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ABSTRACT

The Dummer Complex extends 180 km along the Precambrian -

Paleozoic contact from Tamworth to Lake Simcoe. It is composed

of coarse, angular Paleozoic clasts in discontinuous, pitted, hum-

mocky deposits. Deposits are usually separated by bare or boulder

strewn bedrock, but have been found in the southern drumlinized

till sheet. Dummer Complex deposits show rough alignment with

ice-flow. Eskers cross-cut many of the deposits.

Dummer sediment subfacies are defined on the basis of domi-

nant coarse grain size and lithology, which relate directly to

the underlying Paleozoic formation. Three subglacial tills are

identified based on the degree of comminution and distance of

transport; the immature facies of the Dummer Complex; the mature

facies of the drumlinized till sheet and; the submature facies

which is transitional.

Carbonate geochemistry was used for till-bedrock correlation

in various grain sizes. Of the 3 Paleozoic formations underlying

the Dummer Complex, the Gull River Fm. is geochemically distinctive

from the Bobcaygeon and Verulam Formations using Ca, Mg, Sr, Cu,

Mn, Fe and Na. The Bobcaygeon Fm. and Verulam Fm. can be

differentiated using Ca and the Sr/Ca ratio. The immature facies

from 1.0 phi and finer is dominated by the non-carbonate, long dis-

tance transported component which decreases slightly downice.

The submature till facies contains more long distance material than

the immature facies. Sr and Mn can be used to correlate the

Gull River immature till facies to the underlying bedrock the other

subfacies could not be distinguished from each other or their

respective source formation. This method proved to be ineffective
for sediments with greater than 35% non-carbonate component, due to

leaching of elements by the dissolving acid.





The Dummer Complex is produced subglacially , as the com-

pressional ice encounters the permeable Paleozoic carbonates.

The increased shear strength of the ice and pore pressures in the

carbonates results in the basal ice zones becoming debris ladden.

Cleaner ice overrides the basal debris

.

laden dead ice which then

acts as the glacier bed. During retreat, the Simcoe lobe stag-

nates as flow is cut-off by the Algonquin Highlands.
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1 .0 INTRODUCTION

1 .1 General Statement

The Dununer Moraine is a late glacial feature found

along the Precambrian - Paleozoic contact consisting

of discontinuous patches of sediment with very coarse,

angular Paleozoic clasts. The Dummer Moraine extends

as a broad belt from Lake Simcoe to north - east of

Kingston.

In recent years there has been renewed interest in

a late Wisconsin glacial feature known as the Dummer

Moraine. Schluchter (1979), Gadd (1980), and Terasmae

(1980) have addressed the problem of the genesis of

the Dummer Moraine and its strati graphic correlation to

other features related to the deglaciation of Southern

Ontario. This interest has come to the forefront

because of the rapidly increasing understanding of ice

dynamics through work on modern glaciers.

The commonly used term for referring to this de-

posit is the "Dummer Moraine", for purposes of this study

the term "moraine" will not be used, as the word itself

implies a genetic meaning. Rather, the author will

use "Dummer Complex" when referring to the feature in

general, and "Dummer Complex sediment" or "Dummer

Complex till" when referring to the sediments of which

it is composed.

1 .2 Previous Work

The Dummer Complex has been studied by a number of

workers. Early regional studies by Spencer (1889) and

Coleman (1890) refer to the feature but it was during

the 1950's and 1960's that most of the work on the complex

was done by the Geological Survey of Canada. Gravenor

(1957), Mirynech (1962) and Henderson (1966) mapped

portions of the Dummer Complex and and interpreted the

feature as a recessional end moraine. Chapman and
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Putman (1966) in their classic work mentioned the

Duminer Complex and some of its most striking char-

acteristics and refer to the Complex as a moraine.

The Dummer Complex is also a recognized feature on

the Glacial Map of Canada (Prest, 1970).

More recently, Schluchter (1979) did more detailed

work on the Dummer Complex in the Norwood area and

suggested that the feature could be the result of ice

dynamics and not necessarily an end moraine. Terasmae

(1980) discusses the Dummer Complex as a major geo-

chronological problem, as extensive work in the area has

provided no evidence for the moraines formation. He

suggested that it represents an ice stagnation feature

produced as the ice thinned along the Algonquin Highlands

during the last stages of deglaciation, was cut off,

and thereby down wasted in situ. Gadd (1980) dis-

cusses the Dummer Complex and suggests it is not a

moraine, but rather a feature produced by its' unique

geological setting, referring to the fact that the

Dummer Complex lies a short distance from or right along

the Precambrian - Paleozoic bedrock contact.

1 . 3 Purpose

The purpose of this study was to map and investi-

gate the "Dummer Complex" in terms of morphology, sedi-

mentology and its' relationship to other glacial and

non-glacial features in the map area.

Specifically the purpose was to map the surficial

geology of the west half of the Campbellford NTS sheet

at a 1:50,000 scale. To determine the relation between

the Dummer Complex and the associated sediments in terms

of spacial and stratigraphic position. Investigate the

lithology of Dummer sediments and correlate to bedrock

geology. Define the sedimentary facies, and facies
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FIGURE 1. Location map of the Dummer Complex and map area.

Extent of Dummer Complex from Chapman and Putnam (1966)
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associations of the Duimner complex and other related

glacial sediments. Geochemically analyze the till and

the bedrock to investigate the relationship between

grain size and the geochemistry. Propose a depositionary

model for the Dummer Complex and associated glacial

features

.

1 .4 Location

The Dummer Complex trends east-west in a broad belt

from Tamworth to the eastern margin of Lake Simcoe, a

length of 180 kilometers. It is discontinuous and

varies from 6 km. to 24 km. in width, averaging 16 km.

The study area is between 44° 15'N and 44° 13'N

latitude and 77° 30' E to 78° 00' E long»^tude in

the Campbellford 31 C/5 NTS map sheet (Fig. 1). Two

major highways service the area, the TransCanada Highway

# 7 and Provincial Highway # 30. The map area has a

well developed road network and 4 major communities;

Campbellford, Norwood, Hastings and Havelock. The

major water systems are the Trent River and 3 lakes;

Round Lake, Belmont Lake and Crowe Lake which are located

partially in the map area.

1 .5 Present Geological Survey

Mapping of the Quaternary geology of the Campbell-

ford area was initiated in the spring and summer of 1980

for the Ontario Geological Survey mapping program of

Trenton - Campbellford map area. Additional field work

was done during the summer of 1981.

Field data were obtained from the examination of

available natural and man-made exposures and by the

use of soil augers. Two sets of aerial photographs
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FIGURE 2. Bedrock geology map.
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were used for the aerial photography interpretation,

the 1:50,000 Federal photographs for regional

trends and 1:15,840 photographs for the delineation

of surficial geology units.

1 .6 Bedrock Geology

A. ) Precambrian

Precambrian bedrock underlies 3-7 percent

of the map area, primarily in the north-east corner

(Fig. 2) . There are 2 inliers in the area, a

relatively small inlier 1 . 5 km south of Belmont

Lake and the second which is known as the Preneveau

inlier which is found on the north side of Hwy.

