member. 

A persistent clay seam (bentonite-metabentonitel), in the upper part of the lower member 
can be traced for ma ny miles. It forms the MX seam at the top of the lower member in the 
Lake Simcoe district (Liberty, 1969). The top of the lower member cannot be defined by this 
clay seam, however, as it may transgress rock units and not a lways occur at the same strati­
graphic level. The seam is laminated, genera lly not more than half an inch thick, is light green 
to pa le blue, and sa mples from it wi ll swell sligh tly with the app licat ion of a moderate amount 
of water. ln well -cuttings and core it makes a d istinctive, easily recogn izable horizo n. 

Another loca lly important constit uent of the lower member is a digitatel y mottled 
dolomite (fine crysta lline) or limestone (lithographic) in which the digits a re lithographic 
limestone and finely crysta lline dolomite respectively. Where pre ent thi s is a very disti nctive 
unit and can be eas ily recognized. 

The upper member is essenti a lly a lithographic to subli thogra phic limestone, va rying 
from brown to light brown, tan, grey, and chalky grey. It a lso includes minor to trace amounts 
of dolomitic limestone a nd dolomite, which are in general fine ly crysta lline. Ool ites and 
elas tic pellets of lithographic limestone are often observed. Foss il s are re lat ively ra re and 
consist mainly of ostracods. Pyrite, sha le, and minera l moulds are fo un d in trace quantities. 
The mou lds a re sma ll to la rge gashes in the rock, and in places a re fi lled wi th crysta ls of 
ca lcite or celestite. 

Usua lly present within the uppermost stra ta of th is upper member are traces of the MH 
clay seam (Li berty, 1969). This seam is amazi ngly persistent over Jong distances, having 
been traced from well to well from the Lake Simcoe di stri ct into southwestern Ontario . 
Like the MX seam, it may be used as an ' indicator', bu t should not be used to defi ne the 
upper contact of the forma ti on, for it may not everywhere occur at the ame stratigraphic 
posit ion . Traces of this seam may occur 'down hole' for several samples owing to 'cavings' 
so th at the footage of the highest occurrence should be noted for the level of the seam. 

IA~ the clay mineral in this seam is illite, Forman and Lake (1954) concluded that the strata should no 
longer be ca lled bentonite (i n which the clay mineral is montmoril lon ite) or metabentonite (in which the 
clay mineral is beidellite) , but rather " persistent clay seam". However the terms bentonite and metabentonite 
have been used for many years and ca rry a time-l ine connotation not expressed in the term " persistent clay 
seam", which may justi fy retention of the term bentonite. 
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The origin of the persistent clay seams (bentonite) in the Gull River Formation deserves 
further investigation. Whether or not these are the result of volcanic ash fa lls has never been 
satisfactorily explained. The MH seam is known to extend for more than 200 miles without 
any apparent change of thickness, whereas the MX seam extends for more than 50 miles 
and acco rding to the drillers, locally thickens from its normal ! to 1 inch to 5 feet or more 
in the Skeele well in Adja la township. Whether or not these seams were originally volcanic 
ash, they seem to have the same practical value as if they were, in that they serve as excellent 
stratigraphic horizon markers. 

Contacts 
The lower contact of the Gull River Formation is drawn where the basal carbonate unit 

is in contact with the red and green ' basal' elastic strata of the Shadow Lake Formation. 
It is of necessity an arbitrary contact ; minor carbonate beds may be assigned to the Shadow 
Lake and minor traces of shale to the Gull River. 

The contact between the lower and upper members of the formation in the Bruce Penin­
su la district is drawn at the base of the cryptocrystalline limestone of the upper member. 
Glauconite and digitate mottling in the upper part of the lower member greatly assist the 
assignment of thi s contact, for these fea tures have not been observed in samples of the upper 
member. The MX clay seam is an add itiona l guide, for it genera ll y occurs in the uppermost 
few feet of the lower member ; however, caution must be exercised in using it as a hori zon 
marker for it may conceivably occur above the contact. 

The upper contact is drawn at the top of the highest lithographic or subli thographic 
limestone ; this is overlain by the Bobcaygeon's fine-gra ined argill aceous limestone or cal­
carenitic limestone. The contact is genera lly sharp. Where transitional strata are present, 
the concept of assignment on the basis of gross lithology is used and any transitional strata 
are arbit rari ly placed in the Gull River Formation. The use of chert to recognize the Bob­
caygeon- Gull River contact must be done with considerable caution and attention to the 
lithology. For example, black chert nodules have been found in uppermost Gull River 
Formation in the eastern part of the Lake Simcoe district near Oak Lake. In addition, the 
uppermost beds of the lower member of the Bobcaygeon Formation consistently include 
chert, both in the surface and subsurface. 

Stratigraphic Relations 
The lower member of the Gull R iver Formation (Simcoe Group Unit A of Liberty, 1969) 

is essentially the same as the 'Beatricea beds' of Johnston (1910, 1911 , 1912) and the Pamelia 
of Young (1943). The upper member in the Bruce Peninsula area comprises the middle and 
upper members in the Lake Simcoe area (S imcoe Group Unit B) and is the same as the 'Birds­
eye limestone' or Lowville unit of Johnston (1910, 1911 , 1912) and the Lowville and Chau­
mont of Young (1943). 

Correlation 
On the basis of fauna in the Gull River Formation in the Lake Simcoe area (Liberty, 

1969), the lowest member is correlative with the Pamelia and the middle and upper members 
with the Lowville and Chaumont of New York State. In the Bruce Peninsula, the lower 
member is the li th ic equivalent of the Pamelia ; the upper member (comprising middle and 
upper members) is the lithic equivalent of both the Lowville and Chaumont. 

Sedimentary Environment 
The Gull River sed iments indicate deposition under quiet lagoonal conditions. The 

alternat ing lithologies may be ind icative of an influx of more coarse material (the elastic 
grains) during continuous sedimentation. To a greater or lesser degree also there may be 
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developed, in the lower member, the digitate fac ies to which reference has already been made. 
Such digitate mate ri a l does not differ ma rkedl y from the digitate carbonate observed o n the 
outcrop (Liberty, 1969). Much of the reported dolomite may be of secondary origin for in the 
Proton well , lot 10, concession XlX, Proton townsh ip, the ent ire Gull Ri ver interva l has been 
dolomitized into brown, buff, a nd grey dolomite, with but minor amo un ts of limestone 
remaining. The sharp relations of the upper con tact are indi cative of corrosion surface 
phenomena (Weiss, 1954, 1958). Whatever their explanat io n may be, their presence supports 
the idea of local di astems. For the most part the Gu ll Ri ver presents a fai rl y uniform lithic 
unit that is certainly the ex tension of the Lowville lithog ra phic units from nor thern United 
States. Generally then, quiescent, sha ll ow, Jagoo nal conditi ons are envisaged for the dep os i­
tion of this forma ti on . 

Bobcaygeon Formation 

Definition 
The term Bo bcaygeon was proposed by Liberty ( l 969, 1963) for the gra nul ar ca lcaren itic 

sequence of rocks that li es immediately above the li thographi c limesto ne sequence of the 
Gull River Fo rmation a nd below the di st inctively in terbedded limestone a nd sha le of the 
Yerulam Formati on. Jn ou tcrop in the Lake Simcoe di strict Liberty divided the forma ti on 
into three members. This division is of practical va lue in geo logica l mapp in g a nd in inter­
preting geo logica l history, but on ly o ne un it is recogn ized in the subsurface in the Bruce 
Peninsul a district a nd elsewhere in south western Ont ario . 

Distributiof1, Th ickness, and Lithology 
The Bo bcaygeon Formation is not known to o utcrop in the map-area , but well reco rds 

indica te that it is present beneath younger stra ta th ro ugho ut the a rea . 
Jn the Lake Simcoe area to the east the format ion is 79 feet thick. Jn the Bruce Penin sula 

area, however, thickness ra nges between 190 a nd 230 feet. 
The Bobcaygeon Formation co nsists of grey to brown ish grey, argi ll aceous to ca lcareni tic, 

fine- to med ium-gra ined, a nd bioclas ti c limestone. Except for the lowest few feet, it is fair ly 
foss ili fero us. In the uppermost strata very thin black shale partings become prom inent. 
Chert nodules consistentl y occur a bout 20 feet a bove the base of the forma tion , where they 
probably represent the same horizon as the black chert nodu les seen in the outcrop in the 
uppermost few feet o f the lower member of the fo rma ti o n in the Lake Simcoe area ( Liberty, 
1969). o chert has been reported from h igher in the formation. A persi stent clay seam 
(bentonitel) genera lly occurs a bove the chert at abo ut the sa me stratigra phic level fro m well 
to well . This seam was ass igned the code lett ers MR in the Lake Simcoe area , where bot h the 
chert and the MR seam occur wi th in the Trenton part of the lower member of the Bobcaygeon 
Formation . It seems reasonable therefo re to ass ign the chert and MR sea m in the subsurface 
of the Bruce Peninsula area to the Trento n strata of the Bobcaygeon Formation. 

Jn the Lake Simcoe district the fo ll owing members were recognized : 

upper member - fi ne-gra ined , argillaceous limestone and fine- to medium-grained 
ca lca reoite, with min o r dark grey to black shale partings, minor 
sublithographic limestone (34 feet). 

mi ddle member - sublithograp hic limestone (20 feet) . 
lower member - fi ne-grained , a rgillaceous limestone wi th fi ne- to medium-grained 

calca renite (25 feet). 

!This clay seam is not properly a bentonite, by definition , for reasons stated , but there is some va lue in 
th inking of it as a bcntonite for co rrelation purposes . 
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Contacts 
The lower contact of the fo rmation is drawn arbitraril y where the lithographic limestone 

sequence of the Gull Ri ver is overlain by fine-grained arg illaceous a nd calcarenitic limestones. 
One good ma rker in well sa mples is the usual occurrence of the MH clay seam (be nto nite) 
abo ut l 0 feet below the top of the Gu ll River Formation. Useful markers for the Bobcaygeon 
a re the MR clay seam a nd the chert near the base of the format ion. 

The upper contact is drawn at the 'shale break', wh ich is so pro minent throughout the 
Great Lakes a rea. This break, which in rea li ty represents a slight increase in a rgill aceous 
con tent and a da rkening of the colour of the limesto ne, is described more full y under the 
Yeru la m Formation. The co ntrast is sha rp between the grey bioclastic and calcarenitic 
Bo bcaygeon stra ta a nd the da rker more argillaceous Verulam strata. 

Strat igraph ic Relations and Correlation 
The term Bobcaygeon rather than the te rms Coboconk and Kirk fie ld was used by Liberty 

in the Lake Simcoe area as it seemed better to introduce a new term than to redefine ex ist in g 
terms, which themselves had been redefi ned or whose definitions had ca used misinterpreta­
tion. Generally, but not precisely, the lower member of the Bobcaygeon as defined in the 
Lake Simcoe district corresponded to the Co boconk, the middle member had never previousl y 
been recognized or described, and the upper member corre1>ponded to the + 4- to + 36-foot 
inte rva l of the Kirkfield q ua rry and therefore is the Kirkfield of Kay (1937). The lowest 
member was correla ted with the Chaumont- Leray- R ockla nd , the middle and upper members 
with the R ockland . The writers do not use the term Hull in central Ontar io ; the context in 
which this strati grap hi c term may be used has been discussed elsewhere (Liberty, 1969) . 

Thus stra ta of the Bobcaygeon Formation straddle the Black River- Trenton time-line, 
which from outcrop stud ies in the Lake Simcoe district would be drawn wit hin the lowest 
member. With the terms Black River and Trenton havin g fa una! connotation- indeed , these 
are bi ostrat igraphic terms (Kay, 1960 ; Wilson, .1 945)- it is no lo nger proper to refer a forma­
tion to either Black Ri ver gro up or Trenton grou p in Ontario. 

Strata of the Bobcaygeo n Formation are correla ted with the (Chaumont)- Leray­
Rockland of the Ottawa Formation in the Ottawa Va lley, wit h the C loche Island beds on 
Manitoulin Island , and with the Bony Fa lls strata o n Esca naba Ri ver in northern Michigan. 
The fo rmation is a lso the lithologic eq ui va lent of the units exposed a t the last two localit ies. 

Sedimentary Environment 
Liberty co nsiders the Bobcaygeon sediments to fit into a biostromal pattern . Thus 

thinn ing and thickening on both loca l and regio nal scale may occur a nd one member may 
not be present in a ll sect ions. 

Much of the Bobcaygeon sediment is considered to be the prod uct of erosional processes 
in adjacent areas, or to be from stratigraph ic levels as yet not suspected to represent diastems. 
Such materia l wo uld have been transported a nd deposited in the course of continuous sedi­
mentation . Norma l marine conditions ex isted, the sed iment, depth , a nd turbulence appearing 
to have been more cond uci ve to li fe a nd preservat ion of organ ic remains than the conditions 
exist in g during the deposition of the Gull Ri ver Formation. ln con trast to the more quiescent 
sediments as typified by the midd le member, sma ll sca le cross-lamination (microcrossbedding) 
and small diameter 'eddies' in the elastic, bioclas tic, and fragm en tal material ind icate moder­
ate ly shallow depths of deposition , abo ut 20 to 40 feet. 

For a discussion of the chert at this stratigraphic position , see Liberty, 1969. 
It is interest ing to note that most of the a bove rock units and stratigraph ic ma rkers are 

traceable throughout Ontario a nd into adjacent states. The persistency of these features over 
such a widespread a rea is a most impressive phenomenon . 
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Ve rulam Format ion 
Definition 

The term Verulam was proposed by L iberty (1955) for the di stinctively interbedded 
limestone a nd sha le that lie a bove the fine-grained to ca lcaren itic limestone of the Bobcaygeon 
Formatio n, a nd below the grey limesto ne of the Lindsay Formation. The formation consists 
essen tial ly of a fine-textured a nd bioclastic limestone, which a lterna tes with dist inct shale 
beds th at typify the 'Trenton (restricted)"' (Raymond , 19 14) to wh ich this unit, approximately, 
conforms lithologica ll y. 

Distribution 
The formation is not known to outcrop within the map-a rea. Well records, however, 

indicate th at it is present beneath yo un ger strata thro ugho ut this area, becoming perha ps 
th inner in the north. 

Thickness and Lithology 
Near Collingwood, at the eastern edge of the map-a rea, the format ion is abo ut 200 feet 

thick (Liberty, 1969). Northwa rd , it thin s to 90 feet at Owen So und and to a bout 50 feet at 
the top of the Bruce Peni nsul a. 

Essentia lly, the Verulam is a grey, fine-grained limestone. Shale partings a nd beds are 
a prominent feature in cuttin gs a nd core. These shale partings show in minor proportions 
in the well-cuttin gs, however, a most probably the sha le washes out. The mem ber is fa irly 
fossi li fero us, a nd in places has so me dark grey inclusions. 

In the ou tcrop area the li mestone of thi s unit var ies somewhat from the above descrip­
tio n. Lower strata a re typified by a ' purer' limestone approach in g a ublith ographic tex ture, 
whereas higher strata tend to be fi ne to medium crysta lline. Further, the sha le may occur 
in beds 2 to 3 feet thick rather than in part ings, or in thin 1- to 2- inch beds that have been 
observed in the core. Higher in the fo rmati o n minor amoun ts of sugary, fi ne-, medium-, and 
coarse-crys talline limesto ne occur. Minor sublithogra phic limestone is a lso present. 

Contacts 
The lower co ntact of the fo rma ti o n is defined where the interbedded sect ion of the 

Verulam lies o n the gra nular-ca lcarenitic Bo bcaygeo n F ormati o n. The lowest few feet is 
genera lly argillaceo us li mestone with a profusion of fossils. Liberty beli eves the 'shale break' 
(that is so persistent through out the Great Lakes area) to be located at a nd in the base of the 
Vemlam Formati o n. Cohee (l 947) referred thi s ' break' to the .Bl ack Ri ver- Trento n contact, 
but noted, however, that K ay (in a footnote in Cohee, 1947) o bserved that the actua l Black 
River- Trenton con tact should be drawn much lower in the sect ion. Liberty agrees with K ay 
a nd draws that ' time-line' within the lowest member of the Bo bcaygeon. Furthermore, the 
'shale break' is not actua ll y a shale break, but rather a cha nge of co lo ur onl y with but a sli ght 
increase in arg ill aceo us content. 

The upper contact of the Verulam Formation is drawn at the top of the predominantly 
medium- to coarse-crysta lline un it, between the grey to brownish grey arg ill aceous limestone 
of the L ind ay a nd the Verulam ri bbon limesto nes. A transitional unit of argill aceous or 
bioclast ic limestone with sha le partings, which is present in some sect io ns, is arbitrari ly 
assigned to the Verul a m. 

Strat igraphic Relations, Correlation, and Sedimentary Environment 
The litho logy of the upper beds is included in the Verulam Format ion primarily because 

it is the upward extension of o ne of the Verulam's typica l li thologies and is dissimilar to 
typica l Lindsay sed iments. This stratigraph ic interpretation is not in agreement with those 

16 



STRATIGRAPHY 

of ma ny o ther wo rkers. K ay (pers. com.), ro r exa mple, ass igned stra ta co rrespo ndin g to 
Liberty's upper member in the La ke Simcoe di strict to the H a ll owell member of the Co bourg 
biostratigraphi c uni t. 

The Verul a m Forma ti on is correla ted with lowest Cobo urg as defined by K ay ( 1937), bu t 
represents n o part of the Co bourg as th at term was used by Spro ul e ( 1936), Ca ley ( 1936), 
a nd most subsur face wo rkers. It is a lso co rrelated with the " Tre nto n (res tricted)" (R ay mond, 
1914) of N ew Yo rk State, wi th the Sherma n F a ll beds of the Ottawa Fo rmat io n in the Ottawa 
Va lley, wi th the upper strata of the ' unn amed beds' o f Ma ni to ulin Jsla nd (Liberty, 1954), an d 
with the C ha ndler Fa ll s strata o n Esca na ba River in northern Michi gan . 

Perhaps the formatio n's most cha racteris tic feature is the a ltern at ion or irregul a r thick­
nesses a nd unevenly bedded li111estone a nd shal e, which indicates alterna ting co ndi tio ns be­
tween the deposition o f shal e a nd li111es tone. It is be lieved th at the entire fo rma ti on was 
deposited in moderately sha ll ow seas, i.e., perhaps 35 to 50 reet of wa ter. Sediments of the 
formati o n were very co nducive to life a nd to the preserva ti o n of tha t Ji fe, a nd may be termed 
very fossilifero us. The degree of the foss ilifero us content co uld a lmost be termed a n integra l 
par t o f the litho logy. 

Lindsay Formation 

Definition 
The Lindsay F ormati o n (Liberty, 1969 ; 1963, p . I 0) constitutes the uppermost for ma­

ti o n of the Simcoe G ro up. The forma ti o n overlies the alterna tin g limesto ne a nd sha le of the 
Yerula m Formatio n a nd is in turn overl a in by the black sha le lower member o f the Whitby 
Formati on. The Lindsay occurs a t the stra ti graphic level of the Cobourg (Raymo nd , 1921 ) 
bi ostratigra phic uni t, but co mpri ses o nly a pa rt o f K ay's Co bo urg. As the term Cobourg has 
faun a! connota ti ons, it is unusa ble for a rock unit. Accordingly the natural rock uni t in a bo ut 
the same stra tigraphic positi o n but co111prisin g less strata was defined as Lindsay. This un it 
Lindsay is the Cobourg o f Spro ule (1936) a nd Caley ( 1936). It encloses a nd confor ms to 
Johnsto n's (1910, 19 l 1) ' R afinesq11ina de /toidea beds' and the 'H ormotom a a nd F11sispira 

beds.' 

Distribution 
The Lindsay Formati on is kn ow n, fro m drillin g reco rds, to underl ie the 111a p-area. It 

does no t o utcrop west o f the La ke Simcoe di strict. 

Th icknes~ and Lithology 
Within the map-area the fo rm ati o n is abo ut 35 feet, north wa rd it thickens to a bout 50 feet 

at the end of Bruce Peninsul a. Fa rther east, in the Mea ford- Collingwood area it is a bo ut 
200 feet. 

ln contrast to the light co lo ur in surface ex posures east o f the ma p-a rea, the well-cut tings 
of L indsay st rata are browni sh grey to grey. Tex tures no ted a re 111 ainl y subli thographic, bu t 
so111e fine-crysta lline a nd elas tic li111es to nes are known. Shale pa rtings are interspersed 
thro ugh thi s li111es to ne, va rying fro 111 pa per-thin pa rtings to thi n sha le beds. ln well -cutti ngs, 
however, thi s sha le gene ra lly was hes o ut. The for 111a ti o n is modera tely ross ili fero us. 

In o utcrop the stra ta a re exceptio na ll y foss ili fero us. Occas io na l bands of crin o ida l a nd 
crys ta lline limesto ne from 2 inches to mo re th a n a foot thick a re in te rbedded wi th the typica l 
limesto ne. Calca reo us shale pa rtings exis t a lo ng 111 ost bedding pl anes. 'Bentoni tes' have been 
reported within the section. 

In the Collingwood a rea a nd eastwa rd , th e Lindsay For111a ti o n ca n be d ivided in to five 
un its (Liberty, 1969). The lowest, a blue, very fi ne gra ined li mesto ne with thi n in te rvals of 
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sha le, has not been recogni zed in well-cuttin gs in the Bruce Peninsula distri ct. The overlyi ng 
unit is present , h owever; it compri ses thin-bedded , g rey, fi ne-grained a rgillaceous limesto ne, 
which red uces to rubble o n weathered exposures a nd loca lly includes conglomerates a nd 
calcarenites. Thin shale pa rtin gs are a lso present in some sect io ns. An a lternating limesto ne 
a nd shale unit th a t overlies the thin-bedded limestone in the Lake Simcoe district has not 
been recognized. The fourt h unit consists o f grey, blui sh grey, a nd brown, very fine grained 
to sublithogra phic limestone (ca lcareous claystone) with wispy sha le partin gs. ln parts of the 
ma p-area it fo rms the uppermost stra ta o f t he forma ti o n, but in a few pl aces it is overlain by 
an easi ly delimited poro us buff do lomi te in which occurrences of pet roleum have been noted. 

Contacts 

The lower contact of the Lindsay Formation is drawn where the calcareous claystone or 
interbedded limesto ne a nd sha le rest on the medium- to coa rse-crystalline bioclastic .limesto ne 
o f the uppermost pa rt o f the Yerul am F o rma ti on. The upper contact is drawn where the 
brownish grey limesto ne of the Lindsay, wh ich may va ry from calcareous claystone to gra n­
ul ar and c rys ta lline dolomite, is overlain by bl ack ca lca reo us petroliferous shale, which fo rms 
the lower member of the Whitby Format ion. ln terbeds of limesto ne have been seen in the 
black sha le in outcro ps in the Lake Simcoe di strict , bu t these co mpri se at most less th an 15 
per cent of the sectio n a nd occur well up in the shale. 

In the map-area the co ntact between Lindsay and Whitby Fo rma tio ns is sharp. Con­
glomerat ic fragments in the black sha le, pyrite, ma rcas ite, a nd fragmental foss il rema ins, 
which ma rk the di con fo rmity at this co ntact in o utcrops in the Lake Simcoe di strict, have 
not been foun d, as yet, in the subsurface in the Bruce Pen insul a di strict. 

Stra tigraphic Relations, Correlation, and Sedimentary Environment 

Origina ll y the strata now comprisin g the Lindsay Formation were included in the upper 
part of the Picton formation by Raymo nd ( 1914). Subsequently when it was noted that Pi cto n 
had been preoccupied Raymond cha nged the name to Cobourg ( 192 1 ), for these upper 
T renton rocks a re exposed at Cobo urg o n Lake Ontario. The origina l Pi cton at the type 
local ity comprised the limesto ne beds with t he gast ro pod fauna a nd the underlyin g limesto ne 
with Rafinesq11ina deltoidea, the who le resting o n the 'Prasop ora beds,' which was termed 
Sherman Fall by K ay ( 1937). Owing to duplicatio n a nd overlap of uni ts Liberty attem pted 
cla rifica ti o n of the stratigra phy by the int roducti o n o f the terms Yerulam ( 1955) an d Lindsay 
( 1963). Neither of these terms confo rms to Sherma n Fa ll a nd Cobourg specifica ll y, but both 
were needed fo r lith ic ma pping an d subsurface purposes. It is now known that on the basi s 
of K ay's definiti o n of Co bourg in the reference area the Sherma n Fall ca nno t be 200 feet 
thick but ra ther a bo ut 60 feet. ln detai l, the Verul a m is the ' Sherma n Fa ll ' a nd Lindsay is the 
'Cobourg' of Ca ley a nd Liber ty in their preli minary publicat io ns. Liberty ( 1969) has now 
defined the Verul a m to include K ay's Sherma n Fa ll a nd par t of the H a ll owell member of the 
Cobourg, the Li ndsay to co nfo rm to K ay's Hillier a nd a n upper pa rt of the H a ll owell. This 
relationship, so seemin gly stra ight fo rwa rd, reso lves a major problem in determin ing the fac ts 
a nd interpretin g the li terature. The literature was very complicated an d the sequence of rock 
units presented by Liberty ( 1963; 1969; thi s report) seems to be the easiest a nd best way to 
ha ndle the stratigrap hic an d nomenclatura l problems. Thi s sequence covers four formations , 
na mely, the Bo bcaygeon, Yerulam, Lindsay, a nd Whitby. The upper member of the Bob­
caygeon includes the ' crinoid beds ;' the Veru lam includes the 'Prasopora beds' a nd the lower 
pa rt of the H a ll owell (Co bo urg); the Lindsay includes the upper par t of the H a llowell , a nd 
the Hilli er; a nd the lower member of the Whitby is the black sha le, the middle member the 
brown sha le, a nd the upper member the blue sha le. 
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Although Sproule's ( 1936) Cobourg does not include the lowest unit within the Lindsay, 
his general observations on fauna I zonation can be app li ed. He wrote (p. 102) : " The Auctuat­
ing conditions of Middle Ordovician time were such that 111any forms of life were 111igrato ry ; 
somet i111es, but not a lways, recurring in the same region. Jn different localities they occur at 
different hori zo ns, depending, of course, on how far latera ll y uniform cond iti ons persisted . 
Hence the zo nes erected may often be shown to be non-existent over a ny great distance.'' 
He found the common zona l fossils Rafinesq11ina de/toidea, Cyc!ospira bisu/cara, Hor111oto111a 

Jrentonensis, and M esotrypa pro/ifica to range throughout the for111 at ion and that one o r 111ore 
.of the111 might be fou nd in a ny outcrop of Cobourg li111estone. 

Liberty has traced the Lindsay late rall y in to Manitoulin Jsla nd (where it is still cal led 
Cobourg by other workers) a nd into northern Michigan to Esca naba (the Groos Quarry 
beds). ln an easterly direct ion he has traced it into the Hilli er and upper Ha ll owell ( Kay) and 
the upper Picto n (Ray 111o nd, 1914). T he Lindsay is the lithi c equiva lent of the Cobourg beds 
.of the Ottawa Format ion in the Ottawa Valley, an d is correlated with the Co bourg beds of 
the Ottawa Formation , the Groos Quarry beds, with the 'Cobourg' as described biostrati­
graphica ll y in eastern Ontario and New York State, and with the Utica shales in NewYork 
State. 

The nature of the Lindsay sediments indica tes that conditions were stable and co nsistent 
during their deposition. The increase of limesto ne over that in the Verul a111 For111ation sug­
gests that co nditi ons were 111ore stable tha n ear li er. F luctuating co nditi ons noted in adjacent 
map-areas do not seem to have been present. The phys ica l data re la ted to the upper contact 
stro ngl y suggest unconfor111able relations in the eastern part of the 111ap-area a t least. A ces­
sation in sedi111entation is indi ca ted for a li111ited period a nd this 111ay be related to the loca­
tion o n the north Aank of the A lgonquin Arch. Erosion is envi sio ned only in the proximity 
.of this arch, a nd , further, the o rigin of the very porous dolo111 ite at the top of the for111ation 
may be related to proxi111 ity to the arch. 

Nottawasaga Group 

The Nottawasaga Group (Liberty, 1955) was redefined by Liberty ( 1964, p. 43; 1969) 
to embrace the Whitby and Georgian Bay For111ations lyi ng between the Lindsay (Co bo urg 
beds) a nd the Queenston red sha les. Within this grou p the Whitby Formation co mpri ses three 
members, black shal es, brown sha les, a nd blue shales. The blue sha les encl ose a Blue Mo un­
tain fau na for the 111 ost part. The Georgian Bay For111ation consists of alternating li111estone 
and sha les of the Dundas a nd Meaford bi ostratigraphic unit essenti a ll y, its upper 111e111ber 
e111bracin g the carbonate unit at the top. The latter then is wholly in Meaford strata; the lower 
me111ber is in Dundas and Meaford strata. 

At no loca li ty with in the map-area can the group be seen in its ent irety. ]t is abo ut 
700 feet thick at the eastern side of the area. Well data sugges t that the g ro up thickens 
south wa rd from 320 to 620 feet wit hin the map-a rea . Reference sections a re o n East Meafo rd 
Creek, 2 mi les east of Meaford a nd alo ng the creek that crosses hi ghway 26 at Camperdown. 
The reference well (Front Street Well , between 658 and I, 135 feet) is in the tow n of Flesherton , 
behind the Co-op store, 600 feet west of hi ghway 10, a nd on the north side o f the Ceylo n R oad. 

Except for the middle member of the Whitby Formation, which occurs only in the area 
south of Nottawasaga Bay, the group's succession is considered to be the product of con­
tinuous sedimentation . After the recession of the seas in central Ontario, at least, the 
Appa lachian source area was rejuven ated and the basin a nd shelf a reas underwent changes 
t hat permitted the widespread incursion of the res ulta nt muddy facies (lower member of the 
Whitby Formation) that is everywhere yo un ger than the Lindsay. The middle member, 
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which occurs chiefly in the Lake Simcoe area to the east (Liberty, 1969), represents the transi­
tion from the black shale of the lower member to the blue shales of the upper member. 
The lower member of the Georgian Bay Formation initiated the transition limestone again 
in the form of interbeds with the sha le. The carbonate beds increase upwards in frequency 
until the uppermost st rata of this formation are predomina ntly carbonate. 

These items are suggestive of a shift from the sha le lithosome to transitional conditions 
to the carbonate li thosome, which became dominant in highest Meaford strata throughout 
this northern area. Thus the incursion of the carbonate lithosome was accompli shed and also 
embraces the Kagawong beds (the facies eq uivalent of the Queenston) on Manitoulin l sland . 

On fauna! evidence the lower and middle members of the Whitby Formation correlate 
with the Collingwood and Gloucester faunas, and the upper member wit h the Blue Mountain 
fauna. The Georgian Bay's lower member contains a fauna that is of Maysvillian­
Richmondian age; the upper member is R ichmondian. 

Whitby Formation 

Definition 
The term Whitby was proposed by Liberty ( 1955) as a group term to comprise and to 

delimit 'Collingwood- G loucester' strata into rock units essentia lly. The term was subsequently 
reduced to formational status (Liberty, 1964, p. 43 ; 1969) and placed in the base of the 
Nottawasaga Group. As so defined it comprises the shale strata between the top of the 
Lindsay (Cobou rg beds) and the base of the lowest limestone hard band in the Georgian Bay 
Formation (Dundas- Meaford strata). The formation is a rock unit embracing black, brown, 
and blue sha les. 

The formation is divided into a lower, middle, and upper member corresponding to each 
of the above noted shale types. These members in turn correspond roughly to the strata 
making up the Craigleith Formation (Liberty, 1955), Rouge River Formation (Liberty, 1955), 
and Blue Mountain Formation in ascendi ng order, or 'Collingwood' (i n reality lowest 
Gloucester), Gloucester, and Blue Mountain in so far as genera l fauna! progression is con­
cerned. The reference section for the upper member is near the map-area at the base of East 
Meaford Creek, 2 miles east of Meaford. Reference sections for the other two members are 
east and southeast of the map-area (Liberty, 1969). 

Distribution 
The outcrop belt of the Whitby Formation forms a narrow northwest-trending band 

para ll eling the base of the Niagara Escarpment. It extends from the eastern boundary of the 
map-area to disappear beneath the waters of Georgian Bay a short distance east of Meaford. 
In addit ion to the reference section, the upper member can be seen on a small creek that enters 
Georgian Bay at Boucher Point and in small streams at the foot of the Blue Mountain near 
Camperdown. 

Well-cuttings indicate that tbe Whitby Formation underlies the entire map-area. 

Thickness and Lithology 
With the formation nowhere exposed in its entirety, thickness data must be obtained 

from well-cuttings. Careful investigation reveals about 30 feet for the lower member and I 40 
feet for the upper member. The formation appears to retain a fairly consistent thickness 
throughout the map-area , with a tendency to thicken slightly northward to perhaps 200 feet. 

The lower member is a dark grey to black fossiliferous shale with a few interbedded grey 
limestone beds. The sha le is thin ly laminated and weathers fissile and to almost a paper shale. 
Some of the shale contains a considerable amount of carbonate; most of it contains some 
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carbonate. Jn core examination much of the unit is commonly logged as black limestone when 
it shows no lamination or fissility. For the most part the shale is petroliferous, but not bitu­
minous as often described. The shale produces a brown streak and a brown ring when heated 
in a closed cold test tube. Thickness of the even limestone inter beds range from 5 to 12 inches. 
They may be grey, bluish grey, and brownish grey, and are for the most part of hard, brittle, 
and sublithographic texture. They comprise at most on ly 15 per cent of the member, leaving 
the gross lithology as black sha le. In well-cuttings the black shale is easily recognized, but 
thickness appears to be less than in adjacent areas. The limestone interbeds are rarely noted. 

The middle member is not known to be present in the reference sections at the eastern 
limit of the map-area; it may however occur to the west and north where the formation thickens 
slightly. Absence of this unit is interpreted as being indica tive of an erosiona l disconformity. 
It comprises the soft brown shales, which are the transition beds between the lower member 's 
black shales a nd the upper member 's blue sha les in the Toronto area. These brown sha les 
have previously been ca ll ed Gloucester by most workers, but the term Gloucester is bio­
stratigraphic. Thickness in the Toronto area is as much as I 00 feet. 

The upper member consists of soft grey, greenish grey, and bluish grey shale, which 
weathers grey and bluish grey. Commonly this member weathers into thin even beds. It may 
be a clay sha le and in many places is more nearly a mudstone, breaking with a conchoidal 
fracture. Tt includes no limestone beds or hard ba nds, so is a shale unit. Fossils seem to be 
confined to narrow zo nes separated by thick barren intervals. In well-cuttings the uni t 
presents a lithologically uniform succession of soft grey sha le. Some ' traces' of limestone have 
been reported in the well logs, but these are considered to be 'cavings' from the overlying 
Geo rgian Bay Formation. ln a few wel ls minor petroliferous content and ca rbonaceous 
material have been reported . 

Contacts 
The Whitby Formation is separated from the underlying Lindsay (Cobourg) Forma tion 

by a sharp lith o logica l change. The rubbly weathering sublithographic limestone or buff, 
fine- to medium-crysta lline dolomite of the Lindsay is succeeded abruptly upwards by black 
shale of the Whitby. 

The base of the middle member (where present) is delimited in such a manner that any 
transitional strata are arbitrar ily included in the middle member. Thus the typical brown shales 
will embrace a lower transitional unit from the typical black shale. Similarly the upper contact 
of this member will be drawn so that it encloses, arbitrarily, transitiona l st ra ta between 
typica l brown shale and typical blue and greyish blue sha le of the upper member. Absence 
of this middle member and a corresponding sharp contact between the lower a nd upper 
members in the Meaford- Colli.ngwood area led Parks ( 1928) to the interpretation that a 
disconformity is present at this stratigraphic position in that part of the m a p-area at least. 

The upper co ntact of the Whitby Formation is drawn at the base of the lowest of the 
carbonate ' hard bands' in the lower member of the Georgian Bay Formation . Should transi­
tional relations develop this contact must sti ll be defined at the lowest carbonate bed in order 
to retain the upper member of the Whitby as a sha le unit. 

Stratigraphic Relations 
It would appear that the original name for the strata now referred to the lower member 

of the Whitby Formation was Collingwood (Raymond , 1912). lt was introduced for the 
alternati ng layers of limestone and thick beds of shale contai nin g 'Ogygites' canadensis, 
Dalmane//a emacerata, Triarthrus becki, and Oxop/ecia ca/ho1111i that overlies the Trenton 
limestone in the Ottawa Valley. " This Atlantic fauna is well developed at the same strati­
graphic horizon at Col lingwood, Ontario, a nd that name is suggested for the formation" 
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( Raymond, 1912, p. 355). Subsequently certai n confusion a rose in the literature and it now 
appears that the terrn Co llingwood is used for a biostratigraphic unit (Wi lson , 1946 ; Kay, 
1937, 1960). The strata enclosi ng the Co llingwood fauna are in both the Eastview and Billings 
Formations of the Ottawa Val ley. The Whitby Formation 's lower member conta ins a Co lling­
wood fauna on Georgian Hay. The Eastv iew's li thologic cha racterist ics are found in the top 
of the Lindsay Formation (Cobourg beds). 

The term Blue Mountain was proposed by Pa rks ( 1928) for the soft grey and bluish grey 
shales overlying the black shales of the 'Collingwood ' o n Georgian Hay. By description a nd 
definition , however, the Blue Mounta in was used as a biostratigraphic term, being denned by 
the upward limit of the trilobite genu s Trianlirus. An attempt (Liberty, 1969) to redefine the 
upper contact of the Blue Mountain a t the first carbo nate bed occurrence defea ted the origin al 
purpose of Parks, since it assumed that the lowest carbonate bed occurred everywhere at 
a bout the same stratigraph ic horizon and lac ked corroborat ive fa una I evidence. Liberty ( 1955 ; 
1964, p. 43) introduced the name 'Whitby Formation- upper member' for th e rock unit 
rather than redefine the bi os tratigra phic term Blue Mountain . 

Although the upper member of the Whitby Format ion and the overlying formation s 
represent continuous sedimentation , there is probably a d isco nfo rmity al the base of the upper 
member, at least in t he eastern pa rt of the map-a rea. The present interpretation is tha t the 
middle member does not extend into the Nottawasaga Bay a rea from Toronto, but that it 
extends so uthwa rd from Ma nitoulin Jsland into the northern part of the map-a rea. The 
limita tion is considered to be truncation on the flanks of the Algonquin Arch. Alternative 
in terpre tations are either ( I) the unit was deposited over the a rch a rea and later removed by 
erosion or (2) it was neve r deposited. Either leads to th e interpretation of a positi ve arch 
area with the essent ial point bein g the lime of such positivenes~. 

Pa rks ( 1928) was first lo note this disconfonnity and the di stinct va ri a tion in thickness of 
the black shale (here called the lower member, Whitby Format ion) in the well samp les of the 
Co llingwood a rea . Similar relat ions a re obse rvab le on Manitoulin Isla nd, for at Sheguiandah , 
basement fea tures are known to ex ist that affect the black shale thickness. Again , in the 
Collingwood area there is truncat ion against Precambria n highs, and simi lar conditions are 
believed to be present. 

Correlation 
The strata of the lower member are of 'Collingwood ' age and a re correlated with part 

of the Eastview and the Billings Formations of the Ottawa Va lley, with the Deer River of 
ew York State, a nd ·Collingwood ' of Manitoulin Island a nd northern Michigan . The 

lower member is the lithological equivalent of lowest Billings Forma tion . In the upper member, 
the enclosed Blue Mounta in fauna does not co ntinue as high as the base of the Georgian 
Bay Formation and thus the uppermost strata of the member must belong to the Dundas 
biostratigraphic unit. Jl is interesti ng to note that of the thirty-five species of the Blue 
Mountain fauna, eighteen start in the upper member (Whitby) and range upwa rd, whereas 
only six wit hin the lower member a nd eight in the midd le member range upward into the 
upper member. The upper member is correlated wit h the Sheguiandah beds of Manitoulin 
Island , the Carlsbad of the Ottawa Valley, and the lower part of the Whetstone Gulf (Lo rraine) 
of New York . Lithologically this unit ca n be traced southwa rd into the Toronto area , and 
northward into tbe Sheguia ndah beds on Manitoulin Island, a nd the Bill s Creek beds in 
northern Michiga n. 

Sedimentary En vironment 
Within the map-area it is suggested that erosiona l processe were effective at the end 

of Lindsay sed imentation. Sha ll owi ng conditi ons on the northern flank of tbe Algonquin 
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Arch are indicated, but not to as intense a degree as on Manitoulin Island. Some conglomer­
ates were formed in the eastern part of the map-area , but their area l extent is not known . 
Oscillatory conditions led to the deposition within the black shale of limestone beds, which 
were deposited under stagna nt non-aerated reducing conditions. Slow quiet sedimentation is 
postu lated in part as there a re many examp les of trilobit e pleurae lying beside the thoraxes. 
Where fragmental remains have been accumulated, more turbul ent and sha ll ower conditions 
a re co nsidered lo have been effect ive. Ripple-marks and mudcracks are absent in th e Whitby 
strata , but suncracks are known in the middle member. In considera tion of thi s a nd the 
fissile nature of the deposits, sha llow quiet wa ters are envisioned as the type of sedimentary 
environment. 

Georgian Bay Formation 
Definition 

The name Georgian Bay was proposed by Liberty ( 1964, p. 45 ; 1969) for the rock unit 
of a lterna ting grey carbonate beds and grey lo bluish grey sha le that li es between the Whitby 
Formation shales and the red sha les of the Queenston Formati on . The reference sectio n for 
the formation is in East Mea ford Creek, about 2 miles east of the town of Meafo rd . 

As so defined, the Georgia n Bay is a rock uni t a nd embraces, for the most part, the 
biostratigra phic unit Dundas a nd Meaford. The lower contact of the format ion li es within 
and above the base of the Dundas, and the upper co ntact li es wi thin the Meaford . 

Distribution 
The outcrop a rea o f the Georgian Bay Formation forms a north west-trendin g belt, 

from less than a mile to seve ral miles wide, extending a lon g the lowe r part of th e Niagara 
Escarpment from near th e so utheastern co rn er of the map-area to Owen Sound . A lthough 
sma ll isolat ed exposures occ ur o n creeks throughout the enti re ou tcrop a rea, on ly at a few 
localities ca n the format ion be seen lo adva ntage. These include East Mcaford Creek 
(Workman's C reek) , 2 miles east o f Mea ford ; along the shore of Georgian Bay between 
Boucher Point a nd Meaford ; a nd at Claybanks north of Mo unta in Lake. From well-cuttin g 
data , the Georgian Bay Formation is known to underlie younger st rata throughout the re­
mai nder of the a rea. 

Thickness and Lithology 
Only on East Meafo rd C reek is the thick ness obtainable by d irect measurement. The 

sect ion there is exposed over a di sta nce of about 2 miles a nd contains numero us sma ll 
c rumples a nd minor fa ults. These condi tion s, co up led wi th the difficulty in determining the 
at titude of the strata owi ng to lack of key beds, makes accurate measurement of the strat i­
graphic thickness very difficult. Fritz ( 1926) recorded a thickness of abo ut 359 feet for Dundas 
(251 feet) a nd Meaford (108 feet) stra ta . Ca ley's pl a ne- tabl e measurement of the section 
yielded a thickness of 418 feet , which is the figure used in this report. Subsurface data indicate 
a thinning of the formation northwestward across the a rea to somewhat over 300 feet at the 
no rth end o f the Bruce Peninsul a. 

The formation consist s primarily of sha le wit h thin interbeds of limestone a nd dolomi te. 
These interbcds become thicker a nd the dominant lithology, wit h ve ry thin beds to partings 
of shale in the uppermost 30 to 50 feet. Thus a twofold subdi visio n of member rank is beli eved 
possible. 

The /0 11 ·er 111e111ber consists essenti a ll y of sha le with thi n interbeds of impure s ilt stone 
(s ubgreywacke), a nd calcarenite, whose composition is more often limestone than do lomite. 
The 'hard bands' are reputedly lensitic, but the edge of a lens has yet to be seen or recorded . 
Thickness is genera ll y a few inches, rarel y more than a foot. The sha le is common ly grey, 

23 



PALEOZOIC GEOLOGY OF THE BRUCE PENINSULA AREA 

bluish grey, and greenish grey. Tn the unbroken succession on East Meaford Creek the number 
and thickness of carbonate beds increase towards the top of the unit. Jn general, this member 
would include all biostratigraphic 'members' except the Vincent (Fritz, 1926) and Streetsville­
Meadowvale (Dyer, 1925b). 

In well-cuttings the lower member appears as a thick section of grey shale, the carbonate 
beds being indicated solely by ' traces' of limestone and dolomite. Higher strata appear as grey, 
bluish, and greenish shale with greater carbonate content. Medium grey prevails throughout. 

The upper member consists essentially of grey carbonate with limestone as the dominant 
lithology. The lithology varies from calcarenites to medium-crystalline limestone. Thickness 
of bedding ranges from several inches to a foot. Uppermost strata may weather rusty. The 
shale occurs in 21- to 3-inch partings, but l- to 2-foot sections do exist; the lower contact is 
arbitrarily defined. This member consists of the Vincent (Fritz, J 926) and Streetsville­
Meadowvale (Dyer, 1925b) beds and comprises 30 to 50 feet of strata. In subsurface samples, 
it appears as grey, fine-crystalline limestone. Shale is present in small amounts or as a 'trace', 
as it washes out readily in the course of drilling. 

Contacts 
The lower contact of the Georgian Bay Formation is defined to include the lowest 

occurrence of carbonate 'hard bands' within the unit, where they overlie the bluish grey shale 
of the upper member of the Whitby Formation. The upper contact with the Queenston red 
sha le is transitiona l, the typical carbonate with shale partings grading upward into red 
arenaceous shale, red mottled green shale, and reddish limestone at one or two localities 
(Appendix A, section 8). At two localities only is grey limestone overlain directly by red shale 
(Appendix A, sections I, 7) . Arbitrarily the red mottled shale and red carbonates a re included 
in the Queenston. 

The contact between the lower and upper members is arbitrarily defined to retain the 
gross lithology of both units. The shale from 21- to 3-inch beds will be mostly washed out 
in the course of drilling, and thicker beds will be reported as 't races ' of shale. Thus in well­
cuttings when the shale beds are less than 6 inches thick , the consistent carbonate nature of 
the upper member will be more prominent. At only one or two localities are difficulties 
encountered in this respect; generally the contact is readily delimited. 

Stratigraphic Relations 
As the contacts of the Dundas and Meafo rd are delimited solely on fauna I evidence, they 

are biostratigraphic units. As the highest observed occurrence of the trilobite genus Triarthms 
did not conform to a change in sedimentation and the initiation of transitional carbonate 
sedimentation did not conform with a fauna! change, lithological mapping in the Bruce Pen­
insula district required the establishment of newly defined rock units, namely, the Whitby 
Formation upper member and Georgian Bay Formation lower member. 

lt should be noted that the upper member thickens north of the map-area, where it 
embraces the carbonate facies equivalent of the Queenston Formation. With an arbitrary 
cut-off being used north of the Bruce Peninsula proper to delimit the Queenston from the 
carbonate Kagawong beds on Manitoulin Island , these latter beds are designated Georgian 
Bay upper member. This cut-off is quite in order, for there is no known occurrence of Queen­
ston red shale on Manitoulin Island (Liberty, in preparation). 'Kagawong' biostromes are 
known to be interbedded in the Queenston red and red-mottled green shales in the Bruce 
Peninsula ; these are referred to as Queens ton Formation biostromes. The carbonate Kaga­
wong beds, of biostratigraphic status, together with the underlying ' Meaford ' (on Manitoulin 
Island) constitute the Georgian Bay's upper member, whose thickness increases to almost 
200 feet. As this ' thickening' is concerned with facies change from the Queenston, whose 
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lower interface may transgress time across this map-area, and as the sediments on Manitoulin 
Island are ass igned to this upper member, these data are reported here. The Tobermory 
'wedge', which may contain upper member strata, is discussed under the Queenston Forma­
tion. 

Correlation 
The lower member is traceable into the Wekwemikongsing beds (for the most part) on 

Manitoulin Island , and into the Bay de Noc member of the Stonington Formation in northern 
Michigan. Eastward this lower member appears to be the Carlsbad of the Ottawa Valley. 
As Dundas and Meaford are included within its limits, it is dated as Maysvi llian- Richmon­
dian. The upper member is directly traceable into the ' Meaford' of Manitoulin Isl and and 
the Ogontz member of the Stonington Formation in northern Michigan. Eastward it may 
conceivably be part of the Russell in the Ottawa Valley. Jts strata li e wholly within the Mea­
ford time-rock unit and is accordingly dated as wholly Richmond. Fossils collected from 
Georgian Bay sections within the map-area are listed in Appendix B. For details of the Dun­
das and Meaford biostratigraphic units see Liberty, 1969. 

Sedimentary Environment 
Deposition in moderately shallow waters is indicated by ripp le-marks. For the lower 

member, rather than local shallow areas conducive to the accumulation of lime, Auctuating 
conditions are suggested for the resultant alternation of the carbonate and sha le. As the len­
sitic form of the beds has never been proven, nor has a wedge edge been seen , the latter con­
cept is equal ly valid. Higher in the member the carbonate becomes more pronounced, the 
transition zone of the shale and carbonate lithosomal interface tracing so uthward, culminating 
in the dominant carbonates in the Meaford- Kagawong strata. This effect is much more pro­
nounced on Manitoulin Island to the northwest than within the map-area. 

Queenston Formation 

Definition 
The term Queenston, proposed by Grabau in 1908 and defined as a formation by Foerste 

( 1924), appli es to the red shales that overlie the shale- carbonate seq uence of the Georgian 
Bay Formation, and which are in turn overlain by the Manitoulin dolomite formation within 
the map-area. The Queenston Formation is not included in the ottawasaga Group, but is, 
however, considered to be the facies equivalent of the uppermost strata of that group in the 
Bruce Peninsula- Manitoulin Island area. 

