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ABSTRACT

The Durham area has very l|arge high-quality sand and
gravel reserves that are examined in this report. These
deposits occur here because of unique conditions and the
deposits are of interest economcally as well as
geol ogi cal |l y.

The thickness of glacial drift in the Durham map area

is substantial, generally exceeding 30 mand in places it is

up to 70 mthick. Some of this is older drift that consists
of coarse bouldery sandy silt till deposited by an ice
advance from the north. Thi s advance of Catfish Creek ice

(Nissouri Stadial) is the origin of nmobst of the aggregate
resources in the area, and these aggregates consist of
durabl e carbonate rocks eroded fromthe area, especially the
under |l ying dol ostones of the Guel ph Formati on. The thinner
younger drifts, Tavistock Till, Elma Till, Neustadt till and
associ ated gl aciofluvial and glaciolacustrine sediments are
all deposits resulting fromre-advances or fluctuations of
ice fromthe northwest as the glacier reworked the ol der
sedi ments.

The Tavistock Till (Port Bruce Stadial) is a gritty

silt to clayey silt till which consists of incorporated






| acustrine sedinents deposited in front of Catfish Creek ice
as the ice front receded to Holstein, in the northwest.

A minor ice advance to the Maple Lane norai ne deposited
the Elma Till (late Port Bruce Stadial). This till consists
of a |oose stoney sandy silt and it is found in the Maple
Lane, Singhampton and G braltar nmoraines together with
abundant stratified drift. The later two noraines represent
| engt hy deposition during the recession of Elm ice front

and are flanked by extrenely large glacial neltwater

deposits. In the area northwest of the Singhanmpton Moraine,
Elma Till is difficult to distinguish from Catfish Creek
Till and essentially forms one till unit in an area where

conti nuous deposition from Nissouri time through Port Bruce
stadial tinme took place.

A late ice fluctuation or slunp in the Saugeen River
vall ey produced the Neustadt diam cton (late Port Bruce
Stadial) consisting of reworked |acustrine silt and clay
depositse

Sand and gravel resources of high quality and | arge
quantities occur in two main settings in the area. First,
kame terrace outwash deposits forma |large portion of the
Si nghanpt on and G braltar moraines. Second, |arge

br ai ded- channel outwash deposits occur in front of those two

Vi






| arge morai ne systens. The quality of these deposits
di m ni shes in the southeast corner of the area where the
underlying shale of the Salina Formation contributed soft
friable stone to the drift.

By understanding the character of the deposits in
Dur ham one may plan the nmost efficient use of the earth

resources of some of the most scenic glacial |andscape in

Ont ari o.
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QUATERNARY GEOLOGY
OF THE
DURHAM AREA (NTS 41A/22)

SOUTHERN ONTARI O

by

D. R Shar pe

| NTRODUCTI ON

Pur pose of the Survey

The purpose of mapping the Quaternary geol ogy of an
area is: to establish the nature and character of the earth
materials; to determ ne their areal and subsurface
distribution; and, to help decipher the geol ogical history
of the Province.

This information can then be used by a variety of
persons and organi sati ons (such as planners, engineers,
hydr ol ogi sts, conservation authorities, etc.) to effect the
best use of the earth resources in the area including the
desi gn of structures and facilities thereon. The
i nformati on obtained in this geol ogical survey may thus be
used for the preparation of other special interest or

thematic reports and maps.



Locati on and Access

The Durham area (N.T.S. Sheet 41A/22) is bordered by
| atitudes 44°00' west and 44°30' north and | ongitudes 81°00'
west and 81°30' west (Figure 1). The area includes parts of
Grey County and a very small portion of Wellington County
and covers approximtely 1100 k. Dur ham Ayton, Holstein
and Priceville are the main popul ation centres.

King's Highway 4 and 6 provide the major road access to
the area. The Canadi an Nati onal Railway and Canadi an

Pacific Railway have rail |ines through the map-sheet.

Present Survey

Field work for this survey began in 1975 and was
conpleted in May 1976. Field informati on was gathered by
exam ni ng roadcuts, streambanks, excavations and by hand
probi ng and augeri ng. In total, about 2500 field |ocations
wer e studied. Power augering provided some subsurface
i nformation. Wel |l records and borehole records from
engi neering firms and governnent agencies also aided
subsurface interpretation. The physical attributes of the
soils collected in the field were assessed by | aboratory
anal ysi s. A prelimnary map of the Quaternary geol ogy of

Dur ham preceded this report (Sharpe and Broster, 1977).
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Previ ous Work

Previous work in the Durham area includes the early
general surveys made by W E. Logan and F.B. Taylor and the
physi ographi ¢ study by Chapman and Putnam (1966).

The inportance of Logan's report relates to sand and

gravel resources. Logan (1863) outlined the "Artenesia



Gavels'* that include a major portion of the Durham area
less a 150 kn area in central Normanby Townshi p. The
"Artenmesia Gravel" formation conprises a very large system
of sand and gravel deposits fronting the

Si nghampt on- Gi braltar and Paris-Gait morai ne (Sharpe, 1975,
1979, Feenstra, 1975).

Logan al so discussed the "Saugeen clay", exposed al ong
t he Saugeen River. This deposit is thin-bedded and
cal careous and overlies the "Erie clay", a clay unit that
consists of till, including many striated stones. Al ong the
Sout h Saugeen River near Neustadt about 5 m of "bl uish"
(unoxi di zed) clayey deposits with pebbles were found
underlying a simlar thickness of gravel. More Erie
deposits (about 5 mof oxidized clay) are exposed along the
Sout h Saugeen River where it |eaves the south edge of the
map area. The "Saugeen clay" is probably a lacustrine clay
(unit lib) and the "Erie Clay" is possibly the Neustadt
diam cton (unit 10) or a finer facies of the Elma Till (unit
5) on the current map.

Taylor's report (1912) is also of inportanc in
identifying in sand and gravel resources. He recogni zed the
maj or southward flowing "ice-border drainage channels and
gravel terraces" associated with the Singhampton and
G bral tar Moraine. He correlated the Paris moraine with the
Si nghanpt on nmoraine that trends to the south through

Bunesson and Holstein in the present map-area. However, he



was nost inmpressed by the great gravel terraces around
Durham and he also noted the northwest-southwest trending
eskers between Priceville and Mount Forest.

More detailed coments on the area (Taylor, 1939,
Chapman and Putnam 1943, 1949, 1951, 1966) will be reviewed

under specific topics to follow.

Topography and Physi ography

Total relief in the Durham area exceeds 193 m and
results in a varied surface topography (Figure 2). Four
mai n topographi c areas can be distinguished.

1. Above 1500 ft.*® (458 m |ies the Dundalk till plain
(Chapman and Putnam 1966). This surface is fluted and is
only crossed by a few esker ridges and the Maple Lane
Mor ai ne. *

2. Between 1200 ft. (36 m and 1500 ft. (458 m the
land is rugged in character and sl opes noticeably to the
west, reflecting the conbined effects of: a) the
sout hwesterly dip of the underlying Pal eozoic rocks, and, b)
the location of the Singhanpton Moraine. This feature
termed the Saugeen Kames by Chapman and Putnam (1966)
conpri ses sonme of the best norainic topography in Ontario
with large kames and kettles, steep ice-contact slopes
(Photo 1) fronting massive ice-marginal terraces and

extensi ve outwash channel s.



Figure 2. Main topographic and physi ographic regions of the
Dur ham ar ea.
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3. Between 305 m (1000 ft.) and 366 m (1200 ft.) is a
drumlin field dissected by three major meltwater channels.
This area is the eastern edge of the Teeswater drumin field
(Chapman and Putnam 1966) .

4. Bel ow 305 m (1000 ft.) is a lacustrine plain once
fed by meltwaters originating from the north and surrounded
by kame hills in the south.

The various branches of the Saugeen river were very
active glacial meltwater channels and now form deep river
val | eys. The drainage divides for these rivers are shown in
Fi gure 3. These rivers all show a major jog to the
nort hwest where they cross the contact of the Salina and
Guel ph Formations along which preferential erosion has

occurred.

Agricultural Soils

Agricultural soils have devel oped on a variety of
Quaternary sedinments in the Durham area for approxi mately
the last 14,000 years or since deglaciation. The soil
profiles in the area are well devel oped due to the porous
nature of the parent material. Oxi di zed C horizons extend
several metres below the surface; however B horizons are
generally colour horizons rather than textural B horizons.
The geologic units indentified on Map P.1566 can be related

to their soil catena grouping (G |l espie and Richards
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1954)« This strong correlation between the sedi ment type
and the soil catenas (Table 1l)is an aid for extrapolating
sediment type froma soils map of Grey County. Conversely,
generalized soil units can be made from geol ogi cal maps

el sewhere in Grey County.

TABLE 1

SO L SERIES DEVELOPED ON SEDI MENTS OF THE DURHAM AREA

SEDI MENT SO L CATENA MOST COMMON SERIES SO L TYPE
Elma Till Harri ston Harri ston, Li st owel Loam and
Silt Loam

Tavi stock Till Harri ston Li st owel , Parkhill Silt Loam
| ce-cont act Pi ke Lake Pi ke Lake Loam
Stratified Donnybr ook  Donnybr ook Sandy Loam
Drift Wat er| oo Wat er | oo Sandy Loam
Qut wash Burford Burford, Glford Loam
Gr avel Sar gent Sar gent Loam
G aci ol acustrine Sullivan Sul livan Sand

Fox Gr anby, Brady Sandy Loam

NOTE: The remaining geologic units in the Durham area do not
have distinctive soil series associated with them



Pal eozoi ¢ Geol ogy

The bedrock geology in the Durham area consists of
two formations of Silurian age (Liberty and Caley 1969;
Li berty and Bolton, 1971)e¢ The Guel ph Formation underlies
the eastern two-thirds of the area while the younger Salina
Formati on occupies the western third (Figure 3). The Guel ph
strata are exposed along the Saugeen River (Photo 2) and the
Rocky Saugeen River and consist of pale brown, thin to
medi um bedded, fine-to-mediumcrystalline, massive
dol ost one. The strata are vuggy and porous in reefa
conpl exes, and these properties can be observed at the
outcrop on Highway 6, north of Durham Salina Formation
rocks, best exposed along the South Saugeen River, (Photo 3)
are thin-bedded, soft green grey to red shale, interbedded
with grey-brown dol ostone. These rocks are fine grained and

contain gypsum casts and local bitum nous partings.

Addi ti onal outcrops of Guelph Formation were found
al ong the Saugeen River approximately 1 km east of Durham
and near G enelg Centre, and of Salina Formation along the
Sout h Saugeen River, near Calderwood and 2 km east of

Neust adt «



Bedrock Topography

The bedrock topography in the Durham map area (Sharpe
and Clue, 1978) can be divided into two basic areas that
reflect the underlying bedrock. In the east half there is a
relatively level surface underlain by medi um bedded to
massi ve dol ostone of the Guel ph Formati on. This surface is
somewhat disrupted in the northeast by the southerly
extension (buried) of the Beaver Vall ey. To the west is a
bedrock surface dissected by valleys and depressi ons. The
val |l eys were preferred sites of deposition yet the are
precursors of the present Saugeen River and its
tributaries. The di sorgani zed nature of this bedrock
surface is attributed to the underlying Salina Formation
whi ch consists of easily-eroded soft shales and evaporite
deposits which may have formed cavities and coll apsed at

dept h.

Separating these two distinct bedrock terrains is a
break in slope along the Guel ph-Salina contact dipping west
at approximately 50 feet per mle (9.5 mper km (Figure 4).
The face probably represents the regional dip of the Guel ph
Formation as the regional dip of the Paleozoic strata
averages 25 to 40 feet per mle (4.8 mto 7.6 mper km
(Liberty and Bolton 1971). This scarp however, coincides
approximtely with the Singhanmpton Moraine and may have been
an influence (aiding compressive flow) on the |ocation of

t he nor ai ne.
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QUATERNARY GEOLOGY

Quat ernary geol ogy involves the study of deposits and
earth-form ng processes of the great ice age and recent
times. The underlying bedrock together with the glacial and
glacially related processes have conbined to determ ne the
| andscape and soil strata of the Durham area. These soils
are mainly glacial deposits (late Quaternary age) as recent
or post-glacial processes have not altered the Durham
| andscape extensively.

The chapter begins with a general discussion of the
rel ati onship between bedrock geol ogy, glacial processes and
the resultant drift. A brief account of the gl acial
activity in the area provides a conceptual framework agai nst
whi ch the sequence or stratigraphy of the soil (strata) can

be rel ated.

Pattern of Drift Thickness

The general pattern of drift deposits reflects the
bedrock topography of the Durham area. Al t hough regul ar
thickness of drift covers the east part of the map area,
variable drift thicknesses (from 8.21 m (25-200 ft.) are
more characteristic of the western part of the map area
(Figure 4 and Map P. 1837). Drift is thinnest along the

courses of the Saugeen River and its main tributaries where



bedrock may be exposed. The thickest accunul ations of drift
follows a belt northeast from Mount Forest (Hi ghway 6 and
south edge of the map) to west of Flesherton: this belt

i ncl udes the Singhanpton Moraine and has drift up to 61 m
(200 ft.) thick. The position of this thicker drift
straddl es the face of the bedrock escarpment. Thus the
Guel ph Formation di p-slope face may have been partially
responsi ble for protracted deposition occurring in this
position as glacial ice was retarded (conpressive flow) by

the scarp as it quarried the Salina Formation to the west.

Summary of Gl acial Activity

The gl acial activity and past environmental conditions
in the Durham area are sunmmarized in Table 2. The ol dest
gl acial deposits recorded in the Durham area are about
24,000 years ol d. Ice advanced into the area to deposit
Catfish Creek Till during the main |ate W sconsi nan advance
(Ni ssouri Stadial). During this time Catfish Creek ice
nmoved strongly from the north and northeast (Western
Grenville provenance) through the Southern Ontario
peninsula, finally halting in Ohio. Coarse-grained till was
produced from this advance because good subgl acial drainage
was affored by bedrock and outwash substrates. As the
Catfish Creek ice mass nelted back, drainage was bl ocked and

a series of lakes formed in Southern Ontario, at |evels well
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Neust adt ?

El ma

Tavi st ock

TABLE

ACTI VI TY

Surge or

sedi ment flow

Advance
retreat

M nor
Mai nly

Moder at e
Advance plus
sedi ment flow
at ice margin

Catfish Maj or
Cr eek through-fl ow
NOTEt Listed in order of

2 GLACI AL ACTIVITY AND DRAI NAGE CONDI TI ONS

TEXTURE
OF TILL

Silty, clayey

SUBSTRATE

Lacustrine

Sandy Out wash;
Bedr ock

Cl ayey, silt Lacustrine

Coar se Out wash

Sandy Bedr ock

youngest to ol dest.

