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PREFACE

Pleistocene or glacial deposits mantle the bedrock formations through-
out much of Canada, and represent the unconsolidated materials from
which our soils are derived and from which much of our ground-water
supply is obtained. Their varied characteristics are also of vital concern
in most engineering projects, and in the supply of road metal and other
constructional materials. For all such agricultural and industrial purposes,
so fundamental to the progress of civilization, it is becoming increasingly
important to have on record all pertinent data relative to the extent, thick-
ness, character, and origin of such deposits and their ground-water
possibilities.

The present report deals with an area of some 1,300 square miles
around, and including, Lake Simcoe, in southwestern Ontario. It describes
the physiography or land forms of this region, deals with the bedrock and
unconsolidated material comprising these forms, and discusses in some
detail the origin and mode of accumulation of the glacial deposits. It
relates the historical events following the retreat of the last continental
glacier from the region and subsequent inundation of much of the land by
glacial Lake Algonquin, and details an account of the differential uplift
that resulted when the great mass of ice was removed. The report is accom-
panied by two maps, on a scale of 1 inch to 2 miles, illustrative respectively
of the geology and physiography of the region. Ground-water data are
not included, but are being published in separate water supply papers for
each of the townships in the map-area.

GEORGE HANSON,
Chief Geologist, Geological Survey of Canada

Ottawa, March 15, 1949



Pleistocene Geology of the Lake Simcoe
District, Ontario

CHAPTER I
INTRODUCTION
SCOPE OF INVESTIGATIONS

The object of this report is to present the results of investigations
of Pleistocene deposits and physiographic features in the Lake Simcoe
district, Ontario. The region embraced in the discussion of the glacial
deposits is largely that of the Lake Simcoe basin, but in dealing with the
history of glacial Lake Algonquin it has been necessary to range far beyond
the limited area mapped, and to correlate the results obtained by the writer
with those found by other investigators.
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Figure 1. Index map, showing location of Lake Simcoe district map-area.

The direct economic importance of the deposits is limited to their
use in the construction of roads, buildings, dams, tunnels, and drainage
and irrigation canals, or in other engineering projects. Pleistocene de-
posits are of the utmost importance in agriculture, and in the supply of
ground water essential to both rural and urban settlement.
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LOCATION AND AREA

The area mapped (See Figure 1) lies in the western part of south-
central Ontario, about 75 miles north of Toronto. It extends from latitude
44° 15’ to 44° 45’ and from longitude 79° 00’ to 79° 45’, and covers an area
of approximately 1,300 square miles, of which nearly a quarter is water.

PREVIOUS WORK

Since 1852 the history of the Great Lakes has been the subject of
numerous investigations, and various writers have published papers per-
taining to it. The classical report is by Leverett and Taylor (18)!. Gold-
thwait (10) and Johnston (14) traced the Algonquin shoreline in the Lake
Simcoe area. In more recent years Stanley (20, 21, 22) has reported on the
lower Algonquin beaches around Georgian Bay.

The glacial deposits have received less attention. W. A. Johnston,
for the Geological Survey of Canada, spent the summers from 1907 to 1912
in mapping the Pleistocene deposits of Lake Simcoe map-area, with the
exception of the northwest corner. However, this work was not published,
and no detailed accounts are available. The physiography and soils have
been described by Putnam and Chapman (2, 3).

OUTLINE OF FIELD WORK

Field work on which this report is largely based was conducted by the
writer for the Geological Survey of Canada during the summers of 1945,
1946, 1947, and 1948. It was concerned mainly with three problems:
Pleistocene geology, beach elevations, and ground-water survey. Accom-
panying maps show the glacial deposits (Map 992A) and physiographic divi-
sions (Map 993A). The glacial material was classified from whatever natural
and artificial exposures, such as those of shore cliffs, ravines, road cuts,
raillway cuts, and wells, could be found, but most of the information was
obtained from holes dug to a depth of 3 or 4 feet.

More than eight hundred readings of elevations of beaches, bars, and
spits of Algonquin and lower Algonquin shorelines were taken to show the
relation of the various beaches to each other and to determine the amount
of differential uplift that has affected the area since glaciation. Ground-
water conditions in each of the townships within the map-area are des-
cribed in water supply papers issued, or to be issued, by the Geological
Survey of Canada.
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CHAPTER 11
PHYSICAL FEATURES
GENERAL ACCOUNT

The northern fringe of Lake Simcoe map-area is underlain by the
Precambrian rocks of the Canadian Shield. South of this border the area
is underlain by Ordovician strata. During glacial advances of Pleistocene
time, the granitic terrain was scoured, leaving numerous outcrops and,
between them, depressions filled with drift. The Pal®ozoic strata are
exposed near the Precambrian border, or are thinly veneered with a till
sheet, but the drift thickens rapidly to the south, particularly in the western
half of the map-area. Within the area, the Precambrian rocks lie within
8 zone of erosion, and most of the Palzozoic rocks within a zone of deposi-
tion. Flint (8, p. 86) states that the border between these two zones coin-
cides fairly closely with the Precambrian-Pal®ozoic contact. It would be
strange indeed if this coincidence were related to position with respect
to the ice-sheet. The facts suggest that lithology was the determining
factor. The hard, granitic, Precambrian rocks were not easily eroded,
with the result that the subglacial load in the glacier was light. Very little
drift now covers these rocks and the original surface prior to any glacial
stage suffered very little change. On the other hand, the soft Ordovician
rocks were more easily eroded, both by plucking and abrasion, resulting
in a relatively heavy subglacial load of drift, that was soon deposited,
mainly as ground moraine. South of the Precambrian border, the narrow,
marginal limestone plains that contain very little drift indicate that the
base of the advancing ice was not overloaded and that scouring action
prevailed for a short distance over the Palzozoic rocks before sufficient
material was picked up to necessitate deposition. The flat-lying attitude
and compactness of the limestone rocks may have been contributing
factors where scouring prevailed. The present surface of the Canadian
Shield within the area is relatively flat, and shows no deep preglacial valleys,
whereas the Pal®ozoic rocks, though flat over large areas, were eroded
by preglacial streams that left many deep valleys, now partly filled with
drift and occupied by present streams.

PHYSIOGRAPHIC DIVISIONS

The map-area may be divided into physiographic divisions, which
although the boundaries are by no means definite, nevertheless contain
forms that bear a degree of uniformity. The divisions adopted are those
of Putnam and Chapman (2). The factors considered in making the divi-
sions are; bedrock, composition of the drift, and topography. The following
paragraphs briefly describe these divisions.

ROCK-KNOB LOWLANDS

Rock-knob lowlands form the most northerly division and occupy an
almost continuous fringe across the northern part of the map area, with a
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maximum width of 4 miles. The distinguishing feature here is the numerous
outerops of Precambrian granite and gneiss in the form of roches mouton-
neés that give a rugged appearance to the landscape (See Plate IT A).
The area is low, generally less than 800 feet above sea-level, but rises to
the north and east to become the uplands described by Putnam and Chap-
man (2). These lowlands were covered by glacial Lake Algonquin, and dur-
ing the lower stages of this lake the waves swept the rock-knobs clear of
drift and deposited this material on top of the drift in the depressions
between the outerops.

LIMESTONE PLAINS

A limestone plain extends as a narrow belt along the south border of
the Canadian Shield. The belt is about 10 miles wide at the east side of
the map-area but narrows to the west. Flat-lying limestone outcrops
within much of the belt, and, as in the rock-knob lowlands to the north,
much of the drift left by the retreating glacier was subsequently removed
from the higher parts by the waters of glacial Lake Algonquin. Lacustrine
deposits and drift thinly cover the low-lying areas. KEscarpments varying
from 3 to 25 feet in height are common (See Plate 11 B), and result from the
plucking action of the glacier. Many of them are step-like and continuous
for 2 or 3 miles. A few drumlins occur on the limestone plains, and some
of them may be rock drumlins. At the east side of the belt gravel and
cobble ridges are common where the ground.reached the level of Lake
Algonquin. Georgina and Thorah Islands in Lake Simcoe are isolated
remnants of the limestone plains.

ALGONQUIN LAKE PLAIN

Included in the Algonquin Lake plain are those areas that were covered
by Lake Algonquin and whose characteristic features are flat plains of sand,
silt, or clay. The altitude of the main Algonquin beach increases north-
ward from 740 feet at the south end of Cook Bay to more than 900 feet
at the northeast corner of the map-area. In general, clay flats are most
common in the depressions, with silt and sand, respectively, occupying
the areas marginal to the shorelines. During maximum inundation by
Lake Algonquin, and during its successive lower stages, sand was deposited
close to the shorelines, silt was carried some distance off shore, and only
clay reached the deeper water. With each lower stage this succession was
repeated, giving a lateral sequence of sand, silt, and clay, respectively,
away from the shoreline, and in the thick deposits a vertical sequence
grading down from sand to clay. The depressions were isolated ponds in
the final stages of inundation, and, hence, wave action was so reduced that
the clay was not covered by silt and sand.

Beach deposits are common along the shorelines of Lake Algonquin
at its various stages. Gravel bay-mouth bars, spits, and beach ridges are
best developed along the main Algonquin beach, with sand counterparts
more common along the lower Algonquin shorelines.

DRUMLIN FIELDS

Drumlins are numerous and widespread within the area mapped, but
most of them are concentrated into two fields, one in the southeast centring
around Cannington, and the other in Mara and Rama townships east of
Orillia. Those around Cannington are the typical oval hills with a height
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of as much as 200 feet. Those along the northeast shore of Lake Simcoe
are long, narrow ridges rarely more than 50 feet high. The drumlins,
because of their wide distribution, merge with all adjoining deposits. Those
submerged beneath Lake Algonquin are somewhat modified by wave
action, but still retain their drumlinoid form although the swales between
them are floored with lacustrine deposits. In general, the larger drumlins
are found where the drift is thick, whereas the smaller drumlins occur
where the drift is thin. No drumlins have been identified in the rock-knob
lowlands.
LAKE SIMCOE TILL PLAINS

The Lake Simcoe till plains are made up of several islands, peninsulas,
and headlands of ancient Lake Algonquin. The plain is mainly an undu-
lating ground moraine, but contains the Bass Lake kame moraine, a few
drumlins, and ice-contact deposits. The general elevation of the plain is
1,000 feet above sea-level, but the effect of a plain is broken in one place
by the broad belt of kame moraine, sand, and gravel that reaches an ele-
vation of 1,350 feet, and in other places by deep valleys that form the
straits and bays of Lake Algonquin and generally are below 800 feet. The
material comprising the ground moraine in the northern part is a sandy
till derived mainly from the granites of the Canadian Shield. This till
contains & great many, large, igneous boulders that now litter the surface.
In the central and southern part, the till becomes progressively more
calcareous. In addition to the ground moraine there are areas of outwash
sand and gravel that are quite flat; the largest is south of Barrie.

RELIEF

Relief in the map-area is varied; in the Lake Simcoe till plains region it
i1s accentuated by the rolling hills of kame moraine that reach an altitude
of 1,350 feet, and the steep-sided valleys that drain into Georgian Bay,
where the altitude is 581 feet. The rock-knob lowlands and limestone plains
have little relief, for although the Precambrian topography is rugged and
the limestone plains are broken by a few drumlins and escarpments, few
of the roches moutonnées, drumlins, or escarpments rise more than 25 feet
above the plains on which they occur. In the drumlin fields the topog-
raphy is rolling, particularly in the southeast part of the area where the
drumlins generally rise slightly more than 100 feet above the intervening
swales. Lake Algonquin had a dual effect on the topography: along its
shoreline the waves cut into the headland and left steep bluffs that rise
to a maximum height of about 80 feet, thus accentuating the relief; on the
other hand, lacustrine deposits cover many of the irregularities of the lake
bed, thus subduing the relief. This latter process was particularly effective
in the rock-knob lowlands, in the limestone plain, and in the drumlin field
east of Orillia.

DRAINAGE

Rivers in the Lake Simcoe map-area are small and unimportant com-
mercially or economically. They are, in order clockwise from the northeast
corner; the Black, with its tributary the Head, Beaverton, Pefferlaw Brook,
Black (there are two Black Rivers), North, Coldwater, and Sturgeon.
Black River (in the northeast) and its tributary, Head River, flow west-
ward through low rock banks in the rock-knob lowlands. The rivers are
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still in a youthful stage, as evidenced by rapids and falls between slow,
sluggish stretches. The water is black in contrast with the green water
of Severn River, which the Black joins above Washago. Beaverton
River flows northward through the drumlin field in the southeast part
of the area. It is a sluggish, meandering stream, flowing in an extensive
swamp through most of its course. Its youthful stage is exhibited near
the mouth by a few small rapids. Black River (south of Lake Simcoe)
and Pefferlaw Brook are two small, sluggish streams flowing on the Lake
Algonquin plain into Lake Simcoe.

In the northwest part of the area are three rivers draining into Geor-
gian Bay. North River, which forms the outlet of Bass Lake, is a mean-
dering stream flowing between low banks through the rock-knob lowlands
over most of its course. It has the appearance of a youthful stream only
in the upper 3 or 4 miles, where rapids, falls, and deep, narrow gullies in
Algonquin terraces mark its course. Coldwater and Sturgeon Rivers both
flow through deep glacial valleys. These valleys are floored with thick
deposits of lacustrine material into which the rivers are only slightly en-
trenched. The gradient of both rivers is fairly uniform at about 8 feet a
mile.

All of these rivers, with the exception of the North, Head, and Black
(in the northeast), follow preglacial drainage systems of which the deep
glacial valleys are the present expression. There is no evidence of pregla-
cial valleys along the courses of North and Black Rivers, and, hence,
they follow the natural slope of the country, meandering between low
banks in depressions in the bedrock and thin drift. Downcutting by the
present streams is slight, as most of them are misfits occupying glacial
valleys with low gradients. Gullying occurs mainly in terraces and bay-
mouth bars crossed by the streams.

The lakes, in order of size, are Simcoe, Couchiching, Dalrymple, Canal,
Bass, St. John, and Little. Lake Simcoe is generally shallow, but reaches
a maximum depth of 140 feet at the mouth of Kempenfelt Bay. Lake
Couchiching is extremely shallow, with rocks and shoals everywhere within
a few feet of the surface of the water. These two lakes owe their present
existence to: (1) damming of the preglacial drainage system by glacial
drift; (2) damming of outlets by lacustrine deposits (a ditch in the valley
west of Barrie, 6 miles long, with a maximum depth of 50 feet, would
initiate a stream that would soon drain Lake Simcoe completely); (3)
depressions that are largely glacial in origin; and (4) differential uplift.
Since the formation of the Algonquin beach, the outlet of Lakes Simcoe and
Couchiching at Washago has been uplifted 140 feet higher than the south
end of Cook Bay. Were the land depressed this amount these lakes would
be completely drained except for a small pond in Kempenfelt Bay.

The other lakes are all relatively shallow. Dalrymple and Canal
Lakes occupy depressions that were originally valleys of the preglacial
drainage system. Glacial drift now blocks the southern end of these de-
pressions. Lakes Couchiching, St. John, and Dalrymple are ‘glint’ lakes,
namely, lakes lying on the border between the Canadian Shield and the
Pal=zozoic rocks.



CHAPTER III

GENERAL GEOLOGY

TABLE OF FORMATIONS

The subdivisions of the Pleistocene, and the bedrock formations
referred to in this report are as follows:

Era Period Epoch Age Sub-age
(Stage) (Substage)
Recent
Mankato
Cary
Wisconsin _—
Cenozoic Quaternary Tazewell
Towan
Pleistocene
Sangamon!
Illinoian
Yarmouth!
Kansan
Aftonian
Nebraskan
Unconformity
Sub-epoch Formation
Cobourg
Trenton
Middle Trenton
Palzozoic Ordovician Ordovician
Leray
Black River Lowville
Pamelia?
Unconformity
Precambrian

1 Interglacial units of the Pleistocene epoch are in italics.
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BEDROCK

FEATURES OF THE PRECAMBRIAN ROCKS

The minor amount of drift now present in the rock-knob lowlands as
compared with the innumerable outcrops of granite and granite-gneiss
is a remarkable feature of the narrow fringe of the Canadian Shield in this
area, in view of the fact that the glaciers had up to this point advanced
mainly over granitic rocks throughout their entire journey. It can only
be concluded that the base of the ice was not overloaded, and that scouring
action prevailed, with the result that the area is now studded with roches
moutonnées (See Plate II A) that rise from a few feet to about 40 feet,
and the little drift deposited fills depressions between the outerops. Most
of the outcrops of granite have the typical roche moutonnée form, with
a gentle stoss and steep lee ends, and with the long axis parallel with the
direction of ice movement. In the granite-gneisses, structure was a con-
trolling feature. Where folds and fractures were transverse to the direc-
tion of ice movement, the plucking action of the ice left very rugged and
irregular forms; where the structure paralleled ice movement, deep groov-
ing and long ridges are common.

Grooving and chattermarks are common in the hard granitic rocks,
whereas strize are rarely seen.

While the Lake Simcoe area was inundated by glacial Lake Algonquin,
wave action removed any drift left on the outcrops by the glacier, and, in
places, deposited sand, silt, or clay over the drift in the depressions.

The material contributed to the load of the glacier by these granites
and granite-gneisses varied from exceedingly large boulders to sand-sized
particles. The coarse granular texture and the hardness of the rocks tended
to produce the coarser particles rather than rock-flour, which is a charac-
teristic product of shales and limestones.

FEATURES OF THE PALAZOZOIC ROCKS

Palzozoic rocks of Ordovician age overlie the Precambrian rocks
unconformably. The basal beds are sandstone or arkose (Ordovician or
Cambrian?) and are well exposed on the east side of Lake St. John. Over-
lying these are red and green shales. These two series constitute the Pam-
elia formation and are local only, as Lowville limestone rests directly on
Precambrian crystalline rocks in many localities. Limestone of the Low-
ville and Leray formations is exposed along the Precambrian-Paleozoic
contact. Trenton limestone, overlying the Leray formation, is the most
widespread of the Ordovician strata, forming large outcrops and under-
lying the drift throughout most of the area. The Cobourg argillaceous lime-
stone, overlying the Trenton, outcrops in Pefferlaw Brook. It is the highest
member of the Ordovician rocks exposed in the area. The Ordovician strata
are generally nearly flat-lying, with a Jow dip of about 25 feet per mile
to the southwest (13).

Escarpments, the result of glacial plucking or quarrying, are common
in the limestone plains. Most of the escarpments vary in height from
3 to 20 feet (See Plate II B). An exception is the 90-foot cliff, at the base
of which Head River flows, 3 miles northeast of Dalrymple Lake. This
cliff marks the course of a preglacial stream, and is mainly the result of
stream erosion.

44439—2
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The drift derived from the Ordovician rocks is composed of material
varying in size from large blocks, the result of plucking, to rock-flour,
the product of abrasion. Rock-flour is a typical product of glacial abrasion
of limestones and shales, as these soft rocks yielded readily to the grinding
action of the harder granitic fragments embedded at the base of the moving
ice-sheet. Large limestone boulders are rare; cobbles and pebbles of lime-
stone or shale often make up a large proportion of the drift where bedrock
lies at or near the surface. Whereas roches moutonnées and chatter-
marks are characteristic of the crystalline rocks, fine grooving or strie
are characteristic of the limestone. Weathering has removed any evidence
of striations on exposed surfaces, but where the limestone is covered by
even a few inches of drift the scratches are usually well preserved.

PLEISTOCENE DEPOSITS
GENERAL STATEMENT

The surficial deposits that cover most of Lake Simcoe map-area differ
from the bedrock that underlies them in that they are unconsolidated; are
glacial, glacio-fluvial, or glacio-lacustrine in origin; and are vastly younger.
They belong to the latest of the geological periods, the Quaternary, which
is subdivided into Pleistocene and Recent epochs. The glaciers of Pleis-
tocene time removed the surface covering that existed prior to their advance,
so that the soils of the area have almost all formed on these young,
unconsolidated deposits. Except for swamp muck, Recent deposits are
insignificant.

During the Pleistocene or Glacial epoch, the continental glaciers
advanced from their gathering grounds far to the north. All exposures
indicating repeated ice advances, so remarkably shown in the Toronto
region at Scarborough and the Don Valley, are lacking in this area, though
it is probable that deeper excavation would uncover both glacial and
interglacial deposits of earlier stages. All evidence in this area shows that
the latest, or Wisconsin, glacier advanced through the region from the
northeast. During the advance of the ice, much of the loose material
lying in its path was transported for varying distances, either being pushed
ahead or incorporated in the lower part of the glacier. The ice also eroded
the underlying bedrock by plucking out masses of the rock or grinding
down the solid material over which it passed. As the ice-front retreated,
the glacier left the land surface covered with accumulations of transported
material in the form of ground moraine, drumlins, and eskers. During
periods of temporary halts or readvances, terminal moraines, kame ter-
races, kame moraines, ice-contact deposits, and outwash were left to mark
the position of the ice-front. Glacial lakes, ponded in front of the retreat-
ing ice, modified or covered the glacial deposits they inundated.

The Pleistocene deposits are interesting and complex. Almost all
glacial types are present, representing mainly the last stages of Wisconsin
glaciation in minor readvances and temporary halts. These deposits
occupy the greater part of the area, being absent only on the outcrops of
crystalline and limestone rocks. They can be divided into three groups:
(1) deposits of glacial origin, composed mainly of till in the form of ground
moraine, terminal moraine, drumlins, and ice-block ridges; (2) glacio-
fluvial deposits of stratified sands and gravels in the form of kames, kame
moraines (in part), kame terraces, ice-contact deposits, eskers, and out-
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wash; and (3) glacio-lacustrine deposits of stratified sand, silt, and clay
that were laid down on the bottom and along the shores of the glacial
lakes.

DEPOSITS OF GLACIAL ORIGIN

Ground Moraine. Under ‘ground moraine’ is classified drift that is
not definitely terminal moraine nor drumlins, and has not been reworked
by water. Certain areas that were covered by glacial Lake Algonquin
are mapped as ground moraine, but they lie close to the shoreline and most
of the lacustrine deposits were subsequently removed by the receding water,
leaving a boulder pavement covering the till. Ground moraine of thin
or very much attenuated drift covers bedrock in parts of the rock-knob
lowlands and limestone plains. The land surface is generally flat, but may
be broken here and there by outcrops and drumlins. These areas were
inundated by the waters of Lake Algonquin, but the deposits of sand,
silt, and clay are thin, usually a foot or two thick, and the presence of
the till is identified by the numerous boulders on the surface. The greater
part of the drumlin-field areas are also classified as ground moraine, which
includes the swales between the drumlins and the gently rolling hills that
are not definite enough to be called drumlins. Many of these swales are
floored with clay deposits laid down in temporary lakes during deglacia-
tion or carried down from the slopes of drumlins by sheet erosion, but
generally they are not thick enough nor extensive enough to warrant
distinction as a separate class.

Large areas of the Lake Simcoe till plains are also mapped as ground
moraine. The land surface is undulating to rolling. Some of the hills
resemble drumlins, but are not distinct enough to be classified as such. North
of the Bass Lake kame moraine, numerous, large, igneous boulders once lit-
tered the surface of the ground moraine, but in places these boulders have
been cleared from the land and used to make stone fences. The drift in the till
plains is anywhere from 100 to more than 400 feet thick, in sharp contrast
with the thin drift of the limestone plains and rock-knob lowlands. Ice-
block ridges, the deposits of stagnant ice-fields, are characteristically found
associated with ground moraine.

The ground moraine of the rock-knob lowlands is composed of a loose,
sandy, reddish till derived from granitic rocks. In the northern parts of the
Simcoe till plains the ground moraine consists of a loose, brown, non-
calcareous, sandy till formed from eroded Precambrian formations; stones
are abundant on the surface. In the southern parts, the presence of minor
amounts of limestone increases the clay content slightly, making the till
more compact. Boulder-clay tills or hard, sandy tills predominate in the
ground moraine of areas other than the Lake Simcoe till plains.

The upper 2 to 6 feet of ground moraine is in many places composed
of a loose, sandy, brown till, in some places gravelly or stony, and is com-
monly classified as ablation moraine. Generally it is in sharp contact with
the underlying till (See Plate III A). Flint (8, p. 113) described ablation
moraine ‘‘as being superglacial till, repeatedly washed by trickles and rills
of meltwater during its existence as ablation moraine. This explains its
coarser average grain size, less worn constituents, and looser texture.
In some places a thin layer of stratified drift separates the two layers of
till. Probably this was deposited by meltwater flowing beneath the thin
ice in the terminal zone while ablation moraine was accumulating above it”’.

44439—2%
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Ablation moraine is much more evident in the Simcoe till plains
than elsewhere, and it is closely associated with ice-block ridges. In the
drumlin fields and areas where ice-block ridges are not found, the sandy
till of ablation moraine is usually absent.

Drumlins. Drumlins are widely scattered throughout the map-area
but most of them occur in two fields, one centring around Sunderland and
the other east of Orillia. Smaller fields are found south of Lake Simcoe,
north of Xempenfelt Bay, and north of Bass Lake. The shape and size
of the drumlins vary considerably; only a few conform to the text-book
variety with steep stoss and gentle lee slopes, semi-ellipsoidal shape, and
smooth, gently rounded sides. The drumlins in the two major fields con-
trast sharply. Those east of Orillia are long, narrow ridges, generally less
‘than 50 feet high, with steep sides somewhat accentuated by wave action.
Ridges, as much as 8,000 feet long and 600 feet wide, with level tops are
common. In some drumlins the length is nearly fourteen times the width.
The ridge-like appearance of these drumlins is slightly exaggerated by
flat deposits of lacustrine clay in the swales (See Plate III B). Some
bedrock is exposed in the drumlin field, and nowhere is the drift in the
swales more than 50 feet thick. The orientation of the long axes of the
drumling varies between south 35 degrees west and south 45 degrees west.

In the drumlin field centring around Sunderland, the shape of the hills
is semi-ellipsoidal with gently sloping sides. The stoss ends are generally
steeper than the lee slopes. The drumlins are short and wide, with maxi-
mum lengths of 3,000 feet and widths up to 1,200 feet; a ratio of 23 to 1.
The maximum height of the hills is 150 feet. The long axes in the northern
part of the field trend south 60 degrees west and swing to south 35 degrees
west in the southern part. The trend of the long axes of the drumlins in-
dicates the direction of ice movement during the last readvance of the
glacier. This direction was from the northeast, except where topography
exerted a local, controlling influence.