7, 3 km. south east of Belmont Lake. Although the

distribution and extent of the Precambrian bedrock

is very limited, it deserves mention as it has

special relationship to the Dummer Complex. Dummer

sediments have not been found on Precambrian rock

except where a Paleozoic outlier is up-ice as for

example 1.5 km. east of Belmont Lake. Schluchter

(1979) and Gadd (1980) make reference to this

specific relationship.

The Precambrian bedrock is composed mainly

of granites, granite gneiss, crystalline limestone

and other highly metamorphosed rocks, Henderson

(1973) estimates surficial sediments cover 30 per-

cent of the Precambrian bedrock surface. In the

map area the Precambrian bedrock surface is almost

bare with only one till deposit located at the

southern end of the Preneveau inlier. The Pre-

cambrian surface is quite rugged with a scoured

rock-knob topography. The till which is found over

the Precambrian bedrock is generally thin, dis-

continuous and is composed of Precambrian clasts set

in a sandy loose matrix.
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B. ) Paleozoic

The Paleozoic bedrock was mapped by Winder (1955),

Carson (1980) and Liberty (1960). Four formations

are recognized in the map area, the Shadow Lake, the

Gull River, the Bobcaygeon and the Verulam (Fig. 2)

,

ranging in age from the Cambro-Ordovician to the

Middle Ordovlcian.. The Paleozoic rocks terminate in

a series of north facing escarpments. The Paleozoic

rocks dip gently southwards at 3 degrees.

The major portion of the Dummer overlies the

Bobcaygeon and Verulam Formation. There is only one

location where the Shadow Lake outcrops and it is north

of the Dummer Complex. Therefore, this study con-

centrates on the other 3 formations. Dunham's (1962)

classification for carbonate rocks is used in this study,

i.) Shadow Lake Formation - Carson (1980) describes

the Shadow Lake Fm. as consisting of red and

green shales, siltstones and sandstones, in beds

up to 30 cm. thick.

ii.) Gull River Formation - The Gull River Fm. is

divided into 3 members. The Lower Member is a

dolomitic feldspathic wacke with a shaley

appearance where weathered. This member outcrops

0.5 km. south of Round Lake (Fig. 2). The Middle

and Upper Members of the Gull River Fm. are mud-

stones, generally light to medium grey or dark

grey brown with ostracods, stylolites and salt

casts characteristic of some beds. The Middle

and Upper Members are thick to massively bedded

and range from 0.5 - 1.0 ra. in thickness, averag-

ing 0.75 m. (Fig. 3)

.
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FIGURE 3. Upper Member of the Gull River Formation 2 km,

east of Round Lake.

The results of petrographic investigation

of the Gull River mudstones are given in

Appendix I. According to Folk's (19^2) classi-

fication for thin sections the Middle and Upper

Members are composed of micrite to dismicrite

depending on the amount of spar in the rock.

Allochems include bryozoans, crinoids and

ostracods with some clastic fragments of quartz

and feldspar.

iii.) Bobcaygeon Formation - The Bobcaygeon Fm. over-

lies the Gull River Fm. This formation is generally

grey to brown wackestone and medium to dark

grey wackestone to packstone. The Bobcaygeon

Fm. also has a facies of light tan grainstone.

This formation is highly fossiliferous . Allochems

include brachiopods, crinoids peloids, coral

fragments and trilobitos. Thin section analysis

indicates the matrix is highly variable with

pseudospar - and sparlte being most dominant

(Appendix I). Stylolltc fractures are also very

common in this formation. Bedding is medium

averaging 20 cm. in thickness.
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FIGURE 4, Thin to medium bedded Bobcaygeon Fm,

overlying the massive to thickly bedded

Gull River Fm. on Hwy . 1, 5km. east of

Havelock.
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iv.) Verulam Formation - The Verulam Fm., which

overlies the Bobcaygeon Fm. , is a dark to medium

grey coarse grained packstone imbedded with sub-

equal beds of mudstone. Fossil allochems are

very abundant including trilobites, brachiopods,

gastropods, bryozoans, crinoids with concentrated

layers of rip-up clasts. Bedding is thin, aver-

aging 3-10 cm. thickness (Fig. 5)

.

FIGURE 5. The Verulam Formation showing thin beds of

interbedded packstone and mudstone 3 km.

north of Campbcllford.
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2.0 SURFICIAL GEOLOGY

2.

1

Introduction

The Quaternary deposits were mapped according to

the procedures used by the Ontario Geological Survey

map units. The areal relations of the surficial units

are shown in Map 1 (pocket) . Each unit is discussed in

a generally chronological order from oldest to youngest.

2 .2 Campbellford Airfield Deposit

The assumed oldest Quaternary deposit in the map

area is commonly known as the "Canpbellford Air-

field Deposit". It is a deposit 38 m above the

surrounding surface and is found on Hwy. 30, 4 km.

northwest of Campbellford. It is considered to predate

the last ice advance because the drumlins which are

related to t>^e last major ice flow, are deflected around

the Canpbellford Airfield Deposit (Fig. 6) . This suggests

the Campbellford Airfield Deposit predates the drumlin

depositionary period. It is not known how the Campbell-

ford Airfield deposit relates to the regional chronology

of southern Ontario except that it appears to be older

than the other glacial deposits in the area. The

deposit is covered by later Lake Iroquois near shore

sands and flanked by the drumlins. The composition of

the feature is not known.

3.3 Drumlinized Basal Till

The basal till which comprises the drumlins and

now referred to as "drumlin till" is considered to be

the oldest deposit of the last ice advance (Mirynech,

1962)

.

There are over 364 drumlins in the map area,

concentrated in the southern half of the area. The

drumlins are situated south of the Norwood esker and
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Campbellford Airfield Deposit area.
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south and southeast the Trent River (Fig. 7) . Many

of the drumlins are very well developed, reaching

heights of over 38 m. in the area between Hastings and

Campbellford. The drumlins indicate a southwestwards

ice-flow direction.

The till which makes up the drumlins is brown-grey,

sandy-silty with sub-angular to subrounded clasts and

has a fissile matrix. This till is also found between

the drumlins in the southern part of the map area

where the drumlins are more dense.

,jiiLLM4-
e 1 I » « ( 7T*4i'

FIGURE 7. Drumlin location and orientations.
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2 . 4 Dummer Complex

The Dununer Complex consists of pitted, hummocky

deposits ranging from 1 to 1 meters in thickness,

but averaging 3 to 5 meters (Fig. 8). Deposits are

located on Paleozoic carbonate bedrock in discontinuous

patches separated by expanses of bare to boulder strewn

rock plains. Even the mapped deposits of Dummer sed-

iment are often thin and discontinuous with bedrock

exposed between hummocks. The Dummer Complex deposits

mapped appear to be roughly aligned in the direction

of ice flow as determined by the drumlins (Fig. 9).