SOURCE AREA LOCAL

Saugeen Vall ey
East of Georgian Bay
(Reworked W CGrenville)

East of Georgi an Bay
(Reworked W Grenville)

East of Georgian Bay
(W Grenville)

DRAI NAGE

Bl ocked

I ce-covered

or Open

Bl ocked

Open



above the existing Great Lakes starting approximtely

305 ma.s.|. Consequently, Tavistock ice re-advanced from a
limted retreat position attained during the Erie
interstadial, and, passed over | acustrine substrates. These
| acustrine sediments were frozen onto the base of the ice
and then deposited as sedinment gravity flows and basal till
to produce the fine-grained Tavistock till. Al t hough, Elma
ice represented only a noderate advance to the southeast in
the Durham area, it seemed to remain active |long enough (and
due to conmpressive flow) to deposit an abundance of sandy
silt till under conditions of extended ice cover. The
source area for this sedinent is simlar to that deposited
by Catfish Creek ice. Neust adt diam cton (till?)
represented deposition froma small ice surge along the
vall ey of the Saugeen River, |lubricated by water and
fine-grained | ake sediments or deposition from ice-margina

sedi ment gravity flow.

Stratigraphy of Gl acial Deposits

The principal methods of assenbling the stratigraphy or
sequence of glacigenic deposits in southern Ontario is to
trace mappable till units fromsite to site. This involves
recogni zing the genesis and various physical characteristics
for each till. Table 3 summarizes the various field

properties used to map the tills in the Durham area and



vicinity. Table 4 summarizes the deposits thenselves as
well as their stratigraphic position.

Appendi x A summarizes sone of the important sections
and borehol es which were subdivided on the basis of the
above properties.

Laboratory anal yses are used to supplement the field
dat a. These data are summarized in Table 5 and Figure 6 and
listed in full in Appendix B. Textural classifications are
t hose established by Elson (1961).

Table 6 conmpares regional data for the Catfish Creek

Till.

Ol der Drift

The ol dest sediment in the area consists of 9 m of

| acustrine clay, silt and fine sand, underlying Catfish

Creek Till. The | owest four nmetres are rhythm cally banded
silt and clay with fine sand partings. These comprise 1 to
5 cmthick couplets or bands. This becomes a massive silt

to clay unit, rhythm cally banded near the base and massive
with the occasional sand |ayer near the top.

These sediments represent a local proglacial |ake
envi ronnent which was created by Catfish Creek ice as it
advanced into the area and bl ocked drai nage down the Saugeen
Ri ver. This relationship has only been observed in the

vicinity of the South Saugeen River west of Landerkin.



TABLE 3 SUWARY CF Fl ELD PROPERTI ES FCR DI FFERENTI ATI NG TI LLS I N THE DURHAM AREA.

STRATI GRAPHI C
TILL COLOUR STONI NESS TEXTURE | STRUCTURE | CONSI STENCY | CONTINU TY PCSI TI ON ORIG N
NEUSTADT dark yel |l owi sh 1% d ayey- bl ocky firm Saugeen overlies fine flow till
br own( 10YR5/ 4) silt Ri ver lacustrine or debris
Val | ey sedi ment s flow
ELNVA light yellowi sh very sandy fissile soft to patchy near | overlies nai nl'y
brown (10YR6/4 st oney, silt friable Mapl e Lane Tavi st ock | odgenent ,
10YR5/ 4) 25-50% Mor ai ne Till sene flow till
TAVI STOCK brown (dark st one- silt bl ocky stiff only found may overlie | odgenent
yel | owi sh brawn) poor sout heast of | fine sane flaw till
(10YR4/ 3) 2-5% Hol stei n lacustrine
(10YR4/ 4) sedi ment s
CATFI SH yel | owi sh very stoney, sandy nmassi ve extrenely may form occurs on | odgenent
CREEK br own up to 50% silt hard conti nuous bedrock or and basal
(10YR5/ 4) deposition coar se nmel t - out
with E ma stratified
Till sedi ment s

oxi di zed, dry col our determ ned from Minsell
greater than 4nm

Wi ght

per cent ,

col our chart.

NOTE: Detailed sections are listed in Appendix A




TABLE 4 SUMVARY OF LATE QUATERNARY DEPOSI TS AND EVENTS I N THE DURHAM AREA
TI ME ROCK
STRATI GRAPHI C STRATI GRAPHI C DEPOSI T MORPHOLOGI C
AGE UNI'T UNI'T OR EVENT MATERI AL EXPRESSI ON
moder n gravel, sand present day
al [ uvi um silt, clay fl oodpl ain
Recent
bog and peat, nuck cl osed depression
sand mar |
| acustrine fine sand smal |, level areas
deposits silt, clay
Late Port Bruce Neust adt Neust adt silt till thin ground noraine
W sconsi nan St adi al drift till
| acustrine silt, fine low |evel areas
deposits sand
out wash gravel, sand brai ded- channel
system kanme
terraces, valley
train, river
terraces;
ice- silt, sand kames, end noraines,
cont act gravel, sone kame deltas, eskers
stratified till
drift
El na Elma Till stoney, sandy drumins, fluted
Drift silt) silt ground noraine
till
Tavi stock Tavi stock clayey silt; ground noraine
Drift Till and silt till
debris flows
Erie lacustrine clay, silt buried
I nterstadi al deposits
Ni ssouri Catfish Creek Catfish stoney, sandy ground norai ne
St adi al Drift Creek Till silt till (mainly buried)
| acustrine massive to buried |ake plain
deposi t banded silt,

clay



Catfish Creek Till

Di stribution

The Catfish Creek Till (deVries and Drei manis, 1960) is
a very distinctive till which can be traced over |arge areas
of Sout hern Ontari o. It consists of a very hard, stoney,
sandy silt till with a massive structure and yell owi sh brown

oxi di zed col our (10YR 5/4).

This till can be traced (on the ground) from the type
area near Lake Erie (Dreimanis and deVries, 1960), to Guel ph
(Karrow 1968) and to Orangeville (Cowan, 1976). The
Tavistock Till overlies the Catfish Creek Till from the
Orangeville Moraine to the Durham area and this was an aid
in the accurate tracing and correlation of the Catfish Creek
Till.

Catfish Creek Till outcrops at the surface in the
extreme southeast corner of the map sheet, and is also
present along the banks of the South Saugeen River where it
underlies two younger till wunits. The till varies in
thickness fromat least 5 to 10 m although it could be
greater in the northwest. Thi cker exposures unequi vocally
proving the presence of Catfish Creek Till in the north and
nort hwest portion of the Durham area are m ssing. Catfish
Creek Till has been mapped however, to the northwest as far

as Sout hanpton (Sharpe, 1979) in the Chesley-Tiverton area



where it represents a continuous deposit; Catfish Creek Till
to Elma Till. Correlation further north to Thornbury, where
it overlies organic deposits dated at 31,500 £ 1,000 c**
years (BGS-182AS) and 36,000 c'* years (GSC-2053), has been
suggest ed by Burwasser (1974). Detail ed work by Pinch
(1979), confirms the correlation of Catfish Creek Till to

the Thornbury area.

The | ower contact of this till sheet is not wel
exposed but locally it shows a sharp change from | acustrine
sedi ments at the one site observed. The upper contact is
sharp in the southeast where |acustrine sediments again
overlie. In the northwest, the contact is gradational to
Elma Till as continuous ice presence and deposition appears

to have controlled the transition.

Li t hol ogy

Catfish Creek Till is coarse textured (up to 50% > 2

mm) and rich in dolostone: the pebble lithology has a

i mestone to dolostone ratio of 0.1 (Table 5). The til
matrix is a sandy silt (37% sand, 49% silt). The calcite to
dolomte ratio in the silt-clay fraction is 0.3. Thi s

lithologic character is due to a strong ice advance from the
north and northeast across Silurian dol ostone bedrock.
The heavy m nerals show a predom nance of red to purple

garnets supporting the concept of ice flow fromthe north.



Based on three heavy m neral analyses of fine sand (tota
garnet of 13% and a purple/red ratio of 0.7) a source area
from the western Grenville Province is also suggested (Gwyn,
1971). This result is simlar to that for other nearby
areas (Gwyn, 1976; Cowan, 1979; Gwyn and Drei manis, 1979).
The trace element values are simlar to those reported by
Warren and Del avault (1961) for dol ostone rocks above the

Ni agara escar pnment. The hi gher values for Cu and Zn (Cl oss

1979) suggest a possible influence from Georgi an Bay shal es.

Envi ronment of Deposition

The lithologic properties listed are very simlar to
those reported for Catfish Creek Till in adjacent areas
(Figure 5, 6). The textural uniformty of Catfish Creek
Till over such a large area (Figure 5) is striking and
implies very uniform load characteristics in the base of the
advanci ng gl aci er. The coarseness and uniformty of this
till suggests a strong ice novement through the |ake basins
under well drained conditions, (sonme |ocal ponding may
exist). This provided either an apron of coarse outwash
mat eri al (or bedrock) which was subsequently eroded and
i ncorporated by the advancing ice. The coarseness of the
till allowed subglacial drainage during subsequent
deposition, resulting in extrenely dense, overconsolidated
till. The characteristics and extent of this till have

i nportant resource and engineering inplications.



CATFISH CREEK TILL

Figure 5.
Ternary plot of textural analyses of 1. Durham (14)
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The very uniformtexture, density, coarseness and
strong parallel fabric of the Catfish Creek Till inplies
deposition at the base of a free-draining moving glacier by
a lodging process over upland and interflure settings.
Locally, in basins or valleys different nmodes of deposition

occur (Evenson et al 1977; G bbord 1980).

Tavi stock Till

In the Durham area the Tavistock Till is a brown
(10YR 4/3) gritty, silt to clay silt till with 2-5% clasts
(Table 3). The till is soft to conpact and weathers with a

bl ocky to colummar-jointed pattern.

Ext ent

Tavistock Till was formally naned in the Stratford area

(Karrow, 1974), although it has been correlated* with

various tills across southwestern Ontario (Figure 6, 8). I n
Durham Tavistock is a very thin till, typically a few
metres thick but only 1 mthick in places. It outcrops at

the surface in the southeast corner of the sheet and

Tavi stock Till had previously been called "northern till"
in the Guel ph area (Karrow, 1068) and till "C" in the
Stratford Conestoga area (Karrow, 1971). Cowan (1975)
correlated the Zorra till in the Wodstock area and the
gritty clayey silt till west of the Orangeville noraine
(Cowan 1976) as the Tavistock Till. To the east, in the
Dundal k area, Gwmyn (1976) nmapped Tavistock Till to the
Orangevill e Moraine; while to the west. Cowan (1974) had
observed it in the subsurface at W ngham Recently it has
been traced as far south as London in the Lucan area
(Sado, personal communi ati on Feb. 1979) and possibly as
far southwest as Sarnia (Fitzoerald 1979).



underlies Elma Till southeast of the Singhanpton Moraine.
Tavistock Till has not been found northwest of Holstein or

approximately the position of the Singhanpton Moraine.

Li t hol ogy
The lithol ogy of Tavistock Till strongly reflects the
underlying dol ostone bedrock (Table 5). The |imestone to

dol ostone ratio is 0.1 in the pebble grade and the calcite
to dolomte ratio is 0.5 in the silt and clay fractions.
The heavy minerals in the sand fraction, particularly the
garnet ratio of less than 1.0 and moderate percent garnet
(129% indicate a Western Grenville source area (east of

Georgi an Bay, Figure 6) Gwyn and Dreimanis (1979).

Tavi stock Till has higher vliaues of trace elements than the
other tills in the area. This reflects the affinity of
trace elements to fine-grained sedi ments. The fine texture

may al so be responsible for the reddi sh hue of Tavistock
Till, derived fromlocal red Salina shale or Queenston shale
from Georgi an Bay.

The conposition of the Tavistock Till is simlar to
that of Catfish Creek Till (Table 5 and Figure 7): the
pebbl e fractions are identical with regard to the |imestone:
dol ostone ratio at O0.1. Total carbonate contents (< 74 mm)
are lower in Tavistock Till (50% than Catfish Creek Till
(69% ; the difference is explained by the finer texture of

Tavistock Till (Figure 8) and the fact that older tills
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Figure 7 Ternary plot of textural analyses of the matrix of
tills in the Durham area.



cover the carbonate bedrock. The calcite to dolomte ratio
is marginally higher in Tavistock Till (0.5) conpared to
Catfish Creek Till (0.3); this is attributed to the effect
of large lacustrine areas which may introduce calcite from
t he sout hwest by way of dispersion in the proglacial |akes.
More simply, calcite may show an affinity for finer grain
Si zese

However, texturally there is a radical change between
Tavi stock and the older Catfish Creek Till which represents
a change in substrata (Figure 7 and Table 5) or position of
deposi tion. Tavistock Till incorporated fine |acustrine
sediments (31% clay) while Catfish Creek Till conprises

outwash and eroded bedrock material (only 12% cl ay).

Envi ronnment of Deposition

Tavistock Till is considered to represent the gl aci al
reworking (freezing-on) of ponded fine-grained |acustrine
sedi ments and in places (Photo 4) shows a transition
| am nated waterlain till from massive basal till. The
fine-grained lacustrine origin is regionally characteristics
of Tavistock Till although it tends to be sandier at its
margi n where it has overriden (or is interbedded with)
gl aci ofluvial or glaciolacustrine sands (e.g. Guel ph
Wbodst ock and south Lucan, Figure 8, 9). These
characteristics for Tavistock Till suggest that a large

| ake, or a series of |akes (Cowan, 1979) (deep enough in
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which to deposit fine-grained |lacustrine material) existed
in front of the advancing Port Bruce Stadial ice or the
retreating M ssouri Stadial ice. The position of the

Si nghanpton Moraine is the approximte northwest linmt of
Tavistock Till in the Durham area and this is the

approxi mate western shoreline of these | akes. Figure 9
shows the total distribution of Tavistock and the possible
limts of preceding |akes. A corollary of this
understanding is that the western margin also represents a
retreat position for the Erie Interstadial, a nore
restricted ice-distribution interpretation than previously

held (e.g. Dreimanis 1977).

Source Areas
The Western Grenville provenance present in Tavistock
drift also indicates that the Tavistock ice may have been
reworking the Catfish Creek drift as the Tavistock ice noved
fromthe northwest to the southeast (Figure 7).

Cowan (1979) has evidence (flutings and provenance

rel ationships) for the Tavistock Till being deposited by ice
nmoving from the northwest to the southeast i.e. from
Georgi an Bay. The dolomte content and distribution of
fine-grained till in the Durham area supports that direction
of ice movement. Tavistock Till is considered to be the

maj or deposition, as glacial ice nmoved from Georgi an Bay

during the Port Bruce Stadial (Terasmae et al 1972; Karrow
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1974) . In the Palnmerston area to the south. Cowan (1979;
Figue 7), has shown Tavistock Till to be the main nenmber of
a series of three tills of simlar conposition. However,

these fluctuations in the main Port Bruce are not present in
t he Durham ar ea. Tavi stock Till has been shown to be
approxi mately equivalent in age to the Port Stanley Till
(Figure 9) by Cowan (1976, 1979) and Karrow (1974).

A alternate explanation is that Tavistock till is
supergl acial facies equivalent of the Catfish Creek (i.e.
they have identical lithological properties except for
particle size)e The finer texture of the Tavistock may
sinmply be due to ice-marginal sedinmentation during the nelt

book of Catfish Creek ice.