These two types of drumlins appear to be related to the thickness of
drift. In the limestone plains and thin drift areas, the long, thin, ridge-
type predominates and may be erosional in origin, whereas in areas of thick
drift, generally more than 100 feet, the broad, semi-elliptical forms are
most common, and may be depositional in origin. The drumlins are mainly
composed of boulder-clay till; a few in the northern part of the area are
stony, and some in the southern part are of sandy till. In the northern
drumlin field, 4 miles east of Orillia, several of the drumlins are made up
of stratified sand and gravel. In form they differ in no way from other
drumlins and are mapped as such. However, it is possible that they are
eskers modified by wave action, or eskers overridden by the last readvance
of the glacier.

All large drumlins within the map-area are composed, in part, of
stratified material in the form of a capping over the boulder-clay till. These
deposits are so remarkably consistent that they deserve special mention.
In general, all drumlins that rise above an altitude of about 850 feet con-
tain stratified sand and gravel on the top, ends, or sides. The stratified
material is always found near the crests, always on the southeastern slope,
and in some cases at one or both ends. In a few, the deposits form the
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crest and extend a little way down both sides. The thickness varies from
a foot or two to 40 feet, with the thicker deposits on the higher drumlins.
Where gravel pit excavations give good exposures, the material is seen to
be moderately well sorted and strati%ed and contains subangular to rounded
pebbles, indicating only moderate abrasion. Where observed, the coarser
gravels were on the surface and grade down into sand, below which was a
compact, sandy or boulder-clay till.

The origin of the stratified materials is obscure. They are younger
than the main mass of the drumlin, yet form an intrinsic part of it, blending
in with the general shape (See Plate IV A). They mainly occur at alti-
tudes well above the Algonquin shoreline, but as they have no common
elevations, and as no visible trace of a former shoreline exists, it is improb-
able that they are of glacio-lacustrine origin, formed in temporary glacial
lakes prior to Lake Algonquin. The writer suggests the following possible
explanations: (1) they are of glacio-fluvial origin, formed during the stage
of deglaciation. In the stagnant ice stage, the tops of the drumlins would
eventually become exposed. The heat of the sun, together with run-off
water, enlarged the opening around the drumlin, particularly on the south
side, and into this opening poured the meltwater, bringing with it a load
of sediments. The discharge from the drumlin-tops would be over the ice
or through crevasses at this stage. No stratified sand and gravel acecumu-
lated on the lower slopes or at the bases of the drumlins, because in the later
stages, as melting progressed, temporary lakes may have formed in some
of the swales and left only the deposits of clay found there now. (2) Another
suggestion, which, however, does not explain the absence of material on
the northwest slopes, is that the material was left in large crevasses or
moulins extending deep enough into the stagnant ice to reach the drumlins.
(3) Still another explanation may be esker-like deposition by englacial
streams in openings between the base of the ice and the tops of the drum-
lins. Such openings have been discovered in the lee of obstructions in Al-
pine glaciers. In the Sunderland drumlin field, the direction of ice move-
ment changed from southwest to south; this may have been due to shove
by an ice-lobe in the Lake Simcoe basin, causing a decrease in pressure on
the side of the drumlin away from the applied force, thus leaving an open-
ing. The shape of the stratified deposits, moulded to the drumlin form,
is best explained by this process. The undisturbed stratification makes
it improbable that there was any readvance of the ice after the water-
sorted material was deposited, or that there was any slumping.

Evidence of the origin of drumlins suggests the operation of both
erosional and depositional processes. The theory of their formation through
the erosion of pre-existing deposits is supported by the undisturbed strati-
fied sediments making up part or all of the drumlins. In addition to those
drumlins east of Orillia, already mentioned, a drumlin 2% miles southeast
of Sutton showed 10 feet of silty till overlying 15 feet of fine sand. An ex-
cavation in a drumlin 1 mile south of Bradford shows crossbedded sand
overlain and underlain by a boulder-clay till (See Plate V). Evidence to
support the depositional theory is more difficult to obtain, as the till com-
prising the main mass of a drumlin is structureless. A road cut in the top
of a drumlin 5 miles east of Alliston shows two beds of sand parallel with
the side of the drumlin (See Plate IV B), and suggests an aceretion of till
on top of each sand bed during repeated ice advances.
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The formation of drumlins necessitates forward-moving ice, and may,
in this way, bear some relationship to terminal moraines that may be
formed at the margin of readvancing ice or at a stationary ice-front, but
whether or not the drumlins were formed at a distance of some miles from
the ice-front and under deep ice, as stated by Thwaites (25, p. 39), is
debatable. The drumlins of Lake Simcoe map-area do not appear to bear
any systematic relationship to terminal moraines. The Lake Simcoe
moraine overlies drumlins without mutilating them, and the orientation
of the drumlins is the same on both sides of the moraine. The drumlin fields
in the southern part of the area are continuous almost to the Oak Ridges
moraine. Drumlins around Lake Simcoe appear to be more influenced
by the load in the ice and the load available for pick-up than they are by
the ice margin. Drumlin fields are not found in the scour zone of the Pre-
cambrian area where the basal load was light, but when the glacier passed
into regions of softer Palzozoic strata the basal load became so excessive,
from both the rocks eroded and the drift picked up, that it was soon depos-
ited. There appears to be no radial arrangement of the drumlins, as is
s0 characteristic of those associated with the ice-lobe in the Lake Ontario
basin.

Ice-block Ridges. Closely associated with ground moraine and
indicative of stagnant ice are the fields of ice-block ridges. Like the drum-
lins, they occur in groups or fields. As topographical features they are not
conspicuous and may escape notice on the ground, but show up strikingly
in air photographs (See Plate VI). The ridges are either long, sinuous,
or branching (See Plate VII A), or elliptical in plan. An individual ridge of
the first type may have a length of 1,000 feet or more, but the elliptical
variety has a major diameter of from 100 to 400 feet and a minor diameter
of from 25 to 200 feet, and generally encloses a swamp or pond. In cross-
section the ridges are semi-oval, with a maximum height of 8 feet and a
width of about 100 feet. The ridges are more common in valleys and depres-
sions, but are also found on slopes and occasionally on heights of land.
Ice-block ridges may be closcly related to kames, kettles, and crevasse
fillings, but differ sufficiently to warrant special mention.

Several suggestions have been put forth to explain these interesting
forms. They have been called terminal moraines, kettles, and crevasse
fillings, but the ridges fit into none of these categories. They differ from
annual terminal moraines in that the trend of the long ridges and the major
axes of the elliptical ridges are in the direction of ice movement and, there-
fore, at right angles to the trend of terminal moraine ridges. They differ
from kettles in that the elevation of the ground on both sides of the ridges
is the same. Thwaites (25, p. 45) defines crevasse fillings as ridges of well-
sorted gravel, sand, or silt, whereas these ridges are composed mainly of
sandy till (See Table I, samples 47, 14) although ridges composed of silty
or clay tills have been observed. Another suggestion is that the ridges
were 'squeezed up between isolated blocks of ice. This would be possible,
particularly if the drift were rich in clay. A final possibility is that the ridges
were formed from material that slumped from 1solated blocks of stagnant
ice. Longitudinal cracks and meltwater crevasses would explain the reti-
culated pattern. By this theory, an appreciable amount of drift would
have to be present on the surface of the ice during the final stages to
prevent rapid melting and to furnish sufficient material to build the
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ridges. Whatever the origin they undoubtedly represent stagnant ice
conditions, and were the last deposits of the glacier.

Within the map-area, ice-block ridges are confined mainly to the
Simcoe till plains. The largest fields are found north and south of Kempen-
felt Bay; isolated patches occur north of Bass Lake kame moraine and
near Keswick.

Terminal Moraines. These are ridge-like accumulations of drift
built along the margin of the ice-front. Two such ridges, beginning abruptly
near Lake St. John, extended southeasterly across Rama, Mara, and Eldon
townships and mark temporary halts in the oscillating retreat of the ice-
front within the map-area. The two moraines, lying close together, are
here called the Lake Simcoe moraine. The younger of the two ridges is
the less pronounced, and lies 1 mile to 2 miles northeast of the older moraine.
Both are strong ridges, 20 to 40 feet high at the north end, but in the central
and southern parts they are little more than isolated, irregular mounds
distinguished with difficulty from ground moraine. Gaps in the moraines
are frequent. The material is mainly a sandy to bouldery till, interbedded
with lenses and pockets of stratified sediments.

The subdued topography and the stratified material suggest deposi-
tion in water, and this is substantiated by the position of the ice-front
at the time of deposition. The moraine can be traced east of the map-
area, extending south to Kirkfield and Fenelon Falls, to just south of
Lindsay; therefore, the glacier had closed the Fenelon Falls outlet and
raised the level of Lake Algonquin so that the ice-front formed the north
shore of the lake. The elevation of the tops of the moraines varies from
740 to 800 feet, whereas the elevation of the Lake Algonquin water-plain
was about 875 feet. Although the stratified material indicates that part
of the moraine was formed of material carried forward in the ice and
dumped into water at the ice-front, the main till mass of unsorted material
signifies that, in part at least, the morainic ridge was actually shoved into
place from drift plowed up by the advancing glacier. .

The position of the ice-front west of Lake Couchiching is unknown,
but a deltaic deposit of sand and gravel 5 miles west of Washago may
indicate the margin at this stage. The absence of morainal ridges in the
rock-knob lowlands is a feature related to the bedrock, and signified glacial
scouring rather than deposition.

Associated with these morainic ridges are deltaic and kame deposits.
Between Lake St. John and Dalrymple Lake, stratified deposits of sand
and gravel interrupt the till ridges and mark a delta left by streams that
emerged from tunnels in the ice. North from the moralnes, these sand and
gravel deposits merge into an esker. However, this delta, unlike the more
resistant material in the moraines, was in part reworked by waves during
lower stages of Lake Algonquin, and is mapped with the lacustrine deposits.
South of Canal Lake, Logans Hill forms a high ridge in direct line with the
moraine. The hill is composed of stratified sand and gravel, and repre-
sents a kame deposit at the mouth of a glacial stream.

A long stand of the ice-front is marked by the kame moraine north
of Barrie. This deposit consists mainly of stratified sand and gravel, and
is described in the section dealing with glacio-fluvial deposits.
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MECHANICAL ANALYSES OF TILLS

Mechanical analyses were made of one hundred and twenty samples
of tills and other material collected by the writer. Sampling was done to
show, mainly, the differences of material, with the hope that an analysis
would serve to classify a till. The following results give an account of
mechanical analysis as an aid to the geologist without recourse to chemical
or mineralogical investigations. In addition to sampling of undoubted
tills, material was collected from drift whose origin was doubtful, as well
as sand, silt, and clay of glacio-lacustrine and glacio-fluvial deposits.

The tills are here divided into eight types (Table I), with an arbitrary
division based on the percentage of the various components—gravel, sand,
silt, and clay. All material in each sample above 1 millimetre in diameter
is considered as gravel; the remainder of the sample is subdivided into
sand (0-050 mm. to 1-00 mm.), silt (0-005 mm. to 0-050 mm.), and clay
(below 0-005 mm.). The term clay as here used refers to grain size only
and not to the groups of true clay minerals. Type 9 includes those samples
that by their stratification are known to be lacustrine or glacio-fluvial in
origin, and are included to show the gradation between water-laid material
and tills that are high in sand, silt, or clay.

Table I shows the results of the mechanical analyses together with the
sorting and a brief field description of the tills. The numerical value of
the ‘sorting’ represents the degree of sorting or the spread of the size dis-
tribution or cumulative curve. Trask (26, p. 71) defines the coeflicient of

sorting as V'Q: /Qs; where Qi and Q; are the first and third quartiles,
determined as the diameter values corresponding to the intersection of
the curve with the 25 and 75 per cent lines respectively. The closer Qi
and Qs are to each other the better is the sediment sorted. According to
Trask, if sorting is less than 2-5 the sediment is well sorted.

The clay tills, type 1, are those tills containing more than 50 per cent
clay, about 25 per cent silt, minor amounts of sand, and little or no gravel.
They are found principally in the southern part of the area, and were prob-
ably derived largely from a lacustrine clay picked up and redeposited by
the ice without much transportation and mixing. The sorting varies
between 2:7 and 6-6. The shape of the curves and the position of the samples
when plotted on the trilinear chart in qure 2 differ little from those of
varved clay of type 9.

The type 2 tills contain about 30 per cent each of sand, silt, and clay.
They differ from type 1 in the increase in sand and gravel content at the
expense of clay. These tills are widely scattered, and indicate a derivation
from a mixture of granitic and calcareous drift with overridden lacustrine
deposits. Sorting is poor, varying from 4-1 to 6-6. In the field, these would
be classified as clay tills, or boulder-clay tills if studded with boulders.

The type 3 tills are analogous to those of type 1, with silt replacing
clay. Generally they contain more gravel, and silt forms about 50 per
cent or less of the till. These are found mainly in the southern part of the
area, and indicate a derivation, in part, from lacustrine deposits high in
silt but more varied and mixed than type 1. Samples 12 and 84 were taken
from tills that overlie lacustrine deposits. Sorting is good (2-2) to poor
(4:7). The field classification for this type was silty or clay till.
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Tills commonly found near the border of the Precambrian Shield are
those of type 4. These tills are generally stony, as indicated by the high
gravel content of about 20 per cent, which separates them from the type
3 tills. The proportions of sand, silt, and clay vary somewhat, with sand
usually higher than either silt or clay. Sorting is generally poor, varying
from about 4-0 to 20-0. In the main, these tills are derived from granitic
rocks or deposits made up of granitic detritus.

Tills of types 5, 6, and 7 are widespread on the west side of Lakes
Couchiching and Simcoe. In the field, they were classified as sandy tills
with a loose or compact texture. The texture depends largely on the clay
and silt content; those low in these two end products were loose and friable;
those with a combined clay and silt content of about 40 per cent or higher
were generally massive and compact. The sand content of these three
types i1s uniformly constant, generally about 50 per cent. The amount of
gravel increases from types 5 to 7, with a corresponding decrease in com-
bined silt and clay. The tills occur mainly as ground moraine, and are
probably derived largely from granitie rocks, with some mixing of limestone
or deposits derived from limestone. Water action may have removed some
of the clay prior to deposition. Sorting is good to poor in all three types,
with type 5 the best sorted and type 7 the least.

Type 8 tills are those closely related to the stratified sands, silts, and
clays. They are generally classified in the field as loose, very sandy tills,
or as sand and stones. They are closely associated with glacio-fluvial
deposits such as ice-contact deposits, kame moraines, and outwash in the
southwestern part of the area. They indicate a considerable amount of
water action that flushed the finer particles out prior to deposition. The
tills consist of 65 per cent or more of sand, about 15 per cent silt, and the
balance equally divided between clay and gravel. Sorting is very good, and
corresponds closely to water-deposited material, but with a smaller varia-
tion in the spread of sorting.

Figure 3 gives the cumulative curves of a representative sample from
each of the nine types, and shows the results of Table I in graphic form.
The curves move across the chart fairly smoothly, with a gradual transi-
tion from one extreme to another. The type 1 curves of the samples con-
sisting mainly of clay are concave downward, and the curves flatten through
types 2 and 3 to type 4, which represents least sorted material. From type
4 the shape of the curves changes to a concave-convex form culminating
in type 8. This latter type shows a close relationship to type 9, the water-
deposited material.

It will be noted that all the curves are of the same general shape—
concave downward in the coarser particle divisions and convex downward
in the finer particle divisions. The curves of all soils in which the bulk of
material falls into the divisions in the intermediate diameters, and con-
tains minor amounts of larger and smaller diameter particles, will conform
to this shape. Legget (17, p. 541) has noted that the downward concavity
is a marked feature of curves for glacial drift. From a consideration of
soil analysis charts based on a semi-logarithmic scale, it is evident that
all curves of natural soil samples, either glacial, fluvial, or lacustrine, will
be, to a lesser or greater degree, concave-convex in form, if the analysis
is made, where possible, to the limits of the grain sizes on the chart, or
carried beyond them. A sample of uniform grain size, say 0-060 mm.
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diameter, would give a vertical straight line, but such a material would
not exist in nature, as particles of smaller and larger diameters are always
present, and a curve of such a sample would be concave-convex. Type 9
in Figure 2 illustrates the steeply graded curve of such a well-sorted natural
material.

A common till is that which gives a curve deviating only slightly
from an oblique straight line. The curves for types 2 and 4 represent this
form in which there is a nearly uniform increase in the grain size of the
particles, but sufficient deviation to give a slightly concave-convex curve.
Another curve that appears to have no concavity is type 1, the clay tills.
However, the last two points plotted in the clay division on the left of
Figure 2, which give particle sizes of 0-0035 and 0-001 mm., are those for
2- and 24-hour readings respectively. If hydrometer readings between 2
and 24 hours and beyond 24 hours had been taken the left part of the
curve would show the usual convex-downward form. A curve that is rarely
seen in tills is one that appears convex downward only. It would repre-
sent a material composed largely of coarse particles with decreasing amount
of finer particles. A coarse gravel would probably give this type of curve.

Polymodal curves giving several secondary maxima are common,
particularly for the poorly sorted tills of types 2 and 4. As Krumbein (16,
p. 390) has pointed out, this irregular distribution of different sized particles
in the tills may be due to a mixture of several materials and contributed
by the drift picked up by the ice in its advance. The writer has found that
irregularities are rare in well-sorted material. Other factors responsible
for irregularities are: (1) defective sieves; (2) accumulation of material on
the hydrometer; readings that give a grain size of approximately 0-060 mm.
are those taken after the hydrometer had been immersed for 120 seconds
and always gave a reading that was low; (3) disintegration of an igneous
pebble, which results in a higher percentage of gravel or sand.

The grouping of the samples analysed is more clearly shown on a
trilinear chart (See Figure 2). The proportions-of sand, silt, and clay-
sized particles are plotted by considering all material in each sample below
1 mm. in effective diameter as 100 per cent, and then subdividing this
into sand, silt, and clay-sized particles. The chart shows a broad curved
zone into which most of the samples fall. This zone begins in the sand
corner, sweeps across the sandy loam division, broadens out in the loam
and clay loam parts, and narrows again high in the clay part near the line
of zero sand. This zoning is similar to that obtained by Legget (17, p.
552) in his analyses of the drift at the Shand Dam. Fifty-five per cent of
the points fall within the sandy loam division, 13 per cent in the clay
loam, and 9 per cent in the loam, with the balance falling near the lines
of zero clay and zero sand. Tills of types 5, 6, 7, and 8 are closely grouped
and fall almost entirely within the sandy loam division. Tills of types 2, 3,
and 4 are more widely spread within the loam and clay loam divisions. The
clay tills form a group high in the clay division. This chart shows the close
relation of the clay tills to the varved clays on the one hand, and of the
very sandy tills to water deposited sand on the other.

The specific gravity of thirty-seven samples was determined by means
of a Le Chatelier flask, using a 50-gramme sample. The values obtained
varied between 2-70 and 2-77, with an average of 2-73 for all samples.
The tills with high gravities were generally found close to the border of
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the Canadian Shield and probably result from the presence of the heavier
minerals such as magnetite, augite, hornblende, etc., of the igneous rocks.
Those tills high in clay were generally found to have a shghtly higher
specific gravity than tills high in sand. This is due to the abundance of
impure limestone rock-flour in the clay tills and to the high percentage of
quartz and feldspar grains in the sandy tills.

TILL OF THE GLACIAL DEPOSITS

Till is a direct deposit of the ice-sheet, generally unsorted, but may
contain pockets or lenses of stratified sediments (See Plate VII B). It is
an accumulation of debris and attrited bedrock collected at or near the
base of the ice during its advance. This load may be deposited beneath
the ice, where the drift readily adheres to the underlying material to form
ground moraine; carried or pushed to the front of the ice to form terminal
moraine; or left in superglacial or englacial positions in stagnant, melting
ice to form, eventually, ablation moraine or ice-block ridges.

The terms ‘superglacial’ and ‘englacial’, as used in this report, refer
to position in the ice during the final stages of deglaciation. It is fully
realized that all drift was originally subglacial, as there were no nunataks
or high valley walls to contribute material as in mountainous regions.
In the writer’s opinion, it is quite possible for subglacial drift to be moved
up from the base of the ice by shearing and overriding, and in this way to
occupy an englacial position. Towards the final stages of melting some of
the material would become exposed on the surface of the ice and thus occupy
a superglacial position.

The term ‘boulder clay’ is not here used as synonymous with till, but
is reserved for the type of till that, as its name suggests, is a mixture of
bouldery and fine particles. Till, on the other hand, may be composed
almost entirely of material of one particular size, whence it should be quali-
fied by the addition of the appropriate term—eclay, silty, sandy, gravelly,
or stony.

The properties of till are affected by several factors. It is a widely
accepted fact that, in general, the material picked up by the glacier is
soon deposited and thus the nature of the ground over which the ice passed
is reflected in the till. The influence of bedrock is well illustrated along the
border of the Precambrian and Palzozoic rocks. In fact the contact could
well be plotted without recourse to any outerops. In the rock-knob low-
lands the till is loose, sandy, and reddish in colour, and is non-calcareous
except for small areas lying in the lee of inliers of Ordovician strata. Within
a mile or two, and sometimes less, south of the contact, within the area
of Palxozoic rocks, the till changes, becoming more compact, calcareous,
and grey in colour, although still retaining a high percentage of sand.
Farther south, the till loses much of its sand content and finally becomes
the typical, compact, calcareous, grey-brown to grey-blue till.

Another contributing factor is the nature of the unconsolidated
material picked up by the ice. In all probability the load of material picked
up during the last readvance of the Wisconsin glacier was as varied as the
present drift; consequently, the till shows great lateral variation. It may
be clay, silty, sandy, or gravelly, depending on which type of deposit was
overridden by the ice.

44439—3
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Other factors affecting the properties of the till are: distance the drift
was transported, position in the ice, compaction, and the part played by
meltwater. Stony tills are usually found where bedrock is close to the
surface and the material suffered little transportation. Material carried
subglacially suffered more abrasion, and hence yielded a till richer in clay
than englacial material. Some of the compact ‘hardpan’ tills may have
been tills of earlier deposits that were overridden and compacted under a
load of very thick ice, or the till may have been cemented by calcareous
material deposited from the water present in the drift. Water played an
important part in flushing the finer particles out of the drift both during
transportation and deposition, thus leaving in places a sandy till.

The amount of clay present in the tills determines largely their texture
and structure. Tills with less than 10 per cent clay are generally loose and
friable; slumping is prevalent in steep exposures. Tills with more than 10
per cent clay are massive, with a blocky structure; vertical cliffs composed
of till with a high proportion of clay will stand for long periods without
slumping,.

The proportions of stones in till vary from almost nothing in clay
tills to well over 50 per cent in stony tills. Stony tills are common where
bedrock is exposed or only thinly covered. The softer stones may survive
repeated transportation if held in a clay matrix. Limestone boulders pre-
dominate over granite only where limestone is exposed at the surface.
The proportion of granite to limestone boulders increases towards the
south of the map-area. The abundant igneous boulders that litter the
surface, particularly in the Simecoe till plains, is thought to be due to their
superglacial and englacial position in the ice during transportation, a posi-
tion brought about by basal ice overriding stagnant or heavily loaded ice,
and then left on top of the basal load when the glacier melted. A few of
the boulders that lie on the ground show the effects of glacial erosion in
their soled, faceted, and polished surfaces; most of them, however, have
shapes inherited from the parent rock, bounded by joint and cleavage
surfaces in the gneisses, schists, and limestones, or angular surfaces in the
granites. These unaltered shapes point to either little transportation,
transportation englacially, or crushing during transportation without sub-
sequent abrasion. The shapes of the stones in the till are infinitely varied,
ranging from well-rounded forms indicative of water action only, and
angular fragments showing no abrasion, to well striated, polished, and
soled forms. The efficiency of ice as an agent of transportation is well shown
by the size of the boulders, many of which are more than 8 feet in diameter.

The colour of the unweathered tills is determined mainly by the
colour of the bedrock from which the tills were derived. Granites give a
pinkish or reddish colour; green and red shales give a purplish colour;
limestones give a light grey colour; and black or grey shales a dark grey
colour. Colour is also affected by oxidation of the till, which varies in depth
from 2 feet to about 25 feet. Topographical position and permeability of
the material are determining factors in the depth of oxidation. The upper,
oxidized part of caleareous tills is brown to grey-brown, whereas the un-
oxidized zone is grey to blue-grey. The colour change is distinet, and has
often led to the classification of the till into two stages of glaciation. The
border between the two colours is generally irregular, and follows the ele-
vation of the water-table; the distance from the surface increases on the
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hills, and decreases in the depressions. It corresponds so closely with the
position of the water-table that it is inferred that the depth of. oxidation
is controlled by this position. This change of colour has been noted in
many types of deposits, including silts and varved clays. In swamps,
where the water-table reaches the surface, the blue-grey colour has been
seen at a depth of 1 foot.

Mechanical analyses of colour-differing till, one of a sample from above
the colour line and the other from a sample below this line, showed almost
no difference. In the hydrometer analysis to determine the grain size of
the material passing the 200 sieve, it was noted that the megascopic particles
of both colour varieties of the till were identical in colour; the brown and
blue shades were confined to the microscopic, clay-sized particles. After
2 hours there was no change in colour of the suspension and after 24 hours
only a slight decrease in intensity.

Figure 4 shows the cumulative curves for three sets of colour-differing
tills. The solid lines in all three sets represent samples of the grey-brown
till above the colour line, and the broken lines represent the blue-grey
till from below this line. The curves for each set are almost identical with
the widest variation in the silt content of samples 93 and 93A. The specific
gravity was determined for only one set; 2-714 for the grey-brown till of
sample 94, as compared with 2-724 for the blue-grey till of sample 94A.

For comparison, the results of the mechanical analyses are tabulated
with the first sample of each set the upper till.