FIGURE 8. Characteristic pitted, hummocky topography

of the Dummer Complex, 6 km. west of Havelock
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FIGURE 9. Relation of Dummer Complex deposits, drumlins

and eskers.
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The Dunmier Complex sediments are characterized

by the predominance of large, very angular Paleozoic

clasts, often as large as 50 cm. to 1 meter in diameter

(Fig. 10). The diamicton is matrix supported and massive,

with no apparent clast orientation. The matrix is

sandy-silty, brown-grey with weak to well developed

f issility

.

FIGURE 10. Dummer Complex sediment 6 km. west of

Round Lake.

Dummer deposits predominate in the area north of

the Norwood esker and Trent River in the Burntwood Point

Bay area, becoming less common towards the south. The most

southerly deposit occurs 6.4 km. south-east of Campbellford

in a drumlinized area. This is one of several areas where

Dummer deposits are within an area of drumlins and in some

places Dummer sediments are completely surrounded by drum-

lins (Fig. 9) . However, even though Dummer patches and

drumlins are found in very close proximity, the sediments

have not been found in the Campbellford area and in adjoin-

ing eastern areas (Leyland, 1984).
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2.5 Ice-Contact Deposits

A hummocky belt of ice-contact sediment 1.6 km.

wide and 5 km. long is situated on Hwy. 30 north of

Havelock. The deposit was initially mapped as a Dummer

Complex deposit because of its topographical expression,

but detailed examination revealed a complex association

of rapidly changing sediments of basal till, and ice-

contact sands and gravels. The deposit has been mapped

as a kame - moraine.

Eskers comprise the other ice-contact deposits

in the area. The Norwood esker is the largest and

best developed. Tributaries from Crowe Lake, Belmont and

Round Lake join near Havelock to form a large braided

esker complex trending southwest parallel to Hwy. 7.

The surface of the Norwood esker is pitted in the area

between Havelock and Norwood (Fig. 11 and 12).

Two other eskers are found in the map area. The

larger of the two runs through Campbellford southwest-

wards and the other is 6.5 km. west of it.



\
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FIGURE 1

1

Aerial photograph of the Norwood esker complex.
The south side of the esker has been modified
by Lake Iroquois.

FIGURE 12. Norwood esker showing pitted surf ace,
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2 .6 Glaciofluvial Outwash

Outwash deposits are related to the esker systems

of the area. Extensive outwash deposits are found

along the flanks of the Norwood esker. Two outwash fans

are mapped, one associated with an area of Dummer

Complex in the northwest corner of the map area and the

other south-east of Hastings in a drumlinized area.

2 .7 Glaciolacustrine Deposits

a.) Shoreline - Well developed beach deposits are

found in the southern portion of the map area.

The best developed beach, assumed to be related

to glacial Lake Iroquois (Johnston, 1916; Coleman,

1937) is found at an elevation of 197 m asl at

Hermiston Lake and rises to 212 m asl by Healey

Falls (Fig. 13). Other beach deposits are found

in the area, but their correlation is difficult

because the deposits are not well developed. The

shoreline development in the area north of the

Trent River is not definitive, suggesting the lake

abutted the ice margin along its northern shore.

Minor shore deposits found in the Campbellford

area are at lower elevations than Lake Iroquois

and are correlated with the lower stages of glacial

Lake Iroquois as defined by Mirynech (1962).
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2.8 Older Alluvium

A good exposure of what has been mapped as older

alluvium is found 3 km. west of Hasting on the north side

of the Trent River. The deposit consists of well rounded

clast supported imbricated cobble gravel. The specific

origin of these local deposits is not clearly understood,

but they appear to be related to the Trent Waterway

system.

2 .9 Organic Deposits

Peat deposits are found primarily in the northern

portion of the map area. Overall they are of minor

importance and distribution. The organic deposits are

generally less than 2 meters in thickness.

2.10 Quaternary History

The surficial sediments in the map area are all of

late Wisconsin age. The only evidence of older deposits

is the deflection of drumlins around the feature upon

which the Campbellford Airfield was built, commonly

known as the Campbellford Airfield deposit.

The last ice advance flowed southeastwards depositing

drumlins in the southern portion of the map area. These

drumlins are part of the larger Peterbrough drumlin field

which Gravenor (1957) attributed to deposition by the

Slmcoe Lobe.

As the Simcoe Lobe retreated north of the Oak Ridges

Moraine, numerous local pondings developed, collectively

known as the Schomberg Ponds (Gravenor, 1957). Spec-

ulation on the nature of the retreat of the Simcoe lobe

has been expressed and Terasmae (1980) suggested that as

"the Lake Simcoe lobe thinned over the Algonquin Highlands,

large masses of ice became stagnant to the lee of these

highlands and the melt-out of englacial debris resulted

in the ...Dummer Moraine."
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Lake Iroquois came into being with the retreat

of the Simcoe Lobe. Glaciolacustrine sands are

found between and over Dummer Complex deposits in the

Belmont Lake - Crowe Lake area. This relationship has

also been reported by Mirynech (1962), Leyland (1984)

and Henderson (2973) in adjoining eastern and northern

areas. It seems that deposition of the Dummer occured

prior to the Lake Iroquois stage dated 12,500 B.P.

Lake Iroquois drained shortly after 12,000 B.P. (Karrow,

et. al., 1975; Terasmae, 1980) with several lower lake

stages developing for short periods of time (Mirynech,

1962)

.





33

3 . SEDIMENTOLOGY

3.1 Introduction

Sedimentological characteristics of the Dummer

Complex and other glacial deposits were examined.

Properties studied included structure, texture, bedding,

dominant coarse grain size, pebble lithology and

roundness. The purpose was to characterize the sedi-

mentological properties of the Dummer Complex and

thereby define the till facies; then to determine the

relationship of the till facies.

3.2 Field Methods

Dummer sediments are found in roadside sections

where rapid slumping make fresh exposures difficult to

locate. Samples were collected 30 cm. to 70 cm. into

the face of the exposure, as it was generally not

manually possible to excavate any deeper. This resulted

in the collection of samples which have probably been

affected by soil forming processes. It is considered

unlikely that even if deeper excavation were possible,

unaltered samples could be collected because of the

coarse characteristics of the sediment. The degree of

alteration is unknown. A total of 71 locations were

sampled (Fig. 14)

.

At each sampling location a sediment matrix sample

was taken as well as a separate random pebble collection

of approximately 100 clasts ranging from 1 cm. to 6

cm. in diameter.

B. Laboratory Methods

Pebble Counts - Pebble collections from Dummer

deposits and from the basal till of the drumlins were

washed and cracked to expose unweathered surfaces.

The clasts were then categorized according to

lithology and roundness.
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i. ) Lithology

Pebbles were first divided into 2 groups,

the Precambrian clasts and the Paleozoic clasts.

The Precambrian clasts included granites, gneisses

and gabbros. Many of the pebbles, particularly

the gneisses, were very friable and broken into a

number of fragments . In those situations where the

pieces were identifiable as belonging to one clast,

they were counted one pebble.

The Paleozoic clasts were subdivided into

formations. The clasts included mudstones, feld-

spathic wackes , wackestones, packstones and some

grainstones of the Gull River, Bobcaygeon and

Verulam Formations. Analysis of fresh and weathered

surfaces of bedrock outcrops provided information

for identifing pebble lithologies (Table 1 )

.