The reference section is at Queenston, Ontario, where a part of the formation is exposed. 

Dimihution 
The outcrop area follows closely that of the underlying Geo rgian Bay Formation. [t 

forms the higher steep slopes of the Niagara Escarpment, extending generally northwestward 
from the southeastern corner of the area to disappear beneath the waters of Georgian Bay, 
a short distance north of Cape Croker. Sma ll outcrops are numerous, but exposures of any 
appreciable thickness are few. The formation may be seen to advantage at East Meaford 
Creek,-! mile above highway 28; on a small creek Ji miles west of Mansfield ; on Sucker 
Creek 3 miles above its mouth (Appendix A, section l) ; at Owen Sound (Appendix A, sec­
tion 2); at North Keppel ; and at Cape Croker (Appendix A, secti ons 3, 4). It is visible only 
at low water level at Cabot Head lighthouse where it underlies the Manitoulin Formation 
(Wi ll iams, 19 19). Queenston strata beneath the younger beds throughout the map-area are 
indicated by well samples. 
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Thickness and Lithology 
The thickness of the formation is difficult to obtain from outcrops. Composite sectio ns 

prepared in the Cape Croker- Colpoys Bay area, however, indicate a minimum of at least 
235 feet , but thi s figure would be increased if the presence of red shale co uld be determi ned 
below the Montresso r Point biostrome a rbitrarily located at the lower contact in that area. 
Possible errors in calculating the thickness stem from the difficulty in determining dips oc­
c ur ring on these a lmost flat-lying strata. That it va ries rapidly is indi cated by the following 
well data: 291 feet in lot 28, concession I , Sarawak township (F. McNeill well); 248 feet in 
lot 28 , co ncession Ilf, Sarawak township (E. Hind well) , 1.1. miles down dip; and 200 feet 
in the Mulberry Creek well in lot 17, concess ion lYW, Eastnor township, which is 25 miles 
obliquely across strike from the E. Hind well. 

The Queenston Formation consists typically of brick red, thinly bedded, micaceous and 
arenaceo us shales a nd clay shales. There is little variation in character laterally or vert ica ll y. 
Part of the formation presents a mottled a ppea ra nce owin g to patches that may be either red 
or green in a matrix of the alternate colour. At Keppel , the lowest few feet contains greenish 
grey and reddish ripple-marked limestone a nd si lty sha le layers, which enclose Richmond 
fossils. Most of the shales are unfossiliferous . The shales are common ly seamed by narrow 
greenish bands disposed at right angles, oblique and paral lel ro the bedding planes. The 
Queenston sha le readily breaks down on expos ure to the atmosphere, form in g a fine red clay 
soil , which is plastic when wet. 

In co ntrast with the typical red shale development, no rth wards the strata within this unit 
change slightly. Two biostromes of grey fossi liferous limestone consistently occur interbedded 
in the section nea r Cape Croker. These are beli eved traceable northward into the Kagawong 
biostromes on Manitoulin lsland and southward into the Meaford area. Northwards. there 
is an increase in limestone to the top of the Bruce Peninsula , but the red shale is persistently 
present to Cabot H ead. By ar bitrary cut-off these strata are retained in the Queenston For­
matio n, as no red shale (of the Queenston) is known in the Mani toulin Island area. There is , 
however, an undefined area sout h of Tobermory- the Tobermory ·wedge·-west of Cabot 
Head and north of the Mulberry Creek wel l in Eastnor township, in which the section is com­
pr ised of I 03 feet of grey carbonate and J 09 feet of grey shale, whose uppermost part shows 
minor red and green co lorations (W. Watson o. I well, lot 44, con. LE, St. Edmunds tp.). 
Liberty suggests that the strata in thi s a rea be arb itrarily assigned to the Queenston rat her 
than to the Meaford- Kagawong argillaceous limestone strata of the Georgian Bay Forma­
tion for the fo ll owing rea ons: (1) the small area and the necess ity to make an arbitra ry cut­
off between Manitou lin Isla nd and the Bruce Peninsula ; (2) some red colorations with the 
grey shale, even though they are minor in amount; (3) the dominance of shale (j ust over the 
50 per cent) in the section. Arbitrari ly, then, these strata of the Tobermory 'wedge' are re­
tained in the Queenston Formation. 

In well-cutting the fo rmation appears as a uniformly red sha le wit h many sections of 
red and green mottled sha le and green shale. In the Meaford- Owcn Soun d area traces of 
greenish grey a nd grey sha le and grey, fi ne-crysta ll ine, fossiliferous limestone indicate the 
lithosoma l interface zone and the probability of a biostrome. These changes increase north­
ward to the grey shale and carbo nate of the Tobermory ' wedge'. The subsurface data thus 
emphasize how the units change, the limit to which a rbitra ry contacts can be ca rried, and the 
nature of the increasing carbonate con tent as the area of the Meafo rd- K agawo ng carbonate 
beds is approached . 

Contacts 
Jn the Meafo rd area where the Queensto n is a lmost wholly red shale, it s sepa ra tion from 

the underlying Georgi an Bay Formation is based o n col o ur cha nge. Transitio n units of red 
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mottling are arbitrarily included in the Queenston. On Bruce Peninsula proper, however, 
where greenish grey shale and grey limestone are interbedded with typical red shale, identi­
fication of each outcrop is not always possible. Similarly, in the Cape Croker area, the lowest 
biostrome ( Montressor Point biostrome = Co/1111111aria reef) has never been seen to overlie 
red shale. A 10-foot covered interval has been delimited between thi s biostrome and highest 
Georgian Bay strata, however, and for this reason thi s biostrome has been arbitraril y used 
to delimit the base of the formation. It thus belongs in the lowest 20 feet or so o f the Queenston 

Formation. 

The upper contact is a sharp one between Queenston red shales and the grey and brown, 
fine-crystalline dolomite of the Silurian Manitoulin Formation. Geographica lly, the Manitoulin 
overlaps the Whirlpool sa ndstone a few miles south of Duntroon , east of the map-area, and 

there the contact is bet ween red shale below and grey sa ndstone above. At each o f the two 
contact localities : ( I ) lots 26· 27, concession XI , N o ttawasaga township, 2l mi les northwest 
of Duntroon (Queenston- Whirlpool), and (2) in a small stream at Dunca n in concession XII , 
Collingwood township (Queenston- Manitoulin), the uppermost 6 to 24 inches of Queenston 
consist of blui sh grey, soft shale. The undulatory character o f the contact , the abrupt change 
in l itho logy, and the Si lurian age of the Whirlpoo l and M anitoulin rock units suggest a 
stratigraphic break at the top of the Queenston. The upper contact is believed to coincide 
w ith the boundary bet ween the O rdovician and the Silurian Systems. 

Stratigraphic Relations 

Where the Queenston Formation rests visibly upon the underly ing format ion w ith which 
it forms a contin uous series, Meaford fossi ls range upwards from the Georgian Bay strata 
into the basa l Queenston for at least 20 feet. I n this lower part of the Queenston, near Meaford, 
Foerste ( 19 16) fou nd a biostromal reef development whose fauna included: Bytlwpora 
de/ica111/a , Zygospira 111eaforde11sis, Byssonychia radiata , Pterinea demissa, Drepa11el/a 
riclwrdso11 i canadensis, E11rycl1ilina (?) striato111arginata, Lepl!l"ditia caecige11a , Primit ia 
/ati via, and Leperditella ( ?) cf. g/abra. This may well be the Montressor Poi nt bi os trome 
(20 feet), which occurs in the lowest 30 feet of the formation on Cape C roker (Appendi x A, 
section 3), and which was used arbitraril y by Ca ley and Li ber ty as the base of the Queenston 
for mapping purposes in the Bruce Peninsula. There, th is unit includes the fo ll owing faun a: 
Streptelas11w m stic11111, Co/1111111aria a!Peolata, Ca/apoecia ca11ade11sis, Te1radi11111 llllro11e11se, 
Cons/el/aria polysto111ella, Rho111bo11 y pa quadrata , Platystrophia clarkesvillensis, Herber/el/a 
occidentalis, S11·opho111e11a p/a1111111bo11a, Zygospira ke11111ckie11sis, Z. 111eaforde11sis, Z. cf. 
modesta, Bysso11ychia praecursa var., Pterinea sp. , Sa/pi11gostoma sp. , Bel/eropho11 parksi, 
Cyclonema bi/ix co11ic11111, Lophospira cf. beatrice, l. bowde11i, £0/0111aria sp., Liospira 111ic11/a, 
Ormoceras sp. , Leperditia cf. ma11ito11/ine11sis, and Primitia sp. 

A higher ·reef ' is the Prairie Point bi ostrome (20 feet), which li es about 110 feet above 

the base of the Queenston Format ion (Append ix A , secti on 4). Included in its fauna arc : 

Tetradium /111ro11e11se, Co/11111naria alveolata rigida, Zygospira kent11ckie11sis, Z. 111eaforde11sis, 

Bysso11yc/1ia radiata, B . gra11dis, lsc/1yrodo11ta ( ?) 111a11ito11/i11e11sis, Lophospira sp., cf. Acti110-

ceras crebrisep/11111 , and Lepere/ilia 111a11ito11 /i11e11sis. 

These biostromes, the M ontressor Point and Prairie Point, are eas ily traced through out 

the outcrop belt in the map-area. They, wi th the biostromes in the underl y ing upper member 

of the Georgian .Bay Formation, are believed traceable into the Gore Bay, Mudge .Bay, and 

Maple Point ( in ascending order) biostromes on M an ito ulin Island. Furthermore, there is a 

close correlation between the Gore Bay biostrome and the Columnaria reef of Dyer ( I 925b) 

in the upper member of the Georgian Bay Formation near Toronto. 
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Liberty suggests that optimum ecological conditions conducive to the existence of 
biostromal reefs would increase shelfwards, away from the elastic, arenaceous sediments 
towards the more marine Upper Ordovician (Meaford- Kagawong) carbonates. Thus the 
thin biostromes in the south would thicken and become more fossiliferous nearer the main 
area of the carbonates. 

The Queenston is considered to be the facies equivalent of the Georgian Bay's upper 
member (for the most part), which embraces the Meaford- Kagawong beds of Manitoulin 
Island. This is quite the reverse interpretation of many workers; some American stratigraphers 
consider the Queenston to have been deposited after and above the Kagawong strata and to 
have been eroded away during the hiatus at the end of the Ordovician. Detailed studies in no 
way corroborate this latter interpretation. 

Caley and Liberty consider that the red shales are anything but consistent. They thicken 
and thin rapid ly, even feathering out fairly abrupt ly into the Tobermory 'wedge' . In a southerly 
direction the lower contact seems to keep pace with fauna ! units, but may comprise slightly 
younger strata in the Toronto area. The red coloration seems a lways to start above the base 
of the Meaford, but Foerste ( 1916, p. 171 ) suggested it might be initiated at a lower level 
at possible anomalous localit ies. 

Correlation 
The 'deltaic' estuarine sha les of the Queenston Formation arc considered equivalent 

to the Juniata sandstone of the Central Appalachians, and the marine deeper water limestones 
and dolomites of the Kagawong beds farther out on the shelf to the north with which it 
interfingers. The formation is correlated with the Juniata, the Queenston of the Ottawa Valley 
and St. Lawrence Lowlands, New York State, and Michigan, and with the Kagawong strata 
of Manitoulin Island . 

Sedimentary Environment 
Field ev idence suggests that this formation was deposited as shallow-water sedimcnts­

generally as unfossiliferous green and grey, arenaceous marine muds. These green muds were 
most probably oxidized to varying levels depending entirely on cyclic ox id izing phenomena 
from place to place as the sediments were deposited, or shortly thereafter. Although the 
Queenston is generally considered to be unfossiliferous it shou ld be noted that both A. E. 
Wilson and B. A. Liberty have found fossi ls in the red shales of the Ottawa Valley (Liberty, 
1964, p. 47) . 

Only a minor break in sedimentation at the top of the formation is known. This is 
illustrated by the abrupt change in lith o logy from shales to sandstone and dolomites and by 
the corresponding lithosomal shift from which basinal reshaping is inferred. Also important 
is the evidence of an unconformity in the basal few feet of the Manitoulin Formation (Foerste, 
191 6, p. 166), the undulatory character of the upper contact, and the Silurian age of the 
overlyi ng Whirlpool and Man ito ulin Formations. 

Silurian 

Cataract Group' 

Silurian strata in the map-area comprise the Cataract Group (three formations) overlain 
by the Lockport, Guelph, Salina, and Bass Island Formations. The relationships of these 
units to those in adjoining regions and to the series in which they belong are shown on 
Table H. 

I This is the M edi na Formation of Caley (1945) 
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PALEOZOIC GEO LOGY OF THE BRUCE PEN INSULA AREA 

The term Cataract Group is used for the Lower Silurian strata in the Bruce Peninsula 
district in preference to the term Medina, which in New York State includes only red sand­
stones and shales. Jn the Niaga ra Peninsula both Medina and Cataract have been used for 
the rocks now comprising the Whirlpool , Manitoulin, Cabot Head, Power Glen, and Grimsby 
Formations. In the Bruce Peninsula district Caley and Liberty considered the Whirlpool, 
Manitoulin, and Cabot Head Formations, and the Dyer Bay, Wingfield , and St. Edmund 
members as a natural group of lithic units, and mapped them as such (Fig. I ). This unit they 
called the Cataract Group, following essen tially the formation definition of Willi ams ( 19 19). 
The D yer Bay, Wingfield, and St. Edmund members, however, contain a fauna more char­
acteri st ic of Clinton strata in eastern North America than of typical Cataract. A more detailed 
di scussion of the L ower Silurian terminology in sou thwestern Ontario appears in Bolton 
( 1957, pp. 7- 9). 

The strata described here occupy a posit ion at the base of the Silurian System, resti ng on 
the Queenston shales (O rd ovician) and succeeded by the Lockport dolomite. The Cataract 
Group is divided into the Whirlpool , Manitoulin, and Cabot Head Formations, the last 
named being divisible into four members: Cabot Head (rest ricted), Dyer Bay, Wingfield, and 
St. Edm und. 

Correlation 
The Cataract Group is correlated with the Medina of New Y ork State, the Tuscarora 

sandstone of Pennsylvania and its equiva lent, the C linch sandstone of Tennessee. Savage 
( 191 7, 191 9a) from extensive studi es of the Lower Silurian rocks in Illino is, Missouri, and in 
the Hudson Bay region, found a strik ing similarity in the fau nas of the Virgiana zone and of 
the higher strata contai ning S1eger!iy11 c/i11s 1t>i11iske11sis, Di/iog111oc/1ili11a lali111argi11ala, and 
Leperditia fabulina. He concluded, therefore, that during the time these strata were being laid 
down the regions were part of the same basin of deposition that was broadly connected north­
ward with the A rcti c Ocean. The presence of Virgiana decussa/a in the Dyer Bay dolomite 
establi shed its equiva lence with the Virgiana zones described by Savage. Williams ( 19 19, 
p. 44) further assigned an upper Edgewood age to this dolomite and a lower Edgewood age 
to the underlying Cabot Head shales and Manitoulin dolomite. 

In the Lake Timiska ming region, Hume ( 1925, p. 28) reported part of the Wabi Forma­
tion as equ iva lent to the Cataract of Schuchert. The presence of S. wi11iskensis, L. fab 11/i11a, 
and Zygobolba williamsi indicated a con necti on between thi s area and the Hudson Bay region 
where the same assemblage had been observed by Savage. V. decussata in the Dyer Bay dolo­
mite also indicated that Arctic waters were con nected for a time with the sea that deposited 
this phase in Ontario. According 10 Hume ( 1925, p. 33) only one foss il is common to the Dyer 
Bay dolomite and the Wabi Formation; such limited correspondence led him to suggest a 
separat ion of these two basins in late Alexandrian time, with much thicker deposits being 
formed in the Timiskaming area than are found above the D yer Bay dolomite of Lake Huron. 

An examination of the con tained fa unas from the Lake Timiskaming and Lake Huron 
regions indicates rather that such a marked withdrawal as postulated by Hume probably did 
not occur. According to Bolton ( 1953, 1957), a very close relationship exists between the Wabi 
and Dyer Bay as well as between the overlying Thorn Joe limestone of Lake Timiskaming and 
the Fossil Hi ll dolomite o f Lake Huron . The major inundation of thi s wide area occurred 
in early Clinton time, during wh ich were deposited the Severn River- Ekwan River- Atta­
wap iskat coral reef of the Hudson Bay area, Wabi- Thornloe of Lake Timiskaming, Dyer 
Bay- Wingfield- Si. Edmund- · Lockport' up to and including Fossil Hill of southern Ontario, 
Burnt Bluff- Manistique of northern Mich igan, upper part o f the Mayville of Wisconsin, and 
U nits B-C-D (?)of the I nterlake Group of Man itoba. 
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Whirlpool Formation 
Definition 

The term Whirlpool was proposed by Grabau in 1909 fo r the 25 feet o f quartzose sand­
stone that forms the base o f the Silurian on Niagara River. Thi s sa ndstone res ts upon the 
Queenston shale and is overlain by the M anitoulin dolomite. 

The Whirlpoo l canno t be shown separately on the geo logica l map accompanying thi s 
report beca use of the small scal e of the map and the thinness o f the fo rmati on (about JO feet). 
It has therefore been mapped with the M anitoulin and Ca bot Head Fo rmations. 

Distribution 

The extent of the Whi r lpoo l Formati o n w ith in the present area is imperfectl y known. 
The sandstone may be traced by natural outcroppings along the Niaga ra Esca rpment from 
nea r the southeastern co rner of the area to about 7 miles south of Co llingwood (north of 
Duntroon). It can be seen to adva ntage at the fa lls on a small creek in lot 27, concession lll E, 
Mono town ship, Dufferin county; at H ornin gs Mills on Pine Ri ve r ; on the road between 
concessions I and JI E, lot 30, Mulmur township, Dufferin county (Appendi x A , secti on 10); 
on a small creek in lot 6, concession XI , N o ttawasaga township, Simcoe county ; in the gull y 
j ust below hi ghway 24, 2 miles east o f Singhampton (Appendix A, secti on 11 ); and on a small 
creek j ust north o f the road between lots 26 and 27, concess ion XI , N o ttawasaga township, 
Simcoe county, 2} miles northwest o f Duntroon (Appendix A, secti on 12). 

Wells are too w idely spaced to ind ica te, except very genera lly, the subsurface d istr ibu­
ti o n of the forma ti on. A well at Flesher ton has about 6 feet of li ght grey sa ndstone mixed 
w ith buff dolomite resting o n the Q ueenston red shale. W ell s in Sarawak, Ama bel, Cu lross, 
and Kinca rd ine townships have no sa ndsto ne between the Queenston red shale and the over­
l y ing M anitoulin do lomite. So far as is k nown, there fo re, the Wh irlpoo l underl ies only the 
southeastern part of the area, ex tend ing from the Escarpment to about the longitude of 
Durham, and north from the southern boundary of the area to w ithin 4 mil es o f Georgian 
Bay. 

Thickness and Lithology 

Complete secti ons o f the fo rmati on exposed at th ree no rt hwesterl y tre ndi ng loca lit ies 

ind ica te thi ck nesses of JO feet, 4~ feet, and 7 feet for the Whi r lpoo l (A ppendix A , secti ons 

10- 12). 

The Whi r lpool consists of medium to li ght grey, fi ne- to mediu m-grained sandstcne, 

commonly wea thering buff and in to irregular and Jensy beds fro m a few to 18 inches thick. 

Some beds have a mottled appea rance due to staining by iron ox ide, and r ipple-marks occur 

at some outcrops. The most northerly o utcrop known is at the fall s at the vill age o f Dun­

ca n, where the lower 6 feet exposed consists o f greenish grey, so ft , sa ndy shale, w hich may 

represent an o ff-shore facies o f the Whirlpoo l. The general litho logic character o f the sand­

stone appea r simi lar to th at at the type loca lity on Niagara Ri ve r. 

Onl y one well in the map-area from which sa mples are ava ilable shows sandstone at the 

top o f the Queenston shale. In it the Whirlpoo l is light grey to w hi te, fine- to medium-grained 

sandstone. 

Contacts 

The Whirlpool is disconformably underlain by the Queensto n Fo rmati on (Appendi x A , 

ections 9- 12). The conformable upper limit is described w ith the M anitoulin dolomite. 
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Correlation and Sedimentary Environment 
The Whirlpool sandstone is essentially devoid of fossils and none has so far been ob­

served in the present area. Paleontological correlation is therefore not possible. 
Petrologic studies of the rock in the Niagara region (Alling, 1936) have indicated that it 

is a feldspathic sandstone, containing besides the dominant quartz, such accessory minerals 
as microcline, plagioclase, garnet, magnetite, leucoxene, tourmaline, a pat ite, and zircon . 
The quartz grains are commonly secondarily enlarged, the grain sizes placing the sand in the 
fine and medium classes of the Wentworth sca le. Alling suggested that most of the quartz had 
been derived from a pre-existing sandstone ; this agrees with Grabau's (1913) conclusion th at 
the New York Queenston- Medina is reworked Juniata- Tuscarora of Pennsylvania. More 
recently, Gietz ( 1952 MS.) showed, on the basis of lateral variation of grain size and sorting, 
tha t the Whirlpool sandstone had its source to the south and east of its present loca tion . 1 t 
thus represents a marginal deposit laid down on the undulating and mudcracked Queenston 
shelf surface (Bolton, 1953). 

Manitoulin Formation 
Definition 

The term Manitoulin was proposed by Wi ll iams (L913b, p. 37) for the lower dolomitic 
part of the Cataract Formation because of its typical development on Manitoulin lsland . 
The Manitoulin rests upon the Whirlpool sandstone, or where the sandstone is absent , 
directly upon the Queens ton sha le. It is overlain, in turn , by the Cabot Head shale. Because of 
its thinness and the small map scale it has been shown together with the Whirlpool and Cabot 
Head Formations on the geological map acco mpanyi ng thi s report. 

Distribution 
The outcrop area of the Manitoulin Formation follows the steep face of the iagara 

Escarpment from the southeastern corner of the area to Cabot Head at the end of the Bruce 
Peninsula . l ts physiographic expression is characterized by a low secondary cliff separa ted 
from the upper Lockport face by a steep slope formed of the Cabot Head shale. Outcrops a re 
numerous and may be seen to advantage a t the dam three quarters of a mi le north of Prim­
rose (M ulmur township): in lot 6, co ncessio n I , Nottawasaga township, Simcoe county; at 
Hornings Mills, about H miles west of Duntroon ; on the creek entering Beaver River from 
the west about half a mile north of Yandeleur (Appendix A, section 16) ; o n a sma ll creek 
It miles west of Banks ; on the creek in lot 18, concession VIJT, Collingwood township, 
Grey county; a mile east of Fairmount, Euphrasia township (A ppendi x A , secti o n 15); at 
Jackson Cove; a nd about 4 miles no rth of Hope Bay. The extensive quarries in the north­
eas tern part of Owen Sound and the vertical cliff on the east s ide of the bay are in the Mani­
toulin dolomite. Thi s same rock forms a low cliff paralleling the west shore of Owen Sound 
some three quarters ofa mile inland a nd extending from Gravelly Bay to North Keppel (Plate 
11 A). It reappears near the shore on the east side of Colpoys Bay, where it extends from nea r 
Cameron Point almost to Oxenden. Well borings indicate tha t this formation underlies 
younger strata throughout the area. 

Thickness and Lithology 
The format ion is not wholly exposed a nywhere within the map-area and as it contains no 

recognizable key horizons its thickness cannot be obtained by direct measurement. The 
thickest exposed section occurs on a small creek in lot 13, concession Vlll, Collingwood 
township a bout a mile southeast of Ravenna, where about 44 feet of calcareous rock referable 
to the Manitoulin may be seen. Subsurface data indicate thicknesses of 72 feet in lot 8, 
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concession Y, Culross township ; 41 (?) feet in lot 60, concession A, Kincardine township; 
95 (?)feet in lot 14, range 10, Amabel township; and 50 feet in lot 17, concession lYW, 
Eastnor township. 

As seen at the outcrop, the Manitoulin Formation consists of grey and bluish grey, 
fine-crystalline, dolomitic limestone wit h grey to bluish argil laceo us partings, commonly 
weatherin g grey to buff a nd into thin irregular beds from 2 to 6 inches thick , but with some 
beds up to 2 feet. The lower few feet may be argillaceous; white wea thering chert in thin 
nodular layers or isolated nodules occurs at so me localit ies. Fossils are present though not 
numerous (Appendix B), and seem to occur most commonly a long bedding surfaces. 

In well samples the Manitoulin Formation appears as grey to buff, medium- to fine­
crystalline, dolomitic limestone with minor quantities of greenish or bluish sha le. The chert 
and traces of pyrite are common and fossil fragments have been observed. 

Contacts 
Where the Whirlpool sandsto ne is present, the lower contact of the Manitoulin is 

commonly sharp, the change from sa ndstone to limestone tak in g place without gradation 
(Appendix A, sect ions 10- 12). At so me loca lities, however, up to 16 inches of blui sh grey 
argillaceous 'mud ' intervenes. Where the Whirlpool is absent, the Manitoulin rests with 
sharp contact directly upon the Queenston shale (Append ix A , sections 13- 16). 

Cabot Head Formation 

Definition 
The name Cabot Head was proposed by Grabau ( 19 13, p. 460) for the rocks '·well 

exposed at Cabots H ead" lying between the 'Manitoulin' dolomite below and the Lockport 
Formation above. Because this unit occurs mainly in the face of the Niagara Escarpment and 
a lso because of the sma ll sca le of the geological map accompa nying thi s report, the Cabot 
Head Formation has been mapped together with the Manitoulin and Whirlpool Formations. 

Jn the northern part of the Bruce Peninsu la area, the formation can be divided into 
four members: Cabot Head [restricted], Dyer Bay, Wingfield , and St. Edmund (see Thickness 
and Lithology). 

Distribution 
The o utcrop area of the Cabot Head conforms closely to that of the other formations of 

the Cataract Group, following the Niagara Escarpment from the southern boundary of the 
area to the end of the Bruce Peninsula. Weathering of this dominantly sha le succession has 
resulted in a physiographic expression, which is characterized by steep, and commonly 
wooded slopes benea th the cliff of resistant Lockport dolomite that caps the formation . 
Outcrops are few and those showing any a ppreciable thickness are confined to the area north 
of Wiarton ; elsewhere red colouring and thin lo ose slabs of greenis h grey, impure limestone 
with the bryozoan H e/opora fragi/is are the sole indicators of the Cabot Head. The formation 
may be seen at Hornings Mills ; on Noisy River 3{- miles above Dunedin ; at the fal ls at 
Eugenia; in a road-cut on the west side of Sydenham River below Inglis Falls, Owen Sound ; 
below the Escarpment at Jackson Cove; on the shore of Barrow Bay; on the shore 2 miles 
north of Barrow Bay ; and at Gun Point. Well-borings indicate Cabot Head strata throughout 
the remainder of the area. 

Thickness and Lithology 
Lateral variation in lithology, coupled with the fact that nowhere is the entire formation 

exposed , prohibits direct measurement of the thickness. About 11 3 feet of section is known 
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at 'C lay Cl iffs' (Rocky Bay) 3 mil es west of Cabot H ead li ghth o use ( Pl. l ; Appendix A , 
section 18). At Sydney Bay, the strat ig raphic interva l between the base of the Lockport 
Format io n a nd top of the Manitoulin is abo ut 108 feet; three qua rters of a mil e east of 
G le n Hu ron the sa me interva l is a pproximatel y 95 feet ; a mile so uth of Duned in it is 75 feet. 
Thick nesses indi cated by well-c utt ings are: C ul ross township, 37 feet; Kincardine townsh ip, 
67 feet; Amabel town ship, J J 5 feet; Eas tn o r township, 90 fee t ; an d Lindsay townsh ip, 
135 feet . 

Fo r the purpose o f thi s report the name Cabot Head has a two-fo ld a pplicat io n. Prima rily 
it is a pplied to the strata between the Ma ni toul in a nd the Lockpo rt Formations, a nd at 
R ocky Bay it includes the fo ll owing subdivi sions in ascend in g order (A ppendi x A, sect io n 18): 
a) a sha le member, 5 1 feet thick (Cabot H ead sensu stricto, herein after noted as Cabot H ead 
member [restricted]) ; b) a dolo mi te member, 15 feet th ick (Dyer Bay member) ; c) a ribbon 
dolom ite member with sha le interbeds an d partings, 36 feet thick (Wingfie ld mem ber); a nd 
d) a member comprising 8 feet of dolo mite overla in by 3 feet of soft green shale (St. Ed mund 
member). In the a rea sou th of Hope Bay the Man ito ulin- Lockport strat igraphi c inte rva l is 
who ll y shale, a nd is ca ll ed the Cabot Head Formation with no member subdi visio ns. Tn the 
a rea no rth o f Ho pe Bay, however, the feather edges of the dolomite members (lenti lles of 
Williams, 19 19) are in troduced into the sectio n a nd are traceable to the northern limit of the 
map-area a nd west to no rthern M ic higan . 

Cabot Head member [restricted]I As seen at the o utcrop the lith ology is identica l with that 
lyi ng between the Manitoulin a nd Lockport Formations so utl1 of Ho pe Bay. J t co nsists of 
5 1 feet (type secti o n, R ocky Bay) of red, g reen , a nd blui sh grey a rg ill aceo us and calcareous 
sha le, which may be soft an d plast ic or fi rm a nd compact, a nd wi th interbeds of grey a nd 
gree ni sh grey impure li mestone from ha lf a n inc h to a few inc hes th ick. Gypsum is a lso present 
in the lower par t o f the sect ion. The bedding surfaces of some o f the thinner hard laye rs are 
characte ri zed by a profusion of the bryozoa n He/oporafragilis; th is a bunda nce is c haracteris tic 
of the lower sha le unit , the numbe r decreasing in the overl yin g D yer Bay dolo mi te. 

Dyer Bay 111e111ber2. Thi s unit was na med by Willi a ms ( 19 19, p. 35) a nd des ignated as a lentille 
w ith the type loca lity on the shore of Dyer Bay. Kn own from Be na ll en nort hward , the best 
exposures occur at Oxenden, Jacksons Cove, Rush Cove, Ba rrow Bay, Ist hmus Bay, D yer 
Bay (Pl. 11 B), an d Rocky Bay ( Pl. l ). The uni t co nsists of ha rd, dense, blui sh grey and browni sh 
grey do lo mite a nd arg illaceous dolom ite in thin beds from a q uarter of a n inch to 4 inc hes 
thick, w ith uneven bedding surfaces a nd green weathe ring sha le part ings. lt contai ns ma ny 
exa mples o f rippl e-ma rks, a nd is genera ll y well jo inted ve rtica lly. 

Wingfield 111e111ber3. The first formal usage of th is term was by Willi ams ( 1937) . The type 
loca lity was designa ted as Wingfield Bas in at Ca bo t Head , but it wou ld appea r th a t o nly the 
name was taken from that loca li ty, the type secti o n being in rea lity at R ocky Bay (Pl. J). 
The member can be seen to good a dvantage in o nl y two p laces: on l sthmus Baya third ofa 
mil e no rth of Li o ns H ead ( Pl. LL A , Bo lto n, 1957); a nd at R ocky Bay. The uni t cons ists of 
36 feet4 of ribbo n do lo mi te, ra ther tha n entirel y sha le as origin a ll y described. It consi sts of 
thin layers of green, pl as tic sha le between do min a nt beds of green wea thering, browni sh a nd 
greeni sh g rey, c rys talline do lo mite, in thin even beds from a n inc h to 5 inches th ick. Included 
may be green argill aceo us pellets in the dolo mite and many os tracods in the sha le interbeds. 
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2Dyer Bay Formatio n or Bolton (1957) . 
3Wingfield Formation of Bo lton (1957). 
4Reported as 32 feet by Williams (1937, p. 16). 
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St. Edmund memberl. This unit was named by Williams ( 19 19, pp. 34, 37) for the dolomite 
and apparent ly the overlyi ng 3 feet of shale that occur at the top of the Ca bot Head Formation 
near Dyer Bay and Cabot Head ; Willi ams ca lled it a lentil le, however, rather than a member. 
The type section is at Rocky Bay (Pl. I ). I ts presence at Dyer Bay is suggested by loose slabs 
of dolomite conta ining the cora l Fa vosites cristatus. At the type loca lity, the St. Edmund 
consists of 8 feet of mass ive- to thin-bedded, brownish grey, finely crystalline dolomite, 
weather ing buff. According to Williams, microscopic exa mination o f the rock shows it to 
consist of "an aggrega te of small uniform, rounded grai ns of dolomite with an average 
diameter of 0.01 millimeters" ( 19 19, p. 38). Willi ams (ibid., Fig. 3) apparent ly included in 
the top of the St. Edmu nd the overlying 3 feet of so ft green ~ha l e seen at the type secti on. 
Such strata are also included in the member in th is report. 

Cutt ings from widely spaced well s show considerable latera l var iation in the lith ology 
of the Cabot Head Formation. Typica lly, it consists o f red , green ish grey, and green shale 
with small amou nts of grey and buff coloured ca lcareous rock . Well logs (Append ix C) 
indicate Dyer Bay strata at the loca lit ies specifi ed: At least 25 feet (305 to 330-foo t interva l) 
in the D ept. of Lands and Fo rests N o. I well in L indsay townshi p; I 0 feet (270 to 280-foot 
interva l) in the Mulberry Creek well in Eastn or township ; and JO feet (225 to 235-foot interval) 
in the J. H ughes No. 2 well in Amabel townshi p. D yer Bay strata are not ev iden t in two other 
well s to the south. Both the L indsay and Eastnor townshi p well s contain Wingfield stra ta; 
the latter is only 7 miles west of Lions Head where the stra ta outcrop . The St. Edmund 
member appea rs to be present in the L indsay township we ll. 

Contacts 
The contact of the Cabot Head Formation with the under lying Manitoulin is nowhere 

exposed. The change from soft shale to the resistant underlying dolomite is, however, thought 
to be sharp. Thi s is indica ted by the physiographic expression of the two units, the Cabo t 
H ead wea therin g in to steep slopes, commonly wooded or covered with vegetation, and the 
M anitoulin forming the vertical cl i ffs below. At some loca lities, as for example at Owen Sound 
and para lleling the shore to Oxenden, the top of the Manitoulin Formation forms wide, nat 
areas from wh ich the overl ying sha le has been largely removed by glaciati on. The well logs 
cited show a change from sha le (Ca bot Head) to carbonate (Manitoulin) without grada ti on 
and thu s substa ntiate the conclusion drawn from the physiographic expression of the two 
stratigraph ic units. 

The contacts between the members within the Ca bot Head Formation are moderate ly 
sharp. With both the D yer Bay and St. Edmund members being essentia lly thick bedded 
dolomite and the Wingfield being predominantly ribbon dolomite, these contacts are readily 
delimitable. The contact between the Cabot Head Formation and the overlying Lockport 
Formation is sharp (Appendi x A , sections 20, 2 1), and is marked at the north end of the 
Bruce Peninsula by 3 feet of shale (Appendix A , section 18). Thi s thin shale uni t at the top of 
the St . Edmund member permit the continued use of the sha le to distinguish the Ca bot Head 
Formation from the over lying entirely carbonate Lock port (Fig. 2). 

Stratigraphic Relations and Fauna 
Vari ous interpretations of the stratigraphic seq uence wi thin the Lower Silurian of On­

tario, and in particular with in the Ca bot Head unit itself. have been advanced as a resul t o f 
varyi ng ass ignments of thicknesses and litho logies both for the complete unit and fo r the recog­
nized members, i.e., uncertai nty of type section s' geographic location; a thick ness for the 
ent ire Cabot Head interva l ranging from 110 to 133 feet ; 32 and 36 feet thickness for the S;. 
Edmund member ; green shale rather than ribbon dolomite defining the Wingfi eld member t 

1St. Ed mun d Formation o r Bolton (1957). 
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and the apparent assignment of 3 feet of green sha le to the top of the St. Edmund dolomite. 
All these Cabot Head strata comprised the upper unit of Caley's (1945) Medina Formation 
and, in part only, the Cataract Group of Bolton ( 1953, 1957). Because of stra tigraphic 
evidence, contained faunas, and the consideration that the red beds of the Cabot Head (the 
member as herein designated) were the closing facies of Cataract sedimentation in Onta rio, 
Bolton removed the Dyer Bay, Wingfield, and St. Edmund from the Lower Silurian Cataract 
and correlated them with the Middle Silurian Lower Clinton of the Niagara Peninsula. The 
stratigraphic grouping adopted in this report was necessitated by the scale of mapping in­
volved and thinness of the respective units. 

The following are generalizations on fauna in the Cabot Head Formation (see Appendix 
B): the brachiopod Virgiana decussata (White:wes) is restricted to the Dyer Bay; the ostracods 
Chilobolbina punctata Ulrich and Bassler and Zygobolba wil/iamsi Ulrich and Bass ler are 
common to Dyer Bay bedding planes and lowermost Wingfield ; and the coral Favosites 
cristatus Edwards and Hai me and brachiopods 'Atrypa' parksi Willi ams and Stegerhy11c/111s 
winiskensis (Whiteaves) are found in the St. Edmund. The fauna of the Cabot Head [restrict­
ed] member includes Streptelasma cf. hoskinsoni, Helopora fragilis, Do/erorthis flabellites , 
Platystrophia biforata, Stegerhynchus neglec/11111, Whitfieldella cataractensis, Strophonella 
striata, Leptaena rhomboidalis, Parmar/his eugeniensis, and Cornulites incurvus (for illustra­
tions of Silurian faunas of Ontario see Bolton, T. E., 1966, Geo/. Sun•. Can., Paper 66-5). 

Niagaran Formations 

Strata between the Cabot Head and Salina Formations have proven difficult to subdi­
vide, particularly in subsurface work . It is known that the Lockport dolomites are succeeded 
by the Guelph dolomites. Their distinction, particularly in outcrop, has been possible because 
of fairly recent investigations. ln the subsurface, however, for several decades the two units 
have been grouped by most workers and their separation st ill proves difficult. 

TABLE Ill Subdivisions of 1he Lockporl Formation 

c: 
.2 
~ a .... 
0 
t.i. 

This Report Bolton ( 1957), and Liberty (in preparation) 

Member 3 

Member 2 

Member l 

c) Eramosa Member 
b) Colpoy Bay and Wiarton 

Members 
a) Lions Head Member 

Fossil Hill Formation 

An unnamed unit that extends 
from Manitoulin Jsland (part 
of the St. Edmund of Bolton, 
1957) southward to Dyer Bay 

thin-bedded, grey dolomite 
massive, bluish grey dolomite 

medium bedded, sublitho­
graphic dolomite 

thin, irregularly bedded, cherty 
dolomite 

thinly bedded, lithographic and 
sublithographic dolomite 

As exposed within the map-area the escarpment-forming Lockport Formation permits 
a definite lithological subdivision, as shown in Table III. These subdivisions can rarely be 
delimited in the subsurface. Well-cuttings show the Lockport to possess a fairly uniform 
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lithology, although in some wells brown, dense, bituminous dolomite so me distance above the 
base of the formation may be Bolton 's Eramosa Member. 

The surface exposures of the Guelph Formation show a li thology s imilar to that seen 
elsewhere in Ontario. Jn well-cuttings the formati on appears as a litho logical ly uni fo rm mass 
of buff, brown , and brownish grey dolomite. The lack of sa tisfacto ry data o n which to base 
the separat ion of Lock port and Gue lph units has led to subsurface workers Jogging of the 
combined strata in a si ngle unit under the term Guelph- Lockport. 

Correlation 

There a re few rocks beyond the G reat Lakes region that ca n be co rrelated with the 
Guelph- Lockport of Ontario. 

Jn Manitoba the highest Siluria n rocks enclose specimens of the typ ical Guelph coral 
Pycnosty/11s g11elphe11sis, but Tyrrel l ( 1892, p. 203) did not define the horizon as Guelph o n 
the evidence of a fossil ' 'whose range is so li tt le known." Savage and Yan Tuy I (I 9 J 9a) later 
showed that these rocks definitely belonged to a lower horizon. Recently, Stearn ( 1956) cor­
related units B, C, a nd D of the Inte rlake G ro up (Ba illie, 195 1) with the Cl into n formations 
of Onta rio, lea vi ng on ly unit E a nd the upper beds of unit D as equ iva lent to the Guelph­
Lockport (see Bolton, 1957; Ehlers and Kesling, 1957). 

In the Pa leozoic out li er in the Lake Timiskaming region , the Tho rnloe (Lockport) 
Format ion forms the highest st rata except fo r one exposure that "may represent tran sition 
beds from Lockport to the Guelph" (H ume, 1925 , p. 34). Bolton ( 1953, 1957), however, as­
signed these dolomites principa lly to the Clinton. 

In the Great Slave Lake area Hume (1926) and Foerste and Savage ( 1927) reported a 
Guelph fauna from rocks correlated with the Fitzgera ld dolomite. They recorded the species 
Pyc11osty/11s guelphensis, P. elegans, Howe/le/la nearest coralliensis, Phragmoceras cameroni, 
Byronocera (?) l11t111ei, and Crateroceras (?) !11t111ei. A lthough these forms strongly suggest a 
Guelph age, they are not diagnostic as the two species o f Pyc11osty/11s a re now known to occ ur 
low in the Lock port, a nd the other genera are new loca l species. 

Severa l a uth ors have referred the latest Siluri an rocks in the Hudson Bay and James 
Bay region s to Guelph time. Savage and Yan Tuyl ( 19 19a, p. 368) tentat ively correlated the 
Attawapiskat co ra l reef wit h the Eramosa of so uthern Ontario. Ana lysis of the Attawap iskat 
fa un a indi cates a time within the Racine that co uld be eq ui va lent to the Eramosa or upper 
Lockport of southern Ontario . Lt a lso shows a c lose re lat ionship wit h o lder Fossil Hi ll­
Manistique faunas. 

Correlatives of the Ontario Guelph- Lockport occur in different degrees of devel o pment 
in the states bordering the Great Lakes. In Nev.r York State, C larke and Ruedemann (1903) 
have desc ribed two Guelph fauna ! zo nes, the Upper a nd Lower Shelby dolomites, which are 
separated by abo ut 32 feet o f strata conta ining a normal Lockport fauna. They a lso suggested 
that the two zones ca n be detected at Niagara Falls, but neith er Shaw ( 1937, p. 348) nor 
Bolton ( 1957) was able to verify this occurrence. According to Clarke and Ruedemann, the 
Lower Shelby encloses a purer Guelph fa una than does th e Upper Shelby. This condition 
would suggest a correlation between the Lower Shelby a nd part o f the Ontario Guelph. Ad­
mitting such a relation, the in tervening Lockport a nd Up per Shelby st rata must a lso be 
equivalent to part of the Guelph , as both lie between the Lower Shelby a nd the ove rlying 
Salina beds. Such a correlation seems j ustified as a t Shelby, New York, 60 feet of Lockport 
lies below the Lower Shelby and the same thickness underlies the Guelph a t Niaga ra Fa lls . 
Shaw ( 1937) pointed o ut that neither Upper nor Lower Shelby is characterized by the most 
typ ica l species of th e Ontario Guelph , noting the absence of such forms as Pycnosty/us g11el­
phe11sis, P. e/egans, Megalom11s ca11ade11sis, a nd Conchidi11111 occidentale. The inference may 

38 



STRAT!GRAPHY 

well be that the facies represented by the Ontario Guelph was not present in New York 
during the time the G uelph strata were depos ited. According to Howell an d Sanford ( 1947, 
p. 34), the Oak Orchard beds (combin ing the Lower and Upper Shelby) represent a limited 
a nd discontinuous dolomite facies within the Lockport Formation in western New York, a nd 
a re believed to co nta in a fa un a cha racter istic of the Guelph Formation that in va ded the a rea 
fro m the west. (For recent views on correlat ion of these strata see Zenger, D. H ., I 965 , New 
York State Un iv. Sci. Service, Bull. 404). 

In Indiana, upper Niagaran st rata have been reported o n by C umings and Shrock ( 1928 , 
p. 97). These autho rs published a complete list of the Hun tington dolomite fa un a, and from 
their own a na lysis they co ncluded that the corals, brachiopods, and tril obites showed Lock­
po rt affinities ; while such forms as Favosites occidens, Pycnosty/us e/egans, P. gue/phensis, 
Conc/1idi11111 , Monomere//a, a nd Rhinobolus were of di st inct Guelph affini ties . Cumi ngs a nd 
Shrock further pointed out the lithologic simil a ri ty of the Huntington dolomite of Jn d ia na, 
the Springfield- Cedarvi lle of Ohio, the Racine- Port Byron of Illi no is, and the Racine­
Guelph of Wisconsin , and stated that ha nd specimens of the Racine (from Racine, Wiscon­
sin), the Huntington (fro m Ridgeville, Indiana), and the Cedarville (from Sprin gfie ld, Ohio), 
cou ld scarcely be to ld apart. The Cedarville do lomite of Ohio encloses such foss il s as Tri­
mere//a grandis, T. acuminata, Mega/omus canadensis, Coe/oca11/11s macrospira, Conc/1idiu111 
occidentale, a nd Pycnomp/ia/us so/ariodes, and so is co rrelated with the Guelph Formation 
in Ontario. 

In Wisconsin , Chamberlin ( 1877) divided the upper N iagara n do lomites into Racine 
beds below and Guelph beds above. Subsequent workers ha ve expressed the opinio n that 
thi s division is un wa rranted and that neither a strat igraphi c nor pa leontological break 
ex ists from the base of the R acine to the top of the Guelph. Williams (19 19, p. 75) made the 
G uelph strata in Onta ri o equi va lent to the R acine and overlying Guelph beds of Wisco nsin. 
Acco rd ing to Shaw (1937, p. 350) and Bo lton ( 1953, 1957), a Racine fauna is present in the 
upper Lockpo rt beds (Wiarton Member) of On ta ri o. It, therefore, becomes more probable 
that the Raci ne- G uelpl1 of Wisconsin is the correla tive of the combined Lockport- G uelph 
of Ontario. 

Jn northern Michigan , E hlers ( 1948) divided the Niagaran strata into the Burnt Bluff, 
Ma ni stique, and Engadine Fo rmatio ns. ln 1957, however, Ehle rs a nd Kesling des ignated a ll 
st rata between the Dyer Bay a nd Manistique Formations as C linton (Lime Isl and, Byron, 
Hendricks, and Manistique), leaving the Engad ine as upper Niaga ra n and the correlative 
of Lockport- Guelph . Specifica lly the E ngadine is the lithic equ ivalent of the Lockport 's 3a, 
b, and c members a nd G uelph Format ion of Ontario . 

Lockport Formation 

Definition 

The term Lockport was proposed by James Hall in 1838 (p. 289) after Lockport, New 
Yo rk. Present usage of the te rm conforms to Bo lton 's ( 1953, I 957) combined Fossi l Hill and 
Amabel Formations a nd to Willi ams's ( 19 19) Lockport. T he te rm is here a pplied to the strata 
lyi ng a bove the sha le of the Cabot Head Format ion (a nd its St. Edmu nd member) a nd below 
the brown dolomites the G uelph Format ion. 

Distribution 

It ou tcrops as a ver tica l face from a few feet to more than I 00 feet hi gh, traversing the 
entire area , a nd is broken only where crossed by majo r strea m co urses. The o utcro p a rea ex­
tends back from the escarpment thus fo rmin g a northwest-trending belt from 4 to 25 mi les 
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wide. The rock is at or near the surface over extensive areas throughout the eastern part of 
the Bruce Peninsula , but sect ions of any appreciable thickness are found only a long the face 
of the escarpment. 

Thickness and Lithology 
At Wiarton the formation is about 147 feet thick, the upper 45 to 50 feet , in part at least , 

comprising the Eramosa Member. At Cabot Head about 160 feet of Lockport is exposed 
(according to Williams, 1919, p. 58). Other complete thicknesses are not readily obtained 
because the upper part of the Lockport and lower part of the Guelph are very similar in 
colour a nd texture in well-cuttings, their contact is not always recognizable in outcrop, and 
well logs generally combine the two formations. 

The Lockport locally shows considerable variation in bedding, texture, and colour. It 
is essentia lly a thick succession of fossi lifero us dolomite, common ly light grey, bluish grey 
and buff, fine to coarsely crystal line, in p laces porous, and disposed in beds from 2 to 4 feet 
thick with both thinner and thicker beds locally developed , the whole \\eathering character­
istically li ght grey or white. Vertical jointing is common though very irregular, and small 
so lution cavities are numerous at some localit ies. 

Though present on ly in the northernmost edge of the map-area, the lowest subdivision 
of the Lockport (member I o n Table 11 l) is the southern extension of a unit from Manitoulin 
fsland that there lies below the Fossil Hill brown dolomites a nd above the St. Edmund of 
Williams (1919). Bolton 's ( 1957) St. Edmund included a ll strata between the Wingfield and 
Fossi l Hill and thus included member l of the Lockport of this report as well as the under­
lying shales and typical St. Edmund strata. At Rocky Bay 3 miles west of Cabot Head light­
house, about 3 feet of member I (8-to-10-foot thickness reported by Williams, 1919, p. 33) is 
present in the base of the Lockport, but the member probably does not extend farther south 
than Dyer Bay. ]t comprises thin (at the base) to thick beds of white weathering, brown and 
tan, sublithographic to lithographic dolomite. 