Percentage
Sample No. Sorting
Gravel Sand Silt Clay
/4 P 7 55 23 15 4.0
T A e 6 54 23 17 4.7
O3l e 5 53 30 12 3.0
O3 A . e 6 49 27 18 4.2
042 e e 20 52 18 10 3.9
G4A e 21 51 17 11 4.6

1 Location not shown on map. Sample from creek bank, lot 7, con. XII, Gwillimbury W. tp.
2 Location not shown on map. Sample from road-cut on No. 12 highway, lot 14, Tay tp.

It will be noted that the upper tills have more sand, less clay, and are
better sorted; there is more gravel in one set and less gravel in two sets of
the upper tills; the amount of silt is the same in one set, but greater in two
sets of the upper tills. Goldthwaite (11, p. 7) found that “the upper and
lower till layers differ markedly as to grain size distribution, with the upper
having generally less silt and clay”. His reasons for the twofold layers
of till are: (1) discoloration of the surface part down to the water-table;
and (2) differences between englacial and subglacial deposition. The latter
might apply to tills with a colour difference within 5 or 6 feet of the sur-
face, that is, within the zone of ablation moraine, but probably not where
the colour line is deeply buried. The first reason is the more plausible, with
the discoloration due to oxidation. The greater proportion of clay in
the lower till samples may be due to migration downwards of the finer

44439—33
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particles by percolating water or to longer abrasion of the lower till. Samp-
ling of the till in a vertical section at 1- or 2-foot intervals would show
v;rﬁether or not there is a steady increase of clay towards the base of the
till.

The glacial, glacio-fluvial, and glacio-lacustrine deposits within the
map-area are features of the latest, or Mankato, substage of the last, or
Wisconsin, stage of glaciation. The stratigraphy of the deposits in the Lake
Simcoe area differ remarkably from the stratigraphy in the Toronto area,
with the Oak Ridges moraine forming the dividing line. In the Toronto
area, erosion and deep excavations expose glacial and interglacial stages
that preceded the Wisconsin. In places three or four distinct, tills, differing
remarkably in structure and material, are found in vertical cuts, and may,
on the one hand, represent only minor fluctuations of the ice-front, or,
on the other, may represent substages of the Wisconsin, although the evi-
dence of substage intervals is generally lacking. In the Lake Simcoe area,
the Mankato drift is in places uniform and thick; stream cuts have shown
drift more than 50 feet thick without any change in lithology. Stream ero-
sion is not deep enough to expose earlier glacial or interglacial deposits,
although indirect evidence from well drillers confirms the logical assump-
tion that they are present. Fragments of bark and leaves in sand beds were
encountered at a depth of 148 feet in a well drilled 5 miles north of Orillia.
The elevation of the top of the well is 968 feet above sea-level. A well
driller reported a cedar log 2 feet in diameter at a depth of 60 feet, below
which was sand containing fossil shells to a depth of 180 feet. The eleva-
tion offthe top of this well, in Coldwater Valley 8 miles west of Bass Lake,
is 775 feet.

There are no recognizable substages of the Wisconsin in the Lake Simcoe
area. Although till is in places overlain and underlain by stratified deposits,
these are usually found in ice-contact faces, and are taken to represent
minor fluctuations in the ice-front. At several places, overlying tills differ
lithologically from underlying tills, but hesitation is felt in placing the
lower tills in the Cary, Tazewell, or Jowan substages because of the lack
of interval evidence. Leached zones, loess, boulder pavement, and plant
or animal fossil remains have not been found in the deposits underlying
the surface tills, although it is possible that during at least one of the sub-
stage intervals the ice retreated beyond this region, and that the interval
evidence, which would be less well developed than farther south, was re-
moved by subsequent readvance of the glacier.

Figure 5 shows the cumulative curves of four sets of tills for which
the localities are shown on Map 993A and the results of mechanical ana-
lyses in Table I. In the field, these tills exhibited differences in structure,
texture, and composition. The contact between the two tills of samples
57 and 57A is sharp, and this set shows the widest divergence in composi-
tion of all four sets. This may be due to a change in direction of ice
movement, or else may indicate a substage, although the underlying till
is unleached. There is no sharp contact hetween the tills of samples 59
and 59A, and as the face of the exposure showed lenses and pockets of
sand, these tills probably represent variations in the composition of the
same deposit. In the tills of samples 51 and 51A, no sharp contact was
noted, and the top 29 feet of till was a uniform mass that graded into a loose,
sandy till at about 30 feet. Whether or not they represent tills of different
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ages or different phases of the same age is problematical. The upper of
the two tills of samples 5 and 5A contained more stones than the lower,
and the two tills differed in colour, the upper grey-brown and the lower
blue-grey, but they may represent different phases of the same till.

For comparison, the results of the mechanical analyses of the four
sets are given below.

Percentage

Sa&r:)ple Depth - Sorting
. Gravel Sand Silt Clay
Feet
BT e e 5 14 48 27 11 4.1
BTA 6 1 7 30 62 2.7
3 8 22 60 13 5 3.2
BOA . e 14 12 58 21 9 2.9
Bl e 29 11 45 21 23 6.0
SIA . .. 32 12 53 22 13 3.7
5 25 5 24 41 20 15 7.0
B e 7 7 41 32 20 4.1

The unusual point about this group is that the lower tills in each case show
the better sorting, whereas, in the comparison of tills that were the same
lithologically but differed in colour (See Figure 4), the upper tills were
better sorted. In both groups the lower tills contained more clay, with the
exception of sample 51A. These results are inconclusive, for although they
show differences in sorting and content of gravel, sand, silt, and clay,
the composition of tills varies so remarkably over short distances that
mechanical analysis alone cannot be relied upon to distinguish their age
relationships.

DEPOSITS OF GLACIO-FLUVIAL ORIGIN

In this category are included those accumulations of glacial drift
not, deposited directly by the ice, but carried, assorted, and deposited by
meltwater streams in immediate contact with the ice or at a short distance
beyond its borders. Those in contact with the ice are often termed ice-
contact deposits and include kame moraines, kames, kame terraces, and
eskers. Outwash is the stratified material deposited a short distance from
the ice margin.

Kame Morazne. The kame moraine deposit in the map-area, here
called the Bass Lake kame moraine!, marks a fairly long halt during the
retreat of the glacier. The moraine covers an area 15 miles long with a
maximum width of 5 miles. Apparently it does not continue east of Bass
Lake, but near Orr Lake, to the west, rolling sand hills probably mark
its extension in that direction.

Rolling topography and uneven skyline are characteristic of the Bass
Lake moraine, in which kettles and knolls predominate. The change from

1 Kame moraine is here used as a particular kind of terminal moraine. The term is useful
to designate those moraines composed of sand and gravel. Sand and gravel are generally closely
associated with tills in terminal moraines, but in this area little or no till is present.
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ground moraine or outwash to kame moraine is generally abrupt. On the
west side the kame moraine slopes steeply to a narrow, Lake Algonquin
valley floor. Drainage is excessive, and gullying is deep where the deposit
forms the steep valley sides.

The material of the kame moraine is mainly sand and gravel, with
only minor amounts of clay or boulders, and is water sorted to varying
degrees. Stratification is observable in many parts of the moraine, but
elsewhere it appears to be a uniform structureless mass of sand and gravel,
which when analysed shows the presence of clay and silt. Deposits of fine
sand and silt are rare.

The position of the ice-front when the Bass Lake kame moraine was
formed is discussed in Chapter V. The material was deposited under maxi-
mum water of fluvial rather than lacustrine conditions, as the water was
able to escape to lower elevations to the southwest, which precludes any
ponded lake conditions. Drumlins and glacial strize north of the moraine
correspond in direction to those on the west side of Lake Simcoe, and show
that the flow of ice over the entire map-area was generally uniform and
from the northeast, so that this deposit could hardly be interlobate unless
it was formed prior to the last minor readvance of the ice and the drum-
lins and glacial strie to the north mark the direction of movement of this
readvance that came up to, but did not override, the kame moraine.

Kames and Kame Terraces. Xames are isolated deposits of strati-
fied gravel, sand, and silt that accumulated along the ice-front at the
mouths of glacial streams. They are common throughout the area. Good
examples of kames not associated with terminal moraines are found 3 miles
east of Bell Ewart, 6 miles south of Beaverton, and 5 and 7 miles east of
Beaverton. Examples of those closely related to a terminal moraine are
found south of Canal Lake and northeast of Lake St. John, in which places
gravel is more abundant than sand.

Another form of ice-contact deposit common in the ares is that of
those accumulations of silts and sands found along the sides of valleys or
as ridges on higher ground and marking the lateral limits of ice-lobes.
The material is generally finer than that found in kame moraines, sorting
is better, and the silts and sands are commonly well stratified and cross-
bedded. Abrupt changes in grain size are frequent, and in some cases the
stratified material is intimately associated with till (See Plate VIII A).
Deformation of the beds is common where overlain by till. Ice-contact
deposits along the sides of valleys are a type of kame terrace. They are
accumulations, not at the mouths of glacial streams but of streams that
flowed along the sides of the lobes that filled the valleys. Many of these
streams merged into lakes, giving the finer uniform deposits of sand and
silt, whereas in other places abrupt changes of grain size indicate rapidly
changing conditions over short periods of time. The skyline of these kame
terrace deposits is regular, in contrast with the extreme irregularity of kame
moraine, and their indented slopes were the result partly of protuberances
of the ice and partly of post-glacial erosion.

Another type of ice-contact deposit is found on more elevated ground,
and represents accumulations of sand and gravel of spillways or streams
that flowed along the sides of ice-lobes that filled basins rather than valleys.
Good illustrations of these can be seen along Highway No. 12, between
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Barrie and Orillia, where the stratified material is piled up into ridges in
the form of bars and spits. There, the ice-lobe probably filled all of Lake
Simcoe basin and extended westward through the valleys of Little Lake
and Kempenfelt Bay. The spillways enlarged into temporary lakes in
places, as evidenced by the sand and clay filling the depressions. The ridge-
like deposits represent stream deposits carried off the ice into these lakes
or where the narrow spillway channels opened into a larger body of water.
Plate VIII B shows a spillway bluff in a constriction between these bodies
of water, where high ground formed one bank of the stream and the ice
the other. A spit formed westward of this bluff where the constriction
widens out. Further evidence of ice-contact deposits is found in aban-
doned spillways or drainage channels that carried away the meltwaters.
These channels, many of which are unoccupied by even intermittent
streams, were once V-shaped, but are now U-shaped, with flat floors.

Eskers. Excellent examples of eskers are found in the southeast part
of the map-ares in the form of long, narrow, rather sinuous ridges, broken
by gaps, and with tributaries that form a pattern similar to that of a
stream. The crests are smooth or broadly hummocky, and the sides are
quite steep. The eskers are confined to the swales of the drumlin field
and larger valleys.

The largest esker begins abruptly 2 miles southeast of Cannington
and ends by merging into a kame moraine 2 miles south of Sunderland.
The maximum height is about 60 feet, and the width about 300 feet; the
total length, including gaps, is about 8 miles. A smaller esker 3 miles long,
north and west of Cannington, is quite sinuous, but is remarkably uniform
in section. It begins abruptly 1 mile north and ends 1 mile southwest of
Cannington. Isolated patches, separated by gaps of a half mile, occur at
both ends.

These eskers are composed of material varying from well stratified
and sorted sand and gravel to poorly sorted pebbles and boulders. Silt
and clay are rare, but lenticular beds of both silt and clay have been noted
in gravel pits that expose the core of the esker. The coarsest material is
at the north, or head, end of each esker, and decreases constantly in grain
size towards the south. Plate IX A illustrates the bouldery content and
lack of sorting and stratification at the north end of the esker 2 miles
northeast of Cannington. The sediments are finer grained and well sorted
at the south end (Plate IX B).

The general trend of the eskers is roughtly parallel with the direction
of ice movement. Opinions, in general, seem to agree that the deposits
are the accumulations of sand and gravel in tunnels at the base of the ice.
They formed later than the drumlins as they wind around and between
them and thus represent one of the final phases of deglaciation. The ice
was probably thin and stagnant, and the meltwater entered the tunnels
through crevasses and other openings. There is no evidence in these
instances that the water was under hydrostatic pressure, as the eskers
occupy valleys and do not rise over drumlins or other elevated features.
The lateral gradation of grain size indicates that the esker was formed
at the same time throughout its length. In addition, the narrow, steep-
sided ridge at the north end, which broadens to the south and finally merges
into kame moraine, substantiates simultaneous deposition. The presence
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of undisturbed strata and crossbedding points to subglacial, rather than
englacial or superglacial, origin. The abrupt beginning marks the point
at which the surface meltwaters reached a subglacial tunnel through a
moulin, and the volume of material suggests that the superglacial and
englacial load of drift was considerable, because the esker is built above
the surrounding ground composed of till, which is, presumably, mainly
subglacial load. It is reasonable to suppose that most of the material was
collected by the streams that flowed over the surface and in crevasses in
the ice before entering the subglacial tunnel. A moderate length of time,
during which the pebbles were transported by the stream, is involved, as
indicated by the subrounded to rounded shape of the pebbles.

Another esker occurs 9 miles east of the upper end of Lake Couchi-
ching. The form of this esker is broad and rounded in cross-section, the
result of reworking by wave action during lower stages of Lake Algonquin.
Large boulders are generally missing, as this represents the near southern
extremity of a long esker. The esker probably extended southwards through
the area now mapped as lacustrine sand and ended at the Lake Simcoe
moraine. However, if it did so, wave action modified it to such an extent
that recognition is now impossible.

Outwash. Two small deposits of outwash have been mapped, one
along the south border of the Bass Lake kame moraine, and the other along
the margins of the ice-contact deposits south of Barrie. The material is com-
posed of well sorted and stratified sand and gravel that was picked up
within the marginal zone of the ice and deposited beyond the front by
meltwater streams.

The topography is flat to gently undulating. That of the smaller
of the two deposits, south of the Bass Lake kame moraine, is in sharp
contrast with the rolling topography of the kame moraine. There are no
exposures to show the thickness of the outwash sediments. On the other
hand, there is no sharp contrast between the topography of the outwash
and the ground moraine south of Barrie. At this latter point, the stratified
sediments are deposited on top of gently undulating ground moraine that
projects through the outwash here and there as gentle rises of till. Because
of the undulatory surface of the ground moraine, the outwash deposits
are of variable thickness. The many gravel-pit exposures show that the
material is generally gravelly on the surface and grading down into sand.

DEPOSITS OF GLACIO-LACUSTRINE ORIGIN

Glacio-lacustrine deposits are composed of stratified sediments laid
down in standing bodies of water of glacial or semi-glacial lakes. The
material was largely carried in by meltwater streams from the glacier,
although some was brought in by streams from deglaciated areas and some
was derived by erosion of shore bluffs. The sediments accumulated
from the time the glacier was in the immediate vicinity, when glacio-
lacustrine deposits, mainly represented by varved clays, were formed,
until it had withdrawn far to the north, when the lake could be better
termed semi-glacial and the deposits lacustrine. However, there is no
sharp distinction either laterally or vertically between glacio-lacustrine
and lacustrine deposits of glacial Lake Algonquin. The deposits include
beach sands and gravels, lacustrine sands, silts, clays, and varved clays.
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Beach Sands and Gravels. Beach deposits of sand and gravel are
almost everywhere associated with the abandoned shorelines of Lake
Algonquin. They are more pronounced where related to the main Lake
Algonquin stage rather than to the lower stages. This follows logically,
as these deposits are largely the result of wave action that was more effective
during the main Algonquin stage when the extent of the lake was at a
maximum.. During the lower stages islands and promontories were effec-
tive in breaking the force of the waves. Beach ridges, bars, and spits are
more common in the central and southern parts of the area where more
land lay above the level of the lake.

Beach ridges are formed parallel with, and a few hundred feet off,
shore. They are mainly sand and relatively shallow. Bay-mouth bars and
bars constructed between drumlins are composed mainly of gravel and
provide the best material for road making and construction work. These
deposits are thick, many of them reaching a depth of 50 feet or more.
Spits extend lakewards from promontories or islands, and are also good
sources of sand and gravel.

The material of these beach sands and gravels is well sorted and strati-
fied; pebbles are well rounded and are predominantly igneous, limestone
pebbles being easily destroyed during processes of abrasion. In general,
the top material of these deposits is coarser than the bottom material,
as the finer sand was first deposited in the deeper water. Below the main
Algonquin beach the deposits contain more sand than gravel. In places
where deep water lay off shore, thick deposits accumulated to form wave-
built terraces. Sand and gravel are lacking on wave-cut terraces as the
thin covering was subsequently removed to deeper water by Lake Algonquin
at its lower stages, leaving the surface covered with boulders and producing
what is known as a boulder-strewn terrace or a boulder pavement.

Lacustrine Sands, Silts, and Clays. These materials, carried in by
streams or eroded from the shore bluffs by wave action, settled on the
irregular bottom, or were piled up along the beaches of Lake Algonquin.
Some of the shoreline deposits, during lower stages of lake level, were
washed from the terraces and added to the earlier accumulations. The
deposits are by no means uniform; many clay areas contain lenses of sand
and silt; clay pockets occur in sandy deposits; or the two types grade into
one another. Silts, as such, are not mapped, for it is difficult to differentiate
accurately in the field between very fine sand, silt, and clay because they
have no sharp boundaries; sand and clay grade into silt. Generally, sand
is found close to the shoreline or extends across areas that were not sub-
merged far below the main Lake Algonquin level. Farther off shore the
sand grades into silt, and finally the silt grades into clay. Clays usually
are found at the surface in depressed areas or in sheltered localities, as in
the drumlin field east of Orillia. In such places wave action was nullified
by numerous islands and promontories that left narrow channels or land-
locked bays. With further lowering of the lake level, the wave action in
these small, isolated bodies of water was insufficient to carry sand and
silt away from the shoreline to the deeper water.

In addition to lateral gradation, there may be a vertical gradation;
sand is generally underlain by silt, which in turn is underlain by clay.
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The thickness of the lacustrine deposits varies, for they cover a land
surface as varied as that lying above the level of Lake Algonquin. On
wave-cut terraces the sand is thin or absent, whereas in some of the valley
bottoms the lacustrine sediments reach a thickness of 100 feet or more.
In the rock-knob lowlands the sand or clay is generally thin, but can vary

greatly within short distances. On the limestone plains the deposits are
thin and uniform.

Generally the sands are horizontally bedded, but vary both hori-
zontally and vertically from coarse to very fine. In many places cross-
bedding is common, indicating current and wave action. The weathered
sands are brown, and weathering is deep, particularly where the sands are
well drained. Unweathered sands are usually grey to white. The bedding
and weathering of the silts are similar to those of the sands. Surface clays,
representing the deposits of the semi-glacial lake stage, are usually thin
and massive; the varved clays are discussed below.

In addition to the lacustrine deposits of glacial Lake Algonquin, sands
and clays are found in depressions and valley bottoms in areas above the
shorelines of this lake. These are the results of deposition in temporary
lakes that followed the retreat of the glacier but have long since disappeared.
In part, they are also due to accumulations of material washed in from the
surrounding slopes by rain water. The valley of Beaverton River between
Cannington and Sunderland is a good example of a pre-existing lake
bottom floored with thick lacustrine sands and clays. Damming the river
at Cannington and raising the water level 10 feet would create a long,
narrow lake in this valley.

Varved Clay. Varved clays are probably the widest known and most
easily recongized deposits of the Glacial epoch. Flint (8, p. 141) describes
them as “the fine-grained bottom sediments of many glacial lakes (that)
oceur in pairs of coarse and fine layers called varves, which are believed
to represent annual cycles of deposition and are therefore used as a basis
for determining the duration of the lake and for other time calculations”.

The term ‘varved clay’ is useful, and should be retained even although
the particles range in size from clay to gravel and the coarse-grained layer
may contain only negligible amounts of clay.

The term ‘summer’ layer is widely used for the coarse-grained, light-
coloured layer, and ‘winter’ layer for the fine-grained, dark-coloured
layer. These seasonal terms are used because of the acceptance, by most
geologists, of the annual deposition of each varve, mainly because they
look like annual accumulations of summer and winter sediments and
appear to fit the hypothesis. The writer presents the following field and
laboratory observations, not with the view of proving that the varves
represent a larger or smaller division of time than a year but with the
suggestion that the accepted hypothesis leaves many points in doubt and
that probably more research into the problem is in order.

Information gathered from wells, cuts, and auger holes shows that
much of the area covered by glacial Lake Algonquin is floored with varved
clay, although largely concealed by surface sand and silt. Where the clay
is exposed, weathering has destroyed the varves to a depth of from 2 to
4 feet. Good exposures are rare, but three noteworthy examples will be
mentioned. “ne of the best exposures is in a cut-bank of North Creek, 13
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nailes north of Bass Lake. Altogether 65 feet of varved clays are exposed,
overlain by 10 feet of lacustrine sand and gravel and underlain by a blue-
grey sandy till (Table I, sample 21). Four miles north of Bass Lake, another
good cut in a gully across a terrace of the Lower Orillia stage of Lake
Algonquin exposes 40 feet of varved clay. This clay is overlain by 4 to 6
feet of beach sands and gravels; its base is not exposed. The thickness of
the varves in both exposures varies from % inch to 5 inches, with the coarse-
grained layer generally the thicker of the two. At both localities the varves
are generally thicker at the top of the section than they are at the bottom.
A smaller exposure is seen in the banks of Coldwater River 7 miles west
of Bass Lake. Only about 10 feet of varves are exposed, and these are
fairly uniform at about } inch per varve. These varves contain many
stones varying from coarse gravel to cobbles.

From limited observations in this area the writer has noted: (1) the
varves are thicker at the top of a vertical section than at the bottom; (2)
stones of all sizes are the rule rather than the exception in the varves (See
Plate X A); (3) varved silts and sands are common (See Plate X B); (4)
coarse-grained layers are generally thicker than the fine-grained layers
but not always so; (5) truncation of varves (See Plate XI A); (6) current
ripple-marks are common (See Plate X B); (7) varving could not be repro-
duced by the writer from varved clays in the laboratory at room temperature;
(8) mechanical analyses of varved clays from two localities showed better
sorting in the ‘summer’ layers; and (9) the difference in colour between
the light and dark layers is mainly due to the water content.

In the two exposures north of Bass Lake, and in sections on Notta-
wasaga River southwest of the map-area where thick deposits can be seen,
the thicker varves are generally near the top although minor variations
do occur. This necessitates either an advance of the ice-front, or an increase
in volume of sediments brought in by the glacial streams, or both.

Stones may be widely scattered throughout the varved clays. They
are more common in the coarse-grained layers, but some are completely
enclosed in the fine-grained or ‘winter’ layers without any contortion or
disturbance of the layers. Ice-rafting explains the stones in the ‘summer’
layers, but is not satisfactory for those in the ‘winter’ layers. The stones
indicate proximity to the ice-front. Large ‘boulders’ of till in the clay,
folded and contorted varves, and gravel in the ‘summer’ layers support
this theory.

Plate X B shows current ripple-marks on sands and silts. These sedi-
ments are varved in the sense that they display alternating, dark-coloured,
fine-grained, and light-coloured, coarse-grained layers. The ‘summer’
layers are of medium- to coarse-grained sand; the ‘winter’ layers consist
of fine sand, silt, and clay. Only the coarse-grained layer is ripple-marked;
the base of the overlying fine-grained layer retains the impression of the
ripples, whereas the top is commonly smooth. Although it might be argued
that these are not varves, there are other examples of indisputable varves
that show ripple-marks. Crossbedding is also common in the ‘summer’
layers. If these varves were deposited in glacial Lake Algonquin at its
highest level, the water was about 100 feet deep, a depth beyond the limit
of wave action and where currents were unlikely except at the mouths of
subglacial stream tunnels where the ice formed the shore of the lake. How-
ever, at the main Lake Algonquin stage the ice-front had retreated far to
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the north, and it is more probable that the varves were formed at the ice-
front during the earlier, low-water stages of the lake.

The relative thickness of the ‘summer’ and ‘winter’ layers ranges
from 6-inch ‘summer’ layer and {-inch ‘winter’ layer, through equal thick-
nesses of both, to 1-inch ‘summer’ layer and 4 feet 53 inches of ‘winter’ layer.
Such variations might be explained by distance from the ice-front, but it
is difficult to comprehend such a vast amount of material represented by
a thickness of 4 feet 53 inches staying in suspension until winter.

The truncation of varves also argues for deposition at or very near
the glacier margin under fluctuating conditions of both ice-front and
currents. .

The difference in colour between the light and dark layers is due
mainly to moisture content. In an exposed face this colour difference is
one of the outstanding characteristics of varved clays. In a face exposed
to the air, the light layer, containing more of the coarser material, loses
some of its moisture, whereas the higher clay content of the darker layer
retains the moisture. If both layers are completely saturated with water,
or if the varves are dried thoroughly in an oven, the two layers are almost
indistinguishable from one another. If there is any difference, it is mainly
due to grain size, as the coarse particles are generally of quartz or feldspar,
whereas the clay-sized particles contain more of the dark minerals and of
limestone and shale.

The writer has tried, unsuccessfully, to reproduce varving in the
laboratory at room temperature, using varved clays from north of Bass
Lake. The light and dark layers together were thoroughly stirred and
allowed to settle in a 1,000 ce. beaker. The result was complete separation
into the different grain sizes. The same layers when treated separately
also settled into the different sizes. Fraser (9, p. 56) reproduced varve-
like deposits under exacting conditions in a laboratory in water at a tem-
perature of 0°C., but these varves were made in a period of 24 hours. He
concludes by stating that under certain conditions layer-pairs resembling
varves do not necessarily represent a year’s deposit, or yearly deposition.

The results of mechanical analyses of light and dark layers from
Steeprock Lake and from north of Bass Lake are given below:

Percentage
Locality Layer Sorting
Sand Silt Clay
Steeprock Lake.................. Light.............. 0 30 70 1-70
Steeprock Lake.................. Dark.............. 3 25 72 2-45
20 (BassLake)................. Light.............. 2 81 17 1.55
20A (Bass Lake)................. Dark.............. 15 25 60 375

The amount of sand and silt in, and the poorer sorting of, the dark
layers are difficult to explain if they represent material that remained in
suspension until winter; the high proportion of clay in the light layer from
Steeprock Lake is also inconsistent. Fraser (9, p. 51) has shown that maxi-
mum density (at 4° C.) has little effect on velocity of falling particles in
the sand size, and that particles in the upper range of very fine sand (0-082
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mm. diameter) will fall 4 feet in 197-5 seconds at a temperature of 2-7°C.
The presence of silt and sand in the ‘winter’ layers is incongruous
with Fraser’s results. It might be argued that this coarse material was
brought in by streams that flowed from the glaciers during the winter
months, but such streams, if they did flow, must have been subglacial and
entered the glacial lake below the frozen surface, and it is improbable
that such streams would carry sand and stones for any great distances.

