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Glaciofluvial outwash sand; minor gravel 
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St. Joseph Till: clayey silt to silt till; very low 
stone content

Dunkeld Till: silt till; low stone content 

Rannoch-IUt-silt to sandy silt till ' "' 

Ice-contact stratified drift: sand, gravel silt and

SB Mainly gravel 
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UNCONFORMITY -*

Bedrock
la Dundee Formation; limestone 
1b Detioit River Formation; dolostone 
1c Detroit River Formation Biohermal Facies.

limestone 
1d Bois Blanc Formation: limestone with chen

SILURIAN " L -' - * 
1e Bass Island Formation: dolostone  -*--   ̂ -  -  * *'- 
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Notes
1. Deposits on this sheet are mapped where they reach one or 
more metres in thickness. Thinner deposits are usually not 
shown.
2. Legend symbols such as 3/4 indicate unit 3 is the 
predominant surface material overlying unit A.
3. Legend symbol (6. 9) indicates interbedded till-like material '- : ~ 
(6) and lacustrine materials (9).

MARGINAL NOTES

INTRODUCTION

Geological mapping of the Walkerton-Kincardine area commenced 
m 1975 and was compleied in 1979 with most of the mapping 
being carried out in 1975, 1977, and 1978 (Cowan 1975. 1977, 
1978). In addition, several boreholes were drilled in 1977 and 
1978 in order to increase stratigraphic control. In 1975, J.J. Pinch 
served as senior assistant and was responsible for field mapping 
of most of Carrick and Culross Townships and part oJ Kinloss 
Township, all in Bruce County, Additional valuable field assistance 
was provided by B.H. Conlin and P. Cutmore in 1975: B Ainsworth 
and H Matthews in 1977; and J.G. Leyland in 1976.

Field techniques included the examination of natural and man- 
made exposures as well as hand augenng and test pitting. Air 
photographs at scales of 1:40000 and 1:15840 were used as 
were water well records provided by the Ontario Ministry of Envi 
ronment.

BEDROCK GEOLOGY

The bedrock was most recently mapped by Liberty (1966) and 
described by Liberty and Bolton (1971). Mosl outcrops observed 
during the present survey were previously mapped excepting out 
crops of Silurian Salina Formation near Neustadl and Hanover and 
of the Devonian Dundee Formation aboul 2 km south of Westford, 
All rocks comprise part of the Michigan structural basin and dip 
southwesterly, a structural inlier of Salina Formation north of 
Walkerton has been inlerpreted as a monocline by Liberty and

Bolton (1971) though they suggested faulting may be the under 
lying cause.

The oldest rocks occurring in the area are of Silurian age and 
comprise the Salina Formation These consist of greenish-grey 
shales, reddish shales, and thin to thick beds of dolostone. These 
rocks outcrop near Neustadl, Hanover, and Walkerton and are up 
to 180m in thickness. Overlying the Salina Formation is the 
Silurian Bass Island Formation which forms a band 2 to 6 km wide 
trending northwest-southeast through Walkerton- These rocks are 
thin bedded dolostones having a thickness of 40 m. two 
kilometres north of Dunkeld. Devonian rocks comprise the Bois 
Blanc, Detroit River, and Dundee Formations in ascending order. 
The Bois Blanc Formation forms a northwest-southwest trending 
band 2 lo 7 km wide immediately west of the Bass Island Forma 
tion, Outcrops occur along the Teeswater River between Chepstow 
and Pinkerton and 2 km north of Dunkeld. The rocks consist of 
thin-bedded cherty, fossiliferous limestones up to 45 m thick. 
Detroit River Formation rocks occur through most of the west half 
of the Walkerton sheet and the Kincardine sheet These occur as 
two facies, the "northern facies" and the "biohermal facies". The 
biohermal facies forms an oval shaped ouicrop area about 9 km 
wide, from Chepstow southward to the map area boundary. Mosl 
outcrops are located near Formosa and 3 km east of Greenock. 
These consisl of hard, grey, fossiliferous limestones "occurring as 
patch reefs and up to 27 m m thickness. The weathered surface 
of these rocks is very rough and scraggy and very distinctive. 
Northern facies rocks occupy most of the Detroit River outcrop 
area. They consist of brown and buff dolostone with bituminous 
partings and interbedded limestones Outcrops occur at Teeswater 
and near Kincardine: total thickness is as much as 150m. The 
biohermal facies is developed wiihin the northern facies. The

youngest rocks in the area consist of grey to brown limestone and 
dolomitic limestone of the Dundee Formation. These occur in a 
semi-circular area south of Kinlough and are 30 to 50 m in thick 
ness. The only outcrops present are very small and occur about 
2 km south of Westford,

Former economic uses of Paleozoic rocks in the area include 
road aggregates, flux, lime, and Portland cement. Quarries pre 
viously existed near Kincardine, Formosa. Teeswater, Cargill, and 
Walkerton. The very high purity of the biohermal facies of the 
Detroit River Formation makes it suitable for use as a chemical 
flux or as Portland cement.