E lsewhere in the map-area, member 2 is the lowest unit in the Lockport Formation 
(Table Lil ), a separable unit of member rank from 6 to 15 feet thick. This unit contains a 
profus ion of the brachiopod ' Pentamerus oblongus· a nd cora ls; Bolton (1953, 1957) named it 
the Fossil Hill Format ion. 1t may be seen to advantage at Owen Sound (Appendix A, sec­
tion 20 ; Pl. 11 B, Bolton , 1957), Wiarton , Co lpoys Bay, Sydney Bay, Hope Bay (Appendix A, 
section 19), Barrow Bay, Lions Head(PI. Ilf A), and Cabot Head. At Oxenden and Woodford 
'Pe111amerus oblongus' is numerous in the lower few feet of the thin-bedded dolomite. As at 
Lions Head a nd Cabot Head, the beds containing the Pe111amerus are divided into an upper 
and lower uni t by 6 to 8 feet of thin-bedded, brown, dense dolomite (an interbed), which 
grades latera lly into typical fossi liferous do lomite. These strata are norma lly moderately thin 
bedded, grey weathering, brown, fine-crysta lline dolomite; where fossi ls are absent, as in the 
interbed noted above, the rock is closer to a tan co lou r and sublithographic. Chert nodules 
have been observed in this unit at Owen Sound. 

The overlying unit (member 3a of Table Ill), is thin bedded (2 to 6 inches) and blocky 
fractured , consisting of li ght buff, fine-crystalline to dense dolomite, weathering grey. It has 
been designated the Lions Head Member of the Amabel Formation (Bolton, 1953, 1957). 
This unit can be seen to advantage at the base of the upper cliff at Duncan ; on highway 26 
west of Woodford ; and at Owen Sound (Appendix A, section 20), Colpoys Bay, Lions Head 
(Pl. IU A, Bolton, 1957), and Cabot Head. 

ext in ascending order is a lithic unit (member 3b of Table JJI ) that embraces the Wiar­
to n and Colpoy Bay Members of Bolton (l953, 1957). This unit constitutes the typical Lock­
port lithology ; white to grey weathering, bluish grey to blue, fine-crystalline dolomite. Minor 
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coarse-crystalline dolomite and porous zones are present. Beds are up to 4 feet thick with 
thinner beds locally developed . This unit is noted for its well-developed jointing. It can be 
seen to advantage in the Wiarton north road-cut and on highway 26, near Woodford. Both 
bioherms and interbiohermal strata have been recognized within this unit locally, where thin 
beds of interbiohermal strata truncate the reefal cores. A prime example is 2! miles south­
southeast of Owen Sound, on the west side of highways 6 and 10 just south of the radio 
towers (Pl. IV, Bolton, 1957). 

The uppermost subdivision of the Lockport Formation (member 3c of Table Ill) con­
sists of thin-bedded, grey, dark grey and brown, dense, often cherty, bituminous and non­
bituminous dolomite. Typical bituminous dolomites are characteristica lly exposed along 
Eramosa River near Guelph and at Wiarton in Cook quarry (Pl. IV A). Bolton (1953, 1957) 
used the name Eramosa for this member, following Williams' (1915) original definition of 
the Erarnosa; moreover, he included in it thin-bedded, non-bituminous dolomites that occu r 
near or at the top of his Amabel Formation in the Bruce Peninsula. The principal representa­
tives of member 3c a re the rocks origi na lly cal led Eramosa by Williams. They are not exposed 
a long the crest of the Niagara Escarpment, but come to the surface some distance away at 
Hepworth , 2 mi les northwest of Wiarton ; at Sky Lake (Appendix A, section 22); on the shore 
of Stokes Bay; on the east side of highway 6, 3 miles south of Fernda le; and 2~ miles south 
of Brinkman Corners. Extensive flat areas, as for example along highway 6, 10 miles north 
of Wiarton and 6 miles north of Lions Head, are considered to be underlain by this member. 

According to the writers, the strata of this member (3c) do not form a consistent member 
at the top of the Lockport. Their development is directly related to biohermal acc11m11lation 
at the close of Lockport ( Wiarton) sedimentation. Wherever seen, this member comprises 
interreefal strata, consisting of brownish grey to choco late brown , dense, argillaceous and 
bituminous dolomite typically in even beds from half an inch to 4 inches thick, which com­
monly give off a petroliferous odour when struck. Minor lenses of crystalline dolomite, 
chert nodules, and thin coralline biostromes occur locally, as at Sky Lake road-cut. Chert is 
also known in this member in the Pike Bay area . 

Jn well-cuttings the Lockport has fairly uniform appearance, and consists of buff, 
brownish grey, and grey, fine- and coarse-crystalline dolomite. In genera l the lithological 
divisions recognized in the outcrops cannot be distinguished in well samples. However, 
about JO feet of fine-crystalline, brown dolomite at the base, and about 40 feet of dark 
brownish grey, fine bituminous dolomite about 175 feet above the base of the Lockport 
suggest the presence of the members 2 and 3c respectivel y. Chert nodules in members 2 and 3c 
at least may also provide a means of recognizing these units in the subsurface. Little is known 
about occurrences of chert in other parts of the Lockport. 

Contacts 

The contact of the Lockport dolomite with the underlying Cabot Head shale is generally 
concealed by ta lus, but its approximate position is indicated by the physiographic expression 
of the two formations. On this basis it may be placed below the base of the vertical dolomite 
cliff along the Niagara Escarpment, below which the Cabot Head shale commonly weathers 
into a wooded slope. At many localities where the contact zone is cut by a slope, springs 
issue along the top of the Cabot Head shale, indicating the position of the contact. The actual 
contact is exposed at a few localities, as for example: at the falls at Eugenia on Beaver River; 
at Wa lters Falls; on a small creek 2 miles south of Strathavon; in the road-cut at Inglis Falls, 
Owen Sound (Pl. JIB, Bolton, 1957) ; and on the shore of Isthmus Bay a third of a mile 
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north of Lions Head dock. At each of these places the Lockport dolomite rests directly on 
the sha le of the Cabot Head Formation without gradation a nd shows a n abrupt change in 
litho logy. 

The upper limit of the formation is discussed under the Guelph Formation. 

Stratigraphic Relations, Correlation, and Sedimentary Environment 
Jn his 1843 repo rt James Ha ll (p. 84) referred to the Lockpo rt st rata as Niagaran li me­

sto ne, being the upper di visio n of the Niagara group. The term Lockpo rt was la ter revived, 
however, by Clarke a nd Schuchert ( 1899, p. 876). Mo re recently, Bo lto n ( 1953 , 1957) 
rest ri cted the use of the term Lockport to the Niagara Peninsul a facies within his Albemarle 
Group. The do lomites herein descri bed as a sin gle unit beca use of the sca le of mapping 
adopted with in the Bruce Penin sula a nd adjoining districts were assigned by Bo lton to the 
Fossil Hill a nd Amabel Formations. The Fossi l Hill includes th e Pe11tamer11s- a nd co ra l-r ich 
dolomites at the base. The Amabel comprises the remain ing dol omite sequence un derlying 
the Guelph dolomite and is co rrelated mainly with the Lock port of th e Niagara Peninsul a. 
It was further divided in ascendin g order into the Lions H ead, Co lpoy Bay, Wi a rton, a nd 
Eramosa Members. It should be reiterated , however, that the lowest member herei n descr ibed , 
Lockport member I, is the so uthern extensio n of a di stinct uni t on Manitoulin Is la nd and is 
considered to wedge out with in a sho rt dista nce of Cabot Head lighth o use, probably in the 
vicini ty of D yer Bay. 

The term Eramosa was first proposed by Willi a ms in 19 15, from Eramosa Ri ver nea r 
Guelph. According to Willi ams ( 191 9, p. 62) these stra ta formed a co nsistent member at 
the top of the Lockpo rt Formation thro ugh o ut the western peninsul a of O nta rio and on the 
islands to the north as far as itzwilli a m. More recently, Nowla n (in Shaw, 1937 , pp. 339, 353) 
gave the term Eramosa formational rank a nd divided it into the Ancaster a nd Speedwell 
members. The Ancaster incl uded the chert beds exposed nea r Hamilton , the Speedwell 
included the ori gina l Eramosa of Willi ams. In 1953 , however, Bolton reverted to Wi lli ams' 
original deAnition of the Eramosa, in cluding in it the thin -bedded , no n-bitu mi no us dol omite 
from near the top of his Amabel Formation in the Bruce Pen insul a, as wel l as thin-bedded , 
cherty dolomites found aro und So uth Baymo uth on Man ito ulin Isla nd. The a uthors of thi s 
report are in complete agreement that the Lockport 3c member (Eran osa) is not a consistent 
uni t at the top of the Lockport , but rather is interreefa l between Lockport bioherms. Its 
development is direct ly related to bi oherma l patch reefs, where it takes the form of int erreefa l 
strata , and is absen t from as ma ny pl aces as it is present in the strat igrap hi c sequence. 

The ab rupt cha nge in litho logy between the Lockpo rt dolomite a nd un derl ying Cabot 
Head sha le suggests a sedimentary break between the two fo rmat io ns. In the Niagara Penin­
sul a these two uni ts a re sepa rated by formatio ns of the Clinton Group (Bolton , 1957). Jn 
the Bruce Peni nsul a ma p-area , however, it was former ly co nsidered th at these rocks either 
were neve r deposited or had been entirely removed by eros ion before the Lockport was la id 
down. Either condition would res ul t in disconformable rela tions. As deAned by Bo lton 
( 1953 , 1957), the D yer Bay, Wingfield , St. Edmund, a nd Fossil Hill now rep resent the lower 
Clinto n formations in this region. Other wor kers, fo r exa mpl e Ehl ers a nd Kesling ( 1957), 
co ncur in this interpretation. The remainder of the Lockport dol omite sequence is rega rded 
as equi va lent principa ll y to the Lockpo rt of the Niagara Penin sul a. Thus either the upper 
contact of the Fossil Hill rep resents a disconformity of co nsidera ble magnitude, or equi va lents 
of the missing so uthern units a re as yet un recogn ized in the overlyin g dolomites 3a, 3b (Li o ns 
H ead or Wia rton- Colpoy Bay) members. 

The Lock po rt does not appea r to be very fossiliferous, and the hard crysta lline dolomite 
renders coll ect ing a difficult tas k. Ma ny forms, as for example, the crinoids , a re represented 
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by broken fragments of plates and stems so that specific identification is often impossible. 
Altho ugh practica ll y all the invertebra te phyla are represented, corals a re the most numerous 
with brachiopods a close second (see fa un a! lists in Appendix B). 

The Lockport Formation of Ontario is a northwestwa rd extens ion of the Lockport of 
New York State. A study of the li terature dea ling with the upper Niagaran sediments of the 
Great Lakes area (New York, Michiga n, Wisconsin , Illinois, India na, Ohio, and Ontario) 
forces the conclusion that in this region there is no major break, e ither strat igraphic or fauna !, 
fro m the base of the Lockport to the top of the Guelph. As this same cond iti on prevai ls in 
Bruce Peninsula map-area , discussion of the Lockport in Ontario and the Great Lakes 
region has been placed in the section on Niagaran formations (Guelph- Lockport). 

Guelph Formation 

Definition 

As now defined , the term G uelph is used as a rock unit and in the same sense as used by 
Ca ley in his reports on so uth western Ontario ( 1940, 1941 , 1943, 1946) a nd on his preliminary 
map of the Bruce Peninsula ( 1945). 

Logan specified typical loca liti es in the vicin ity of Guelph a nd Galt , Ontario. The 
writers suggest the fo llowing reference sections within the map-area: Wiarton north road-cut; 
Cook quarry, Wiarton ; Sky Lake road-cut ; Schoolhouse sect ion on highway 6 ; Wia rton 
north bioherm, 2 miles northwest of Wia rton on high way 6. 

Distribution 

The formation has a n area l extent of about J ,000 sq uare miles a nd forms a northwest­
trending belt across the map-area. Width o f the belt averages abo ut 18 mil es in its so uth half, 
but narrows to about 8 miles in the peninsula proper. South of Owen Sound, outcrops are 
rare except in the va lley of Rocky Saugeen River , where at several loca liti es, between Markdale 
and the confl uence with Saugeen Ri ver, c liffs expose as much as 60 feet of strata. Guelph 
strata outcrop a lmost continuous ly along the Lake Huron shore from Oliphant to Tobermory 
a nd throughout the 'Bruce' as numerous, more o r less detached , exposu res. 

Thickness and Lithology 

The formation is nowhere co mp letely exposed. One incomplete section indi cates a 
mi nimum thickness of 80 feet, another abo ut 130 feet. Subsurface data indicate that the 
comp lete section of the G uelp h ranges from I 00 to 170 feet within the map-area. Rapid 
cha nges in thickness are to be expected in a reefal enviro nment. 

Typically the Guelph consists of buff a nd brown, fine- and medium-crystalline dolomite 
that emits a distinct petroliferous odou r when broken. Locally it may be greyish , tan , or 
dark brown , fine- to medium-granular, li thograph ic to subli thographic, and fi ne- to coarse­
crystal line. The strata weat her brownish, moderately resistant only, and into beds from 
2 inches to more than 4 feet thick (Pl. VA). Exposures fac in g the prevailing elements genera lly 
weather in to thinner beds. The typica lly weathered surface appears to be very soft, severely 
etched, and sculptured. The term scraggy has been app lied by many aut ho rs to such a surface 
a nd typifies most Guelph expos ures of the crysta ll ine and granular textures. Tn fi ner textures 
strata appear regularly bedded and more evenly resistant. Also wit h respect to resistance, the 
' bioherms' on highway 6 south of Tobermory strike in the same direction as Pleistocene ice 
movement; thus the ice did the final sculpturing (Pl. IV B) . Sma ll reefs provide the core of 
ice-produced crags, and interreefal strata may have been left o n the flanks in the Jee and 
even low on the stoss side. 
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Lowest Guelph strata characteristically include dark to black, thin , bituminous partings, 
and beds are 4 to 8 inches thick . Slightly higher sublithographic and lithographic textures 
have been observed, locally with preserved algal or stromatolite growths. Higher still in the 
formation, smaller reef cores show more of a knoll-interknoll development, tan-grey, fine­
to very fine crystalline. Argil laceous dolomite is developed there a lso. Vugs of various sizes 
represent an integral part of the rock; some are partly filled by subsequent sediments, others 
are mainly geodes. Fossils are generally rare to sparse. In certain localities such as Hopkins 
Bay, however, even the elusive M egalomus canadensis is abundant. Otherwise the faunal 
indicators arc rare. 

The Guelph is in reality a reefal complex, similar in many ways to the Lockport, but 
reefal to a greater degree. Not only can biohermal units and their interreef strata be dis­
tingui shed within the Guelph itself but a transition unit between Lockport and Guelph 
sediments can be delimited both in the apical and flank areas of the Lockport bioherms (see 
Lowenstam, 1950; Cumings and Shrock, 1928). The great mass of detail recognizable in 
outcrop is completely masked in the thick gross lithology that appears in the well-cuttings. 
Within this gross lithology would be masked the grey colours within the buffs and browns, 
the sublithographic and lithographic textures within the fine- and medium-crystalline textures, 
limestone within the dolomite, and little porosity of the stromatolite strata within the well­
developed porosity of the typical Guelph. Detai l of the surface of the Bruce Peninsula north 
of Owen Sound and Wiarton can be examined to such a fine degree that unless the gross 
lithology concept is retained, mapping of the unit may seem impractical. Features recognized 
have been: I) subt le differences and stratigraphic changes within the Lockport's 3c member 
(Eramosa) and between 3c and 3b strata; 2) the interreefal 3c member (Eramo a) in part 
contemporaneous with a Guelph bioherm (Sky Lake road-cut); 3) the apical unit transitional 
between Lockport sediments and Guelph sedimentation (Lions Head south bioherms) ; 
4) biohermal reef cores and their interreefal and subrccfal strata high in the Guelph Formation 
(highway 6, about 8 to 12 miles southeast of Tobermory) ; 5) bedded deposits flanking the 
bioherms near Tobcrmory ; and 6) the bioherms themselves (North Wiarton, White Cliffs, 
Lions Head south, Berford Lake). 

Oblique truncation of the formation from west to east across the peninsula expo es the 
intimate relations, latera lly and to an amazing degree vertically, between and within reefal 
and interrecfal areas. Pure interreefal 'Eramosa' beds are exemplified in the Cook quarry 
exposure where they underlie massive biohermal dolomites. The doma l features near the 
quarry are believed to have been produced by small bioherms now covered by interreefal 
strata. An example of the Cook quarry type of terrain that has been deeply eroded to expose 
strata of members 3c and 3b (Lockport Formation) is the schoolhouse section, 3.7 miles 
south of Edenhurst on highway 6. There an interreefal area shows small reefs with sediment 
draping off them ; the intimate intermixture of the black and grey laminated dolomite between 
bioherms, on their nanks, and arched over them; and interbedded lenses within the laminated 
dolomite. At the Sky Lake road-cut the reef is exposed and its lateral outgrowth of structure­
less dolomite grading into very fine crystalline interreef 'Eramosa' sediments that enclose 
small lenses of coralline material and chert. Finally, at the north Wiarton bioherm, which 
Lowenstam ( 1950) noted , an isolated reefoid mass is about Jt miles wide by 3 miles long. 
If this mass were discovered in the subsurface and structural ly contoured, its configuration 
wou ld be very similar to Figure 11 of Lowenstam's J 948 paper. oticeable within this bioherrn 
is the irregular upper surface; the structureless reefal cores with depressed beds below and 
truncated flank strata; the drape of the 'cap' beds over the biohermal surface proper; and 
finally the drape of the strata off the flanks of the bioherm into the extensive interreef flats. 
That these flats are essentially the interreef facies has been amply shown in excavations and 
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cuts. To the west and higher in the Guelph Formation, the recfal constituents are sufficiently 
abundant to cover the interreefal flats with a consistent reefal complex, which shows a less 
extensive but equally persistent intcrreefal facies. This facies is similar to typical Eramosa 
(i.e., Lockport 3c) strata in colour and bedding; it is sufficiently unlike the reef 'cap' beds 
that one may be at a loss as to what to call interreefal. Jn the upper half of the formation, 
therefore, typical Guelph lithology and terrain are developed; the biohcrmal rolls are essen­
tially covered (i .e., Elora River), and the flank strata are of bedded, buff, elastic, and sac­
charoidal dolomite. 

ln the subsurface, at least three so-called pinnacle reefs have been found in the Kincardine 
and Clinton areas. Drawn to natural scale, the implied pinnacle proportions (about I :40) 
approach the ratio of exposed reefs in the outcrop area north of Owen Sound. One difference 
is important: the pinnacle reefs are surrounded and overlain by evaporitic strata of the Salina 
Formation. As these evaporites are not present in the outcrop belt, this Kincardine- C lin ton 
area must have been located well basinward to permit these reefs to have grown upwards 
through and above contemporaneous Salina strata. ln all probability, a flexure existed between 
the two areas, which controlled subsidence, reef growth, and sed imentatio n. Also in the sub­
surface, the Guelph Formation genera ll y appears as a buff, fine-crystalline dolomite, but its 
colour varies from light buff and tan to deep brown and grey and its texture varies from fine­
to coarse-crysta lline and from fine- to medium-granular. l ts porosity varies considerably, 
with some vertical intervals of 40 feet and more being especially porous. Min or amounts of 
both selenite and pyrite have been reported in well logs. 

Analyses of well-cuttings from the Kincardine well indicate a chemical composition 
different from that reported for outcrop samples and well-cuttings elsewhere in Ontario. The 
rock in this well, from 860 to 870 feet, is typical of the Guelph Formation (buff, medium­
crysta lline dolomite). From 878 to 1,425 feet it is unlike that of either the Salina or the 
Guelph Formation in that it is limestone rather than an almost pure dolomite. From 1,425 
to l ,495 feet the rock is aga in like the typical Guelph- Lockport, but with interbeds of lime­
stone. The limestone interval (878 to 1,425 feet) has previously been logged tentatively with 
the Guelph- Lockport on the basis of its position relative to the gypsum in the Salina. This 
gives a greatly increased thickness (635 feet) for the Guelph- Lockport strata, which in two 
wells about 40 miles to the south a nd 25 miles southeast respectively are represented by on ly 
100 and 170 feet of dolomite. As a considerable distance intervenes between this Kincardine 
section and the nearest outcrop or well penetrating the formation, several factors (or com­
binations of them) could have brought about its uniqueness. I) Part of the limestone may 
belong to the Salina and part to the underlying Guelph Formation. For those workers who 
believe that all the Guelph dolomites arc the result of dolomitization processes, perhaps this 
Kincardine section is evidence from which to infer that the whole 'Guelph' was grey limestone 
before dolomitization. 2) The apical part of a bioherm is much thicker than the flank-top 
areas and thus a greater thickness can often be explained. A combinat ion of these factors may 
approach the truth, in part at least. Surface studies in adjacent map-areas indicate that 
sharp changes in lithology are the exception rather than the rule in carbonate stratigraphy. 

Contacts 

Detailed investigations have shown that there is a definite change in lithology from typical 

Lockport to typical Guelph, but that this change did not occur everywhere at the same time. 

In the biohermal phase of the Lockport-Guelph succession there is always a transition 
unit between these two formations. This unit is closer to tan than to grey, and is more evenly 

textured than typical Lockport. Moreover, it is not the dense, very hard, brittle, conchoidally 
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fracturing ca rbonate that so typifies the Lockport and the bedding is genera ll y not so massive. 
This unit is arbi trarily assigned to the ba e of the Guelph Formation. It can be recognized 
readil y on the outcrops, where i ts appearance makes its formati onal assignment easier. 
Thickness ra nges from inches to I 0 feet or more, depending on the positi on of the secti on 
relative to the apex of the bioherm. The whole transition may take pl ace in one massive 3-foot 
bed. T ypica l Guelph foss il s such as Trimerel/a have been found w ith in a few feet of this 
transition unit. 

Jn the interreefa l phase where the 3c (Eramosa) member of the L ockport Formati on is 
overlai n by the Guelph Formation, the contact is fa irly eas ily defi ned . It has been delimited 
at the top of the typical, thin-bedded (·1· inch to 2 inches) , grey and brown, fine-crystalline, 
bituminous and non-bituminous dolomites, which may include chert nodules. The co lour of 
these dolomites depends upon dark grey and almost black bituminous partings and bitu­
minous dolomite. Above thi s un it are thick (3 to 5 feet), massive beds of brown, fine-crys­
talline dolomite, which may include minor thin bitum inous partings. The contact appears 
to be conformable and is marked only by the physica l character o f a more or less abrupt 
change in bedding. A s at Cook quarry, nea r Wiarton , single 2- to 3-foot thick beds of cream 
co loured, evenly textured , fine-crystalline dolomite may occur interbedded wit hin this 
L ockport 3c member. These strata are arbit raril y designated as a distinctive rock un it and 
assigned to the top of the Lock port. 

The section at Sky Lake (A ppendix A, section 22) shows about 30 feet of thin -bedded, 
brown, fine-crysta lline, bituminous, cherty dolomite directl y overl ain by, but in part strati­
graphica lly equivalent to (interreef to ree f re lationship), brown, very fine crys talline, rough 
weatheri ng dolomite in heavy beds up to 3 feet thick . Cherty dolomite is also known in thi s 
un it in the Pike Bay area. At Cook quarry 2 miles northwes1 of Wiarton, thin-bedded, very 
fi ne crysta ll ine, brown bituminous dolomi te is overlain by thick-bedded (3 to 4 feet), brown, 
sl ightly bituminous dolomite. The cora l Zaphrentis cf. racine11sis occurs in the upper beds. 
About 5 miles northeast o f A llenford in lot 7, concession LY, Keppel township, a similar 
sequence of rocks occurs with about 2 feet of thin-bedded dolomite overl ain by 4 feet of 
massive, brownish grey, scraggy weathering dolomite. N o Zaphre11tis cf. raci11e11sis was ob­
served there. On the east-west road near the south end of Mountain Lake in lot 23, concession 
XVI , K eppel township, about 5 feet of brown to buff, porous, and fine-crystalline dolomite 
in beds from I foot to 1-1· feet thick is underlain by 2 feet of brown, very fine crystal l ine 
dolom ite with black bituminous strea ks in beds I ·} inches thick. On the shore at Red Bay, 
Pi ke Bay, and Stokes Bay are exposed brown, very fine crys talline, bituminous dolomites in 
l-to-4- inch beds, which show low reef-like dome st ructures. These dolomites are overlain 
by brownish grey and brown dolomite in beds I foot to 11- feet thick. The biohermal transi­
ti on unit ca n be best observed in the road-cuts on the large bi oherms on the road from Col­
poys Bay to Lions H ead. Aside from thi s type of contact, the more o r less abrupt change from 
thin , brown, dolomite beds below to much thicker, rough weatherin g, browner and less dense 
beds above is the most common and prominent physica l characterist ic of the L ockport­
Guelph contact. 

As the contact between the Guelph Formation and the overl ying Sa l ina Formation is 
not exposed within the map-area, the on ly information ava ilable is fro m well -cuttings. One 
of the wells from which reliable cutt ings are ava il able is in Kinca rdine township, and ex­
hi bits a Guelph secti on unlike any so far seen in Ontari o; in it the G uelph- Salina contact 
has not yet been determined with assurance. Jn most well-cuttings, it is di fficult to draw a 
sharp boundary between the two format ions as there is a transit ion unit that separates the 
easily recognizable typical strata of both formations. Th is transition unit va ri es in thickness 
and commonly consists of grey or brownish grey, fine-crysta lline dolomite contai ning va rying 
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quantities of anhydrite, and in some wells more or less argillaceous material. Below thi s unit 
samples are commonly grey, buff, or brownish, fine-crystalline or fine-granular dolomite with 
but rare traces of anhydrite. Above it is grey, calcareous sha le and brown, fine-crystalline 
dolomite, commonly with gypsum and anhydrite. The writers prefer to ass ign th is unit ar­
bitraril y to the base of the Salina Formation. The lower limit of the Salina wou ld th en be 
defined to include the lowest occurrence of anhydrite o r gypsum associated with grey to 
brown, fine-crystalline lo dense dolomite and grey ca lcareous sha le. 

Stratigraphic R elations 
The term G uelph was int roduced by Logan (1863) for the series of rocks typicall y de­

veloped near Gall and Guelph. As early as 1843 A lexander Murray made special mention 
of the bituminous rocks in the rapids above Niagara Fal ls, although he did not note those 
less typical (Gue lph) strata as distinct from the underlying (Lockport) strata. In 1848, however, 
he recogni zed the existence of a series of strata that overlay the Niagara Escarpment rocks 
and which contained a dist inctive assemblage of fossils. 

With respect to the Lockport 3c (Eramosa- G uelph) contact problem, the type locality 
of the Eramosa is at G uelph and was described most recently by Ca ley ( 194 1). According 
to W ill iams (19 19), the lowest Guelph bed is about 2 feet thick , bituminous, and emits a 
petroliferous odour when broken. Shaw ( 1937) stated that about 19 feet up on the quarry 
wa ll at the Ontario Reformatory at Guelph , above a 2-foot bed showing cu rved l ines of joint­
ing, the beds are less bituminous and "'take on more o f a Guelph appearance" (p. 327). 
Zaplire11tis cf. racine11sis was observed above the 2-foot bed. Shaw placed the contact below 
the first appearance of that fossil, thereby usi ng a biostratigraphic basis for defi ning his 
strat igraphic boundary. The rock below that 2-foot bed , in layers from 2 to 8 inches thick, 
was designated Eramosa. Throughout the Bruce Peninsula area the thin, denser, dolomite 
beds of the 3c member are similar to the Eramosa of the type locality. Immediately prior to 
the deposition of the Guelph some areas were dominated by Eramosa sediments, whereas 
in other areas organic accu mulation cont inued unbroken into the Guelph without depositi on 
of interreefa l strata. 

Williams (19 19) considered the Sa lina to rest unconformably on the Guelph. This be lief 
that the Guelph strata were eroded prior to deposi tion of the overl ying Salina strata was also 
held by Evans ( 1950). On the other hand, Roliff ( 1949) stated that the Guelph- Sa lina con­
tact appeared conformable in general, wit h on ly local evidence of eros ion at the end of 
Niagaran time. ln thi s, Roliff was concurring with Shaw's conclusions ( 1937). 

It is believed that any reference to an unconformity at the top of the Guelph must be 
minimized. The term 'minimized' is used guardedly, for with the relief concerned it wou ld 
be surprising if there were no erosiona l evidence on the apices or flanks of the large bioherms. 
Jn support of this aspect certain relations may be inferred from the subsurface data, for the 
lowest Salina A 1 unit is somet imes not present on the apex but has wedged out on the nank. 
There is the possibility that the Salina was not initiated as a suprajacent fo rmation, but as an 
extension of late Guelph interreefal facies (Bolton and Liberty, 1955) . With the Salina's 
lowest (A 1) strata being cut out, thi s aspect must be carried farther (see Salina Stratigraphic 
Relation s; also Landes, 1945; Evans, 1940). Rather than infer an unconformity at the contact 
it wou ld be of va lue to determine whether or not the Guelph interreefal facies 'gives way' 
laterall y as well as vertically into Salina strata. It is believed possible for the Niaga ran 
strata lo grade upward into non-evaporites (and at a different time), in the area encircling 
the evaporite basin. Such an absence of the Salina in a perimeter area would infer not so 
much that it was never deposited there but rather the possibility that the un it there was a 
facies equ ivalent of the Salina. 
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Investigations in an adjacent area have led to the recognition of a dendritic pattern on 
the top of a reefal complex of bioherms, biostromes, and interreefal strata at a given time. 
How to distinguish between this dendritic pattern and the erosional pattern suggested by 
Evans (1950) is a unique problem. Liberty believes that from the data known, the above 
superreefal pattern can more easi ly explain the facts than can an important unconformity. 
lt is considered that all the data so far known are compatible with recfal sedimentation 
phenomena. 

Sedimentary Environment 
General conditions of Guelph sedimentation were probably a clear, well-lighted, well­

aerated, shallow-water environment 50 to 80 feet deep. Active turbulent water conditions 
are indicated by the great amount of elastic flank deposits. Whether the bioherms started 
during deposition of Lockport or Guelph sediments, structural conditions indicate that they 
commenced on topographically higher areas. As a consequence, contemporaneous interreef­
interbiohermal strata could occur at a much lower elevation, in the 'valleys'. Depending on 
the amount of debris derived from the bioherms themselves, the contemporaneous strata 
could also occur at about the same levels. This wou ld explain the biohermal hills of Lockport­
Guelph and Guelph and the flat areas of the Lockport 3c (Eramosa) member on highway 6 
north of Wiarton. Similarly, examples are known in which the Lockport 3c (Eramosa) 
member is at the same elevation as the Guelph bioherms, which indicates a minor con­
temporaneity of highest arbitrary Lockport strata and lowest Guelph strata. 

The many reefal exposures in the Bruce Peninsula present an excellent opportunity 
for investigating rock types, permeability, and textures. Even though algal structures are 
visible only in very fine textured (calcilutite, cryptocrystalline, aphanitic, lithographic) 
reefal cores, it is believed that algae played an important role in the origin of much of the 
Guelph strata. Their absence or poor representation in the finely crystalline and coarser 
Guelph strata could be attributed to recrystallization . 

With respect to greater porosity and permeabi li ty, dolomitization can be equally impor­
tant in reefal accumulations. The composition of the circulating (or penetrating) solution 
will govern the degree of dolomitization. Present studies indicate corroboration of Carozzi's 
(1960) observation that denser textures are most susceptible to dolomitizing solutions and 
that reefal-biohermal circulation of these solutions might well be optimum for large scale 
replacement. 

The most striking and important characteristic of the iagaran (Lockport-Amabel and 
Guelph) dolomites is their consistency over such a widespread area in the Great Lakes region. 
So large an area is concerned that it is not tenable to consider these dolomites as of hydro­
thermal origin. It is more realistic to consider the possibility that circulating solutions (and /or 
recycling) produced dolomitization so quickly after deposition of the primary sediments that 
they should be termed penecontemporaneous dolomite. Furthermore, such special chemical 
conditions probably produced some truly primary dolomites. In this manner, both large 
scale dolomite areas and small anomalous limestone areas (the Kincardine well area) could 
be compatible. 

Reef Development 
A full grasp of the Silurian stratigraphy is obtainable only through a complete examina­

tion of the rocks exposed between New York State and northern Michigan-an oblique cross­
section across the Michigan Basin. The whole of the Ontario Silurian is best regarded as one 
giant reefal complex, for almost each unit in turn presents either biostromal and /or biohermal 
accumulations, or so-called 'independent' strata (i.e., shales) attain interreefal relations-
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as the Cabot Head shale on Manitoulin Island. Maximum or optimum reefal conditions 
appear to have developed in the Manitoulin- northern Michigan area, wit h biohermal develop­
ment in the Manitoulin, Lockport member 2 (Fossil Hill- Manistique), Lockport member 3 
(Amabel-Engadine), and finally the Guelph (highest Engadine). Biostromal conditions are 
considered present in the Manitoulin, Dyer Bay- Wingfield- St. Edmund, Hendrick's equiva­
lent in Ontario, Lockport members l , 2 and 3a, b, and Guelph. lnterreefal strata are known 
in the Cabot Head , Wingfield, and Lockport members 3b and 3c. 

At varying locations on the perimeter of the Michigan Basin each formation begins to 
develop small microreefs and /or biostromes and as the area of optimum development is 
approached so its bioherms are developed, becoming more numerous, larger, and more 
complex. Thus a progression from the simple in a more stable surrounding area to the more 
complex reefal development in the basin proper (a less stable area) is probable. Jn the latter 
area, and apparently ringed by perimeter reefs, the evaporite series, comprising the Sal ina 
and Bass Island Formations, is limited. 

This is the concept and context into which the Silurian formations must ultimately be 
inserted . The concept of a simple barrier reef surrounding this evaporate basin is unacceptable, 
especia ll y when simpler more straightforward possibilities a rc available. The present 'ap­
parent ' ring of reefs that surrounds the basin is not merely indica tive of a perimeter ring 
only. Too much is left unexplained by this means, i.e., the restricted fauna! migration routes, 
so inferred , the constant lithology, and mode of occurrence for the Guelph throughout the 
Great Lakes area. Further, it is incomplete to attempt to plot the bioherms of this ring in 
Onta rio, for the picture is much too complex. Indeed about twenty bioherms are known that 
have never appeared on any published map. Similarly certain areas in this perimeter ring 
cannot be easily pin-pointed as access points for rejuvenation waters to the evaporite basin. 
Far too li ttle is yet known about this aspect, for the present truncated surface either obscures 
or indicates that too much has been removed for us to determine where the reef barrier was 
present. One exception exists perhaps, in the deep gorge between the top of the 'Bruce' and 
Manitoulin Island, as is evident on marine charts. 

It is accepted that reefs other than the barrier type can be effective agents in impeding 
water circulation and in the development of an evaporite basin. Instead of a barrier reef 
around the rim of the Michigan Basin, Liberty envisions a basinal type 'blanketing' Guelph 
reef over and across the entire basin. It would be in wholly shallow to moderately deep water. 
As the central basinal area became depressed, the margins were warped upward (each being 
relative and complementary to the other). Certain areas of the margin were more stable than 
others (see Ehlers, l929MS, p. 52); macro-reefal areas (i.e., Bruce Peninsula and Manitou lin 
Island) define the more unstable parts. Such unstable parts would be the mechanism for 
maxim um development of the reefs, and wou ld be the site for present macro-areas. These 
marginal areas then could and would impede circulation of basinal waters to greater or lesser 
degrees. Similarly, temperature and sa linity changes would be effected. Thus the thickest 
Guelph sections would be located in the marginal area, thinning towards the centre of the 
basin where the evaporite series (Salina and Bass Island Formation ) wou ld be initiated 
contemporaneously with the maximum reefal growth on the mobile marginal area. A band of 
'optimum development' extended across the basin striking south-sou thwesterly from the 
Manitoulin Island-northern Michigan area towards the Illinoian reefs in the Chicago area. 
Flanking such a belt on both sides would be the transi tional micro-reef conditions observed 
southward from within the Bruce Peninsula along the Niagara Escarpment to Niagara Falls. 

Under such conditions, the evaporite seas would oscillate and present in their sediments 
the intimate vertical and horizontal relations observed between the reefal and evaporitic 
facies. Finally, the growth of the reefs wou ld be impeded and 'ki lled off' by the increasingly 
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predominant evaporite sedi ment overgrowth. Such a process, on a local sca le, could produce 
very cur ious res ul ts with respect to tabu lar reefa l growths in certain grad ients and on certain 
terraces of the basin . 

As pa rt of thi s pat tern , the present Algonquin Arch happens to coincide wi th the basin 's 
eastern flank. The Bruce Peninsula north o f Owen Sound is an area that probably underwent 
pulsatory movement, i.e., a mobile area. Through the med iu m of the ' blanket reef ' hypothesis, 
the consisten t Guelph lithology, the reef al development, and the open migrati on of uppermost 
Niagara n faunas throughout the G reat Lakes area, can most eas ily be explained. 

Fauna 
The Guelph fauna is known chiefly from locali ties outside the map-area, although both 

Williams ( 19 19) and the writers have collected from severa l localities withi n the area. The 
fauna from the typica l beds to w hich the nan~e Guelph was originall y applied has been the 
subject of considerable study [Bi llings ( 186 1- 65), W hiteaves (1884- 1906), Parks ( 1907), and 
Shaw ( 1937) ]. Shaw not on ly descri bed new species from T obermory and Durham, but also 
published a comp lete li st o f the then-known Guelph fa una from Onta ri o (reproduced in 
Ca ley, 1940, pp. 67- 70) . 

Analysis of Guelph fauna shows that approximately half the forms belong to a single 
taxonomic group, the Gastropoda; ha l f the species are known to occur in rocks older than 
the Guelph. It is evident that the fauna is characterized not by a fai lu re of earl ier forms so 
much as by the introduction of many new species. For example, two thirds of the gas tropod 
species are not found at lower strat igraphic levels. I t is the general assemblage and association 
of forms rather than the presence of any particu lar foss il s that characterizes the Guelph 
Formation of Ontario. As Shaw (1937) pointed out, important fauna! indicators in the 
formation include Mega/011111s ca11adensis, Trimere/la grandis, T. ac11111inata, Conc/1idi11111 
occidenta/e, Whitfielde/la hyale, and Coelocau/11s longispira. Wit hin the map-area these forms 
are genera lly sparse to rare, although at one location at H opkins Bay, south of Tobermory, 
Megalom11s canadensis is abundan t. 

Correl at ives of the Guelph and Lockport are particu larl y well developed in W iscon in, 
where the appearance of the typica l Guelph is sudden . There, the Racine and G uelph Forma­
tions were origina lly separated on pa leonto logica l evidence. Eh lers ( 19 19), however, suggested 
that there is neither stratigraphic nor paleontologic break in that sequence of strata . The 
so-ca lled Guelph fa una, therefore, is a gradua l derivative of the fauna of the earlier Niaga ran 
strata (Bo lton's Wiarton fauna , 1953, 1957), and the apparent sudden influx of new fo rms 
in the Guelph in Ontario is due largely to the breaking down of barriers such as corall ine 
reefs that were formed late in Lockport. 

Correlation 
T he G uelph Formation is correlated with the uppermost st rata o f the Engadine of 

Michigan, the uppermost Racine- Guelph of W isconsin, the Cedarvi lle Formation of O hi o, 
the Huntington of l ndiana, and a part at least of the Oak Orchard beds of New York State. 
It may be also correlated with the uppermost stra ta of the Interl ake Group in Man itoba. 
Lithologically, the Guelph Format ion traces into the Huntington, the Springfield- Cedarville, 
the Racine- Port Byron in lllinois, and the Raci ne- Guelph in W isconsin. l n northern Michi­
gan a mi nor amount of Guelph lithol ogy is present in the top of the Engadine, but from this 
the Guelph thickens and develops into the ree fa l complex in the Manitoulin l sland area and 
extends sou th ward into the Bruce Peninsu la map-area. Lt appea rs more probable, therefore, 
that the Racine- G uelph o f Wisconsin is the correlative and li thologic eq uiva lent of the com­
bined Lockport and G uelph Formations o f Ontario. 
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Salina Formation 
Definition 

The term Sa lina was introd uced by Dana in 1863 to replace the .. Onondaga Salt Group" 
(H a ll , 1839 ; Vanuxem, 1839), the name Onondaga being preoccupied . 

In the map-area the formation comprises an a lternation o f grey dolomite, green sha le, 
brown dolomite, a nd red shale. Jt lies between buff, even textured Guelph dolomite and 
buff and brown, fine-grained Bass Island dolomite. Lack of outcrops prevents subdivi sion . 
A thi n reference sectio n is designated at the base o f Dunkeld Creek, 2± miles southeast of 
Dunkeld, northwest of Walkerton. A reference well for the format ion is in lot 5, concession 
YIIJ, C ulross townsh ip. 

Distribution 
T he Salina Formation has an area l extent of about 725 square miles. It forms a north­

west-trending belt across the entire region, about 15 mi les wide. The so uthwestern boundary 
passes j ust east of the town of Wa lkerton. Well records show the fo rmation beneath you nger 
strata throughout the rema inder of the map-area. Despite glacia l drift cover, the formation 
is exposed in the va lley of South Saugeen Ri ver between Neustadt a nd Calderwood (Appendix 
A, section 23) ; on Saugeen Ri ver at Walkerton and abo ut 2± mi les north of Wa lkerton ; on 
Teeswater River a mi le a nd 2 miles so uth of Pai sley; a nd near the mouth of a small stream 
in lot 3, concessio n VII , Brant township, Bruce county, 4± miles north of Walkerton (Ap­
pendix A, sect ion 26) . A few feet of strata is exhibited at each of these localities. 

Thickness and Lithology 
The thickness of the Salina can be determined onl y in wells. In two wells in Cu lross 

townsh ip, it is 599 and 609 feet th ick . Jn a well in lot 60, concession A, Kincardi ne township, 
however, similar strata is on ly 370 feet thick ; these st rata are separated from typical Guelph 
dolom ite by 565 feet of g rey limesto ne, which is arbit rar ily included in the Salina Formation. 

The ex posed part of the Sa li na Formation co nsists essenti a ll y of buff, fine-grained dolo­
mite in even beds a lte rn ating from a few inches to 2 feet thick. At several localities small 
minera l moulds and dark bituminous streaks may be seen. Moreover, drab, green ish g rey, 
a nd bluish grey sha le and ca lcareous sha le a ppear either in the form of compact mudstone 
or as la minat io ns. At least two hori zo ns of red sha le or red and green mottled shale are 
present in the for matio n. The upper few feet co mpri ses both red and green shale, both con­
taini ng an hydri te. As the red sha le is more easil y seen, it was used a rbit rarily to delimit the 
upper contact. 

In well-cutt in gs (Appendi x C, log 2), the Salina Formation co nsists essentia lly of an 
a lternation of brownish grey dolomite a nd grey and greenish grey argi ll aceous dolomite and 
shale. Red sha le occurs near the top of the fo rmation and traces of gypsum (gyps um and 
anhydrite are rarely differentiated in the samples) are fo und in most sa mp les. Gypsum(?) may 
also form a bed from 6 to 12 feet thick near the base of the formation. One well in the south­
western pa rt of the map-area conta ins two salt ho rizons, abo ut 20 a nd 165 feet thick . 

Contacts 
Between typical G uelpl1 a nd Sa lina strata there is a transitional unit of variable thick­

ness, composed of grey or brownis l1 grey, fine-crysta lline dolomite containing a nhydrite. As 
anhyd rite has not heretofo re been fo und in the G uelph Formation, this uni t is assigned to 
the base of the Sa lina. 

The top of the Salin a is placed at the highest occu rrence of a nhydrite, associated with 
grey or brownish grey argillaceous dolomite. The Salina invariably is overlain by about 100 
feet of buff, fine-crysta lline to fine-gra ined dolomite with so me oo li tes and bitumino us 
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streaks (Bass l sland Formation). In the Culross and Kincard in e townships wel ls, however, 
35 feet of grey gypsiferous argil laceous limestone intervenes between typical Salina red sha le 
and typica l Bass Jsland strata. 

This gypsiferous unit is absent in Salina exposures 41- miles north of Walkerton in lot 3, 
concessio n YU, Brant township, a nd (despite the 8-foot thick concea led interval) on the east 
side of Saugeen Ri ver, half a mile so uth of high way 4 at Walkerton (Appendix A, Section 27). 

Stratigraphic R elations , Correlation, and Sedimentary Environment 
The "Onondaga Salt Group" of H a ll a nd Vanuxem included four 'deposits ', red shale, 

lower gypsiferous shales, gypsum deposit , and magnesium deposit. This sequence rested upon 
the Niagara group and was overlain by the Lower Helderberg group. As the term Onondaga 
was preoccupied for a limestone series, Dana later introduced the term Salina ( 1863, p. 246). 
In 1900, Clarke and Schuchert proposed the term "Cayuga n period or group" (p. I 18) to 
include the Salina beds, Rondout Waterlime, and Manlius limestone. Jn 1908, Grabau pro­
posed the usage " Middle Siluria n or Salinan", which was represented only by non-marine 
sediments, and introduced the term Monroe for about 900 feet of fossiliferous strata in 
Michigan and adjoining regions in Ohio and Ontario. In 1908, a lso, Schuchert used the term 
"'Cayugan Series" to include the Salina g roup, thus embracing a ll format ions between the 
Guelph- Niagara group and the base of the Devonian . Williams ( 1919) later used the Cayugan 
group to include all the Silurian in Ontario above the top of the Guelph. Finally, in 1945, 
Landes subdivided the Michigan Salina lithologic succession into units A to H. M a kin g a l­
lowances for latera l variations a nd salt pinchouts, these units have been traced into Ontario, 
where unit His the Bass Island Formation . In 1950, Evans further subdivided unit A into an 
A 1 and Az. These Sa lin a subdivisions ha ve a lso been discussed by Roliff ( 1949) and Grieve 
( 1955). 

o fossils have been found in the Salina. The Camillus beds in N ew York Sta te a nd the 
Salina beds in the Bruce Peninsula map-area occur in the same stra tigraphic interval. Despite 
the Camil lus being termed a shale, Alling (1928, p . 2 14) has noted that at the type loca lity it is 
a fine-grained , massive, ashen grey magnesian lime mud-rock . Thus the two formations are 
lithic eq uiva lents. In Michigan , st rata called Salina al so are of similar lithology and st rati­
graphic position. Cook (1914, p. 86) described the Salina in the deepest part of the Michigan 
Basin a a dolomitic limestone, " grey, buff or brown in colour and at times argi ll aceous". 
Thus, these units are lithic equivalents ; certain of the A to G units have been traced directl y 
into Ontar io from Michigan (not all of the units are present at a ny particular loca lity how­
ever). 

Bass Island Formation 
Definition 

The term Bass Islands, derived from the group of islands of the same name in western 
Lake Erie, was proposed by Grabau ( 1908, 1909). As defined, the Bass Islands occupied a 
position between the Salina Formation a nd the overlying Devonian Sylva nia Sandstone in 
tha t area. ' Bass Jsland ' is here in a pplied to strata in the post-Salina and pre-Devonian strati­
graphic pos iti on . Although the name of the islands is 'Bass Jslands ', the term became Bass 
l s land in Michigan reports in the 1930s. The terms Bertie and Akron ( Bertie- Akron), form­
erly assigned to strata in this same position , are restricted in Ontario to the Niaga ra Ri ver 
area, as typical lithologies can not be recogni zed outside that region. 

The formation is not divisible in Ontario, away from the type section in the Bass lslands. 
It is , therefore, mapped and logged as a sin gle unit. (For the most recent definition the 
reader is referred to Sparling, D .R ., 1970, The Bass Is lands Formation in its type region ; 
Ohio J . Sci. , vol. 70, o. I , pp. 1- 35.) 
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Distribution 
The Bass l sland has an area l extent of about 75 sq uare mi les in the map-area . The out­

crop area forms a no rthwest-trend ing ba nd abo ut 2 mi les wide that extends from the southern 
boundary of the area to Southampton. Outcrops are a lmost who lly confined to the va lley of 
Saugeen Ri ver, a nd may be seen to advantage on a sma ll creek directly above the Canadian 
Pacific R ai lway track ha lf a mile so uth of highway 4 at Walkerton (Append ix A, sect io n 27); 
on an intermittent stream entering Saugeen R iver from the west in lo t 3, concession VJI , 
Brant township (Appendix A, section 26) ; on a sma ll creek on the west side of Saugeen 
River, 1.8 mi les nort h of Dunkeld (Appendi x A, section 28); on Teeswater Ri ver a mile 
north of Pinkerton; and on the creek a mil e east of Brad ley. 

Thickness and Lithology 
In two well s, 23 miles apart (lot 5, con. Vffl , C ulross tp ., a nd lot 60, con. A, Kincardine 

tp.) the thickness is 133 and 162 feet. Thickness of the formation incre:ises northwesterly; in 
the adjo ining a rea to the so uth , however, it varies locally (Ca ley, 1943). The disconformity 
north of Walkerton suggests that thi s va ri at ion in thickness is d ue largely to differential 
erosion of the Si lurian st rata. Near Dunke ld th e outcrop is 134 feet thick. 

Bass Is land strata consist of buff a nd brown weathered, buff, cream and brown, fine­
gra ined do lomite in even, vertica lly jointed beds from 2 lo 12 inches thick. At some localities 
more massive beds are as much as 2 feet thick. This unevenness may be affected a nd in part pro­
duced by a lgal concretions. A lso, mineral moulds, which appear as needle-like cavities, occur 
in the formatio n. Their size ranges from about half a mil limetre to about 5 millimetres, and 
many of them are filled with crysta lline material such as anhydrite and celestite. ear the top 
of the formation dark bituminous streaks impart a ribbon- li ke appearance to some of the 
beds. Jn additi on, as markers are two ' medium' oolite zones, 55 and 90 feet above the base 
of the unit. They a re separated by about 35 feet of dolomite and themselves may comprise 
abo ut 3 feet (upper) and 14 inches (lower) of very evenl y textured oo liti c dolomite. 