Elma Till

Di stribution

Elma Till was first described as till "N' (Karrow,
1971) and then given its formal name from El ma Townshi p,
Perth County (Karrow, 1974). Fromthere it has been traced
to the north and west (Fig. 6). In the Durham area, Elnma
Till covers three different regions. The Teeswater drumin
field northwest of the Maple Lane Moraine forns a
di sconti nuous till plain. The Maple Lane Moraine itself
forms the nost definite outer margin of Elma Till where up

to 10 mof basal till may exist. Beyond this, the till is



very thin (1 to 2m and discontinuous to the southeast
corner of the area where, Elma Till forns the Dundalk til
pl ain. In this outer zone the till originated as flow or

melt-out units froma thin, nmelting ice sheet.

Li t hol ogy
Elma Till consists of |oose and fissile, I|ight
yell owi sh brown (10YR6/4), sandy silt till which is

moderately stoney (10 to 15% but may be up to 50%). Wher e
it is not weathered, the till is compact and grey brown
(10YR5/2). At depth, it is very dense and can only be

di stinguished from Catfish Creek Till where Tavistock Till
i ntervenes. Elma Till has a silty facies south of Ayton

where it incorporated ponded silts and shale from the Salina

Formati on.

The lithology of Elna reflects its origin. It mainly
consists of a fluted | odgement or basal till derived from
the base of the gl acier. Thus it has a high proportion of

locally eroded Silurian dolostone in both the coarse
(pebble) and fine (carbonate) fractions (Table 5). The
coarseness of the matrix and pebble fractions also indicates

erosion and incorporation of local Silurian dolostone

The m nor occurrence of erratics such as |inmonite,
j asper-pebble congl omerates (Lorraine Formation) and red
garnets indicates a source area north of Georgian Bay. Thi s

i ndi cates englacial or long-transport material.



I ce-directional |Indicators

Several features indicate that Elma ice generally noved
from northwest to sout heast. First, flutings oriented
nort hwest - sout heast commonly occur sout heast of the Maple
Lane Mor ai ne. Second, there are several features oriented
per pendi cul ar to ice movenment. The Maple Lane Moraine and
t he Singhanmpton Moraine both represent inmportant standstills
(advance and retreat positions respectively) aligned
nort heast - sout hwest . Bet ween these two maj or morai nes,

m nor moraine ridges conposed of till are also oriented
nort heast - sout heast.

The Elma Till is further marked by eskers, which
indicate ice flow to the southeast, and by sandy outwash
channel s, which formed parallel to the ice margin as they
drained to the sout hwest.

Drumins to the northwest of the Singhampton Moraine
(Teeswater drumin field) show a slightly divergent flow

pattern from west of north to northwest.

Gl acial Activity

The Teeswater drumins consist of up to 20 m of stoney

sandy till and sand, a thickness of Elma drift which inplies
a special style of glacial activity. For exampl e, Tavistock
Till does not occur in the thick till sequence northwest of

t he Singhampton nor ai ne. This may indicate sedinmentation or

conti nuous occupation of ice since the deposition of Catfish



36

12,500-1 )
Port Huron Stadial

13,000 733 WYOMING AND BANKS MORAINE
T
MACKINAW
INTERSTADIAL

13700-
DUNKELD TILL>> GIBRALTAR MORAINE
P NEUSTADT
T e TUL
14000- < : =1i SINGHAMPTON MORAINE
2 ] 1
e H
% Zi=
g PORT e é |
1450- © BRUCE O o
O STADIAL w
o ~x|S°  JMORNINGTON
15000 & :g e G PN T~ _ORANGEVILLE
< | R TAVISTOCK  TILLEA® "o "e
= | 3 :
B g & ¥ STIRTON TILL
m e
<l :
15,500- 3 o ERIE INTERSTADIAL
ANISSOURI i : o
24,0003 STADIAL ' CATFISH CREEK TILL
B

Fi gure 10 Ti me-di stance pl ot between Sout hampton (A) and
Orangeville (C). The portion B-C is the area of
concern for the Durham area, showing the relationship
bet ween the El ma-Catfish Creek continuum and their
separate deposits to the southeast. (Modified from
Cowan et al 1978). Tills marked by an asterisk (%)
are not present in the Durham map area.



Creek Till (through to the deposition of Elma Till). The
result is that the ice advance which deposited Elma Till and
associated drift may be strictly defined by the area

sout heast of the Singhampton Morai ne, whereas fromthere to
the northwest only the top surface of the coarse textured
till represents Elnma deposition. The resulting stratigraphy
is summarized in the tinme-distance diagram (Figure 10).

Here, Elma Till is defined where it overlies Tavistock Till
but it becomes a continuumwith Catfish Creek northwest of
the inner limt of Tavistock Till. A convenient way to
summari ze these relationships is to consider the

El ma- Tavi stock-Catfish Creek Till continuum the "Grey-Bruce"

formation in areas where these members cannot be separated.

The lithology of Elma Till is identical to that of
Catfish Creek Till (Table 5). The sole exception is that
total carbonate values are 10% lower in Elma Till. This
lithologic simlarity suggests two alternatives: 1) Elm

ice travelled over a simlar substrate as Catfish Creek ice;
or, 2) Elma ice and Catfish Creek ice are one and the sane
ice body so that the original drift in the ice sheet was
deposited by advancing, retreating and fluctuating ice
movenments. In general, this produced basal till neltout
tills and flow tills respectively.

The radical textural change from | acustrine-derived
Tavistock Till to coarse-grained EIm Till requires
el aboration. Three explanations are feasible yet only one

seens probable.



1. The ice front may have retreated far enough to the
west (well into the Lake Huron Basin) to allow genera
dr ai nage of ponded waters, prior to a re-advance over
coarser outwash sands and gravel.

2. The ice mass could have nelted back to such a
degree that massive fragmentation and disintegration took
pl ace, allowi ng coarse sediments to accunul ate, prior to
readvance.

3. The main load characteristic (coarse debris rather
than local fine-textured debris) of the main Lake
W sconsi nan ice mass was re-established or maintained,
resulting in the deposition of englacial and |ocal debris.

The first two arguments |ack stratigraphic evidence for
significant retreat prior to deposition of Elm Till
(Sharpe, 1977, 1978b). Tavistock Till has not been found

nort hwest of a l|line between Hol stein' and W ngham (40 km

sout hwest) . Beyond this line, Elma and the older Catfish
Creek Till are indistinguishable. Thus, an advance for El m
ice can only be recognized where Tavistock Till separates
the two coarse-textured tills. To the northwest of this
advance region, | suggest that continuous deposition or ice
occupation existed from Nissouri stadial time until |ate

Port Bruce time (Figure 10).
A conparison of stratigraphic evidence for the
surroundi ng area supports the interpretations from Durham

concerning Late W sconsinan ti me. To the east, in the



Dundal k area, Gwn (1976) has mapped Elma Till beyond
(south) of the Singhanpton Moraine. There it is mappable as
a unit separate from Catfish Creek Till based on surface
geonor phol ogy (drumin orientation) and physica

properties. Nort heast of the Singhanton Moraine the
correlative of the Elma Till, the Newmarket Till (Gwn 1972)
is considered by Gwyn (1976; Open File 5132 revised) to
represent continuous ice presence in the northwest portion
of the Dundal k area. In the Collingwood area (Burwasser
(1979) has mapped a coarse stoney sandy silt till

(Newmar ket) resting on bedrock. In this same area near
Thornbury, Pinch (1979) correlated a solitary thick sandy
silt till sequence (overlying an organic deposit of

M ddl e- W sconsi nan age) as the Newmarket Till. This al so

i nplies continuous ice-cover and deposition occurred from

Ni ssouri time on through to late-glacial tinme when the

glacier left the area.

Neust adt till
A thin, silt till covers a small area in the sout hwest
corner of the map area. This till is informally termed the
Neustadt till and was first observed by Cowan (1975). The
Neustadt till is a yellow-brown (10YR5/4) to brown, silt to
clayey silt till. It is blocky in structure and has a | ow
grit and pebble content. The till is reworked | acustrine

mat eri al deposited in an ice-damed | ake occupying the South



Saugeen River vall ey. Being of local origin, the lithol ogy
conmposition (e.g. carbonates) of this till is simlar to the
three older tills in the area (Table 5). Where it is

underlain by observed l|acustrine material it can be mapped
as a separate unit; otherwise, it can have a fine sandy silt
texture simlar to Elma Till. In other |ocations the unit

appears to be a lacustrine deposit because of its very high

silt content. The lack of stratification and the presence
of a preferred fabric suggest a till; however, this materi al
could have also originated as a flowtill or debris-flow

deposit in a pro-glacial Iake.

Sunmary

The picture that emerges of glacial activity during the
Port Bruce Stadial (about 15,000 - 13,500 years age) is one
of downwasting glacial ice, relatively thick in and adjacent
to the | ake basins and correspondingly thin and more active
further inland. The stable thick ice allowed a continuous
cover or continuous subglacial deposition (Elm-Catfish
Creek Till) near the |ake basins. Further inland towards
the centre of the southwestern Ontario peninsula ("Ontario
Island”") the ice was thin and the margin was nmore active
depositing a nmore conplex series of till units (Tavistock,

El ma, Neustadt).



G aci al Landforms

Ground Morai ne

Ground noraine consists of glacial drift (till and
stratified drift) deposited directly from gl acier ice over
the areal extent of glacial cover rather than at its margins
as discrete nmorainic hills or ridges. Most of the ground
morai ne in Durham consists of basal till deposited by an
active glacier. This ground noraine covers about 40% of the
map area and has two distinct patterns. Beyond the
Si nghanpt on Moraine there is a level to gently undul ating
fluted basal till surface with weak drumin forms. This
area fornms the western portion of the Dundalk till plain
(Chapnmea and Putnam 1966) and lies in contrast to the
ground morai ne northwest of the Singhampton Moraine, where a
rolling drunlinized terrain is heavily dissected by
mel t wat er channel s. This latter region fornms the eastern
portion of the Teeswater drumin field of Chapman and Putnam

(1966).

A series of lowtill ridges occurs parallel to the
Mapl e Lane Mor ai ne. These features, one kilonetre wide,
several kilonmetres long and up to 10 mthick are formed of
stiff, massive, basal Elm Till. They seem to represent
smal |l end morai nes which forms have been enhanced by

nmel t wat er channels draining either side of the ridges.



Stream i ned Fornms

Stream ined glacial forms indicate the orientation of
ice movement . The most common of these are glacial flutes
found southeast of the Maple Lane Moraine. These flutings
mar ks consi st of alnmost inperceptible hollows on the ground
(Prest, 1968), about 1 mdeep and tens of metres wi de. They
commonly have a thin veneer of silt and fine sand from
gl aci al mel twaters. These flutes fornmed during the advance
of Elma ice as it eroded the surface of both Elma and
Tavi stock Tills. The sout heast-northwest trend indicates
that Elma ice traversed this portion of the Tavistock Till
surface without depositing any drift.

Situated northwest of the Singhampton Moraine are
drumins formng the Teeswater drunlin field. They are wel l
formed drumins often up to 1.5 kmin length and 25 m in
hei ght . They are conposed of stoney sandy silt till which
may represent both Elma Till and Catfish Creek Till. The
material in the core of the drumin was thought to be

Catfish Creek Till but sand was found in a few exposures.

Their present orientation is just west of north to just east
of south Whereas drumins of Catfish Creek Till mapped by
Gwn (1976; OFR 5132) are oriented northeast-sout hwest. Two
possibilities arise here: either the Durham drum i ns
represent converging flow from Georgian Bay during
deposition of Catfish Creek Till or they are younger

drumins formed by the flow during the tinme of Elma ice.
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End Mor ai nes
The end noraines in the Durham area forned as

recessional moraines or ice-marginal features deposited at

the edge of a generally retreating ice front. The three
nor ai nes crossing the Durham area are illustrated in
Figure 11.

Mapl e Lane Morai ne

The ol dest noraine in the area runs west of Landerkin
comprising well-formed kame and kettle topography. Thi s
nmor ai ne continues from Maple Lane to the northeast only as
intermttent sandy knobs and was considered by Taylor (1910)
to be the extension of the MIlverton Moraine traced from 120
kmto the south-sout hwest. Tracing of the M Ilverton Moraine
fades out in the last 20 km or 80 km and thus the new nane
of Mapl e Lane seens practical for the Durham area. The
correlation offered by Taylor is however, confirmed because
the M| verton Moraine and the Maple Lane Moraine are both
close to the outer Iimt of Elma Till. Elma Till actually
extends for several kilometres east of the noraine where a
thin patchy loose till unit (flow till) recorded a zone of
thin ablating ice.

This nmoraine may represent a m nor fluctuation of
Tavi stock ice which capped some eskers in the Pal merston
area with Tavistock Till (Cowan, 1979). Mor e probabl e
t hough, is the above argument which relates the noraine to

deposition of Elma Till.



The morai ne consists of sand and gravel originally
deposited as outwash by a braided stream flowing to the
sout hwest . These predom nantly sandy sedi nents have been
faulted and disturbed near the frequent ice-block
depressions which characterise the noraine, southwest of
Mapl e Lane. Thin sandy Elma Till (flow till) caps the
nor ai ne occasi onally southwest of Maple Lane but from here
to the northeast, it forms a more conti nuous cover which

fragments the noraine.

Si nghanpt on Mor ai ne

Correl ation

The Singhanpton Moraine is the massive expanse of
kames, channels and terraces extending northeasterly across
the central Durham area. It was first named by Tayl or
(1913) as he correlated the Singhampton Moraine with the
Seaforth Moraine to the sout hwest. This correlation was
changed by Taylor (1939), Chapman and Putnam (1943, 1951,
1966 Figure l1la), yet recent work by Sharpe (1975, 1978) and
Feenstra (1975) confirms the original correlation (Figure
12). The orginal correlation is confirmed by:

1. distribution of major outwash channels in Durham and
Cal edon;

2. a revised correlation of the Port Huron Moraine

(Sharpe, 1978);
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3, a revised correlation of the Paris and Gait Morai nes
(Barnett, 1978, 1979).

The revisions are based on:

1. Maj or outwash channels fronting the Singhampton and
Gi | braltar Moraines (in Durham and Dundal k) are the same as
those fronting the Paris and Gait moraines (in Cal edon).

2. Younger moraines including the Port Huron Moraine
system fit the new position for the Singhanpton Moraine
i.e. Walkerton Moraine is older than the Port Huron (Cowan
et al 1978) and the Banks Moraine is equivalent to the
Wyom ng (Port Huron) Moraine.

3. Arevised correlation of the Paris and Gait noraines
provi des an independent- check from the Erie-Ontario basins

(Barnett, 1978, 1979).

Character and Genesis

Conti nued sedi ment accunul ation at the ice margin by
glacial meltwaters formed the Singhanpton Moraine. Early
nor ai nic material consisting of kames of |acustine fine sand
and silt were eroded by a major network of braided outwash
streams which fronted the main mass of the noraine. Thi s
kame material is found east of the outwash extending from
Priceville to Letterbreen. North of Thistle, the noraine
contains gravel and sand deposited as fluvial or fan
sedi ments; whereas south of Thistle including norainic drift

west of Highway 6, the noraine again contains a |lacustrine
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fine sand deposit. This lacustrine deposition took place
prior to the ice front withdrawing a sufficient distance to
al l ow maj or drai nage. These fine sedinments were then

di ssected by a large braided stream which carried meltwaters
and coarse sedinment away froma rapidly melting ice margin.