The thickness of a varved clay deposit and of the individual varves
in it vary considerably. The Lake Schomberg clays range from 4 feet
in thickness, and comprising a maximum of 100 varves, to a thickness of
more than 30 feet and representing more than 200 varves. The total
thickness and the thickness of each varve increase from north to south.
Lake Schomberg was a narrow, marginal lake, and all material was deposit-
ed close to the ice-front. Lake Algonquin clays, on the other hand, increase
in thickness and number toward the north. In Nottawasaga Valley, 2
miles south of Highway 89, the total thickness of the varves is 6 feet,
whereas 10 miles to the north the varves have a total thickness of 65 feet.
If the Algonquin clays had spread over the entire lake bottom, the number
of varves should remain constant, and the thickness of individual varves
should decrease to the south. However, in Nottawasaga Valley there is a
marked decrease in both thickness and proportionate number of varves
within 10 miles. Both the Algonquin and Schomberg clays can be explained
only if the sediments were deposited at the ice-front, because under such
conditions the total thickness and number of varves is dependent only on
the time the ice-front remained at any one place and on the volume of
sediments introduced. Antevs (1, p. 29) shows that there is rapid thinning
of the varved clays away from the ice-front in the vicinity of Bracebridge,
which he explains by “rapid flocculation and settling of the load to the
bottom of the stagnant lower compartment of the semi-glacial lake’.
Suspension of the fine particles until winter is hardly in keeping with
rapid floceulation. Also, when the ice-front retreated through the Lake
Simcoe area, the early stages of Lake Algonquin must have been glacial
and not semi-glacial, and under these conditions, according to Antevs,
the varved clays should have spread over all the small expanse of the lake
in this area. Johnston (15, p. 379) states that most of the sediment trans-
ported into Lake Louise, Alberta, is deposited on the bed of the lake, for
the outlet stream is nearly clear. It is assumed that these observations
were made in June, at the time of the author’s investigations. If so, then
all the material, with possibly the exception of the colloidal clays, must
have been deposited soon after entering the lake and before the water
carried them to the outlet—a condition not acceptable in a glacial lake, a
category into which Lake Louise is placed.

Although Algonquin clays are widespread, many places inundated
by the glacial lake contain no varved clays. In the rock-knob lowlands
and limestone plains, outcrops are numerous, and no evidence was obtained
to indicate that these were ever covered with deposits of varved clay.
Varved clays are quite resistant to erosion, and vertical bluffs will stand
almost as long as massive boulder-clay till. Varved clay comprises part
of the steep Nipissing bluff (See Plate I) at Waubaushene, and stands as
evidence of its resistance to wave erosion. Therefore, it is inconceivable
that if these sediments had covered all of the area inundated by Lake
Algonquin they would have been eroded by waves of lower stages of the
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lake from localities where bedrock or till is now exposed at the surface,
particularly as wave action at the lower stages was reduced by islands and
promontories. Evidence in the field has shown that 50 or 60 feet of varved
clay may be present at one locality and none at another 2 or 3 miles distant.

The writer offers the following comments relative to the above obser-
vations: (1) Varved clays accumulated at or very near the ice-front, and
probably formed fan-shaped deposits around the entrance of superglacial,
englacial, or subglacial streams, when ice formed the north shore of the
glacial lake into which the sediments were carried. The presence of stones
and ripple-marks, the truncation of varves, the varying thicknesses of
deposits, individual varves, and layers in each varve, and the grain size
of the particles in the layers of each varve all support this suggestion.
(2) As the glacier retreated, the varved deposits were extended northward,
not along the entire submerged ice-front, but confined to a fan-shaped area
around the glacial streams feeding the lake. Thus the thickness and
number of varves would vary with the volume of sediments carried into
the lake and the rate at which the ice-front retreated. Absence of varved
clays would indicate that no streams entered the lake at that point. (3)
The deposits were laid down during the earlier, low-water stages of Lake
Algonquin. (4) Because the varved clay deposits represent the fine-
grained part of the load in the glacier, there must be deposits that contain
the coarser particles. These deposits are the kame moraines, kames, kame
terraces, outwash, and eskers, and for each deposit there will be an asso-
ciated varved clay deposit corresponding in thickness and extent to the
glacio-fluvial deposit. The most extensive varved clays will be found
associated with the kame moraines, although this relationship might be
obscured by lacustrine or glacio-fluvial sand overlying the clay. The
varved clays associated with eskers will be confined to a smaller area and
will not be as thick as those related to kame moraines. This relationship
of glacio-fluvial deposits to glacio-lacustrine varved clays is evident in the
Lake Simcoe area. The varved clays in Nottawasaga Valley are associated
with the Bass Lake kame moraine; those in Orillia North township with
the esker that extends north towards Severn River; and those in Mara
and Rama townships with the esker in the north of Rama township. The
esker in Brock township is associated with Lake Schomberg varved clays
found in the southern part of the township. (5) The varve period may be
a year; if so, then the coarse-grained layers were deposited under flood
conditions probably in spring or early summer and the fine-grained layers
were deposited during normal melting of late summer and autumn. (6)
The varve period may be less than a year, possibly daily, or some longer
period corresponding with our warm and cool weather lasting anywhere
from 2 or 3 days to a month. All of the above observations are congruous
with the daily period, the coarse-grained layer being deposited in the early
afternoon when the stream flow was greatest; the fine-grained layer deposi-
ted in the night and early morning hours when the stream flow was least.
The thin varves might correspond to dry, cool periods, the thick varves
to warm periods or periods of heavy precipitation.

A comparison of Pleistocene glaciers with present day continental
glaciers further supports the theory of the daily varve period. Most concepts
of glaciation have been derived from observations of existing alpine
glaciers, and the tendency has been to conclude that conditions at the ice-
fronts Auring the Pleistocene epoch were similar to those at the fronts
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of mountain glaciers, whereas, in all probability, they more nearly
resembled conditions illustrated by the present continental glaciers of
Greenland and Antarctica. Professor W. H. Hobbs!, in his study of glacial
conditions at the University of Michigan station at Mount Evans, in
Greenland, has deduced the following important facts: (1) melting was
limited to the short summer season of about 3 months; and (2) the streams
were large or small according as the weather was relatively warm or cool;
on warm days the meltwater was sufficient to flood the fiords from bank
to bank whereas at night the volume of water shrank to a network of narrow
braided streams on the outwash plain; on cool days the volume of water
was much less, with a corresponding decrease at night.

The above observations do much to discredit the annual theory for
the origin of varved clays, because such uniform deposition as exhibited
in varved clays could hardly result when the glacial streams fluctuated
so widely, not only diurnally but also periodically throughout the short
summer months. On the other hand, all the features of varved clays fit
into the daily theory if it is realized that the deposits might well be confined
to the immediate vicinity of the place at which the glacial stream entered
the lake and not spread over the entire lake.

RECENT DEPOSITS

The only Recent deposits of consequence in the area consist mainly
of a blackish muck, which together with swampy vegetation occupies
depressions in both the highland and lowland areas, although more exten-
sive in the lowlands. The swampy conditions are due to poor drainage in
the underlying material, which is a compact boulder-clay till, sand, silt,
or clay. Swamps are most common in the larger valleys, and are due mainly
to seepage from flanking, higher areas. Much of the land bordering the
present lakes is so low that the water-table reaches the surface. Depressed
parts of the rock-knob lowlands and limestone plains, where drainage is
impeded, habitually contain swamp muck. Likewise, depressions between
drumlins are commonly swampy, due to seepage from the sides of the hills.
The thickness of muck varies from a few inches to several feet, and the
muck is usually underlain by sand, which grades down into silt and clay.
None of the swamp areas has been utilized like that of the Holland Marsh.

Loess is widespread throughout the area, and covers much of the
surface to a depth of from a few inches to 2 or 3 feet. In some places the
top foot of soil is faintly stratified and contains fragments of charred
wood, indicating that at some time in the past forest fires swept over the
area, which later received this thin veneer of silt. Dune sand is rare,
although some is present on the Algonquin lake-bed east of Sutton, and
increasing amounts appear a few miles south of Sutton and also west of
Barrie in the Camp Borden area. Some old dunes, probably dating back
to Lake Algonquin time, have been noted. These are now covered with
forest, including rotted tree trunks 3 and 4 feet in diameter.

The only deposit of marl seen in the area lies 3 miles north of Orillia.
The marl is greyish white, and from 3 to 4 feet thick.

1 Hobbs, W. H.: The Glacial Anticyclone and the Continental Glaciers of North America;
Proc. Am. Phil. Soc., vol. 86, No. 3, pp. 368-402 (1943).
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All present stream valleys are floored with some alluvium, but because
these deposits are so limited and unimportant, and because it is believed
that most of the material in them accumulated shortly after the retreat
of the ice, they may be more rightly classed as Pleistocene than Recent
deposits.

DIRECTION OF ICE MOVEMENT

Glacial features that record ice movement can only be taken as indi-
cators of the last readvance of the Wisconsin glacier. The direction of
flow can be determined fairly accurately from drumlins and strie, and
roughly from terminal moraines, eskers, roches moutonnées, chattermarks,
and ice-block ridges. Drumlins are better indicators than striz, as they
are far more numerous, and they result from a flow of the glacier over a
definite point for a longer period of time than do strizz. The direction
of striz may be determined more accurately, but as the scratches
may result from only a brief contact of the basal load with the bedrock,
they represent, at best, only the direction at the point of observation,
where the flow could have been deflected by many minor topographic irreg-
ularities. Their spotty distribution is the major drawback in their use.

Northeast of a line from Waubaushene to Cannington, the direction
of ice movement changes from due south at Waubaushene to southwest
at Cannington. The trend of the drumlins and strie at several localities
is as follows: 1 mile south of Waubaushene—strize, south 2 degrees east;
Uhthoff—drumlins, south 27 to 30 degrees west; the younger set of strize
south 28 degrees west; the older set, south 35 degrees west; east of Orillia—
drumlins, south 30 degrees west; 6 miles north of Bolsover—strie, south
46 degrees west; east or Brechin—striz, south 46 degrees west; drumlins,
south 46 degrees west; Argyle—drumlins, south 25 degrees west; Canning-
ton—drumlins, south 45 degrees west. Between Cannington and Udora
the drumlins swing from south 60 degrees west to almost due south.

Although the general flow was from the northeast, topography exerted
a major influence in directing the movement of ice into basins, around
highlands, and through the larger valleys. The controlling topographic
features in the map-area were: in the northwestern section, the Simcoe
till plains, which directed the flow into the major valleys; in the northeastern
and eastern sections, the Lake Simcoe basin; and in the southwestern
section, Kempenfelt and Cook Bays.
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CHAPTER IV

LAKE ALGONQUIN AND ASSOCIATED BEACHES
GENERAL DISCUSSION

This chapter deals with a description of the beaches that were formed
during the early stages of glacial Lake Algonquin, by the main Lake
Algonquin, and during the later stages of this lake. To avoid confusion,
the beach formed by the main Lake Algonquin will be referred to as the
Algonquin beach; those formed during the earlier, rising stages of Lake
Algonquin will be called the Early Algonquin beaches; and those formed
during the later, falling stages of Lake Algonquin will be considered under
two groups, the ‘upper group’ comprising the three beaches immediately
below the Algonquin, and the ‘lower group’ comprising the four beaches
named by Stanley (20) in the Georgian Bay region. One other beach,
belonging to a lower stage of Lake Nipissing, has been added.

The well-formed, abandoned beaches of Lake Algonquin in the Lake
Huron, Georgian Bay, and Lake Simcoe areas have been cited by Taylor,
Goldthwait, Johnston, and others. However, little or no mention was
made of later stages of Lake Algonquin until Stanley began investigations
in the Penetanguishene (20), Cape Rich (21), and Sucker Creek (22)
areas. In the work of mapping Lake Simcoe area, numerous lower beaches
and ridges were noted, and when correlated with the work done by Stanley
a surprising agreement was found between the beaches of the Georgian Bay
and Lake Simcoe areas.

Elevations were taken of all beaches and ridges that were sufficiently
well formed to allow accurate measurements. In addition, many measure-
ments were made on less well defined features in order to analyse the results
and, thereby, gain experience and confidence in future work of a similar
nature. About eight hundred readings were taken. All measurements
were made with a telescopic alidade and self-reading stadia rod. Readings
were taken to the nearest tenth of a foot, and the tabulated results are
given to the nearest foot.

Altogether, seven beaches lower than the Algonquin are recognized.
The three upper ones, here named in descending order, the Ardtrea, Upper
Orillia, and Lower Orillia, constitute the ‘upper group’ of Algonquin
beaches mentioned by Taylor (18, p. 415). These beaches are well defined
in only a few localities. The Upper Orillia is the strongest of the three,
and in one place is marked by a 25-foot bluff. Many elevations of these
three beaches have been taken by Taylor, Goldthwait, and Johnston, but
the beaches were not traced for a sufficient distance to show their relation-
ship to the Algonquin beach. Stanley’s work around Georgian Bay was
concerned mainly with the ‘lower group’ of beaches, although many eleva-
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tions of beaches and ridges between the Wyebridge (the upper beach of
his ‘lower group’) and the Algonquin taken by him correspond in elevation
with the newly named beaches in the Lake Simcoe area. The names of the
beaches comprising the ‘lower group’, the Wyebridge, Penetang, Cedar
Point, and Payette, given by Stanley in the Georgian Bay area, are retained
here. The name of one other beach, the Waubaushene, lying below the
Nipissing, is added.

The abandoned Algonquin beach, marking a long stand of the glacial
lake, 1s one of the outstanding features of the area, and can be traced
for its entire length throughout the area, although not everywhere suffi-
ciently well developed to provide dependable elevations. The beaches
of the ‘upper group’ are fairly well developed in the northern half of the
area, but become increasingly weak in the southern half. The beaches of
the ‘lower group’ are not developed south of an east-west line through
Orillia, as this area was above the elevation of the water-planes of this
group. However, they do exist in the Minesing area west of Barrie. The
lowest beaches, the Waubaushene, Nipissing, and Payette, are only present
in the Georgian Bay area. During the formation of the ‘lower group’ of
beaches, Lake Couchiching and Lake Simcoe were separated from Lake
Algonquin. The Cedar Point beach is exposed 19 feet below the level of
Lake Couchiching 5 miles north of Orillia, and, therefore, the two lakes,
Simecoe and Couchiching, existed independently from Lake Algonquin
before the formation of this beach.

The shorelines and isobases of Lake Algonquin are shown on Figure
6 (in pocket), which includes a larger region than that of the Lake Simcoe
map-area in order to present a more complete picture of the bays, inlets,
and archipelagos of this lake. Figure 7 (in pocket) shows, in profile, the
water-planes of the several stages of Lake Algonquin along the lines A-B
and C-D on Figure 6. These planes represent the imaginary surfaces of
the now extinct lake stages. Due to recovery of the depressed land surface
after retreat of the ice-sheet, these planes are now inclined or tilted upwards
to the north. In Figure 7, the direction of tilt, north 21 degrees east,
established by Goldthwait, Johnston, and others, agrees with the writer’s
determination, and has been adopted as the direction of maximum tilt or
inclination. The distances in this direction, with the south end at the left,
are plotted as the abscissa on co-ordinate paper, and the beach elevations
at the various localities as ordinates. The centres of the symbols on the
resulting profile mark the more reliable elevations.

DESCRIPTION OF BEACHES

TABULAR SUMMARY

Elevations of the shorelines are arranged in Table II, commencing
on the west side of Cook Bay, and following the shoreline northward
along the west sides of Lake Simcoe and Lake Couchiching. The readings
on the east side of the two lakes follow the same sequence, beginning on
the east side of Cook Bay. Townships, concessions, and lots, referred to
in connection with localities mentioned in Table II, are shown on Map
993A.



45

*90B.1I93 U0
SI9P[NOY ON
‘payIBW [[om
10U 9SBE ‘ABM

“dypm
Amqunan

AIX-TIIX
*SUOD UM}

-[IB1 JO 3s59m | pBOX UO pI0}
1snf gniq 300§ [ -[1) JO gjnos
-08 de9Ig—J9L 31w duQ
*Adurgms 9081 d3 'm
-19J, ‘ABA[IBI | AMqUIIAD
JO 9pIs gsom TIX-ITX
uo g3y 399} |'suod udemiaq
0g 03 0T Wolj | pBOI UO pIO}
JurA1eA gniq | -[15 }o gjnos
deayg—/9. Sa[IW oM,
*ABMIIBI JO
489 4Sn{ Q0BI
-I19) WA3IS ‘d3 "M
~Ispmoq | AMQUIIAL
A1393ns qitm 'IX "u0d
jva1q dreys | ur piofprig
B $9YBUWX 1O qI0u
gniq peyred Soniul jreq
-llPM—694 B pU® SALL
“d3pm
g Amquyag
Jap[noq ‘ABMIBI | TX-X "SUGd
Q0BLIOY, 10 359 gsni |usam)sq pBOIX
‘Bnq P[9Y pa18a | UO pIojpBlg
00j-¢ 3481 | -13[N0 U gniq o qi.Iou
-9pON—/¥4L| Fmdoig—ges SO[1UI INO,
‘IMalgs
Jepmoq d3 M
A[e)eI9pow | AMUT[LAL)
pu® poyIsw | ‘X-X] "SU0O
{94 as8g 'Jul (ueamjsq pBOL
-58010 ABA[IBI | WO pIOjpBIg
38 gniq 300y jO q3lon
-07 de933—g9L| SO[ITL 03I,
qasaq
897083 qa8aq yowaq gosaq qoBaq qaBaq ¢l 083 qoBa 089
Y10 .=M~%“W>» JurssidiN 919948 | Jutog 18pa) | Suwvjeusg 93prIqasm ammmOd.w%BQH E.:MO uMqa.D a.wbvm@ n..-%c:cma Aye00]

souLa.LoyS Bussidin 9yv7] pun unbuob]y oyvT Pauopunqy f0 suondiiosaq PuD 199, UL SIPNPYY

II @1gavy,



46

“Bnq
qIA sedlam
pus A[[oAB13
90BIIAT, "808B1

-J9} WMeINs
-13pmoq
put gniq
300j-g¢ 3uong
—98, 03 084

-dy
(gsrauy ‘gz 30

.N.VAH *su0d
u3aM}aq pvoy

"93pLq
ABm[tel peeqy
-I9A0 JO [3nos
399] 0031 48q

oqj suLl0) Uiy

ginow-£8q
3uonyg—yLl dy
‘9081 |[gSTIU] ‘ZZ 307
-39} uaens [ ‘TA-A °‘suod
-19p[noq | ussmjeq pwox
pus gniq uo Aoxey
300}-0g 81 Jo gjioun
“OPO—GLL SOt oM,
*18q
o173 y3noxqy
N0 §8Y 831D
"u0038[ 6A0Q8
999} 9g-0¢ Jur | *dg [gswuuy
-SU puB 6pLa ‘13 301 ‘AL
399) 00z 48q | "zod ‘LoijeT
4now-£8q 10 qIou
uong—gzl| om 193a8nd)
‘PANBALMO
908119} pus
gnig "eos8lia) *d3 [gstaug
qyt4 sedlem | ‘gz 9[ ‘IIT
pus Zniq |'sucd uslmjaq

pPBO U0 PIoj

-uIp Jo adojs | -[1D Jo qiIou
o[3weD—¥9L oim 3uQy
el 0% osaq qowaq qowoq yosaq o83q o
mqu%Mn =M_%~WM» uhmaw_wwz owwvoﬂo%m aﬂ%& ._oamuao m%ﬂuww_mm uuM_EcAB B[RO PBACT | B[O Jedd ) BAYPIY qﬂ.ﬁnoﬂ«« HTOT

‘w0 —sourpaLoyS burssidi N ayv] pup winbuobly ayv7] pouopunqy fo suondriasa(q puv 122, UL SIPNIY

u0)—IJI TILV],



47

'q31q
2818 BFUTPYAT
9897,], ‘U0I3098
-193ul 10 Yjnos

3891 009'2
Buiq 3004
-09 3uong—¥iL
*Apuss pus +d
18Q 30BLIST, vssy ‘92-9%
‘UO11098INTI JO [s30] puB TITA
1583 3397 000°C “ITA SU0d
Jniq 900} |usam)aq spBoI
-0¢ Ju0XIG—%/|}0 UOIOLSIAAUT
"Julog oy
ouo 589 399
09'€ YIB8a
Julod Sc:ia%oowmw
Joumy 0 3589 ‘Jutod JRUN | ‘e y—g7y
383] 005‘¢ J0 9589 3sn( ‘yumog ‘jutog
8agoBaq 2081193} APUBS [JOUTY JO 159M Jouly JO +dj
SNONUIIu0o 180 Ita | 183] 000°z 10} 19899931 009'S |gsrauy ‘Aeg
“SIp qBIM B01q 900)-L | BNIQ J00}-0] | 83PN qovaq A[ejuadma3L
—4i94 PUB 39 Buong—oz.| Buoxyg—agy J10985—8LL 1o jutod J8mpy
‘Buq
2A0(8 O q1I0U
snf o3pLy
agpu qo8ag—g6L
qoveq *3081
Bax}pIy *03plI | -191 WO Sa3pLI
|Y) Yj1M qoveq umb |qoveq [rIeAsg
[8(18I8d pus -U03[y 93 | "eoBlI LM
Jo qixou jsnl gy [oryered | 3wexq dreys -dq
93pH gosaq PUB JO QyJou | BUr{BW pniq |(gstuul ‘ATX
g)8Ipow 9snf 23p1a |100)-¢1 3urdo[s "uod ‘gz 301
~19ul ay—69. yoveg—g8L|  A3UID—9EL| JO PUS QHON
‘umalss
Jopnoq
Aiagay *d3 [gstunr
90BII9 T, ‘93-¢2 8310]
*U0I3IISINUY (PUB [TTX-TTX
JO Y3n0s 399) | ‘sUUD UIIM)
00¢'1 gn1q 300) -9q §pBOI

-92 Juong—06L

j0 uorjoasIajuy

‘o3plx
umbuodfy
943 Jo 3583
193} 009 pus
g4 [eyeIed
93pLr gowaq

J0M0] Y—8LL

‘goq
1O 310U FpLx
Qo8 —98/
*908113)
14 JwBrowm
gniq 3003
=61 03 01 &1
~9PO-—L8L

*d3 rgsmuar
‘92-9% $30]
pus IY-¥
*§U0D 199G
-aq spBOl

J0 uoIdRRINUL



48

"UMBIY8

-0§ BU01IS—99/

Iep[noq
Apqays
90B1I0], ‘PEOI a3
10 opis 9sem | wsey ‘gr gor
uo yniq 938L | ‘AT-TIT "SU0O
~9PON—Y¥9/|usemiaq pBoy
*pBO1 JO 9583
jsn{ _uijumnap
8 JO opis
uo padojeasp |'dy BSs ‘g 90[
niq @981 [ ‘TA-A 'SU0D
-9PO—9%4|meomiaq peoy
*pBOI Jo 35%a |“d} BSSH ‘Z 30]
Jsut gniq 400j | ‘TA-A “Suod
-0g 3uoljg—gf/|usemiaq pBOY
08I *dg gssyy
-1} Apusg ‘11-01 $30[
‘uorjoasiagul | pue JTA-IA
1O UjI0U 489] | ‘SUOD UM}
008_Bniq 300} -8q spuol

10 sto13098I93 U]

“u013933I9j Ut
10 g3jnos 00]
900’ 9981
-13} UMols
-~Iopmoq
A[y3s qua
JuidieT gniq
300}-GT 9382
-9POIN—294

*dy wssg
‘12-0 307
PUB ITA-TA
*SU0D USIMTG
-aq spBOI
j0 uoKjoasIajul

‘WBaIE B AQ
300 Jeq "qag
399) G1 18q
Jnowm-A8q
ROX}S~—L94

*dg BssH

‘28 301 'TIIA

-TIA ‘Sucd
u2amIaq P8Oy

soqoBaq
1730

Yoseq
euays

-nuqnBg

qouaq
FuissidIN

qa8eq
9139483

goweq
jmog 18poy

qoBaq
Susjeusg

qowaq
9FPLGIAM

qonaq
BILQ JoM0T

83
el Emo ._%an n

qoraq
wrnpy

a8aq
umbuod[y

£1T00]

‘"o —souaL0yg Buissidi N oy pup winbuob]y oyn pouopunqy fo suondiiosaq pub 109, UL SAPNIY
uo)—IJI @1av],



49

*poNIRW [[aM

*dq BIdsep

Fmdols 900}z
9)8IDPO—V2L

q0u 958 ‘[BLL [ ‘TA-A ‘SUOD
-9)8W 9WBY |U99M]I9q PBOI
ut pado[aasp a0 aluIBg JO
pnig—rgL(Isea ejtuwx auQ
*ABmgsy 06
‘ON }O gjIou *dy gadsep
199} 009°¢ ®Ins ‘TITA-TIA
-utwed  Apues *SU0D UM
€ wo pado[ | -8q pwox wo
-9A9p JN[q [oLLIBg jO jS0m
30081 V—ER.( SA[IWm@ 63T,
*d3 orguox
‘ToAy eukog | -0soT, ‘g 10[
10 qIN08 I'TTA-TA "SU0d
jenf gniq |usamjaq prox

uo uoySITY JO
1894 B[IWT BUQ

“dy
39sTamaa T,
‘2 301 ‘AIX
*pBOI JO T3NOS -IIIX *Sucd
Jsuf gniq [usemijaq pwol
400J-g1 @181 U0 UOYSI]Y JO
-9PO—454 |q3n0s A[IwW 2u(y
‘saIuImnLp
Jo opls pus *dy gges
osou uo pedof | -wmodf, ‘XTI
-3A9p Yyn|q (U0 ‘1]-0] $30]
poon—ggusemteq peoy
“dg
‘peol Y19STmI T,
JO qinos 3a9f ‘g1 901 ‘X1
000'T BMq -IITA 'Suco
3wmdo[g—/ gL [wesmisq prOY
908119
umaIs
~19pnoq dy
pus es8q qjesmmoa ],
DIYIBUI-ToA ‘81 301
g3t gniq 300§ | ‘X-X] SU0D
-6 3uoxig—r¥4[usemiaq peoyg
‘pexIBm
oA jou ‘d3
essq ‘prOX [4esTmoR T,
JO 9pIS 3saM ‘X *uod
uo gniq 8381 ‘12-0g §30[
-9PON—~f4|usRnleq prROY