In we ll -cuttings, the Bass Is land presents a un iform appea ra nce. The lithology is essen­
tia ll y a buff and cream, fine-crysta ll ine do lo mite. Also observed in the samples are the black 
bituminous st reaks, pyrite, mineral moulds, and oolites. The persistency of the oo lite is 
remarkab le, the two zones extend in g beyond the Walkerton a rea. Careful examination is 
general ly necessary to detect the oolites, a nd the second zone has so metimes been recog­
nized only upon re-examination. 

Contacts 
Essentia lly, the lower contact of the Bass Is land Formation is drawn so that the highest 

red or greenish sha le wou ld be a rbit ra ril y retained in the Salina Formation . This was the 
premise on whi ch the outcrop was mapped. In the subsu rface, however, the top of the Salina 
is genera lly placed at the hi ghest occurrence of an hydrite associa ted with grey shaly dolomite. 
Overl ying it , there wou ld be the minera l mo ulds, ool itic dolomite, bituminous streaks, and 
buff dolomite section of the Bass l sland Formation. 

Within the outcrop area the overlying formation is the Bois Bla nc. Thus the contact is 
one between lower brown do lomites of the Bass Island and cherty grey, fine-grained , greyish 
brown limestone of the Bois Blanc. The lowest few feet of the Bois Blanc may contain some 
bituminous partings, but they a re impure, co nta ining silt and sand residues in addition to the 
easi ly detected chert frag ments. 

Stratigraphic Relations, Correla tion, and Sedimentary Environment 
Jn Michigan a nd Ohio the rock unit above the Salina Formation was cal led the Bass 

Is la nds series. This term was proposed for the Lower Monroe division ,of Grabau 's (1908, 
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p. 622) rest ricted use of the original Monroe beds of Lane. As so defined, the Bass Isla nds 
series occupied a position between the Sa lina and the Sylvania sandstone above. In Ohio, 
the Sylva nia was pl aced in the Devonian by Carman (1936) a nd believed to disconfo rmably 
over lie the Bass Isla nd series. In the Bruce Peninsula map-a rea the Bass Is land Formation 
is directly overla in by Devo nian strata , so that it occupies the same strat igra phic positi on as 
the Bass l slands series. Apart from the var ied hi sto ry of the term and the ensuing difficul ties 
that have a risen , the Bass Isla nd occupies the st rat igraphic position of the Bertie- Akron , 
which formatio n Ca ley (1940, 1. 941 , 1943, J 946) traced westward from the N iaga ra Peninsula . 
As used in Ontario, however, the term Bertie- Akron is now restricted to strata exposed in 
the Niagara River area. 

Fossi ls have been fou nd only in the lowest few feet of the Bass Is la nd . The tota l fa una 
includes ostracods a nd brachiopods. The lithic equiva lent of the Bass Isla nd a lso is found 
at a n aba ndoned q ua rry near lnnerki p a nd in the rocks forming the Ca nadia n is la nds and 
reefs west of Pelee Island , a short distance from the Bass Jsla nds. Ca ley (1941 ) ass igned the 
Siluria n stra ta of the lnnerkip qua rry to the Bertie- Akron in lieu of a deta iled examinat ion 
of the q uarry, which he was unable to make beca use of cavin g and flooding co nditi o ns. 
Willia ms (1919, pp . 90, 91) assigned the same rocks to the Akron a nd correlated th em with 
the Raisin River dolomite, a n oolit ic-bearing member of the Bass Is land series in Ohio and 
Michigan . T b is co rrelation was based on the p resence of the brachiopod W!iitfielde//a prosseri. 
The Bass Isla nd of Bruce Peninsul a map-area is believed to be the lithic equi va lent of the 
Innerkip qua rry rock. Oo li tes in the dolomites around Walkerton may be a further link 
between this unit and the R a isin Ri ver member of the Bass Is la nd series. 

The Bass fsla nd Formation is part of the eva porite series of which the Salina Formation 
is the lower un it. Indeed, it was uni t Hin Landes' subdivis io n of tbe Sa lina in 1945. Ce rtai nl y 
the Bass Island represents the return of tbe ca rbonate Jithosome if gross li tho logies a re 
considered. Whereas minera l mou lds a nd oo lites a re indicative of sa line co ndi tions, a lga l 
concretions, up to I 0 feet in diameter, a nd marine fossi ls (i.e., ost racods and brachiopods) 
indicate a carbo nate li thosome a nd no rma l marine co ndi tions. 

Devonian 

Devonian Nomenc lature 

In tbe Brantford area, Caley (1941) ma pped the pre-Ha milton Devonia n as a single unit 
under the term Norfo lk Formation, which term was used to designate a ll rocks previously 
mapped as D elawa re and Ono ndaga, together with a ny intermediate or underlyin g conform­
able D evonian strata of tbe sa me genera l character. T he term was adopted owi ng to fa ilure in 
recogni zing with certainty Onondaga strata as separate from the D etro it Ri ver Formation. 
It was equa lly difficult to delimit the D elaware and the Onondaga . This scheme was fo ll owed 
westward into the London a nd Windsor- Sarnia areas (Ca ley, J 943, 1946). The premise was 
based on the supposed eq uiva lency of the Ono ndaga with the D elaware, a mi sleading inter­
pretation that had become imbued in the literatu re. In 1941 , it was not understood whether 
true Ono nd aga underlay or overlay the D etroit River Formation, or the a rea l extent a nd 
stratigraphic relations of tbe D etroit River Formation. In the Windsor- Sarnia area, when 
Caley referred to the D evonian limestones lying disconforma bly beneath the Onondaga as 
pre-Norfolk, he was referring actua lly to the pre-Delaware sequence of the stratigraphic 
section, i.e., below the D elawa re = Dundee = 'Onondaga' = Big Lime. The problem was 
solved (1) by the sequence in litho logies in Figure 2, page 48 of the Windsor-Sarnia report 
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(Ca ley, 1946); (2) when Caley (1946) referred to the D etroit River Fo rma tion as pre-N orfo lk, 
a nd (3) when Best (1 953 MS.) delimited the erroneous On ondaga as mea nin g the .18-to-29-foot 
basal unit of the Delawa re. 

Using the data for a nd a n a mpli fi ed version o f Figure 2 (Caley, 1946), the writers con­
cluded that from the Niaga ra Penin sula to Windsor in the west a nd to Wa lkerto n in the no rth , 
the sa me sequence of rock units was everywhere penetrated . One excepti on, however, was 
the Detro it Ri ver Formati o n. The write rs do no t consider the D etroit Ri ver to be 'a bsent' in 
the eastern a rea. Rat her, the fo rma ti o n merges with the Bo is Bla nc to beco me the Onondaga 
Fo rmation of the iagara Penin sul a a nd New York State (Table I Y). Sed imentary diffe rentia­
tio n within the Onondaga permits the delimita ti on, westwa rd from Long Point, of two fo rma­
tions, the D etroi t Ri ver ul timately achi ev in g gro up sta tus in the so uthern most coun ties 
where the mem bers achieve fo rma ti ona l stat us. The Ni aga ra Peninsula Onondaga must be 
the Edgecliff a nd p roba bly ed row mem bers. The D etroit River bioherms are probab ly the 
eq ui va lent o f the Edgecliff bi o herms, Ol iver's ( 1954, p. 635) descripti o n readi ly fitt ing Onta rio 
occurrences: " Evidently N ed row depositi on bega n ea rly in some a reas, while Edgec li ff 
condi tions persisted in others. Intermitt ent a reas were a lt ernately subjected ... " ''The 
Spri ngva le sa ndstone is present a t most loca liti es where the lower co ntact is exposed ... " 
In the western area, the a bove noted except ion has no im po rt. 

The seq uence of pre- Ha m il to n rock uni ts com prises cherty dolo mite, brown bituminous 
dolo m.ite, lithographic carbo nate, and grey limesto ne: these li tho logies a re here over-simplified. 
lt is now known that the lowest cherry do lomite is traceab le from the true Onondaga in 

iagara Peninsula to a level below the A mherstburg quarry, into the cherty dolomite at 
Dunkeld Creek near Wal kerton a nd into the Bois Bla nc Formation (La ndes and E hlers) in 
the Macki nac Stra its vicini ty. Thi s unit has been ca lled the Bois Bla nc Formation by Sanford 
a nd Brady (1955), Bo lto n a nd Liberty ( 1955, p. 36) , a nd others. T he brown bit uminous 
do lomite a nd li thogra phic carbo na te has been ca lled D et roit Ri ver. The upper litho logy, 
grey limestone, is problemat ica l, a nd has been ca lled Dundee in M ichi ga n a nd On ta rio, 
Delawa re in Ohio a nd On ta ri o, B ig L ime by well drillers in On tar io, a nd O nondaga by 
nea rl y a ll wo rkers. Obvio usly i t is not the true Onondaga. The term Big Lime is correct but 
ha rdly acceptable fo r scientific purposes . Simila rly the terms D elawa re a nd Dundee a re 
equa ll y correct, at least in so fa r as they have been used loca lly. Th is ' pseudo-Ono ndaga ' is 
the 'cul pri t- litho logy' that Ca ley fi na lly included under the term Norfolk (1946). Of prime 
importa nce is the si mila rity of lowest N o rfo lk strata (lowest J 8- 29 feet of a tota l of 160 to 
200 fee t) to the true Onondaga in the area west fro m St. Marys. Ca reful o bservat ion with 
respect to sedimentati o n, li tho logy, a nd chert is sufficient to recogni ze its true iden ti ty ; 
pa leonto logists, however, would st ill consider its fa un a as of upper Ono ndaga age. 

The term Onondaga has been used co nsta ntly in th e litera ture with a fa un a I conn o tat ion. 
Th is is unfortun a te. but any necessa ry cha nges must be first implemented in N ew Yo rk Sta te, 
i. e., a rock unit name to release th e term Ono ndaga to biostra ti gra phy. Jn Onta rio, the D etroit 
River overlies Onondaga lithol ogy (Bois Bla nc), a nd as a no ther ' Onondaga' litho logy 
(Sta uffer's Onondaga- Best's lower D elawa re member- the present repo rt's basal Dundee 
un it) was known to overlie the D etroit Ri ver, three uni ts were known below the D elawa re. 
As the kn own fa unas of these units a re very similar a nd no qua li fied key fossi ls were ava il a ble 
for fa un a! differenti ation , the three uni ts were ass igned lower, midd le, a nd upper Onondaga . 
The a ttempt was accepted as fac t, so that wo rkers such as Landes, Ehl ers, Stumm, a nd Ca ley 
had to compl etely restudy the stra ti graphy when they came to review a nd initia te in vest igatio ns 
a bou t 1941-42. 

Majo r ca uses of this stra tigra phic p roblem a re ( I) repeti tio n o f lith ology a nd lack of 
sufficient ca re in determining th e true stratigra phic positi on o f the lensitic sa nd bodies wi thin 
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the carbonate sequence; (2) a misinterpretat ion of siructure ca used by the incorrect identi­
fication of Best's lower Delaware as true Onondaga; (3) insufficiently detailed paleontology, 
for the key fossi l concept can be used: the brachiopods Amp/iigenia for Onondaga, Prosserella 
for Detroit River, and Brevispirifer lucasensis for Dundee ; (4) insufficient comprehensive 
stratigraphic research with reference to both subsurface and outcrop studies; information 
was readily availab le for a much earlier so lution of the problem; a nd (5) a pattern approach 
o n a regional scale. l n a problem of this nature and importance it is necessary to determine the 
regional pattern with respect to the basins and source areas, to sed imentary differentiation, 
and facies equivalency. 

Bois Blanc Formation 

Definition 
The term Bois Bla nc (pronounced locally Bob-low) is used for the cherty limestones and 

dolom.ite that overl ie the buff dolomite of the Bass Island Forma tion a nd underlie the brown, 
fine-crystal line dolomites of the Detroit Ri ver Formation. The term thus applies to a rock 
unit and has so been used in most of the Ontario literature. 

K . K . Landes and G. M. Ehlers first introduced the term in 1945 in the Mackinac Strait 
of northern Michigan for cherty limestones and dolomites that overlay the dolomite and 
dolomitic sa ndstone of the Garden Island Formation (O riskany correlative on Garden Js­
land) or the St. Ignace dolomite ( Bass Is land correlative) where the Garden lsland was absent. 
The formation underlay the Detroit Ri ver Formaiion in northern Michigan . Strata having the 
sa me lithological identity and stratigraphic position (above the Oriskany, or the Bass Jsland 
where the Oriskany is absent. but below the Detroit River) a re known in Ontario. The term 
Bois Blanc has recently been ado pted for these strata (Sanford and Brady, 1955 ; Bolton and 
Liberty, 1955 ; and Caley and Liberty, I 957). but is used only in that area west of the iagara 
Peninsula . 

The type section is on Bois Blanc Island in Lake Huron slightly Jess th a n 21- miles so uth­
east of Mackinac Island . Reference sections in Ontario are the lnnerkip quarry near Wood­
stock and the creek sectio n 2i miles southeast of Dunkeld , northwest of Walkerton . 

Distribution 
The formation has an areal extent of about 140 sq uare miles, forming a nort hwest­

trending band from the southern boundary of the map-area to Lake Huron. Outcrops are 
relatively scarce. They commonly exhibit only a few feet of strata , but the formation can be 
seen to advantage on a st ream on the west side of Saugeen River in lot 2, concession VII , 
Brant township; on Teeswater River at several localities between Chepstow an d Pinkerton : 
and on the shore of Lake Huron about 5 miles south of Port Elgin. 

Thickness and Lithology 
The total thickness of the formation in the map-area can only be determined from well­

cuttings. A thickness of about 150 feet is fa irl y cons istent in the Bruce Peninsula region. As 
seen in outcrop, the fo rmat ion co n ists of grey, brownish grey, medium- to fine-grained , 
fossi liferous limestone that weathers grey and into irregular beds from an inch to over a foot 
thick. White weathering chert occurs as nodules, thin lensitic and anastomosing layers, and 
in thick beds. and is the most cha racter istic feature of the formation . 

Jn the well-cuttings, chert is the most character istic feature of th e formation. The lime­
stone and dolomite appear to va ry from crypto-crystalline (li thographic) to fine crystalline. 
Also in the cuttin gs the possibility of finding the tiny amber-coloured spore cases of Tasmanites 
sp. is greater. These have not been fo und below the stratigraphical level of the Bois Blanc. 
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PALEOZOIC GEOLOGY OF THE BRUCE PENLNSULA AREA 

Contacts 
The lower contact marks the boundary between the Silurian and Devonian Systems and 

represents a disconformity. The lowe t few feet are darker coloured and comprise thinner 
lensitic beds with dark coloured anastomosing partings. These strata are impure and contain 
si lt and sand residues of quartz as well as glauconite and chert fragments. This lower contact 
is marked by the change from buff to light grey, fine-crystalline dolomite of the Bass Island 
to cherty brownish grey limestone and dolomite of the Bois Blanc. The restriction of Tas­
manites to the Bois Blanc may be used also to disti nguish these formations. 

D efi nition of the upper contact with the Detroit R iver Formation has proved difficult. 
Some investigators contin ue to log the Bois Blanc and Detroit River Formations together, 
others limit the Bois Blanc to the cherty dolomite, despite the anomalous thicknesses so 
obtained. Jn this report the upper contact is drawn to retain the Bois Blanc as the lower 
cherty dolomite. 

Stratigraphic R elations 
Subsurface studies ha ve confirmed that the cherty Bois Blanc strata can be traced from 

the Mackinac Straits area of Michigan across Ontario into part of the Onondaga of New 
York State (Table lV). Throughout this area the Bois Blanc cherty dolomite unit consistently 
retains a lower position, subjacent to an upper new uni t, which achieves formational identity 
from inherent character within the Onondaga. Eastward from the longitude of Long Point 
the upper unit is but a phase- not even a mcmber- simi:Jy becoming less and less distinctive 
and finally coalescing with the Boi Blanc into the Onondaga Formation of New York State. 
Only in the longitude of Long Point docs this upper lithologic unit achieve final sedimentary 
differentiation to obtain formationa l status as the Detroit Ri ver. These two units, combined, 
lie between the same lower and upper boundaries as the Onondaga , i.e., Oriskany and the 
Hamil ton (the Delaware Formation is the correlative of lowest Hamilton in New York Sta te) . 
The spatial relationship is simi lar to that in the reefa l Silurian . Small reefs are p resent in the 
Onondaga. Large reefs and their associa ted sediments comprise the Detroit River Formation 
and originated on a platform area. The subjacent cherty unit (Bois Blanc) is the extension of 
the Onondaga thoughout southern Ontario and acted as the ' matrix ' facies in which the 
Detroit la rge reefal areas were developed . 

Beca use of such stratigraphic relations it seems best to restrict the term Onondaga to 
strata in the Niaga ra Peninsula and New Yo rk State, where it can be used in both a bio­
stratigraphic and a lithic sense. In rea li ty, the term Onondaga should be assigned a biostrati­
graphic role with a new (rock unit) term proposed for the New York- Niagara Peninsula 
strata. The term Bois Blanc can be applied in a formational sense to strata west from Long 
Point (in Lake Erie), where sedimentary differentiation has produced readily mappable rock 
units. 

With respect to possible anomalies in this section, Springvale sandstone lenses occur at 
severa l levels within the Onondaga (Bois Blanc) in the Niagara Escarpment area, and ac­
cordingly no member connotation is here applied to this unit as suggested by previous work­
ers. Similarly there is the unrelated Sylvania sandstone in the western area , which lies at the 
contact of the Bois Blanc and Detroit River. The latter is discussed under the Detroit River 
Formation . 

Correlation 
With the foregoing in mind it can readily be understood why the reported 'Onondaga 

fauna ' in the Detroit River Formation has led to considerable confusion. Both the Bois Blanc 
and Detroit Ri ver are correlated with the Onondaga of New York, but on ly the Bois Blanc 

58 



STRATIGRAPHY 

is the lithic equiva lent of the Onondaga. The Bois Blanc is correlated with the lower Onon­
daga on the basis of the enclosed fauna, particularly Amphigenia elongata (Va nuxem). That 
it is the eastern extension of the Bois Blanc of the Mackinac Straits is indicated by the char­
acteristica lly cherty unit occupying the same strat igraphic position and enclosing Syringo­
pora hisingeri Bi ll ings, "Spirifer" duodenarius (Ha ll ), and Proetus crassimarginatus Ha ll. 

Sedimentary Environment 
The Bois Blanc is essential ly a carbonate unit with large a mounts of chert. Preliminary 

work indicated that thicknesses of the cherty do lomite, as logged in wells, were wholly anom­
alo us. Thicknesses obtained by combining the Bois Blanc with the overlying D etroit River are 
complementary and present a more read il y un derstandab le pattern . The Detroit River and 
Bois Blanc together are the equiva lent of the New York Onondaga a nd reefs near Formosa 
lay wholly within the Detroit River Formation. The detai ls of these reefs, the rock units of 
the Detroit River, and their area l geology formed a pattern , especially when compared with 
the Silurian reefs on the Bruce Peninsula and Manitoulin Jsland . The writers, however, do 
not consider the Bois Blanc to be essentia lly biostroma l. N evertheless, the chert inclusions 
suggest that the Bois Blanc was the ' matrix facies ' upon which and within which the D etroit 
River's la rge reefal areas were developed. Under these areas the Bois Blanc is thin (i.e., its 
normal thickness), but between them the formation has anomalous thicknesses and is strati­
graphica lly equivalent to the reefs. 

The chert occurs as sma ll to la rge nodu les, lenses, anastomos ing laye rs and thin to thick 
beds, and has replaced countless nu mbers of fossils. On denuded or qua rried surfaces layers 
of chert pinch and swell from fractions to severa l inches th ick. Blobs of chert now separated 
from the main mass may have in part been connected at one time. To accou nt for the distri­
bution of this chert Liberty suggests that vast quantit ies of silica were present in the marine 
waters probably in gel form (Peterson , M.N.A. , and Von der Borch, C.C. , 1965, S cience, 
vo l. 149, p. 1501). Deposition a ltern ated with that of the limestone and dolomite, and the 
gel was moved and squeezed a long the va rious layers according to the di ctates of fracture, 
load , and slope. Jn this manner the silica gel could invade and rep lace the fossils a nd ot her 
porous units. Where no porous units existed the gel wou ld intrude as a mass parallel to bed­
ding and would pinch and swell according to the dictates of load and other fac tors. This 
interpretation of the origin of the chert in the Bois Blanc Formation appears best to fit the 
data now ava ilable, and though differin g from the in terpretations of Laird ( 1945) and Best 
(1953, MS.) agrees essentially with that of Smith (J 959). The Bois Blanc Formation was 
deposited in a quiescent sha ll ow sea that suppo rted abundant life, and where siliceous gels 
were next in importance to the carbonate. 

Detroit River Formation 
Definition 

The term Detroit R iver is defined and used as it was by Caley (1943, 1946). lt was first 
used by Grabau (1908). The formation in the type area a long the Detroit River embraces 
strata that lie above the cherty limestone and dolomites of the Bois Blanc Formation and 
below grey and li ght buff, fine- to medium-grained limestone that has been termed variously 
Delaware, Dundee, Big Lime, and Norfolk (Table IV). The Detroit Ri ver is a rock unit 
embracing a reefal phase. 

Suggested reference sections are Amherstburg and St. Marys quarries; Maitland River 
section at Goderich (Appendix A, section 30); the quarries along Thames River between 
Woodstock and Ingersoll ; the Formosa exposures; and the road-cut 21" miles north of the 
vi llage of Formosa (Pl. VJ). 
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Distribution 
The D etroit Ri ver stra ta have an areal extent of about 400 sq uare miles, a nd form a 

northwest-trending band th at averages about 11 miles wide, parallel to the Bois Bla nc 
Formation. The formation ex tends from the southern boundary of the map-area to Lake 
Huron near Kincardine a nd Amber ley, where it widens an d fans westward to the Ja ke. 
Outcrops are few. The forma tion ca n be seen best on the La ke Huron shore from McRae 
Point to Mac Pherso n Point; o n Penetangore Ri ver abo ut 2 miles above th e mouth ; in the 
Teeswater qua rry; on Teeswater Ri ver ha lf a mile west of Chepstow; on Formosa C reek in 
the vi llage of Formosa ; a nd in the road-cut 21 miles north of Formosa. 

Thickness and Lithology 

At no one loca li ty can the formation be seen in its entirety. Subsurface data indicate a 
thickness of between 250 a nd 500 feet. 

In general the Detroit River consists of brown, fi ne-crysta lline and lithograp hic limestone 
and dolomite. Severa l specia l units withi n the sequence are referred to as the li thograph ic S 
(So uthern), c rysta lline N (Northern), and reefal B (biohermal) facies. As Best ( 1953 MS.) 
po inted o ut the Sand facie interfinger in the St. Marys a rea , a nd the B facies seems to be 
limited to a n ellip tica l a rea around Teeswater a nd Formosa. 

S (So 111/iern)facies. This is mainly a very fine grained, light brown a nd grey, hi gh-ca lcium 
limestone with some cylindrical co ra ls and st ro matoporo ids. It does not occur within the 
map-area, but has been recogni zed in outcrop farth er so uth in the Beach vill e area where 
Best ( 1953 , MS. , p. 107) has described it in detail. This S fac ies unit is well ex posed in the 
quarries between In gersoll a nd Woodstock in the Tha mes Ri ver va lley and in the Amherstburg 
q ua rry. Jn these areas the Detroi t Ri ver is assigned formation stat us. 

N (Northern) facies. This unit probably underlies the en tire Bruce Pen insula map-a rea , 
a nd extends so uth wa rd to in terfinger with the S facies in the St. Marys area. For the most part 
it is a crystal line unit a nd embraces both the typica l Detroit River and the gran ul ar Aank 
deposits of the reefal B facies. 

In genera l the fac ies is buff, browni sh grey, brown and cream, fin e-crysta lline dolomite. 
Minor amo unts of interbedded li mestone a nd fine gra nula r textures have been repo rted . The 
deposits arc of uniform character with the dolomi te rhombs tightly packed and li mesto ne 
comp ri sing interlocking grai ns of calcite. Bedding va ri es fro m thin even beds to so me 
12 inches thick; more massive un iform beds up to 20 inches have been observed . Mineral 
mou lds, as much as I cm. in size, filled with gypsum and ce lestite are com mo n. C hert has 
been recorded o n Lake Hu ron sho re at Mc Rae Point, a nd in min o r qua ntities loca lly in the 
subs urface. Black bituminous ' lines ' from streak to parting status characterize the unit. A 
strong pe!ro li ferous odour is readily noticea ble when the rock is struck an d broken . These 
strata a re poor ly foss ili ferous. 

The reefal B (biohermal) Aank deposits a re developed in this N facies. They are charac­
terized by their unevenn ess, their truncation against th e reef core, and their so fter nature with 
reference to weathering and fossi l remains. These st rata a re genera ll y fine, med ium , and 
coarse gran ular brown dolomite a nd dol omitic limestone. The vuggy nature (co mmonly of 
sma ll size) a nd inte rgranula r porosity suggest fossil and reef fragments ; at least some of the 
fossil fragments are composed of dolomite. Similarly included in this N facies a re ' biostromes' 
as exhibited at Goderich , Kincardine, a nd Wingha m. These a re a t most 9 feet thick a nd a 
mile Jong and cons ist of dolomite typical o f the N facies. They a re beli eved to be of a lga l 
origin . Best ( 1953 MS.) reported that large 8-inch fragments of the reef form ' rare breccia beds' 
in the Aa nk and interreef deposits .. 
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Jn subsurface samples the N uni t is buff to brownish grey fi ne-c rysta lline, fine-grained 
and fine granular carbonate. Thi s fine g ra nul a r carbonate is most common ly dolo111ite. Black 
bituminous st rea ks cha racte rize this uni t and minor chert has a lso been recorded . The 
mineral 111 o ulds may also be a definitive characterist ic. A notab le inc rease of gran ula r dolo111ite 
might be interpreted as fl a nk reef depos its, which are ass igned to this N fac ies. 

The strata ca n be seen to good adva ntage in the Ma itla nd Ri ver sectio n at Goderich 
(Append ix A, secti on 30), Mc Rae to Macpherso n Poi nts on Lake Huron, a nd on Pen<::'.a ngore 
River abo ut 2 miles above its mo uth. These a re here designated as the reference sections. 

B (bioher111al) facies. This unit represents the reefal phase of bioherms. Some workers 
have applied a na me to this un it ( Best, 1953 MS.: Fo rmosa- Fagerstrom, 196 1a, b), but the 
writers follow the reco m111endat io ns of the Stra ti gra phic Code a nd refer to the un it as Detro it 
River bioherms. The bio herms. as known , occur within an oval -sha ped a rea that extends 
between Chepstow and Wingham (abo ut 20 111iles) a nd is as m uch as 9 miles wide. They are 
not necessarily restricted to that a rea , however, for many loca l str uctura l features in the map­
a rea a re considered to be due to similar struct ures over which the superjacent strata dra pe. 
T he bioherms appea r as patch reefs in the fo rm o f res ista nt hill s a nd cliffs; they range fro111 
one acre to severa l ac res in area l ex tent and up to 500 fee t in dia111eter. The va lley a reas are 
considered to be d ue to softer interbio herma l st rata. 

In the Fo rmosa a rea the B facies thicknesses vary. Fagerstrom ( 1961b) noted 5 1 feet in 
a well west ofTeeswater (J .B. MacKen zie No. I- Dom inion Natural Gas); Best ( 1953 MS.) 
reported 90 feet in a well in Cul ross townsh ip (lot 18, concessio n V); a nd o utc rop studies 
indicated 35 to 40 feet. Typica ll y the lithology is li ght g rey to blu ish grey, sub li thograp hic lo 
lithographic, hard fossiliferous li mestone. The limestone is very pure (99.23 CaC03, Goudge, 
1938, p. 213) a nd occurs as wel l jointed, non-bedded (co mpl e te lack of beddi ng). 111assive 
carbonate. The weat hered surface appears porous a nd vuggy a nd irregular ly pitted (scraggy). 
Yugs a re genera lly lined with calcite crysta ls and may represent fossil mou lds. Where fossils 
a re few th e limestone is fine grained to subli thographic; very foss ilifero us parts ' reduce' the 
matrix li tho logy, resultin g in a surface co111prisi ng stromatoporoids, co ra ls, bryozoans, 
brachiopods, gastropods. tri lobites, etc. Large a nd sma ll flat stro111atoli tes typify by far the 
g reatest part of the bioherm representing the reef framework. Clast ic debris from the fossils is 
present between individua ls within the reef a nd seconda ry recrys tal li zatio n was a n important 
process. Accord in gly the matrix between the fossils varies from sub lithographic to fine­
crysta ll ine to coarse-crysta lline and fro111 fine to coarse granula r li mestone (ca lca ren ites). 
The fl a nk deposits are of diffe rent texture a nd are readi ly d ifferentiated. They are included 
with and discussed in the sectio n on the N facies. 

In generalized descriptions of the B facies previous workers have implied the ex istence 
of o nl y one reef; the writers, however, agree with Best ( 1953 MS.) that there a re a large number 
of oval patch reefs (bioher111s) in the Formosa area. They a re inc luded within the N fac ies 
because: J) the lower co ntact of the bio her111 can be seen in the For111osa north road-cut 
(2·1 mi les no rth of Fo rm osa, lot A, con. I I IS, Brant tp. a nd lot 72, con. XV, G reenock tp. ­
PI. YI ), and al C heptow a long the banks and in the bottom of Teeswater River (Appendix A , 
sect ion 29) ; 2) the upper contact ca n be observed in the sa111e river below the fa lls, 4 miles 
so utheast of Teeswa ter (in lot 4, con. 111 . C ul ross tp.). Thus the stratigraphic rel at ions of the 
B facies are precisely known a nd were first noted co rrectly by Go ud ge ( 1938). As Fage rst ro111 
( 196 l b) pointed o ut, they do not occ ur al precisely one st ratigraph ic level ; it wo uld be 111ost 
surprising if they did . Near the fa lls of Teeswater Ri ver these bioher111s occur above, below, 
and at the sa111e stratigraphic leve l as the Detroit River facies strata. Although it is possible 
fo r the B reefs to occur a nywhere vert ica ll y within the N facies, they a ll lie between 25 a nd 
200 feet a bove the base of the for mat io n. 
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Selected reference sections for the Detroit River B facies a re I) the Formosa north 
road-cut, 2t miles north of the village, on the boundary of lot 72, concession XV, Greenock 
township and lot A, concession JIIS, Brant township ; 2) the exposures near Formosa; 
3) 4 miles southeast of Tees water at the falls, in lot 4, concession HT, Culross township : 
4) a t Chepstow, along the banks and in the bottom of the Teeswa ter River; 5) the quarry in 
lots A and B, concession IIlS, Brant township, south of Greenock Curb; 6) the quarry in 
Teeswater, lot 15, concession VI , Culross township; and 7) east of the bridge over Formosa 
Creek in lots 3 and 4, concession Xl, Culross township. 

Jn subsurface, the bioherms a re light grey to bluish grey, lithographic to sublithographic 
limestone. The biohermal strata a re more massive in the fres h rock than on the weathered 
surface; this together with the increased density of the rock type makes the rock harder to 
drill. Accordingly, drilling time for a 5-foot drilling in terva l would be different from that for 
the N facies brown dolomite. Solution cavities are commonly encountered in dri ll ing through 
the bioherms, for joi nts and 'caverns' a re loca lly very well developed. 

Contacts 
The lower contact of the D etroit River Format ion is delimited so as to leave the main 

mass of cherty dolomite in the Bois Blanc Formation a nd the brown dolomites with bitum­
ino us partings in the D etroit River. This must be done on a gross lithology basis, for in 
sedimenta tion of thi s so rt transiti ona l st ra ta are common. There are a few chert occurrence 
in the D etroit River. 

With respect to the S facies within the Detroit River, its lowest strata are not too unlike 
the lowest strata of the N facies and similar delimita tion is recommended. Its upper contact 
with the "Colu mbus Formation' ', as ex posed in the Ingerso ll a rea, is readily delimited as 
brown, sublithograp hic to lithogra phic limestone below the grey and brownish grey, fi ne-, 
medium- and coarse-gra ined limestone with an apprecia ble quartz silt content. 

The N fac ies presents the typical D etroit River upper and lower contacts. The lower 
contact is as noted a bove ; the upper is between the brown fin e-crysta lline, fine-grained dolo­
mite wi th dark bituminous pa rtings and the Dundee ( orfolk, D elawa re- Dundee) light, to 
medium brown, fine-grained to crysta lline li mestone. Lowest strata of the Dundee could be 
more accurately described at the Goderich- Maitland Creek section as medium brown, fin e­
grained limestone in whose base is a 0.3-foot bed of conglomerate composed of rounded 
pebbles of D etroit Ri ver dolomite and limestone. These were the strata previously and erro ne­
ously referred to as 'Onondaga ' in the Goderich a rea, and in whi ch there is certa in evidence 
of a mino r hiatus . 

Within the buff dolomite of the N facies the B unit's reefal bioherms occur as grey, 
lithographic to sublithographic limestone. A bluish co loration may be more consistent in 
the fresh subsurface samples. Thus, the upper and lower contacts of these bioherms should 
be sha rp. Any rock removed by solution, wo uld be the more soluble limestone of the reef. 
Accordingly upper and lower co nt acts ca n be fa irl y accurately loca ted if solut io n phenom-::na 
are present. 

Stratigraphic Relations 
Most workers agreed that the Detroit Ri ver Format ion was a lithi c entity of at least 

formational ra nk, and that it lay below the D elaware- Dundee strata . The problem was 
whether the Onondaga lay above or below the Detro it River Formation. 

Caley's (1941) introduction of the term Norfolk, as a 'grouping' agent, was the only 
logica l act ion at the time. Now it is known tha t the Detroit River lies a bove the Onondaga of 
southwestern Onta ri o and below the Norfolk (Dundee). The lowermost unit of the Norfolk 
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formation was sufficiently simil ar to the Onondaga of New York that it caused confusion in 
areas where little or insufficien t subsurface drilling permitted a lternative sequences to be 
proposed. M oreover, this same unit could be uppermost Onondaga and include both the 
Detroit River and Bois Bla nc Formations . lt is now known that the structure is simple a nd 
straightforward a nd the paleontologica l data are compatib le witb the nomenclature herein 
fo llowed. 

E hlers (1950) corrected the errors in the Detroit River seq uence, a nd Stauffer ( 19 15) did 
recogn ize the Detroit R iver as a formatio n. Of the regional setting a nd stratigrap hic rela ti ons 
Bo lton a nd Liberty ( 1955 p. 36) wrote: 

It should be pointed out that tracing of the Onondaga format ion of ew York into Ontario 
by means of subsurface studies has confirmed the fact that the D etroit River first achieves its 
ident ity as a fo rmation in orfolk county, north of L ong Point. We lward, the cherty dolo­
mite, typical of the Onondaga, consistently retains a lower posit ion, subjacent to an upper new 
un it which has fina lly achieved fo rmational identity from inherent charac ters within the Ononda­
ga. These two units combined lie between the same lower and upper boundaries as the Onondaga 
formation , in New York and in the iagara Peninsula. The lower unit has been traced south­
west to Windsor and Amherstburg and northwest to Walker ton and Lake Huron. All the 
evidence supports the conclusion that thi s lower uni t should be ca lled Bois Blanc in accordance 
with the 1945 investigation s of Landes and Ehlers. The upper unit is known as the Detroit Ri ver, 
which thickens in to the Michigan Basin where it achieves group status as the ind ividual members 
emerge wit h formational connotation. 

This pattern acco unts for the 'a ppa rent ' overl ap of D etroit Ri ver on the Onondaga in 
a more logica l manner a nd witho ut the paleogeographic difficulties so implied. All of the 
Bois Bla nc, D etroit River, Co lumbus, and orfolk (lower member)- Dundee have been 
noted as containing a n Onondaga fauna . 

Jn the Bruce Peninsula a nd adjacent Lo ndo n ma p-a reas, the Det roit Ri ver shou ld be 
des ignated as a formation as no subd ivis ion is possible. Where rock types within this unit a re 
more domi na nt, consistentl y present, an d considerably thicker, they must be raised to fo rma­
tional status; consequently in Michi gan the Detroit River must be ra ised to gro up stat us 
(Ta ble TV). 

Correlation 
The Onondaga- D etroit River correla ti on is accepted . Sta uffer ( 19 15, p. J 48) was correc t 

in noti ng the marked resemblance o f the bioherm.a l B fa un a "to that of the purer po rtion 
of the Ono ndaga limestone" . evertheless, he co nsidered the fau na to have a preponderance 
of Hami lton forms a nd accordin gly mapped these strata under the name Alpena . As thi s 
biohermal facies lies within the D etroi t Ri ver, the Upper Devo ni an te rm Alpena can no lo nger 
be app lied . Also, as the associated N facies is poorly fossiliferous it is not possible to determine 
whether it is the Amhertsb urg or Lucas (or both) biostratigraphic uni t. [n the Ingerso ll area, 
Best ( 1953 MS.) o n the bas is of the conta ined fa unas was able to disti ngui sh these two uni ts, 
but others have been unsuccess ful. 

Although st romatoporoids a re su pposed to constitute the mai n framework of the bio­
herms (a t least 50 per cent according to Best, 1953 MS.), the main struct ure should be more 
correctly te rmed stromato litic. T he fauna of these bioherms is va ried a nd abunda nt , though 
fac ies con trolled, wi th most taxonomic divisions being represented. So me of the more abund­
a nt foss ils are Fimbrispirifer divaricatus, L eior!iynclws sp. a ff. L. kel/oggi, Meris tel/a sp., 
Cystiphylloides sp. , Favosites sp., S ip'1onop'1re11tis sp., Synaptop/iy //11111 sp. , Conocardium 1110 11 -

roiciurn, Mourlonia fi litexta. The fauna indica tes a n Onondaga age (Fagerstrom, 196 1 b). It 
sho uld be added that the brachi opod Prosserel/a was found in th is unit, corrobora ting this 
correlation . Also, the enclosed fa un a permits a reasonably good correla tio n with the reefs in 
the Anderdon a nd Amherstburg units in their type areas. 
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In contrast, the N facies con tains a meagre, poorly preserved fa un a. Some of the more 
common fossils a re Clatlirodictyon sp. , ldios1ro111a 11attressi, Prosserel/a /11casi, P. p/anisinos11s, 
Conocardi11111 111011roici11111 , C/adopora sp. , Heliopliy /111111 sp. , and Temnopliy /111111 i11 1eg11111bia. 
On th e basis of the Prosserel/a fauna , the Detroit Ri ver N fac ies in the Bruce Peninsula area 
is correlated with the Detroit Ri ver of Mic higan. Its fauna a lso indica tes a correlation with 
the Onondaga of New York State. Lithica lly. the N facies interfi ngers with the S fac ies, which 
in turn is traceable into the Onondaga of ew York . 

Sedimentary Environment 
Within the N facies (a t least), the B (bio herma l) facies was probably developed in a shelf 

o r platform a rea specially conducive to ree fa l sed imenta tion . Moreover, as the Detroit Ri ver 
evaporites li e west of the Bruce Peninsu la map-area in the deeper part of the basin it is sug­
gested that they occur in the N fac ies a nd are related to the reefal complex. Best ( 1953 , MS., 
p. 147) noted that "t rue evaporites .. . a re present o nl y in the upper part of the Lucas forma­
tion a nd in the cent re of the Bas in " . 

Jt is do ubtful that a ba rrier reef as such eve r ex isted a ro und the rim of Michiga n Bas in . 
During Detroit Ri ver sed imenta ti o n the write rs envis io n a reefal environment extend in g co m­
pletel y across thi s sha ll ow basin , becoming more co mp lex towards the centre with the depo­
sition of sa lt. As th is cen tral area became depressed a nd as the margins were warped upward 
(each being re lative a nd co mpl ementa ry to the other), the existing reef on the ma rgins im­
peded circu latio n. Within such a margi na l a rea the evapo rite series co uld be initiated con­
temporaneous ly with reefal growth with respect to a rim development of the reefs; an inter­
fi ngerin g contempora neous relationship between the two facies wo uld ex ist. ike the basinal 
reefs in the Middle Silurian , these reefs probably spread completely across the basin until 
their growt h was impeded by the evaporite sedi ments . The Algonquin Arch in Ontario re­
presents the eastern Aa nk of Michigan Basi n, which probably underwent pulsatory move­
ments at least during the time of sed imentat io n. 

Most of the strat igrap hic o bservations in sout hwestern Ontario a nd the adjoining states 
during the past 120 years may now be coordinated a nd synt hes ized . It is within the N facies 
that active reefa l growth was most predominant, a nd avai lable evidence suggests the reefs 
grew in c lear, well lighted , wel l aerated ha ll ow water conditions of 40 lo 70 feet. A round 
these bioherma l patch reefs the gra nular Aa nk in terreef strata exhibit up to 24-degree dip, 
as near Mc Rae Poi nt a nd Ma itl a nd Ri ve r. 

In d iscuss ion of the Bois Bla nc Formation , the need for defining rock un its for the sake 
of rock units was stressed , in particular fo r subsu rface tracing a nd delimitat ion of a nomalous 
thicknesses of such units. J t was furt her suggested that the Bois Bla nc's cherty dolomites 
were complementa ry to the D et roi t Ri ver d o lomites, bot h in thickness and lithology. Also 
the cherty do lomite of the Bois Bla nc may well be the ma tri x facies upon which D etroit Ri ver 
areas were developed. One such reef a rea (macro-reef) wo uld be the ' Formosa ova l" or e lli pse 
in wh ich the B fac ies is known to ex ist. Between macro- reef areas the cherty dolomite would 
be expected to reach hi gher stratigraphic levels in the sect ions a nd so present anoma lous 
thickness va lues as interreef strata . Such is their character in other reefal accumulations in 
Ontario. 

]f th e te rms .Bois Bla nc a nd D et ro it River were defined by fauna I content , the two units 
wou ld be insepa ra ble, for the supposed 'key fossils' are rare a nd spa rse. By defining rock units, 
the lithic sequence a nd thickness var ia tio ns in such strata over a wide area ca n be determined, 
and the chert occurrences within the Detroit River more easi ly explained . A lso, the macro­
reef idea ca n be tested. Liberty, not enti re ly satisfied that the S fac ies i completely separable 
from the N facies, considers that future work may indicate a trace-over of lowest N into the 
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so uthern a rea. Should the lithograp hic dolomite of the S facies be proved ' loca lly contro lled' 
a t a ny time, then the S facies should be re-investigated. 

A vigoro us sha ll ow sea is envisio ned for the depositional environment of the N fac ies, in 
comparison wit h quiescent conditi ons fo r the S fac ies. That the former supported abundant 
life is well illu strated by forms preserved in the bioherms. ln the past the pu rely biostrati ­
grap hic approach used in st udyin g these rocks was the more difficult because the peculiar 
environmenta l co nd it ions dictated the fa una a nd lack of fa una by ecologica l contro ls. T hus 
ca rbo nate chem ical precipitates, reefal deposition , and basina l restriction with co nsequent 
sa lini ty increase, are considered the essentia l processes in the sed imentary environment. 

Dundee Formation 
Definition 

The Dundee Formation emb races the strata between Detroit River carbonates and 
Hamilton black shales. T hi s definit ion confo rms to that of Caley's fi11al Norfolk Formation 
( 1946, p. 3 1, para. 5, line 5) : " ... here res tricted to the Dela wa re- Onondaga part of the pre­
Hamilton Devonian." On lithologica l groun ds, it is co nsidered to be a nat ural unit. 

The te rm Dundee is preferred ra ther tha n attempt to re in state Norfolk ; to add a new 
name to the literature; or to use Delawa re. The unit concerned , however, is not the fu ll 
Dundee of Michi gan , ei ther stratigraphically or lithically; neit her is it enti rely the Delaware 
of Ohio. 

Reference sect ions are the Ma itland River section at Goderich (Appendix A, sections 
3 1, 32) a nd St. Marys Cement Compa ny sout h qua rry at St. Marys. 

Distribution 
The Dundee Formation has a very la rge areal exte nt in Ontario. In the Bruce Peninsula , 

it underlies an irregu la rl y shaped area centring a round Goderich , with lobes 5 to J 2 mi les 
wide extending from I 0 to 25 miles long from Goderich. The southwes te rly trending re­
entrants shown on the geological maps have been inferred in a n effort to exp lain subsu rface 
data. 

Thickness and Litho/015y 
At no one locality in the map-area is the Dundee Formation exposed in its entirety. Re­

course mu st be made to the drilling samples in a reas of Hamilton bedrock in order to obtain 
the true th ickness. Thus, within the map-area where no Hamilton is present we a re dealing 
with minimum th icknesses. Ca ley ha s est ima ted that bet ween 80 a nd 100 feet are present. Best 
( 1953 MS.) has estimated abo ut 137 feet fo r his Delaware ( = D undee of this report) in the 
Goderich a rea, ass igning 29 feet to the lower member and I 08 to the upper. H e noted. that 
whereas the lower member thi.nned to 18 feet at St. Ma rys it thickened in a northerl y direc­
tion . The writers suggest that the format ion probably th ickens in a basinwards direction. 

Generally, the Dundee is a grey, browni sh grey, medium- to fine-grained , and fine­
crysta ll ine to sublit hograph ic limestone an d dolomitic limesto ne. The rock weathers grey and 
into irregu lar beds up to 12 in ches thick, but may for m thick massive beds in a cliff or quar­
ried face. lt contains numerous small lenses of bioclastic material, da rk carbonaceous partings, 
a nd stylo li tes, and chert is commo nl y present in the form of nodules a nd bedded layers, but 
does not adhere to a ny particu lar stratigraphic level. The formation is moderatel y fossiliferous . 

A twofo ld subdivisio n into lower and upper members (co rrespond in g to Best 's members) 
is suggested . T he lower comprises 18- 29 feet of li mes tone between the Detroit R iver and the 
Delaware Formations (as used by Stauffer, J 915) in the Goderich- St. Marys area. T he type 
section is at St. Marys, in the St. Ma rys Cement Company sout h q uar ry (north face). There, 
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18 feet of the member overlies the Detroit River Formation and grades upward into the upper 
member. This member is best developed in the northern part of the map-area. The rock is 
generally a tan to light grey, medium-grained , crystalline limestone with carbonaceous 
laminae. Bioclastic materia l is present in lenses, and fossi ls are common. 

The upper member comprises the strata referred to the Delaware by Stauffer (1915), 
and has genera lly been considered as the Delaware Formation proper. It is more widespread 
and thicker than the lower member ; Best considered it to be about 175 feet. The type section, 
like that of the lower member, is at St. Marys in the St. Marys Cement Company south 
quarry (north face). This is the most complete exposure and shows the relat ionship with the 
lower member. The rock is generally fine-grained to sublithographic, grey and brown lime­
stone with perhaps a purplish tint , and occurs in massive, hard beds. Lenses and beds of 
bioclastic materia l are present. Chert is also present and varies from grey and black to tan and 
wh ite. Stylolites are common and pyrite has been observed. The unit is not particul ar ly 
foss ili fero us . 

In well-cuttings the Dundee Formation is readily defi na ble, fo r the contrast with the 
underlying Detro it Ri ver sediments and the overlying Hamilton shales is easily noted . Chert, 
which may begin about 25 feet or so a bove the base, the spo re case Protosa lvinia, and bio­
clastic limestone also distinguish the for mation. The chert is genera lly ligh t coloured and 
appears to become mo re abu ndant southeastwards. 

Contacts 
ln the general Goderich area the lower contact can be seen at Mait land River section at 

Goderich (Appendi x A, sections 31, 32) ; in Maitl and Ri ver at Brussels between the dam 
and the bridge; and in south quarry of the St. Marys Cement Company. It is defined as 
between the brown, fine-crystalline Detroit River dolomite (or grey and brown lithographic 
limestone or dolomite) and the grey, fine-crystalline foss iliferous Dundee limestone. In the 
I ngersoll a rea, the " Columbus Formation" may ap pear similar to the Dundee on initial 
investigation . Its sandy nature, however, serves to delimit it from the Dundeel . 

The quartz grains and angula r pebbles of Detroit River litho logy observed in the basal 
few feet of the Dundee Formation a t Goderich a re proba bly present in the format ion withi n 
the map-area . 

Throughout the map-area , glacia l drift lies on the truncated surface of the Dundee 
Format ion so that the upper contact is nowhere exposed. The Dundee is, in genera l, the 
bedrock for mat ion a lmost as far south as a line joining Kett le Point, Parkhill, and London 
(see Map l I 94A). Sou th of this line, the Hamil ton overlies the Dundee and the upper contact 
is readily definable between the grey, fine-crystalline limestone and the soft, light grey, 
ca lcareous shale of the H amilton . Where a transitional uni t occurs an arbitra ry contact must 
be drawn to retain the rock units' gross lithology. 

No1jo lk Historical Note 
Caley (1941, 1943) used the term Norfo lk Format ion as an emergency measure until 

sufficient data was accumulated to resolve both the Onondaga and Detroi t River stra ti­
graphic problems. Thus, this term was used to gro up the Onondaga, Bois Blanc, D etroi t 
River, and D elaware- Onondaga strata ; the deta iled stratigraphic succession for these strata, 
at that time, was not known with any degree of certainty. In 1946, Ca ley p ublished a fina l 
definition for Norfolk, and clearly stated that this term was app lied to those strata above the 
Detroit River Formation and below the H amilton Formation. In 1966, Liberty attempted, 

1 R. J. Beards (Ontario , Dept. Energy and Resources Management, Paper 67-2, Guide to the subsurface 
stratigraphy o f southern Ontario) notes that "Columbus" strata are retained in the Detro it R iver Formatio n 
in the Woodstock- Ingersoll area. 
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unsuccessfully, to reinsta te the term N o rfolk as defined by Ca ley in 1946. lt seems more 
appropria te to use the term Dundee, with the sa me definit io n, a nd in On ta ri o to discontinue 
use of the terms N o rfo lk a nd D elawa re. 