A series of well devel oped maj or ice-contact slopes
mark the position of the ice margins from which these
streams issued. Successive terraces formed (Figure 13) at
t hese positions when the ice supported these outwash systens
agai nst higher land to the east. Thi s devel opment is very
clearly preserved in the resultant l[andforms (i.e.
ice-contact terraces) such as those near Wl der Lake (Photo
1). As the ice retreated to the west, outwash deposition
took place in a nore chaotic environment (ice burial) so
that terrace forns were not preserved; nevertheless these
deposits are coarse gravelly sand.

The above processes have conbined to produce sone of
the most spectacul ar nmorainic topography in Southern Ontario
(Photo 5) which includes kames, kettles, ice block
depressions and blocks of stratified sediment isolated by

out wash channel s.

G bral tar Moraine
A small portion of the Gibraltar moraine is included in
the extreme northwest corner of the map area (Figure 11) and

consi sts of sandy bouldery drift in very hummocky terrain.



The main influence of this morained position on the area is
that a network of thick outwash gravel deposits front the
norai ne as valley train along the Saugeen River.

The relationship of outwash gravel to the G braltar
Moraine is also a key in tracing its extent. Tayl or (1913)
showed this moraine as a correlative of the Wom ng Moraine
and thus part of the Port Huron Moraine system Chapman and
Put nam (1943, 1951 1966) naned this nmoraine the Singhanpton
Morai ne (and a Port Huron equivalent; Figure 12a). However,
they did not realize that the valley train fronting the
Gi braltar Moraine from Markdale to Allen Park is clearly
younger than the outwash near Flesherton fronting the next
ol der morai ne (Singhanpton).

The difficulty which Chapman and Putnam (1966)
encountered in tracing this outwash is understandabl e as
great quantities of outwash are associated with both the
Si nghanpt on and Gi bral tar Morai nes. Hence, the depositional
regime of rapid ablation at the ice margin, was simlar
when both noraines were being formed. This realization
hel ped confirm the norainal correlations in the areas and
al so has inportant econom c inmplications concerning
aggregate resources.

The age of the Gi braltar Moraine is known quite well,
conpared to other moraines in the area. A basal bog date of
13,500 + 210 (GSC 1151) years B.P. was obtained from Louise

Lake, located imediately in front (south) of the G braltar
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Mor ai ne, 3 kilometres north of the Durham area. Karrow and
Anderson (1975) considered this date to be too old by 1500
years due to the effect of "old" carbonate. However, the
Banks Moraine is the next younger noraine and it is
considered to be approximately 13,000 years old (it is now
the Port Huron equival ent, (Sharpe, 1978). Since the bog
that was dated is beyond the Gi braltar Morai ne, an age of
13,500 years B.P. would be the youngest estinmate for the age
of the nmoraine. Thus, when the standard error of the date

is considered, the date appears to be a valid estimte.

Gl aci of l uvi al  Features

Out wash

The outwash deposits of the Durham area were first
documented by Logan (1863) as part of a |large belt of grave
(the Artenesia gravels) outlined in parts of 37 townships
(Figure 14). In Artenmesia Township, these gravels conprise
the Singhanpton and Gi braltar Moraines and their associated
outwash trains which Logan correlated to the south to the
Paris and Gait Morai nes. Logan's map al so includes two
ol der features not associated with the outwash; the
Orangeville and Waterl oo Morai nes. He refers to the
roundness, coarseness and quantity of these gravel:

properties of which will be exam ned here.
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Considering Logan's initial mapping and the inmportance
of the deposit, it is here proposed that the major outwash
system associated with the G braltar and Singhanmpton
mor ai nes be named the Artemesia Gravel. This Formation nane
woul d apply to all outwash sand and gravel deposited by
meltwaters running westward from Gi braltar and Singhanpton
while ice built these moraines. Its extension to meltwater
flowing south fromthe above |ocations as well as those
whi ch were deposited by neltwater of the Gait and Paris

Mor ai nes is suggested but not discussed here.

Artemesia Gravel

Two members of the Artenesia Gravel occur in the Durham
area (Figure 15). First, the outwash gravel associated with
t he Singhanpton Moraine mainly conprises plains, terraces
and kame terraces with some channel fill or valley train.
There is some tendency for these features to be a function
of downstream facies changes. Second, outwash in front of
the G braltar Moraine mainly forns terraces along the
Saugeen River. In addition, a good portion of the
Si nghanpt on Moraine itself (see Page 54) consists of outwash

sedi ment (see Photo 5).

Si nghanpt on Member
In the Durham area the Singhanmpton menber extends from

Priceville to Letterbreen. The outwash around Priceville



contains sheets of generally horizontally bedded cobbly
gravel and sand forming a pitted plain. From Thistle

sout hwest to Letterbreen a continuous outwash network occurs
in terraces and kanme terraces before passing downstream into
valley train material. The outwash plain around Priceville
and the upstream portion of Thistle-Letterbreen systens are
hori zontally bedded (Photo 7) showi ng an absence of foreset
beddi ng which is simlar to diffuse gravel sheets formed in
upstream reaches (Hein and Wal ker, 1977). Around Hol stein
the outwash system is braided and foreset bedding starts to
become noticeable although parallel stratification still

dom nates these cobbly gravelly sedi ments.

The above geol ogical setting seens simlar to the npdel
proposed by Hein and Wal ker (1977) in gravelly braided
streams: upstream areas show crude horizontal stratification
and inbrication due to high rates of discharge of coarse
gravel . Lower rates of discharge of finer gravel in
downstream reaches should lead to nore cross-stratification
as bed evol ution takes pl ace. Ct her nmodel s of braided
stream devel opment have been proposed for other locations in
this formation (Eynon and Wal ker, 1974; Fraser 1979).

The Artenesia Gravel fronting the Singhanpton Moraine
represents upstream proxi mal facies braided outwash with
some stream bar devel opnent downstream The inportance of
this type of precise environmental interpretation is that

predi cti ons about gravel distribution and quality can be



made nmore readily. For example, the outwash system between
Fl esherton and Letterbreen is not well exposed yet its
character seens to be quite conparable to the model of Hein
and Wal ker (1977).

The distribution of gravel can be assessed by other
means. The outwash plain around Priceville has a mnimm
thi ckness of five metres based on terrace-height estimates
al ong the Saugeen River. The valley train from Thistle to
Letterbreen is at least six metres thick and may be up to
fifteen metres thick in places. The ice-contact terraces
range fromten to fifteen metres in thickness and may be
much thicker according to some water well data.

Lithologically the Artemesia Gravels are hard rounded
cobbl es of dolostone (85% fromthe Amabel and Guel ph
For mati ons. Li mestone (1099 and Precanbrian (5% clasts are
present in these gravels in |ow amounts.

The stone content of these gravels is quite high as
they range from 30-70% greater than 2 nm In some of the
valley trains, where lag deposits nmay have accumnul at ed,
hol | ow-stem auger borings have been stopped by boul ders.
These coarse |lag deposits may prevent a better estimate of

gravel reserves being determined in some areas, w thout the

use of special equipment.



G braltar Member

The second menber of the Artenmesia Gravel Formation
represents outwash in front of the G braltar Moraine
extending fromnorth of Genelg Centre to west of Allen Park
Station, passing to the northwest of Durham A second
branch of this system joins the first fromdirectly north of
All en Park Station. This valley train system is defined by
a well developed terrace system along the Saugeen and the
Rocky Saugeen Rivers. (Photo 8)

This menber has thicknesses of gravel up to 20 min the
area west of Durham The best exposures of these gravels
occur at the Durham Stone and Paving Conmpany pit southeast
of Dur ham Here the outwash consists of crudely bedded and
weakly horizontally stratified pebbly to cobbly gravel.
These deposits were laid down as thin sheets of gravel on
very active, wide, stream beds typical of proxinml braided -
out wash systens. In places sandy, trough cross-beddi ng and
ri pple-drift cross-stratification are present in (Photo 9)
indicating bar formation in the M ddl e reaches of the
out wash system

The material downstream from the Lam ash-Mil ock region
beconmes quite sandy (only 10-15 gravel content) as opposed
to up to about 40 per cent upstream The 1lithol ogy of these
gravels is high dolostone (90% with a few per cent

| i nestone and Precanbri an.



Mel t wat er Channel s

The above discussion indicates that glacial ice
mel t wat er has had an obviously inportant influence on the
| andscape of the Durham area. Out wash deposits have been
cut into deeply, (Photo 9) adjacent to the modern streans
especially along the Saugeen River and its tributaries, the
Sout h Saugeen and the Beatty Saugeen Rivers. Mel t wat er al so
deposited terraces graded to a short-lived |ake that existed
around the Neustadt area at 328 m (1075 feet) elevation.

There is a network of meltwater channels floored with
out wash sand and organic material east and west of the Maple
Lane Mor ai ne. These channels are parallel to the end
nmor ai ne crests and probably represent tenporary ice-nmargina
posi tions where channel erosion took place.

Very active neltwater erosion occurred elsewhere in the
ar ea. Excellent fluvial terraces are present at Holstein

Bunessan, Edge Hill, and south of Mul ock

| ce-contact Stratified Drift

The stratified drift located in the end noraines of the
area mainly consists of glaciofluvial material derived from
progl aci al streans. There are many other areas mapped as
ice-contact stratified drift possessing characteristics

which allow one to identify a specific environnment.
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| ce-mar gi nal Deltas

There are at least five ice-marginal deltas present in
the map are (Figure 16). This style of ice-marginal
deposition is characteristic of terrain where a nmelting ice
front is "retreating"” down a regional slope and ponding
meltwater in front of it - a condition which prevails in the
area of the Saugeen River drai nage area.

The ice-marginal delta at Allen Park Station is

extremely well devel oped (Figure 17) so as to serve as a

model for identifying other deltas. These possible deltas
are transitional to moraine in their formation Powell (in
press) or they appear to be isolated kames. These features

are also present in the Chesley area (to the northwest) and
the Markdale area to the north.
The ice-marginal delta at Allen Park Station (Figure
17) is alnost 2 kmwide and 0.5 km long with a hei ght of
35 m Steep (up to 35°), north-facing, ice-contact slopes
formthe delta's northern edge whereas the toe slopes gently
(15°) south to the Saugeen River. One prom nent esker
(there are a few m nor ones) leads into the north end of the
delta and this can be traced for at least 5 km northwards.
The stratigraphy of this delta (Fig. 17) consists of
silts and clays overlain by cross-lam nated and pl ane-bedded
sands which in turn are overlain by pebbly sands. The

sequence represents a classic prograding delta system of



bottonset, foreset and topset beds (Jopling and Wal ker

1968) . Towards the ice-contact slope and close to the esker
source area, the lower facies consist of coarse steeply

di pping gravel beds. These rel ationships are wel

di splayed in Photos 11, 12 and in the thesis by Storrison
(1979).

The form of various other kame-like deposits in the
area (e.g. west of Calderwood; at Ayton; east of Neustadt;
north of Neustadt; and, west of Hampden, (Fig. 16) where an
esker leads in fromthe north, is simlar to the delta
nort hwest of Allen Park Station. Many of these features
are poorly exposed although available pit faces show foreset
units and topset bedding of deltaic or fan origin.

Therefore by conmbining the facies associations (Fig. 17) and
the kanme-1like landformat the end of an esker, it is
interpreted to be an ice-marginal delta, depositiona

envi ronment . Recognition of this type of depositional

is inportant economically as more accurate inventories of
aggregate resources can then be made. Site devel opnment and
equi pment needs (e.g. crusher) can be planned nore
efficiently as the sizing of the aggregate can be

antici pated by the delta model (see pg. and Fig. 18).



Eskers

Eskers occur commonly in the Durham area and the nost
prom nent are |ocated on the Dundalk till plain. These
eskers are oriented northwest-southeast or parallel to ice
movement .

The eskers in this area are the beaded eskers of
Banerj ee and McDonald (1975). This inmplies a degl aciation
envi ronment where the esker stream entered standing water at
the glacier term nus. These were short-lived ponds as there
is a lack of lacustrine sedinments other than the beads
themsel ves, that represent delta formation. The deltaic
beads contain mainly sand and pebbly sand whereas the esker
ri dges contain coarser sandy gravel. The Egerton esker,

passi ng east of Egerton (Chapman and Putnam 1951) has the

above characteristics for its full length northwest to the
area west of Boothville. Here it parallels a flat-topped
i ce-contact deposit containing mainly outwash gravel - this

i ndicates that the depositional environnent had changed to

one of river activity rather than |ake activity.

The | arger esker passing east of Hopeville is
continuous with the Bryce Hill Esker (Gwyn, 1976). It
continues for 42 km fromwhere it heads near Ceylon in the
Si nghampt on Mor ai ne sout heastward through the Dundal k area
to Camilla in the Orangeville map area. The lithologic data
on these eskers is included in the Econoni ¢ Geol ogy section

of this report.



Cowan (1979) reports that the eskers in the Pal merston
area south of the Durham area relate to two ages (or
epi sodes) of till deposition. The possibility exists that
the Egerton esker had its beginning during the retreat of
Tavi stock ice from the area. Wth Elma ice having covered
the whole area, it is feasible to think of the main esker
formation in the Durham area as occurring during the

recession of the Elma ice.

Crevasse Fillings

Crevasse fillings are short, linear ridges of sand,
gravel and till which reflect the filling of surface
fractures with washed sedinment fromthe ice sheet. They

forma subparallel systemof low (5 m ridges southeast of
Bunessan. They indicate wasting of the glacier in place,
and nore of these features probably exist in the area

because of the available ice-contact stratified drift.

G aci ol acustri ne Sedi ments

Al t hough gl aci of luvi al sediments dom nate the | andscape
of the Durham area, glaciolacustrine sediments are inportant
locally in some areas. The most prom nent is the area
around Neustadt which has a large area of clayey soil and

fine sand. Fi ne-grained lacustrine sediments (clayey silt)



occur up to 11 mthick, exposed in a river cut on the South
Saugeen River. The fine sand facies however, has only been
seen to be a few netres thick. These deposits originated as
out wash sediments that fed into a |ake that occupied a
surface below 1075 feet a.s.|. This | ake was held up by ice
which built an ice-marginal delta northwest of Allen Park

St ati on. Where outwash streanms entered this small | ake, (4
km west of Orchard; 6 km sout hwest of Durham small pebbly
sandy deltas have formed.

Ot her small areas of lacustrine material, mainly silts
are sparsely scattered on the Elma Till surface east of the
Si nghanpt on Mor ai ne. The | argest of these areas occurs 6 km
east of the Singhampton Moraine. . These small pondi ngs
formed as ice blocked drainage to the Saugeen River and to

the Beaver Vall ey.

Recent Sedi nents

Bog and Swamp Deposits
There are few bog deposits in the Durham area due to
the porous nature of the surficial cover. Nevert hel ess,
bogs do occur in three main areas: on the |evel surface of
the Elma Till, in small kettle-holes within the Singhanmpton
and ot her moraines; and along wi de, flat portions of former
out wash channel s. The bogs on the Elma Till surface tend to

be broad features several netres thick and may have



| acustrine silt or fine sand on the bottom The bogs in
kettle holes are small but quite deep, possibly 5 mor
mor e. Organic sediment in former outwash channels are
generally thin and they rest on outwash gravels. The
shal | owness of bogs in the Durham area leave little

potential for their econom c devel opnment.