Identification of the clasts as to their

formation was difficult because of the variety of

lithologies found in each formation. Particular

difficulty occured in differentiating the wackestone

of the Bobcaygeon Formation from the wackestone of

the Verulam Formation. This is because the boundary

defining the Bobcaygeon and Verulam is based on

bedding characteristics (Carson, 1980). The Verulam

Fm. is identified when the beds of wackestone are

of sub-equal thickness to the beds of mudstone,

and the lithological change from primarily a wacke-

stone in the Verulam Fm. is gradational. In situ-

ations where the clast could not be specifically

defined as either Bobcaygeon or Verulam, preference

was given to the underlying bedrock formation.









FIGURE 15, Photographs of the Gull River, Bobcaygeon and Verulam

immature subfacies.
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ii. ) Roundness

Roundness was determined using Folk's (1968)

visual roundness chart for all the samples after

the clasts were identified. Five categories

were recognized; very angular, angular, sub-angu-

lar, sub-rounded, and rounded.

iii.) Till Matrix Grain Size Analysis

Sediment samples were first soaked and then

wet sieved using deionized water. Samples were

then dried and sieved at 1/2 phi intervals be-

tween 2.25 and 4.00 0. The silt and clay

fraction was retained for geochemical analysis.

3.3 Sedimentology Results

Field observations of glacial sediments led to the

recognition of three gradational till facies. The 3 facies

are referred to as the immature, submature and mature till

facies related to the Dummer Complex, the drumlinized

basal till and a transitional sediment.

A. ) Immature Facies

The immature facies which covers most of the map

area is generally associated with the classic Dummer

Complex. The coarse fraction is dominated by large,

angular clasts of Paleozoic bedrock. The size of

the clasts range from over 2 meters in diameter to less

than 5 cm. the average being dependant on the bedding

patterns of the source bedrock (Fig. 15). The immature

till which is dominated by the Gull River Fm. is

generally boulder dominated with the average being

0.5 - 1.0 m. in diameter. The immature till on the

Bobcaygeon Fm. is dominated by cobble sized clast,

averaging 0.25 - .50 m. in diameter, while the immature
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till on the Verulam Fm. is characterized by pebble

sized clasts. The size and angularity of the coarse

component of this facies is the most prominent

characteristic

.

The matrix is sandy-silty with an average sand

content of 42.55 percent and mud content of 20.63

percent (Table 2) . The color is generally grey-brown

with an overall loose structure and poor to well

developed fissility.

Sedimentological characteristics of the immature

till facies as observed in the field are given in

Table 3.
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Morphological Sedimentological

Situated on Paleozoic bedrock

Down-ice of Precambrian contact

Hummocky and pitted

Down-ice lineations

Discontinuous patches

Close proximity with

drumlins and eskers

Average height 3-5m

Very coarse

Dominant clast size

varies with bedrock

Clasts angular

No bedding or stratification

No observed " pebble fabric

Matrix shows weak fissility

Table 3. Morphological and sedimentological characteristics of

the immature till facies.
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Field observations suggest a good correlation

between the boulder - cobble size fraction of the

immature till facies to the underlying Paleozoic bed-

rock formations. The immature till facies was sub-

divided according to the underlying formation.

i.) Pebble Counts ;

Pebble counts on clasts collected from the

immature till facies sites are given in Table 4.

Of the 48 locations, 10 were on the Gull River

Fm. 20 from the Bobcaygeon Fm. and 18 from the

Verulam Fm. In most situations the clasts are

primarily derived from the underlying formation,

except at those locations which are located,

slightly down ice from the contact between two

formations.

Contours of the pebble counts are shown in

(Fig. 16) . Maps were constructed for the 3

Paleozoic formations, but not for the Precambrian

component because of the low percentages in the

samples. The average percentages of the Pre-

cambrian component is given in Table 5.
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The rapid increase of a particular formational

constituent is directly related to the underlying

bedrock. The iininature facies reflects the under-

lying formation in the pebble size range within 1

to 3 kilometers from the contact. This relation-

ship between the immature facies and the underlying

bedrock was used for bedrock identification in those

areas where outcrops were absent.

ii.
)

'

Roundness

The immature facies is dominated by angular to

subangular clasts. The dominant roundness class

is angular for all 3 subfacies, averaging 60.7% for

the Gull River, 64.2% for the Bobcaygeon and 70.1%

for the Verulara. Rounded and subrounded clasts

are not common (Table 6) . The percentage of rounded

clasts was an average 0.5 and the subrounded clasts

averaged 3.1 percent. The degree of rounding appeared

to be related to the clast lithology as illustrated

by sample 57. This sample is dominated by the Lower

Member of the Gull River Fm. which is very soft and

highly friable.

B. Submature till facies

The submature till facies is found at the southern

margins of the area dominated by Dummer deposits and

at the northern margin of the area dominated by drum-

lins. Nine locations have been mapped in the area

(Fig. ^^r) . The morphology of the deposits is hummocky

and indistinguishable from deposits of the immature

till facies. Sites of submature and immature facies

can be found together in the same deposit, for example

sites 15,16 and 6, 7.
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Dominant

Round-
Till Number Very Roundness Sub- Sub- ness

Sample Fades Counted Anqular Anqular Angular Rounded Rounded i¥ass

51
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The sediments of the submature till facies are

less stoney than the immature till facies but are

considerably more so than those of the mature till

which comprises the drumlins. The sediment is brown-

grey and has a sandy-silty matrix ranging from 40 to

50 percent sand and 15 to 38 percent mud, with a dense

to loose structure. The matrix shows well developed

fissility and there is no apparent stratification.

The submature till facies varies in sedimentological

characteristics and is characterized by its variability,

It is recognizably not immature or mature till facies

but has characteristics that are transitional between

these two facies.

Pebble counts and roundness determinations are

shown in Table 7. Most samples lie on the Verulam Fm.

except for site 74 which is on the Bobcaygeon Fm.

The average percentage of Precambrian clasts is 4.7.

The dominant roundness class is angular to subangular

and the average amount of subrounded and rounded

clasts is only 14.8% compared to 75% for the immature

facies and 41.5 for the mature facies.

C. ) Mature Till Facies

The mature till facies comprises the drum-

linized areas regionally, and shows all the

characteristics of a lodgement till. The matrix

is silty-sandy, and massive. Clasts are sub-

rounded to sub-angular and have an orientated

fabric (Mirynech, 1962). The till appears to

be overconsolidated and shows well developed

fissility.
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Pebble lithology and roundness determin-

ations were done on five samples (Table 8)

.

The samples were all collected from drumlins on

the Verulam Fm. The average content of Pre-

cambrian clasts was 7.6 percent, the Gull River

Fm. clasts constituted 5.5, the Bobcaygeon Fm.

65.2 and the Verulam Fm. 20.9 percent. The pebble

population is dominated by the Bobcaygeon Fm.

clasts unlike the immature and submature till

facies, sugaesting longer distance transport.

Sample
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FIGURE 18.