S tratigraphic R elations 

The lowest stra ta of th e Dundee a re considered to be a basa l uni t of elas tic limestone 
tha t would typify a tran sgressin g depos it. The a bunda nt a ngular fragments in it a re D etroit 
Ri ver do lo mite, chert, a nd foss ils. So simila r is this basa l un it to the Ono ndaga that Sta uffer 
( I 9 I 2a) a nd Gra ba u a nd Sherzer ( 19 10) te rmed it ' Ono ndaga', a nd thus the pro blem arose 
as to whether Ono ndaga strata overl ay or underl ay th e D etro it Ri ver. At that time, this basa l 
unit was reputed to enclose a n Ono ndaga fa una. Best ( 1953 MS.) ind icated that thi s un it was 
p resent o nly in the a rea of St. Marys and no rth westwa rd, bu t the writers suggest that these 
strata a re approx imately contempora neo us with the ' Nanticoke beds' to the so uth (i. e. , beds 
at N a ntico ke a nd Cheapside that a re co nsidered by most workers to be D elawa re). Thus, in 
preference to Best's hypothesis of overla p a nd wedgeo ut of this basa l uni t sout h of St. Marys, 
a thinning of the section sou theastwa rd is suggested with a n associated facies cha nge fro m the 
elas tic beds to the ca rbo nate li thosome with whi ch the Ma rcell u litho logy inte rfingers and 
wi thin which the " Ma rcellus fa una" is fo und, i.e. , the brown sha le a nd Sty lio/ina fissurel!a 
a nd Tentacu/ites gracil!istriatus. T hus the wri te rs ass ign the 'N ant icoke beds' to low Dundee 
( = low D elawa re). The basa l few feet of th is formatio n co uld very easi ly contai n the Onondaga 
fa una . 

ln considering tha t the Detro it R iver and Bo is Bla nc merge in to the Ono ndaga Formation 
just east of Lo ng Poin t (see di scussio n un der Det ro it R iver) a nd that the Dundee is th inn ing 
in this same directio n, it is no longer mea ningful to stress a n easterl y overl ap of th e Dundee 
on th e Columbus, the Detroit Ri ver a nd Bois Bla nc, as Best (1953 MS.) has do ne. The 
simp ler interpreta tion presented in the previo us pa ragra ph is preferred for it readily fi ts in to 
the pa ttern o f thi ckening westwa rds, a nd a lso ex pla ins sedimenta ry differentiatio n of the 
sma ll er units in that direction (Ta ble l V). To reason otherwise req uires th e presence o f impo r­
ta nt unco nfo rmi ties a nd phenomena, which a re no t kn own. 

Thus, the Dundee fo rms o ne lithi c unit, extendin g from Lake Eri e to La ke Hu ron. I n 
its western most loca liti es it compa res favo ura bly with Dundee lith o logies and fa unas, whereas 
in its easternmost loca lities it displays D elaware li tho logy a nd fa un a. T he existence of Marce ll us 
li tho logy a nd fa una in its lower stra ta is perha ps the most im po rta nt item with respect to 
its correla tio n, fo r the Delawa re of Ohio is tracea ble into the Marce ll us of N ew Yo rk. As 
the Marcellus is the lowest formation of the H a milton Group the interface between the sha le 
(H a milton) and li mestone (Delawa re- Dundee) lithosomes is shi ft in g vertica ll y, the lowest 
black sha les becomin g progressively yo un ger in a westwa rd direct ion. 

Unco nfo rma ble relat io ns occ ur between the D etro it R iver a nd the Dundee Formati ons ; 
a t G oderich a nd Brussels the sand a nd co nglomera te encloses pebbles o f D etroi t River 
litho logy. N evertheless these aspects sho uld be minimized , for desp ite the abrup t contact and 
loca l re lief, structures in th e Detro it River a re refl ected in the overlyin g Dundee sed iments . 
T wo points are worthy of no te: ( I ) complex sedimenta ti on ca n occ ur in reefal complexes ; a nd 
(2) unfoss ili fe rous strata o r strata lacking the key foss ils can st ill represent a time interval 
which pa leo nto logica lly cann ot be proven. Thus a n unconformi ty defined merely by mea ns of a 
sha rp contact, lack of a key fa una, o r a distinctl y thinner sect ion is unsound . The last men­
tioned becomes immedia tely important with respect to the Dundee in the western a rea . An 
unco nformity between the Dundee a nd the overlyin g H amil ton is di fficul t to determine. 
T ha t the Dundee is considera bly thinner tha n the Dundee in Michi ga n does no t pose a 
serious problem, for the unit wou ld be ex pected to thicken in th a t directio n and new units 
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would be added to the section. Best (1953 MS.) suggested 200 feet for the thickness of strata 
(herein cal led Dundee) in the map-area. From well-cuttings it is known that the upper contact 
is not one of limestone to black shale but rather limestone to interbedded hale and limestone, 
suggesting transitio nal relations. This may well be the rule rather than the exception, con­
sider in g the basinwards position of the map-area from the Algo nqu in Arch. Furthermore, 
whereas the Dundee is upper Eifelian and the H ami lton is lower Giveti an, any disconformity 
at the top of the Dundee cannot have any great time significance.! 

The following fas ils support a Delaware correlation for the Dundee formation: Brevi­
spirifer lucasensis, Chonetes deffect11s, Leirorhynclws sp., Lo11gospi11a m11cronata, L. (?) 
maconensis, "Martinopsis" maia, M11crospirifer co11sobri1111s, Protoleplostrophia perp/ana, 
Agoniatites vanuxemia, Giganloceras inelegans, and Styliolina fissure/la. either " Martinop­
sis" maia nor Styliolinafissurel/a, however, a re found in the lowest few feet of the formation 
in the area west from St. Marys. Nevertheless, Brevispinfer /ucasensis, Megastrop/iia concava, 
and Proet11s p/animarginat11s are common throughout the Dundee Formation in both the 
Lake Erie and Lake Huron areas, as well as in both the type Delawa re and Dundee. 

Sedimentary Environment 

The Dundee limestones originated as lime muds, as is evidenced by the texture and paleo­
eco logical indications of the enclosed fossil forms. Quiescent conditions postulate the lack 
of fragmentation . There must have been brief periods of non-quiescent conditions or active 
bottom currents to account for the lenses of bioclastic crin oidal material , which locally make 
up a considerable proportion of the lithology. The basal unit seems to have been deposited in 
a shallower environment, probably a local a rea of moderately large extent. These bed appear 
to be of elastic origi.n, although the matrix cement was probably a lime mud also, which could 
be masked by the influx of fragmental remains. 

The chert within the Dundee Formation is of specia l interest. All occu rrences (small to 
large nod ules, lenses, anastomosing layers, thin to thick beds) are considered to be of the 
same origin. It is postulated that the sea depositing the Dundee strata contained vast quantitie 
of si lica in gel form. This gel wou ld a lternate wit h the carbonate, would move and be squeezed 
laterally and vertica lly, and could be forced to invade porous units- replacing any enc.losure. 
Where no porous units existed , the gel could on ly pinch and swell along the bedding planes. 
This interpretation satisfactorily explains the variations between bedded and nodular chert 
that have been observed, and no recourse to the introduction of material from siliceous 
springs is necessary. Thus the fossi liferous and unfossiliferous chert, the similar textured 
cherts, the lateral replacements of the original rock, a nd the bedding thickness could be 
most easily explained. Solidification is believed to have been late in the diagenetic phase. 

Dolomite constitutes a small proportion of the formation . It occurs in the form of large 
to sma ll rhombs, most ly restricted to the cement. Liberty suggests that the rhombs rep resent 
do lomite that separated as a late factio n from the intimate ad mi xture of dolomite and ca lcite 
in the precipitate carbonate mud. The size variation observed is similar to digitate forms and 
lends some credence to this idea. Replacement of fossil edges by rhombs is considered for­
tuitous. 

The moderate argillaceous content seems to be fairly constant both vertica lly and later­
a lly. An argillaceous sea bottom replete with pyrite seems compa tibl e with the available 
evidence, permitting a period of essentially quiescent red ucing conditions when life abounded. 

!See Devonian of Ontario and Michiga n by B. V. Sanford , p. 976, in International Symposium on the 
Devonian System ; Alberta Soc. Petrol. Geo/., vol. I , 1968. 
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Sedimentation and Paleogeography 

Both a major source a rea to th e southeast (Appa lachia n) a nd a secondary northern 
source in the Canadian Shield may be postu lated . This was not the Shield per se, but rather 
the Pa leozoic veneer of carbonates (essentia ll y) tha t covered la rge parts o f the Shield during 
Paleozo ic time. 

A ltho ugh the southern Onta ri o sed imenta ry a rea is considered, fo r the most pa rt, inter­
mediate between the Michiga n a nd Ap pa lachia n Basins, such a n a rea is interpreted as not 
so much 'shelf ' but 'platform". T he Bruce Pen insula map-area, is a lmost wholly within the 
Michiga n Basin. The Owen Sou nd nexure (see Fig. 4) limits the outheas tern edge of the 
Michigan Bas in , a nd the Algonquin Arch acts as the divider bet ween th e Michigan and Ap­
pa lachian Bas in s. This p latform is traceab le into southwestern Ontario and coi ncides, ap­
proxima tely, both with the so uthwestern peninsu la (between Lakes Erie and Huron) a nd the 
trace of th e Algonquin Arch. Thi s pla tform is the a rea l unit in whi ch , for example, the 
D elawa re- Dundee nomenclature problem has a ri sen. On either s id e o f the pla tform subsiding 
basi ns co nt a in sediments up to a nd includin g Pennsylva ni an . Of the sediments, the ca rbon a te 
litheso me is the most predo min a nt. The sha le li thesome is seco ndary, the sandstone bein g 
minor so fa r as a quantita tive eva lua ti o n is co ncerned. ln the Siluria n, the shale lithesome 
comprises about 19 per cent of the sect ion , there being no sa ndsto ne. In the Cambra-Ordo­
vicia n secti on , 49.6 per cent is carbo nate, 48.7 per cent is sha le, a nd 1.7 per cent is sandstone. 
The Devo ni a n is carbonate within the map-a rea. Towards Manito ulin Is la nd a nd northern 
Michiga n the Si lu rian 's carbo nate content increases marked ly. More precisely the nature of 
the sequence might be li sted , Cambria n, sa ndstone with some sha le and carbonate; Middle 
Ordovicia n, limestone essenti a ll y ; Upper Ordovicia n, shale 87 per cent, carbonate about 13 
per cent ; Lower Silurian , sha le 57 per cen t, ca rbonate 43 per cent ; Middle Silurian, carbonate 
with very minor sha le ; Upper Siluria n, ca rbonate 85 per cent , sha le 15 per cent ; Middle 
D evo ni a n, ca rbo nate essenti a lly. T he ca rbo na te lithesome is the more prominent , by far , a nd 
the writers consider thi s as pect to be very important in furt her considerations. 

Out liers of post-Precan1brian strat a within the Canadia n Shield are importa nt , for they 

indicate not onl y that large areas of t he Shield were covered by Pa leozoic seas but a lso that 

the Sh ield was not the positive stable a rea ma ny authors have claimed . That the out liers are 

predominantly carbo nate indicate the probability that the Pa leozoic veneer over pa rts of 

the Shield was co nsistently carbona te. When the out liers a re plotted on a sma ll-sca le geo­

logica l map of Ca nada, the resultant pattern indicates the proba bility that most of the Shield 

was covered by Pa leozo ic sediments at least in Ordovician a nd Silur ian, and possibly in 
D evo nian times. 

T hese ou tlie rs provide important information on so urce areas . T he carbonate veneer in 

the cent ral a nd northern pa rts of Ontario has been removed an d on ly remna nts (by which we 

ca n join the Hudson Bay Lowland to the Michiga n Basin) remain. The eros io nal products of 

this veneer produced the elastic ca rbona tes of the Siluria n (a nd higher) stra ta of the Michigan 

Basin . Here then is the ex pl a nati o n hinted at, but never clarified by so many workers, for a 

postulated necessa ry northern so urce area for m uch of the basina l ediment s. To reiterate, 

most of the Canadian Shield in Ontario was at one time or another covered by a veneer of 

Pa leozoic stra ta ; in a ll proba bility this cond ition was never at tained at o ne time. Erosive 

products were ca rried into both the Hudso n Bay Lowla nd a nd Great La kes basinal areas ; 

si mil ar rock types (i.e. , the for mations a nd fo rma ti o na l sequence for th e sa me time interva ls) 

resulted . 
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As the formations described are rock units, some usual biostratigraphic terms are not 
employed for the map-units. ln this manner possible transgression of time-Jines by rock units 
is not masked, for the biostratigraphic units themselves do in no way give the pattern . It is 
believed that in sediments deposited in a shelfwa rd or platform area, delimitation of units 
in carbonates is accomp lished more eas il y because elastic content derived from so urce areas 
will be at a minimum. Also the stabi lity of such a n a rea permits demarcation of carbonate 
entit ies and facies eq ui valents ; disconformities will be more pronounced and wi ll disappear 
basinwards. Conversely it is conceivable that whereas unconformities may have occurred in 
the basinal area, there may have been less severe conditions varying to contin uous sedimenta­
tion in platform areas. lt is more practical to trace the delimited carbonate units into basina l 
deposits and their shale equiva lents than to set up the reference units in the more argillaceous 
section and attempt to trace them shelf wards, as has been the practice until recently. 

The pattern is one of progression from Cambri an elastic strata in depression areas of 
Preca mbrian rocks to the ep ico ntinental sea sedimentation of the Middle and Upper Ordovi­
cian limestones and sha les. There, biosiromes made their first a ppeara nce, the Bobcaygeon 
Formation being developed within the carbonate sequence and the th in Kagawong biostromes 
extendin g south ward from the Manitoulin carbo nate a rea into the shale Jithosome (Queen­
ston Formation) within the map-area. In Silurian time the Bruce Penins ula was on the brim 
of a reefal complex, which embraced at leas t the sediments of the lower and middle parts of 
that system. The Upper Silurian is considered a part of this complex, in that the Salina Forma­
tion resulted from the lack of circulation caused by the 'encircling' reefs of the basin . This 
Upper Silurian series was contemporaneous with a part of the reef growth and was instru­
mental in controlling the growth of the complex. By Mid-Devonian time another simi larly 
controlled reefal complex was in existence in the map-a rea. 

Most workers consider the Michigan Basin to have been in ex istence or to have come 
into existence for Salina deposition (Upper Silurian). The negative area needed for such a 
basin in a ll probability was ini tiated in the Niagaran for the reefs to have been developed to 
such a marked degree o n the rim. lf the reverse is so then th e reefs shou ld be equally developed 
completely across the Michigan Basi n to the Chicago 'lllinoian' area. D ating would then be 
Middle Silurian. From such a time o nwards instability of such a basin cou ld account for the 
observed sedimentation and stratigraphy. 

Prior to the Middle Silurian the Algonquin Arch may have had sufficient relief to produce 
a basi nal effect, at least on the eastern side of the present Michigan Basin . Thus the Arch was 
merely in later time a platform a rea, the Algonquin Platform. Apart from certain pulsations 
of the Arch during Ordovician time it must have been moderately quiescent a nd of moderate 
relief on ly, for little or no effect in sedimentation has been detected . The carbonate and sha le 
lithologies concerned have much greater tolerance with respect to angle of deposition than in 
the case of sa ndstone. Thus a ny relief co uld be more readi ly 'absorbed', not indicating thereby 
any sedimentary differentation due to such a n influence. The steepest dips on the flanks of 
the Arch a re a bout 60 feet to the mile at the most. Such a feature wou ld serve admirably 
as a platform. 

The incipient features of the Michigan Basin may have been effective in late Precambrian­
ea rl y Cambrian time in o rder to provide the necessary relief a nd drainage pattern for the 
known distribution of Huroni an and Cambrian sediments o utside the centre of the basin. 
It is inconceivable that the parallelisms and pattern of the Great Lakes is fortuitous , especia lly 
with the Cambrian deposits being in the base of such depressions and the noteworthy thick­
e nin g of most formations as the southern lake depressions are approached. Although the 
underlying cause of the Michigan int racraton ic basin can o nly be guessed at, the incipient 
features were active in ea rl y Cambrian times at least. 
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With the exception of the Cambro- Ordovician and Siluro- Devonian stratigraphic 
breaks, there was essentially continuous sedimentation during the early Paleozoic in the 
Bruce Pen insula. For this reason contact phenomena have been difficult a nd arbitra ry 
definitions have had to be made. The unconformities that are recogni zed may be more 
prominent owing to their proximity to the Algonquin Arch and their shelfward position 
from the basin . 
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Chapter Ill 

STRUCTURAL GEOLOGY 

(B. A. Liberty) 

The glacial drift that covers the bedrock surface varies from a thin veneer on the top of 
the cuesta and north of Owen Sound (absent in some a reas) to severa l hundred feet so uth of 
Owen Sound and below the Niagara Escarpment. Although the lower swampy areas on the 
cue ta overlie lacustrine clays for the most pa rt, the deposits in the adjacent lowland area 
vary from tal us and ice- hore deposits at the base of the escarpment to 'drift ' fil lings of pre­
glacial drainage channels. Few rivers and creeks show key exposures. The finest structural 
feature is the Niagara Esca rpment, which permits continuous outcrop over Jong distances. 
Other structural data obtained by outcrop mapping are few. 

Topograp hy is bedrock controll ed , except where the glacia l drift is exceptiona lly thick . 
Attitudes of Paleozoic strata , re lative to the Precambrian surface, are those of initial deposi­
tional dip ; locally, compactiona l processes played a minor role in the steepening of those 
dips. Regionally, the dip is a few degrees so uth of southwest at 25 to 40 feet to the mile. Thus, 
loca l expos ures present flat-lying strata, with local attitudes meas urable only in a few feet 
to the mile. 

The areal dist ribut io n of the fo rmatio ns shows the broad regiona l structure to be essen­
tia lly monoclinal. Jn the southwest, the regio na l slope conta ins gent le ro lls striking paral lel 
to the trend of the formatio ns, in the north gently undulating features a re transverse to the 
regional strike. A lthough smal l crumples and minor folds are present locally, the formatio ns 
have not been subjected to any severe deformational forces . 

Litt le information is avai lable on the detailed topography of the Precamb ri an surface. 
Although severa l wells penetrate the entire sedimentary succession (Table V) they are 
pract ically confined to the northeastern part of the area, and in genera l are so widely dist ri ­
buted a~ to indicate only the more regio na l character of the Precambrian surface. Regional ly 
th is Precambrian su rface slopes southwestward from an elevation of 216 feet above sea level 
east of Co ll ingwood on ottawasaga Bay lo abo ut 2,327 feet below sea level at McRae Poi nt 
on Lake Huron- a distance of abo ut 75 mil es. Southeastward across the a rea , the Precambrian 
surface rises from about 980 feet below sea level in Eastnor township to 21 feet below sea 
level at Glen Huron , after which it appa rently fa lls in the adjoi ning a rea to the so utheast. 
The Owen Sound area is sit uated on the northwest slope of a wide, low, southwesterly 
plunging a rea of the basement complex k nown as the Algonquin Arch. 

A terrace on the northwest fl ank of Algonquin Arch just so utheast of Owen Sound is 
readily observable on structura l contour maps drawn both on the top of the Simcoe Group 
(Fig. 3) a nd on the P recambria n surface. On the latter map this terrace is abo ut 20 miles wide 
and represents a very distinct change in gradient. Southwesterly across this terrace as far as 
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PALEOZOIC GEOLOGY OF THE BRUCE PENINSULA AREA 
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FIGURE 4, lsopoch mop of Simcoe and Basal Groups interva l. 

the McRae Point well , thickening is at the rate of about I·} feet per mile in contrast with JO 
feet to the mile towards the 'apex' of the arch. Thus thickening of the Pa leozoic section by 
truncation (down dip) in this last area is indicated . Similarly, the thickening increases in that 
area nearest the McRae Point well where the Cambrian formations exist. 

Extrapolation southeastward of structures on Manitoulin Island (Liberty, 1957) suggests 
the existence of a structural terrace that trends the length of the Bruce Peninsula paralleling 
the strike of the strata and an anticlinal roll down-dip from and parallel to the escarpment 
crest. This is embodied in the structural contour map (Fig. 3), which shows a shallowing 
of dip near the Georgian Bay and Lake Huron shores, in comparison with the steeper dip 
in the centre of the peninsu la. Against such a steeper area, the basal sediments may well 
truncate and /or wedge out. Well density is such that the necessary structural contour pattern 
co uld be completely masked. T he existence of outliers on the east side of Georgian Bay, 
however, demands a flattening of the 'Bay' strata. This and the bayward dip of cuestal strata 
supports the existence of the crestal anticline. The impact of these two structures on petro leum 
accumulation could be considerable: truncation of elastic beds against the terrace, and an 
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inhibitio n of hydrocarbon loss to Georgia n Bay owing to lack of truncation of beds into the 
waters of the bay. Both features would be capped by the lithographic limestone of the Gull 
River Formation, which lies at depths of J,250 a nd 1,300 feet (latitude of Cape Croker) 
below the surface. 

FIGURE 5 

Walkerton structural in lier of Salina Forma· 
lion (Up per Silurian) . 

Areal mapp ing has showed the Si lurian Sa lina Formation to be present in the form of a 
' window' in the lowermost pa rt onl y of Sa ugeen River, and north from the southern limits of 
Walkerton fo r a bout 6 mi les (Fig. 5) . Topography is not a ufficient exp lanation for this 
occurrence. On Dunkeld Creek abo ut J 34 feet of Silurian Bass l sla nd strata fit in to a vertical 
interva l of 40 feet in 2,200 horizont a l feet, indicating a fa irl y teep westerly dip of 2t degrees. 
Two miles a lo ng strike and a mile across the river a 40-foot sectio n of Bass Is land strata fi ts 
into a vert ica l interva l of 90 feet over a q uarter mi le hori zo nta l distance, which indicates a 
much sha ll ower dip, less tha n one degree, in the same direction . Data definitely suggest a 
westerly steepenin g of dip, but sufficien t da ta are n ot ava ila ble to defi ne this st ructure more 
precisely. A monocline is in dicated, but the underlyin g ca use may be a fault (see Fa ults). 
A monoc lina l st ructure a lso wo uld exp la in the Wa lkerton ' big bend ' in the drai nage pattern 
of the Sa ugeen River. lt is interesting to note that the Wa lker ton inlier is confined to the 
' big bend' and parallels the st rike of the Paleozoic formatio ns. To the writer's knowledge 
this structure has not been investigated in deta il nor has it been drilled for o il a nd gas. 

Iso pachous maps (Fig. 4) indicate that a bel t of strata thins northwa rd from the 600-foot 
contour. This belt includes the Hepwo rth gas field, the Meaford well s, a nd the Collingwood 
o il we lls in adjacent a reas. l t str ikes the Cape Rich and Cape Commodore headlands, with 
a narrow swell south wards from Wiarton on the la tter , a nd fi na lly extends northward the 
length of the Bruce Peninsula. South of the 600- foot conto ur the grad ient decreases . This be lt 
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may possibly express a rising Precambrian topography to the north , at the time of deposition 
of the Simcoe Group formations . 

Certain basic bedrock structures in the Bruce Peninsula area, i.e., the deep notches in 
the esca rpment face, the underlying Precambrian surface, etc., are of prime importance. With 
respect to the symmetry of the Michigan Basin, the Bruce Peninsu la is to Georgian Bay and 
Lake Huron what the intervening peninsula is to Green Bay a nd Lake Michigan to the west. 
Certainly Georgian Bay is the extension a nd part of the K awartha li neament (Liberty, 1969). 
Westward on the Lake Huron side, d ip accounts for the structure contours, but on the east 
the explanation lies in the origin of the Niagara Escarpment and Georgian Bay. 

The Kawartha lineament, extendin g across centra l Ontario from Kingston (Liberty, 
1969), is structurally contro lled by a grad ient , wh ich is perhaps based by Precambria n topog­
raphy a nd structure. Though factual data are sparse, the linea ment of lakes is believed 
related. Certa inly the lineament may be projected at least to the southern embayment of 
Georgian Bay. Liberty has suggested a slight steepening of dip as the cause of the K awartha 
linea ment. Th us, terracing a nd the sha ll owin g of dip in the cresta l strata of the Niaga ra 
Escarpment may be most simply expla ined. T hi s steeper dip is considered to be the control ling 
factor in the location of the Niagara Escarpment itself. Though there is no direct evidence of 
fault control , flexural contro l is strongly indicated. Liberty disagrees with Hough 's ( 1958) 
statement that the Great Lake basins were located in zones of wea ker sed imentary rocks. 
This explanat ion of the Great Lakes is acceptable to a point on ly, but with the synu11etrica l 
relationshi ps of bays and peninsul as throughout that area, the probab ility is that the sym­
metry resul ts from the dictates of the underlying structure. The cuestas are believed to in­
dicate terraces on the flanks of the Michigan Basin itself. 

A. W. G . Wilson ( 1904) has discussed the effect of the Precambria n peneplain on the 
overlying Paleozo ic sediments. H is thesis was corroborated in the Lake Simcoe area (Liberty, 
1969), th us explaining: I) the inli ers of Precambrian stra ta within the Pa leozoic belt ; and 2) 
the terracing and occas iona l reversal in dip in the a reas between the o ld ri ver courses. Com­
bined evidence suggests that the upper surface of the Precambrian is irregul ar, but nonetheless 
decreasing in elevation so uthwester ly into the Michiga n Basin. 

E hlers has observed "radial linear fo lds" in Michiga n, for he noted (1929 MS. , p. 52) : 

Such fold s according to Dr. Robinson, are found nea r the periphery of large basin structures 
with thei r axes point ing towa rds the centre of the basin ; they are the result of subsidence of a 
control area resu lting from a crumbling of the peripheral portion just as an unfolded filter paper 
crinkles when pressed into a funn el. The axis of the Seul Choix Point ant icline and apparent ly 
the ax is of the Drummond Island fold s po in t towards the more or Jess centra l part of the basin­
like structure of the southern Peninsu la of Michigan. As the result of the subsidence of the de­
posits in this basin , especia lly during Pa laeozo ic time, the rad ial linea r folds of Seul Choix 
Point and Drummond Island were produced as peripheral structures. 

Simi lar features are believed to exist in Ontario, and their axes may well poi nt towards 
the centre of the Michigan Basin. The highs o n Drummond Island, at the east end of Mani­
toulin Island , a nd south of Owen Sound are examples; the last mentioned high is part of the 
A lgonquin Arch. That th is arch ex ists as such is indicated by the lowest outcropping forma­
tions in the base of the cuesta: Queenston in the Niagara Peninsula north to H a milton , 
Whitby's lower a nd upper members o n Georgia n Bay, Manitoulin to Dyer Formations a long 
the Bruce Peninsula , and finally Lockport and Guelph Formations near Tobermory. T he 
surface elevation (Lockport Formation) in the Co lli ngwood area is 1,700 feet in comparison 
with 550 and 600 feet at St. Catharines a nd 700 feet a long the Bruce Peninsula (Fig. 6). ln 
pla n view there is the nose-like projection of the escarpment northeastward towa rds Lake 
Simcoe, the Algonquin Arch itself probably being responsible for the bedrock barrier between 
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Lake Simcoe and Georgian Bay. Northward from this arch, on .its flank , the deep notches 
a nd high nort heasterly trending peninsula head lands a lternate. These deep notches, i.e. , 
Owen Sound, Beaver Valley, Colpoys Bay, etc. , appear to be a n integra l characteristic of the 
cuesta throughout the Great Lakes area. As a result the st riking feature of the whole is that 
of a radial pattern whose foc us is about the centre of the Michiga n Bas in. A pre-glacial origin 
is considered to account for the depth a nd extent of the notches. Jndeed, there is genera l 
agreement with Putnam ( I 955) and Eh lers ( ! 929 MS.) as to the notches representing Ter­
tiary radial drainage from the centre of the basin. Liberty considers them to be the result of 
erosion by drainage waters that sought out the structural pattern during the course of their 
flow. Thi s aspect presupposes a hi gh area in the centra l part of the present Michigan Basin 
from which rivers could drain outwa rds. 

To the writer's knowledge there a re no Tert iary deposits in the Michigan Basin . With th e 
present distribution of known deposits, either post-Pennsylvanian strata were deposited and 
removed by eros ion or they were never deposited. Mesozoic! sediments might well have been 
deposited a nd removed during Tertiary time, when the whole area must have achi eved a fa ir 
degree of pos iti veness. The deep channels (Mack in ac Straits), the esca rpments (Niagara a nd 
Simcoe), and the incised drainage (Lau rentian River) were produced during thi s interval. Jt 
must be postulated tha t the erosiona l period was initiated in the Grea t Lakes a rea in late 
Paleozoic time, cont inued through the Mesozoic, a nd reached fin a l development in the Ter­
tia ry. Though the writer favours the former, re lyin g heavily on outlier data, the fact that the 
Great La kes area was positive in the Tertiary is inescapable. 

The deep notches in the iaga ra Escarpment and its extensions are considered to be pre­
glacial a nd their pattern of occurrence to represent a reflection of the underlying bedrock 
st ructure, i.e. , synclinal a reas. These syncl in a l areas a re considered to be the complement of 
the prominent headlands that project nort heasterly into Georgian Bay. Co nversely the head­
la nds are in a ll probability ant icli na l. As noted above, however, the structure from north of 
Owen Sound to Cabot H ead is that of the no rth fl a nk of the Algonquin Arch. The ge nera l 
concept of this northern flank is one of rolls , which are contro lled by the underlying Pre­
cambrian terrain; the axes of these ro ll s point towards the centre of the Michigan Basin . As 
the Algonquin Arch moved more positively, these flank rolls moved upwards. 

Each headland is believed to represent the apex of one of these a nticlinal ro lls a nd for 
each headla nd on the east side there is a complementary embayment (perhaps less well 
defined) on the Lake Hu ron side. The rolls plunge at about 20 feet to the mile and strike across 
the peninsula southwestward. Regionally in the Bruce Peninsula , the str ike is north-northwest 
and true dip is about 50 feet to the mile. The foregoing data a re not incompatible even though 
they may appear so. Ra ther, these nebul ous structura l features cannot be tied down owing 
to the flat-lying nature of the st rata a nd to a n insufficiency of da ta where it is needed. It is 
suggested that Stokes Bay (Cape C hin), Pike Bay (Lions Head), and R ed Bay (Cape Dundas) 
owe their ex istence on the Lake Hu ron shore to eros ion of the a ntic linal areas into embay­
ments in wh ich the underlying Lockport 3c Eramosa and 3c biohermal strata were then ex­
posed. Jn contrast, Cape Commodore, which is very close to the apex of the A lgonquin Arch , 
has wide areas of 3c Eramosa a nd bioherms exposed on its c rest. l t trends southwest a nd 
contro ls the Lake Huron shoreline to Port E lgin and McRae Point. The Cape Croker head­
la nd expresses its structure by means of the eroded crest from which the Guelph cap-rock has 
been removed. This headland is co nsidered to be using the flexure in the coast line for its 
expression on the La ke Hu ron side. To the north , the Cape Dundas a nd Lions Head rolls 
show erosio na l limitations of the Guelph on thei r crests. Both the Cape Chin and Cabot 

I Jurassic- Stratigraphic success ion in Michi gan ; Chart 1, Michigan Dept. Co nserva tion , 1964. 
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H ead ro lls retain the Guelph cover from Lake Huron to the Niagara Escarpment probably 
beca use of the low dip . 

The writer believes that these rol ls exist (a nd in the direction indicated) ; to date no drilling 
has tested this concept. A shallow test hole program to the base of the Lockport wou ld erve 
to delimit such struct ures a nd final ly prove or d isp rove thei1· existence. The existence of such 
ro ll ing features wou ld not be incompatible with the known Precambrian surface topography. 
O nly sha ll ow dri llin g wi ll determine whether or not they rep resent anticlinal rolls or knolls. 
One will then be able to decide whet her or not the peninsulas into Georgian Bay are the truc­
tura l complement of embayments on the Lake Huron shore and whether the ro ll s are a perpet­
uation of Precambrian ' lows a nd highs' owing to drape of the Pa leozoic strata on their flanks . 

Wh atever the explanation for the headland phenomena, there is no doubt as to move­
ment of the A lgonq uin Arch in Middle Silurian time. Strat igraphic data demand thi s inter­
pretation, and there is general agreement amongst Mich igan Basin investigators. First 
movement that can be substa nti ated occurred in the Ordovician Period at the end of Lindsay 
(Cobourg) sedimentation , at least in the Georgian Bay area. Movement may be inferred even 
previous to this time by means of the known dist ribu tio n of the Cambrian sediments. These 
formations are now limited essentia lly to the lake basins, a nd yet overlap conditions and 
peculiar distribution phenomena may be interpreted with respect to the arch. Such data 
suggest that there was at least a considerable modification of the a real distribution of the 
Cambrian formations during the erosional interva l between the Cambrian and ear liest 
Ordovician sedimentation. The fina l result is the positive pos ition the arch obtai ns today. 

A northwesterly post-glacial recovery also affected this area ; its gradient is about 18 to 
25 feet to the mile. This ma y have been due either to release from the great weight of the ice 
that formerly rested on the bed rock surface or to continental warping. Both agencies may 
have been effective, but in unknO\\ n proportions. Certain evidence suggests, however, that 
at least some of the fau lting, and resultant linears, both in the map-area and adjacent areas, 
occurred in the time interval subsequent to the ice removal. There is pos iti ve evidence that 
some of the fau lting occurred due to decreased load. Such a structure developed in easicrn 
Ontario in the Marmoraton Pit , at Marmora in 1952, fol lowing the remova l of a bout 
120 feet of limestone. 

Both Mclachlan ( 1951 ) and Liberty (1957) have observed deformation of Pleistocene 
beaches in the Lake Huron- Georgian Bay area. These data suggest that the final migration 
time of any enclosed petroleum must be dated as post-Lake Algonquin. Thus, the search for 
petroleum accumu lat ion sites is a most complex one as there has been amp le opportunity for 
migration of petroleum from the initial sites into secondary ones, wh ich in all probability are 
stratigraph ic traps . Whether or not the rebound of Pleistocene beaches is sufficient to affect 
potential pour point is a moot question. It is known , however, that the present regional 
uplift on the beaches c losely approximates the regiona l dip of the Pa leozoic strata . lt might 
be logical to infer that wit h the two counter- ba lancing each other the Paleozoic strata were 
deposited virtually horizontally (Liberty, 1969). Whereas stud ies wit h respect to initial 
deposition attitudes in carbona tes have not been co mpleted, such a n idea might well be 
important in the locat ion of petroleum accumulations. For example,, it may well exp lain why 
one reef deposit is dry, with respect to another whose pour point (Gussow, 1954) was at a 
more optimum level. T he latter wou ld not be drained in the course of str uctural movement. 
Simi lar ly, this exp la nation cou ld conceivably exp la in why the o utcropp in g bioherms ex hibit 
oi l sta ining and resi.dues only, while the interreef st rata are dyed black and brown (petroli­
ferous black dolomite of the Lockport 3c Era mosa un it) and show ' live' oil when initially 
broken wit h the hammer. 
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Sedimentation and Structure 

Silurian sedimentation has been described in many ways for the map-area. Reference 
must be made to the structura l barrier of the Cincinnati or Cataract Axis (Cumings, l 939). 
This axis was supposed to separate laterally northern faunas from so uthern fau nas, northern 
Jithologies from southern litho logies ; moreover an important unconformity was postu lated. 
Bolton (1953, 1957), Bolton a nd Liberty ( 1955), a nd Liberty a nd Bolton ( 1956) have cor­
roborated the suggestions of Nowlan ( 1935 MS.) and Ehlers ( 1929 MS.) that rapid facies 
cha nges occurred in the marginal areas of a narrow shelf-like platform (Fig. 2). Whereas 
the term platform usually infers a large area, the Algonquin Arch was in reality both shelf 
and platform, a gent le broad area over which a carbonate blanket was deposited . Tn Ontario, 
this arch separates the Appalachian elastic sediments on the south from the elastic but more 
strongly carbo nate facies of the Michigan Basin. A lthough the arch separates the two, it 
should be rea li zed that alo ng the Bruce Peninsula one is passing directly, yet obliquely, into 
the Michigan Basin proper. Thus, in contrast to a formidable axis-barrier, deta iled lith ological 
tracing a nd detai led pa leontological studies from two directions ind icate wedge-out, facies 
change, and fau na! variations from the Appalachian and Michigan Basins proper into a 
platform carbonate facies. Across this th reshold, which extends from Owen Sound so uth to 
Hamilton , two units were deposited , which have been traced successfu lly: I) the Loc kpor t 
member 2 (Bo lton's Fossil Hill Formation), which traces latera ll y into the Reynales Forma­
tion; and 2) the Lockport member 3 (Bolton's Amabel Formation), which traces into the 
Lockport just north of Hamilton . The latter re lationship is further evidenced in that some 
members a lso can be traced across the platform. The structure-relief involved is illustrated 
on Figure 6, a cross-section based on a large number of control po in ts. Jn the nomenclature 
used , the Fossil Hill Formation is included in the base of the white weathering Lockport. 
Whereas the lowest apparent dips on this line of section a re computed at 7 to I 0 feet to the 
mile in the Niagara Falls north and Wiarton north extensions, steeper ones of 22 to 25 feel 
lo the mile occur so uth of Owen Sound and north of Hamilton . The Algonquin ' platform' is 
coincident with the facies changes to the degree that the position of their wedge-out point 
was co ntrolled by th e arch's effective position , which wo uld vary through time. On the ot her 
hand , the a rch did not have sufficient relief to affect thickness varia tion in the Lockport 
sediments being deposited over it. Lt should be remembered that this blanketing carbonate 
·cover' was widesp read throughout the Great Lakes area. fn such a case, as has been deter­
mined over the arch, the Clinton sediments need not be elastic but may be ca rbon ate, thus 
accou nting for thickenings of the Lockport section noted in the platform area . 

Possi ble reefing co ntrol is another aspect of sed imentatio n and st ructure. In mapping 
the Bruce Peninsula area , it was found that the higher areas were reef masses, and the wide 
low-lying flats were the interreefa l a reas. Correspondingly the Guelph reefal masses were 
better developed on the headlands that extend into Georgian Bay; indeed these masses often 
extend into the headland itself, or appear as outliers on the headlands . Jn addition , it was 
determined that the headlands a lso presented reefal masses wi thin the Lockport 3b un it. 
From this evidence it was concluded that certain of these peninsulas were considerably more 
important than others, i.e., Cape Croker and Cabot Head. Southwestward and down dip, 
the Guelph strata became sufficiently th ick, reefing became sufficient ly prominent and com­
plex, and lithology became suffic iently distinctive that the Guelph cou ld be treated as a 
formation. However, structura lly the headlands remain very important, for reefa l growth 
had a definite preference for such locations. Reefal growth was maximum on sites of Pre­
cambrian rolls whose relief was 'reflected' thro ugh the overlying formations. Such structures 
could have been accentuated by arch movement in MiddJe Silurian time. Indeed, as reefal 
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growth progressed this far easterly, we may have herein a clue as to the amo unt of depositiona l 
dip (post-ice recovery gradient counterba lances the present regional dip). Jn co nsideration of 
thi s recovery gradient it is just possible that these transverse basement rol ls may have been 
up lifted evenly (i.e. , horizontally in a direction transverse to the peninsula) as the Algonquin 
Arch moved more positively, for the line of the Niaga ra Escarpment between Col lingwood 
and Cabot Head is roughly transverse to the direction of maximum uplift. lt is suggested 
then, that the transverse ro lls that would be most effective in trapping the final movement of 
petroleum (withou t regard to amounts) wou ld be those now ma rked by the headlands of 
Cape Rich, Cape Commodore, Capes Croker-Pa ulett-Dundas a nd Cabot Head. The southern­
most ones are structu ra lly higher and wo uld tend to have more closure. Due to this aspect, 
there wo uld be far Jess opportunity for the lip position to be a ttained and thus have any 
co ntained petroleum migrate from the trap to a new location. Jn Lockport 3c Eramosa beds 
south of Wiarton , th is exp la nation of petroleum is considered to be app licable. for not only 
is oi l present but the dark sta ining of the strata is indicative of the hi gh amount of hydro­
ca rbons present. The o ri gin of the bitu men in the Lockport 3b may have been simil ar. 

The reefal pattern of subsurface format ions, however, may provide a clue to stro nger 
relief that wou ld be effective on the Simcoe Group formations of Black River- Trenton age. 
Whether or not there is sufficient re li ef to force pinchouts o r truncation in these lower strata 
(a nd underlyi ng Cambrian strata) is not absolutely known , but it is strongly suggested. Of 
greatest importance, perhaps, wo uld be the possibi lity of anticlina l 'p lays' over these trans­
verse ro lls, for the sediments would perpetuate that ro ll (if present) into an anticlina l structure, 
by means of initial dip and compaction. Subsequent movements of the bedrock strata might 
serve to co nsolidate such structures as petroleum reservoirs. 

The outcroppi ng fo rmatio ns on the ap ices also are of interest. Locally, there has been 
sphaler ite mineralization at and j ust below the Guelph- Lockport co ntact. As the areas of 
mineralization are located on the apices of the transverse rolls , dolomitizing sol utions might 
a lso have had an effect if a hydrothermal origin is postu lated, i.e., the carbonate sediments 
of the Simcoe Group formations. The location of dolomite in these uni ts below the mineralized 
Lockport cou ld be of considerab le economic importance. 

Faults 

Although no faults are known within the map-area, there are two places where they seem 
highly probable. The first is the underlying structure for Walkerton's Salina inlier : as sug­
gested ear lier a fault is one of the few structures possible to exp la in the inlier. The westward 
' big bend' in the Saugeen R iver a lso supports such an interpretation. Down-faulting to the 
west wo uld steepen the st rata a nd if such were on a dome or nose, the eastward part cou ld 
well stand as a buttress to be etched out by drainage waters. The second is related to data 
co ncerned with the Proton well (White No. J, lot 10, co n. X LX , Proton tp. , Grey co.) . In 
this well, the Gull River Formation is a lmost wholly do lomite in contrast with a normal 
sequence of limestone less than 5 miles away in the Flesherton Village well. The most logical 
interpretat ion is dolomitization by hydrothermal so lutions intruding the formation by means 
of a fault. Such a process is co nsidered probable for the dolomite controlling many petroleum 
trends a nd pools in Michigan (Scipio trend) and Ontario (Dover .field). 

Faults ha ve been mistakenly identified on several occasions by geologists unfamiliar 

with reefal sedimentation and bioherma l shapes. Erosion is the master sculptor in modifying 

those shapes and incising drain age channels on the flanks. 
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Rad ia l faults peripheral to the Michigan Basin sho uld be expected in the area , however. 
One of these may well be in the struct ura l low a nd very deep trough between the Bruce 
Penins ul a and Ma nito ulin 1sla nd . Faults peripheral to the basin may also be present. An 
ex pected zone for thi s type of fau lt wo uld be the inner flank of st ruct ures similar to the 
Algonqui n Arch. The repeated movements of this arch throughout geo logica l time would 
present optim um fl ex ure areas o n thi s inner flank where tensional stresses wou ld increase. 
Perhaps there are no better diagnostic features of this flexure be lt than the wedge-out po in ts 
for the Michiga n Basin form at ion against the A lgonquin Arch platform ' northern edge, 
i.e. , Dyer Bay, etc. lt is suggested that the arcuate line joining Michigan 's Scipio trend, 
Dover field , Proton well , and the Hepworth gas fie ld , might not be completely fortuitous, 
but lie in this peripheral zone or parall el to it. 

1f fa ults are present, in a ll probabi lity they are of the normal gravity class. Jn a margin a l 
area, tensional releases are to be expected, most probably eit her radial to the bas in or parallel­
ing the margins. 

Un confor mities 

The importance of unconformities must not be minimi zed. As a result of an unconform­
ab le surface a higher area may be fla nked by outward dipping trunca ted st rata clipping away 
from it. Sediments eroded from such a posit ive feature may produce lenses of porous e lastic 
rocks (ca rbonates) on the flanks or in adjacent areas into which petro leum may migrate. 
Subsequent deposition of strata on such flanks may produce a var iety of petroleum s ites. 

E ight unconfo rmities were noted earlier under the fo rmat ions involved. Perhaps one of 
the newest possibilities to be rea li zed in Ontario, petroleum from basement rocks, recently 
received aclclitional publicity by K. K. Landes ( 1960), who cons idered an approach that has 
recei ved but scant attenti on in the pas t. That the Algonqui n Arch is bas ica ll y Precambrian 
a nd that it has undergone movement in the past, there is no doubt. Should a consequent 
fracture porosity have been clevelopecl and water co nditi ons be suitabl e, then the fl a nks of 
the a rch wou ld be the optimum a rea for o il accumul atio n. With proven petro leum production 
in the basal group on the so uth side, both north and so uth s ides of this Precambria n arch 
sho uld be eval uated. 

Linked closely to this unconfo rmi ty would be the Cambra- Ordovician hiatus. Ev idence 
includes the 'Jacobsvi ll e' logged in the Flesherton and Sarawak well s. The duration of this 
hi at us ca n only be indicated: l ) by the youn gest Cambrian rema in ing and the oldest Ordovi­
cian (Pameli a age of the Shadow Lake Fo rm atio n); and 2) by the limited geographic distribu­
tion of the Cambrian formations on the nan ks of the Algonquin Arch. Strat igraphic relations 
include a progressive overlap of the Precambrian surface, wi th the Mount Simon 'holding' 
to lower levels and embaymen ts. The relation between the distribution o f these formations 
and the locations of oil and natural gas high on the arch nanks may possibly in dicate an 
unfractured condition of the Precambria n arch. The erosion pattern suggests that the a rch 
was positive at the time, and continued positive up into the Devonian. Undoubted ly the 
Cambrian formations originally extended farther over the arch , but the present distribution 
represents the net product of the erosion dur in g the hiatus and wo ul d in dicate the amount of 
uplift on the arch. Strat igraphic evidence indicates that Ordovician sediments were clepositecl 
over the a rch , whose topographic relief was such that neither truncation nor thinning occurred 
on the fl anks . Even with today's positiveness, the re lief transverse to regional clip averages 
J 0 feet to the m ile. the steepest bein g 22 feet in the Georgetown- Ca led o n a rea (about a 
quarter degree). 
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Certa in evidence may be interpreted as supporting a minor hiatus in local areas at the 
contact of the Gull Ri ver Formation with the Bobcaygeon, but outcrop studies indicate it 
io be mainly a corrosion zone. Certa inly it does not represent a n important brea k as no great 
thickness of Gull River has been removed. 

With respect to the so-ca lled importa nt ' break' between the 'Black River ' and the 'Tren­
ton' it is suggested that continuous sedimentation occurred across thi s time line, wherever 
it may be drawn wit hin the Bobcaygeo n Formation. In the termi no logy of this report, this 
time line is within the lower member of th e Bobcaygeon. Physical ev idence, to which other 
workers have referred , re lates to lithic change between members within a single lithogenetic 
unit. 

Jn the La ke Simcoe a rea, Liberty ( 1969) favoured a biostromal interpretation for this 
lithogenetic unit across Onta rio. The similari ty between H adding's ( 1941) Silurian reefing in 
Sweden a nd this uni t is remarkable. Biostromal phenomena explain best and most si mply 
the observed facts in this sequence, even to the point of sharp co ntacts, th in units wedging 
out , thick loca l developments of ca lcaren ite, and va rying water-depths. Though there must 
be erosio na l aspects, they need not preclude the interpreta tion of a n important unconformity. 
As has been pointed out before, a broad, regional lithogenetic a pproach is necessa ry in 
Ontario's stratigra phy with both bio- and lithostratigraph ic elements being weighted into 
this co ntext in equa l importa nce. Thi s last po int proves beyond d oubt that paleontology 
must be fully treated in any in vest igation on sediments of this nature. 

Within the map-area a ll information about the contac t of the Simcoe a nd Nottawasaga 
Groups must be obtained from the subsurface. All that is indica ted is a n a brupt change from 
the grey limesto ne (ca lca reo us claystone) o f the Lindsay Formation to the black sha le of the 
Whitby's lower member. Evidence of the unconformity is forthcoming from the Colli ngwood 
a rea to the east a nd from Ma nitoulin Isla nd to the north . As no ted in the La ke Simcoe report, 
a so uthwa rd lessening in intensity of such relat io ns was suggested into a nd across the ma p­
a rea . Jt is not known whether the basa l conglomerate, the do lomite unit, or the min era liza tion 
phenomen a a re present in this area. J t is suggested that these aspects a re effectivel y present, 
a t least, in tha t marginal area to the arch proper. 

Very little is known a bout the postu lated brea k of sedimentat io n with the Whi tby 
Formation between the lower a nd upper members. Thickness of the Whitby in Sarawak 
township is 133 feet, a much thin ner section than at Co llingwood (about 170 feet). It is 
interpreted that the middle member of the Whitby Formation is not present a nd that the 
sedimenta ry break may still be effective. 

The erosional break between the Ordovicia n Queenston a nd the Siluria n Manitoulin 
Formations is of modera te importance. It is true that the Queenston fades latera lly into a 
northern ca rbon ate sequence, tha t a li thosoma l shift is present a t this contact for the Bruce 
Peninsula a nd Manitoulin Js la nd a reas, and tha t within the Ordovicia n- Silurian ca rbona te 
sequence in the la tter a rea co ntinu o us sedimentation has been recognized . N o netheless, 
erosiona l phenomena have been recognized at this co ntact (Foers te, J916, p . 166). With 
large shortli ved natura l gas pockets being known in the Georgian Bay Formation it is more 
than possible that gas might have migrated vertically to be trapped in porous Lower Silurian 
stra ta (i .e., Ma nitoulin a nd Whirl1 oo l Formations) far ther south . 

The Middle Silurian unconformity suspected by C umings ( 1939) is considered to be 

minor, with the observed da ta more easily exp lai ned by facies cha nge. 