Al l uvi um
Much of the alluvium in the Durham area is coarse,

gravelly material as the present day streams are found on

the floor of former wi de outwash river systens. Terraces of
this recent gravelly alluvium are well displayed along the
Saugeen River, particularly the South branch. These

deposits can be interbedded with wood debris (Photo 14) and
at these sites, they preserve a history of flooding and

base-1 evel changes (lake levels) that need to be studied in
detail . Karrow (1978) discusses the nature and occurrence

of these terraces for the area bordering Lake Huron.



GEOLOGI CAL HI STORY

This section on geol ogical history focuses attention on
the glacial activity which was responsible for the various
soils deposited in the Durham area. Deposits mapped in the
Durham area are all Late W sconsinan in age. Figure 9

illustrates the history of Late W sconsinan ice nmovement in

t he Durham area. Stratified drift (varied silt and cl ay)
occurs beneath Catfish Creek Till just south of the area in
the Pal merston area (Cowan 1979). These sedi nents are nost

likely related to |ocal proglacial pond sedi nmentation prior
to Catfish Creek ice advancing through the area.

Catfish Creek Till was deposited in Durham by Late
W sconsi nan ice which moved across the area as a major
advance from the northeast and continued through the
sout hwestern Ontario peninsula to the sout hwest. This till
is a very coarse-textured unit and this inplies that Catfish
Creek ice advanced through the area under conditions of free
drai nage with deposition of coarse outwash materi al. Thi s
deposition took place during the Nissouri Stadial
approxi mtely between 24,000 and 16,000 years ago when ice
moved as far south as southern Ohio and Indiana (Dreinmanis
and Gol dthwait, 1973).

The Erie Interstadial (16,000 to 15,000 years ago)
mar ked an ice-free period in the southeast corner of the map

i ncluding the Hol stein area. The rest of the area was ice



covered. The presence of this ice blocked normal drainage
down the Saugeen River system and resulted in the deposition
of varved clay and silt deposits in the southeast portion of
the Dur ham area. A series of |akes existed during this
interval (in front of this ice-retreat position) extending
from Dundal k to London and perhaps further to the southwest
(Fitzgerald, 1979). The evidence near Hol stein provides the
most precise northerly ice position during the Erie
Interstadial and differs markedly from previous
interpretations (Drei mnis and Gol dt hwait, 1973; Drei manis,
1977).

Ice advancing from this retreat position reworked
| acustrine sedinents while it deposited the Tavistock Till,
the first and nmost extensive of several simlar tills
deposited during the Port Bruce stadial (Cowan, 1979). Thi s
advance deposited Tavistock Till between Holstein and
Orangeville where it built the Orangeville Moraine (Cowan,
1976) . Ice melted back fromhere to the central portion of
the Durham area prior to readvancing to slightly beyond the
Mapl e Lane Moraine while laying down the Elma Till sheet.
The simlarity of this till to Catfish Creek and the limted
time available during the Port Bruce Stadial (15,000 to
13,500 BP) suggests that a major reorientation of the ice
did not take place at this time, but, that a relatively

m nor readvance of. the ice occurred.



Anot her very mnor advance is represented in the valley
of the Saugeen River by the Neustadt till. G acial ice
moved qui ckly or surged along the valley reworking
| acustrine clays and silts. Al ternately ice-marginal
(debris flow) sedinmentation was active.

The glacial activity in the Durham area was one of
continued presence of glacial ice from about 23,000 years
B.P. (Nissouri stadial) through to the 13,500 years ago
(Port Huron time). The chronology is simlar to that
proposed for the Beaver Valley region, near Heathcote
nort heast of Durham (Pinch, 1979).

Before the glacier left the area a series of
i ce-marginal deltas were deposited between Neustadt and
Allan Park Station. The best developed delta is at Allan

Park Station where the ice straddled and blocked the Saugeen

Ri ver. The small |ake created has varved clays indicating a
duration of less than fifty years. Several small deltas
wer e deposited by outwash streanms entering this |ake. The

| ake drained when ice left the area around 13,500 year ago.

From the time of formation of the Singhanpton Moraine
through to the formation of the Gibraltar Moraine in the
extreme northeast corner of the map extensive deposits of
sand and gravel were laid down especially as outwash stream
deposits. A series of the terraces devel oped along the

Saugeen River as a result of these outwash systenms and as a



result of base |evel changes at Lake Huron associated with

post-glacial |ake |evels.
Recent events in the area involved reworking of gravel
as coarse alluvium along the modern streans and sl ow organic

deposition along the abundant channel courses and in

i ce-stagnation depressions.



ECONOM C GEOLOGY

Sand and Gravel Resources

Sone of the largest gravel resources in Ontario lie in
and adjacent to the Durham area. Logan in his 1863 report
on the Geol ogy of Canada mapped out the Artemesia Grave
(Fig. 14) - a vast sand and gravel formation deposited as
gl aci al outwash systenms in front of the Singhanpton-

G braltar and Paris-Gait noraines (Fig. 14). The
significance of this relationship was al so recogni zed by
Tayl or (1913) but was not generally followed up by other
wor kers.

The southern extension of the formation fornms the
massi ve resources in the Durham area. These resources are
conservatively estimted at several billion tonnes for the
Dur ham area al one. The abundance of these aggregate
resources should provide the local nmunicipalities with
sufficient planning opportunities to ensure the utilization
of enough of this material to meet future future aggregate
demands-e

Aggregate extraction in the Durham area is controlled
under the Pits and Quarries Control Act. Presently, twenty-
five properties have been licenced for extraction. Duri ng
field investigation, permanent processing operations existed
on two of these properties and over 140 pits were

identified. These two commercial operations are described



bel ow whereas the other main pits of the area are listed in
Appendi x B. Map P. 1835 (back pocket) shows the distribution
of sand and gravel and ranks the deposits as to their
commerci al potential.

The results of this survey plus some additional field
work by E.V. Sado were conbined to produced gener al
estimtes of the gravel resources of Artenesia (Sado,
1976a), Bentinck (Sado, 1976c), G enelg (Sado, 1976b),
Egrenmont (Sado, 1976e), Normanby (Sado 1976d) and Proton
Townshi ps. Subsequently, and following the collection and
processing of additional data. Aggregate Resources Inventory

Papers (ARIP) were published for these sanme townships”.

Dur ham Stone and Paving (80)~*
This operation, located on lots 60, 61 and 62,
concession 2, EGR, G enelg Township, Grey County, has 182
acres of reserves remaining of 300 acres |icensed under the

Pits and Quarries Control Act*»

AARI P No. 73, Artenesia Township
ARI P No. 82, Bentinck Township
ARI P No. 83, G enelg Township
ARI P No. 85, Egrenmont Township
ARI P No. 84, Normanby Township
ARI P No. 51, Proton Townshi p.

ANummber refers to |ocation on map (back pocket).

*Data supplied by Owen Sound District Office of the Mnistry
of Natural Resources.



The pit occurs in an outwash stream deposit laid down
by an earlier and |arger Saugeen River flowing to the south
and sout hwest. Meltwaters from the receding ice front
fornmed a series of terrace levels along the present branches
of the Saugeen River. The deposit is generally 5 m thick
and probably rests on bedrock in the northeast portion of
the property. It has 0.5 mof topsoil and overburden. Thi s
pit has been in operation for several years and was
previously described by Hewitt and Karrow (1963).

The deposit consists of massive to weakly stratified
gravel (60-70% gravel) beds consisting of rounded to
sub-ropunded dol omte. In places the deposit may consi st
predom nantly of fine aggregate which occurs as troughs of
cross-stratified sands interbedded with pebbly gravel.

These sandy |lenses are nore prominent in the marginal areas
away from the coarse deposits of main-channel flow but they
affect less than 25% of the whol e deposit.

Less than 5 percent of the gravel exceeds 10 cm while
up to 60% is greater than 2.5 cm Only a small percentage
of fines (less than No. 200 mesh) and oversize materi al
(greater than 10 cm affect this deposit due to the good
overall size sorting by high velocity streans.

The operation conprises crushing, screening and washing
activities for a permanent hot-m x plant. A full conplenment
of crushed, fine and coarse aggregate products are al so

available up to 19 nmm (3/4 inch) stone.



This operation is typical of the potential for
commercial operations that are possible from simlar outwash

deposits flanking the Saugeen River and its tributaries.

Saugeen Spraying Conpany (6)

The pit, owned by Victor Arnett, is located in lots 9
and 10, concession |, NDR, Bentinck Township. This
operation occurs on the west flank of a large ice-margina
delta that was build into a glacial |ake that stood at 328 m
a.s. . The distribution of fine and coarse aggregate in
this deltaic formis influenced by the depositional
environment in which the sediments were deposited. Sandy
deposits up to 10 m thick generally occur around the
| akeward perimeter (see Fig. 17, Page 67) of the feature on
the south and west sides. Coarse cobbly gravel
(approximately 2 min thickness) underlies these sands
especially towards the ice-contact slope or the north side
of the feature. Towards the eastern edge of the property
the material consists of steeply dipping beds of coarse
cobbly gravel and sand (up to 12 m thick) deposited by a
hi gh energy stream (stream from an esker tunnel) entering
the | ake. As the lake level fell upon glacial retreat ai m
cap of pebbly gravel and sand was forned atop the feature.
Figure 17 and page 67 can be consulted for nore details

concerning the formation of this unique feature. This delta



is unique in that it has a very well preserved form The
recognition of this formis important in locating simlar
deposits in the area.

The types of products produced fromthe pit are closely
associated with the geological origin of the site. Fi ne
aggregates, such as brick sand, are obtained from the
peri meter of the delta whereas the coarse aggregates
particularly road gravel are extracted from the centra
portions of the delta. In general, the supply of each of
t hese aggregate materials is very predictable in this type
of deposit (Fig. 18).

The aggregate extracted fromthis pit is processed
t hrough a portable crusher, and a pernmanent screening and

washi ng plant which is located at the south end of the

property.
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Delta Environnment Li t hol ogy

1) Gravelly foreset beds cobbly gravel

2) Gravelly sand foreset beds gravelly sand

3) Sandy foreset beds sand

4) Bottonset beds sand, silt, clay
5) Topset beds pebbly sand

aggregate and percentage of crushable materi al

Quality of

| obe for

aggregate potential.

Aggregate Use

granul ar base, sub-base

cl ear and coarse
granul ar base and sub-base
fine aggregates

(common fines)

granul ar sub-base

decreases as one goes fromA to C



Engi neeri ng Geol ogy

The engi neering potential of the soil materials of the

Dur ham area are summarized in Table The nmost
significant engineering aspects of the soils in the Durham
area relate to their resource potential. Suppl i es of
construction materials for road construction and

mai nt enance, bed material for drains and other building

pur poses are available in lareg quantities in all areas
except Proton township.

The porous nature of mobst of the soils in the Durham
area nmeans that the area is a |arge groundwater recharge
ar ea. The area is also good for groundwater supply as
i ndicated by the local streans which run high all sumrer
| ong. The Guel ph Formation is even nore inportant for a
| arger and nmore stable water supply and most farmwells in

the area established in this stratum

The reader is cautioned that the comments provided related
only in a very general way to the geological unit in
guesti on. Geol ogical units can vary significantly over
short distances.

The engineering use to which a particular sit is put,
should only be determ ned after a site specific
i nvestigati on.



| ABLE6 ENGNEERNGS GNFCANE 0 GEFQGACWN IS

BEDROK TILL 1CE
GEA.03 CAL UNLY/ CATFI SH AQAd O AAd O QONTACT CRGAN C
ENG NEER NG USE QUELPH SALI NA ELMA' 1AV STOK CREEK fLWM AL LAQUSTR NE DR FT ALWMW MTER AL
Resour ce Potenti al
Sand and G avel Poor Poor far Poor fair Excel | ent Poor Excel |ent Good-fair Poor
QG ushed stone fair Poor (fill (fill)
Goundwat er Good Poor fair Poor fair Good-fair Poor Good God-f air Poor
Li ght Gonstruction
Gondi ti ons
Excavat i on Bl asting Shovel Good fair Local Good fair Good fair Poor
(Water) Bl asting
f oundat ion Excel | ent fair Good Good Good Good Good Poor Poor
G adi ng Dfficult Dfficult Good fsir Good Good fair(wet) fair(steep) Poor Poor
Material Re-uae Rockfill Salt, Good fair Good Good fair Good Aggregat e Peat
gypsum (Base- (CLay-
cour se) li ni ng)
Wast e D sposal
Suitability
Septic Systens Very Poor fair-Poor God Good Poor Poor Good Poor Poor Poor
(karstic)
Landfill \Very Poor Poor fsir Good fair far Good far Poor Poor
Lagoona Poor Tair Good Good fair Poor Good Poor Poor Poor
Vst e D sposal ®od ®od fair-Good Poor Poor
(Salina)
' lest data for Hna lill N=50; W- 10
* lest data for Tavistock Till N=25 W=15; W =15 W = 25.
"* lest data for Catfish Qreek Ilill N = 100; W =10

Wiere Nis the penetration resistance value; Wis the natural Muter content; W is the plastic linit and W is the liquid linmt.
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1. Measurement in metres from the surface down with
approxi mate accuracy of .1 mdue to variations in
t hi cknesse

2. El evations in feet (metres) at top of section.

3. Sections and boreholes are shown on Figure 19and the
NTS grid references refer to Durham map sheet 41A/2
which is contour in feet. see Map 1, back pocket.

Section 1016 G R 288728 El evation 1500 ft (457 m

A: 0-2 m Elma Till: |oose, fissile sandy silt, sand

| enses.
2-6 m Iaristock Till: blocky, brown, clayey silt
il

Section 1384 G R 128713 El evation 1175 ft (358 m

A: 0-1.5 m Elma Till: 1oose, stratified, yellow sh brown

sandy silt.

B: 1.5-3.5m Stratified fine sand with silt and silt clay,

wet .

C 3.5-6.0m Elma Till: 1|oose, yellowi sh sandy silt;

reddi sh clay-silt block, slunped.

D: 6.0-7.0m Tavi stock Till: stoney, clay silt, reddish

APPENDI X A

Measured Quaternary Sections and Borehole Logs

br owne



Fi gure 19

DURHAM
ONTARME

A bty

Location of Measured Sections (e

and Borehol es (X



Section 1722 G R 383751 El evation 1500 ft (472 m

A 0-1 m Elma Till: | oose, yellow sh brown, sandy silt
till (Sanple 1722N).

B: 1-3 m Tavistock Till: |am nated, water laid reddish
brown clayey silt till, to massive, basal
till (Sanple 1722T).

C 3-5m Catfish Creek Till: very stiff, yellow brown

stoney sandy silt (Sanple 1722CC-2).

Section 75-8 G R 062988 El evation 1150 ft (351 m

A: 8m El m-Catfish Creek Till: massive, stoney
silty sand, fissile at surface, block stiff
at base.

Section 75-45 G R 013860 El evation 975 ft (297 m

A: 0-3-5 m Medi um white-grey sand with some stone.