The most striking feature of the immature

facies is the abundance of the coarse fraction

and angularity of the clasts and the morphology

of the deposits. This is even more striking

when compared to the till comprising the drumlins

which lie in very close association with patches of

the Dummer Complex.

Pebble counts of the three till facies are

shown in Fig. 18. The sample sites all lie on the

Verulam Fm. and are from approximably the same

area. The pebble fraction of the immature till is

dominated by the underlying bedrock type to the

vertual exclusion of other lithologies. The

mature till has less of the local component and

a correspondingly high percentage of long distance

transported clasts. The lithology of the sub-

mature frcicc is intermediate between the two

other iTicies.
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Roundness determinations for the three

till facies also show a trend (Fig. 19). The

immature facies is dominated by the angular

class, while the submature facies is angular to

subangular and the mature facies is subangular

to subrounded. Table 9 outlines the charact-

eristics of the three facies.

VA - VERY AN6UIAR

A AN&ULAR
6A-5UBAN0ULAR
SR'5UBROIJNOEO
R ROUNDED

VA A SA 6R R

IMMATURE siTEOa

A SA SR R

5UBMATURE SiTE 06

VVk A 6A 5R R

MATURE 6ITEW

FIGURE 19. Roundness in percent for the immature, submature

and mature till facies.
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3 .5 Conclusions

Three till facies are recognized in the map

area; an immature facies which comprises the

Dummer Complex, a submature facies which is mapped

with the Dummer Complex but has properties of both

other two facies, and a mature till facies which

comprises the drumlinized area.

The Dummer Complex is of predominantly one till

which is composed of coarse, angular clasts in a silty-

sandy matrix. The coarse fraction consists primarily

of clasts of the underlying Paleozoic bedrock formation,

On the basis of dominant lithology, which is the

underlying formation, three subfacies of the immature

facies are recognized. The immature subfacies differ

in lithology and the size of the dominant coarse

fraction, relating to bedrock bedding patterns. The

immature facies matrix which is grey-brown, silty-

sandy with fissility and massive appears to remain

relatively constant. The Dummer Complex deposits show

rough alignment with the ice flow direction.

The mature till facies comprises the drumlinized

till sheet has all the characteristics of lodgement

till. This till appears consistant regionally and has

undergone long distance transport.

The submature till facies, although indistin-

guishable morphologically from the Dummer Complex has

characteristics of the immature and mature till facies.

The submature till facies has a greater amount of

rounding than the immature facies and much less than

the mature facies. Clast lithology shows a dominance

of local bedrock clasts but less than the immature

till facies.
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The three till facies appear to be in a

continuum related to ice transport. The immature

facies shows little to no transport, the sub-

mature a variable amount and the mature till

facies reflects long distance ice transport.

The exclusion of the immature and mature till

facies suggests the processes were mutually ex-

clusive and contemporaneous.
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4.0 GEOCHEMISTRY

4.1 Introduction

The close association of the dominant lithology

in the Dununer sediments to the underlying Paleozoic

carbonate bedrock formations, was illustrated in the

previous chapters. To see if this relationship also

holds for the finer grain sizes samples were analyzed

geochemically

.

A selective leach technique for carbonates de-

veloped by Brand and Veizer (1980), was used in an

attempt to recognize geochemical signatures for the

Gull River, Bobcaygeon and Verulam Formations in the

map area. (Leyland-Mihychuk and Brand, 1982). The

aim of the geochemical study was to (1) establish

geochemical signatures of the three Paleozoic form-

ations, and to (2) correlate these geochemical sig-

natures to the sediments comprising the Dummer

Complex in various grain sizes if possible and thereby

(3) gain some indication of the processes of erosion,

transport and deposition of the glacier during the

formation of the Dummer Complex.

There have been numerous attempts to correlate

till to bedrock in order to determine provenance

(Warren and Delavault, 1961; May and Dreimanis, 1973;

Shilts, 1973; Stea and Fowler, 1979). These studies

used bulk rock methods on a particular grain size

range, usually the mud fraction. This approach has

certain inherent disadvantages, such as the masking

of various elements due to their concentration in

certain rock types, as the lithology of the Dummer

sediments is directly related to the Paleozoic carbonate

bedrock it would be advantageous to remove the Pre-

cambrian fraction thereby making correlation of the
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carbonate fraction of the till to the carbonate bedrock

much more direct.

4 . 2 Method

Bedrock and till samples were analyzed chemically

in the same way. The till samples were pretreated in the

following manner.

The till samples were first wet sieved on a 63n»8h

stainless steel screen using deionized water. The coarse

fraction was dry sieved at 1/2 phi intervals from -0.05 phi

to 4.00 phi and the silt and clay fraction retained.

The individual sieved fractions were then powdered. Bedrock

samples were cleaned and then powdered manually.

The powdered samples were oven dried and cooled in a

dessicator after which 0.5 gram of sample was leached with

18 ml of (5% v/v) HCl for 5 hours (Brand and Veizer, 1980).

The insoluble residue was washed and weighed. The sample

solutions were analyzed on a Varian 1475 atomic absorption

spectrophotometer with HP. 85 control. The samples were

analyzed for Ca, Mg, Sr, Na, Fe, Al , Cu, Mn, Zn, Ba and Ni.

Intially the 2.0 and 4.0 phi fractions were analyzed

on 3 selected till samples. Once the method was tested for

effectiveness in identifying chemical trends in various

grain sizes, the number of fractions were increased. For

some samples all 1/2 phi fractions were analyzed. For

others only selected fractions were analyzed to confirm

geochemical grain size trends identified by the 1/2 phi

fraction till analysis.
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4.3 Results

A. ) Bedrock Geochemistry

Samples of the three Paleozoic formations

were collected from eleven bedrock outcrops and

five Dummer Complex locations (Fig. 20) . Dummer

Complex sites were used where bedrock outcrops

were not available. In total, 32 bedrock samples

were analyzed for 1 1 elements and insoluble

residue (I.R.). All chemical data are given on

100 percent carbonate basis in parts per million

except for I.R. which is reported in weight

percent :-pr?;:idi • II.

liiliii&C
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I.J-""..
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FIGURE 20. Site location map of bedrock geochemistry

samples collected from bedrock and immature till

sites.
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Ten Gull River, ten Bobcaygeon and twelve

Verulam Formation samples were analyzed. Access

to bedrock outcrops of the Gull River Fm. was

particularily difficult in the map area.

Therefore, in 4 of the 5 locations pebbles were

collected from Dummer Complex sediments over-

lying the Gull River Fm.

Average accuracy and precision as compared

with standard rocks NBS- 631 and 6 34 is better

than 5 relative percent for Ca, Mg, Sr, Mn and

Fe, and better than 10 relative percent for

Cu, Na, Zn, Ba, Al and Ni (ef. Brand and Veizer,

1980). Insoluble residue was determined gra-

vimetrically and precision was better than 7

relative percent.

Statistical analysis of the bedrock geo-

chemistry is given in Appendix II. A difference

of means test (student's t test) was used to

define significant differences between the form-

mations at the 95 percent confidence level.

The results of the student's t - test are sum-

marized in Table 10-.

Formations
T - Tested I.R.