The G uelph- Salina unconformity has a lso been discussed at some length under the 
Guelph Formation. Erosio na l relations no doubt ex ist, but there a re differences of opinion 
as to the intensity of the erosion . The noted phenomena may more easi ly be ex pla in ed as a 
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minor disconformity, and may have been produced by normal subaqueous erosion on bio­
herms. The patterns interpreted on the structure contour maps could as easi ly be the dendritic 
scheme observable on the plan view of the top of a reefa l complex at any given time. Thus 
an erosional hiatus at this level cannot be considered of serious import with respect to time 
or processes. 

Within the map-area, the Silurian- Devonian contact is but rarely seen. The effective 
area for such a disconformity is distinct ly limited : south of Kincardine, west of Palmerston, 
and north of 44°30' latitude. Elsewhere in Ontario where this contact is exposed (Caley, 1940, 
1941) there is evidence of an erosional interval. Considerable variation in Bass Island Forma­
tion thickness and the glauconite and sand in the base of the Bois Blanc Formation point to 
an erosional interval at that stratigraphic position . Similar evidence is found in the Bruce 
Peninsu la area, but apart from outcrop thickness corresponding to subsurface thickness of 
the Bass Island Formation little can be added. It is considered improbable that the Oriskany 
was ever deposited over thi s area, with the carbonate lithosome being in the same position 
for both the termination of the Silurian and initiation of the Devonian. Perhaps the intensity 
of this disconformity may not have been great, and accord ingly import as to time and pro­
cesses involved is not major. 

As to the erosional phenomena at the base of the Dundee Formation, as observed in the 
Goderich section, there is no reason to doubt that subaqueous erosion produced this con­
glomerate. Importance attached to these data varies. With the small pattern of Dundee dis­
tribution, availability of much additional data is unlikely. The unconformity is considered 
of slight importance, indicative of a minor erosional break only. 

Fina lly, there is the important break between the Paleozo ic strata and the Pleistocene 
deposits. The relief of the Paleozoic terrain can be considerable, with most of the sculpturing 
probably in late Mesozoic and pre-Pleistocene Tertiary times. 
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Chapter IV 

ECONOMIC GEOLOGY 

(B. A. Liberty) 

In recent years, interest in the economic mineral potentia l o f the Bruce Peninsul a area 
has not been high and development activities seem to be diminishing. Early activities in the 
area were reported by Willi ams (1919), Keele (1924), Goudge (1938), and Caley (1945) . 
Further interest will probably centre around the carbonates, representa ti ve samples for which 
are presented in Tables Yl. a nd VII. 

Structural Materials 

The Manitoulin Formation (dolomite) has been used for foundation stone, rubble, and 
crushed stone ; east of Owen Sound it was quarried for co ursing stone, crushed stone, and 
road metal. Williams ( 19 19, p . 99) noted the stone to be " inferior in toughness and to be suit­
able only for roads subjected to very light traffic". The unit is generally uniformly bedded . 

The Lockport Formation (dolomite) has been quarr ied as a source of lime, and for 
building stone, road meta l, crushed stone, and rubble. The formation is accessible a lmost 
anywhere along the Niagara Esca rpment and over la rge areas of the Bruce Peninsula. Beds 
a bout 20 feet above the base have been worked in the Owen Sound west quarry. Strata j ust 
below the Lockport's 3c member (Eramosa) were formerly quarried at Shelburne. The 3c 
member is quarried west of Wiarton in lots 7-8, concess ions XXlII and XXIY, Amabel town­
ship, by J. S. Cook Quarry Ltd ., Ebel Quarries, and Bruce Peninsula Stone Quarry. Owen 
Sound Ledgerock Ltd. , is quarrying the same rock, both at the same location as the above 
a nd in lot 17, concessions 1 V and V of Keppel township, a bout 3 miles south of Sha llow Lake. 
There, the consistent dark co lour and uniform bedding a re desirable characteristics for the 
production of si lls, fac ing stone, and formerl y, monument bases. The dark colour presents 
a pleasing appearance whether rough or polished . Chert nod ules in some of the carbonate 
make it unsuitable for certain purposes (i.e., meta llurgical) . 

The Guelph Formation (dolomite) was formerly quarried extensively for building stone, 
bu t it now receives but scant a ttention. It has also been used for dimension stone, crushed 
stone, and road metal. The formation varies sufficientl y that much care must be taken in 
eva luatlng both qua lity and quantity. The reefal and interreefal phases differ considerably, 
the latter being evenly bedded. soft, a nd porous, providing a pleasing and easily worked rock. 
In contrast, the bioherma l ma ses a re mass ive a nd irregular and do not have the character­
istics of a good building stone. Disinterest in the formation may well be the result of these 
latera l variations in bedding, textu re, and co lou r. 

No shales a re now being used for commercial purposes within the map-area. Keele 
(1924, p. 25) noted that the Cabot Head could not " sta nd as much fire as the Queenston and 
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Lorraine sha les . . . " Further, its burned co lou r was not good eno ugh for roofing tile. In 
contrast, the Queenston red sha le is the better for nearly all purposes, for it is a clay sha le , 
more abunda nt, and more easily obtained. 

Sand and Gravel 

As Pleistocene depos its are thin north of Wiarto n, most sand a nd gravel pits are located 
south of that communi ty. One important exception is the dune sand depos its that blanket 
the area genera lly west of highway 6 southwest fro m Shallow Lake to Lake Huron and south­
wa rd to Port E lgin . South of these dune sands the gravel deposits become more importa nt . 
Many of the preglacia l va lleys are now being re-excavated by streams, and sand and gravel 
deposits of more than 100 feet are exposed in their banks. 

The economic importance of the sand and gravel deposits is limited by the demands of 
local construction jobs. As a resu lt most of the pits are sma ll and do not merit specific men­
tion. They are commonl y located in ti ll , drumlins, and ground moraine. 

Salt 

The first commercial sa lt discovered in Ontario was at Goderich in 1866, by Mr. Samuel 
Platt in the course of drilling for oil. There a re reports, however, that sa lt was previously 
known in the area. By 1872, after further drilling, severa l plants were producing ; subsequently 
salt has been produced at other loca lities such as Kincardine, Wingham, and Brussels, but 
at present the only producer in the map-area is Sifto Sa lt Division of Domtar Chemicals 
Ltd. at Goderich. This company sank an 1,860-foot shaft, penetrat ing 75 feet of salt (of which 
45 is especially good quality) at about J,750 feet. The company is operatin g both thi s mine 
and brine wells. 

The salt is everywhere part of the Salina Formation. It is considered to form a sli ght 
embayment in the southwesternmost 1,100 square mi les of the map-area (50 mil es north of 
the southern boundary and about 30 miles east from the present edge of Lake Hu ron at 
greatest width). According to the old records salt was first encountered at about J ,000 feet 
depth at Goderich , 1 ,150 at Clinton, about J ,090 at Wingham, and 970 at Brussels. It may 
appear in drill records at as lit tle as 200 feet below the top of the Salina. Ca ley (1945) noted 
that salt appeared to be confined to that area west of a line joining Teeswater, Brussels, and 
Seaforth . Its northwestern limit appeared to be near Port E lgin (Alling and Briggs, 1961). 
Within that area drilling data suggest that a cons iderable continuity of the salt beds is the 
rule rather than the exception . In the Port E lgin region , dri ll ing data indicate that the forma­
tion in certain localities does not include salt. In a ll probability such sites a re located between 
the ends of lenses of sa lt. Such lenses may vary considera bly in thickness. 

Additiona l data on the salt deposits in the area are given in Cole (1930), Coll ings ( 1961) , 
and Hewitt (1962). 

Sphalerite 

Spbalerite, or zinc blende, has been known in the Bruce Peninsu la area since a bout 1910. 
Two zinc prospects a re known north of Owen Sound: the Albemarle towns hip occurrence 
3 miles northwest of Wiarton in lot 30, concession II, and the St. Edmund township occur­
rence 12 miles east of Tobermory, nortl1 of Umb rella Lake in lots 7 and 8, concessions X 
and XI. The Albemarle occurrence was found abo ut 1910, and the St. Edmund prospect was 
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discovered about 1936. More pits were opened at the St. Edmund loca lity in 1943 . More 
recently, the writer found a small showing of sphalerite 7.\: miles south of Ferndale on the 
east side of highway 6 in lo ts 4 and 5, concession JTIE, Albemarle township. In addition, 
small vein lets of spha lerite were noted near Hope Bay on the east side of the Bruce Peninsula 
a nd near Pike Bay on the west side. 

The Albemarle a nd St. Edmund prospects occur as pockets in the rock with the sphalerite 
frequently replacing the foss ils. Although the spha lerite ap pears more as veinlets in the 
Albemarle pits, it occurs in pockets of fine- and medium-sized crysta ls in the St. Edmund 
occurrence. At the la tter locality, Willi a ms (1919, p. 103) noted concentrations ofsphalerite 
crystals at the bottom of small depressions where they had been carried by surface water 
after being detached from the parent mass. He also noted (pp. 102, l 03) the rock of the 
Albemarle occurrence to be " massive, very scraggy, a nd full of pore spaces and cavities." 

urthermore he reported th at at leas t 110 pounds of ore was obtained from this prospect 
a nd that a shi pment of severa l hun dred pounds was said to assay 69.76 per cent zinc. To 
the writer's knowledge thi s is the only assay on record. From the nat ure of the occurrence, 
this sh ipment was probably ha nd picked, which wou ld acco unt for the hi gh assay va lue. 

At the Ferndale occurrence, the sp ha lerite occurs in sma ll I-inch to 12-inch di ameter 
nod ules o r ' toads tools' th at a re more re istant to weathering than the 'enclosing' dolomite. 
Only a bout six of these a re known , but they do indicate the presence of spha lerite in areas 
other than the main prospects listed above. Wh ereas each of these mineral nodu les is a 
discrete body (cutting lam in a ti o n ), the phalerite can be seen to have impregnated the 
pre-existing dolomite without disturbing bedding features. The spha lerite has not on ly filled 
the pore space of the dolomite, but has rep laced the dol omite in some places. The spa r-like 
nature of the resulting rock does not obscure the original nature of the sediment ; it (the 
spar) can be noticed usually o nly under good li ghting conditions or physica lly by the hi gher 
specific gravity (i. e. , heft). As the showing is so minor, no assay va lue is presented. 

The writer believes the spha lerite to be limited to the uppermost Lock port (Amabel) 
Formation in each of th ese three loca lities : member 3b for the St. Edmund and Albemarle 
prospects and member 3c for th e Ferndale occurrence. Thus far spha lerite has not been 
fou nd in stra ta of the Guelph Format ion , which is the more porous of the two formations. 
Moreover, a ppea l cannot be made to the impervious qua lities of the 3c member of the 
Lockport, fo r thi s unit , being interreefa l, is not present at either the Albemarle or the St. 
Edmund zinc prospect. o occurrence of sphalerite is known at a depth greater than 30 
feet (from limited diamond drilling data). The spha lerite occurs as interbreccia and inter­
granular fillings, a nd as vei n le ts, geodes, an d patches. At Ferndale it is possible that the nod­
ules are sa tellite bodies to la rger min erali zed zo nes. 

An origin related to the known reefa l growth in Lockport a nd Ama bel strata is favo ured . 
The hypothesis concerns extraction o f the zinc from these sediments (whose zinc content is 
well known elsewhere in Ontar io a nd New York Sta te) by reefa l circulating waters, the 
opera ti o na l unit being the bioherm a nd the immedia te surro un ding a rea. Deposi tion of the 
zin c sulphide wo uld take place where favourab le temperatures a nd pressures permitted , 
i.e. , in breccias, cavit ies, permeable porous layers. This expla na tion is supported by the 
presence of mineralized fossil remains, stra tigraphic rest ric tion o f minera lizat ion , mineraliza­
tion of low permeabi li ty rocks, simple minera logy, low temperature of deposition, lack of 
evidence of igneous activity (surface rocks average 1,600 feet above the Preca mbria n surface) , 
and appa rent lack of migra tion routes (i.e., faults) for hydrothermal solutions. 

With reef a l growth being so very extensive, and with zinc minera li za tio n being known at 
evera l loca lities associated with the reefs , the writer co nsiders geochemica l surveying to be 

the logica l tool for further exp loration. 
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Asphalt 

Aspha lt occurs as vug fi lli ngs in highest Lockport strata at the schoo lhouse section in 
the southeast corner of lot 5, co ncession lC E, Albemarle township on highway 6. Tts composi­
tion lies between a lbert ite and li verite, a nd it appears to be reasonably ab undant on the 
outcrop. The vug fi llings ra nge from less than l mm to 4 mm in width. The substance is 
b lack, brittle, glob ular to Aaky, and conchoida l. 

T his is the only aspha lt loca li ty in the Bruce Peninsul a known to the writer, but it is 
probable th at others co uld be readi ly found . Similar asphalt i known in strata of the Lock­
port Formation (Ama bel) on Manitoulin Island. 

Petroleum 

As gaseous and liquid hydrocarbons are associated so intimately some wo rkers combine 
o il and natural gas under the genera l term ' Petro leum'; others separate them into petro leum 
and natural gas. Jn this report the genera l term petro leum is used , except when the deposit 
is noted specifica lly as oi l or natura l gas. 

Ca ley ( 1943, p . 76) included perhaps one of the most comprehensive descriptions on 
this subject : 

... a co111plex 111ixt ure of hyd rocarbons, chief a111ong which are the paraffins and naptho­
lenes. A s111all amount of inorganic material is also present. Thi s may or may not be in co 111 -
bination with the hydrocarbon molecule. atural gas is nearly always associated with o il , and 
the two together form a continuous ser ies of hydroca rbons ranging fro 111 so lids to light gases. 
The chief constituent hydrocarbons in natural gas are methane (CH 4) and ethane (C2H6) , although 
vary ing quantities of propane (C3H s) and butane (C4 H 1o) may be present as gases. In addition 
there may be certain ga eous impuri ties such as nitrogen ( ), carbon dioxide (C0 2), and hydro­
gen sulphide (H 2S), as well as traces of oxygen (0 ), hydrogen (H), and carbon monox ide (CO). 

Jn oi l and gas fie lds natural gas is classified as " dry" or "wet" accordin g to the quantity 
of gasoline vapo urs present, and "sweet" or "sour" according to the a bsence 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 natura l gas of co mmerce and it commonly 
occurs in reservoi rs separate from oi l reservoirs. 

Petroleum is one of the most economically important substances fou nd in south we tern 
On tario. Hs product ion, refi ning, and distribution from the Paleozo ic rocks const itutes a 
major industry, for with an industria l market read ily ava ilable for petroleum products very 
low production rate wells may be classified as commercia l producers. 

Concerning the defin iti on of 'commercia l', with loca l market avai lable, an opera tion 
ca n be classed as economica lly feasib le, where J) a property has severa l well s that may produce 
only one or two barrels of oi l per day but are in sufficient number to make a respectable da ily 
tota l; 2) with the sha ll ow depths co ncerned in southwestern Ontar io, a well drilled J ,500 feet 
that ach ieves a prod uction of 10 barrels of oil per day will pay for itself in about one year ; 
and 3) low open-Aow gas wells co nsidered too poor to warrant fur ther wo rk or use of such 
gas by the company concerned were subsequen tly adapted in such a manner that the gas 
production co uld be piped into the local dwel lings for heating purposes . Many such well s 
have been operati ng fo r over 20 years, some for as many as 40 yea rs. Although these examples 
are drawn from so uth of the Sarnia- H amil to n li ne, the underlying pr inciples become very 
important in the virtua lly unexp lored a rea north of that line. 

Within the Bruce Peninsul a map-a rea commercial production has been obtai ned only 
from the Hepwort h and Bayfield gas fields. Thus fa r rel at ively little concerted effort has been 
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made to evaluate the gas and oil shows. Apart from minor individual efforts, the drilling 
investigations of Imperial Oil Limited in J 954 and 1955 represent the only recent compre­
hensive evaluation of the area. The Bayfield gas field was first listed as such in J 958, consisting 
of two wel ls that produced from a pinnacle reef in the Guelph Formation . 

The Ontario petro leum pattern is sufficiently complex and interrelated that information 
from related map-areas is very often pertinent and important. This is so in the Bruce Peninsula 
area, for whereas the Acton gas field in the Lake Simcoe area (Liberty, 1969) is located on 
the southern flank of the Algonquin Arch, conditions as in that well may exist north of the 
arch's apex. The stra tigraphic unit that showed oil saturation in the A. Breedon No. l well 
in Adjala township is known to be present and possibly under similar or better condit ions 
west in the Bruce Peninsula. The Manitowaning field in Black River- Trenton strata (S imcoe 
Group) is located on Ma nitoulin Island to the north. Many gas shows from the Georgian 
Bay Formation (Dundas- Meaford strata) are known throughout its outcrop belt distribution 
in Ontario ; some of these have been of good size a lthough short-lived and non-commercial. 

The only known accumulation that comprised severa l wells and produced economically 
was the now virtually aba ndoned Hepworth gas fie ld near the village of Hepworth in Amabel 
township, Bruce county. Although this field is sti ll li sted, no production figures have been 
presented recently. The gas was used in the vi llage for lighting and heat. By today's standards, 
the production would probably not be termed commercial ; the fie ld's cumulative production 
since 1900 is considered to have been about 25 ,000 MCF. Origina lly, five well s were drilled 
by the Grey a nd Bruce Oil and Gas Company. Subsequently this number was increased to 
about twenty-five; only two were producing in 1927 for about 650,000 cu. ft. (and a rock 
pressure of 125 lbs per sq. inch). The origina l rock pressure was quoted by Malcolm (1915) 
as 425 pounds per square inch. Pressure decreased very little after a year's drain on the wells ; 
no initial open flow was more than 100 MCF a day. Depth of the wells va ried between l ,400 
and 1,650 feet with gas at J ,405, but in a ll the tests details are obscure as to precise notes 
a nd results. Malcolm noted that the gas stratum was in the Trenton formatio n abo ut 350 
feet from the top, or conversely about 200 feet up from the base of the Simcoe Group. The 
level of the gas producing zone(s) was unknown, and the st ructure was but vaguely recognized. 
Actually, production was from the Simcoe Group, from the Bobcaygeon Formation and 
possibly the Veru lam Formation. Both formations cou ld be producing horizons, as both are 
known as such in adjacent map-areas. Production from the underlying lithographic Gull 
River Formation, however, is improbab le, unless either fracture porosity or dolomitized strata 
had been imparted. There is no indication of either, a lthough no well-cuttings are availab le 
from any of the fie ld 's wells and there is a dearth of detail. 

With respect to structure there is now a better clue to the Hepworth gas accumulation 
(see also Sanford , 1961). This field is located atop the Cape Commodore ' headland', which 
' forms ' the Southampton- Kincardine shore of Lake Huron. If any credence can be placed in 
the 'headland-role' suggestion , perhaps this occurrence might be supporting evidence. The 
Hepworth 'h igh' is not considered to be a simple positive ' monadnock-tyi:e' feature, but an 
anticlinal expression of a Precambrian roll , which feature might be emphasized through 
subsequent movements. Further, the fact that these headlands may represent rolls could 
easily exi:;lain the twisting of the structure contours on the north side of the Cape Commodore 
headland. The degree of twisting may well represent the effects of either subsequent tilting 
movement of the head land or slight faulting action in addition to the Cape Commodore 
roll feature. 

Although Hume (l 932) noted that the Trenton was indistinguishable from the Black 
River in well samples, much more is known now about the Simcoe Group fonnational sub­
division of these strata. If well-cuttings were available for some of the wells completed in 
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th is field , much might be decipherable as to thinning (or thickening) of the various forma­
tions of the Simcoe Group over the 'Hepworth structure', or even as to the presence (or 
absence) of dolomitization p henomena a nd thus an evalua tion of the Gull River Formation . 
Side-wall coring by means of high penetration projectiles and conceivably a ga mma-ray log 
of one of the central wells cou ld p resent some of the answers. 

Petroleum Possibilities 

R eservoir a nd Sea ling Condition 

M ost of the map-area is underlain by Ordovician and Si lurian strata, but Devonian 
strata underlie the so uth westernmost third . 

Devonian The probab ility of petroleum accumulation in D evonian strata is very slim, 
as most of th em a re truncated across the map-area . With the southwesterly dip the probabili ty 
of escape of the hydrocarbons is high. This is especia lly importa nt with res pect to the Jong 
period of time fo r which these conditions probably existed , i.e. , late Pa leozo ic to Pleistocene. 
Post-Pleistocene movements have added an accumula tion process between the bedrock surface 
and the Pleistocene deposits, the lat ter acting as the capping agent. Pockets of nat ura l gas 
have been discovered at this interface; such an occurrence is the ru le rather than the exception. 

The porous reefal bioherms in the D etroit Ri ver Formation is an addit io na l possibility. 
For the most pa rt the 'Formosa ova l' is badly dissected , which lowers the possi bili ty of large 
occurrences in that area , but smaller 'ova ls' with larger bioherms may ex ist. T he nature of the 
surrounding medium is not such as to promote excellen t sea ling or cappi ng conditions . Were 
the lithographic limestone (S facies of the southern a rea) to become dominan t and surround 
such a bioherm the eva lua tion would be qui te different. It is known th at this lithogra phic 
texture is so fine that it is impermeable (Liberty, J 969). 

Although the a rea underlai n by the Dundee Formation is about 850 square miles, condi­
t ions are unlikely to be fa vo ura ble for the accumulation of petroleum in commercial quantities. 

Silurian The Silurian formations, like the D evoni an, a re trunca ted across the map-area, 
but are buried more deeply and have a sea ling cap of evaporite sediments above the carbonate 
formatio ns. The 'probability' of petrol eum escape from the Niagara Escarpment face has 
been emphasized unduly in the past. Any reservo irs present a re probably in the porosity trap 
class and may be detached bodies of variab le size. Bioherms and fractured carbonate zones in 
the G uelph, Lockport, and Manito ul in Format ions may well be storing moderate accumula­
tio ns. This is especially importa nt within th e map-area , for bioherms are k nown in a ll the 
formations. 

With reference to stratigraphic traps, mention must be made of th e Middle and Lowe r 
Silurian stratigraphy both north and so uth of the A lgo nquin Arch p latfo rm. Although the 
rock seq uence is sli ghtly different on the Bruce Peninsula from that in the Niagara Peninsula , 
the net product is st ill a structura l hi gh between the two a reas, with certa in units being absent 
over this high. In the map-a rea the D yer Bay and St. Edmund sed iments wedge out southward 
before the latit ude of Owen Sound. In addition , the structure in this north flank of the 
A lgonquin Arch must in fe r a norther ly dip and thus any accumulati ons in these uni ts m ust be 
trapped in their wedge-outs. Admittedly for D yer Bay sediments this wedge edge outcrops in 
Owen Sound Bay, but the principle still applies for the a rea under cover to the west a long 
strike. Thus, Williams' very poro us 'St. Edmun d lenti l le' in the top of the Ca bot Head Forma­
t ion may offer distinct petro leu m possi bilities. 
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Ordovician The Ordovician stra ta are more deeply buried than the Silurian or Devonian , 
but the upper parts of the Georgian Bay and Queenston Formations do outcrop at the base of 
and below the Niagara Escarpment. Alt hough the strata of the Georgian Bay and Whitby 
Formations a re not co nsidered to be good reservoir rocks the former is known throughout its 
Onta rio bedrock distribution for gas pockets of considerable size. These have been short-lived 
and non-co mmercia l, but natural gas pockets are the ru le rather than the exception. Also 
noteworthy is the petro leum content in the strata of the Whitby's lower member of Co ll ing­
wood age. This pa rticular member cou ld become extremely petro liferous (Liberty, J 969). 

The formations of the Simcoe Group (Black Ri ver- Trenton strata) represent one of th e 
more promising and least tested ·ho ri zons ' for the petro leum sea rch in Onta rio. The group 
includes the carbonate forma tions lying below the Nottawasaga Group sha les (with so me 
carbonate) and the basa l group's elast ic rocks. As a resu lt of the lithic subdivision of the 
Black R iver- Trenton sediments man y data on the rock deta ils are ava ilab le that were pre­
vio usly masked. R eservoir rocks a re much more plentiful than has been appreciated formerl y. 
It is herewith suggested that ca rbona tes need not have been dolomitized to be potentia lly 
worthwhile reservoirs for petroleum . Tn essence then , li mestones are present in the Ordovician 
strata whose texture and permea bility a re compatible with favo urable reservoir characteris tics. 

The Lindsay Fo rmation (Cobourg and uppermost Sherman Fall strata) has been th e 
most sought after unit for petro leum in the Simcoe Group. T he writer suggests that the upper­
most dolomite unit may not be consistently present over a wide area l extent. lts genesis was 
most probab ly contro lled by recrys talli zat ion of elastic do lomite and bas in bottom topog­
raphy i.e., the Algonquin Arch. Black sha les of the Whitby Formation 's lower member 
(Co llingwood beds) under lie the entire map-area , and these impermea ble sha les act as a sea l 
for the dol omite unit of the Lindsay Formatio n. This aspect is ad mirab ly demonstrated on 
Manitoulin Isla nd . D espite their fiss ility on the weathered surface, these sha les are believed 
to be effecti vely impervious in the subsurface. 

The remainder of the Lindsay is a ' tight' limesto ne vary in g from lithographic to sub­
lithogra phic, i.e., a ca lcareous cl ays tone. The lowest unit is a very fine crystalline blue lime­
sto ne that is hard and bri tt le, and whose permeability would probably be negligible. Within 
the fo rmation , however, there is also altern ating lim estone and sha le tha t has shown promises 
of gas possibilities. 

Jn ew York State a great dea l of gas has been prod uced from the thick shale interbeds 
of the Veru lam Formation (lower Sherman Fa ll- Ha rtnagel, 1938). Ha rtn agel noted the great 
loss of gas by drilling ahead through pockets and zo nes o f accumu lation . Subsequently it was 
realized that these pockets were potenti a lly commercia l if the mu ltip le-horizon gat herin g 
technique was used , and the practice of delayed dri ll ing wa initiated and a pp lied to the who le 
carbonate sect ion of Black River- Trenton age. The result was up to twenty gas 'pays' in one 
weU and sma ll community fie lds fo r loca l use. 

Simil ar sha ll ow condit ions are present in centra l Onta rio and in the Bruce Peninsul a. 
As noted in the Lake Simcoe di st rict (Liberty, J 969), considerable quantities of gas have been 
indicated in pockets in the Yerulam Forma tion. T hus in the Yeru lam and part of the Lindsa y 
there is a section of about 300 feet in which accumula tions of gas may be expected. The 
Verulam's upper member should be a moderatel y good producer, at least in view of its bio­
clast ic nature and porosity-perrneabi lity data from adjacent map-a reas. 

The Bobcaygeon Formation (Leray, R ock land, Hull strata), as previously noted, is a 
lithogenet ic unit lying below the Veru lam Formation and a bove th e Gull River·s lithographi c 
limestone. 1 t is not who lly a ca lcarenitic limestone unit, but presents a fourfold subdivis ion . 
The second and fo urth , from the bottom, a re the ca lcarenites and the potentia lly important 
units. T he first is an a rg ill aceous limestone ; the third is sublithogra phic and may effecti vely 
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act as a seal for the seco nd unit. At so me localities outside the map-area the permeability of 
the two calcarenite units is lowered by a rgillaceous content ; others indicate a clean , porous 
ca lca renite (Liberty, 1969). Conceiva bly the seco nd and fourth units may 'clean up ' in certa in 
a reas, i.e. , over Preca mbrian highs, where their a rgillaceo us content may be lower. The 
Bobcaygeon is an importa nt formation, as production is obtained from it in so uth western 
Ontario. 

The Gull River Formation comp rises the lithograph ic limestone section fo r the most pa rt. 
Although some do lomitic limestone is present in its lower member, porosity has been achi eved 
mainly by dolomitization and /or fracture porosity. Po ros ity by do lomitizat ion is believed to 
be present in the Acton fie ld on the south side of the Algonquin Arch a nd o utside the ma p­
area; fract ure porosity is considered 'p roba ble' in the Aa nk a reas of the A lgon quin Arch be­
cause of the mid-Silurian a nd Plei stocene movements of the arch. The do lomite sect ion in the 
stratigraphi c position of the Gull Ri ver in the Pro to n well near Flesherton may a lso be the 
result of do lomitization . Thus th ere is a potential unit at this st ratigraphic position, for 
Liberty has co rrobo rated Carozzi's ( 1960) note that lithograp hic limestone is most suscept ible 
to dolomitizin g solutions. 

Perhaps of equa l importa nce is the fact that this li thographic sect ion may produce excel­
lent sea ling conditi ons for accumulations in the basal group formations . This ap ha nitic­
cryptocrysta lline text ure is equa lly impervious to sha les. 

Although the Shadow Lake Formation belongs to the basal group, its sha les a nd a rkoses 
are not co nsidered a probable un it fo r petroleum accumul at ion. The on ly possib ility wo uld 
be in the a rkoses, where these thin aga inst Preca mbria n 'highs' from thicker developments in 
d epressions. Stra tigra phic traps could occur in such overl ap. 

Cambrian The Camb ria n formations belong to the basa l group a nd are overlapped by the 
Ordovician formations. Reasona bl y good porosity and permeability is expected of the Mou nt 

imon strata in contrast with the finer text ured Jaco bsville. 

Three items make these Cambrian units particula rl y no tewor th y as possible petroleum 
sources. First, natural gas a nd oil shows a re known , a nd there is productio n in these strata in 
south western Ontario at prese nt ( 1965). Second, with reference to the Ordovician overlap, the 
impervious Gu ll Ri ver st rata may act as a sea l for accumu lat ions, provided fract ure porosity 
has not been imparted to th at for mat ion in a given area. Third, and of eq ua l importance is the 
re lief of the Preca mbria n surface on the west side of the Bruce Peninsula. Not only are the 
Precambrian formations limited by thi s re li ef, but lowest strat igraphic unit s may well truncate 
against rather than drape over it. Should tra nsition occur and sea ling conditions be good , then 
the probability of petroleum accumul atio n will depend solely on its occurrence in those 
Cambria n strata a nd wi ll increase proportio na tel y. 

Summary 

The writer considers the va lue of the units in order of importance to be: l) Lindsay 
dolomite ; 2) Bobcaygeon ca lca renitcs; 3) basal beds in a westerly str ip; 4) G ull River ; and 
5) Manitoulin Formation where it has sufficient cover in the south western part of the map­
area. In that same area there may well be possibilities for the G uelph as well as for the 
Detroit River reefal phase. 

Fina lly, any of these carbonate units can be dolomitized by the entry of hydrothermal 
so lutions, d ue to faulting, etc. This is believed to have occurred in the Proto n well where 
the Gu ll Ri ver appea rs to be a lmost who ll y do lomite. As there was no master section for com­
pa riso n, other occurrences may have been misinterpreted. F urther, the arc lining up the 
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Scipio trend in Michigan , Dover fie ld on Lake St. Clair, the Proton well and the Hepworth 
field just might not be fortuitous in that it may possibly flank the Algonquin Arch . 

Techniques 

The use of electric logs is becoming increasingly important in industry and may well add 
to the further subdivision of the Simcoe Group. Gamma-ray logging may well permit this 
as well as identification of dolomite in the Hepworth fie ld . 

If any credence can be placed in the writer's structura l concept of the 'cross-rolls' and its 
correlation with the Hepworth gas accumulation, resultant hydrocarbon increase in the soil 
can be detected and the concept verified by geochemica l testing over the apices. Such an 
increase should occur over the apex of a structure in which petroleum has accumulated. 
Possibllity of radioactive haloes cou ld also be investigated as a second method. Briefly, a 
petroleum accumulation acts as an insulator and attenuates the radioactive emanations from 
the earth's surface. Areas in which haloes (minima) appear can th us be considered as potential 
sites of accumulation. Should there be a correlation of a few occurrences with the 'cross-rolls', 
then there might be a quicker, easier method of eva luating petroleum possibilities. Further, 
areas underlain by recently (i.e., Pleistocene) n1igrated petroleum will show up as readily as 
others, whereas they might escape notice by the geochemical technique. 
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APPENDIX A - STRATIGRAPHIC SECTIONS 1-32 





ORDOVlC fAN SECTIONS 1- 8 

Thick ness 

Feet I nches 

Sectio n 1. On middle bra nch of Sucker Creek , lot 33. con. I 0, St. Vincent tp., Grey co. 

Queens/on Formation 

L imestone : grey, crystall ine, irregula rly bedded ; Co/1111111aria afveolaw, Bryozoa .. .. 
Concea led interva l : probably grey shale ... 
L imesto ne: grey, fi nely crysta lline, in beds 2 to 3 inches thick ; Co/1111111aria a/veo­

!ata, Zygospira meaf orde11sis, Z. ci11cil//Wfie11sis, Bysso11ychia meaforde11sis, 
Te/radium h11ro11e11se, 1-feberte!la occide111alis, Leperdilia caecige11a, L . 111a11i-
1011/ine11sis .. 

S hale: greenish grey, occasional inte rbeds of grey limesto ne .. 
L imestone: grey, crysta lline, in beds 6 to 8 inches th ick with intercalated greeni sh 

grey sha le; Bryozoa .. 
Sha le : greenish grey, soft.. 
Sha le: red, mo ttled with green 
Shale: greenish grey, soft.. 
Limestone: grey, fi nely crys ta lline .. 
Sha le: greeni sh grey, soft .. 
L imes tone: grey with green 'clay' pellets. 
S hale: o live-green , so ft. ... 
S ha le: red, mot tled ... . 
L imestone: grey, a rgillaceous, in thin irregular beds; Zygospira 111eaforde11sis, 

Byssonychia sp., Leperditia 111anito11/inensis .. 
S ha le: greenish grey, soft .. 
Sha le : red .. 
Shale: red, numero us ha rd greenish grey li mestone beds a ve raging I inch th ick .. 
Shale: red a nd green mott led .. 

Georgian Bay Format ion 

Limestone: blu ish grey. ri pple-111arked .. 
Sha le: bluish grey, soft. . 

J 
5 

I 
4 

2 
2 
3 
I 
1 
I 
0 
3 
3 

5 
2 

36 
18 
15 

0 
I 

Sect io n 2. O n west sho re of Owe n Sound , ha lf a mile nort h of Sutton Point 

Queens/on Formation 

Shale : bl ue , soft.. 
Li mestone: grey, crystall ine, i111pure , weathered into irregu lar beds 2 inches to J 

foot thick ; Byssonychia sp._ Bryozoa .. 
Shale: greenish grey .. 
Limestone: grey, crystalline impure , ripple-111arkecl , in regular beds 4 inches to l 

foot thick .. 
S ha le: red .. 

2 

4 
2 

3 
2 

0 
0 

6 
6 

0 
0 
6 
6 
0 
0 
6 
0 
8 

0 
0 
7 
6 
5 

4 
0 

0 

0 
0 

0 
0 
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Section 2. (cont.) 

Concealed interva l. . 
Shale : red .... ..... . 
Concealed interval to Jake level .. ............. . 

Section 3. On shore at Mont ressor Poin t, Cape Croker 

Queens/on Formation 

Limestone: grey, crysta ll ine, fossil iferous in beds 2 to 6 inches with grey shale 
partings .. 

Shale: greenish grey with occasiona l thin limestone bands .. ..... 
fnterbedded grey limestone and soft grey shale in equa l amounts .. 
Shale: grey, greenish grey, a nd bluish grey, soft, with occasional thin crystalline 

limestone bands .. 
Limestone: grey, crystal line, fossi liferous, in thin even beds with grey shale partings 
Shale: greenish grey .. 
Shale: red ...... .. ................................................ . 
Concealed interval to Jake level... .. .. 

Thickness 

Feet Inches 

5 
JO 
4 

4 
6 
8 

15 
2 

12 
25 
JO 

0 
0 
0 

0 
0 
0 

0 
0 
0 
0 
0 

About t m ile south of Montressor Poi nt , grey, thin-bedded lime tone with greenish grey shale 
partings forms a pavement-like outcrop a t water level a nd is herein ca lled the Montressor Point 
Reef. This rock lies below the forego ing section and conta ins a profusion of reef-formi ng foss ils 
(Appendix B, Queenston Formation). 

Section 4. On shore at Prairie Point, west side of Cape Croker on Sydney Bay- herein 
known as the Pra irie Point Reef 

Queenston Formation 

Limestone: grey, crysta ll ine, in beds 2 to 8 inches thick, reef-like a t the base, many 
foss ils (Appendix B, Queenston Formation) .. 

Section 5. At North Point on White Cloud Island , Colpoys Bay 

Queens/on Formation 

Limestone: grey, finely crystalline, in even beds t inch to 4 inches thick, with thin 
greenish grey shale part ings .. 

Shale: greenish grey .. 

On the shore immed iately sout h of this section ma ny reef-formi ng fossi ls in­
dicating the same horizon as that seen on the shore t mile sout h of Montressor 
Po in t (Appendix B, Queenston Formation). 

5 

2 
6 

0 

0 
0 

Section 6. Composite section of outcrops along north shore of Griffin Island at 
Cornet Poi nt, Colpoys Bay 

Queens/on Formation 

Limestone: grey, crystalline, in thin irregular beds; Bryozoa indet., Zygospira 
meafo rde11sis, ostracods, pelecypods ... 

J 12 

2 0 



Thickness 

Feet Inches 

Secti o n 7. On a small creek, con . l V, Mulmur tp., Dufferin co., 2 miles wes t o f 
R and wick 

Queenston Formation 
Sha le: red .. ........ .... 330 0 

Georgian. Bay Formation 

Limestone: g rey lo bluish g rey, fine , ri pple-ma rked i,1 bed a bout 2 inches thick wi th 
thin interbeds of olive-green shale .. 5 0 

Limestone: grey, fi ne, ri pp le-marked , in beds 4 to 6 inches thick with in terbeds of 
greenish grey sha le .. J 0 O 

Sha le : bluish grey a nd olive-green with frequent 2- to 8- inch beds of grey, fine , 
ripple-marked li mestone ... J I 0 

Secti on 8. In a sma ll gully travers ing the Blue Mountains, Jot 10 co n. II, St. Vincent 
tp ., 3 miles east of Meaford 

Queenston Formation. 
S hale: red , occasio nal thin beds of grey to bluish grey , ripple-marked limesto ne in 

the lower few feet. J s+ 0 

Georgian Bay Formation 
Shale: green, soft, wi th occasional -! - to 2-inch beds of bluish grey, ripple-ma rked 

limes tone in the upper 6 feet.. 
Limestone: grey, fine , in beds 2 to 8 inches thick ; ma ny Bryozoa ... 
Limestone: grey, fine, in thin even beds interbedded with equal a mo unts o f so ft 

bluish grey sha le .. 
Concea led interva l of steep wooded slo pe o n surface of which are loose sla bs of 

crys talline limestone containing Bryozoa a nd Byssonychia sp 
Shale: greenish grey, soft, with frequent thin , grey limestone bands .. 
Limesto ne : grey and greenish m o ttled , c rystalline, brownish weathered, in even 

beds 4 to JO inches thick, with hale pa rtings; many foss il s (Append ix B , 
Georgian Bay Forma tion) .. 

Concealed interva l ..... 
Sh a le: bluish grey, soft, at wate r leve l 

SlLURlA SECTIONS 9- 28 

12 
4 

14 

128 
25 

4 
2 

Section 9. On road between lots 30 a nd 31 , con. I , Mulmur tp., Dufferin co. 

Whirlpool Formation 
Sandsto ne : g rey, rusty wea therin g, medi um grained , in thin irregular beds 
Soft wea the red , rot ten , ru sty colo ured sa nd .. 

Sha le: bluish grey, soft. pla sti c. 
S ha le: red , p last ic ... 

Queenston Formation 

4 
0 

5 
4+ 

Secti on 10. Tn lot 30, on road between cons. I and IlE, Mulmur tp ., Dufferin co. 

M anitoulin Formation 
Do lo mite: grey, fine , in thin beds a few inches thick .. 
So ft blui h grey calcareo us a nd argillaceo us ' mud ' .. 

3 
0 

0 
0 

0 

0 
0 

0 
0 

0 
2 .6 

0 
0 

0 
4 
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Thickness 

Feet Inches 
Section I 0. (cont.) 

Whirlpool Formation 
Sandstone: grey, fi ne to med ium grained , in irregu lar and lensy beds from a few 

inches to a foot th ick with gent ly undulating lower surface.. JO 0 

Queenston Formation 

Shale: blui sh grey a nd bluish green, soft, plastic ... 4 

Section 11 . Tn a gully just below highway 24, 2 miles east o f Singhampton 

Manitoulin Formation 

Dolomite: grey, hard , fine , in thin ir regu lar beds .. 
Bluish grey argi llaceous mud rock ... 

Whirlpool Formation 
Sa ndstone : grey, fine gra ined, in beds 2 to 4 inches thick .. 
Sandstone: bluish grey, fine grai ned, in a single bed ..................... . . 
Sa ndy shale: blu ish grey, compact, in thin beds .. 

Shale: blue, soft , plas tic 
Concealed interva l. .. 
Shale : red .. 

Queenston Formation 

.. 

2 
......... ... . .. 0 

. . . . . . . . . . . . . . 2 

5 
IO 

100+ 

0 

6 
0.4 

6 
0 
4 

0 
0 

Section 12. On sma ll creek just north of road between lots 26 and 27, con. XI , N ot­
tawasaga tp ., Simcoe co., 2t miles northwest of Dunt roo n 

Manitoulin Formation 
D o lo mite: grey, fi ne, thin , unevenly bedded .. 

Whirlpool Formation 

Mass of soft ,' weathered ' limy rock with thin J-inc h sa ndy layers. 
Sha ly sa ndstone: bluish grey, so ft, in thin layers .. 
Sa ndstone : grey, fi ne gra ined, in beds a bout IO inches thick . . ........ . 

Queenston Formation 
Shale: blue, compact, in part sandy ... 

Secti on 13. On the east side of the Sound in the city of Owen Sound 

Manitoulin Formation 
D o lo mite: grey to brownish grey, finel y crystalline, buff weathered, in thin uneven 

bed s I inch to 5 inches thick with sma ll white weathered chert nodules a lo ng 

3 

2 
I 
3 

0 

6 
0 
6 

6 

some beddin g p lanes.. 19 2 

Queenston Formation 

Sh a le: blue and bluish grey, p las tic when we t .. 
Sha le: red .. 
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Thickness 

Feet Inches 

Section 14. On small stream at Dunca n in con. Xlf, Collingwood tp. , Grey co. 

Manitoulin Formation 

Dolomite: grey, finely crysta lline, in beds 6 to 12 inches thick .. 
Shaly limestone and shale: bluish g rey, co mpact, thin bedded 

Queens/on Formation 

Shale: greenish grey, compact, sandy .. 
Shale: blui sh and greeni sh grey, compact. 
S hale: red ... 

Section 15. At falls a mile east of Fairmount in Euphrasia tp. 

Manitoulin Formation 

Dolomite : grey to browni sh grey, fine ly crystal line, in thin irregula r beds 4 to 6 

10 
4 

2 
8 

20+ 

0 
0 

0 
0 

inches thick in upper part, beds as thick as 2 fee t near base .. 20 0 

Queens/on Formation 

Shale: greenish and blui sh grey, soft , in places compact and calcareous forming ±­
to J-inch hard layers 

Shale: greenish grey, co mpact. . 
Shale : brick red .. 

6 
6 
s+ 

Section J 6. On small creek enteri ng Beaver Ri ve r, ± mile north of Vandeleur 

Manitou/in Formation 

0 
0 

Dolomite: grey, crysta lline, impure, in thin uneven beds, Jt to 6 inches thick.. 5 6 
Dolomite: grey, crys talline, grey wea thered , in beds 8 inches to I foot thick .. 23 0 
Dolomite: grey, finely crys talline, appears to be in single bed .......... ....... .. .... . .. . 4 0 
Limesto ne: impure, g rey to bluish grey, dense, ripple-marked ............... . 0 2 

Queens/on Formation 

Shale: soft , bluish grey, st icky when wet .. 

Section 17. At Cape Chi n 

Cabot Head Formation , Dyer Bay member 

Dolomite: grey, greenish grey, and bluish g rey, crystalli ne, in thin beds 2 to 10 
inches thick with greenish grey argillaceous partings and, in places, green 
arg illaceous 'pellets'; Homoeospira cf. i111111at11ra, cf. E11terolasma geometricum, 
Virgia11a decussata .. 

Cabot Head Formation, Cabot Head member [restricted] 

Sha le: green, soft, plastic when wet ..... 
Shale: red, 2-inch bed of hard, greeni sh grey, impure limestone at the base 

12 

3 
J2 

0 

0 

0 
0 
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Section 18. At ' Clay Cliffs' (Rocky Bay) , 3 miles west of Cabot H ead 

Lockport Formation , member 2 

D olomite : brown, fin e crysta lline, porous, vuggy, thinly bedded ; fossiliferous : 
pentameroids and Favosites spp. (Foss il Hill Forma tion) .. 

Lockport Formation , member 1 

D o lo mite: grey , lithographic, sub lithographic and very fine c rysta lline, thinly 
bedded a nd lam inated , irregularly vuggy .. 

Cabot Head Formation , St . Edmund member 

Shale: green ... 
D o lom ite: brown, fine crys talline, mo ttled ligh t a nd dark brown dolomite, wea thers 

browni sh grey, mass ive, well jointed ; Favosites cristatus .. 

Cabot Head Formation , Wingfield member 

Do lomi te with thin alternat ing layers of shale (ribbon dolomite): shale is green and 
plastic; dolomite is brownish and greeni sh grey, fi ne c rys ta ll ine, wea thering 
greenish, beds I inch to 5 inches thick ; do lomite enc loses green argil laceous 

Thickness 

Feet Inches 

9 0 

3 0 

3 0 

8 0 

pellets ; sha le contains ostracods.. 36 (after Caley) 

Cabot Head Formation , Dyer Bay member 

D o lomite : blui sh mo ttled with green , fin e crys talline; minor sublithogra phic a nd 
lithogra phic brown and dark brown dolo mite; wea thers into thin and medium 
beds, we ll jointed .... .. . .... ......... .. . 

Cabot Head Formation , Cabot Head member [restricted] 

Shale: predominantly red , wi th occa sio na l patches of green ; 3 feet of green c lay 
shale at to p ; occasional bed (J} to 4t inches) of buff, fin e crys ta lline, do lo mite 
with grey dolo mite in mid-sec tion ; minor gypsum and mineral moulds; 

15 0 

H elopora fragilis .. 5 I 0 

Manitoulin Formation 
.Do lomite: below water leve l 

Secti on 19. Exposed at the base of the escarpment at H ope Bay 

L ockport Formation, member 2 

.Do lomite : grey wea thered , grey to crea m coloured , fi ne to medium textured , in beds 
18 inches thick, tho ugh in places weathered into 4-inch layers; many P e11ta-
111erus ob/011g11s (Foss il Hil l Formation) .. . 20 0 

Concealed inte rval. . 2 8 

Cabot Head Formation , Wingfield member 

D olo mite: grey to brow nish grey, fine to medium , in thin even beds± inc h to 2 
inches thick with green shaly partings a nd g reen arg illaceo us " pe llets"; ma ny 
ostracods .. 

Concea led inte rva l. . 
D o lom ite: grey, fine grained , in thin even beds t to I inc h thick .. . 
Covered interva l. . . ................... ... . 
S hale : bluish grey, soft. . 
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Thickness 

Feet Inches 
Section 19. (cont.) 

Cabot Head Formation, Dyer Bay member 
D o lo mite : shaly, grey weathered , grey, medium , in thin irregular beds 1 inch to 6 

inches thick with green sha ly partings; H elopora ji·agilis , Rhy 11cho11el/a sp., 
Virg ia11a sp., B111hotrephis sp.. . 12 6 

Dolomite : grey, dense, in even beds 8 to 12 inches thick that break conc ho idally.. 2 0 

Section 20. In road-c ut at Ingli s Falls, Owen Sound 

Lockport Formation, member 3a 

D o lomite : grey, medium to finel y c rystall ine in even, grey weathered beds 18 
inches to 2 feet thick with chert nod ules t inch to 2 inches in diameter (Lions 
Head Member, Amabel Format ion) .. 9+ 

Lockport Formation , member 2 

Dolomite: mass ive to ro ughl y bedded, grey, medium tex tured, basal foot argil­
laceous; lower a nd upper contacts sharp ; P e111a111crus ob/011g 11s , Favosites sp., 
Halysit es sp ., S y ri11gopora sp. , stromatoporo ids (Fossi l Hill Formation) ..... .. . 

Cabot Head Formation 

Shale: bluish green, compact, plasti c when wet ... .......................... .... .. . 

7 

s+ 

Section 21. On shore of I sthmus Bay abo ut ~ mile north of Lio ns Head dock 

Lockport Formation , member 1 

D olomite : grey to crea m co loured , fin ely crys ta lline , in thin irregular beds a few 
inches to a foot thick; P e11/am er11s ob/011gus, Fa vosites sp. , st romatoporo ids 

6 

(Foss il Hill Formation) .. 17 6 

Cabot Head Formation, Wingfield member 

Sha le : greeHish grey, soft ... 
Dolomite : grey, dense .. 
Shale: dark greenish grey, compact . 
D o lomite: brownish grey, fi ne, argillaceous, in thin platy laye rs .... . . .. . 
D o lomite: grey, dense, wi th pyrite ... 
Shale: green ish grey, compac t ... 

Section 22. Exposed in the road-cut at Sky Lake 

Guelph Formation 

Dolomite: brown, fin ely crys talli ne, rough wea thered in beds as thick as 3 feet; 
Eospinfer rad it /us ... 

Lockport Formation , member 3c 

D olomite: bituminous, dark brown, fine to dense, in thin even beds 2 to 4 inches 
thick wi th black bitumin ous streaks a nd lam inae . N umero us chert nodules 
and whi te, spher ica l and lens shaped concreti ona ry masses l inch to l .!;- inches 
across; S tromr.topora sp. , P yc11os1y/11s cf. elega11s, Favosites 11iagare11sis, F. 
hispidus, Eospinfer radiat11s, £. eudon, cf. Cyrtia m eta , Discosoms sp. , 

4 
1 /4 

2 

3 

0 

6 
0 
0 
0 

0 

Geiso11oceri11a sp. .. 21 6 

117 



Section 22. (cont.) 