B: 3.5-9.5m Elma Till: yellowi sh brown sandy silt, very
stiff blocky (Sanples 75-45-A, B).

C 9.5-11.0m Faintly stratified to massive clayey silt and
the fine infrequent stone; gradational into
above till.

Section 75-47 G R 002843 El evation 890 ft (271 m

A: 0-.3 m Silty fine sand, organic-rich at top.

B: .3-1 m Pebbly sand with common shells (npdern

ostracods).

C: 1-1.5 m Organic material, |ogs, branches.

D: 1.5-1.6m Pebbly, cobbley gravel.

E: 1.6-2.6m Grey, stoney sandy silt til, common Salina
For mati on.



Section 75-52
A:
B:

C:

Section 76-22

A:

Bor ehol e 23

(Hol st ein)
A 0-8 m
B: 8-10 m
C. 10-13 m

Borehol e 16

(Lam ash)
A 0-5 m
B: 5-12 m
C. 12-22 m

Bor ehol e 25
(Saugeen River)

A:

0-3

0-5

5-15 m

0-2

0-15 m

15

m

m

m

G R 006808 El evation 950 ft (290 m
Massi ve, yellowi sh brown, fine sand

Lam nated, grey fine sand with silt.

Massive, light brownish grey, clayey silt
till, stone-poor; Neustadt till?

G R 004784 El evation 1090 ft (332 m
Neustadt till: yellowi sh brown, blocky, silt

clayey silt.

G R 51898798 El evation 1350 ft (411 m

Qut wash gravel: pebbly to cobbly, rounded

with good sand | enses.

Tavistock Till: brown, clayey silt till.
Catfish Creek Till: very dense, stoney, sandy
silt till.

hole term nated, too dense to procede.

G R 50428958 El evation 975 ft (279 m

Out wash: cobbly to pebbly gravel.

Medi um sand, m nor gravel, water table at
10 m mar k.

Lam nated silt and clay to mainly massive
silt and cl ay.

term nated as gravel zone had been passed.

m

G R 50438953 El evation 960 ft (293 m

Interstratified medium sand and poorly sorted
gravel .

Guel ph Formation dol ostone.



APPENDI X B
Till analyses (sanmple |ocations are plotted on Map back
pocket) e
1. Except for pebble lithologies, all |aboratory anal yses

were carried out by the Geoscience Laboratories of the
Ontario Geol ogical Survey.

2. Sand-silt boundary is 62.5/* ; silt-clay boundary
di ameter is 2"\,

3. Pebble counts were done on 1 - 4 cm fraction

4. Carbonate analysis were done on -200 nesh (74/4)
fraction using Chittick Apparatus.

5. Heavy m neral separations were done on the -60 to +120
mesh (250 to 125 fraction using tetrabronmoethome
(S.G. = 2.96).

6. Till identification: CC - Catfish Creek Till; D -
Neustadt Till; E - Elma Till; T - Tavistock Till.

7. Sanmpl es located outside the area are indicated by
| etters opposite sanple numbers: P - Palnerston, W-

Wal kerton, O - Orangeville.



ocet ion UU

14(0)
15(0)
16(0)
17
18
19
20
21
22
23
24
25
26
27
2a
29
30
31
32

34
35
36
37
38

_—l—»—\—b—‘»—\—|———2882»—\ZZZ»—\—

Z2Z2Z2Z2Z2Z2Z2Z2Z2Z2Z2ZZ 28R

Gid
Ref er ence

5328/ 8565
5328/ B565
5032/ 8892
5032/ 8892
5103/ 8991
5013/ 8825
5129/ 8973
5189/ 8798
5189/ 8798
5051/ 8776
5240/ 8720
5344/ 8737
5264/ 8719
Qangeville
Qangeytile
Qangeville
5257/ 8755
5284/ 8587
5335/ 8758
5212/ 8763
5384/ 8751
5384/ 8751
5384/ 8751
5237/ 8747
5337/ 8751
5286/ 8727
5274/ 8769
5330/ 8790
5364/ 8848
5399/ 8816
5381/ 8851
5291/ 8830
5282/ 8719
5209/ 8912
5257/ 8755
5257/ 8755
5257/ 8755
5384/ 8751

Sand
K

38.0
31.0
13.0
10.5
11.0
16.5
13.8

IN
Ny 93558 FREG! LRF
ONNOARMOMU POOUOO OO0OO NUTO LIUTO © O O O

=
=}

10.
15.
24.
24.2
16.0

| EXLURL
(Matrix)

St
\

46.8
52.B
47.4
50.5
39.4
76.9
43.8

43.0
49.2
54.2
48.4
61.4
54.5
60. 3
50. 4
5B 1
49.1
41.0
49.2
44.0
43.0
50.8
4B.5
43.2
57.8
52.8
51.1
44.8
50. 6
49.2
45.6
38.4
45.0
56. 2
54.8
52.2

aay
S

15.2
16.2
39.6
39.0
49.6

6.6
42.4

35.0
28.8
11.8
22.6
14.6
18.0
24.2

8.6
20.4

23.0
31.8
10.0
10.0
12.2
32.0
42.8
23.2
30.2
34.4
43.4
35.0
40.4
37.4
51.4
39.8
19.8
21.0
31.8

H

35
43

63
n
48

Li me-
st one

Dol o-
Btone

PEBBLE LI 1HOLOG/

Chert

Qastic Precam

N R R PR

APPEND X B

brian

Li mest one
Dol ost one

0.1
0.6
0.3
0.3
0.1
0.6
0.3

0.2
0.4
0.7
0.6
0.07
0.6
0.3
0.6
0.4
0.8

0.5

0.5
0.6

0.5
0.2
0.4
0.4
0.09
0.07
0.2
0.2
0.3
0.3
0.4
0.4
0.5
0.4

CARBONATES
3.6 30.0
20.7 33.9
13.3 42.3
14.7 42.1
7.3 55.3
18.1 34.1
16.2 56. 1
10.1 51.1
13.6 35.0
19.5 29.5
18.0 30.4
2.4 33.9
19.7 33.1
16.6 51.7
19.6 32.3
16.3 36.5
20.4 24.7
13.6 27.9
17.0 43.2
14.5 28.3
20.4 36.5
16.5 26.0
19.8 38.8
9.5 48.6
14.0 39.0
14.7 42.5
4.6 48.8
3.7 57.8
12.1 48.8
7.9 48.8
16.1 46.3
15.2 56. 1
18.4 41.5
14.7 40.0
16.4 36.7
14.4 34.8

33.
54.
55.
56.
62.
52.
72.

61.
48.
49.
48.
36.
52.
68.
51.
52.

45,

41.

60.
42.

56.
42.
58.
58.
53.
57.
53.
61.
60.
56.
62.
71.
59.
54.
53.
49.

W oo wo o o

NP NOWRNNOUOMANORPR ODUIO ONU PO WO whooNN

HEAVY
M NERALS
Heavi es Magnetics

2.6 9.6
2.0 11.3
2.3 14.5
2.3 18.1
18 12.1
2.5 1.1
15 18.2
2.3 13.5
2.4 22.2
18 11.8
2.6 8.4
2.4 9.6
16 10.3
13 12.8
19 14.3
2.1 9.7

o 11.0
2.2 13.0
16 17.0
18 13.6
2.2 10.3
18 9.7
1.8 12.2
15 10.9
18 13.2
16 12.0
2.0 15.0
18 17.4
18 13.9
2.0 16.5
2.0 15.2
2.0 19.6
2.0 16.4
2.2 21.9
2.4 17.3
19 20.5

1IRACE
ELEMENTS

A | ERBURG
LIMIS

Liquid Pastic Index of

Limt Limt
31 18
20 13
14 14

too sandy

too sandy
19 15
13 13
14 12
18 14
24 15
23 13
30 17
29 18
24 15
32 19
- too sandy
13 12

Pasticity

13

o AN

10

13

11

13

0



Locat i on

39
40
41
42
43
44
45
46
47
4B
49

51

52
53

55

57

59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76

till

8U—ZZZZZZZZZZZZZZZZ

o
o

-=-88%=9=888888878

Qid
Ref er ence

5188/ 8814
5295/ 8943
5295/ 8943
5234/ B995
5295/ 8939
5347/ 8990
5305/ 8967
5008/ 8712
5024/ 8803
5025/ 8805
5067/ 8988
5175/ 8943
5086/ 8952
5086/ 8952
5012/ 8860
5012/ 8860
5332/ 8902
5008/ 8811
5264/ 8719
5400/ 8712
5118/ 8718
5243/ 8706
5243/ 8706
5234/ 8699
5255/ 8717
5384/ 8751
5384/ 8751
5290/ 8729
Qangeville
5049/ 8985
Hal kert on
5307/ 8828
5257/ 8755
5400/ 8712
5400/ 8712
5243/ B706
5046/ 8B40
5243/ 8306

Sand

8.5
15.1
45.0
12.5
14.5
12.0
17.5

9.1
19.9

9.0
15.4

14.0
13.0
15.0
11.0
29.5
17.0
11.0
13.5

5.0

14.0
15.0
11.5
11. 4
12.0
10.0
12.0
12.0
21.0

9.0
6.0
9.0
12.8
37.5

8.4
20.0

St
%

36.
48.
50.
48.
47.
56.
60.
48.
45.
58.
46.
40.
41.
44,
53.
57.
66.
76.
43.
47.

49.

© O OWwWoOONRFOMRP, WRF OWWONWOO

JRREEGL,

©UONNORMONWNOOA

45.
44,
62.
62.
43.
42.
46.

61.2
54.5

APPEND X B

1EXILRE PEBBLE L1I HOLOGY
( Hat nx)

Qay M Line- Dolo- Chert Qdastic Precam Linestone
S stone StoiH brian Dol ostone

55.5 80 5 88 1 6 .1
36.0 35 - - - - -
4.8 5 - - - - -
38.6 42 9 88 - 3 .1
38.2 40 8 88 1 3 .1
31.4 30 - - - - -
22.4 17 - -
42.6 45 - - - - -
35.0 19 _ - - - -
32.6 29 - - - - -
38.6 40 9 85 - 2 .1
50.9 66 10 84 2 4 .1
44.8 51 10 7 6 7 .1
43.0 47 12 81 3 4 .1
3.6 22 - - - - -
3.2 33 9 79 - 12 .1
4.2 6 - - - - -
7.0 a - - - - -
45.4 52 16 71 - 13 .2
39.0 40 12 84 1 3 .1
45.1 53 - - - - -
3.6 32 . - - - - -
39.4 40 15 7 - - 8 .2
36.8 42 12 80 1 -1 6 .2
44.3 50 1 - - - - -
47.8 52 _ - - - - -
42.2 48 _ - - - - -
42.6 47 _ _ - - - -
4.0 49 13 78 - 9 .2
16.8 9 _ - - - - -
28.8 35 _ - - - - -
50.2 63 4 91 - - 5 .04
48.5 56 _ - - - - -
39.3 42 _ - - - - -
7.8 4 7 Bl - - 12 .1
30.4 26 _ - - - - -
25.5 17 _ - - - - -

0.2
0.3
0.6
0.3
0.2

0.2
0.05
0.1
0.1
0.4
0.1
0.3
0.3
0.4
0.2

0.6
0.3
0.3
0.1

0.3
0.3
0.2
0.2
0.2
0.2

0.3
0.6
0.3
0.2
0.3
0.3
0.3
0.3
0.6

CARBONATES
9.5 50.9
11.6 45.9
19.7 31.0
15.2 58.5
10.1 56.1
15.2 32.3
12.7 52.2
3.0 56. 4
6.3 46.1
6.1 44. 6
17.3 46. 3
57 56.1
15.9 50.9
17.0 45.9
15.3 35.8
7.8 40. 2
4.32 325
20.3 31.4
14.5 49.7
15.7 50.1
6.1 53.4
13.2 43.2
14.2 45.7
1.1 50.7
13.2 57.6
13.4 57.4
8.8 52.0
14.8 57.4
14.6 47.B
18.4 29.3
13.1 37.5
10.4 49. 4
13.7 49.0
13.3 52.4
16.3 30.2
13.6 40.7
19.7 33.7

U1 00N NOORF OWOWOONADMOOAONN NN

hNN\I\IGOU)\I-bNOO%OD'g)kO:h

HEAVY
M NERALS
S %
Heavi es Magnetics
2.3 12.5
2.8 18.0
2.6 9.1
12 11.8
13 12.1
2.0 19.7
15 21.1
2.4 14.8
3.3 10.6
2.3 15.8
18 13.7
2.3 16.4
2.0 16.7
2.4 19.5
2.8 18.4
2.0 16.7
2.9 51
2.0 13.6
2.1 15.5
18 13.3
2.1 7.2
17 15.4
2.1 12.1
18 14.3
18 13.B
17 16.1
18 13.7
17 12.3
2.1 14.7
2.7 16.9
19 13.7
2.4 14.6
2.3 12.5
17 11.3
2.3 6.9
2.3 12.6
2.1 11. 4

ELEMENTS

AT THRBLRG
LIMTS

Liquid Paatic Index of

Limt Limt
14 13
16 14
30 11
17 15
17 13

too sandy
15 14
16 14
28 19
18 14
too sandy
17 13
too ssndy
too sandy
too ssndy
too ssndy
too sandy
22 16
25 16

P asticity

19

N

M oONBP



Locat i on

77
78
79
80
BMP)
82(P)
83(H)

84(W
85

B6(P)

87(P)

BB(P)

89(P)

90(P)

91(P)

92

93

94

95

96(W

97

98

99
too

Till

QZUU Zzzzzz———cggooogg———_q

Qid
Ref er ence

5243/ 8706
5243/ 8706
5243/ 8706
5189/ 8798
5147/ 8712
5234/ 8706
4998/ 8783
4998/ 8783
5005/ 8784
5147/ 8712
524 J/ 8706
5243/ 8706
5147/ 8712
5147/ 8712
5075/ 8714
5384/ 8751
5394/ 8987
5316/ 8837
5023/ 8828
5188/ 8869
4997/ 8765
5007/ 8808
5375/ 8961
5040/ 8768

Sand

N
& ©

N [
ShhRobb :
O 000000 OO N U~

N
©
I

17.5
18.0
11.5
12.0
21.0
9.1
9.0
21.3
33.0
28.8
20.0

IN
@
o

56.
61.
46.
47.
53.
66.
67.
73.
47.
53.

43.
56.
65.
41.
44.
63.
41.
32.
64.
60.
59.
76.