Gull River
to Bobcaygeon X

Gull River
to Verulam X

Bobcaygeon to
Verulam

Sr/CA
Ca Mg Sr Cu Mn Fe Na Zn Ba Al ratio

X X

X X

-XXX
X X X

X

X

X

Table 10. Results of t-test for the bedrock formations;

X significant difference - no significant difference





58

Calcium and the strontium - calcium ratios

are significantly different between all three

formations. The I.R., Mg. Sr, Mn, Fe and Na

differentiates the Gull River Fm. from the

Bobcaygeon and Verulam Formations . Cu is

significantly different between the Gull River

and Verulam Fms. Ba and Al show no significant

difference between means for any of the form-

ations.

Figure 21 illustrates the relationship

of mean and standard deviation of the Gull

River, Bobcaygeon and Verulam Formations for

I.R., Ca, Sr, Mn, Fe, Na and the Sr/Ca ratio,

all of which showed a significant difference of

means between at least two of the formations.

Insoluble residues decrease from the

Gull River to Bobcaygeon to the Verulam Form-

ation, whereas the values of Ca and Na show the

opposite trend. The mean values of Mn and Fe

for the Gull River Fm. are substantially higher

than for the other two formations which are

similar in values. The Bobcaygeon Fm. has the

highest values of Sr and Sr/Ca ratio. The

Verulam Fm. and the Bobcaygeon Fm. both have

lower mean values of 230 ppm and 500 ppm re-

spectively (Fig. 20)

.

Geochemically the Gull River Fm. is

chemically distinct from the Bobcaygeon and

Verulam Fms. for I.R., Ca, Mg, Mn, Fe and Na.

The Bobcaygeon and Verulam Fms. can only be

differentiated using Ca and the Sr/Ca ratio.
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B.) Till Geochemistry .

Nine till samples were selected for geo-

chemical analysis; six are of the immature facies

and three are of the submature facies. Figure

22 illustrates the location of the till sites on

the underlying bedrock.

The samples were sieved as described pre-

viously and a total of 64 samples were analyzed

(Appendix II)

.

meozic
I I C.ill».».. (m
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• MMIbfe

FIGURE 22, Loccition of till samples collected for

geochemical analysis.

The non-carbonate component is represented

by the insolq^ble residue. In the till samples,

the I.R. increases rapidly form - 1.5 phi to 4.0

phi, decreasing slightly in the silt and clay

fraction (Fig. 23).
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FIGURE 23. Insolu^ble residue in weight percent for the

Gull River, Bobcaygeon and Verulam Formations, and

the immature till subfacies.

Comparison of the thsoluble residue of

the immature and the submature till fades, at

locations approximately the same distance downice,

(Fig. 24) , shows that the submature facies has

a greater Precambrian Shield component. The

difference increases from 13% at -0.05 phi to 24%

at 1.0 phi, indicating the submature till facies

is transporting a greater amount of long distance

material than the immature till facies.





62

The Precambrian Shield component, repre-

senting long distance transport, can be calculated

by subtracting the average I.R. value of the

underlying Paleozoic formation from the I.R. of

the associated till. For example sample 57

Igr (Immature Gull River till subfacies)

;

I.R. of 57 Igr at 0.0 = 43%

Average Gull River Fm. I.R. 15%

Precambrian Shield component 28%

The Gull River subfacies of the immature

till has more IP, than the other two subfacies.

The Precambrian Shield component of sample 57 Igr

increases from 2 5 percent at 0.0 phi to 6 5 percent

at 4.0 phi, and decreases to 4 5 percent in the

silt and clay fraction. The immature Bobcaygeon

and Verulam subfacies both have less than 10

percent Precambrian Shield component in the

- 0.5 phi fraction. This increases to 75 percent

at 4.0 phi for the Bobcaygeon subfacies and 56

percent for the Verulam subfacies.
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all grain sizes analyzed (Fig. 23). The I.R.

is greater than 35% in the size fractions less

than 1.0 phi. for the Bobcaygeon subfacies,

and in the size fractions less than 1.5 phi

for the Verulam subfacies. As a result, the

geochemistry results of samples with greater

than 35 percent I.R. are reflecting the process

of leaching from the non-carbonate fraction rather

than true values on the carbonate component.

J*"
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To overcome this problem of leaching,

elements associated solely with the calcium

carbonate lattice such a Sr and those elements

partially associated with it such as Fe and Mn

(Brand and Terasmae, 1983) were used to correlate

till and bedrock geochemistry.

Figure 26 illustrates Sr values for the

Gull River, Bobcaygeon and Verulam immature

till facies. Sample 57 Igr correlates directly

with the range of Sr determined for the Gull

River Fm. in all grain sizes analyzed. The

Bobcaygeon and Verulam subfacies show higher

values and can be differentiated from the Gull

River Formation and immature subfacies. However,

they cannot be differentiated between themselves

on the basis of geochemistry. A similar sit-

uation is seen in the Mn values (Fig. 27) where

the Gull River subfacies can be correlated to

bedrock geochemistry and differentiated from

the other two subfacies. However, the Bobcaygeon

and Verulam subfacies can not be distinguished.

Both show a progressive increase of Mn in the

finer grain sizes, where I.R. concentrations

are greatest, suggesting some leaching effect.

4.4 Discussion

Bedrock geochemistry of the Gull River, Bobcaygeon

and Verulam Paleozoic Formations indicates that only Ca

and the Sr/Ca ratio can be used to differentiate these

formations. The insoli^^le residue and Sr, Mn, Fe and

Na values are significantly different between the Gull

River and the other two Formations. Cu, Ba, Zn and Al

are not useful as formational geochemical signatures.

Although Mg shows a significant difference between the

Gull River and the other two formations, the range is so
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FIGURE 27. Mn content in ppm for the immature subfacies in

varying grain sizes.
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great in the results it cannot be considered as a use-

ful indicator. The standard deviation of the other

results is quite large as well (Fig. 10), making dif-

ferentiation between the formations, especially between

the Bobcaygeon and Verulam, tenuous. The Bobcaygeon and

Verulam Fms. are not chemically distinctive from each other

using the elements in this study.

The insoluble residue trend in the till samples

may be related to terminal grades of the mineral consti-

tuents (Dreimanis and Vagners, 1971), or secondary enrich-

ment of calcium carbonate in the silt and clay by ground

water percolation. The submature till facies has a great

amount of I.R. in all grain sizes, indicating more long

distance transported Precambrian Shild material than in

the immature till.

The method developed by Brand and Veizer (1980) for

use on carbonate rocks is not effective when analyzing

sediments with greater than 35 percent insoluble residue.

The relationship between elements such as Al , which are

associated with the non-carbonate component, illustrates

the amount of leaching that has occured. By using elements

which are primarily associated with the carbonate com-

ponent, this leaching problem can be reduced.

4 . 5 Conclusions

Geochemistry of the Gull River, Bobcaygeon and

Verulam Formations indicates the Gull River Fm. as signi-

icantly distinctive from the other two formations. The

Bobcaygeon and Verulam Formations are not chemically

distinctive.