QUATERNARY GEOLOGY '
Glacial landforms, striations, and till fabrics indicate that the 
oldest glacial flow through the area was generally from north lo 
south. Younger events in the western part of the area were from 
west to east out of Lake Huron and from north to south in the 
Saugeen River area. All deposits present are believed to be less 
than 25 000 years old. The oldest till in the area is Ihe Elma Till 
which forms north-south trending drumlins and ground moraine in 
the area east of Riversdale. This till is estimated to be about 
14 000 years old; however, it has been suggested by Cowan e? at. 
(1978) and Sharpe and Edwards (1979) that it may span a time 
frame from 25 000 to 14 000 years before present and represents 
continuous ice cover during this period.

Elma Till is a stony, sandy silt till having a high lotal car 
bonate content which is strongly dolomitic. West of Riversdale a 
till of similar composition occurs in Ihe subsurface, notably in river

sections near Lake Huron Till fabrics on this material suggest a 
north-south flow south of Ripley, northeast-southwest flow at Kin 
cardine, and northwest-southeast flow at a site 3 km east of 
Kincardine. For the purposes of this report, this material is consid 
ered to be Elma Till though similar material south of the map area 
is thought to represent the younger Rannoch Till (Cowan er a/. 
1986),

Rannoch Till is a silt till associated with the Wawanosh Mo 
raine. It occurs in surface outcrops associated with considerable 
ice-contact stratified drift south of Kinloss. It ranges from a com 
pact silt till of low stone content to a sandy silt till where overlying 
sand. It represents a Huron Lobe advance to this position about 
14 000 years ago.

The next oldest till (Dunkeld Till) is associated with the Wal 
kerton Moraine which forms an east-west trending belt of drift in 
the Saugeen basin. The till represents a north-south readvance 
over lacustrine sediments which were deposited in a glacial lake 
fronting the northward retreating Elma ice The till is a silt til! 
comprising reconstituted lacustrine silt for the most part (17 07o 
sand; 64'Vo silt; and 19 0A clay on the average). In addition, local 
examples of glacially deformed lacustrine sediment (deformation 
till) have been observed. Lithologically, this till is strongly 
dolomitic (64 DA dolostone in pebble grade; total carbonates in 
minus 200 mesh fraction ^ 4B*V ratio calcite/dolomite 0.6) in 
dicating a northern provenance. As can be seen on the map, this 
till is primarily associated with the Walkerton Moraine and extends 
from Ihe Glammis Kames on the wesl to an ice-contact complex 
soulh of Elmwood. East of this it is indistinguishable from the 
Elma Till or is not present. The authors interpret the Dunkeld Till as 
representing a local readvance resulting from enhanced glacial

flow into Glacial Lake Saugeen Silt till occurring locally south of 
the Saugeen River between Midway and Neusladt may represent 
local extensions of this advance or it may be local till related to 
the retreating Elma ice One of the authors previously referred to 
this till informally as "Dunkeld Till" (Cowan 1977): It is here 
proposed to formally name it Dunkeld Till having its type area 
adjoining the Hamlet which is located near the northern margin of 
the Walkerton Moraine. It is eslimated to have been deposited 
aboul 13 700 years ago (Cowan ei ai. 1978)

The youngesl till in the area is the St. Joseph Till which 
extends over much of the surface from Lake Huron lo the Wyo 
ming Moraine and represenls the Port Huron readvance eslimated 
to be about 13 000 years old. It is a clayey silt till with low sione 
content, It generally occurs as a stiff basal till, however, facies of 
waterlain till and deformation till are present locally. No attempt 
was made to subdivide these facies due to the lack of adequate 
outcrops; however, in places the waterlain facies is indicated by a 
compound map unit (6,9).

Ice-contact deposits occur within the Wawanosh Moraine and 
the Walkerton Moraine, and are associated with large features in 
the Mildmay-Neustadl area which are believed to represent depo 
sition within re-entrants In the retreating Elma ice The predomi 
nant material in all of these deposits is sand with local pockets of 
pebble and cobble gravel

Glaciofluvial outwash includes channel fifl. outwash plain, and 
deltaic topset sands and gravels South of Walkerton, outwash 
occurs primarily as terrace and fill deposits related to a network of 
channels developed during retreat of the Elma ice. North of 
Walkerton and Hanover, it occurs primarily as topset facies of 
deltaic features. Sand is the dominant material.