50

*4898

o7} 01 gniq
100] -9 8 03 Fur
-880129p ABg
Ajusygg Jo
3894 109) 007'T
Jniq 100)-g1 *d3 010
Juons y—g4.| ‘Avg Lyusqg
*e8puq puay
-18A0 JO 9689
950 pus A8A
-[181 JO gjnos
399 0gg 08I
-193 teawid
B uo padof
~9A8p ado[s
ONUD—] L}
‘o8priq puay "98pLIq pBeY |-98pLq pBag
-19A0 JO 7883 -19A0 JO 1589 | ~I3A0 JO 4883
om {pus o[lW } puB | 9snl ABM[IBI
puoy e3pry pBOY 23pry | jo Yjnos 333j
3O qinos Jo gjnos | gog ‘soBLIey *d4 01Q ‘puvoy
199} 0% ‘9081 198} (09 ‘s0uX [9A813 | ‘pwoy e3pry e3pry uo
-193 4By puw -193 48 pus 8 uo pado Aq pesso1d | feg Ajusyg
edore 300}-01 0do[8 300}-g] | -[9A3p ado|s | eIpLr gowaq | Jo 9semYINOS
ep3uan—0LL ofua—¥gL| 9IueD—8LL NBIPOW—]8L So[TmX oM,
‘peoy a3pry
JO 8pls gou *dy 010
0 ABQ [[sWs | ‘prOY &3pry
Jo 3s9m 3snf O JLLIBY
Bnyq 00§61 | jo 1s8aTIIOU
NBIBPON—06L|  SI[IWX 331 T,
908113}
Apuss giia *d} 010
S93Iow osBY | ‘pBOY 0IPIY
*j150dop owIBy uo erusg
® U1 padofeaep | jo 9sBOyLIOU
BnIq 3005-0L 03 so[ru Ji8y
-09 3urdois—gsL BPUBOMT,
goveq
s97oveq Quoys YyoBaq qovaq qoBaq Yaveq qasaq qowaq qosaq q383q 083q A3118007T
Jaq3Q -nBQREM 3utesidiN 9jehed |4mod 18ps) | Buwjeusg 83pLIQaAM | BI[LIQ 6407 | BI[UIQ Jodd ) B PIY umbuod[y

uo)—sauaLoyg burssidi aypy pup winbuobyy oy pauopunqy fo SUOYALIISI(T PUD 125,] UL SHPIIY
“uo)—IJI @19v],



51

‘aMe18
lepmoq
Q0BLIQT, "ABMA
-[iel jo qirou
Jniq 300}
-0¢ 3UoNS—038

“dy
010 ‘TIX-IX
*S8U0D  UIOMT
-aq pBOI uo
‘QuojsaymB

‘g3 |"d3 010 'IX-X
007 199) § {ABM [suoo usamjeq
-I181 JO g3Jou [pmox uo suoys

gniq 300J - AwH JO
-0z 3u0133—0z8| 3594 o[1IR BUQ
‘pwox «dg
1O OpIS 38M ‘proieyy | 010 ‘X-XI
1o aAl3owg | 1o 9880 qoweq ‘SUCD U33MY
-§1( ‘umb JI9MO[ q314 | -aq pBOI uo
-uo3|y 40[eq | 33w gniq | euojsemsyg
yniq 300j | 3003-0¢ 93 -3 JO 382
-9 03 -G y—10§| Suong—gI8 SO[TUI OAT,
s ol
PUB uMang
Jepmoq
0BLIOT, “ABM dy 010
~118d jo gilou ‘TITA-TIA
Jniq 300j |'sU0d usam3aq
-0¢ Juo13g—g0g| p®vO1 U0 ‘010
‘umbuodry ‘gamgo ‘d3
40[2q 480l | JO ginos 9snl | 010 ‘ITA-TA
e3pux [oaBI3 | 83pu RARIS ['su0d u33M33q
puB PUBS 981 |PUB PUBS YBIM |PBOI UO 0I() JO
~9pPON—008 ‘3104S—g08| 359M st 3uQ)
‘umer)s
13pmoq
A[s)BI9pOow *d3 010
S0BLIAT, ‘ABM [ ‘TA-A ‘SUO0D
-]1el JO gjIou |aeamjaq pBOIX
Jniq 300j-g] |60 0IQ JO 350
Jounsiq—708 So[IWI 0M ],
*Aydowrmny
PuB 1M3I)S *d3 010
13p[noq A[ | ‘peoy e3pry
-1931[S 90BLIS T, uo ‘Asg
“BNiq 300)-¢1 AjuByg jo
9)BIIPOW—0(08|1S83 SO[TW OMT,
‘uasI8
I9p[noq pus
Ayoomuwmy *dy 010
90BLIST, ‘088q | ‘PBOY #Ipry
PayIgw-[[om uo ‘Asg
i gniq 300} Ajueyg jo
-0g Bu01S—00g| 9882 O[T 3UQ



52

*893pux

840q8 jO
uoBnary ‘gHou *sd3 gjnog
005 B £[qB 0} saystmp BIUO ‘T
-qo1g -ABm pnig "A8m |'uod pus ‘oiQ
~[18d JO g3nos -[1BI JO gjIou ‘AIX "uod
199} 000'] PuB gsnf guiq |esamijaq peox
PBol jo 359m 300}-97 JO 9sBq | SUOISA{MBEH
93p1l yoraq punore s9AmMI | Jo 3sBIYLI0T
3u0138—08. PBOY—(38| SO[MX YT,
*3A0QB
JO 4583 oI
a3pl1  [9A%.
pus pusg—ogL
*adpux
94048 Jo
q3Jou jrens
{[ews 8 jo
Bniq 300}-81
03 -91 V—084
*89pIs Uj0q
o0 umal}s
. Japmoq 9981 *dy 01y
900Uty -19) lsoowmrg ‘AIX-1IIX
9%® JO yIou aY®] JO gjIou *AduxBms | *SUOD UIIMY
399) 0002 199) 002 93pu BT, ‘ABA | -aq pBOI U0
41d 124813 38 [9AB13 puw -[184 JO 30U | 3U0ISIMBH
o3pu [eABII puss psjIem [niq 900} | jo 18BayIOL
pug pusg—g6, -TeA—98. -0¢ 300113—639) So[Iu OAMJ,
‘umaIgs +dy 010
Japinoq ‘TITX-IIX
908II8Y, ‘ABA ['SUOD URMIIQ
-[181 JO q3Iou p®BOI euojs
gniq 400j ~[MBE JO
-0g Juoljs—*Fzs| 9989 o1w QU
qosq
5340B3q yoweq qo® 2% 283 98 ] 0B 289 089
13430 »:M_%WMD ZuissidiN oﬁm%%m ac._%m .:MEO w%ﬁwnwm o&%«ﬁwﬂ& w:mmOaw%BoA ﬂ:MO w%nED wmbv.”@ nﬂwcno% Aye00]

“uo)—soupLoyg buissidi N oynT pun winbuobyy oynT pauopunqy fo suondiiisaq puv 1994 UL SIPARNY

‘uo)—II TIIV],



53

ColASCHE
poyism
1°Mm o
“qosaq padoy
-oa9p Arood
10 sadols
J[IUIY) '000
Smig eqw]
jo qjiou
199) 005—974

‘9sNOY 00y

puigaq
Bniq 3005-§
e7BIOpOW Y
31 30T—684

‘Smdofs
A]pueld esvyg
"gmiq 300
-0p 1940 5I8SB
pPBOY ABM
-y31q 11 "oN
JO g3jlou ot
§ ‘11 107888
"90BLIDY)
UMI)8-T8p
-[noq pus gniq
300}-0¢ 3uo1}g
*asnoY|00Yas
1O 9594 o[Imx
¥ ‘g1 101188

d
qinog s

‘I1I-] “§U00
usaMjeq pBOY

‘uinbuo3d|y
oY®’] J0 03838
193BM  U31q
03 enp A[q%
-qoig -epis
uQo03B| Uo
o8p11 WEwW
i 18]
-[81ed £FpLI
BuiSieauod
OMT—888
‘U003 8|

J0 pue Yiou
Ut jjniq a104s
papunod

~W]—0&8s |

*13MO0[
399} 81 pus
33p11 uisw jo
1583 3995 008
adp1 Apuws
Juoa3s y—I38
*1940] 393}
€1 pus 83pur
Trgw JO 3589
199) 0§ 03pu
A[eAa813
Buonys y—458

18q
padojaaep
A|3uonys sy}
i pajero
-05s8 593p1x
JOMOT [BX
-9A9g *591qq0d
pus [9ABIT
10 399) 02 §350d
-X8 831
‘juomABqUe
[8Ws ® Jo X8q
qInow-LA8q
B N0 801D
9SNOIY) “ABAM
-q31q 11 "ON
1O q3iou s[imx

1—¢78 91 688

308110}
gy so3rem
puB Apuss
jug ‘psol
JO 359Mm pus
ABaqay 1]
*ON JO g3jiou
onw §—958

Sumdots

puB Apuss
esBg 'U0I}238
-19301 JO J59m
1993 006_ZnIq
400}-¢ Buons
1940 s9ssBd
Aemydig

11 "ON~—988

“dy
qinog IO

‘] "uod pus
“dy 010 ‘ATX
‘102 pu® 9]
-9 0] WeAM)
-9q SpBol

jo uoijoasIRyu]



54

1583 8Y)

‘patms 0} 103U01)8
pus £puss $3W003q
§1 988Y ‘9981 |81, 199 98/
9081193 pu® -133 Apuss | 18 .m:ﬁ QNM.. d
958 9A13 |puUB gN[Q 00 |-ZT BSI[] ‘O) I
. ‘uu_aﬂm o% P ..Mm _wnnc.sw JO OpIS gj10u [[3ABIZ 3A0qE i
aowmm i .noa.‘.da Bl VY ‘goeeq uQ 'edB110} | ABMU3IY Jo dy .ﬁ:om
-|1Q Jodd() {110 Jemor [®Ij1Q 18ddn) [-3no pus gniq |qirou 398 gog BIMMQ ‘TIT-1T
onoqn ¥ #o0[aq 9snl | aopeq gsnt [3005-01 Buoays [$BpId [9ABI3 SUO0 UBANIA]
4nos o3pta pue [1 ‘oN | pue Il "oN | B8t 1] 'ON | oML ‘1 "ON PN 11 oN
) — ! 0 QJION— g3
—mas,a.—m V—0I8 J0 qInog—#9:( Jo qINOS—0L4| JO qINOS—¥6L(I0 YHON—I48
'peolI Jo
opIs 4s9M U0
uoo3s] 2y} ul
gn[q eloys
papunod
~wy—y;8
‘mjaqnop -Tomo} 159}
w3y 3 jo ¥ Do o3prs
3594 399) 00 et jo 1560
P oo 999} 00z 93p1x *18q _pado|
et e [0A®I3 pus |-0A9p A[3u01)s
ool aaa puss y—/gg| SIq3 QA pay
ey S *J9M0[ 199 |-B100SSB SAZPIL
el 2L 11 pug 83p1l | I9MO] [BI10A3G
sout reis? ‘98Pl | uleTI jJO 9588 | °NO9IO [[BWS
o ortared ursw Jo 9583 |199] 0] e3pu Aq o 1Bq
gﬂ»@%ﬂ-dﬂ%ﬂ .o& 006 3pu 12A%®13 pus ﬂ:wwﬂ.hdmw
o 1S T — uBs —9%8 07 078
P -] g} uo Apues y—g64| Pu®S V—058) s
gl el 18uojIsodep
et oq ABJ ‘18q
‘uinbuo3 owReg 18
-1V o7¥7 jo Lo 18 spn1q
938)5 FwIsix Iores3 o
B juaeseldar ey 4ok
A8 uoo3®| A M
aYq} ur pwoI jo oo o
qgiaou adofs ot
PI'R—688
qoweq 989 ovaq qowaq qoveq qaveq qosaq o8aq o
! oot oA, K ki 4 1 Q Iadd WIIPIY umbuod[y
2730 nequay | PUSSKIN | e390A8g |juog wpe)| Suwjauag | 93PHQEAM | BHIMOI9MOT | BINQ 124d)) 11y v

U0 —Sou)aLoyg burssidi N aynT pun wnbuob)y aynT pouopunqy fo suondiisa(] puv 199, UL SIPNNNY

‘u0H—II EILV,



55

fBm[rer
JO qja0u 339f

00%'Z ‘qo®aq “Lesqiel
93pLIqRA M JO q3I0u 339§
993 mo[aq 009 [BLI9} *d) gar0N
399) 11 BhIq -8W Apuzs SO “TA-A
payIBm ul gniq ejer ‘SUOD U3aM}Aq
-lem y—g94 -opoW Y —99L PUBIS] waIpIy
*Pa1dA0d ‘589
dmBas |-yjIousy) 0 “a3pu
ST 91 §8 [j0u3nq 9som 1e1BIEd ‘aA0qe
2081193 JouTy |-g3nos a3 03 puooss B €t jo gjou
-S1p ou 3nq [goBeqsIy) Jo 9A0QB JO 350M 3snf a3p11
payIsw [[aas | JusadO[9A 499} 001—884|pu02as y—/08
9s8yg ‘JuB) | -OP YBIM Y ‘*JSoM 10 9589
~uag 9Y3 | Pn[q 300] *o3pLL -23pu 2} 0 T8y
Aqopsw |-09 B dn A8M | 9A8I13 pue | [9ABI3 pue SNONUT3U0D
SBA [o1ga [ 3aed gouaq | pues 3uorjs | puss Juwoxys | joN ‘prOl d3 q3IoN
J031Bd (peugep-{jam | v ‘pBO1jO | Y ‘PBOI JO 5958010 9FpLI BIMIQ ‘2 30]
'gnq 3005-09 ‘Bu0ijs |opIs 9§89 UO | 9p1 3s9m U0 | (9ABIZ puB ‘A"Al ‘Suo
BUOL}S Y—00L V—7&L| €301 u—694| €301 U[—06L| Puss Y—gI8 M) pBOY
9081
-193 pus ado(s
9)BI9pOW ‘3urdos
v Araqrel jo A3ued st yniq
189M 439} (009 0 958Q 21Ny
pus g-¢ $30( “umog /g3 -sed ut syur
P80y —7g.|q3nolys 1som 7103 JO YpI0N
“BI[ | -g3jnos snon "399] £48 03 878
-10Q Y3nolyj |-uijuco st pus woly A1eA s3ul
pa0e1} 9q UBO (ga®aq BIIQD -pBoy syu|
qosag ‘ABm | Jodd[) s9380 Jjlo3 utsgniq
'30BLI3}) PUB | -{181 JO 9s9ms | -1pul odolg 900]-0¢ 03 -0Z JO
yoBaq Ppauy | 439) ¢L¢ pue ‘ABM[1BI 958Q 18 U3YB)
-9p-[[3M ¥ (79319 YJION] | JO )som 3aa) s3urp®sal 4 jo
*ABMTIBI JO uo Y9Baq (0L PuU® JIBJ 038194y “BI[
9SaMm 3997 00¢ pauysp | argdweyn -[1Q ut padoy
puB 9-¢ S30[ | [[om A[s9%®1 Jo yjiou -9A9D [[oMm +d} yjnog
peox uQ—gg.|-epom y—z8L 3SnL—908 AUI[BIOYS—(SR|BIIIO "BI[11Q
*P3ysa10] ‘pABA .
pus Apuss -13[Nd pus *159Mm
adofs s1y3 Jo | Apuss 2081 | puB 9583 9q}
9s8g -90Bl1 | -I3], "pauy | 03 saysunw +dy
-193 Apu®s | -ap [[9A jOU |-Ip InQ ‘a19y yinog BIIQ
8 JO pus |asBg] 'Yowaq | Pn[q 300j-3 ‘gmq *908.LI3) ‘01-6 $30(
WIBYINOS (BI[[1I() I9MOT] | 9)BI9POW Y |100J-§ BISP umaIs pus I1I-I1
SYIBW UINIBW | ‘UIBQ MO[@q (-0W Yy 'UIBq | -19P[NOQ PUB | ‘SUOD UAAM)
ado]s 900}-zZ1 ado[s 9jBI | puUB IoWIOO |04} AqQ ISWI00 | PN[Q J00)-09 -aq spBOx
dozys y—gysl-epom v —gelj0 gyanog—iaslio Ynog—gzgl Buolls y—go8ij0 UO130asIBY



56

‘pexIBm A0[3q edojs
Tex jou Jo esvg—gtg
aug "duBms ‘Admemg “gniq jo 908413} 93
18peo B 608119} pUy 9534 999] 8% q3a 9318w
“yoweq 93p1aIq ut 8pud }8BY3 adofg e8I oBp1a y—g98 03 Ausd
-0kp o) ado[s umens -19} (300] ‘gniqJo | sedo[s pniq
Aofeq 399) -1apnoq -0g) mol 959 499 (Cg [jO 9SBY ‘YInos
} ‘dasms 9}BIOpOW B -IBU B pUB 98pl y—ggs| 03 Iuiysturm
I8pa0 B Aq poRaBw [niq 200§-01 ‘gnyq umb | -1p Ing gIou
ut yn[q 300§ yoseg ojBI9pOW -uo3[y 243 | 93 03 3uojs
-9V ‘19u100 *J0UI00 V ‘180100 10 359m 8y} 0} Fumurjuod
1O jsam QqImx 10 980m o(IWL 10 959M d1IX 1N090 SaFPI yniq 3utes)
$ ‘IA "uoo [ § ‘IA w00 ¥ 'IA ‘oo oA813 Juox)s | -35am 300)-¢]
'q 301 UI—&9L ‘9 301 UT—904 'S 301 U169, JosuIs Y| ¥—998 97 898 ¥ 301
apIM
399] 006-004
pus sIap|noq
908119} | 9318 yIim pa
£31 JO 93P |-13A00 30BLIAT,
uo pug gniq | "gowsq Jemo[
YA parjeisd B yuoIpul
81 9] *83pu | 9q3a mopeq
qoBaq [9A [odo[s 13d33)8 B
~8I123 ‘Bu013s | puB Jo S[IAS]
B8 51 yniq [odois sea81d uy -d3 y3aoN
umbuo3[y jo | -eseq Burdos | VIO ‘¢ 301
3880 3895 ¢/ | APPUsB TIM |'TIA-JA "6U00
pusB pgoxag)} | pniq 300J-07 |uses3aq prOIL
JO IS8 —095| V—998 07 998|PUBIS] B21IPIV
“e3p1a
~0AM kwmom «Bomwoou 199}
99, ado(s g g3uipvoy
¥ umﬁ:ou# ‘spisodap Ap ‘ulgq Jo
*pBOI JO 9583 *9s1a [[Bws |-uws ut tado[s [}sB2 pIVUNOU
409] (089—399L B Aq pay ur 988910 |-01d Q10w 3ul
*adols -I8T qoBaq | -ut Aq pay |-wo09q puws |"308118} YA
o[3ual jo 21N98q0 | -18wr Yoweq | ul edojs of3 |SutBiewradols
aseg 'pBOl oy 'peor [jureyy -pwox |-ued y ‘pwol [ppiw y ‘pwoa
JO 9889 499 JO 3389 999} | JO 3980 409) | JO 9580 399 | JO 35Be 309
005‘ puB ABM 001 PUB 84 [0, PUB ABA 1000‘] PUBABM [000'Z PUBABM
-T¥8I JO Yjiou -[rB4 JO 310U [-[1B. JO Y3J0U [-[iex Jo gjiou [-[iB1 JO yirou
sput {—Jgg oflwr §—8gL| ST [—99¢| AN [—084| O[O [—808
qoBaq
SOY0BI 283 089 0B yovaq goraq qoBaq yo®aq qo8aq qoraq
n%ﬂOn .=%AM~MMW u_mmﬂnwz mww@h%m quM .5%»0 Juejeusdg FpugeA ) | BIIUQ oMo | BrijQ Joddy B PIY umnbuod[y AyB00]
g

‘WO —s9ugaloyS buissidin o307 pup ummbuob)y aypT pouopuvqy fo suondiiosaJ puv 123,] Ul SIPNIY

u0H)—I1] @1IV],



57

"898 puB ‘98

‘minb | ‘gz8 38 S[9Ad]
-uo3[y 9y} | 98| JulIagIp
10 59Y08aq aiyatpul
‘UMDI}S | PUB §90BIID] | ‘2197 §30BLIS)
Iapinoq oY} MO[aq | 03 JO 90USp
ore m0)aq | adofs umoIss | -lag ‘sedm(d
puB 340Q%8 Iapuoq mw ATjued )
§0BIIS], (100]-0] Y—888 go sado(s
*9AI3OUTYSID "yniq §8 paugap *d3 gitoN
Jnq a73usld mnbuod [y oA jou B[O ‘P
stadofs ay3 | Y3} yIa 3] | yovag “PnIq | 301 'IITA-TIA
pBeol 943 53no (-rered suruunl Fuoy 1583 | ‘SUOD UIIM]}
qowaq }semo] | a3pix (94843 [ -yjnos Juong | -aq pBOI UO
1Y —g/8| FuONIS Y—Ig8 —948 01 898|PUBIS] BIIPIY
LTI
-gjiou puv
qydou 573 03
399] 005°'T 03
0001 SPuUAX3
pus AdmBms
S1 MO[9q 8081
-19], "UMaI}S
Jspmoq
A1aBaY a8
MO[3q pus
9A0QB §308BI
-19} pus adojs
aYqJ, ‘Iou | "o3pu [9ABL3
-100 JO q310u |Ju0I)s B STI9R
90p 333] 00T | ~100 JO YjI0u
Jriq padof | 3397 003'1 98
-0ASD-[[9M | PUB }SB3 309}
Buoxys y—o18|  02F IV —L88
"AO[AQ | 'UARI)S I3
208119) Fuihd [-[NOQ I8 MO[
-nooo duems -0q 998119}
18P0 B A pus adolg | ‘1epioq xe3no
yowaq padog *8oI}pIy | 9Y3 U0 AWPIL “d3 quaoN
-9AID-[[oM ay} SYIBW | B AQ payIBw ‘UMD ‘9-9
RELAGH] AJ9BI9pow 90BLIN pus mo1 | s301 ‘TTA-IA
Jo gjnos B SI WO} umbuo3[y | -1Bu 90BLIQT, | ‘SUOD UM}
pur 3589 -2es1nut Jo a3 mo[aq | °yniq 3ue) | -2q spwvoa jo
03pII [eaBII 10W100 J53M | JRIq 3005-07 | -399m 300)-¢¢ |uo130asIajul 48
Fuolys y—6¢8 (310U 3y —F]8) FUOLYS Y—]¥8| Y-—L8 01 L98|PUBIS] BANIPIY
‘768

‘988 ‘188 ‘078
O SuoIBA3[R
38 so8p1a 3ul
-AIN9 [9][BI8d
FBI1aa9s 1B
¥pwox ayj jo
189 "yovaq
o[q1ssod B8 Fur
-javm_s3p

44439—5



58

-moq y—7¢8

1eq
#O[3q 199]
1g ‘4vq-Aeq
JO qlIou pur
Y (oqeand
Q5P puBs
[{Bus §—468

a[tm §—geg
*SULI0}8 A1I3Y3
-Iou 0} 9np
(ea0qv) J1ds
puB deq sty
Jo juburdoy
-9A0D 501G
“18G-ATq A[[oA
13 ‘Guons ©
Aq Jno 19u100
513 JO 350
puB ynos
SpBOY—848

“dy
qinog THIO
‘g-¢ §30] pun
AT-IIT "8uod
U99MPO SPBOL
JO UOI300sId) Uy

“OPIS 3583
33 U0 S8IBaq
uBY} I9MO|
3997 0T 03 ¢ 318
PuB|St a3 JO
apIs YIIo0u ag3
uo SaqaBAgL
‘2A0Q® J1ds
JO 3589 o3pI11
[9ABI3 ¥—498
"puB(s]
j0 di} wog)
piemylIou
Surpuagxa 31ds
[PABIN—5 L8
*pajrId0SSE
5P [oaBId
YA MOIIBU
QUBIIAJ, ‘pUB]
-s] ®BAI1IPIY

‘SaYOBIQ | JO AJTTWIAIIXQ
JosuoI} | uIsyjLou a3
-BAD(D 518U |STHIO} 31 2197 M d3 qloN
-1x01dde Sul y3d0u 9y3 0} BUNQO ‘9
-)jBw sadofs | 1axrom Jeym | 907 ‘XIJITA
puB se3pll -3UT0s JNIq | SUOD uIImj
JO $31185 [300j-g¢ Fuong -3Q PBOI 10
V—098 01 178 ~088 07 598|PUB[S] BIPIY
$oY9BOQq MNMMM qoBaq osaq yoBaq qoraq qowsq Yogaq 4oBaq yosaq 2%aq £yTeo0
Eatie] -neqnepm JuissldiN 931048J [Jutog J8pe) | FuBjeudd | 9BPHQUAM | BIHMQ JeAOT | BIILQ 10dd) BUPIY umbuos|y

‘o) —souaLoyg burssidinr aypT puv winbuob)y sy pouopunql fo suondiisaq puv 199, UL SAPNRYY
‘wo)—II @1dv],