By using Sr and Mn analysis associated with the

calcium carbonate lattice, correlation of the immature

Gull River subfacies to the Gull River Formation was

possible. Correlation of the Bobcaygeon and Verulam

subfacies were not possible to their bedrock sources.
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The contribution of marbles from the Precambrian

Shield is unknown (Fig. 2 8) . The potential incorporation

of marble must be considered as it constitutes approximately

30 percent of the immediate area in an up ice direction.

.-^' ."-'/-'''
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The rapid increase of Insoluble residue in

the sand fraction indicates the immature till is

composed of two components. A coarse fraction which

is dominated by local carbonate bedrock constituents

and a matrix composed of long distance Precambrian

Shield material. The submature till facies which

has more long distance transported clasts and more

rounding, appears to have a greater amount of long

distance transported -material in its matrix.

The method used for till geochemistry is not

effective due to the effects of leaching from the

Insoluble fraction. Modification of the method may

reduce this effect.

The identification of a specific element which

is chemically distinctive and localized would be of

greater value than broad spectrum carbonate geo-

chemistry, especially if attempting to correlate sed-

iments to bedrock sources. The processes of erosion,

transportation and deposition modify sediments.

Identifying a specific geochemical signature which can

be traced in distance and grain size would provide a

valuable tool in understanding glacial processes.
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5.0 MODEL OF DEPOSITION

5.1 Introduction

Controversy exists over the interpretation of the

Dummer Complex. Traditionally the Dummer Complex has

been interpreted as an end moraine (Mirynech, 1962,

Chapman and Putnam, 1966). More recent work on the

Dummer Complex by Schluchter (1979) and regional de-

glaciation studies of southern Ontario (Terasmae,

1979, Gadd, 1980) have proposed an alternative view

as to origin of the Dummer Complex.

Studies on modern glaciers (eg. Boulton, 1968,

1970, Johnston 1971, Lawson 1979, Eyles, 1979) have

provided insight into processes and sedimentation in

the glacial environment. With this information and

the data collected in this study, a model of deposi-

tion is proposed for the Dummer Complex using sedi-

mentology, geological setting and glacial processes.

5. 2 Traditional Interpretation of the Dummer Complex

Traditionally the Dummer Complex has been regarded

as an end moraine (Mirynech, 1960; Chapman and Putnam,

1966; Prest, 1970; Dreimanis , 1977; Vivian, 1973).

The orientation of the Dummer Complex is parallel to

the Oak Ridges Interlobate Moraine was considered

additional evidence for its interpretation as an end

moraine (Gadd, 1980).

The traditional view (Mirynech, 1962) f holds

that during the late Wisconsin glacial ice flowed south-

westward across the area as evidenced by striae and

drumlin orientations. During deglaciation the Simcoe

lobe retreated to a point north of the Paleozoic -

Precambrian contact. A cooling of the climate resulted
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in the re-ictivation of the ice and the glacier re-

advanced, ripping up blocks of Paleozoic bedrock pro-

ducing the sediments which characterize the Dummer

Complex. The period of re-activation was short lived

and the ice advanced only 4 to 20 Kilometers, not over-

riding the drumlins. The end of the re-activation

period was caused by warming of the climate and the

ice retreated rapidly northwards.

The re-advance of the Simcoe lobe was used to

explain the closing of the Kirkfield - Fenelon Falls

outlet, resulting in the Main Lake Algonquin phase.

5.3 Problems with the Traditional Interpretation

Papers by Terasmae (1980) and Gadd (1980) discuss

the problems of the traditional interpretation of the

Dummer Complex and overall deglaciation history of

southeastern Ontario.

A. ) Flow Indicators and MoratnJc Systems

Striae measurements by Henderson (1966),

Terasmae (1965) and Gadd (1980) suggest changing

ice-flow directions during the late Wisconsin.

South of the Ottawa River the oldest set of striae

indicate a southwesterly flow. Superimposed on

this set are another set which trend in a westerly

direction is the Kingston area. This change is

not seen in the area north of the Oak Ridges

Moraine covered by the Simcoe lobe - Striae and

drumlin orientations are southwesterly suggesting

there was no change of flow direction during

retreat. The east-west orientation of the Dummer

Complex is not normal to ice-flow as would be

expected for an end moraine.
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Although the Dummer Complex does

parallel the Oak Ridges Moraine, it is

important to mention that the Oak Ridges is

an interlobate lateral moraine and the Dummer

Complex interpreted as an end moraine. The

Dummer Complex is parallel to the Precambrian -

Paleozoic bedrock contact.

The Dummer Complex terminates at Tamworth

and the Oak Ridges Moraine terminates at Trenton

with no eastward extensions of these features

(Henderson, 1973). This means there is no

evidence that the margin of the ice sheet ex-

tended to the Adirondacks (Terasmae, 1980; Gadd,

1980). The termination of the Dummer Complex

at Tamworth is coincidental with the eastern

limit of the Paleozoic carbonates.

B. ) Regional Deglaciation History

The regional deglaciation history of

southeastern Ontario is poorly understood

(Terasmae, 1980; Gadd, 1980; Sharpe, 1979;

Karrow et. al., 1975). Specific problems relate

to the opening and closing of the Fenelon Falls

Trent Valley outlet system between glacial

Lake Algonquin, the Iroquois shoreline which

disappears in the Trenton - Belleville area and
14

the Champlain Sea C i, dates which are consi-

derably older than the dates on Lake Iroquois.

The overall relationship of Lake Algonquin -

Lake Iroquois and the Champlain Sea (Sharpe,

1979) to the deglaciation of southeastern

Ontario remains a problem.
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C. Occam's Razor or a Matter of Simplicity

Recent work on modern glaciers and glacial

sediments has provided insight into glacial

processes. Although there is no modern

equivalent of the continental glaciers of the past,

ancient deposits can be related to modern glacial

processes. Emphasis should be placed on the

interpretations which are the simplest, relating

where possible the deposit to a depositional

environment without invoking a catastrophic

event. If the Dummer Complex can be explained

In terms of glacier ice dynamics without the necessity

of a cooling climate and a change in ice mass,

this interpretation should be given preference.

As Occam's razor states, when there are more than

one explanation, one must choose the one that

involves the least number of assumptions.

5.4 Determination of Depositional Environment

The Dummer Complex is composed of scattered,

pitted hummocks of blocky, angular debris. The

northern margin is the Precambrian - Paleozoic bed-

rock contact. The southern margin is irregular and

diffuse, with Dummer Complex deposits separated by

drumlins. The drumlins do not show any indications of

having been overridden . Dummer sediments are often

associated with large expanses of bare or boulder

strewn Paleozoic bedrock and have not been found

overlying any other type of sediment. Deposits show

rough alignment with southwest ice-flow indicated by

the drumlins. One set of striae located in the

Dummer Complex, 2 km. west of Round Lake, show parallel

orientation with the drumlins. Subglacial or englacial

eskers cut through deposits of the Dummer Complex.
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Dummer sediments have a sandy-silty matrix

supporting a large coarse component. The coarse

component is made of large blocks of angular clasts

of Paleozoic bedrock. The Paleozoic clasts are com-

posed of the underlying bedrock lithology. There is

no indication of sorting or stratification in the

Dummer Complex.