Lacustrine sediments include glaciolacustrine and post-glacial 
pond deposits. Four major types of deposits exist: 1) ice-contac! 
deltaic sediments: 2) the thick glaciolacustrine sediments of the 
Greenoch Swamp; 3) the glaciolacustrine sediments north of the 
Walkerton Moraine and at Hanover; and 4} beach features in the 
western part of the area. Many of the sediments mapped as ice- 
contact in origin are deltas, Typically these have an upper coarse 
grained topset unit which overlies a primarily sand unit containing 
clay bands and bands of flow till The Greenoch Swamp deposits 
exceed 25 m in thickness in many places. At the surface there is 
generally a veneer of organic material overlying fine to medium 
sands and some silt. A test hole located centrally within the 
swamp penetrated 26 m of lacustrine sediment before entering 
coarse sand under considerable hydraulic pressure. The sedi 
ments were primarily weakly laminated silts and varved silts and 
clays of low plasticity. The lacustrine sediments located north of 
Walkerton represent deposits during retreat of the Elma ice as well 
as during advance and retreat of the Dunkeld ice. Thus, blocks of 
Elma related flow till and ice rafted material may be seen at the 
base of river sections in which flow till of Dunkeld affinily occurs 
near the top of sections. On the surface, the sediments vary 
rapidly over short distances from clay to sand. The surface clay 
units are often thin and discontinuous. This feature is also notice 
able near Hanover where clay may, be -O m thick overlying 
gravelly sands. Beach deposits range from Glacial Lake Warren to 
present day Lake Huron in age. The Lake Warren beach trends 
northward from southeast to Ripley to Eskdale. Elevations of the 
beach materials range from 250 m in the south to 265 to 270 m in 
the north. These deposits consist primarily of sand with some well

sorted gravel. Thicknesses are usually ^ m. Between the Lake 
Warren and Lake Algonquin beaches, there are several fragments 
of beaches which may represent Lake Grassmere or Lake Lundy 
These tend lo range from 235 m in elevation near Lochalsh to 
245 m near Slade. The Lake Algonquin beach comprises an 
erosional bluff south and north of Kincardine and a barrier bar at 
Kincardine which is at about 203 m in elevation. The Lake Nip 
issing Beach is primarily an erosional bluff fronted by thin beach 
gravel and sand. At Clarke point, it is a depositional feature 
comprising several metres of beach sand and gravel. This material 
may be overlain by windblown sand. The Nipissing bluff has an 
elevation about 184 m ai Kincardine

In addition to beach and eolian sediments, postglacial materi 
als include alluvium and organic sediments. Older alluvium con 
sists of sand and gravel occurring as terraces above Ihe modern 
stream flood levels and below material judged to be glaciofluvial 
outwash. On Ihe Lake Huron slope, Karrow er at. (1975) and 
Karrow (1978) studied these terraces in some detail. The highest 
ones are apparently graded to Lake Algonquin levels and have 
been dated at about 10 500 years before present. On the Saugeen 
River, no dates are available and some material mapped as high 
level alluvium may be outwash. Posi-Algonquin alluvium occurring 
ip terraces 1.5 to 2 m above present day low water levels near 
Kincardine have been dated between 1500 and 8000 years before 
present (Cowan 1978). As these terraces are not always above 
present flood levels, they have been mapped as modern alluvium in most instances. ..^-.-, .~v.t..*^..-: ,--

Bog deposits in the area consisl of peat and muck and are 
generally -C2 m in thickness

Sand and gravel deposits cf economic importance in the area 
are widespread but are generally limited by area, thickness, or 
grading at any one site. Ice-contact deposits tend to be very 
sandy and no large deposits of crushable material were identified. 
Similarly, outwash deposits have size or grading limitations for 
major operations. Beach deposits tend to be shallow, linear, ana 
sand rich. The best beach material is the barrier bar at Kincardine. 
Several pits have operated in this deposit to produce a wide range 
of products. However, this deposit is also lacking in coarse ag 
gregates and is rapidly being built over. In summary, there are 
large resources in the area but few deposits are of sufficient size 
or grading for large scale export. Several clay products operations 
previously existed within the area. However, there are no present 
operations and prospects for clay products development are limit 
ed.
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SYMBOLS
Sand and gravel pit

Rock quarry or clay 
pit, inactive

Geological contact, 
approximate

Geological contact, 
gradational

! Erosional scarp

Glacial striation 

Drumlin

Glacial fluting, not 
a l [shown

Esker .-r v--

Ice-contact slope 

Kame

Offshore or beach 
bar, not all shown

Small bedrock 
ouicrop

Sand dunes, not to 
scale

Meltwater channel 
with inferred 
direction of flow

Borehole location 

End moraine crest 

Slope failure
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