59

B 19108 gy1as | 9409 PnIq
1911218d 3uta 03 3589 973
-unl pug gniq | uo paurof 4ids
MoPg—0r8| V—998 97 699
-Zuidors
A[jued pus
Apuss aseg
*gng 1005 *d3 ginog
-¢¢ Suos | BIIQ ‘II-T
B ST 13U10D [SU0D UIIMPeq
ST} JO 9589 |pROL PuB ABAr
SYIION—gY9 -y3Iq ¢1 'ON
‘UMAIGS
1apmoq pus
3B[ ST MO[3q -9dofs Jo sjutod
90BLI T, “389A JuISyIp
‘oIS pus | pus 1589 a3 To $¢8 03 1§38
Apuss 208I [0} 0S §S9] J0q 10} AT8A S3UL
-197, 'umars | quiod STYj 3u | “AOT9q 399] |-PBIY "wmoujs
Iapmoq | paxdsua [jam | TT _pu® yniq | 13p[noq pus .
Apysys ‘yniq 300} |unbuol[y Jo |aA1SURXS 9981 sAwaysIg
adolg "yo8aq -gZ ‘5u013s |q3I0U 333] 0% -39} ‘Suidos | g1 'ON Yjlou
B_I[1I1Q Jodd) VY 'BNq | PUB Ym (9] £3uad aseq onm | “dg
1O 310U umbuo3yy | -jered ‘9Lpir | ‘yniq Suw) | yynog BUIIQ
1997 (¢ =2do[s mBun Jo y3iou | popis-dodys -y3I0u 300§ | ‘JII-IT "Su0d
ajued y—gui|  onmm §—gs| Buors y—9g9|-0L Buorg—rg|ueamieq peoy
‘umbuody
41013q 439] 75
(8A0q®) 93pL 'gag 0}
MO[8q 3981 |g¢ wOI} AIBA
-193 MOLIBU SUOIBAIH
pus ado[s *OAISUIXD
a[quod y—ogg| 30u 20BIIT,
308 pus ¥pu ‘yn[q sutony
YUOou 23q} 0} unbuosy A1193589
9[3u9d SO0 podtowmigns ~gj.I0u 3005
-9q 2do[s ay3 Boq Aswx | -0 Suons vy
pue Apues §1 | pus Banpry | AT-TI] "SU0d
‘Bniq [Blaem 8y ], | 10) 431y 109) | udam3ay prox
uinbuodry jo ‘yuIq 300] [FI ‘yniq umnb JO 4998 I1
1589 399] (02 -] ue gnyy | -uos[y qus [ § puw Iouioo
o3p1r [oavid umbuo3l|y |[3]1eLed o3pLr 10 gjaou
Suons y—iss jo 3SR —8GA(1PARIS Y—glgl e Epﬂmmm
13pnoyq pue
‘uinbuold|y MOLIBU 3DBI
MOFaq 399] $g -19J, "qjnos
adots jo asBq 0} 18(-£8q
38 dueag | q3m Surdtom
9081} pUB 9nq gaIou
oniq 0} 3uoi)s
uinbuosy 3uinurjuod
M079q 2do[s |gniq 300)-¢7 B
UMSI}S I8P | I9Ul0D JO 4583

44439—5%



60

‘3081

-193 UMdI)S
Japmoq *dy ajuop
Aqaway oA W CTIIX
pus yniq *U0d JO 913U
300J-g 9381 ut 11-07 $30]
-OpPOIN—108 199Im3aq Proy
“Avmgdy
gl "ON jo
159M 339] 000°Z
gniq eaoqs
37} JO uoIpBn
-uljuod y—)98
Jniq qita
§9319w puB
usMd138 19p
-lnoq 90819 ],
“Aemy3y
21 'ON JO 3894 |'d} 23uOpSy ‘g
yniq 300 130[ ‘[IIX u0d
-0§ Juolyg—grs|  JOOPISISIM
*sa0]d
‘griq u AdwBms *gniq uinb "908119)
BIPIY Y3 ‘90BN -uo3[y 943 | YA sodzaux
Jurysouniy UAI)S J9pP | JO glIou 333) pus 3w *dg
pus Jo yjaou -[noq ATABIY 00g'T 2dors | -doys st aseg JJUOPIN ‘8
Jn1q 4005-61 PUB J00J-§ | 300)-f a[3ua3 “4N[q 300} [30] ‘ATX "u0d
uons y—5/8 3uonys y—3g08| V—058 01 938|-0¢ 3uo1g—g7g| IO OPIS I59M
'SIY3 10§ 9[qI8
-uodsar aq ‘g
PINOO STLIO}S | JO 389aM I[IUX
. JualolA AquQ | § 105 Buoxs st
‘31ds Mofaq |pu® [iou Y3
399} g1 93pu 0} A13q31[s
Apuss ‘pBo1q §9AINI 31dg
qoBaq ota %3 283 950
$9Y08 08! 789 08! goBa qoBaq yoraq qowaq qo%aq Yoseq
._MﬂOn. =M_%”M$ u_mmﬂa.wz o%ug%& uu_%nm uaawoo w:Sw:Mm 93puIqakpy | BH[HQ om0 | B Jodd ) Barp1y umbuody AMw0T

‘w0 —souaLoyg Burssidip aynT pup wInbuob)y 9307 pauopunqy fo suondilosa(] pup 1aa4 UL SIPNRNY
‘wU0H)—I1 @1dv],



61

*90B.LIY

BuissidiN
Y3 mOo[ ) , ‘dy
-og "yniq "e3praq *o3p11q Asy, ‘o3puq
umaIs Jo gjiou | +e3puq jo Jo yjnos Aemiva pvey
-19pmoq | 3snf guniq | y3nos jsnt 399} 008 -1940 38 duays
j00J-0g 8 J00J-01 |Bq 300)-8 n7q 300}-9 -neqney jo
jo oseg—. 19| uonyg—gg9|dmdols—oL9| durdoiS—80L (3nos 371w 30
3981
-1} UAMIIIS *308112}
-Iap[noq Aysisw 9081 d3 93 uopazq
‘gnq PuE gniq | Pus gniq |-193 Aysism ‘TX "u09 ‘Gg
700}-9 %8I 300}-¢ 3781 | 300}-, 99BI pus adojs 0] JO I5W10D
-SPOW—5LI -9POI—459| -*PON—998| °NTD—§0L 3S¥IYION
*)589 973
0} savedde
-STP ynig
*90B.1I3]
uMaIs 19p
-[moq 3urdo(s dy
pue gniq QQUOPAY ‘g1
100}-§ 9Bl 301 ‘'I1X 'uod
-d9pON—9IL 1O JI8Y 359
uo13%3s
Armned
‘s31sod (j0 3sBOQINOS
-op Apuss 399] 000°1
T 908U} |BN[q Juidos .
pue 2do[s [ 300j-g 938 a3 Ecﬁwmwz
‘e —J69| -dPON—EIL ApEyy
*A3eA | rd3 djuopaly
IA8BMPIO)) ‘ITA "000
ur pug[st ug | Jo J[&Y 4583
uo_gniq 300j ut ‘g-§ 8301

-0¢ FuoNg—ees

udom}aq pBoy

‘yniq unb
-uo3[y Jo 3589
12910001 2081
-19] UMaI}S
Iapinoq
pus yniq
3003-8 )81
-9pPON—684

*UMBIJS 13p
-[noq 20819,
‘qjnos ay)
03} Zulsea109p
Jn[q 3003-z1
NBIOPON—I58

-4y juopaly
‘IIIA "u0d
jo jiBy gswe
ur 6-g 5301
29M}9q PBOY

‘Adwems

0BIIAY,
‘prOI Jo YInos
3snf guiq
100}-0¢ Fu01):

—8%8 07 978

“d} ;yuop
- ‘IX uoo
Jo 187 3sam
ur [1-01 €301

uwdemieq peoyg



N
©

‘paxIBm
oM eseg
‘feaydrg

8% 'ON JO 3589
Isni yn[q 300§
-0 $U0N8—ELL

dy N
AInquaiag
potasay
JO 358aYINOS
Siw J¥Y-2uQ

TN

-YS1y 8§ "ON
10 3s9Mm gsnf
98Bq payJBuU
1o qila
H11q 300]

-9¢ Ju0IIS- 694

uaMOq PBOY

‘Aem

-y31q 8p "ON
JO 159M 929
00§°[ uipumap
% JO apIs
1S9M U0 [N[q
9003-0p FuoN)S

—044 ‘894| 'T1 "D T 307
‘3$9A) 93 O3 9081 | "ynq Jus -
Jurgsiuup -193 umalls | -sidiN oq3
Jnq urunlip [4som ayg 03 -19pmoq |£q 3589 973 “umnIp
JO pud 3883 | snonurjuod ‘Apuss uo pajen Jo dog dy Aeg,
3y} o yaweq jou Yniq | PpuB Yniq | -un1} gniq |1esu 30811} ‘auaysneq
21BIPIWIS)UL | 00)-¢ )81 900}-0¢ 400}-02 pue 2do[s -NBAL JO 1S9
3u013s y—F6y| -0pOIN—8/9| Su013g—459| u01IS—I7L9| S1IUSDH—8L0L aiwm JiBy-suQ
‘[PAvIE
pus puss uoiYe)s "o ¥ys
Aursur gnig JO 1594 [jO 9s9M 399 *3IBLIY
‘uonBls Jo 399) (0% 00. Jniq Apusg
380 139 00 | HNIg 300] 300J-01 “Hniq
Bu|q 3005-01 -¢ 3uox}s |03 -g 3uoxys | 400)-¢ 3381 dy A,
3uoNs Y--g6¢ Y—189 V—09| -°PON—¢49 ‘auaysneqne s
$3408aq memm goBaq YoBaq ﬂua.un qa83q 7oBq goweq q98aq yoraq yoBaq £
Y30 5@&%@3 SusstdiN 813948 |Juiog 18p9) | Sumviaued SBPUQRAMN | BI[MQ JOA0T | B[O Jedd ) BAPIY umnbuos|y BT

WOD—sauLjL0y S Buissidipr oynT pun wInbuol]y oyv7T PIuUcPUDQy fo Suoydiisa(J puv 190, UL SAPNIU Y
‘u0)—T7] a1gv],



63

-V uaa1js
-19pmoq giim
Bniq 300}-¢
3urdojS—69.

-13pnoq
APY3ns qam

nniq 100§
-0 8u011S—98.

8% 'ON puw
TIA-TA 'Su0d
uam}oq PBol
JO U01}99SI3JUY

ABMyIIy 8y

*ON 10 gjlou
3snf 9081 A3 °N
‘Aemydig gy -193 Apuss ‘payIsw | Amquarimg
"ON] JO giiou Y3tm odofs | [[9A\ jOU 3sBG ‘A 000 ‘€7
199] Q¢ 2dO[s [paysem-aA®Mm *gniq 3007 | 30] jo J90100
apIuan—s7L| OIuUID—0LL|-08 SUOIIS—]8L IRAIIN
‘$o3put
1o[181%d 63173
S8 1553YJN0S
377 03 SUIpual dg
-x9 1Bq Imow | N Amqurip
-ABQ MOT—8L|-IMD) ‘AT-TIT
‘u0IJ0as | 'SU0D PUzB [
-Ia3ul JO [iIou |-z S30] UsPmj
1niq j00§ -aq spBoI
-}, Fuido|g—g44| JO uorjvasIjuy
43 "N
Amquargiag
99BI19] Y3ias ‘TIT "uod
sodIow 9s8g JO J18Y 4583

“3n[q 109§
-§g BUOIIS—8LL

ul $3-§ S30]
ud9MYeq PBOY

K
JA0Q® 90U Inq
Hniq siqy mo
-3(| sIapnoq
DPIYSBM-ABA
‘uiamIp
8 JO 3SBY 9Y)
9% yniq 300
b 8801 y—084

d3 "N Aang
SWAY ‘TA
‘U0l jO 313U
ut 91-GT $30]
ulamijaq pPrvoY

payIBuL

[13A J0U 08B
‘ut[mnip B jo
9pIs uo pado|
-249p jniq
93BIIPOT—ILL

*d1 "N L1ngq
SuiIsD ‘A
i {en) uc 21juad
ut g1-g1 $30]
uBMIaq pBOY

908119 qIim
sodIew ynjgq
“J$6IYJI0U 83
07 BUISBAIIAP
Inq 3samYyInos

9q3 0} Hul
~S$8aI0Ul Jnjq

9Y8IOPOW—F 4L

‘ueary[Rg
JO Y308 91wt
}dy N Sanq
ST IaD ‘AT

“uod .M: jog



<H
©

‘yniq

Jo os8q pue
urjunip jo
9s8q UBIAJIq
ysmguisip
03 oI
‘alwmnlp jo
apIs uo padog
-9A3p ynig | "d} Buldicen
—98L 07 08L' AT U2 ‘1 307
‘SuljmnIp omj
usamjaq Jur dy
-puajxs ‘gydig ‘N Amquy
309} g1 “48q | -IAD 'TITA
gjnow-4£eq "u0d ‘g1 301
Buoajs y—g8L| Jo pus giIoON
“qiIou
9q3 09 s1eedds
~SIp yniq “d3 °N
19dd) “eoB1I) | AIMqUIIAD
MOoLIBU ‘TIA "u0d
8 £q pag |'1g 30] ‘UOYINg
-g1vdos syn[q | JO js3amYInos
OMT—¥8L ‘644 e[iw auQ
*u01309s193 T
0 9samyjI0U
gsul ‘soel
-193 A[[8A
-813 ut ado[s
93U —09L
*uor30as
-13jU1 JO 8B
-q3nos 333}
‘g ‘40
.an%oaw.atwa_ “UOI30ISIAUT
Apuss pus Jo 3sweyjnos ‘d3°N
9A0(Q® 608X 799} 000‘Z 90®I | AMqUIIMAD
-193 umnbuod -13) umeI}s ‘Kemq3y
qosaq
§9Y08B3q qovaq qoBeq qoraq goBaq qoBaq yogeq qoBaq qosaq 983q
BY0 mequuy | FWSSMIN | 21joAsd |1wod x8peD | Fuwjouad | 0IPHQOAM | BHIHQ20a0T | BHHQeddN | wonpry | umbuod[y gl

U0 —SouU2L0YS burssidi )l o307 pun Unbuob)y oy pauopunqy fo suondilasa(] puv 399, Ul SoPNIY

‘uo)—IJI F1EV],



65

*pBOI JO

qIn0s 339 00g
gniq 300)-¢1

99BIBPOIN—F6L

*d3 Bu131035)

‘AT

‘SU0O U99MFOq
pBol uo g 30[
Jo pua y3ioN

NBIIPO—06L

‘9081193
g3rm sedrowr
aseq ‘ul] | d} Burd100n)
“UINJp JO OpIs ‘01-6 $391
uo padofaasap ‘A-AT "Suod
Hg—064 ‘984 |09am3aq pBOY
“dg
BUIBI09Y) ‘A
‘urfoundp | -AJ "Suod pug
B JO 3s8q |/-§ $30] UPIM)
3% Pgniq 300) -9q SpBOI
-g M0 Y—984| Jo uonjoasiIagu]
T
-q31q }0 yjou
gsni ‘eo®l
-193 waams | -d} Bnifioen)
-13pmoq ‘8 101 ‘ABm
qpa Jutdrew | -ydy gp ‘oN
Hniq 300}-01 | uo uoyng jo

1580 SAIT OM, ],

ABAUBIY 8F
*ON 10 qjnos
399J 005°1
Iniq 3aoqs
3utuiof 31ds
10 9311 YoBaq
BUONS—06L
‘9081

-13} U0 9nng
93p11 gomaq
03 anp eq
ABw sFuIpBal
143y 908
193 Aj[oA®I3
Yyitm gurq
300j-6z Juoxig
—&64 01884

“dy
BUIZI0AD) 'TA
‘w02 ‘2-9 $301
usamjaq prOY

998119
ainbuod

-1V 343 ul Jno
Bniq 3005-¢

Jurdojg—gg4

UMALYS
I9pinoq 9081
13, "Jniq 300§

-9g JU013S—g8L

43
BuISI08n) ‘I1-1
‘SU0D UAdIMIBq
P®O1 U0 081G
-18pay) JO 3sam
o[l J[8g-auQ




66

Furpuagxe 3ids
PeOLq V—308
‘peyIBm

[[osa s8Mm

988( AIYMN
uax®} UO
-BAJ[Q 18:MO[
g, "ur[wnap
® JO apls

uo padofpaap “dg yooxg
yniq suonlg TIIX Tuod
—7118 ‘908|'1 30[ JO 913w

“UM3I3S I0p
-Pmoq ©0BLIN}
{payIBW [[om

9Iseg “ulmInIp d3 yoorgy

JO 9pIs pur IX uod

puB[st [[ews ‘1901 'PLyJ

uo yniq 300§
-Gg Buong—I08

- JO qgnos
aliuz J[8Y-0uQ)

‘asBq podIBUW
1M YIm
Jniq 300)-z1
BIIPOTL—] 08§

“dq
p0dg T 90[
‘XX 'suod
u3IMPOq PROY

‘9S8Q PaY1BWI
-Tom s

B1[q300}-0¢ 93

-¢] 3uoN3S—764

“dy
BUIBI09Y) ‘€7
30 ‘II-] "suoo
IMIq PBROY

*BIOP ()
Jo gsiou
QW f I8q
yInow-£gq
PBOIq V—I64
‘00811
Apuss yjim

Juidrow gnyq *sdy
a)BI1opOm (13098 pus vuld
V—884 ‘984| -109D ‘BlOPQ
qossq :
$9Y0BI o] BD 089 8aq 98aq yoBaq qoBeq goBaq 983
..MAQOQ .:MMNWM’ w:m*wmww N wwﬁ?wm ai%m hdnwuc m.mﬁw:mm ommﬁtnoaa BI[[IIQ 2MOT | BIIIQ Lodd ) BIAPIY umbuol|y A37e00T]

‘oD —sauaLoys buissidip 9yvT pup wnmbuob)y 2ynT Pouopunqy [0 SUOUdILISIT PUD 199,] UL SIPNIYT
U0H—IJJ AIAV]J,



67

"PBOI §50108

4SAMIINOS
Jurpusxa 1ds
PABID—II8 “dg
‘pBOL | gBIOY[, ‘9-¢
JO 9pIS 9S€S | §30] UIBMIAQ
373} U0 Yn|q |pBOIUO ‘T ‘103
)BIGPO—EIG| IO dPIS Ynog
*PaAOYS 201 dy
2q ABIY ‘NBd3 | BIOYJ, ‘AT
*9dp11 21qq09 -8ld 9uoysewl] | -IIT "SuU0d ‘11
M0]9q gsnf JO 95pa uo |-(T $310] udIM]
BN[q 300J-03 23p1L 9[qq00 -aq spsol
Jo asug—028 MO[ Y—¥£8|10 UOI30asIBIUT

*93pI1I 9A0qQT
Jo gjaou jsnf
98pi1 goveq
1Bpog—0/8

*P3AOYS 301
“9gpu 9q ABJ\ ‘N8O d3 ysaoy g,
umbuod|y g1d Quojsawl] | ‘prOI ]AJAY
10 g3aou j3snf 1O 95P9 U0 | U0 UOJIBABIE
puB mofaq 93put 91qqo0 JO 1889
9TpII yoraq PUB [9ABI3 -g3Nos [l
1opmog—4I8 98I80))—(gg|S19318NnD-001Y T,
'gniq 9A0qs
1O g3aou 3snl
gniq 3uidofs
3005 V—0I8
*goImyo
putgaq *318d
3snf 808112} u1 pajjoIjuod
umbuo3d M001paq 9q
-1y moqasu ABIY goInyo
a7} _mo[aq uBdl[duy puly
yniq 3uidois -q 3snl yniq "d3 guIog g,
300}-¢ Y—/I8 3u013g—ez8 ‘U0}IdABIY
908119} d3
q3a Sndtew quaoyy, ‘ST
yn1q 300j |10[ ‘IT-] ‘SU0d

-, 3udojg—o/¢

UMW} PEOY

*9pIAm 309}
003 ‘9B1Y 399]
3] 5P Yovaq
3uo13S—/4%8)

“dy xporg

‘e $301

“3d} BUIBI09Y)
~yo01g
ulIM}eq PBOY

“urg
-wnIp 9A0qe
Jo |18} woly

ERENERI]



68

N 'Y
=181 JO sapis
q3joq uo rsq
10 93p11 yowaq
Juol3s y—958

‘poyIBm
11248 jou
98By 908119}
Burdo[s gjram
[riq 300)-GT
9)BIPOW—I58

d} ysio0qJ,

‘G- $30]

‘AI-TIL ‘Suod
udoMIaq pPBOY

‘j1ds ay3 jo
g3dou urfmnip
JO pua pus
|pIsuo gniq
ABoM Y—/I8
‘awnIp 8

JO puv 93] Y}
oy g3nos Jur
-puajxe ‘apim
399 00g ‘31ds
[oAB13 Buoxys
V—8I8 01 28

-y
quI0q, ' 30]
‘IIT-I1 "Suo>
U9oM)3q PBOY

‘pBOI JO YjI0U
399) 08T
Jniq 300)-¢1
NBIDPON—058
*PBOL JO yjnos
199} 003'1 489
PUE 908119
q31a Suideom
Jniq 3005-01
BISPON—T58
‘SUT[UNIP 0M}
u9IM}aq I8q
y3nom-£8q
B8 Y738

“dy quroq [, ‘p
301 '] ‘Su0d
usamloq pBOY

sayBaq
19930

qouaq
auags

-nBqnBA

qo8aq
SuisstdiN

qo8q
933048d

qa8aq
jurog 18pa))

qousq
Susjeu J

Yasaq
93PLIqRAM

qoBaq
BIHQ 10407

qa83q
BIILQ tadd (]

qosaq
¥a1}p1y

qogaq
umbuody

£3118007T

oD —sauaLoyg buissidi N 9y pup wInbuohly aynT Pouopunqy [0 Suondiidso(] PUD 2254 UL SIPNINY
uo)—II @1av],



69

19a®13 3uon)s
JO SOLI98 Y— 68

‘gniq ‘uMdIYS
unbuodiy I9pmoq dy
0 q3a0u 399} NBVLIIT, ‘aU0JS | UOPTH ‘IIA0S
00S Jniq 300] w1l jo gniq | -[og Jo 3583
-01 03 -9 98 300J-0z Suo4)g | -Y3I0u sefIux
-19POI—808 —498 ‘798 g ‘Al "00Q
‘I8¢ UIBW JO
}SAMYI0U PUB
qjlas [9([BIed
93p11 gosaq
19M0] Y —L98
‘gedput
19[TBARd
J0 saw1es 8
§8 padoaAsp “d3 uop1g
I8q qjnowr ‘Jaaos[og
-Avq 3uo1jg | JO 3583 ONIX
—L198 03 §98 § ‘II1 00D
*u013098199 UL -3
Jo gInos oy3 | uopiy ‘II-I
0} 3WIpuUANXS | 'SUCO pum ‘17
03pu YoBaq [-07 SIO[ Usam}
[0ABI3 3uon) -aq sprox
—(98 03 g78| JO UO1}O93IF}UY
“d3
‘uor3Oas | YBIOYT, ‘ITA
-I3qul Siqy | -J A "SucO pus
punols sa3pu [9-g $)0] udam)

-aq sprox
JO uoIOISITUT

208}
-Ins 03 9s0[d
jo01pagl -asul
oyyl-ur@mnp
BJO mWﬂn— I8
Ynq 300J-01
91819pOJY—g58

*dy qeioyT,
‘ATU00 T
307 JO I9UI0D
358IYJION

*p¥OX JO Y3IN0s
339} 0003

J8q ynow
-£8( [24
BB ‘MOT—l88
308X

-19) umoIls
-Iapnoq pus
9s8Q pIYIBW
“[[PA T
Bniq 3005-01

“dy qeaog,
‘78 301
‘A-AT S0

2}e13POl{—T88

uadIM)3q PBOY



70

131[838d ‘MO[
YT, —068
(*Surpwal
19}9WO0IBE )
‘9 jo[ ut ‘ysiy
392) £, ‘93pLI
qarIq [0ABI3
Suoi3g—7s8

“dy
udpIEy ‘TITA

-ITA "Suod
u2am)aq perOY

'g3tq 999}

0] 03 g woJy
JurAxea se3pul
qoBaq [d[[eI8d
pue Jurousiq

JO sol1as
V498 ‘198
‘678 ‘418 ‘878

a3
uoparyy ‘JI1
-] "Suod pus
¢ SO UM}
-aq spyol

jO uoIgoasIAUL

‘Jniq sigs jo
9s8q 98 uIB[d
ouojsewI] y
‘3081193 3A0QB
ul 4nd guiq
BB Y—L98
}$9M 9T]3
03 Sutuapim
nq 3swa ayj
03 Jurrgadde
STp ‘Op1sm 939
0€ 90BIIO,
*93pl1 yovaq
JO 9pIs QiIou
uo pado[aAsp
yniq 300}
‘8 Jo aseg—a.8
451y 003 399)
S1-¢1 ST 93pIYy
~93p1I YaBaq
[2AB1T Fuong
—78% 07 88

*d3 uop[3
‘3201 9J1[ PJeY
A1 O y3nos

ol } ITTA
|HH> *SUQd
uNIMISq pBOY

$YOTAq
Y40

qowaq
suays

-RBQNBA

qogaq
FuissidiN

qasaq
913948g

qowaq
jut0g 1epa)

10%3q
Suejeusg

qosaq
9fpriqespy

qovaq
B[O 10T

qowaq
BIMIQ dd )

qoeaq
BOLPIY

qowaq
umbuod]y

A[B207]

U0y —sau2L0Y S buissidip oy puv uinbuob)y oyv7T PouoPpuUDQY [0 SU0ALISI(T PUD 199,] UL SIPNYLY T

ou0)—II &@14V]J,



—
D~

3081

-193 mnbuod
-1y 8udors
uo $3BpPIL
4o83q [3a®RI3
ROT—168 ‘468

*$93pIa
21qqod mofeq
MBIII] UMIIS

-19p[oq pus
Jniq 300J-8
JBIBPOIN—(06
'pPaAoys 921 aq
AT "$31qq00
Jjo AjmBw puy
Ys1y 3905 9 03
3 8935pry ooy
-1ns 03 980[d
qporpag "IIIq
-dpy Jo yjaou
oW § SIBPIL
yo®aq jo dnoid
V—9I6 's18
‘616 's28 ‘166

*dg uoy Qg
_.,:H ‘uod
‘T 300 “Iiyd

*g1 30] ut 8981
-193 Apuss
puB yniq
300J-g] @38l
-ApOIN—96L

‘g 301 U
gnIq 3005-%
f8am y—II8

‘11 301 ut
93p11 yowaq

-13} UMdI3S
-1ap[noq pue
di18os auols
-2l MO{
V—F88 ‘0c8

‘qo89q B Bul
Sasw A1qB
-qoad dusos
ouojsourl|
#0[ y—598
11301 w
23pu yoraq
1spmoq
801 Y—1 98

. D uoysg
‘¢ pue ‘g1 ‘11
§301 ‘IT-T "SU0d
u3aM39q PBOY

‘q31yq 329} § 03
§ UIOJ] S2EPTY
895 PIL Y2BIq

-oIBg) ‘21 39]

ut ‘ysty 399)

g ‘31ds [oAB1d
Juox}g—s98

(*3ur

-pBAl JI9jewr

-o1%g) ‘Q 101

{0 pusd Y3n0s ut

y3iq429j¢ 0y ¢

‘823p1r yoBOq

3[qY0) PUB [9A *d1 wapaB)
-e13 [o[lersd ‘IIA ‘uod
N0 J—869 ‘16-03 $901
‘468 968 ‘768[usemiaq prOY
(gur
-pBal J9jour



72

DETAILS OF BEACHES

General Statement. An added description of the features listed in
Table IT is necessary to give a more complete picture of the succession of
beaches. Various factors affect the normal development of shorelines.
Among these are: (1) kind of material forming the bluff and shore; (2)
depth of water off shore; (3) reach of the water; (4) exposure to prevailing
winds; (5) slope and extent of terrace; and (6) time. The beaches in this
area have all been influenced by these factors to varying degrees.