OCOOO0ONOFR GIUIUTO U1O U1lUTO OO0 U OO N U

TEXTURE
(Matrix)

day

16.0
26.0
12.6
25.0
40.0
33.5
16.0
15.0
15.0
40.0
33.5
25.5
16.0
26.0
17.0
47.0
43.5
15.5
49.8
59.0
14.0
6.4
11.6
4.0

APPEND X B

PEBBLEL I HOL.GQS/

M Line- Dolo-
stone stone

Chert Precam Li nestone

brian Dol ost one

dastic

34 -
14

10

80 -

B/ - - - -

34

JB

17
3.4 -
14

53
51

63
105 - -
8.5 -

52 - - -

0.9
0.5
0.5
0.6
0.4
0.5
0.59
0.51
0.4D
0.36
0.45
0.59
0.85
0.47
0.36
0.44
0.53
0.58
0.10
0.26
0.73

0.94
0.69

CARBONATES
23.7 27.9
18.1 38.5
16.9 36.7
20.4 32.7
15.5 43.2
18.4 41. 3
17.7 34.8
17.5 73.9
13.7 34.6
15.5 43. 2
18.4 41.3
19.7 33.7
23.7 27.9
18.1 38.5
13.9 39.2
19.3 43.8
18.3 34.8
19.3 33.3

4.28 43.8
15.4 58.7
21.8 29.7
19.4 20.4
20.4 29.7

o
P RPORRPRROODENNWAONNRF O OO

M NERALS

Heavies Magnetics

2.3
2.3
17
0.7
2.4
17
2.2
2.2
2.5
2.4
17
21
2.3
2.3
2.8
19
2.4
17
2.9
2.1
2.4
18
15
4.0

13.2
10.2
14.8
31.2
12.8
12.9
18.6
15.4
17.5
12.8
12.9
11. 4
13.2
10.2
12.9
14.9
11.2
12.8
13.1
16.1
12.8
16.7
8.7
12.7

I RACE
ELEt ONTS

21 34 10 32
too coarse
20 45 14 38
t oo coarse
26 63 20 51
20 42 13 36

Liquid Pastic Index of
Limt * Plasticity

Limt

AT THRBLRG
LIMTS

17
17

©

(&0



APPENDI X C

Pits are | ocated by property number on Map i n back

pocket .

Descriptive data for gravel or sand pits visited during the

field survey.

NOTES:
1. Estimated or inferred resources include the area
i mmedi ately surrounding a pit. Resources are indicated
as follows:
Small (S) less than 1.5 million tonnes;
Medi um (M 1.5 to 5.0 mllion tonnes;
Large (L) nore thatn 5.0 mllion tonnes.

2. Pits are nunbered on an al phanuneric system by county,
t ownshi p, concession and | ot. For townships crossed by
Hi ghway 4 and 6, the concession designator N and S, and
E and W refer to concessons which are adjacent to the
Durham N, SDR (Hi ghway 4) and the Garafraxa Road (E,
WGR) ; (Hi ghway 6) respectively.

3. Pebble lithologies are for 1 - 4 cm sized pebbles.



Locat i on Conposit ion PEBBLE LMHOLOGV (PERCEN)
Car bonat es d autics Pre-
canbri an
S
0 a
\Y % S M| m
C e 1 | ER e P
0 r Rh 0h 8 e (e (e S S L D S S t 1|0
p | n 0 b ei b i 8 a s t t M8 i 0 a i a €| u
r 0 c P u Pc 8 C i e | %t t 0 0 ao m 1 n 1 m a
oN w e e r ok e k mr i | Si n n X U e e d t r 0 N|T
Pu n s 0 r d rn rn av | Sm m| e e i1 8 8 C |8 al| s | e Mr u|t
eb B a w a e ta |ve te|ta|Ss md t t h t t|h 1 Bp|Sm| z
rb h i L n t n ea |ea |es|ot |at |>25|>0|ue o ol e |o [o|a |8 [fhlab]|i
t a i 0 0 e o 0 da da d*|ne|ne c c mr Qigin of n n r n n| 1 i iine|t
yr p n t r r (mj (m) (mj ad|dd| m e |(cm Deposi t e e t e e| e c ccidr | €
1 Arteneula 2S 29 - - - 4 S 15 | 65 10 1 25 | Esker
2 - 3H | 156 - 1 - 55 U 20 | 80 5 .4/ 20 | Ice-contact - - - - - - - - - -
3 Bent i nck 1H 21 - - 3 a M 10 | 90 7 1 100 | Ice-cont act 9 81 - -] - 5 > - -
4 - IS 50 - - 2 3 U 50 | 50 30 20 60 | Qutwash 13 86 - -2 - 1 . - -
5 - 1S 61 - - 5 3 U 40 | 60 34 16 25 | Qutwash B 90 - - | - - 2 - -
6a - 2N 37 Fritz Baily - a 10 U 40 | 60 24 16 45 | |ce-contact 4 92 - - - 2 1 - 1
7 - 2S 40 - 15 5 6 U 40 | 60 24 8 25 | lce-cont act 6 92 - - - 1 1 - -
a - M 46 - - - 3 U 30 | 70 6 1.5/ 30 | Qut wash
9 - 2 55 - 5 7 6 U 60 | 40 30 12 25 | Qutwash a 83 - -1 3 3 3 - 1
10a - 3N 45 - - 10 2 u 50 | 50 30 10 15 | Ice-contact
10b - 3N 45 - 2 - a u 10 | 90 9.5 .5 5 | lce-cont act
- 5 25 H ner Szabo 1 5 4 n 50 | 50 30 15 20 | Eaker 12 85 - - | - - 2 - - -
- 6 24 Cal vin HacDonal d .5 5 4 u 50 | 50 - - 25 | lce-cont act 9 84 - - - - 3 6 - -
1i Bent i nuk 8 21 - - 3 3 u 50 | 50 - - 10 | Qutwash 9 85 - -1 - 2 2 - 1
14 - B 29 - - - 1 u 50 | 50 25 10 30 | Eaker 6 83 - -] - - 5 6 - -
15 Town of Durham - - - - 5 4 u 5) | 50 30 20 25 | Qutwash 9 83 - - | - - 2 5 - 1
16 Egr enont IE 2 Prit chard - 6 8 S 1|99 1 - 5 | Qutwaah 10 86 - - - - - 4 - -
17 - 1E 15 - - - 10 H 50 | 50 25 5 40 | Qutwash




Lacat ion Conpos it ion PEBBLE L1l HOLOCY (PERCEN)
Car bonat es dast ics Pre-
cunbrisn
S
0 a
Y ¥ S M| in
C e 1 1 e P
0 r Rh |0oh | ER| (e| (e| S s L D S | s t 1
p | n 0 b ei bi ae B 8 t t MB i 0 a i a e
r o c [ u Pc ac ta|st t [¢} [¢} ao m 1 n | m |
oN H e e r ok ek ie [ n n X u e e d t r [¢} N i
p n a 0 r d rn rn mr | 5D m| e e il 8 a C 8 a| s e Mr u
en B a w a e t e v a av|talsa nd t t h t t | h 1 ap|Sm
rb h i L n t n as ea talot | at >2.5| >0 | ue o [¢] e 0 ol » a fhilab i
t e i 0 0 e o0 o da |da |ea|ne|nel| ¢ c | mr Qigin of n n| r n |n| 21 |i i1 liie t
yt p n t roorooor (m tnd (M | d*]ad|dd) n n [(cm Deposi t e e | t e |e|le |c |ccldr e
18 - IE | 18 - .5 5 4 S 75 | 25 48 11 20 | OutwaBh 8 B7 - - - - 1 3 -
19 - IE | 19 Heaney #1 - 5 6 S 50 | 50 25 35 20 | QutHash
20 - IE | 20 - - 3 8 S 50 | 50 20 2 20 | Qut Mash
21 - IE | 24 - - - 3 L 50 | 50 25 1 20 | Qut Mash
22 - 2E | 21 - 2 3 7 U - - - - - | ce-cont act - - - -] - -] - - -
23 - 2E | 34 - - 5 5 L 70 | 30 35 7 20 | Qut Mash 5 86 - - - - 4 5 -
24 - 2 40 - - - 8 L 60 | 40 27 3 50 | QutMash
25 - 2 41 - - - 6 L 60 | 50 27 2 25 | Qut Mash
26 Egr enont 3 7 - - 6 7 U 25 | 75 10 2 1.5| lce-contact 7 89 - -] = - 1 3 -
J
27 3 19 - .5 - 8 U 30 | 70 9 3 60 | ce- cont act 8 78 - -1 1 - 2| 10 -
28 - 3E | 23 - 2 3 4 S 15 | 85 10 5 50 | ce- cont act 5 84 - -] - - 2 9 -
29 - 3E | 24 - - 5 4 U 60 | 40 24 3 20 | ce- cont act 7 91 - - - - - 1 -
30 - 3E | 32 - - 3 6 M 50 | 50 20 2 20 Qut Hash 6 84 - - - - 1 9 -
31 - 3 49 - - - 6 U 50 | 50 17 2 20 | ce-cont act 14 73 - - | - - 3|10 -
32 - 3 56 - - - 12 L 40 | 60 10 10 25 | ce- cont act 14 73 - - - - 6 7 -
33 - 3 57 - - - 2 u 35 | 65 14 1 | 10 | Qutwash
34a - J | 64 a) Hof fnan 2 B 7 u 10 | 90 1 - | 40 | Esker 7 |8 | - - - - 6 |-
34b - - - - - - 6 U 60 | 40 30 6 40 Esker




Locat ion Qonpos it ion PEBBLE L1l HOLOGY (PERCEN)
Car bonat es Qast ics Pre-
cenbri an
S
0 a
\Y % S H m
C B 1 B p
o r 0 h ER (e (e 5 S L D S S t 1
p 1 n o b bi ae a 8 t t MB i o a i al e
r 0 c P u ac t 8|St t o 0 ao m 1 n 1 m
oN w e e r e k i e i | Si n n X U e e d t r 0 N
p" n a 0 r d rn mr | Sm m| e e t1 s S c |8 a|s |e Mr u
ein a a w a e v e av |ta|Sa md t t h t t |h 1 ap [Sm
rb h i L n t n ea te|lot |at |>25|>10 | ue a o e O |ala |a fhilab
te i 0 0 e o o] ds es|nej|ne c c mr Qiginor n n r n nii i iline
yr P n t r r r (m (m |d*|ed|dd| m m [(cm Deposi t e e t e e e c cp(dr
35 - 6 1 Herv Reeves 10 15 | 85 4 1 20 | Esker 14 78 - - - - 3 2 -
36 6 5 - 5 30 | 70 9 1 - Eaker 5 85 - -1 - 3 4 -
37 7 13 Lloyd Harria 4 15 | 90 - - 40 | Ice-contact 9 85 - - - - 2| 4 -
38 7 15 WI1iam Wt son a 2D | BO 5 0 25 | lce-cont act | 18 77 - - - - 3| 2 -
39 Egr enont 7 16 - 3 5| 95 4 1 - | ce- cont act
40 - a A Hrry Bye - 5] 95 1 - - Eaker
41 - a A - 10 40 | 60 10 10 25 | Esker 11 80 - - - - 1 8 -
42 - 8 3 Hewi tt 5 10 | 90 5 1 - Eaker
43 - 10 7 | saac Hor st 8 30| 15 12 - 8 | Esker - - - - - - - - -
44 - 10 17 \yne Coul son 7 15 | 85 4 1 30 | |ce-contact 19 71 - - | - - 4 6 -
45 - 12 10 Ken Pal le tie 8 25 | 75 10 5 40 | lce-cont act
46 - 12 22 George QG een 6 50 | 50 25 2 50 | lce-cont act | 28 69 - - - - - 3 -
47 - 14 16 B ner Echlin 6 70 | 30 28 2 25 | Ice-cont act a |73 - -1 - 9| 8 -
48 - 14 27 George Dyce 3 15 | 85 3 1 20 | lce-cont act 18 77 - - | - - 3 2 -
49 - 15 27 - 7 50 | 50 20 5 30 | Esker 7 89 - - | - - 3 1 -
50 - 16 6 Leonard Eccl ea 12 35 | 65 24 10 70 | Esker 5 80 - - | - - 9 5 -
51 - 17 | 25 - 2 35 |65 | 12 3 20 | lce-contact | 16 | 72 | - -l -] - 3] 9 |-
52 - 19 5 Qarence Gal dvel | 3 35 |65 | 10 3 70 | lce-contact | 6 |87 | - -1 - 6 |-




Local ion Qonpoai t ion PEBBLE L1I HOLGGY ( PERCENT)
Car bonat es d astics Pre-
canbri an
S
0 a
v £ % M m
C e | 1 e P
0 r R h 0 h ER (e (e S S L D S S t 1] 0Q
p | n 0 b ei bi ab a 8 t t MB i 0 a i a el u
r [o] c P u pc 8 c t a| %t t 0 o] ao m 1 n 1 m a
oN M . e r ok e k ie i | %i n n X u e e d t F 0 N|r
Pu n 8 0 r d rn |rn |[mr|sSm|l n| e e | i1 a 8| C |8 |e8|[S|e | Mr| ult
en 8 S h a 8 t e v a av| tal|Sa md t t h t t | h 1 ap|Sm| z
rb h i L n t n ea ea telot | at >2. >10 [ ue 0 ¢} e o a| a 8 fhiab| i
t e i 0 0 e o da |da |ea|ne|ne| ¢ c | mr Qigin of n n| r |n |{nj1/|i ii|ne|t
yr p n t r r (m (m (M | de|ed|dd| in D |(cm Deposi t e e | t e |e|le | c |ccldr| e
53 Egr enont 19 22 - - 4 H 60 | 40 30 9 40 | Esker 12 78 - - | - - 4 6 - -
54 - 20 18 - - 8 S 50 | 50 20 5 75 | Esker 4 87 - - - - 4 5 - -
55 - 21 6 - 3 3 L 50 | 50 30 2 15 | Qutwash - - - - - - - - - -
56 - 21 11A - 3 2 U 35| 65 11 1 15 | Ice-contact 5 89 - - - - 1 4 - 1
57 - 21 17 - 3 12 L 75 | 25 45 7 20 | EBker
58 - 21 17 - 5 15 M 80 | 25 56 8 40 | ce-cont act
59 - 22 A 1 10 14 M 50 | 60 20 2 40 | Ice-cont act 13 78 - - - 4 4 - -
60 - 22 11 1 3 8 L 50 | 60 25 37 50 | Ice-contact 3 90 - - - - 1 4 - 2
61 - 22 11 - 5 2 U 50 | 50 - - - | ce-cont act - - - - - - - - -
62 - 22 19 - 3 8 L 60 | 40 30 6 30 | Ice-contact
63 - 22 |27 - - 5 U 5|95 2 - - | Ice-contact - - - o e R N R P
64 - - |- - - 4 H 30|70 |15 1 20 | QutwBsh
65 Genelg 1S 6 - - 7 U 70 | 30 35 11 25 | Qutwash
66 - 1S 6 - - 7 U 65 | 35 39 13 20 | Qutwash
67 - 1S 6 - - 4 1J 70 | 30 53 3 15 | Qutwash
68 - IN 9 Anet t 2 - 10 L 20 | 80 4 1 50 | Qutwash 4 B9 - - | - - 2 5 - 1
69 - IE | 19 - - 10 Il 50 | 50 | 25 5 40 | Qutwash - - - - - - - |- |-
70 - 1S | 28 - 2 3 M 35 | 70 14 - 35 | Qi wash 1 7 - - | - 1 3 7 - -