D o lomite: buff to brown, dense, in a si ngle reef-like bed ; Favosites sp. 
D olom ite: bituminous, dark brown, in even beds 1 inch to 4 inches thick .. 
Dolo111ite : brown, dense , in a single bed with 111any Fa vosites sp ..................... .. . 
Dolo111ite: bitu111inous, brown, dense, in thin even beds wi th black bitu111 inous 

streaks .. 
Dolomite : dark brown, den e, in a si ngle becl with irregular surfaces; Favosites sp. 
D o lomite: bitu111inous, dark brown , dense, in thin even beds 8 to 10 inches thick 

but weathering thinner.. 

Thicknes 

Feet Inches 

0 
6 
0 

2 0 
0 

2 0 

Section 23. A composite section made from the several outcropping sections located 
on South Saugeen Ri ver between eustad t and Calderwood 

Salina Formation 

Shale: ca lcareous, red , co111 pact. .... 
Shale: green a nd greenish grey, ca lcareous, compact, in thin hackly breaking beds 
D o lomite: grey, fine, in even beds 4 lo 8 inches thick with g reenish grey shaly 

partings .. 
Shale : greenish grey, li111y, with compact hard zones .. 
Dolomite: grey to buff, fine to dense, in thin beds 2 to JO inches thick with 111all 

needle-like cavities ... 
Dolo111ite: buff, dense, with thin dark bituminous strea ks and weathered into platy 

slabs averaging 2 inches thick . 
Concealed interval. .. 
Dolo111ite: light buff, dense, grey wea thered , in even beds 2 to JO inche thick . 
Shale: greenish grey .. 
Do lo111ite: brown, fine, in bed s 2 to 7 inches thick with ro ugh uneven surfaces . 
Shale: calcareous, green ish grey, compact. .. 
Dolomite: grey, fi ne, in 8-inch beds .. 
D olomite : buff, fine, in irregula r layers 2 to 4 inches thick. 
Do lomite: brown, hard , finely porous, in a single concretionary bed . 
Shale: calca reous, brown , in th in wavy layers .. 
D olomite: g rey to browni sh grey, dense, in irregular beds 2 to .14 inches thick, the 

thicker beds somewhat lensy, with black bituminous s treaks . 
Dolomite: brown , porous, in very rough uneven beds from a few inches to J} feet 

thick ; thick beds concretionary ... 
Concealed interval. . 
D o lomite : light brown , fi nely crysta lline and granular, in irregu lar beds 4 inche 

to 2 feet thick with black bituminous streaks .... 
D o lomite : argillaceous, brownish grey, dense, bluish weathered , in layers t inch 

to 3 inches thick .. 
Limestone: shaly, blui sh grey, in beds inch to Jt inches th ick .. 
Shale: dark green, soft, in uneven beds I t lo 2 inches ... 
Shale: green, soft, rotten . 
D o lo mite : brown , dense, len sy ..... 
Do lomite: brown, dense, in thin obscure beds .. 
Dolo mite : brown, dense, in 2- to 4-i nch beds with small needle-like cavities .. 
Shale: drab, greenish g rey, soft. . 
Shale: calcareous, greenish grey, compact. .. ... . ................. .. . 
Shale: greenish grey and brown , soft, with compact lensy zones 
Dolom ite: grey, dense .. 
Sha le: bluish grey, lam inated .............................. . 
Shale : dark bluish grey, compac t, laminated .. . 
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Feet Inches 

Section 24. On the right side of Saugeen Ri ve r, east of big bend , south of Walkerto n, 
Jot 36, con. UIS, Brant tp . 

Salina Formation 

D o lomite: brown, fine ...... .. .................... .. 
Shale: blui sh grey, soft, thin bedded ... . 
D o lomite : brown , fine .. 
Shale : bluish grey, soft .. 
Shale: red a nd g reen mottled , compact .. 
S ha le: grey a nd b lui sh g rey .. 

Section 25 . On left side of Teeswa ter R iver Lt m iles above its mo uth 

Salina Formation 

S ha le: ca lcareous, grey, compact, mott led with red shale at the top .. 
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Section 26. O n an intermittent stream ente ring Saugeen Ri ver from the west in lot 
3, con . YTI, Brant tp. , 4+ miles no rth of Walkerton 

Bois Blanc Formation (Devonian) 

Limestone: grey, medium g rained , with much grey c hert ; co ral s 
Limes to ne: sha ly, wea thered soft, with sa nd gra ins a nd glauco nite .. 

- Disconformity -

Bass ls/and Formation (Silurian) 

D o lomite: buff a nd brown, fine ly c rystal line and dense, in ve rtica ll y jointed bed s 
from a few inches to a foot thick .. 

Concealed inte rva l .. . 
D o lo mite : light buff, fin e ly crysta lline, with da rk bituminous strea ks imparting a 

'r ibbon ' appearance, a nd in uneven beds 6 to 12 inches thick ... 
Concea led in terva l .. 
Dolomite: light grey to buff, fi ne, vert ical ly jo in ted , with dark st reak s impa rting a 

' ribbo n' appearance, a nd wea thered to a light crea m colour .. 
D o lomite: buff, fi ne ly c rystalline, even bedded a nd concret iona r·y, ver ti ca lly jo inted 
D olomite: li gh t buff, co ncre tionary at the top ... 
D o lom ite: oo li tic .. 
D o lom ite: buff, fi ne ly crystal line, in thin even bed s 2 to JO inches th ick and with 

needle-like cavit ies ... 
Sha le: limy, b luish a nd green ish grey .. 
Dolom ite: buff, porous, fin e, in even beds 2 to J 2 inches thi ck .. 
D o lomite: brown and buff, fine to de nse, with some dark bituminou s strea ks a nd in 

ro ugh uneven beds 8 inches to 2 feet thick ; os tracods, W/iitfie!de/la sp .. 
D o lo mi te: buff, fine , in thin even beds .. 

Salina Formation 

Sha le: calca reous, greeni sh grey, com pact a nd hackly brea king ... 
Shale: calca reo us, red and g reen mo ttled .. 
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T hicknes 

Feet Inches 

Section 27. Exposed on creek crossed by Canadia n Pacific Railway -! mile south of 
highway 4 at Walkerto n 

Bass Ts/and Formation 

Dolomite: light buff, dense, in even beds 2 to 8 inches thick with need le-like cavities .. 
Shale: bluish grey, soft, calcareous .. 
Dolomite: buff, dense, in vert ical ly jointed beds as thick a; 12 inches with needle-

li ke cavit ies .. 
Dolomite: very shaly, brown, in th i11 layers .. 
Concea led interval. . 
Dolomite: buff a nd brown, fine. in heavy buff weathered bed s I 0 inches to 2 feet 

thick; ost racods, Whi1/ielde//a sp. 
Concealed interval. . 

Salina Formation 

Shale: red and green mot tled , trace of a nhydrite .. 
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Section 28. Composite sect ion from expos ures on west s ide of Saugeen River va ll ey 
1.8 miles north of Dunkeld 

Bass i sland Formation 

Dolomite: cream coloured and buff, hard , de nse, buff weat hered, in even beds 4 to 
15 inches thick with vertical joints and needle-like cavities ... 

Shale: calcareous, soft , rus ty weathered . 
Dolomite: oolitic, brownish grey, hard ... 
Dolomite : crea m coloured , dense, vertically jo inted , in beds 2 to 8 inches thick , 

concretionary near the top ... 
Dolomite: light buff, dense, in even beds 2 to JO inches thick , concretionary in the 

upper part. . 
D olomite: brown, fi ne ly crysta lline , massive .. 
Dolomite: drab, dense, in even bed s l inch to 4 inches thi ck .. 
Dolomite: ool itic, buff ... 
Dolomite: cream coloured , dense, in even beds 6 to 12 inches thick .. 
D olomite: cream co loured, dense, in even beds 2 to 7 inche thick with needle-like 

cavities a nd vert ical joi nt s ... 
D olomite: brown , fine to dense, in even beds I inch to 3 inches thick .. 
Shale: limy, bluish grey, co mpact a nd hack ly breaki11g .. 
D olomite: brown, fine , in beds 1 inch to 3 inches thick .... 
Dolomite: cream coloured, dense, in thin vertically jo inted beds 4 to 8 inches thick 

with needle-like cavities .. 
Dolomite: very shaly, brown . soft, in thin layers .. 
Dolomite: brown , fine , with dark streaks, in beds 8 to 18 inches th ick; ostracods, 

Whitfie!de!ia sp .. 

DEYON fAN SECTIO S 29- 32 
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Sectio n 29. Along the banks and in the bottom of the Teeswater Rive r at C hepstow 
(C!fter Best, 1953 MS., p. 129) 

Detroit River Formation 

Limestone: grey, very fine grained. dense; fossil iferou s (many Stro111alopora): 
heavy beds; biohermal (B facies) . 

D olom ite: medium brown , fine grai ned , granular, uniform; in 2-inch beds; normal 
N facies .. 
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Section 29. (cont .) 

Dolomite: chocolate-brown, fine grained , heavy massive beds; many bituminous 
laminae .. 

Dolomite : medium brown, fine grained, crys talline, dense; many foss i ls and fossi l 
fragments of calcite .. . 

Limestone: li ght brown, fine gra ined, few vugs, filled wi th calc ite; fossiliferous 
D o lomite: light brown, fine gra ined; few foss ils .. 
Limestone: medium brown , fine gra ined, dense; very fossiliferous . 
Dolomite: medium brown, fine gra ined; earthy; bituminous laminae; ca lcite foss il s 
Limestone: ligh t brown , fi1~e grained, crysta lline dense .. 
Dolom ite: med ium brown, fine grained, earthy; numerous bituminous lami11ae ... 
.Dolomite: light brown, fine gra ined , crys talline; few bituminous laminae ; many 

ca lcite foss ils and foss il fragments. 
.Dolomite: as above with no bituminous laminae. 
Limestone: medium brown, fine gra ined; many bituminous laminae . 
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Section 30. Composite secti o n alo ng the Maitland Ri ver at Goderich (after Best, 
1953 MS. , p. 135) 

Dundee Formation 
Conglomerate: pebbles o f the Detroit River Formation in a matrix of coarse­

grained sa ndy limestone .... 

Detroit River Formation 
Limestone: medium brown, very fine grained, dense, many carbonaceous laminae, 

thinly bedded .. 
Limestone: medium brown , fine grained, splintery and breaks into blocky mass, 

ca rbonaceous laminae in places may be an intraformational brecc ia .. 
Limestone: light brown, fine grained , granular, streaks o f dark brown granular 

limestone .. 
Limestone: light grey, fine grai ned, faintly laminated; in 2- to 3-inch beds .. .. 
Limestone: as above with many carbonaceous laminae and sty lolites. 
Limestone: light brown, fine gra ined, few fai nt laminations, few crys tal impressions 

(length I mm) .. 
Limestone: very fine grained, dense; grades into bed above; con tains many gypsum 

crystal impress ions as long as 1 l-cm i 11 all orientations to give bed brecciated 
appearance ... 

Dolomite: light brown, fine grained, granular, mi nute intergranu lar porosity, 
numerous bituminous laminae which are wavy; who le bed is hummocky and 
irregular; at top and bottom of bed may have local breccias composed of 
material derived from this alga l biostrome .. 

Dolomite: break s down into soft, shale-like mass ... 
Limestone: breccia, light brown, fine grained, crys talline limestone matrix wit h 

angular small flat Ct by -l inch) fragments o f alga l dolomite. 
Dolomite: medium brown, fine grained, granular, soft; in wavy 3-inch beds 
Limestone : breccia as one above .. 
.Dolom ite: li ght grey, fine grained, dense, faintly lamina ted , thinly bedded; late r­

ally may be a vuggy reefy type limestone ... 
Dolomite : light brown, fine grained, granular, many bituminous wavy laminae ; 

bed is massive, hummocky, irregular ( likely an algal bios trome) .. 
Dolomite: calca reous, med ium brown, fine gra ined, dense hard , thinly bedded ; 

alternating dark and light colour .. 
Limestone: medium greyish brown, sublithographic, many stylolites .. 
Limestone: fine grained , alternating light and med ium brown, dense, carbonaceous 

and bituminous laminae .. 
Dolomite: dark brown, fine grained, granular, many bituminous laminae .. 
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Thickness 

Feet Inches 

Section 31. So utheast side of M a itl a nd Ri ve r at the east edge of G oderich (after Best, 
1953 MS., p. 181) 

Upper member, Dundee Formation 
Li mestone: light brow n, fi ne grained , heavy mass ive uniform beds with many sty­

lolites, evenl y bedded; c rinoidal debri s ca tte red throu gh beds; foss il s not 
a bunda nt . 

Limestone: dark purplish grey, ve ry fine gra ined. den se ... 
Limesto ne: as a bove o nly hard a nd splintery .. 
Limestone: dark purplish grey, ve ry fine grained , dense brittle, unifo rm ; break 

into two beds with the uppe r o ne extremely fossiliferou s. 

Lo11·er member, Dundee Formation 
Limestone: light brow n, fin e grained, c rys talline , ca rbo naceous lam inae commo n ; 

areas o f mascera ted foss il ma ter ia l commo n ; rea ll y o ne massive bed but tend­
ency to brea k down into J-foot beds .. 

Li mestone : li gh t brow n, fine gra ined , c rystalline, g ra nu lar; foss il fra gments com­
mon ; sma ll inte rgra nular po rosi ty a nd small vugs .. 

Limestone: light brown, fine gra ined , few ca rbo naceous lami nae a nd s tylo lites; 
areas of foss il fragments, fossil s not abundant; real ly o ne bed which brea ks 
into irregular blocks .. 

Limestone: medium greyish brown, fine gra ined , rather crysta lline, fe w ca rbon­
aceous laminae ; few cora ls; sec tion no t exceedingly foss iliferous, scattered 
brachiopods a nd the mo re abundant cora ls; break s into irregu la r 8- inch beds 

Limestone: medium brown , fine gra ined , ca rbo naceous laminae a11d few s tylol ites; 
!-foot areas of crinoidal and foss il fragments; who le foss il s sca tte red through 
beds; breaks down into irregular beds .. 

Conglomerate: composed o f rou nded pebbles (as much as 2-inch d iameter) of 
D etroit Ri ver limestone a nd dolo mite in a light brown, fine g rained , s lightly 
sandy limestone mat r ix; conglomera te grades into overl yin g limestone; lower 
contact irregula r with local re li ef of I foot. . 

Detroit River Formation 
Dolomites a nd limestones: g reat va riet y o f lith o logies . 
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ecti o n 32. On left bank of Ma itland Ri ve r, lo t 4, Maitl a nd co ncess io n. Colbo rn e 
township , It miles above highway bridge at G oderich 

Dundee Formation 
Limestone: c rystalline , g rey, wea thered grey to buff; in mass ive a nd thinner ir­

regular beds; foss iliferous : Cya1hophy l/11111 sp ., Crania cre11is1riaw, Rhipido111ella 
cf. semele, Stropheodo111a perpla11a , S. demissa, Spin/er sp .. A1rypa re1ic11taris.. 18 0 

Limestone: fine gra ined , buff wea thered. brownish ; dark bitumino us s treaks; 
jointed .. 66 0 

Limesto ne: browni sh, ro ugh , impure ; vuggy; irregular ly bedded .. 2 0 
Limestone: brown, fi ne gra ined, thin even beds 4 inches thick, verti ca lly jointed ; 

lower 6 inches with calci te s trin ge rs; uppe r 2 inches soft a nd ochreo us.. 2 6 
Limestone: med ium grai ned , buff wea the red , grey to cream colo ured ; dark brown 

to black bituminous streaks; traced la tera ll y th is interva l becomes a single 
6-foo t bed with Fa vosites sp. ; encloses conglo rnera te o f De tro it Ri ve r lirne-
stone and do lo rni te .. 6 0 

Detroit River Formation 
Lirnestone: fi ne gra ined to dense, buff a nd brown , in beds 2 to 8 inches thick ; upper 

few inches are so ft , ye llowish, and rotten , a nd contact with overl yi ng rocks is 
undula tin g (no rrna l N facies) .. 
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APPENDIX B - FAUNAL LISTS 





ORDOVICIAN 

T hese lists include only fossils identified by A. E . Wil son fro m local ities within 
the map-area (for illustratio ns of some of t he Ordovicia n foss il s see Liberty, 1964, 
pp. 50-53). 

1. GEORGIAN BAY FORMATION 

(Dundas- Meaford beds) 

GRAPTOZOA 

Dip/ograpt11s cf. peosta Hall var. 

ANTHOZOA 

Co/1111111aria a/veo/ata Go ldfuss 

BRYOZOA 

Bryozoa in det. 

BRACHlOPODA 

Catazyga sp. 

cf. Clyptonhis i11sculpta var. 11w11ito11/i11eusis 
Foerste 

H eberte!lct cf. occide11 talis (Hall ) 

H. si11uata (Hall) 
Plectorthis fissicosta (Hall) 
Rafinesqui11a a/temata subcircu/aris D yer 
Strop/10111e11a cf. lwro11e11sis Foerste 
Zygospira 111eaforde11sis Foerste 

PELECYPODA 

Byssonychia sp. 
Cu11eamya cf. scapha Hal l and Whit field 
f\1odio/opsis 111eaforde11sis Foerste 
Pterinea demissa (Conrad) 

GASTROPODA 

cf. C/athrospira s11bco11ica (Ha ll) 
Liospira sp. 
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QUEENSTON FORMATION 

(limestone reefs) 

Localities 
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ANTHOZOA 

Calapoecia ccmadensis Bil lings .. ···········•·· x 
Col1111111aria alveofa/a Goldfuss ......... ...... . ..... 
Cofumnaria afveofa/a rigida (Billings) .. 
Streplefasma rusticum (Billings) .. x x 
Tetradium h11rone11se Foord .... . . . . . . . . . . . x 

BRYOZOA 

Co11s1effaria polystomeffa N icholson .. 
R/10111botrypa quadrala (Rominger) .. ·········· ·· 

BRACHIOPODA 

. I Heberleffa alvea/a rich111011de11sis Foerste. x 

H. occide111a!is (Hall) ..... ' 
H. cf. subjugala (Hall) ........ x 
Plalyslrophia cfarkesville11sis Foersle ... x 
Sowerbyeffa rugosus 111anilo11/i11e11sis (Foerste) x 
Strophomena pla1111mbo11a (Hall) ... 
Zygospira ci11cin11atie11sis Meek ............. ..... .. 
Z. kenluckiensis James .......................... ...... .. x 
Z. meaforde11sis Foerste. ......... . ..... . .. . ..... ...... . x x 
Z. modes/a (Hall) ... ····· ··· . . . . . . . . . . . . . . . . . ············ ·· 

PELECYPODA 

Byssonychia grandis Ul rich .. 
B . borealis Foerste. .......... . ............... ...... .. . x x 
B. cf. meaforde11sis Foersie .. 
B . praernrsa U lrich va r ... 
B. radiala (Hall) ............ . . . . . . . . . . . . . . . . . . . . . 
Jschyrodonla (?) 111anilo11fi11ensis Foerste ....... 
J\1odiolopsis meafordensis Foerste .. 
M ·. 111odiolare (Conrad) .. 

I ' 
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PELECYPODA (cont 'd) 

Nfodiodesma cf. ova/a (Conrad) x 
Pterinea cf. demissa (Conrad) ... x 
Pterinea sp ........ x x x 
Rhytimya kagaivo11ge11sis Foersle x 
R . cf. kaga111011ge11sis Foerste ... x 

GASTROPODA 

Bellerop/1011 parksi Foer te .. . . . . . . . . . . . . . . . . . x 
Clathrospira cf. s11bco11ica (Hall) ............... x 
Cyclonema bilix var. conica Miller. .. x 
Eotomaria sp. x 
Hor111otoma gracilis (Hal l) var. x 
Liospira micula (Hall) ................ x 
Lophospira cf. beatrice foerste .. x 
L. bo1vde11i (Safford). . x 
Salpi11gosto111a sp ... .......................... x 

CEPHALOPODA 

cf. Actinoceras crebrisep/11111 (H all) x 
Ormoceras sp ... x 
Sactoceras cf. ma11itouli11e11se foerste .. x x 

TRILOBITA 

Proe/us sp ... ... ................ ... x 

OSTRACODA 

Drepanel/a richardsoni canadensis Ulrich .. x 
L eperditia caecigena Miller. .. x 
L. manitoulinensis Foerste .. x x 
Primilia sp. aff. impressa Ulrich x 
Primitia sp ... x 
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SILURIAN 

l. MANlTOUUN FORMATION 

Th is list includes those fo rms reported by Williams ( l9l9 , p. 30) and Bo lton ( 1957) 
from loca liti es within the present area (for illustrations of Silurian faunas of Ontario 
see Bolton , T . E. , 1966, Ceo!. Surv. Can., Paper 66-5). 

STROMATOPOROIDEA 

C/a/hrodictyo11 l'esicu/osum Nicholson and Murie 

A THOZOA 

Enlero/asma cf. geomelricum (Foerste) 
Favosites cf. forbesi (Edwards and H ai me) 
K ionelasma cf. spongiaxis (Rominger) 
Palaeofa vosiles asper (d"Orbigny) 
S1rep1elas111a cf. hoski11so11i Foerste 
Syringopora retiformis Billings 

CYSTOJDEA 

Brockocyst is 1ecu111se1h (Billings) 

BRYOZOA 

Hallopora cf. 111agnopora (Foerste) 
Subretepora angulata (Hall) 
H e/opora fragilis H all 
Phae11opora e11siformis Hal! 
P . expa11sa Hall and Whitfield 
Pachydictya crassa (Hall) 
P. turgida Foersle 
Rhi11opora vermcosa Hall 

BRACHIOPODA 

Dolerorthis f/abe!lites (Foerste) 
Glyptorthis Jaus/a (Foerste) 

P/alystrophia b1forata (Schl otheim) 
P. day 1011e11sis Savage 

S1egerhy11cl111s 11eglec1um (Hall) 
'Atrypa' parksi Williams 

Coe/ospira p/a11oconvexa (Hall ) 

Whitfieldella cataractensis Williams 
W. nitida (H all) 

Plectodo11ta 1ra11sversalis (Wah lenberg) 
Stropho11ella st ria/a (Hall) 

Lep/ae11a rhomboida/is (Wilckens) 

Parmortliis euge11ie11sis (W illiams) 
P . e11genie11sis pa/aeoe/egantula (Williams) 

Rhipidomella cf. hybrida (Sowerby) 

GASTROPODA 

L ophospira pu/chra Willi ams 

H ormotoma subu!ata (Conrad) 
Platyos10111a cornutum (Kindle and Breger) 

AN ELlDA 

Cornulites dista11s H all 

TRILOBLTA 

Lioca/y 111e11e cli11 1011i (Vanuxem) 
E11cri11ums or11atus (Hall) 

In additi o n to the foregoing species, Ellers (1944, p. 748) reported the fo ll owing 
diagnostic scolecodonts from the Manito ulin Formation of this area: Lumbriconereites 
hibbardi Eller, L. scrobicu!us Eller, Nereidavus invisibilis Eller, Oenonites exactus 
Eller, 0. kopji E!ler, 0 . 111a1-,;inatus E ller, Jldraites pemmplus Eller, /. geminus Eller, 
Leodicites varidentatus Eller, Arabe//ites rectidens Eller, Staurocephalites pyramis 
Eller, S. externus El ler. 
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2. DYER BAY MEM BER, CABOT HEAD FORMATION 

(Williams, 1919, p. 37; Bolton, 1957 and GSC f ossil report Sl-B, 54 /55) 

Genera a nd Species 

PLANTS 

B111ho1rephis gracilis H all ............. .. 

ANTHOZOA 

Aulopora sp. 
Enlero/asma cf. geo111elric111n (F oerste) 
Favosiles eris/a/us Edwards a nd Ha ime ........... .. . . 
F. obliq1111s R ominger. .................. . 
S1repte/as111a cf. hoski11so11i F oerste .............. .. 
Syringop ora retiformis Bil lings .. . 

BRYOZOA 

H e/opora fragilis Hall ... ................. .. 
H a//opora 111ag11opora (Foerste) ......................... .. . . 
Prilodictya cf. expansa emarcescens F oerste .. 

BRAC HIOPODA 

cf. Virgiana decussata (Whiteaves). 
Rhy11c/1011e//a (?) bidens H a ll. . . ............... .. 
R. (?) janea Billings .. 
R hy 11c/101re/a cabotensis Williams 
R. /epic/a Savage ..... .. .................... . .... .. 
'A lrypa' cf. park si Williams .. 
S rrop/1011e//a slriala (Hall) ............ ........ .. ······1 ······ 

PE LECY PO DA I 
P rerinea cf. 1111da1a (Hall) ................... ............ . 

GASTRO PODA 

TRJ LOBlTA 
i 

Lioca/y 111e11e c/i11 /011i (Vanuxem) .. I 
..... ! 

OST RACODA 

Leperdiria cabo1e11sis !rich and Bass ler ................ . 
Chilobolbirw p1111ctata Ulrich and Bass ler 
Z ygobo /ba 1vi//iamsi O lrich and Bass ler ... ..... ··· ··1 

Oxenden­
Colpoys 
Vi llage 

x 

x 
x 
x 

x 

x 
x 
x 
x 

x 

x 
x 

x 

x 
x 
x 

Loca litie 

Barrow 
Bay 

x 

x 
x 

x 

D yer 
Bay 

x 
x 
x 
x 
x 

x 

x 

x 
x 
x 

x 

x 

x 

x 
x 
x 

R ocky 
Bay 

x 

x 
x 
x 
x 

x 

x 
x 

x 

x 

x 
x 
x 
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LOCKPORT F ORMATIO 

Tbe following li sts a re co mpiled fro m Williams (1919, p. 64) and include forms 
reported by Parks, Grabau , Lambe, a nd in Bassler' s Bibliographic Index, as well as 
tho e co llected by the writers from the Lockport of the Bruce Penin sula (Bolton, 1957, 
a nd fossi l report SJ-B, 54 /55). 

3. LOCKPORT MEMBER 2 (Fossil Hi ll Formation) 

STROM A TOPOROlDEA 

Clar!trodiclyo11 striatellurn (d 'Orbigny) 

C. vesiculosum icholson and Murie 

C. vesic11los11111 111i1111111111 (Rominger) 

ANT HOZOA 

Alveoli/es sp. 
A111plex11s s/11111wrdi (Edwa rds a nd Haime) 

A rac/111op!ty l/um dijfluens (Edwards and H a ime) 
A . mamillare (Owen) 

A . pe11tago11111n (G oldfuss) 
Cladopora laqueaw (Ro minger) 
Coe11ites lami11at 11s (Ha ll) 
'Cyar!toplty /111111 ' t!toroldense Lambe 
Cysliplty /111111 11iagare11se (Hall) 

Diplop!ty /111111 caespitos11111 ( 1:-la ll) 
Favosites f avosus (Goldfuss) 
F. !tisi11geri (Edwards and H a ime) 

F. !tispidus R ominger 
Jfalysites cate1111laria (Linnaeus) 

Catenipora microp orus (Whitfield) 

H eliolites elega11s Hall 

H. i11tersti11c/11s (Li nnaeus) 

H . 111egastom11s McCoy 

H . sub111b11lat11s (McCoy) 

Lyellia a111erica11a Edwards and Haime 
L. superba (Bil lings) 

Plasmopora fo l/is Edwards and H a ime 
Ptyc!top!ty /1111 11 major (Rominger) 

P . stok esi Edwards and H aime 
Syri11gop ora fibrata Rominger 

S . re11/or111is Billing 
Zap!tre/l/ is slok esi Edwards and Haime 

BRA C H lOPODA 

Dolerort!tis f/abe/lites (Foerste) 
Pe/l/a111erus oblongus Sowerby 
Atrypa ret icularis (Linnaeus) 

Eospirifer eudora (Hall) 
H owe/le/la crispa (Hisinger) 

Leptae11a r!to111boidalis (Wilckens) 

PELECYPODA 

A mp!ticoe/ia /eidyi H a ll 

4. LOCKPORT MEMBER 3B (Wiarton Member, Amabel F o rmation) 

STROMATOPOROlDEA 

Clat!t rodictyo11 striate/111111 (d 'Orbigny) 

C. vesic11los11111 Nicholson and M urie 

ANT HOZOA 

Alveoli/es labechei Edwards and H ai me 
Arac/111oplty /111m exi111i11s (Billings) 

Cystosty /us inft111dib11l11s (Whitfield) 

Favosites ltisi11geri (Edwards and Haime) 
F. !ti;pidus R ominger 

Halysites agglo111erata 1:-l all 
Pyc11os1y l11s elega11s Whileaves 

CYSTOlDEA 

Caryocri11ites omatus Say 
Gomplwcystites glans H all 
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CRTNOlDEA 

L eca11ocri1111s cf. pis1fo nnis (Roemer) 

S ip !to11ocri1111s pe111ago1111s Wachsmuth a nd 
Spri nger 

E11calyptocri11ites eras.ms Ha ll 

BRYOZOA 

Fenestre/li11a e/ega11s ( Hall) 

Pac!tydictya crassa (Hal l) 

Rltinopora verrucosa Hall 

BRACHIO PODA 

Dolerort!tis f/abellites (Foerste) 
Platystrop!t ia day to11ensis laure/ensis McEwa n 

Barrande/la fo rnicata Hall 
Rhynchotreta americana H all 



Stegerhy11c/111s neglec /11111 (Hall ) 
S. 1vhirii (Hall) 
P/ectatrypa uodostriala (Ha ll) 
Atrypa reticularis (Linnae us) 
Eospirifer eudora (Hal l) 
E. radia//ts (Sowerby) 
Ho1vellel/a crispa (His inge r) 
H . crispa simplex (Hall) 
Nuc/eospira pisiformis (Hall) 
Strop/10uella striata (Hall) 
Farde11ia s11bpla11a (Conrad) 
Parmorthis elega11111/a (Da l111a n) 

PELECYPODA 

Pterinea brisa H a ll 
Come/files e111acerat11s (Conrad) 
A mphicoelia leidyi Ha I I 
Nlyti!araca acutirostra (Hall) 
Cypricardi11ia arata Hall 
Co11cocardi11111 elega11t11!11m Billings 
Streptomytilus ap//(/ea (Hall) 
Goniophora opeciosa Hall 

GASTROPODA 

Phanerotrema occidens (Hal l) 
Eotomaria d11rhame11sis (Whiteaves) 

' Straparol/11;, ' 111oprns Hall 
J-lo/opea gue/pheusis Billings 
Platyostoma comu/11111 (Kindle and Breger) 
Strop/10sty/11s (?) elevatus (Hall) 
S11b11/ites terebrevifor111is Ha ll and Whi tfie ld 
Cyrtospira l'e11tricosa H all 

CEPHALOPODA 

Micheliuoceras sp. 
Kiouoceras cf. sca111mo11i (McChesney) 
Protokiouoceras tr11sit11111 (Clarke a nd 

Ruede111a nn) 
Anaspyroceras varro (Bill ings) 
Cyrtorizoceras byro11e11se Foerste 
Amphicyrtoceras /aterale (Ha ll ) 
A. areas (Hall) 
A. pet/iii (Billings) 
A. 1vil/ia111si Foerste 
Phragmoceras ontarioeuse Foerste 
Lec/1ritroc/10ceras de;,p/ai11e11se (McChesncy) 

TRlLOBITA 

811mas111s ioxus (Hall) 

Scute//11111 aca11111s (Hall) 

Sphaerexochus romingeri H a ll 

131 



5. LOC KPORT MEMBER JC (Era mosa Member, Amabel Formation) 

Localities 

Genera and Spec ies 
Stokes Sky Red 

Bay Lake Bay 

ANT HOZOA 

Dip/Jyp/Jy/111111 sp ... x 
Fa11osi1es liispidus Rominger x 
F 11iagare11sis H all . . . . . . . . . . . . . . . . . . . . . . . . . . x 
Ha/ysi1es ca1e1111/aria (Linnea us) .. s 
Pymos1y /11s cf. e/ega11s Whiteaves x 

BRACHIOPODA 

Rliy11c/Jorre1a a111erica11a H all. .. 
Stegerliy11c/111s 11eg/ectu111 ( Ha ll). s 
S. ("1) pisa (Hall and Whi tfie ld) . 
S. wllitii (Hall) ..... .... ....... .. ... ..... 
Eospirifer eudora (Hall) .. x 
£. radia111s (Sowerby) .. x x 
H o11·e//el!a crispa (His inger) x 
Cynia sp ... . .................. x 
cf. Cyrlia me/{/ (Hall) .. .. x 
Wlii1fie/de!la i11ter111edia (Hall) ... 
1-fomoeospira evax (Hall) 

CE PHALOPODA 

Discosoms sp .. ..... ..... ... ... x 
Geiso11oceri11a sp . .. . x 

OSTRACODA 

L eperdi1ia sp . .... ... . . ..... .... . 

EURYPTERJDA 

E11sarc11s /oga11i Willi ams .. x 
Euryplerus sp .. 

S Shaw, E.W. : Roya l Canadian In stitute, vol. 21 , Pt. 2, o. 46, p. 34 1, 1937. 
X Collected by the writers (Bolton, 1957, and fossi l report Sl-B, 54 / 55). 
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Shallow 
W iarton Lake 

x 

x 
s 

x 
x 

s 
x x 

x x 
x 

x 

x 

x 
x 



DEVONIAN 

1. BOIS BLANC FORMATION 

(co mposite) 

PLANTAE 

Tasmi11ites? sp. 

PORIFERA 

Hindia jibrosa Duncan 

GRAPTOZOA 

Dictyonema sp. 

STROMATOPOROlDAE 

C/G1!rrodiclyon sp. 
Jdiostroma sp. 

ANTHOZOA 

Acrophy/111111 oneidaense (Billi ngs) 
Alveo/i1es squa111os11s Billings 
Billingsastraea verneul/i (Edwards and Hai me) 
Breviplrrentis mirablis (Bill ings) 
Cladopora aff. C. bil/ingsi (N icholson) 
C/adopora aff. C. /abiosa (Billings) 
Co111pressiplry l/u111 sp. 
Cyc11/roplryl/11m robus/11111 Hall 
Cystiplrylloides america11us (Edwa rds and Haime) 
E111111011sia e111mo11si (Rominger) 
£. ra111osa (Rominger) 
£. 111berosa (Rominger) 
Favosites baC11/11s Davis 
Favosites aff. F. goldfussi d'Orbigny 
F. heliolitifor111is (Rominger) 
F. inter111edi11s Stewart 
F. aff. F. ramulosus Dav is 
F. 111rbina111s Billings 
F. winchel/i (Rominger) 
H elioplry /111111 aff. H. Ira/Ii Edwards a nd Haime 
H. aff. H. sciotense Stewart 
He/ioplrylloides sp. 
Kio11e/as111a 111a111111ifera (Hal!) 
Metrioplry/111111 sp . 
Pleurodictyu111 co11vexu111 (d'O rbigny) 
P . favosoideeum (Billings) 
S ce1rophyl/11111 conigeru111 (Rom inger) 
Siplronoplrrentis giganten (Lesueu r) 
Stereo/as111a sp. 
Synaptoplry/111111 arr111dinaceu111 (Billings) 
S. aff. S. si111coense (Bi llings) 
Syringopora lrisingeri Bi llin gs 
S. perelegans Billings 
Te11111oplryl/u111 sp . 

Tlwmnopora li111itaris (Rominger) 
Tha111noplry //um sp. 

Fenestrel/ina sp. 
Se111icosiniu111 sp. 
Tha11111iscus sp. 

BRYOZOA 

BRAC HIOPODA 

A111plrigenia elongata (Vanuxem) 
Atrypa impressa Hall 
Atrypa sp. 
Atlryris sp. 
Brevispirrfer aff. 8. gregarius (Clapp) 
Camarotoeclria billingsi (Hall) 
C. tetlrys (Bi llings) 
Cenlronella glansfagea (Hal l) 
Chonetes lremispl!ericus Hall 
Cryptone//a aff. C. rectirosta (Ha ll) 
Fi111brispirifer divaricatus (Hall ) 
L eiorhynclrus sp. 
Leptaena "rlromboida/is" (W ilck ens) 
L eptocoe/ia camii/a (Hall) 
1Vfegastrophia lremisplraerica (Hal l) 
Meristel!a 1wsuta (Conrad) 
Pe11/a111ere//a arala (Co nrad) 
Rlripidomel/a c/eobis (Hall) 
R. /ivia (Billings) 
"Spirifer" duode11arius (Hal l) 
"Spirifer" macrotlryris Hall 
"Spirifer" varicosus Hall 
Stroplreodonta sp. 
Stroplrone!la amp/a (Hall) 

GASTROPODA 

Euryzone aff. £. arata (Hal l) 
Loxonema sp. 
Murclrisania maia Hall 
Platyceras aff. P. carinatu111 Hall 
P. aff. P. erectu111 (Hall) 
P. aff. P . /ineata Conrad 
Ple11ronot 11s sp. 

PELECYPODA 

Conocardiunr c1111eus (Conrad) 
C. olrioense Meek 
C. aff. C. subtrigonale d'Orbigny 
Pletlro111ytilus aff. P. ponderosus H all 
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TRlLOBITA 

A11chiopsis anc!dops (G reen) 

Caly111e11e platya Green 
Phacops crisrata H all 

P . cristara va r. pipa Ha!I and Clarke 
Proerus crassi111argi11ar11s Hal l 

OSTRACODA 

Byrhocypris sp . 

2. DETROIT RIVER FORMATION (N Facies) 

(from E. W. Best, 1953 MS.) 

STROMATOPOROIDA 

Clarli rodictyo11 sp. 
Jdiosrroma 11a11ressi Grabau 

A THOZOA 

Aulopora sp .? (reef flank) 
Cladopora sp. ? (a nd reef flank) 
Fa11osi1es p. (a nd reef flank) 
H eliopliy/111111 sp. 
Siplio11oplire11tis sp. 
Sy11aptopliyl/11111 sp.? 
Te11111opliyl/111n i11teg11111e11 111111 (Barrett) 

BRACHIOPODA 

Clio11eres sp. (a nd reef fla nk) 
Cryp1011el/a sp.? (reef fla nk) 
Cy111ostrop/iia sp.? 
Prosserella lucasi Grabau 
P. pla11isi11os11s Grabau 
Rliipido111ella sp.? (reef fl a nk) 
Sc/111c/i ertella i111ersrriata (Hal l) (a nd reef fl ank) 

"Spirifer" sp. "S." d11ode11ari11s (Ha ll) (reef flank) 
"Spirifer'' afT. "S." raricosta (Conrad) (reef 

flank) 
"Spirifer" likely " S." s11/cata submersus Grabau 

(reef flank) 
"Spirifer" s11lcata s11b111ers11s Grabau 
Strop/ieodo11ta 11asc11/osa? Grabau (reef flank) 

PE LECY PO DA 

Co11cocardi11111 111011roic11111 G rabau 
C. mo11roic11111° Graba u (reef flank) 

GASTROPODA 

Aca111/1011e111a sp. (reef fla nk) 
E11ryzo11e sp. (a nd reef flank) 
Murcliiso11ia sp. ? (and reef fla nk) 
P . (Plaryceras) sp. (a nd reef flank) 

TRlLOBlTA 

Proetus crassimarg i11at11s Ha ll (and reef flank) 

3. DETROIT RlYER FORMATIO (B (bioherm) Facies) 

(from E. W. Best, 1953 MS.) 

STROM A TOPOROIDAE 

Ac1i11osrro111a sp. 
Clathrodic1yo11 spp. 
l diosrroma sp. 
Stromatoporella sp. 

ANTHOZOA 

Bre11iphre111is sp. ? 
C/adopora labiosa (Bill ings) 
Cya1/10p/iy l/11111 sp. 
Cystiphylloides afT. C. 11esic11los11111 (Goldfuss) 
E111111011sia emmonsi (Rominger) 
E. ra111osa (Rominger) 
Fa 11osites arbor Davis 
F. bac11/11s Davis 
F. basalticus (Goldfuss) 
F. f rutex D avis 
F. go/dfussi d'Orbigny 
F. he/iolitiformis (R om inger) 

134 

F. i11ter111edi11s Stewart 
F. ra11111/os11s Davis 
H eliophy/111111 ha/Ii Edwards and H aime 
H . sciote11se Stewart 
Sce11ophy /1111n sp.? 
Siplio11oplirel// is g iga11tea (Lesueur) 
Sy 11ap1ophy /111111 aru11di11ace11111 (Billings) 
S. simcoe11se (Billings) 
Syringopora hisi11geri Billings 
Tham11opora limiraris (Rom inger) 

BRYOZOA 

abun da nt fenestellate type 

BRACHIOPODA 

Ambocoe/ia afT. A. wnbo11ata (Conrad) 
Atrypa spp. 
Athyris cora Hall 
Bre11ispirifer sp. 



Ca111arotoechia billingsi (Hall) 
C. aff. C. sappho (Ha ll) 
C. tethys (Billings) 
Chonostrophia sp. 
Cranaena linck/aeni (Hall) 
Cryptone/la aff. C. p /anirostra (Hall) 
Cryptonel/a aff. C. rei111anni Cloud 
Cym ostrophia i11eq11iradia1a (Hall) 
C. patersoni (Hall) 
Ema1111el/a sp . 
Fimbri~pirifer divarica111s (Hall) 
Gypidu/a sp. 
L eiorhynchus aff. L . ke//oggi Hall 
Megast rophia sp. 
Meristella aff. M . doria Ha ll 
M . nasuta (Conrad) 
Nuc/eospira sp. 
Pentamerella arata (Conrad) 
P . thusne/da Nettelro th 
Pholidostrophia sp. 
Productella sp. 
Proto/eptostrophia sp. 
Rhipidom ella aff. R . livia (Billings) 
Rhytistrophia beckii (Hall) 
S chizoplwria p ropinqua (Hall) 
" Spirifer" aff. "S." duodenarius (Hall) 
"Spirifer" aff. "S." raricosta (Conrad) 
" Spin/er" aff. "S." seg111e11111s Hall 
"Spirifer" aff. "S." su/cata s11bmers11s Grabau 
"Spirifer" varicosus H all 
S tropheodonta sp. 

PELECYPODA 

Actinopleria sp. 
Conocardium cuneus (Conrad) 
C. monroicum Grabau 
C. ohioense Meek 
J\1yti/arca sp. 

P lethomyti/11s ponderosus Ha ll 
Pterinopecten insons Ha ll 

GASTROPODA 

Bel/erop/1011 aff. B . pe/ops H a ll 
E/as1no11ema bellatu/11111 (Ha ll) 
£. cona (Kind le) 
L oxonema aff. L. laeviusculwn Ha ll 
L. aff. L. parvu/a Whitfield 
L. so/ida Ha ll 
M ourlonia filitexta (Foerste) 
Murchisonia sp. 
Naticopsis aff. N. levis Meek 
Platyceras aff. P . (Orthonychia) subrec/11111 Hall 
P . (Platyceras) carinatum Hall 
P . aff. P . (Pla tyceras) d11mos11111 Conrad 
P . (Platyceras) erectum (Hall) 
P . (Platyostoma) lineatum Conrad 
P . (Pla tyostonw) 111rbi11atu111 (Ha ll) 
Procrucib11/u111 sp.? 
Straparo/lus sp. 
Strobeus sp. 

CEPHALOPODA 

Ac/eistoceras sp. 
Miche/inoceras sp. 
R y ticeras sp. 
Spy roceras sp. 

SCAPHOPODA 

D enta/i11111 (Laevidenta/ium) sp. 

TRILOBITA 
Cyphaspis sp. 
Echino/ichas aff. £. eriopis (Hall) 
Proetus conradi Hall 
P . crassinwrginatus H all 
P . oviji·ons Hall 
P. verneuili Hal l 

4. DUNDEE FORMATION (lower member) 

(after E. W. Best, 1953 MS.- De!aware, lower member) 

PLANTAE Cystiphylloides sp. 

Prolosalvinia sp. 

STROMATOPO ROIDAE 

C/athrodictyon sp. 

ANTHOZOA 

A 11/acophy l/11111 d1111dee11se (Graba u) 
A. aff. A. dundeense (Graba u) 
C/adopora sp. 
Cyathophy//11111 aff. C. robustum Hall 

Cystiphy llum sp. 
Favosites rotundituba D avis 
F. turbinatus Billings 
Emmonsia sp. 
H e/iophy!lum aff. H. ha/Ii Edwards and Haime 
Platyaxum sp. 

BRACHIOPODA 

Atrypa cos/a/a Bassett 
A . aff. A. cost ala Bassett 
A. e/egans (Grabau) 

135 



A. aff. A. e!ega11s (Grabau) 
Atrypa spp. 
Brevispinfer lucase11sis (Stauffer) 
Camarotoechia caro!i11a (Ha ll) 
C. aff. C. 111edea (Billings) 
C. prolifica (Hall) 
Cho11etes deflec1us Ha ll 
C. aff. C. def!ectus Ha ll 
Cra11ae11a sp.? 
Cra11iops lw111i/1011ae (Hall) 
C. 11ea!i (Ba se tt) 
C. oh/mus (Ha ll ) 
Cryp1011ella aff. C. p/a11iro.wra (Hall) 
Cymostrophia sp p. 
Cryti11a aff. C. hami//011ensis reC/a Hall 
Douvil!i11a sp.? 
Fi111brispirijer sp. 
Lepwena " r/10111boida/is'' (Wilcke ns) 
Lo11gospi11a 9 111aco11e11sis (Bassell) 
L. 111ucro1ww (Hall) 
f\1egastrophia co11cava (Hall) 
M. aff. M. co11cava (Ha ll ) 
Meristel!a aff. M . barrisi Ha ll 
Mucrospirifer aff. M. co11sobri1111s (d'Orbigny) 
Nuc/eospira a ff. N. co11cil/IW (Hall) 
Orbicu!oidea sp. 
Pholidos1rophia nacrea (Hall) 
Produc1el!a spi11ulicos1a Ha ll 
Pro10/ep1os1rophia perp/a11a (Conrad) 
Puslll/i11a sp. 
Rhipido111el/a 1·a11uxe111i (Ha ll) 
R . variabilis Grabau 

Rhy1istrophia sp. 
Scliizophoria fo/eyi Basse tt 
"Spiri/er·· 111a1111i Hall 
S1ropheodo111a spp. 

PE LECY PO DA 

Acti110p1erel/a sp. 
Co11ocardiu111 11or111a/e Hall 
Cypricardi11ia ide11ta Conrad 
Paracyclas proavia (Goldfuss) 

Loxo11e111a sp . 
Lucina sp. 9 

GASTRO PODA 

Mour/011ia luci11a (Hall) 
Pleuro1101us sp.? 
P/(//yceras ( P/a1yos10111a) /i11ea111111 Conrad 
P. (Pla1yceras) sp . 
S1raparo//11s sp. 

ANNELIDA 

Te111aculi1es sp. 

TR ILOB!TA 

Coro1111ra aspec1a11s (Conrad) 
C. aff. C. 111yr111ecop/10ms (Green) 
Phacops sp. 
Proetus crassi111argi11a///s Ha ll 
P. a ff. P. 111acrocepha/us 1-1 a II 
P. p/a11i111argi11a111s Meek 
P. ro11·i (G recn) 

5. DU D EE FO RM AT IO (upper member) 

(after£. W. Best, 1953 MS. - De/aware , upper member) 

GRAPTOZOA 

Dic1yo11e111a ha111i/1011ae Hall 

ANT HOZOA 

Aulacophyllu111 d1111dee11se (Grabau) 
A. aff. A. d1111dee11se (Grabau ) 
Breviphyllu111 sp. 
Clwe1e1es sp. 
C!adopora sp. 
Cyathophy//11111 aff. C. ro/}//.1·11u11 Hall 
Cys11jJ/iylloides sp . 
Disphyllu111 sp . 
Eridophyllu111 sp. 
Fasciphy//u111 sp. 9 

Farosites aff. F. go!dfussi d"Orbigny 
F. lllrhi11a1us Bill ings 
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J-la//ia sp. 9 

J-le/iophyl/u111 a ff. 1-f. ha/Ii Edwards and Haimc 
J-le1erophre111is sp. 
Sy1 i11gopora aff. S. i111em1edia icholson 
Tha11111ophy //u111 sp. 
Trachypora "osculata" (Davis) 

ECHI NODERMATA 

Arac/111ocri11us ig1101us Stauffer 

BRAC H IO PO DA 

Ambocoelia aff. A. prae11111bo11a (Hall) 
A. 11111bo11ata (Co nrad) 
A. aff. A. 11111bo1ww (Conrad) 
Arhyris vi11a1a Ha ll 
Atrypa cos/(//a Bassett 
A. aff. A. cos1a1a Bassett 



A. eli/ersi Bassett 
A . aff. A. ehlersi Bassett 
A. e/ega11s (Grabau) 
A. aff. A. elega11s (G raba u) 
Brevispirifer /ucasensis (StaufTcr) 
Cal/ip/e11ra aff. C. 11obilis (Hall) 
Ca111aro10echia aff. C. caro/i11a (Hall) 
C. aff. C medea (Billings) 
C. 11irida Ki nd le 
C. pro/ifica (Hall ) 
C. aff. C. prolifica (H all ) 
C. aff. C. sappho (H all) 
Chonetes def/ecrus Hall 
Cra11ae11a aff. C. /i11ck/ae11i (Hall) 
C. aff. C. ro111i11geri (Hall) 
Cra11iops sp. 
Cryp1011ella a fT. C. p!a11irosta (Ha 11 ) 
C. aff. C. rei111a1111i Cloud 
Crypronella spp. 
Cymostrop!iia i11equiradiara (H al l) 
C. pa1erso11i (Hall ) 
Cyr1i11a afT. C. ha111i/1011e11sis recrn Hall 
Douvi!/i11a sp. 9 

Etheridgi11a ? spi11osa Bassett 
Fimbrispirife r afT. F. grieri (Hal l) 
F. aff. F. ve1u1s111s (Hall) 
Gypidu/a sp. 
Leiorhy11c/ws afT. L. laura (Billi ngs) 
L. 111ysia H all 
L. aff. L. 111ysia Hall 
Leprne11a "rlw111hoidalis ·· (Wilckcns) 
Lo11gospi11a 9 11wco11e11sis (Ba se tt ) 
L. 11111cro11ara (Hall ) 
" Marti11opsis .. 111aia (Billing ) 
Megastrophia co11cava (H all) 
Merisrella harrisi Hall 
M. aff. M . barrisi H all 
Mucrospirifer afT. M. co11Sobri11us (d'Orbigny) 
M. aff. M. 111acm s (H all ) 
M. aff. J\11. 111ucro11a111s (Conrad) 
Nuc/eospira afT. N. co11ci111w (Hall) 
Orbiculoidea doria (Hall) 
Pewago11ia u11isulcara (Conrad) 
Pe111a111erella spp. 
Pho!idos1rop/1ia nacrea (Hall ) 
Productella spi1111/icosra Hall 
Proto/eprosrrophia pe1p/a11a (Con rad) 
P11stuli11a sp . 
Rhipido111e/la pe11e/ope (H all ) 
R . va1111xe111i (Hall) 
R . variabilis G rabau 

Rhytistrop!iia sp . 