The glacial depositional environment can be

determined by examining sedimentological characteris-

tics of the deposits and their relationship to other

lateral sedimentary units (Boulton, 1970, 1976; Eyles

et. al., 1983). Sediments associated with ice marginal

processes are usually a complex association of rese-

dimented flows. The flows often show layered or

banded structures and an internal upward fining

organization. These supraglacial flow tills are gen-

erally associated with meltwater and evidence of sorting,

such as sand lenses in the till, is common. (Boulton,

1972)

.

Dummer sediments lack the characteristic sorting

and bedding associated with secondary or supraglacial

flow tills. Its massive, unstratif ied, unsorted

structure suggests a subglacial environment of deposi-

tion. The rough alignment of the Dummer Complex

hummocks with ice-flow as well as the cross-cutting

by subglacial or englacial eskers supports the sedi-

mentological evidence of a subglacial environment.

Sediments deposited subglacially are divided into

lodgement till, melt-out till and deformation till

(Boulton and Deynoux, 1981). As the Dummer sediments

show no evidence of deformation, they must be either

lodgement or subglacial melt-out till.





75





76

The immature till of the Dummer Complex has

sedimentological properties of both lodgement and

melt-out tills (Table 11). The immature till is found

directly on the glacier bed, in this case the

Paleozoic bedrock. Lodgement till always overlies the

glacier bed or lodgement till. The thickness of

Dummer deposits is up to 10 meters which exceeds the

maximum thickness (2m) of subglacial melt-out till

deposits. Lodgement tills can be of any thickness.

The angular, equidlmensional " shape of the clasts of

the immature till is not characteristic of either

lodgement or melt-out till.

Over all, the sediments of the Dummer Complex

appear to be a type of lodgement till in which the

clasts have undergone little ^conminutloti or transport,

Three subglacial tills have been recognized in

the area; the till which comprises the drumlinized

areas, the immature till of the Dummer Complex and a

transitional till with characteristics between the

other tills. The immature till shows little or no

transport while the mature till of the drumlins re-

presents long distance transport, as illustrated by

the pebble counts reported In chapter 3. The geochemistry

appears to support this concept, as the matrix of the

submature (transitional) till has more Precambrian

Shield component than the immature till as represented

in the insoluble residue values. The three tills

appear to be lodgement facies subglacially produced,

with distance of transport the controlling factor

accounting for their differences.
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5 . 5 Model of Deposition

Regional ice-flow south of the Ottawa Valley was

southwestwards. As the ice flowed over the Algonquin

Highlands the compressive flow changes to extensive

(Fig. 29). This resulted in higher ice velocities and

higher basal temperatures. The impermeable glacial

bed of Precambrian bedrock along with the other factors

mentioned formed a basal water film. This type of

situation has also been reported in Sweden by Minell

(1980)

.

As the ice progressed down the lee of the Algonquin

Highlands, the extensive flow changed to compress ional.

In compressive zones, the lowering of ice velocities

results in lower basal temperatures and this allows

onfreezing of material at the base (Weertman, 1961).
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FIGURE 29. Schematic diagram of active ice conditions over

the Algonquin Highlands.
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Once the Paleozoic carbonates, in a series of

north-facing escarpments, are encountered there is a

change in ice dynamics. The basal water film dissipates

into bedding phases, fractures, and solution features

of the carbonate bedrock (Fig. 30)

.
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FIGURE 30. Ice conditions at the Precambrian - Paleozoic

bedrock contact.
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The result of the loss of the basal water film and

the lower basal temperatures produces freezing-on

at the glacier bed. The erosional capacity of the ice

is aided by 1 . ) compressional flow, 2.) the saturation

of the glacial bed producing excessive pore pressures

thereby reducing the shear strength of the bed, and

3.) a frozen bed, thus lowering the effective glacier

base below the ice-rock interface (Clayton and Moran,

1974; Kupsch, 1962). Since all these conditions are

present in this situation, the ice has a great amount

of erosive potential. The carbonate bedrock is sheared

and plucked with the aid of freezing at the base, to

the point where the ice becomes debris laden beyond

its capacity to transport. The debris within the ice

increases the shear strength of the basal ice to the

point where cleaner ice overrides it and the debris

laden ice acts as the glacier bed (Fig. 31).

GLACIER ICE

Compressive
Flow

L^— \Mirrw nun

;A-i;s

FIGURE 31 . Schematic diagram of overriding of cleaner

ice at the Precambrian - Paleozoic bedrock contact.
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As the ice downwasted it thinned to such a point

over the Algonquin Highlands that the ice to the south

was cut off (Fig. 32) . This resulted in the down-

wasting of the ice over the area which contained the

basal debris laden dead-ice, producing the pitted,

hummocky topography of the Dummer Complex, Games
and Bergersen (1980) have discussed similar situation

in South Norway.
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FIGURE 32. Ice stagnation and melt-out of the

Dummer Complex.
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5.6 Conclusion

The model presented explains the Dummer Complex

in terms of the ice dynamics. It is felt that this

interpretation answers many of the problems discussed

earlier in terms of regional deglaciation of southeastern

Ontario .

The position and orientation of the Dummer Complex

is due to a particular set of geomorphological charact-

eristics and the change from the Precambrian Shield

to the Paleozoic carbonates. The parallel alignment

of the Dummer Complex with the Oak Ridges Moraine

has nothing to do with ice marginal positions. >-.

The distribution of Dummer Complex deposits is

defined by the Precambrian - Paleozoic contact at its

northern margin and specific ice conditions along

its southern margin. Ice conditions changed dramati-

cally over short distances, as seen by the relationship

of the drumlins and the Dummer Complex. The Dummer

Complex representing an erosional zone and the drumlins

a depositionary zone. The Dummer Complex may be similar

to the subglacial transitional morainic forms described

by Markgren and Lassila, 1980; Kurimo, 1980.

The sedimentological characteristics of the Dummer

Complex represent a subglacial till which has not

undergone any significant transport. The immature till

of the Dummer Complex is composed of two components,

the coarse angular fraction made of the underlying

bedrock lithology and a long distance transported

matrix, defined geochemically.

The pitted, hummocky morphology of the Dummer

Complex, separated by expanses of bare or boulder strewn
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bedrock plains is the result of large scale ice stag-

nation. Meltwaters washed areas between hununocks clean

of debris.

In terms of the regional deglaciation history,

this model of ice stagnation and subsequent rapid

disintegration would result in rapid rebound as dis-

cussed by Terasmae (1980) . The rapid rebound would

provide the mechanism of the closing of the Kirkfield-

Fenelon Falls outlet and the development of the Main

Algonquin phase, without the necessity of a readvance.

The massive stagnation of the Simcoe lobe caused the

cessation of southwesterly discharge routes could

account for the change in flow patterns of the Ontario

basin lobe. This type of situation is reported by

Aario and Forsstrom (1979).

Finally, the model presented here has the least

number of assumptions compared to the alternative view

of a cooling climate, short lived re-activation and

advance of the ice front.
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