Shorelines are strongest where the material in the bluff was a boulder-
clay till or a compact sandy till; the land surface did not rise much more
than 25 to 35 feet above the beach; the terrace was relatively narrow, and
sloped rapidly into deep water off shore; and the reach of the water was
extensive. Where glacio-fluvial material, lacustrine sand, or a loose sandy
ti 1 formed the bluff, slumping destroyed the shorecliff and the sand sought
its angle of repose, with the result that the blutf now merges with the
terrace instead of retaining a sharp angle with it, thus preventing the taking
of accurate elevations. Bluffs that reach a height of 70 or 80 feet also tend
to collapse, depending on the relative inability of the material to resist
erosion. In general, the Algonquin beach is the strongest because most
of the factors listed above worked in its favour, particularly those of
time, reach, and depth of water. With each lower stage, the depth of
water decreased, and the areal extent of the lake diminished as islands
and promontories rose above the surface to lessen the reach of water anc
" the effect of waves.

Algonquin Beach. The Algonquin bluff and wide boulder-strewn
terrace (See Plate XI B) is one of the distinguishing features of the map-
area. On the west side of Lake Simcoe it can be followed northward about
a mile inland, along the west side of Cook Bay, as a moderate 20- to 25~
foot bluff following topographic indentions. Bay-mouth bars record the
high-water level in each of the small bays. On the south side of Kempen-
felt Bay, the well-defined base of the bluff is lost because of the protected
topography and the sandy nature of the material in the bluffs. On the north
side of Kempenfelt Bay, the bluff can be traced from Barrie almost contin-
uously to Orillia. At Barrie the bluff is 15 to 20 feet high, but rises to a
strong 30- to 40-foot bluff as it continues northeast (See Plate XII A).
The high land forming the northwestern part of Orillia is a Lake Algonquin
peninsula; the shoreline on the south and east sides is moderately strong
and can be easily traced through the town. Its steep slopes have been well
utilized in the golf links. The 25-mile shoreline, extending almost without
interruption from Barrie to Orillia, ends in a spit just north of the golf
links. West of the peninsula is a north-facing bay, and halfway down the
bay is a strong gravel bar that merges with the shorelines on either side.
Lakewards from this bar the bluffs again become strong, and around the
high land east of Bass Lake the bluffs are 70 to 80 feet high. Bass Lake
was a small bay of Lake Algonquin, but the shorelines are poorly developed.
The shoreline north of Bass Lake is marked by strong bay-mouth bars
and gravel ridges, but in its westward extension around this part of the
Simcoe till plain 50- to 80-foot bluffs are almost continuous for 4 miles.
No. 12 highway crosses the shoreline at a strong bay-mouth bar in the
only indentation along this shoreline section. In the major valleys, now
occupied by Coldwater River, Sturgeon River, and Little Lake, the shore-
lines are poorly developed because of limited wave action.
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In the Sutton area. on the south side of Lake Simcoe, the beaches
are preserved on the many small drumlin islands that rise above the aban-
doned lake bed. The shorelines are strongest on the islands that lie close
to Lake Simcoe, for these received the full effect of the waves; the islands
removed from Lake Simcoe were sheltered by those to the north and
hence show only a weak shoreline. In the Beaverton area the shoreline is
generally weak because of the many bays and islands. South of Canal
Lake the beach is marked in places by limestone scarps, probably due in
part to wave action and in part to ice erosion. In the northeastern part
of the map-area good beaches failed to develop because of thin drift and
numerous outcrops.

The most northerly exposures of the shoreline in this area are preserved
on Lake Algonquin ‘islands’; these are the only exposures for about 25
miles farther north to the granitic highlands around Bracebridge. Three
localities, best suited to show the shorelines, are on Coldwater Island,
between Coldwater and Sturgeon Rivers; Ardtrea Island, 6 miles north
of Orillia; and Uphill Island, in the northeast corner of the map-area.
The first two form part of the Simcoe till plain, and the latter is a limestone
inlier. On Ardtrea Island, three distinct terraces and bluffs associated
with the Algonquin beach suggest that local, initial uplift occurred here
during this stage, a condition not recognized in the southern part of the
area.

Ardirea Beach. This beach, so called because it was first recognized
on Ardtrea Island, is by no means a strong, well-developed beach, and at
best represents a brief period of quiescence in the differential uplift that
closely followed the retreating ice~-front. Southwest of Orillia it is marked
by several ridges associated with bay-mouth bars. South of these bars,
the beach is noticeable at only two points: 2 miles west of Hawkestone,
where it forms a 5-foot bluff immediately below the Algonquin bluff; and
1 mile west.of Oro, where the lower of two ridges marks the Ardtrea. Else-
where in the area between Orillia and Barrie, a mile-wide, boulder-strewn
terrace separates the Algonquin bluff from Lake Simcoe. Gentle slopes on
the terrace suggest lower beaches, but nowhere are they sufficiently definite
to warrant taking elevations. The Ardtrea beach is best defined 1 mile
northwest of Orillia, where it forms a 20-foot bluff. Near Barrie and
Sutton, good 6- to 10-foot bluffs mark the Ardtrea beach, but farther
south the beach becomes indistinct.

The Algonquin and Ardtrea beaches tend to converge towards the
south. This convergence is about 0-5 feet per mile just north of Orillia,
and at Sutton it is about 0-3 feet per mile; the two beaches are separated
by about 10 feet at the latter place. The convergence would continue to
decrease southward, on Lake Huron the two beaches possibly meeting
somewhere south of Port Elgin. The slope of the water-plane is 3-9 feet
per mile at Uphill and 2-4 feet per mile at Keswick.

Goldthwait found beaches on Lake Huron, immediately below the
Algonquin, at the following localities at elevations that would correspond
with those of the Ardtrea beach: Kincardine, 657 feet, 8 feet below the
Algonquin beach; Kincardine, 660 feet, 7 feet below; Wiarton, 763 feet,
14 feet below; and Hogg post office, 761 feet, 17 feet below. Stanley notes
a ridge at Sucker Creek at 776 feet, 16 feet below the Algonquin beach.

44439—6
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When the level of Lake Algonquin dropped below the level of the
Ardtrea water-plane, and before the Upper Orillia beach was formed,
many new developments took place; the most important was the closing
of the Fenelon Falls outlet, probably leaving the Port Huron as the only

outlet (Sce Chapter V). In addition, the narrow channels at Barrie and
through Coldwater Valley were closed.

Upper Orillia Beach. This is the most conspicuous of the beaches
between the Wyebridge and the Algonquin. It is so named because of its
prominence in Orillia, although it is better developed on the high land
near the Ontario Hospital 2 miles to the southwest, and again 1 mile north
of Bass Lake, where it forms a 25-fcot bluff. Like the other lower beaches,
the Upper Orillia is more pronounced on the islands and headlands in the
northern part of the map-area. In the southern part, low beaches of this
stage can be seen on the south shore of Kempenfelt Bay and again 4 miles
west of Sutton. The slope of the water-plane of the Upper Orillia is 3-7
feet per mile at Uphill and 2-4 feet per mile at Keswick. The Upper Orillia
is drowned by Lake Simcoe at the southern end of Cook Bay. The present
Holland Marsh dates from this time although it had been a very shallow
lagoon even in the Ardtrea stage.

Goldthwait found beaches that would correspond with the Upper
Orillia, namely: at Kincardine, 636 feet, 31 feet below the Algonquin
beach; at Port Elgin, 671 feet, 39 feet below; and at Bolsover, 806 feet,
51 feet below.

Lower Orillia Beach. This beach, although conspicuous in Orillia,
shows its best development just west of the Ontario Hospital. It is marked
by relatively few bluffs as compared with the Upper Oriliia beach. Several
low bluffs and gravel ridges mark this stage on the islands in the northern
part of the area. The only good exposure in the southern half is in a 7-foot
bluff about 2 feet above the high-water level of Lake Simcoe 1 mile east
of Allandale. The slope of the water-plane is 3-3 feet per mile at Wau-
baushene and 2-4 feet per mile at Barrie. At the conclusion of this stage,
the narrow channel of Sturgeon Valley was closed. A beach ridge noted
by Goldthwait at Penetang at an elevation of 785 feet, 70 feet below the
Algonquin; was probably formed during this stage.

TWyebridge Beach. This beach is not strong in the Georgian Bay
area, and is even less pronounced in the Lake Simcoe area. A few weak
bluffs mark this stage on the islands north of Bass Lake, and the only
evidence in the eastern half of the area is a 4-foot bluff 4 miles southeast
of Uphill. The beach indicates only a short pause of Lake Algonquin at
this level. It may be that the lake at this stage fluctuated, resulting in
partial destruction by drowning, as suggested by Stanley (19, p. 1680).
The slope of the Wyebridge water-plane is 2-7 feet per mile north of
Orillia.

Penetang Beach. This beach is exposed only in the northwest part
of the area where it is marked, on Ardtrea Island, by a gentle slope, in
sandy deposits. Another locality, 43 miles north of Orillia on the road to
Uhthoff, shows an excellent exposure. Part way up a steep, 60-foot bluff
is a narrow, 20- to 30-foot bench. The terrace is boulder strewn, and the
base of the bluff above is well marked. The northerly exposure of the



75

bluff and the deep water off shore are undoubtedly factors that contrib-
uted to the formation of this beach. A third locality is west of Eady,
where a 7-foot bluff and sloping, boulder strewn terrace mark the position
of the beach. The Penetang indicates a relatively long stand of the lake
at this level, as the beach is stronger than any of the beaches between it
and the main Algonquin beach.

Cedar Point Beach. Like the Penetang, the Cedar Point beach is
confined to the northwest part of the map-area. It is found on the west
side of Ardtrea Island and at the base of the 60-foot bluff mentioned in
connection with the Penetang beach. At these points the shoreline is 20
feet below the level of Lake Couchiching and separated from it by a height
of land. Couchiching and Simcoe must have existed as lakes separated
from Lake Algonquin shortly after the Penetang stage. Further evidence
of this beach is found in the Sturgeon Bay area. The upper strong bluff
and terrace of the strand lines at Waubaushene (See Plate I) is not the
Cedar Point but one of the intermediate beaches between it and the Pene-
tang. The strong bluff of this intermediate beach disappears to the west,
diminishing into a gentle slope on which are three weak terraces. The
upper of these three terraces is the Cedar Point beach.

Payetle Beach. This beach is well developed in the vicinity of Cold-
water and Waubaushene. In Plate I, it is the strong middle bluff and
terrace truncated by the lower (Nipissing) bluff. The southern limits of
this shoreline in Coldwater Valley are marked by low gentle slopes in the
lacustrine deposits near Eady.

Nipissing Beach. The Nipissing and Waubaushene beaches, although
not belonging to the group of Algonquin beaches, are included to complete
the record of abandoned shorelines in the map-area. The Nipissing marks
the beginning of a new phase in the history of the Great Lakes, but the
Payette beach, immediately above it in this area, does not necessarily
represent the end of Lake Algonquin. As Stanley (20, p. 1953) has shown,
the Payette beach was drowned by the Nipissing in the Wasaga Beach
area, and the discordance between the two water-planes is accentuated by
the convergence of the beaches in Waubaushene area. The lowest of the
three strong bluffs in Plate I is the Nipissing, and, although not brought
out forcibly in the photograph, it represents the longest stand of the Great
Lakes since the formation of the main Algonquin beach.

Waubaushene Beach. This beach, well shown at Waubaushene,
belongs to the Nipissing group rather than to the Algonquin, for it is not a
drowned beach. It is developed in the lacustrine deposits of the Nipissing
terrace. At Waubaushene, it is marked by 5-foot bluffs 20 feet below the
Nipissing beach, and 37 feet above the water level at Georgian Bay.

Other Beaches. Mention should be made here of beaches and ridges
other than those referred to above, as they indicate the nature of the sub-
sidence of Lake Algonquin. In the southern part of the area there are only
a few, other than the named beaches, developed, whereas the northern part
includes numerous beaches and ridges, some above the Algonquin and
some between the other beaches. The strongest features were chosen to
mark the water-planes of each of the beaches described. The number of
intermediate beaches is less in the ‘lower group’ than in the ‘upper group’.

44439—7
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About 12 feet above the Upper Orillia beach are a few isolated features
that may mark a temporary halt in the lowering of the lake. Numerous
examples that mark this temporary level have been found by investigators
in other localities, but here it is not sufficiently well defined to give it a
name. Ten feet below the Wyebridge is a moderate beach marked by
bluffs in several localities west of Ardtrea Island and also west of Uphill.
This again agrees closely with observations made by Stanley. Apart from
such temporary halts as noted above, the subsidence of Lake Algonquin
between recognized beaches appears to have becn rapid, with insufficient
time to develop distinctive beaches at other levels.

Impounded Beaches. In each of the small bays of Lake Algonquin,
southwest of Orillia, are ridges and bluffs that were at first thought to be
correlative with similar features on the lake side of the bars and formed
by the waters of the lagoon during temporary halts in the lowering of Lake
Algonquin. However, the elevations inside the lagoons do not always
correspond with elevations outside. In addition, the lagoons were of such
limited size that it seemed improbable that wave action there could be of
sufficient strength to develop the beaches. They were later recognized as
impounded beaches, which Stanley (21, p. 1672) defines as beaches that
were submerged and protected behind a higher beach that was formed at
a2 later stage of the lake. The evidence for impounded beaches found on
Georgian Bay and in the Lake Simcoe area substantiates the conclusion
reached by Johnston (14) that prior to the formation of the highest Algon-
quin beach Trent Valley was the sole outlet, and that during this time the
lake was considerably lower. With uplift of the Fenelon Falls outlet the
lake level rose. It is suggested that these lagoonal features are the result
of wave action during the rising stages of the lake. The bay-mouth bars,
built during the long stand of the lake at its highest level, prevented the
destruction of these earlier features.

Four miles southwest of Orillia is a steep bluff in a lagoon, the base
of which is 20 feet below the Algonquin beach and corresponds to the
Ardtrea beach. Two and a half miles southwest is a 10-foot bluff in a lagoon
at an elevation of 815 feet, or 25 feet below the Algonquin and 7 feet below
the Ardtrea. A second beach here is at an elevation of 827 feet, or 12 feet
below the Algonquin and 6 feet above the Ardtrea. Paralleling the bay-
mouth bars in both these localities are well-marked ridges on the lagoon
side at 6 to 7 feet below the top of the bar. It is probable that these were
formed by strong wave action during the construction of the main ridge.

INTERPRETATION OF RESULTS

In determining the positions of the water-planes, it is realized that
lake levels may fluctuate from year to year, and that the beaches as indi-
cated here may not mark a long, constant stand of the water at the eleva-
tions given. Also, it is realized that features such as bars, ridges, and spits
may change in position and elevation even during one violent storm. How-
ever, in such a small area as that mapped similar conditions must have
existed everywhere to give a constant water-plane.

Critical facts derived from the profile map (See Figure 7) have been
arranged in Table III, together with the data adapted from Stanley of the
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water-planes in the Penetang area. Although the slopes of the water-

planes are not in exact agreement, yet they are sufficiently close to show a
good correlation.

TasLe III
Comparison of the Water-planes in the Penetang and Orillia Areas
Orillia Penetang
at Silver Creek Station at Giants Tomb Island
Water-plane I I1 11X v I 1 IIT v
Measured| Slope | Interval | Converg- |Measured| Slope | Interval | Converg-
elevation of between ence elevation of between ence
of beach | water- | success- | of suc- | of beach | water- | success- | of suc-
plane ive cessive plane ive cessive
per water- water- per water- water-
mile planes planes mile planes planes
(feet) (feet) (feet, (feet) (feet) (feets
per mile) per mile)
Algonquin...... 856 352 875 3-38
20 0-52 | | i e,
Ardtrea........ 836 300 || |
29 L O A T P
Upper Orillia. . 807 2-90 92\ 90
22 (000 I N
Lower Orillia. . 785 290 | | | e e
21 [0 ¥ S PR N
Wyebridze..... 764 2:75 785 |........
40 ... 37 ..l
Penetang....... 724 |........ 748 3:00
24 ..o 24 0-125
Cedar Point. ... 700 |........ 724 2.875
35 ...l 38 0-125
Payette........ 665 |........ 686 2.75
30 ... 46 2-33
Nipissing....... 635 |........ 19 640 0-42
Waubaushene... 616 |........ s | [ }60 }0‘42
Lake Huron.... 581 -0 580 0-0

Exposures of the lower group of beaches are limited in this area;
consequently, no great reliance can be placed on the rate of slope of the
water-planes, and the tilt rate as found by Stanley should be taken as more
accurate.

The following conclusions may be drawn from a study of the profile
map of the water-planes: the first is the stability of most of the area during
the formation of the main Algonquin beach; the second is the convergence
of the uppermost beaches, indicating differential uplift; and the third is
the general parallelism of the lower Algonquin beaches, again indicating
stability.

The main Algonquin beach is the strongest and most distinctive of
all the Algonquin beaches and indicates land stability during its formation,
particularly in the southern parts of the area. In the northern part diffi-
culty was encountered in determining the actual elevations marking the
water-plane. In places, two or even three minor bluffs replaced the usual,
strong, single bluff; well-formed beach ridges and bars were found both
above and below the elevation taken for the Algonquin water-plane. These

44439—77



78

anomalies were not encountered in the southern part of the area. They
suggest an initial, or local, uplift, confined to the area immediately in front
of the ice-sheet, greatest close to the ice-front and diminishing away from
it. Thus the northern part of the area would be subjected to small, spas-
modic uplifts that might not have extended very far to the south. Weak
beaches would be formed during minor pauses in this initial uplift, and in
protected localities the older, higher beaches might be preserved, whereas
in open regions wave action at lower levels could encroach on the bluffs,
removing the evidence of higher beaches, and leave a single, strong bluff.
In the southern parts, where less tilting occurred, the water level would
remain stationary, or even rise due to the uplift in the north, thus con-
tinuing to develop a single, strong shoreline. It is also possible that the
minor beaches replacing the single Algonquin beach indicate a new, hitherto
unknown, hinge-line just north of Orillia. Further investigation north-
ward into the Canadian Shield would be necessary to prove the existence
of a hinge-line.

The convergence of the uppermost beaches, particularly the Ardtrea
with the Algonquin beach, indicates a period of crustal upwarping on a
regional rather than local scale. This uplift may have commenced while
the main Algonquin beach was being formed, but was interrupted by short
periods of crustal stability during which the beaches of the ‘upper group’
developed. The uplift appears to have been rapid at first, as shown by the
marked convergence of the Ardtrea and Algonquin beaches, but the rate
decreased until movement had stopped at the Lower Orillia beach stage.
It is not inferred that no other stands of lake level occurred other than
at the Ardtrea and Upper Orillia beach levels during this period of uplift,
for the numerous beaches and ridges at various altitudes between the
Algonquin and Upper Orillia beaches suggest a spasmodic tilting through-
out, but that the period of quiescence was longer at these two stages.
The hinge-line for this upwarping appears to have been the Algonquin
and Nipissing hinge-line (8, p. 420) that passes through the lower part of
the Huron basin.

The general parallelism of the Lower Orillia, Wyebridge, Penetang,
Cedar Point, and Payette beaches indicates crustal stability; the uplift
that followed the main Algonquin beach stage had died out. Because
of this parallelism, it must be concluded that a factor other than differential
uplift is responsible for the development of the lower beaches. This is the
lowering of the lake level by opening of other outlets as the ice retreated
northward. Before the Lower Orillia beach stage, both the Fenelon Falls
and Port Huron outlets were closed; therefore, new outlets must be pos-
tulated, and these could only have been found in the Precambrian regions
between the Pal®ozoic border and the Ottawa River Valley or in the
Ottawa Valley itself. Each outlet carried the whole discharge long enough
for a beach to develop. As the glacier retreated, a new outlet would be
found at a lower elevation, and the level of the lake would be rapidly
lowered to this elevation, at which it stayed until a lower outlet was dis-
covered. At some time following the Payette beach stage, the period of
crustal stability was again interrupted by a differential uplift.

The Algonquin and Nipissing beaches are by far the strongest, and
represent the longest stands of lake level. However, neither one is as strong
as the combined ‘upper and lower groups’ and, therefore, it can be con-
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cluded that the interval between the Algonquin and Nipissing beach
stages was greater than the stand at either of these two stages. This con-
clusion is strengthened by the convergence of the water-planes. There is
greater convergence between the water-planes of the Payette and Nipissing
than between the Payette and Algonquin or the Nipissing and Lake Huron.
If the uplift has been uniform, then the interval between the Payette
and Nipissing is by far the greatest. If the uplift has been decreasing
steadily, then this interval is still greater than the Algonquin-Payette
interval. Only on the assumption that rapid regional uplift was confined
to the Payette-Nipissing interval could this period be inferred to be shorter
than the others.

There is no conclusive evidence that Lake Algonquin was at any time
higher than the level represented by the main Algonquin beach. Ridges
do occur up to 20 feet above the Algonquin beach, notably on the lime-
stone plain at Uphill. These ridges are composed of blocks of limestone
that show little or no rounding. and may represent ice ‘ramparts’. Similar
‘ramparts’ have been noted about 5 feet above water level on the islands
in Lake Couchiching. South of Kempenfelt Bay ridges of gravel have been
noted about 100 feet above the Algonquin shoreline, but these are inter-
preted as ice-contact deposits laid down before the Early Algonquin stage,
when the Simcoe basin was filled with ice.

Several conclusions may be drawn from a study of the ridges and
bars. Ridges parallel with a shore bluff are generally of the submerged
type, the top of the ridge 2 to 8 feet below the base of the bluff. Ridges
developed on an island the top of which was approximately level with the
water or within the zone of wave action are of the emergent type, and
rise 2 to 8 feet above the water-plane. All bay-mouth bars and spits are
above the water-plane where joined to the headland, and may rise 10 or
more feet above the actual shoreline, although 5 to 6 feet is more common.
The elevation of the centre of the bay-mouth bar depends on the length
of the bar, the amount and kind of material supplied from the headland,
and the strength of the waves and currents. These bars are arcuate in
form. Spits decrease in height away from the headland to finally merge
with the terrace.

Ridges are less commonly associated with the lower beaches, and the
best evidence of them is on the lake side of bay-mouth bars of a higher
beach where conditions were more favourable for their formation. The
paucity of these features may be explained by more protected terrain of
the lower stages, which resulted in less violent wave action. No bays are
associated with the lower beaches, as the bay-mouth bars of the Algonquin
beach effectively sealed pre-existing bays. Bluffs of the lower beaches
are less common where the shore was on a boulder-strewn, wave-cut ter-
race of the Algonquin; they are numerous where the shore was in sandy
deposits of a wave-built terrace. The shorter stand of lake level during
these lower stages is also an important factor in the poorer development
of the shoreline features.

In all instances in this area, north-facing beaches and bars show a
greater development than do those facing in other directions. The bluffs
are steeper and higher, rising to 80 feet in most places, and bay-mouth bars
and spits are generally 3 to 6 feet higher. This suggests that the prevailing
winds in glacial times were northerly and storms from this direction more
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violent than others. Although it is true that the reach of the water was
probably more extensive to the north than in other directions, yet the
water extended sufficiently far to the east and southeast to permit large
waves. Another explanation for the strong development of north-facing
beaches may have been the calving of the glacier. As the glacier formed
the north shore of Lake Algonquin, large blocks of ice falling from the
face of the glacier into the deep water could have produced exceedingly
large waves. However, the wave effect produced by calving ice is probably
over emphasized because of negleet to consider the damping effect of
floating ice. In addition, the Algonquin beach is continuous far to the north
of these strong shore cliffs, so that the ice-front had retreated sufficiently
far northward beyond the point where wave action due to calving could
be effective.
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CHAPTER V
HISTORICAL GEOLOGY
PREGLACIAL DRAINAGE SURFACE

Very little is known about the drainage surface prior to the Pleisto-
cene glaciation because of the covering of drift over most of southern
Ontario, and only a few oil, gas, or water wells penetrate to bedrock.
However, an attempt has been made to contour the bedrock surface in
the Lake Simcoe area, using the information collected while making a
ground-water survey. Figure 8 shows the bedrock contours. Positive
information obtained from outerops, water wells, and oil wells penetrating
bedrock is indicated, and the contours in such places are drawn with con-
fidence. Over large areas such information is lacking, and the depth to
bedrock can only be inferred; the information from deeply drilled -drift
wells indicates that the drift is thick and the bedrock lies somewhere
helow the elevation given for the bottom of the well.