Schizophoria fo !eyi Basse tt 

"Spirifer " afT. "S." bym esi ettelrot h 

"Spirifer .. raricosra (Conrad) 

" Spiri(er .. varicosus H all 

Srropheodo111a sp p. 
Stropholasia sp .. , 

PE LECY PO DA 

Acri11oprere/la sp . 
AC1i11opreria suhdec11ssata (H all) 
Co 11ucardiu111 sp. 
Cypricardella sp. 
Cypricardi11ia idema Conrad 
Modiomorplw sp . 9 

Paracyclas /irara (Conrad) 
P. proavia (G oldfuss) 
Phe11acocyc/as pholi La Rocque 
Plethomy tilus sp . 
P1eri11ea sp.? 
Solemya sp. 

GASTROPODA 

Elas111011e111a afL £. bellaru/11111 (Hall) 
Loxo11ema sp. 
M11rchiso11ia sp. 
Platyceras (Ort/1011yc/1ia) a//e1111a1 u111 9 Hall 
P. (0. ) co11ic11111 (H all) 
P. ( Platyceras) b11cculeu1111 11 Hall 
P. ( P. ) cari1w111111 Hall 
P. (P.) du11 10.1·u111 rarispi11os11111 Ha ll 
P. ( P.) erec111111 (Hall ) 
P. aff. P. (P. ) ricrum Hall 
P. ( P.) sy111111etricu111 Hall 
P. (P.) rhetis ? Hall 
P. keoughi Basse tt 
Ple11ro1101 11s afT. P. decewi (Billi ngs) 
Srraparol/us aff. S. (Srraparollus) mdis (Hall) 

CEPH ALOPODA 

Ago11ia1i1es 1•a1u1xe111ia ( Hall) 
Centroceras sp. 9 

Ciga111oceras i11e/egwrs (M eek) 
Micheli11vceras sp. 
Sp_1Toceras sp. 

A NELIDA 
Co/eo/us sp . 
Sryliolimr fissure/la (Hall) 
Tewaculites g racil/istriatus J-la ll 

TRILOB LTA 

Caly111e11e sp.? 
Coro11ura 111yr111ecophom s (Green) 
Odol//oceplwlus aegeria Hal I 
0. sele11ur11s (Eaton) 
Phacops aff. P. ra11a G ree:1 
Proeflls crassi111argi11a111s H ::i ll 
P. 111acrocepha/11s Ha II 
P. aff. P. 111acrocepha/us Hall 
P. p/a11i111ar[!i11a111s M eek 

137 





APPENDIX C - WELL LOGS 

(Logged by officers of the Geological Survey of Canada) 





I. The fol lowi ng pa rti a l logs show the lithology of the Cabot H ead, Manito ulin , a nd 
Queen ston Formations. 
Well : Bruce Oil a nd G as Co mpany- D ept. of Lands and Fores ts o . l 
Location : Lot 20, con. 2W, Lindsay tp ., Bruce co . 
Elevati on : 667 feet 
Yea r co rn pleted: 1951 

Fo rlll a t ion 

Ca bo t Head 

Manito ulin 

Queens ton 

Depth 
(feet) 

275- 280 

280- 285 

285- 295 

295- 305 

305- 320 

320- 325 

325- 330 

330- 340 

340- 345 

345- 350 

350- 385 
385- 390 
390- 410 

410- 465 

465- 475 

475- 495 

I
. Thic kness I 

(fee t) 
Litho logy 

5 

s 

10 

10 

15 

5 

5 

10 

5 

5 

35 
5 

20 

55 

10 

20 

Do lo lllite: o li ve-green to da rk brown, fine ly crys­
talline, a rgillaceo us (St. Edlllund ? llle lllber) 

Sha le : olive-green , do lo llli tic with 40 per cent 
grey ish g reen, fin ely crys talline, a rgillaceo us 
dololll ite (Wingfield llle lllbe r) 

Do lolll ite : buff. ve ry fine ly crys talline; equa l 
a lllo unt g1·eyish green, fine ly crystalli ne, argi l­
laceous do lo mite 

Dolo 111i te: dark brown , fine ly crysta lli ne; g reen 
shale 

Do lolllite: dark greyish brown. finely crysta lline, 
a rgillaceo us; Bryozoa (Dyer Bay Jlle111ber) 

Do lom ite: grey to grey-buff, fi ne ly c rystal line, 
argillaceo us 

Do lolll ite : buff, finel y crys tal li11e; o li ve-green to 
grey shale 

S hale: br ick red ; o li ve-green, fiss ile shale frag-
111ents (Cabo t H ead llle lllbe r [restricted]) 

Sha le: red a nd green ; equa l a lllo unts o f red and 
green, a 1·gillaceo us dolollli te 

Do lo lll ite: buff, ve ry finel y crysta lline ; red a nd 
green sha le fraglllent s 

S hale: brick red ; lllin o r a lllou nt green shale 
Sha le : br ick red ; 40 per cent g reen shale 
Sha le: green , fi ss il e 

·1 Dolollli te: grey, fi nely crys tall ine, a rgillaceo us ; 
whit e chert lowe r 15 feet; fo ssiliferous 

]Shale: red a nd g reen ; lllinor dololllite inte rbedded 
with green sha le 

S ha le : red a nd g reen in equal a 111ou nts 
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Well : W. McKill op- J . Hughes N o. 2 
Loca tion : Lot 14, con. 10, Ama bel tp ., Bruce co. 
Elevation : 603 feet 
Year completed : 1919 

Formation 

Cabot Head 

Depth 
(feet) 

225- 235 

235- 310 

310- 340 

----------- --
Man itou lin 340- 390 

390- 435 

Queenston 435-465 

Thickness Lithology 
(fee t) 

10 Dolomite: grey, fi nely crysta ll ine, mi nor amoun t 
of green sha le; trace of pyri te (Dyer Bay 
member) 

75 Shale: red ; green sha le at 310 feet (Cabot Head 
member [restric ted]) 

30 Sha le: grey a nd green ; equal a mount of grey 

50 

45 

30 

crys ta lline limestone; trace of red sha le 

Limestone: dolomitic, grey, crysta lline; trace of 
green and red shale 

Limestone: do lo mitic, da rk grey, fi ne ly crystal­
line; minor amou nt of grey shale 

Sha le: red 

2. The fo ll owing pa rti al logs show the Sa lina lith ology in deta il. 
Well : D omini on Na tural Gas Co.- G . B. Armstrong o. I 
Location : Lot 5, con . 8, C ulross tp. , Bruce co. 
E levation : 1,044 feet 
Yea r completed : 194 1 

Forma tion 

Bass Island 

Sal ina 

142 

Depth 
(feet) 

305- 333 
333- 375 
375- 393 

393- 438 

438-442 
442-466 
466- 525 
525- 530 
530- 541 
541 - 546 

546- 562 
562- 587 

587- 605 
605- 617 
617- 629 
629- 683 
683- 701 

701 - 713 

Thickness Lithology 
(fee t) 

28 Dolomite: cream coloured, fi nely crystalline 
42 Dolomite: light buff, fi ne ly crys ta ll ine 
18 Dolomite: buff, fi nely crysta lline; some oolitic 

do lomite 
45 Dolomite: buff, fine ly crysta lline 

4 Dolomite: grey, fine crystalline 
24 Shale, limy: red a nd green ; trace of gypsum 
59 Shale: green ; minor amount of red shale 

5 Dolomite: grey, fin ely crysta lline 
11 Shale, limy : green ish grey; little red shale 
5 Do lomite : browni sh grey, finely crysta lline ; trace 

of gypsum 
16 Dolomite, sha ly: grey; trace of gypsum 
25 Dolomite : brownish grey, dense; some grey shaly 

do lomite; trace of gypsum 
18 Dolomi te: shaly: grey, dense; trace of gypsum 
12 Shale, limy : greenish grey; trace of red shale 
12 Dolomi te, sha ly: grey 
54 Dolomite: grey, dense; trace of gypsum 
18 Shale: green ; few em bedded sand grains; little red 

shale 
12 Shale : red and green ; trace of gypsum 



Well : D ominion Natura l Gas Co.- G. B. Armstrong No. 1 (cont.) 

-
F ormation Depth Thickness Litho logy 

(feet) (fee t) 

Sal ina (col// .) 7 13- 725 12 Shale : green ; some red shale a nd brown do lomite 
725- 755 30 Shale: greenish grey; little brown dolomite; trace 

of gypsum 
755- 777 22 Do lomite: brownish grey, finely crystall ine; 5 per 

cent gypsum 
777- 783 6 Sha le : grey; 25 per cent gypsum 
783- 823 40 Dolomi te: brownish grey, finely crys talline ; trace 

of gypsum 
823- 850 27 Dolomite : grey, fin ely crys talline; trace of gypsum 
850- 873 23 Dolomite: da rk brownish grey, fi nely crys tall ine 
873- 915 42 Dolomite : brownish grey, fi nely crystalline; 25 

per cent gypsum in lower 10 feet 
9 15- J , 017 102 Limestone : da rk brownish grey, finely crystalline ; 

trace gypsum in lower 15 feet 
1,0 17- 1, 029 12 Dolomite: grey, fine ly crys ta lline ; much gypsum 
I , 029- 1,041 12 G ypsum : litt le grey do lomite 
1,04 1- J , 047 6 Do lomite: brownish grey, fine ly crystall ine; little 

gypsum 

Guelph 
I 

1,047- 1,059 12 Dolomite: buff, fi ne ly granu lar; trace of selenite 

Well : Kinca rdine Salt Co. 
Loca tion : Village of K incardine, Bruce co. 
Eleva tion : 586 feet 
Year completed : J 929 

-

Formation Depth Thickness L ithology 
(feet) (feel) 

Salina 555- 590 35 D olomite: brownish grey, finely crys tal line; minor 
amoun t of grey shaly dolomite ; trace gypsum 
a t 560 feet 

590- 650 60 Shale : green ; minor amount o f reddish brown 
shale; trace gypsum at 630 feet 

650- 790 140 Dolomite: browni sh grey, finel y crysta lli ne ; trace 
of green a nd red sha le at 650 to 680 feet ; trace 
of gypsum at 730 to 750 feet 

790- 850 60 Shale: greenish grey; little red sha le 
850- 860 10 Shale: reddish brown and green ; trace of gyp um 
860-880 20 Shale : greenish grey ; trace of gypsum 
880-900 20 Do lomite: brownish grey, fin ely crystalline ; little 

gypsum 
900- 920 20 Salt 
920-930 10 Gypsum : li ttle greenish grey sha le 
930-940 10 Shale : green ish grey 
940-950 10 Gypsu m : little green ish grey shale 
950- 1, 11 5 165 Salt 

I , 11 5- 1, 125 10 Dolomite: brown, fossi li ferous; tra e of gyp. um 
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3. Complete we ll records 
Well : W. Forrest- F. Mc ei ll o. 2 
Location : Lot 28, con. I, Sarawak tp ., Grey co. 
Elevation : 730 feet 
Year completed : 1939 

Format io n 

M a nito ulin 

Queenston 

D e pth 
(fee t) 

0- 6 

6- 17 

17- 24 
24-36 

36-4 1 
41 - 47 
47- 56 
56- 194 

194- 200 

200- 208 

208- 234 

234-245 
245- 251 
251 - 268 
268- 285 
285- 296 

296- 302 
302- 308 

Geo rgian Hay 308- 319 

319- 35 1 

35 1- 410 

410- 536 

536- 619 

Thickness 
(fee t) 

6 

11 

7 
12 

5 
6 
9 

138 

6 

8 

26 

11 
6 

17 
17 
I l 

6 
6 

Lit ho logy 

o sam ples 

D o lo mite: grey, crys ta ll ine; trace of pyrite at base 

Sha le : red and green 
Limesto ne: grey, crysta lline; so llle greenish grey 

shale; Hryozoa 
Shale : red a nd green 
Mi x tu re grey lilllestone a nd red and green sha le 
Salllples mi ss ing 
Shale : red ; lllinor a!llo unt of green shale in lllOSt 

sa !llples 
Limes tone: grey, fine ly crystalline; some grey 

shaly limesto ne a nd limy shale 
Shale : greenish grey; equal amount of grey crys­

talline limestone 
Limestone: grey, finely crys talline; little red a nd 

grey shale near the base 
Shale : red ; minor amou nt of green shale 
Limestone: grey, crysta lline ; foss ilifero us 
Shale: red ; minor amount of green sha le 
Sha le: greenish grey; minor a mount of red shale 
Sha le : red and greenish grey; trace of pink 

gypsum 
Limesto ne: grey, crys talline ; much grey sha le 
Sha le: red a nd greenish grey; trace o f grey lime­

stone 

11 Limestone: sha ly, grey, crys ta ll ine ; minor amou nt 
of greeni sh grey shale ; trace of red sha le 

32 Shale: greenish grey; min or a mou nt o f grey lime-
sto ne ; trace of red shale at 336 feet 

59 Shale: grey a nd greeni sh grey; trace of grey lime-
stone througho ut 

I 26 Sha le: grey with greenish cas t ; trace of grey lime-
stone througho ut, trace of pyrit e at 426, 438, 
and 456 fee t 

83 Sha le: grey; lit tle grey limes to ne at 547 to 552 feet 

Whitby ----6-19 ___ 7_3_3 __ ·1--11-4 --,Shale: grey 

733- 752 19 Sha le: dark grey to black 

Simcoe Group 

144 

752- 77 1 

77 1- 777 
777- 794 
794- 802 
802- 826 

826- 928 

19 

6 
17 
8 

24 

102 

Limestone: grey, fi nely crys talline; trace of grey 
sha le; trace of pyri tc 

Sha le: black 
Limesto ne: grey, finel y crystal line; Hryozoa 
Sha le : black 
Limestone : grey to brownish grey, finely crys­

talline ; little grey a nd greenish sha le 
Limestone: grey, fin ely crystalline ; little dark grey 

sha le in most samples 



Wee!: W. For rest- F. Mc ei ll o. 2 (co nt.) 

Format ion 

S imcoe Group 
(cont. ) 

Shadow Lake 

Precambrian 

Depth 
(feet) 

928- 975 

975- 980 
980-1, 080 

J , 080-J , 250 

J , 250- 1, 266 
1, 266- 1,334 

I , 334- J , 342 

1,342- 1,350 

I , 350- J , 362 

1,362- J , 364 
J , 364- 1 , 366 

Thickness 
(feet ) 

47 

5 
JOO 
170 

J6 
68 

----
8 

8 

12 

2 
2 

Li thology 

Limes to ne: g rey, fin ely crystall ine ; much grey 
shaly limesto ne a nd limy shale 

Shale: dark grey 
L imesto ne: grey, fi ne ly c rysta lline 
Limesto ne: brownish g rey, fi nely crys talline; little 

c ream coloured dense limes tone at I ,200 to 
1,21 I feet (Gu i\ Ri ve r Formatio n) 

D o lo mite: buff, crys tall ine 
Limestone: shal y, brownish grey and grey 
---- ---

Mixt ure of grey limesto ne, g reen s ha le, fros ted 
sa nd gra ins; trace of pyrit e 

Shale : g reen a nd red; equa l amount o f suba ngu la r 
a nd rounded sa nd 

Sand: rounded a nd su ba ngu lar ; minor a mou nt 
of red a nd g reen s hale 

Angular quartz: some bi o tit e 
Angular quartz: so me bi o ti te, fe ldspar, and green 

chloriti c shale 

Well : Mulberry Creek Oil Compa ny- I . Fowlie N o. 
Loca ti on : Lot 17, co n. 4W, Eastn or tp ., Bruce co. 
Elevatio n : 607 feet 
Year completed : 1924 

============----- - ---

Forma ti on 

G uelph- Lockport 

Cabo t Head 

D epth 
(feet) 

0- 2 

2- 20 
20- 80 

80- 120 

120- 190 
190- 250 

250- 260 
260-270 

270- 280 

280- 290 

290- 320 
320- 340 

- -- --- -------

Thickness 
(feet) 

2 

18 
60 

40 

70 
60 

JO 
JO 

10 

10 

30 
20 

Lithology 

lsurfoce drift 

Do lo mite: li gh t g rey, c rysta lline , porous 
D o lo mite: buff, c rys talline, finel y porous at 20 

to 60 feet 
Do lo mite: buff, fine ly c rysta lline; trace of wh ite 

c hert 
D o lom ite: light grey, cry tal\ine 
D o lomite: li ght buff, c rys talline ; trace of chert 

Shale: pa le green (Wingfield member) 
Sha le: g reenish grey; equa l amount grey crystal­

line dolomite 
D o lomite: grey, crys talline; minor amount of 

greenish grey shale ( Dye r Bay member) 
S ha le: g reenish grey; equal amou nt of buff dolo­

mite (Ca bot Head member [rest ricted]) 
S ha le : red; little g reen sha le and grey do lo mite 
Shale: greenish g rey; trace of red shale 
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Well : Mulberry Creek Oil Company- I . Fowlie No. 1 (cont.) 

I 

Format ion D epth Thickness Lithology 
(feet) (feet) 

Manitou lin 340- 360 20 Limestone, do lomitic: grey, crysta lline; Bryozoa 
360- 390 30 Limes tone, dolomitic: grey, crysta lline; some 

sha ly dolom ite and greenish grey shale 

Queens ton 390-400 10 Sha le: greenish grey; little red sha le and grey 
do lomite 

400-450 50 Sha le: red ; trace of green shale and grey dol o mite; 
trace of gypsum at 450 feet 

450-480 30 Sha le : greenish grey; min or amou nt of red shale ; 
Bryozoa at 480 feet 

480- 540 60 Limestone: grey, crystalline; minor amount of 
green sha le throughout ; Bryozoa 

540- 550 JO Sha le: grey; little grey limestone 
550- 570 20 Limestone: grey, crys ta lline; minor amou nt of 

grey sha le 
570- 600 30 Shale: greeni sh grey; mi no r amo un t of red shale 

Geo rgian Bay 600-650 50 Sha le: green ish grey; min o r amou nt of grey lime-
stone 

650- 720 70 Sha le: grey with green cas t 
720- 840 120 Sha le : grey to greenish grey; litt le grey crysta lline 

limestone throughout ; trace of pyri te at 840 
feet 

Wh itby 840- 950 110 Shale : grey 
(upper member) 950- 1,0JO 60 Shale: dark grey 

Whi tby 1,0 10- 1,030 20 Shale: black; some brownish grey limestone 
(lower mem ber) 

Simcoe Group 1,030-1 ,080 50 Limestone : brownish grey, finel y crysta ll ine 
I , 080- 1 , 130 50 Limestone: shaly, grey, crys talline; li ttle grey 

shale 
1 ' l 30- 1 , 140 IO Dolomite : grey, coarsely crysta lline 
1 , 140- 1, 200 60 Limestone : grey, crys ta lline; li tt le green ish grey 

sha le; Bryozoa 
1 ,200- 1, 277 77 Limestone : grey, fin ely crysta II i ne; little grey 

sha le, Bryozoa 
1, 277- 1,288 11 Limestone: buff, foss iliferous 
1, 288- J , 367 79 Limestone : grey, fine ly c rysta lline; metabento-

nite? at 1,299 feet 
1,367-1,407 40 Limes tone : light buff, fine ly crys talline to dense 
1 ,407- 1,437 30 Limestone: brownish grey, finely crysta lline 
l ,437-1 ,447 10 Li mestone: grey, oo litic 
1,447- 1, 537 90 Limes tone : grey a nd buff ; finely crys talline 
I , 537- 1 , 557 20 Limestone : do lomitic, grey, dense 

Shad ow Lake J ,557-1, 567 10 Sandstone: ca lcareous, fi ne gra ined, light grey; 
much pyrite ; trace o f glauconi te 

1, 567- 1,577 10 Sha le: green ; em bedded sand grains 
l '577- 1, 587 JO Mixture of fine gra ined sandstone, green sa ndy 

shale, a nd grey limestone 
---

Preca mbrian 1, 587- 1, 597 .10 Angu lar quartz, pin k fe ldspar, bi oti te, green sha le 
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Well : Dominion atural Gas Co.- J. B. McKenzie o. 1 
Location : Lot 18, con. 5, Culross tp ., Bruce co. 
Elevation : 1,039 feet 
Year completed : 1942 

Forma tion 

D etroit River 

Bois Blanc 

Bass I sland 

Salina 

D epth 
(feet) 

0- 39 
39- 143 

143- 158 
158- 247 
247-265 

265- 348 

348-450 

450-525 
525- 543 

543- 583 

583- 602 

602- 669 
669- 675 
675- 693 

693- 823 

823- 869 

869- 887 
887- 898 

898- 904 
904-909 
909- 925 
925- 931 
93 1- 971 

97 1- 1 ,012 

J , 01 2- J ,034 

1,034-1 ,041 
1,041- 1,052 

1,052- J , 149 

1, 149- 1, 167 

J , 167-J , 182 

G uelph- Lockport 1, 182- 1 ,219 

T hickness L ithology 
(fee t) 

39 No samples 
104 D o lomitic limes tone: bu ff, fi nely crysta lline 
15 Do lomitic limestone: brown, fi ne ly crystall ine 
89 Do lomitic limestone: light buff, fi nely crystalli ne 
l 8 D o lomit ic limes tone: brown, finely gra nu lar 

83 Dolomi tic limestone: brownish grey, fi nely crys-
ta lline; minor amoun t of chert throughout 

102 Dolomitic limestone: brownish grey, finely crys-

75 
18 

40 

19 

67 
6 

18 

130 

46 

18 
11 

6 
5 

16 
6 

40 

41 

22 

7 
11 

97 

18 

15 

37 

talline; equa l amo unt o f chert th roughout 

Dolomite : buff, finely crysta lline 
Dolomite: buff, finely crysta lline wi th black 

bituminous streaks 
D olomite: buff, fine ly crystalline 

Dolomite: grey, fi ne ly crysta lline; little grey shale; 
trace of gypsum 

Sha le : red and greenish grey; trace of gypsum 
Dolomite : grey, fi nely crys ta lline 
Shale: greenish grey; little red sha le a nd grey 

dolomite; trace of gypsum 
Do lomite: browni h grey and grey, fi nely crys ta l­

line; trace of gypsum 
Sha le: greenish grey and red ; little grey do lomite; 

trace o f gypsum 
Dolomite: brownish grey, fi nely crysta ll ine 
Shale, limy: greenish grey; litt le brown dolomite; 

trace of gypsum 
D olomi te: brownish grey ; trace of gypsum 
G ypsum : trace of brown do lomite 
Do lomi te: grey, fi ne ly crys ta ll ine, trace of gypsum 
Sha le, limy: greeni sh grey ; li tt le gypsum 
Dolomite: brownish grey, fi nely crys ta ll ine ; JO 

per cent gypsum at 960 feet 
Dolomi te: dark grey, fi nely crys ta lline; trace of 

pyrite a t 989 feet 
Dolomi te: brown ish grey; some dark grey do lo­

mitic sha le 
Gypsu m 
Dolomi te: brownish grey, fi ne ly crysta ll ine; trace 

of gypsum 
Limestone : dark brownish grey, bitum inous, 

fi nely crystal line; trace o f pyr ite at J ,082, J ,098, 
and 1,126 feet ; trace of gypsum at J ,072, J, 108, 
and 1,126 feet 

Dolomite: dark browni h grey, fi nely crystal line ; 
trace of gypsum 

Dolomite: grey, fi nely crysta ll ine; little gypsum 

Dolom ite: buff, fi nely granular ; trace of se lenite 
at 1,219 feet 
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Well: D omini on Natural Gas Co.- J. B. McKen zie o. I (cont .) 

Fo rmation 

Guelph- Lock port 
(cont.) 

Cabot Head 

Ma nit ou lin 

Queens ton 

Georgian Bay 

Whitby I 
(upper member) 

Whitby 
(lower member) 

Simcoe Group 

Shadow Lake 

\48 

Depth 
(feet) 

J , 219- 1, 265 
I , 265- 1 , 3 19 

1, 3 19- 1,324 
1, 324- 1, 329 
1,329- 1, 337 
1, 337- 1,340 
1, 340- 1, 343 
1, 343- 1,356 

I , 356- 1 , 380 

1, 380- 1,409 

1,409- 1,555 
I , 5 5 5- 1 , 609 

1,609- 1, 654 

I ,654- 1, 725 

I , 725- 1,87 1 

1 ,87 1- 1,944 

I , 944- 2 , 002 
2 , 002- 2,097 

2 , 097- 2 , 142 

2, 142- 2, 169 

2, 169- 2 ,300 
2,300- 2 , 324 

2 ' 324- 2 ' 340 

2 , 340- 2,372 

2,372- 2 ,458 

2 ,458- 2 , 534 
2 , 534- 2,593 

2 , 593- 2,657 
2 ,657- 2 ,827 

2 ,827- 2 ,833 

2 ,833- 2 ,843 

Thick ness Lithology 
(feet) 

46 Dolomite : buff, finel y crys ta lline 
54 Limes to ne: light buff, fi ne ly crystall ine; trace of 

pyrite al 1,280 to 1,292 feet 

5 Shale: red a nd green ; little buff dolomite 
5 Shale : greeni sh grey 
8 Do lo mi te: grey, finely crysta lline 
3 Shale: green a nd red; some grey dolomite 
3 !Limestone : grey, fi nely crystalli ne 

13 Sha le: greeni sh grey; little grey li mesto ne ; 
Bryozoa 

24 Limesto ne, dolom itic: grey, crystalline ; little 
greenish grey shale 

29 Limestone, dolom itic : grey, crys talline 

146 
54 

45 

Shale: red ; lit1le green shale throughout 
Shale: red ; mino r a mo unt of green shale; trace 

of grey limestone throughout 
Shale : red ; minor amo unt of green shale 

-~1-----------------

7 1 Limestone : grey, crys tall ine; minor amount of 
greeni sh grey shale 

146 Shale: grey wi th green cas t ; little grey crysta lline 
limestone th roughout 

73 Shale: da rk grey; trace o f grey limesto ne 

58 
95 

45 

27 

131 
24 

16 

32 

86 

76 
59 

64 
170 

6 

JO 

Shale: grey 
Sha le : dark grey; trace o f pyrite at 2,031 a nd 

2 , 059 feet 
Shale: dark grey 
I -
Sha le: black; litt le brownish grey limestone 

througho ut 

Limesto ne : browni sh grey, fin ely crystalline 
Do lo mite : grey, crys ta ll ine; trace of pyrite at 

2,306 feet 
Limesto ne : brownish grey, finel y crystall ine; 

I 

little grey limy shale 
Limestone: grey, fi ne ly crystalline ; some grey and 

green limy shale 
Limestone : grey a nd brownish grey, finel y crys-

talline; some grey shaly limestone 

!
Samples miss ing 
Limestone: grey, finel y crysta lline ; some grey 

sl;a ly limes to ne thro ughout 
Limestone: brownish grey, dense 
Limesto ne: dark brownish grey, fin ely crystalline 

a nd dense 

Sa ndy limestone : grey; some green sa ndy sha le; 
some sand grains 

Do lomite: li ght buff ; some green sha le with 
I embedded sa nd 



Well: D ominion atural Gas Co.- J . B. Mc Kenzie N o. I (cont .) 

Format ion Dep th Thick ness Lithology 
(feet) (feet) 

Shadow L ake 
(co111.) 2,843- 2,849 6 Shale: red and green ; embedded and loose sand 

Precamb r·ian 2,849- 2,855 6 Quartz, b iot i te, feldspar, and green shale. 

Well : Union Gas Compa ny of Canada Ltd .- J . Semple No. 
Location: Lot 60, co n. A, Kincardin e tp ., Bruce co. 
Eleva ti on: 596 feet 
Yea r completed: 1941 

Formation 

D etroit R iver 

Bois Blanc 

Ba ss l sland 

_I 
Salina 

Depth 
(feet) 

0-15 

15- 24 

24- 38 

38- 53 

53- 66 

66- 93 

93- 165 

165- 328 

328- 340 
340- 386 
386- 453 

453- 478 

478- 490 

490- 494 

494- 500 
500- 515 
515- 530 

530- 535 
535- 549 

549- 570 
570- 59 1 

I 
Th ickness I 

(feet) 
Lithology 

-- ------

15 

9 

14 

I 
15 

J 3 

,_27 

72 

163 

12 
46 
67 

25 

12 

4 

6 
15 
15 

5 
14 

21 
21 

!Samples mi ss ing 

Dolom ite: buff, fine ly crystalline, some black 
bituminous streaks 

D olomit ic limestone: buff and brownish grey, 
fi nely crys talline 

Limestone: brownish grey, fi nely crystalline ; 
bituminous 

Limestone : brown ish grey, fi nely crysta lline; 
black bitum inous st reaks 

_ _! Limestone: brownish grey, finely crystal line 

'

D olomi t ic limestone: brown, fi nely crystalline; 
trace of chert throughout 

D o lomitic limestone: brown ish grey, fi nely crys­
l_~ine; minor amoun~f chert throughout _ 

D olomite: buff, fi nely crys tal li ne; much py rite 
D olomite: brownish grey, fi nely crys tal!ine 
D olomite : light brown, finely crysta lline; few 

quartz crys tals at 418, 433 , and 453 feet 
D olomite: l ight brown, fine ly crys tall ine ; trnce 

grey shale at 4 73 feet 
D o lomi te: dark brownish grey, finel y crysta ll ine 

Dolomite : dark brownish grey; equal amoun t of 
dark grey shaly dolomite 

D o lomite, shaly: dark grey 
D olomi te : buff; minor amount of grey limy shale 
Dolomite, shaly : greenish grey an d reel; trace of 

gypsum 
D olomite: buff; much green limy sha le 

/

Sha le : greenish grey and red ; limy; trace of buff 
do lomite; t race of gypsum 

D olomi te, shaly : grey ; t race of gypsum 

!
D olomite, shaly: greenish grey; trace of bu ff 

dolom ite; trace of gypsum 
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Well : Union Gas Company of Canada Ltd.- J. Semple o. l (cont.) 

Formation 

Sa lina (cont.) 

D epth 
(fee t) 

591- 595 

595- 6 14 
6 14-63 1 
63 1- 683 

683- 730 
730-736 

736-742 

742- 75 1 

751 - 760 
760-778 

778- 790 
790-8 13 

8 13- 83 1 
83 1- 836 
836-842 

842- 848 
848-860 

Sal ina a nd /or 860- 878 
G uelph-
Lockport(?) 878- 901 

901 - 924 
924-930 
930- 98 1 
98 1- 1, 107 

l , 107- 1,204 
1, 204- 1,366 
1 , 366- 1 ,425 

G uelp h- Lockpor t 1 ,425- 1 ,436 
1 , 436- 1 ,447 
l ,447- 1,453 
1 , 453- 1,470 
1 , 470-1 ,486 
1 , 48 1 ,495 

Cabot H ead J ,495- 1, 501 
l ,50 1- 1,522 
1,522- 1,527 
l ,527- 1,562 

Manitouli n 1,562- l '579 
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Thickness Lithology 
(feet) 

4 D o lo mite: brownish grey, fi nely crysta lline; trace 
of gypsum 

19 D o lo mite: grey, fi ne ly crys ta ll ine ; trace o f gypsum 
17 D olo mite: buff, fi ne ly crysta ll ine 
52 D o lo mite: buff a nd grey, fin ely crys tall ine ; trace 

o f gypsum in lower JO feet 
47 Do lomi te, shaly: grey; trace of gypsum 

6 Sha le: reddish brown a nd green ; li tt le buff dolo-
mite 

6 D o lo mite, sha ly: grey, li tt le reddish brown sha le; 
trace of gypsum 

9 Do lomi te: brownish grey and grey ; trace of 

9 
18 

12 
23 

18 
5 
6 

6 
12 

18 

23 

23 
6 

5 1 
126 
97 

162 
59 

11 
ll 
6 

17 
16 
9 

6 
2 1 

5 
35 

17 

gypsum 
Sha le : limy, greenish grey; trace of gypsum 
D o lo mite: brownish grey, finely crysta lline; trace 

o f gypsum 
D o lomite, sha ly: greenish grey; little gypsum 
D o lo mite : brownish grey, fi nely crysta ll ine; trace 

o f pyrite 
D o lomite, sha ly: grey, fi nely crystalline 
Limes to ne: grey, crys ta lline; trace of pyrite 
D o lomite: brownish grey, fi nely crysta ll ine; trace 

of gypsum 
G ypsum 
Do lo mite: brownish grey, fi ne ly crysta lline; trace 

o f gypsum 

D o lomite: brown, fi nely crys ta lline to gra nular; 
much se lenite a t 878 feet 

Limesto ne: brownish grey, fin ely crysta lline; trace 
o f seleni te in upper l 0 fee t 

Limes to ne: brown, fi ne ly crysta lline, poro us 
Unreliable sample 
Li mestone: brownish grey, finely crysta lline 
Limesto ne: light grey, fi ne ly crysta lline 
Li mesto ne: med ium grey, fine ly crystall ine 
Limestone: light grey, crystall ine 
Limestone: light grey, fi nely crysta ll ine 

Limesto ne, do lo111itic: grey, fi nely crysta ll ine 
Li111esto ne : grey, fi nely crysta lline 
D o lo mite: bu ff, fi ne ly cry ta lline 
Li111esto ne: light bu ff, fine ly crysta lline 
Do lo111 ite: buff, fine ly crys ta ll ine, porous 
Li111estone, do lom itic: brownish grey, finely crys-

ta ll ine 

Shale: green ; trace of redd ish brown shale 
Shale: red 
Shale: red a nd green 
Sha le: greenish grey; 111i nor amount of grey lime­

stone 

L i111estone: grey, crysta ll ine; li ttle greenish grey 
shale; Bryozoa 



Well : U nion Gas Company of Canada Ltd.-J. Semple o. l (cont.) 

Formation 

Manitoulin 
(col//.) 

Queensto n 

Georgia n Bay 

-- -
Whitby 

(upper mem ber) 

Whitby 
(lower member) 

Simcoe Group 

Depth 
!feet) 

1,579- 1,594 

1,594- 1,599 
1,599- 1,676 
1,676- 1, 719 

I , 719- 1, 725 

I , 725- 1, 734 
I , 734- 1, 760 

I , 760- 1 ,800 

1,800- 1,832 

1,832 - 1,880 

1,880- 2,018 

-------

2,018- 2,202 

2.202- 2,255 
------
2,255- 2 ,261 
2,26 1- 2,271 

2,27 1- 2,282 

2 ,282- 2, 351 

2, 351 - 2, 388 
2,388- 2,432 

2 ,432- 2,488 

2' 488- 2. 504 

2 ,504- 2,629 

2,629- 2,664 

2,664- 2.669 

2,669- 2,713 
2 , 713- 2, 725 

2 ,725- 2,763 
2,763- 2.794 

2,794- 2,809 
2,809- 2.829 
2.829- 2.841 

Thickness 
(fee t) 

15 

5 
77 
43 

6 

9 
26 

40 

32 

48 

138 

184 

53 

6 
10 

11 

69 

37 
44 

56 

16 

125 

35 

5 

4-i 
12 

38 
31 

15 
20 
12 

Litho logy 

Limestone: grey to brown ish grey, crysta ll ine 

Shale: green ; minor a mo unt of red shale 
Sha le: red; minor amo unt o f green shale 
Shale: red ; trace o f green shale ; trace of pi nk 

gypsum throughout 
Shale: greenish grey; trace o f grey crystalline 

limesto ne; Bryozoa 
Sha le: red ; mino r a mou nt of green sha le 
Shale: greenish grey; trace of grey limestone: 

Bryozoa, brachiopods 
Shale: greenish grey ; trace grey limestone in most 

sa mples 
Shale : red ; little greeni sh grey shale ; trace of pin k 

gypsu111 

Shale: grey with greenish cas t ; little grey crystal­
line limestone 

Shale: grey; little grey crys ta lline limestone in 
many samples ; trace of pyr ite at the base 

Shale: dark grey ; Bryozoa fr o111 2,137 to 2,148 
feet 

Shale: da rk grey to black 

Shale : dark grey to b lack; some grey limestone 
Li111estone : brownish grey, finel y crysta lline; 111uch 

black shale 

Li111estone: dark brownish grey, finely crystalli ne; 
litt le blac k shale 

Limestone: browni sh grey, fi ne ly crystalline ; 
fossi I iferous 

Limestone: sha ly, grey, crysta lline 
Limestone : grey, crystalline; so111e greenish grey 

shale and grey sha ly limestone 
Limestone: grey, crys ta lline; little grey shale in 

most samples 
Li111esto ne: browni sh grey, finely c rys talline; so111e 

grey sha ly li111estone 
Li111estone : grey, crys ta lline; little grey shal y 

limestone a nd li111y sha le in most sa mp les 
Limesto ne: brown ish grey, fi nely crys talline: 

trace of " bentonite"? a t 2,649 fee t 
Limestone : light buff, de nse; trace pyrite; trace 

of metabentonitc 
Li111estone: dark brownish grey. dense 
Li111estone : browni sh grey, finely crystalline; some 

oolitic limesto ne 
Limestone: brownish grey, fi nely crystalline 

I
Limeqone: dark browni sh grey, finely crystal line 

to dense 

I 
Limestone : buff, fi nely crys talline 
Limestone: brownish grey, finely crystalline 
Dolomitic limesto ne: buff, finel y crysta lline 
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Well : Uni on Gas Company of Canada Ltd .- J . Semple o. I (cont. ) 

152 

Litho logy 

!
Limesto ne : dark brown ish grey, finel y crys ta lli1 1e ; 

trace of pyrite 
Limestone: brownish g rey; trace of green shale 

wit h e mbedded a nd gra in s; trace of pyrite 
Limes to ne: grey, muc h li ght grey ca lca reo us 

I 

sandsto ne a nd free sa nd ; trace of pyrite 
Shale: limy, da rk grey; much li gh t grey ca lcareo us 

sa ndsto ne 

I 

Do lo mite: li gh t grey, c rys talline ; 'it tie sa nd ; trace 
pyri te 

Do lo mite : li gh t grey, crys ta lline; trace of pyrite 
Shale : da rk g rey; much grey dolomite 
Limes10ne: light grey, c rystalline ; trace glauco-

1 n ite 



TEB , 1- 5- 50 

PLATE II A . Manitoulin Formation, escarpment section east side o f road 1.6 miles south of Kemble. 

TEB, 4- 2- 50 

PLATE I! B. Dyer Bay member, Cabot He ad formation, shore section a mile north of village of Dyer Bay. 
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8. A. Libert y 

PLATE Ill A . Member 2, Lockport Formation (Fossi l Hill Formation), 2t mi les north of vi llage af Lions Head on 
Isthmu s Bay. 

8. A. l iberty 

PLATE Ill B. Member 3b, Lock port Formation (Amabel Forma tion), half a mi le north of village of Dyer Bay. 
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B. A. Liberfy 

PLATE IV A . Member 3c, Lock port Form a tion (Eramosa Member, Amabel Formation) , Cook quarry 2 miles west 
of Wiarton. 

87671 

PLATE IV B. G lacial grooving on Guelph Formation, B<r ford Lake, 4 ~ miles northwest of Wiarton. 
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B. A. liberty 

PLATE VA 

Guelph Forrr.otion, ma ssive basa l 
bed s, quarry east si de of Brinkman 
Corners road , ~ mile northwest of 
church, village of Cop e Chin . 

BAt, 2- 3- 65 

PLATE VB. Guelph Formation showing reef-interreef relationship, Halfway Rock Point 7 miles east of Tober­
mory, north shore Bruce Peninsula . 
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87661 

PLATE VI B. N facies overlain by bioherm (B facies) 
within Detroit River Formation, same locolity os A. 

B. A. Liberty 

PLATE VI A 

Bioherm (B facies) within 
Detroit Rive r Formation, roo d­
cut 2t miles north of Formoso . 

EWB, 1953 

PLATE VIC. Bioherm ( B facies) limestone showing 
abundant laminar typ e Stromatoporoi dea, same 
locolity as A. 
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INDEX 
P AGE 

Acton Field .. 92, 95 
Akron .. 54 
Albemarle Group . 42 
a lgal structures .. 48 
Al gonquin Arch ..... ....... 7, 8, 19, 22, 50, 64, 68 , 69 , 

70, 7 1, 72, 7~79, 80 , 8 1 , 8~ 83, 93, 94, 95 , 
96 

A lgonquin platform .. 
Alpena (reef) .. 
Amabel Formation 
Arnherstburg beds .. 
A111phige11ia sp ... 

e/011gma .. 
A ncas ter (beds) . . ....... . 
Anderdon beds .. 
anhydrite .... 
Appalachian Basin 
arbitrary cut-off .. . 
aspha lt. ..... 

. ... 70, 8 1, 93 
63 

....... 37, 39, 42, 81 
63 
56 
59 
42 
63 

51, 53 
69,8 1 
24, 26 

91 

· basa l beds' .. 8, 95 
Basa l group.. 5, 95 
Bass Island Formation ......... 28, 49, 52- 54, 77, 85 
Bay de oc Member.. . 25 
Bayfield gas field . I , 91 , 92 
Bea rd s, R . J ... 66 
·semricea beds' .. l I , 13 
beidellite .. J 2 
bentonile- see clay sea m .. 
Bertie- Akron Formation .. 
Bertie beds .. 

17 
52, 54 

52 
Best, E. W ... 
Big Lime .. 
Billings Formation .. 

........ 55 , 5~60,6 1 , 63 , 65 , 6 7 

... 54, 55 , 59 
22 

Bills Creek Formation .... 22 
bioherm .. . ......... 4 1, 42, 43- 50, 80, 82, 93 

near Formosa .. 6 1, 62 
biostrome 

(b iostromal) .... 11 , 15, 24, 26, 27, 28, 49, 70, 84 
Co/11m11aria (reef) .... 27 
Gore Bay.. . . ...... .. ... . 27 
Maple Point .. ... . 27 
Montressor Po int.. 26, 27 
Mudge Bay.. ... 27 
Prairie Point.. 27 
Sil ur ian .. 41 

Birdseye limesto ne . 
Rlack Ri ve r .. 
Black River- Trenton .. 
black shales .. 

P AGE 

11 , 13 
........... 9, l J, 15, 84 

.. 8, 15, 16, 82, 92 , 95 
.... 9, 11 , 18, 20, 22, 84, 95 

Blue Mountain . . ..... ....... 19, 20, 22 
Bobcaygeon Format io n ............ . 9, l l , 13, 14- 15, 

Boi s Blanc Formation .... 
16, 18,84, 92, 94,95 

.. 53, 55, 56- 59, 62, 
63 , 64, 66, 67,85 

Bol ton , T . E .. ................................ l , 30, 34, 41 , 42 
Bolton, T. E. and Liberty, B. A ........... ..47, 56, 63 
Bony Falls Fo rmatio n.. 15 
" break" see " shale-break" (Great Lakes Area) 
Breedon No. I We ll , Adjala tp. .. 92 
Brevispirifer /11 case11sis .. 56 
Bruce Peninsula .. 9, 25 

drainage.. 2 
exposures .. 2 
glac ia I deposits . . 2 
overburden .. 2 
s tructure .. 2 

Bruce Peninsula Stone Quarry I , 84 
Burnt Bluff Fo rmation .. .... ... ... ....... 39 

Cabot Head Formation . .. 30, 32, 33- 36, 
42. 88, 93 

Cabot Head (restri c ted) 30, 34 
Caley, J . F.. . . ............... 1, 17, 23, 52, 65 , 9 I 
Caley, J . F. a nd Liberty, B . A ........ 18, 28, 30, 56 
Cambrian ................... 3, 5, 9, 69, 70, 76, 80, 82, 83 

petroleum poss ibilities... . 95 
Sault Ste. Marie 6 

Cambria n- Ordovician hiatus .... 5, 7, 8 
Cami llus (beds) .. 52 
Canadian Shield .. 69 
Carlsbad Formatio n .. 22, 25 
Cataract Axi s... 8 I 
Cataract Group .. . .... 28- 30, 37 
Cayugan .. 52 
Cedarville .. 39, 50 
celesti te .. 53 
Chandler Falls (Formation).. . . I 7 
Chaumont .. 
chert. . 

Chicago, Illin ois ... 

13 , 15 
............ 13, 14, 33, 41 , 42, 46, 
55, 56, 58, 59, 62, 64, 66, 68 
........................ ······ 49, 70 

159 



P AGE 

Cincinnati Arch (Axis) (see A lgonqu in 
Arch) . 81 

12- 13 , 
14, 15 
30, 42 

c lay sea111 (persisten t) MX, MH , MR 

Clinton (Group) .. ... 
Cloche Jsland (beds) 
Coboco nk .. 

15 
8 

Coboconk (li111estone).. 15 
Cobo urg (beds) .. ..... ...... 17, 18, 19, 20, 22, 80, 95 

'Cobourg' ... ....... ..... .. .............. ... .. ..... 19 
Cohee, G . Y.. . . .... .............. 7, 8, 16 
Co llingwood (beds) . . ........ 9, 20, 2 1, 22, 95 
Colli ns, W . H ....... 6 
Colpoy Bay a nd Wiar ton M e111ber (2) .... . 37, 40, 

Colu111bus beds 
Cook Qua rry .. ................. .. 
Cook Qua rry Ltd ... ................. .. 

42, 44, 90 
.. 61, 63, 66, 67 

41, 46 
I, 88 

14, 84 
20 

corrosion surface 
Craigleith (For111a.tion) M e111ber. 
Credit beds- see Dundas ; Georgian Bay 

For111 ation . 
'cri no id beds' .. 
Croixa n... .. .............. . 
Cu lross Well , C ulross tp. 
Cyclospira bisulcata .. 

18 
8 

.. ..... .... .. 33, 52, 53 
19 

Danforth beds- see Dundas; Georgian 
Bay Formation . 

Deer Ri ver (New York State) .. .. .. 22 
D elaware beds ............................... .... 54, 55, 56, 58, 

D elaware- Dundee .... 
Dept. of Lands and Forests 

(Lindsay tp.) .. .. .. 
Detroit R iver For111ation .. 

59, 62, 65, 66, 67 
69 

o. l Well 
35 

54-56, 58, 59- 65, 
66, 67, 93, 95 

S- (Sout hern) Facies .. . ...... 60, 6 1, 64, 65 , 93 
-( orlhern) Facies ......... 60, 6 1, 62, 64, 65 

B- (Bioherma!) Facies.. .. ........ 6 1, 62, 63, 95 
'For111osa oval ' .. .. . . .. ... 93 

D evon ian ....... 3, 52, 54 
petroleu111 possib ilit ies... 93 

do lo111ite ..... .. ................. 14, 18, 68, 82, 95 
dolo111iti zatio n .................................... 48, 82, 95 
D over field .. .. ........ 82, 83, 96 
D resbach For111ation . 8 
Duncan ........ 3 1 
Dundas (beds) .. .. 19, 20, 22, 23, 24, 25, 92 
Dundas- Meaford (strata) .. 92 
Dundee Formation .... . ........ .. ........ . 54, 55, 56, 59, 

62,65- 68,93 
D un keld Creek .. ... .. ..... , .... 5 1, 53, 55, 56, 77 
Duntroo n .......... . . ..... ............. 31 
D yer, W . S..... . 24 
Dyer Bay (member) ... 30, 33, 34, 35, 37, 42, 49, 93 
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PAGE 

East Meaford Creek (Workma ns 
Creek) .. . ....................... 20, 23, 24, 25 

Eastview Formation 22 
Ea u Claire Fo r111atio n .. 5, 7- 8 
E bel Qua rries .. . l , 88 
Edgecl iff Me111be r .. ........ ............................ 55 
Ehlers, G . M... 42, 55, 56, 63, 78, 79, 81 
electric logging.. 96 
Engadine For111at ion . ... 39, 50 
Eramosa Member (3) .. .37, 41, 42, 44-50, 

Escana ba R iver .... 
Evans, C. S. 
evapo rit es .. 

fau lt. .... 
bi o herms (reefs) .. 

Fitzwillia m island . 

82, 88, 90 
. ................. ..... . 15, 17, 19 

. .... .47, 48, 52 
.... ..49, 51, 52 

. ........... 77, 82- 83, 95 
82 
42 

Flesherto n Well (Artemesia) .... ... ...... 5, 19, 3 1, 82 
Foersle, A . F .... . 25, 28 
Forman, S . A . and Lake, R. H . 12 
Fossil H ill Member (2) ... ... 37, 40, 42, 8 1 
Fritz, M . A .. .. ... 23, 24 

G a rden Isla nd Formation .. .. .. . 56 
geochem ical prospecti ng ........... .. ................ 90, 96 
Georgian Bay Formation ...... .. . 19, 20, 2 1, 23- 25, 

26, 28, 84, 92, 95 
Georgian Hay (K agawong)- Queenston 
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