Locat ion Qonpos it ion PEBBLE L | | HOLG3/ ( PERCENT)
Car bonat es d aatics Pre-
canbri an
S
E a
\ $ % M m
C e | T e P
o r Rh |[oh |ER| (e| (e| S S L D s | s t 1/ q
p I n 0 b el |bi ae a a| t t MB i 0 a | i al e|u
r 0 c P u Pc ac ta | %t t ¢} 0 ao m 1 n 1 . a
oN M a e r ok ek ie i | Si n n X u e e d t F 0 N|r
P" n a 0 r d rn rn mr Sm m e e il s a C 8 a|sS t Nr u |t
en a 9 w a e t a Ve av |[ta|Sa md t t h t t | h 1 ap|Sm| z
rb h i L n t n ea |ea te|ot |at | >25|>10|ue o ¢} e 0 0O|la |a fhiab| i
t e i 0 0 e o) da da ea | nej|ne c c mr Qigin of n n r n n|1 i iline |t
yr P n t r (m (m (M [de-]ed|dd| m m |(cm Depoai t e e | t e |e|e |c |ccldr |e
71 1S | 33 4 20 | 80 7 2 30 | Ice-contact 4 95 - - - 1 -
72 1S | 40 6 5| 95 - - - | lce-cont act | 12 84 - - 1 3 -
73 2S 6 4 S 50 | 60 20 1 25 | Qutwash
7a 2 6 2 U| 40|60 | 12 - 5 | Qutwash
75 2H 7 - U 20 | 80 5 2 25 | lce-cont act B Bl -] - 4 7 -
76 2 33 10 H 30| 70 18 6 60 | |ce-contact 9 80 - - 4 7 -
7 2 39 3 40 | 60 12 1 15 | Qutwash
78 2 43 Pratt 3 20 | 80 - - - | ce-cont act
79 2E | 59 6 40 | 65 14 B 80 | Qutwash
80 2E | 59 6 40 | 60 14 4 80 | Qutwash 4 88 - - - 7 -
60 Dur ham St one
81 2 61 and 5 60 | 40 1B 6 40 | Qut wash
62 Pavi ng
82 3 1 3 60 | 40 24 9 - | ce-cont act
B J 1 7 50 | 50 17 2 50 | Qutwash 5 84 - - - 3 5
84 } 1 10 75 | 25 7.5 7 15 | Qutwash
85 3 10 3D Wir B 65 | 35 16 6 35 | Qutwash
86 JN | 21 10 60 | 40 36 24 70 | lce-cont act 11 84 - - 1 3 3
87 3E | 9 5 40 | 60 16 30 20 | Qutwash
88 J 62 - 15 | 90 - - 20 | lce-cont act




Locat ion Conposit ion PEBBLE LI tH1.QGY (PERCEN)
Car bonat es Qast ics Pre-
canbri an
S
0 a
\Y S S M m
C e 1 | e P
0 r Rh |0h |FR| (e| (e] s S L D s |s t 1|0
p 1 n 0 b ei b i ae a a| t t MB i o a | i al e|u
r o c =] u Pc ac ta|St t 0 0 ao m 1 n 1 m al l
oN M e e r ok e k i e i | Si n n X U e e d t F 0 N|r | i
p" n a 0 r d rn rn mr Sm m e e i1 s a C a a| s e Mr u |t 1
em a a w a e te |ve |av | ta|5a md t t h |t tlh 1 |ap|Sm|z| 1
rb h i L n t n ea ea te|ot at >2.5| >10 | ue o) 0 e 0 0| a a fhieb | i i
te i 0 ¢} e o o da | da es| ne|ne c c mr Qigin of n n r n ni|1 i iijne|t|t
yr p n t r r r (m (m (M |d*|ed|dd| m m |(cm Deposi t es| e| t e |e|e |c |ccldr|e|e
89 - 3 64 - - 2 5 U 20 | 80 6 1 15 | lce-contact - - - - - - - - - - -
90 - 3 70 - - 2 5 H 40 | 60 16 - 10 | Qutwash 5 74 - - - - 3 5 - 1] -
91 - 4 10 - - 5 5 S 30| 70 7.5 3 25 - 7 86 - - = - 2 3 - 1| -
92 Qdenel g 4 27 - - - 5 M 40 | 60 12 .8/ 20 | Qutwash - - - - - - - - - - -
93 - 5 1 - - 8 9 L 50 | 50 10 10 80 | Eaker 12 79 - - - - 2 7 - 1) -
94 - 6 13 - - - 7 M 50 | 50 20 35 20 | Qutwash - - - - - - - - - - -
Qut wash
95 - 15 25 - - 3 3 H 40 | 65 16 - 8 | terrace 4 87 - - = - 2 5 - 2| -
96 - - - - - - 5 0 40 | 60 8 2 15 | Qutwash 4 90 - - - - 1 5 - - -
97 - - - - - - 8 _ 10 | 90 3 1 15 | Qutwash 7 82 - - - - 5 4 - 11
98 Nor manby IwW| 1 M G anby - 5 5 M 30 | 70 9 1 35 | Qutwash
99 - 1H | 16 D ckson #1 - 7 6 U 25 | 75 7 1 30 - 6 87 - - - 1 - 5 - - -
100 - 2W 3 - - - - U 20 | 80 - - - Delt aic =
101 - 3 57 - 5 - 6 U 50 | 50 30 15 20 | ce-cont act 4 87 - - - - 3 6 - - -
102 - 9 13 Pfefer - 4 4 U 40 | 60 28 12 10 | Kamre
103 - 9 14 - - 4 4 U 30 | 70 21 3 8 | Kane 9 80 - - 1 - 1 7 1 - 1
104 - 10 31 H ner F sher - 5 9 U 40 | 60 32 25 25 | Kane 8 89 - - - - - 3 - - -
105 Nor nanby 2 | 19 - 1 7 6 U 40 | 60 | 32 16 20 | Kane 5 | 57| - -l -]l29| 2| 7 |- |-]-
106 13 | 25 Nor mandy 1 wp. - 8 12 u 40 | 70 | 30 16 18 - 9 | 87| - - -] -] 1 3 |- |-|-




Locat i on Composit ion PEBBLE LI THOLOGY ( PERCENT)
Car bonat es d aat ica Pre-
canbri an
S
0 a
\Y S S M m
C e | T e P
o r Rh 0 h ER (e (e S S L D S S t 1| Q
p | n o b ei bi 8 e 8 a t t MB i o a i a| e|u
r 0 c P u Pc B cC t8| St t (o} 0 ao m 1 n 1 m a
oN M e e r o k e k i e i | Si n n X u e e d t F 0 N|Tr
p" n 0 r d rn rn [mr | Sm m| e e i1 e 8 C |8 8|S |e Mr u |t
em a s w a e te v e av| ta|Sa md t t h t t | h 1 ap|Sm| z
rb h i L n t n e a ea telot at >2. >10 | ue 0 o e o o a 8 fhiab | i
t e i 0 0 a ¢} o da ds ealne|ne c c mr Qiginor n n r n n|1 i ii|nef|t
yr n t roorooor m (m (M |de|ed|dd| m m [(cm Deposi t e e| t |e |e|e |c |ccldr|e
107 14 7 Nor nandy Two 2 2 50 | 50 25 15 8 | lerrace 4 81 - - - 4 - | 10 -
108 16 9 AimSarrier - 4 60 | 40 42 18 12 - 10 86 - - - - 1 1 -
109 17 a - - 8 40 | 60 34 16 12 | Kame 12 79 - - - - 3 6 -
110 18 19 Brand 5 5 30 | 70 27 4 12 - 6 85 - - - - 2 7 -
111 - - - - 14 30 | 70 26 6 12 -
112 1 14 - 10 50 | 50 20 10 50 | Esker 9 81 - - - - - 10 -
- - - 8 5|95 - - 10 -
113 2 13 - 6 9 5| 95 - - 80 - 1 87 - - - - 2 1 -
114 2 13 - - 9 40 | 60 16 1 20 | Esker 15 80 - - - - 1 3 -
115 3 12 - - 10 75 | 25 30 7 - Esker
116 3 13 - - 10 50 | 50 20 5 20 | Esker 18 76 - - - - - 4 -
117 6 8 - - 5 20 | 80 6 - 15 | Esker 7 80 - -1 - 6 6 -
118 7 8 - - 15 50 | 50 25 10 40 | Esker 16 79 - -2 - 1 2 -
119 9 6 - - 7 40 | 60 10 2 40 | Esker 8 82 - -3 - - 7 -
120 10 3 - - 6 40 | 60 12 1 20 | Buried Esker | 14 73 - - - - 3|10 -
121 11 21 - - 7 50 | 50 30 10 40 | Esker 12 79 - - 1 - 2 6 -
122 13 | 17 - - 12 35|65 | 12 2 40 | Esker 18 | 73| - -2 -] 2] 1 |-
123 14 15 |a west - 12 50 | 50 17 5 35 | Esker 20 77 - - | - 1 2 -




Locat ion Conpos it ion PEBBLE LHHOLOGY (PERCEN )
Gsrbonst ea d astics Pre-
canbri an
S
0 a
\Y % % M| -
c e | e P
0 r « h ER (e (e S 5 MB L D S S t 1|0Q
p | n 0 b bi ae 5 a t t ao i 0 a i a e | u
r 0 c P u ac t a | %t t o} 0 X u m 1 n 1 m a
oN w e e r e k i e i | %i n n i1l e e d t r 0 N|T
p n a 0 r d rn mr | Sm m| e e md a s C a 8| S e Mr u |t
em a a m a e Ve av |ta|Sa ue t t h t t | h 1 ap|(Sm| z
rb h i L n t n e a te|ot |at | >25]| >10 | mr 0 o e 0 O a a rhijab|i
te i 0 0 e o da |ea|ne|ne| ¢ c |(em | qiginor n n| r |n |nj1/|i ii|nejt
yr P n t r r m (m | de|ed|dd| m m Depoai t e e t e |e|le |c |ccldr|e
Proton 14 15 |b weat 35 | 65 12 3 30 | Esker
124 - 15 3 20 | 80 8 1 25 | lce-contact 13 82 -1 1 3 -
125 - 17 14 40 | 60 16 4 40 | Esker 10 87 - - 1 1 -
126 - 19 21 5 - - - - | lce-contact - - - - - -
127 H. Lut her - - 50 | 50 12 2 25 | Esker 15 82 -] - 1 2 -
* Ssnall, Mmedium L-Iarge U unknown.




- 104 -

Photo 1. I ce-contact terrace (kame terrace) in Singhanmpton
Mor ai ne near W dder Lake.

Photo 2. Guel ph Formation shale and dol ostone on the Saugeen
Ri ver.



Phot o 3. Salina Formation shale and dolostone on the South
Saugeen River.

Photo 4. Lam nated (waterlain?) Tavistock Till resting upon
stoney massive (lodgement) Catfish Creek Till.



Photo 5. Pitted outwash forming part of the Singhampton
Moraine near McWilliams.

Phot o 6. Brai ded-stream character of the core of the
Si nghampt on Mor ai ne.
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Photo 7. Terraced gravel along the Saugeen River;
hori zontally bedded outwash deposition,
representative of a proximal facies diffuse gravel
Sheet.



Phot o 8. Sandy cross-channel deposition downstreamin the
Artemesia Gravel, Singhamton Member.

Phot o 9. Out wash gravel deeply cut by meltwater channel.



Facies relationships of the Allen Park Station
ice-marginal delta, coarser topset beds out into
the finer foreset beds.

Bottomset beds consisting of ripple-drift cross-
| am nated fine sand grading up into banded silt
sand.



- 310 -

Photo 12. Variable sediment characteristic of esker
deposits.

Photo 13. Recent fluvial deposits (including wood) along the
Saugeen River.






3268
ISSN 0826-9580
ISBN 0-7729-1528-8



41 A/2

AOvIg
2/¥ Ly wewing

ane

WVYHHNG ¢/Vv iy .

1:50,000

CANADA

EDITION 3

Map 1 (OFR 5596) 41A"

»w-1 /ﬁ\\
“

| 44700

\«w) sif

PPN
7
~TEN_

(
\
\

\ /

m?\x'

\
5\

¥ Auto

81

Wreckers,

Y

(o
WO

N
A W)

Far T \:\
o
f

Q
N
:\k

“:' ’vq‘y
J

14 5.
Almh i )
Ji

3

Wy
W
g (i

8

o

Alsfeldt

A Sta\s

P AR

i

5 \\ fv"_ ‘

£4)

-
\\\

A\

P ind
AN N -
1?; Orchard
\ “., -
)
A . -
NN

f
N\

[y

-
[

‘/&J‘('::;“hm P '_‘ ;
qdke

i

o

507 45’

A

W al
or

PEdge Hilly .

M,

.

ey
N
curng ™y

D

Fehard

)}Dugn
N
7
~

¥

[ B
' McWilliams

._k\sw ba

‘ ‘\ \\X o ‘.';,,\ N
\ 7“7,"

3
i

»

Yk GLENPLE

— é{(—‘;ﬁ‘"“ MY

IR
MU A REVL

' Porm

I

% d

\

804307
] : 1415
r .
/ Pcnmy\\\‘.
Farm, 7 ‘ 2,
R XY Qs
6 v
Yol
\ G(fuyelPu\-' Hy
\ PR
"'Hupt’l'i//z’
05
: ﬂfge/‘lu{r‘ £
Y 4 A4 0O

80730

LEGEND
PHANEROZOIC
CENOZOIC
QUATERNARY
RECENT
13 Alluvium: mainly gravel with sand and silt
12 Bog deposits: muck, peat, marl
PLEISTOCENE
Late Wisconsinan
11 Glaciolacustrine sediments:
11a  Medium to fine sand
11b Clay and silt with some fine sand
10 Silt till
9 Glaciolacustrine sediments:
9a Fine sand
" 9b Silt and clay
8 Glaciofluvial outwash sand
7 Glaciofluvial outwash gravel and gravelly sand
6 lce-contact stratified drift: undifferentiated sand, gravel
and silt
6a  Mainly gravel
6b  Mainly sand or silt
6¢c  Sand and grave! (ice marginal deltas)
5 Elma Till: stoney, sandy silt till
5a  Ablation facies, very sandy and loose
4 Tavistock Till: stiff, silt to clayey silt till
3 Catfish Creek Till: hard, stoney, sandy silt till
UNCONFORMITY
PALEOZOIC
SILURIAN
2 Salina Formation: dolostone and shale
1 Guelph Formation: dolostone
SYMBOLS

. = — —J Geological boundary (observed or interpreted)

Terrace escarpment, fluvial

lce-contact slope

™™
é: ;|; Kettle hole
~e—
=.

Glacial fluting

Drumlin

Crevasse filling

L . .
4444‘ Esker; direction of flow known

/ Meltwater channe! with direction of flow
indicated

: ><‘3 Sand or gravel pit

X23 Sample site

@ Borehole site
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LEGEND

Good prospecting target: area underlain by outwash gravel;
high probability of finding an economic deposit.

Moderate prospecting target: area underlain by ice contact
2 stratified drift; good probability of locating an economic

deposit yet prospecting and development costs may be high.

Poor prospecting target (sand): area underlain by outwash or
lacustrine sand; low probability of locating an economic de-

posit due to thin patchy distribution and low stone content.

SYMBOLS

2(5 Sand or grave! pit.

Water well site indicating thickness (in feet) of unusable material

3
15 over reported thickness of gravel and sand.

b — = =| Geological boundary, approximate.

IAAAA | lce contact slope

122 Location of sand/gravel pits (see report)

Mount Forest 3 km Mount Forest 3 km

| Clifford 3 km
——
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