As an agent of erosion, ice has long been the subject of serious dis-
cussion. Moore (19, p. 16) states that it is doubtful whether the average
thickness of solid rock removed from the Canadian Shield by the recurring
ice-sheet amounts to more than a very few tens of feet at the most. It is
suggested that this applies not only to the granitic rocks but also to the
sotter Paleozoic rocks as well. In places, at the contact of the Precam-
brian and Palzozoic rocks, the granites outcrop as low, smooth, rounded
hummocks, but are devoid of any evidence of glacial erosion; these out-
crops represent the original surface when covered by the Palzozoic seas.
They resemble their glaciated neighbours to the north in that they exhibit
a similar hummocky appearance, but differ from them in that the ice-
eroded forms bear chattermarks and grooves, and the surface of the hum-
mocks are often irregular due to ice plucking. If glacial erosion had been
deep, the same general hummocky form would not be the same for both,
or the outcrops at the contact would show evidence of plucking and abra-
sion. In all probability the action of the final glacial readvance was to
remove the last thin covering of sedimentary rock.

The thin drift on the Canadian Shield also points to shallow erosion.
Overloaded ice soon deposits its load, as shown by the increasing thickness
of drift immediately south of the Pal®ozoic contact, yet the glacier in most
places continued to scour the soft limestones for some distance after leaving
the crystalline rocks, as, for example, south of Uphill.

Two sets of intersecting striz also favour slight local erosion. Although
it is true that of the two sets at Uhthoff the younger set might indicate
only a change in direction of ice motion, or at the most a minor readvance,
still the final erosion was not sufficient to remove the deeper, older striations.

The flat-lying attitude of the limestone would offer but little resis-
tance to the ice. Erosion was by plucking and abrasion. Scarps show that
plucking was an important process, but in many places the scarps are
only 3 to 5 feet high, and where higher they might have obstructed the
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movement of the ice. Abrasion was no doubt reduced to a minimum by
the compact, flat-lying limestone, but this was offset to some extent by the
hard granitic boulders in the ice that acted as abrasive tools. However,
continued abrasion would load the base of the ice with rock-flour, thus
reducing erosion.

Only at one place, 5 miles north of Orillia, have large blocks of lime-
stone, the result of plucking, been seen. This general absence of large
limestone blocks indicates that large-scale plucking had only limited
application.

Coleman deduced that the erosion is considerable only near the margin
of a large ice-sheet; elsewhere it is relatively slight. If so, then erosion
was active only during the initial advance of each continental glacier or
during any readvance of the ice, thus limiting it to only part of each glacial
stage.

Although it is fully realized that the drift between Lake Couchiching
and Toronto, which near Thornhill attains a thickness of more than 600
feet, is derived largely from Pal@ozoic rocks and represents a vast quantity
of eroded bedrock, yet this drift was collected from a large area, and it
is, in the main, the total drift accumulated during all glacial stages of
Pleistocene time. Remnants of the Palzozoic rocks remain a few miles
north of the present contact with the sediments, and undoubtedly a thin
covering extended far into the Canadian Shield. It is suggested that the
thick drift now covering the bedrock south of the Precambrian rocks was
derived in part from these few tens rather than hundreds of feet of re-
moved rock. At Uphill, the granitic rocks are now overlain by 100 feet
of Ordovician limestone. It cannot be argued, however, that the same,
or a greater, thickness of limestone was spread over the Canadian Shield
to the north, and was removed during the Pleistocene time, because wea-
thering and erosion from the time these sediments were raised out of the
Paleozoic seas up to the end of the Pliocene epoch of Tertiary time must
be taken into account. If any formations younger than the Trenton
extended into the Shield they were eroded before Glacial times; no detritus
younger than Trenton has been found in the drift, even in the dezpest
exposures, north of Cannington.

In all probability the topography during Pleistocene interglacial
periods was not very different from that of today. Lakes, lowlands, high-
lands, drumlins, and moraines were distributed much as they are now,
the main difference being that the thickness of drift was increased north-
ward with each ice invasion. The thick drift of each former glaciation
tended to protect the bedrock from further erosion by the succeeding
glaciers. In this way the preglacial drainage pattern would be preserved.
Such a pattern is indicated by the present bedrock surface. It is certain
that no deep stream valleys were present in the granitic basement prior
to Pleistocene time in the rock-knob lowlands. The present bedrock sur-
face in the Ordovician strata indicates drainage to the south; therefore,
only shallow valleys were present in the northern areas of the Pal®ozoic
rocks within the map-area.

It might be reasoned that the drainage pattern on the bedrock sur-
face is that of the Sangamon interglacial stage. The present drainage
generally follows pre-Wisconsin valleys, and, therefore, Sangamon drain-
age probably followed pre-Illinoian valleys. If the present is the key to
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the past, then the Sangamon drainage was not deeply incised. The amount
of stream erosion in bedrock since the retreat of the Wisconsin glaciers
is almost negligible. In Black and Head Rivers, which flow entirely within
the Canadian Shield, the maximum erosion is 3 to 4 feet. In the limestone
it is even less; most streams that are still downcutting have a gravel or
till stream bed. In the rare places where bedrock is exposed in the stream
channels, the maximum amount of rock eroded does not appear to exceed
2 or 3 feet.

Spencer described the route of a great preglacial river, which he called
Laurentian River, that existed before the Great Lakes were formed and
drained their valleys south past Toronto. The upper part of this river
came from Georgian Bay past Barrie, Newmarket, and Richmond Hill.
A. K. Watt (personal communication), in his investigations of ground
water in the Toronto area, has found several north-south trending valleys,
the largest of which extends northward toward Newmarket. Investigation
in the Lake Simcoe area and westward to the Niagara escarpment also
shows that the large valley in the Toronto area extends northward from
Newmarket, and then trends to the west through Bradford, and up into
Nottawasaga Valley. Although several holes penetrate to bedrock they
are not numerous enough to locate this valley accurately, but they do
indicate its presence and support the theory of the Laurentian River.

The present streams of the Lake Simcoe district generally follow pre-
glacial valleys that were tributaries of Laurentian River. A small tributary
flowed southward from Uphill, through Dalrymple Lake, and into Lake
Simcoe where it was joined by another stream flowing southwest from
Canal Lake. Two other streams joined those from the north in the lake
Simcoe basin; both flowed northward, the one in the valley now occupied
by Beaverton River and the other in the valley of Pefferlaw Brook. The
steep, 100-foot biluff now forming the south bank of Head River just south
of Uphill may be the edge of the preglacial escarpment. The bluff stands
at right angles to the general direction of ice movement, and it is very
doubtful if Pleistocene or Recent stream erosion or glacial erosion could
have formed this escarpment.

The course of Laurentian River west and south of Lake Simcoe is a
matter of speculation. Whether the river flowed southeast between Alliston
and Cookstown to just south of Newmarket, or whether it turned east-
ward near Minesing Swamp to flow through Kempenfelt Bay and then
turned abruptly south into Cook Bay, is unknown. The latter course is
preferred by the writer, because it coincides with the deep valleys of
Kempenfelt and Cook Bays.

Little is known about the bedrock surface between Barrie and Cold-
water because of the great thickness of drift and the absence of wells
penetrating to bedrock. Bedrock outcrops along most of the shore of
Georgian Bay around Waubaushene. A preglacial tributary of Laurentian
River flowed south from Matchedash Bay or Sturgeon Bay, or both. Cold-
water River now flows north into Matchedash Bay, but the slope of the
bedrock surface in the valley is to the south. This preglacial valley may
have extended south to join Laurentian River Valley near Kempenfelt
Bay, or it may have turned westward along a course now followed by
Coldwater Valley. Little is known about Sturgeon Valley.
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The generalized map of the bedrock surface is not intended to portray
the erosion surface of the late Tertiary time. Many of the small, flat,
plateau-like ‘islands’, similar to Georgina and Thorah Islands in Lake
Simcoe, are, in part, the result of glacial erosion. They are remnants of
a Tertiary peneplain that extended south to the Niagara escarpment.
Northeast of Lake Simcoe, the peneplain was slightly dissected by tri-
butaries of the preglacial Laurentian River; to the southwest it was deeply
incised by Laurentian River Valley, so that the general slope of the erosion
surface was to the southwest.

EFFECT OF GLACIATION ON PREGLACIAL VALLEYS

The probable results of Nebraskan glaciation would be the general
interruption of the Pliocene drainage system. Valleys transverse to the
direction of ice movement would become choked with drift; valleys parallel
with this direction would be preserved, for in them the ice advanced as
lobes that may have deepened some valleys or become stagnated in others,
serving to preserve the valley while the surrounding ice advanced and
deposited material on the highlands. This preservation of valleys parallel
with the direction of ice movement is well illustrated in the Lake Simcoe
and Georgian Bay areas. South and west of Lake Simcoe, several of these
finger-like valleys extend from the lake basin. At present they are occupied
by misfit streams that are too small to have eroded the valley. Schomberg
River, flowing northward into Cook Bay, is a good example of such a
stream. Coldwater and Sturgeon Rivers occupy valleys that were filled
with ice from the Georgian Bay area. Not only did the ice advance and
readvance as lobes but during its retreat the ice remained in the valleys
after it had disappeared from the highlands. The steep sides in Sturgeon
and Coldwater valleys are not the result of wave action from glacial
Lake Algonquin, but must have been eroded, or retained, by ice filling the
valley. Ice-contact deposits are found at the tops of these valley walls
and represent kame terraces. In the Holland Marsh, 3 miles south of
Bradford, deltaic deposits of sand and gravel are exposed on both sides
of the marsh, and represent outwash from a valley ice-lobe. The sand and
gravel are overlain by 6 to 8 feet of interbedded till and varved clay laid
down during a slight readvance of the lobe.

Innisfil Creek, which flows south of Cookstown and joins Nottawa-
saga River, occupies a valley that was filled with an ice-lobe. In addition
to ice-contact deposits overlain by till, kame and terminal moraines mark
readvances of the lobe in this valley. ‘The Hollows’, 4 miles southeast
of Cookstown, is a large amphitheatre thought by some to result from
melting of a huge block of stranded ice. However, the high ridge that
separates the amphitheatre from the valley is a terminal moraine formed
by an ice-lobe that advanced down the valley. The amphitheatre was
formed, not by the melting of a stranded block of ice, but by a morainic
ridge that partly closed off an embayment in the valley.

In all probability each new advance of a glacier did not materially
change the pre-existing topography.
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SEQUENCE OF EVENTS DURING DEGLACIATION

Figure 9 (in pocket) depicts the sequence of events from the time the
glaciers withdrew from the Niagara escarpment, through the period of
growth of the various stages of Lake Algonquin, and up to the time the
1ce-front had reireated from the Lake Simcoe area. The position of the
ice-lobe fronts and the direction of movement in the lobes have, in part,
been adapted from Putnam and Chapman (2, p. 459).

NIAGARA ESCARPMENT SPILLWAY AND KAME TIRRACE STAGE

Figure QA represents the stage when the ice in the two lobes, the
northern lobe occupying the Georgian Bay and Lake Simcoe basins, and
the southern, or Ontario, lobe occupying the Lake Ontario basin, fronted
the Niagara escarpment. At some time prior to this stage the two lobes
were united as a continuous ice-sheet, and only Ontario Island was free
of ice. It was at this time that the spillways, some of which are shown
in Figure 9A, functioned as outlets for the meltwater. They generally
followed depressions on the glacier side of terminal moraines that were
deposited earlier. These spillways are now occupled, in part, by misfit
streams of the present drainage system; they were contemporaneous with
glacial Lake Lundy or even glacial Lake Warren in the Lake Hrie basin.

The spillway through Feversham (No. 1) is at an elevation of about
1,650 feet, and was effective when the ice lay above the Niagara escarp-
ment. The spillway south from Dunedin (No. 2) follows along the top of
the escarpment, crosses Pine River 4 miles east of Horning Mills, and passes
through Mono Centre and Orangeville. At Dunedin, the elevation is
about 1,450 feet and at Orangeville about 1,350 feet. A lower spillway
(No. 3), starting just east of Dunedin at an elevation of about 1,375 feet,
can be traced southward and probably joins the higher spillway south of
Mono Centre at an elevation of 1,350 feet, or it may have found depressions
at slightly lower elevations.

Everywhere associated with these, and lower, spillways are flat-
topped remnants of kame terraces that were formed between terminal
moraines or the escarpment and the ice-front, in narrow ice-border streams.
The terraces are found mainly between Dunedin and Orangeville at ele-
vations from about 1,500 feet to about 800 feet. The material is sand and
gravel, varying in thickness from a few feet to more than 200 feet. Where
the deposits are thin, terminal moraine commonly rises above the terraces,
and in deeply eroded valleys the underlying till is commonly exposed.
The streams, finding their original channels indented in the escarpment,
incised the drift and kame terraces choking the valley as they followed
the retreating glacier down the escarpment slopes, carrying the material
first to lower terraces and finally into Lake Algonquin basin.

As these terraces, and other evidence of glacio-fluvial deposits, are
absent from the face of the escarpment at the higher altitudes from a
point a little north of Dunedin, it is probable that the glacier abutted the
escarpment in the Georgian Bay area and prevented escape of the melt-
waters to the north. The discharge was to the south into Lake Lundy.

The Oak Ridges interlobate moraine was being formed at this time,

probably during the later part of this stage. It was certainly formed before
the succeeding Lake Schomberg stage.
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LAKE SCHOMBERG STAGE

With the further retreat of the glacier of the first stage, the melt-
water formed a narrow marginal lake between the ice-front and the high-
lands of the moraines to the south and the escarpment to the east (Figure
9B). The marginal lake, called glacial Lake Schomberg by Putnam and
Chapman (2, p. 466), was of short duration; it has no recognizable shore-
line features common to the well known glacial lakes; and its extent is
determined by the occurrence of varved clays and silts on the bed of the
lake. The position of the eastern area of Lake Schomberg clays is adapted
from the map by Putnam and Chapman (2, p. 461). Numerous islands
dotted the marginal lake. Putnam and Chapman describe the lake as a
series of temporary lakes, but they must have been joined to give escape
to the meltwater. In places the narrows connecting the larger bodies of
water must have resembled spillways (See Plate XII B).

The outlet for Lake Schomberg is not known. Varved sediments occur
up to an elevation of about 875 feet in the vicinity of Schomberg, and in
all probability the lake level was not much more than 900 feet above sea-
level. Three possible spillways (Nos. 4, 5, and 6, Figure 9B), may have
served as temporary outlets at an early stage of this lake. The Canadian
National and Canadian Pacific railways follow a valley (Spillway No. 4)
through Palgrave that may have carried the discharge, although near
the present height of land spillway features are generally lacking. The
elevation of this valley is about 950 feet. The spillway south of Schom-
berg (No. 5) joins Humber River at Bolton; its elevation is about 950
feet. The lowest spillway (No. 6), with an elevation of 925 feet, joins the
Humber at Kleinberg. In all three of these spillways, the characteristics
of channels carrying a large volume of water are obscure near the crests
of the valleys, which are now occupied by streams flowing to the north and
south. These streams are all misfits, thus lending support to the possibility
of the valleys being spillways. The most plausible outlet (No. 7) was to
the northeast between the ice-front and the Niagara escarpment. A well-
established spillway cannot be found, but here and there is evidence of
water action up to about 100 feet above the Algonquin shoreline. This
evidence is in the form of strong boulder pavements and modified bluffs.
A final alternative outlet (No. 8) was to the east around the ice-front to
join the meltwaters of the Ontario lobe, but the writer lacks sufficient
knowledge of this area to support this possibility.

The elevation of the water-plane of Lake Schomberg has been taken
as about 100 feet above the Algonquin shoreline. However, as will be dis-
cussed below, there was considerable uplift before the main Algonquin
shoreline was formed so that the area at the time of Lake Schomberg may
have been as much as 100 feet lower than the water-plane of Lake Algon—
quin, thus giving Lake Schomberg about the same elevation as Farly
Lake Algonquin! in the Huron basin.

Lake Schomberg existed for only a short time and under conditions
of a fluctuating ice-front. Just west of Bradford, the section of varved
clay, showing about 100 varves, is not more than 4 feet thick. Along the
southern borders of the lake the section is nearly 50 feet thick, as shown

t Farly Lake Algonquin, the first stage of Lake Algonquin, was confined to the southern part
of the Lake Huron basin, and did not cover any part of the present Georgian Bay basin. The dis-
charge was southward into Lake Erie through the Port Huron outlet.
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by Putnam and Chapman (2, p. 466). Two miles west of Tottenham, a
well dug 30 feet in varved clays had not reached the base of the section.
Individual varves along the southern borders are generally thick, with a
maximum of 20 inches (See Plate XIII A) and averaging 7 or 8 inches.
Cuts along the new highway north of Schomberg indicate a readvance of
the ice-sheet during the Lake Schomberg stage. One exposure showed 5
feet of brown, sandy till, underlain by 6 feet of varved clay, and overlain
by 5 feet of varved clay. Another cut showed boulders of till folded into
varved clays. Some of the varves were vertical, and could not have resulted
from depression by ice-rafted blocks of frozen till. Plate XIIT B shows
contorted and folded varves overlain and underlain by till in a road-cut
just south of Holland Marsh on the new highway. The ice-front was lobate
in form, with ice filling the finger-like depressions. The varved sediments
are absent in many places below 875 feet, showing that ice occupied these
lower elevations at the time of Lake Schomberg.

Between Barrie and Schomberg several deposits of stratified sand and
gravel resemble shore features, and have been included in the Lake Schom-
berg deposits by some investigators although not considered so by the
writer. Four localities will be mentioned: the first is the flat sandy plain
between Allandale and Thornton; the second is the gravel and sand ridges
and bluff just south of ‘“The Hollows’; the third, the sand and gravel bluff
and ridges 2 miles south of Beeton; and the fourth, the sand and gravel
ridges and bluff 2 miles west of Schomber g. The elevation of the deposits
at these four localities is slightly more than 1,000 feet.

If these were Lake Schomberg sediments, then glacio-lacustrine deposits
should be exposed between this elevation, 1,000 feet, and that of the varved
clays, 875 feet. However, the sand and gravel ends rather abruptly within
a short distance of the ridges, and till is exposed at the surface between
the two elevations. In addition, lacustrine deposits are lacking between
these elevations above the Lake Schomberg limits to the south. The first
deposit is mapped as outwash. The other three are mapped as kame
moraine deposits, because stratified sand and gravel comprises the bluff
that rises 25 to 50 feet above the terrace-like base and the topography in
places is that of kame moraine. Slumping of the material that abutted the
Lce—fffront may have resulted in the present steep faces that resemble lake

luffs.

The Schomberg Lake plain is unlike the Algonquin Lake plain in that
the area is generally undulating to rolling. This is due in part to the topo-
graphic expression of the underlying material and in part to erosion. Till
ridges, drumlins, and hills of ground moraine rise above the clay deposits
in many places, and where the hills are only thinly covered the topography
of the underlying material is reflected by the initial dip of the sediments.
Erosion has been extensive, particularly in the silty deposits. Around
Newmarket, in the Schomberg silts, erosion has produced a topography
not unlike terminal moraine.

FENELON FALLS OUTLET STAGE

At its third stage, the glacier had retreated far enough to the north to
open the outlet through Xirkfield, Fenelon Falls, and Trent Valley into
glacial Lake Iroquois. Taylor and Johnston had found evidence that the
level of Lake Algonquin was lowered from 50 to 100 feet by the original
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opening of the Fenelon Falls outlet. Additional evidence is given here
in support of this idea.

The retreat of the glacier between the Lake Schomberg and Fenelon
Falls outlet stages must have been fairly rapid if the discharge followed
the route through Fenelon Falls, as shown in Figure 9C, because this area
was depressed sufficiently to receive the water from the Huron basin, and
there is no evidence to show a ponding of water between the Algonquin
shoreline and Schomberg clays. The other alternative is that another
outlet south of Fenelon Falls was open but later closed by the readvance
of the ice to the succeeding, or Lake Simcoe moraine, stage shown in Figure
9D. The ice-front between Lake Simcoe and Georgian Bay is placed as
in Figure 9C, because a long stand of the ice there is necessary for the
formation of the Bass Lake kame moraine.

Johnston (14, p. 16) estimated a rise in the lake level of at least 50
feet between the Fenelon Falls and the fifth or ‘two-outlet’ stages, based
on evidence of a distinct disconformity in lacustrine sediments. The same
evidence was found by the writer in Nottawasaga Valley near Alliston.
In several localitics the top 6 to 8 feet of lacustrine sands of main Lake
Algonquin contained numerous fossil freshwater shells of several species;
below 8 feet no fossil shells were found. In one place the base of the fossil
zone was marked by a disconformity (Sec Plate XIV A), the elevation of
which is 700 feet, 50 feet below the Algonquin water-plane. In the Boyne
River banks, 2 miles east of Alliston, the top of the unfossiliferous sands
is at an elevation of 695 feet, and their base was not exposed at 645 feet,
or 90 feet below the Algonquin water-plane. These sands are well stratified
and crossbedded, and in places are interbedded with gravel, indicating
general shallow water deposition. The material was undoubtedly brought
in by Boyne and Nottawasaga Rivers, as they cut down through the kame
terraces along the base of the Niagara escarpment. Tt is suggested that
these deposits accumulated during the low-water level of Lake Algonquin
when Fenelon Falls was the sole outlet, or during the rising stages of Lake
Algimqum when the readvancing g 1ac1er again closed the Fenelon Falls
outlet.

The valleys now occupied by Sturgeon and Coldwater Rivers may,
in part, be due to stream erosion during the Fenelon Falls stage as the
glacier retreated to the north. Also, the valley leading into Kempenfelt
Bay from the west may have been occupled by a large river carrying the
meltwater from the glacier, and the discharge from Lake Algonquin in the
Huron basin, into the Lake Simcoe basin and out the Fenelon Falls outlet;
no other escape for the waters seems possible at the time when the Bass
Lake moraine was forming.

The valley 2 miles north of Kempenfelt Bay, now occupied by Little
Lake and Willow Creek, was probably formed at this time through erosion
by meltwaters off the Bass Lake moraine. At the mouth of this valley
is an extensive deltaic sand and gravel deposit showing tho forest beds
dipping consistently to the west (See Plate XIV B). The beds would dip
to the south or to the east and west if this deposit was a bay-mouth bar
of Lake Algonquin. The top of the deposit is at an elevation of 770 feet,
or 30 feet below the Algonquin shoreline; the total depth is unknown,
although 20 feet are exposed in the gravel pit. The elevation, attitude,
and material of this deposit suggest a deltaic origin from a stream flowing
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from the east and depositing the material in a lake at a lower level than
that of the main Lake Algonquin, again the early low-water level of Lake
Algonquin. The only stream competent to erode the valley and form the
delta flowed when the kame moraine was being formed and the volume
of meltwater was large. Deposition of lacustrine material in this and other
valleys during the high-water level of Lake Algonquin covered the earlier
stream gullies and left the flat sandy floors as seen today.

It is more difficult to trace the discharge channels east of Lake Simcoe.
The elevation of the Algonquin shoreline at Kirkfield is 870 feet; the ele-
vation of the low ground is 840 feet. This allows a lowering of Early Lake
Algonquin by only 30 feet. However, a deeper channel, now filled with
sediments, may exist, or an advance of the ice may have obliterated the
earlier channel. Johnston (14, p. 7) states that there are two channels,
with depths of 40 feet, on either side of the island in Mitchell Lake just
east of Kirkfield. In order to have the water level lowered by 50 to 100
feet it is necessary to postulate a greater depression of the Fenelon Falls
area than the Kempenfelt Bay area, a not unlikely possibility as initial
uplift would first affect the land to the south. The difference of 30 feet
between the Algonquin shoreline and the ground level at Kirkfield, to-
gether with the additional lowering supplied by a concealed chaunel, even
if only 15 or 20 feet, and the few feet prior to the initial uplift at Fenelon
Falls would be enough to give a low-water level of Lake Algonquin that
would explain the valleys and stratified sediments mentioned above.

LAKE SIMCOE MORAINE STAGE

Subsequent to the Fenelon Falls outlet stage, the glacier again ad-
vanced to close off the Fenelon Falls outlet and divert the discharge water
to the Port Huron and Chicago outlets. At the same time the ice-front
advanced beyond the line shown in Figure 91) and into the Lake Simcoe basin.
The drumlins along the north side of Kempenfelt Bay, particularly those
in Little Lake valley, and the till overlying deltaic and ice-contact deposits
in the finger-like valleys leading from Lake Simcoe, all indicate such a
readvance. The drumlins in Little Lake Valley were formed after the
valley was made, and if the origin of the valley, as suggested, is correct,
then the drumlins were formed after the Bass Lake moraine of the Fenelon
Falls outlet stage. In addition, the stagnant ice-fields, as indicated by the
ice-block ridges, would require an advance of ice after the valley was
carved. This readvance left no recognizable terminal moraine, and with-
drew northeast of Lake Simcoe before pausing or slightly readvancing to
form the Lake Simcoe moraine. This moraine, indicating that the pause
of the ice-front was of short duration and that the deposits were laid down
in water, has been traced from northwest of Lake St. John to just south
of Lindsay. The position of the front east of Lindsay is conjectural.

THE “I"WO-OUTLET’ $TAGE

With the retreat of the northern lobe from the position as indicated
in the preceding stage, the Fenelon Falls outlet was again in operation,
together with that at Port Huron. The Chicago outlet may or may not
have functioned at this time. This stage was indeed long compared with
later stages as indicated by the strength of the Algonquin shoreline deve-
loped at this time. The ice withdrew far onto the Canadian Shield, and
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if all the beaches as far north as North Bay belong to this stage then it
withdrew at least to Mattawa Valley. As Goldthwait (10, p. 35) suggests,
these highest beaches probably belong to some of the later stages of Lake
Algonquin, as the tilt rate is not uniform, and, in fact, decreases to the
north. A more detailed description of this and subsequent stages has been
given in Chapter IV,

SUMMARY OF EVENTS IN THE HISTORY OF LAKE ALGONQUIN

~ The succession of the various stages of Lake Algonquin in the Lake
Simecoe-Georgian Bay area may be enumerated as follows.

(1) In the initial stages the glacier covered the area and stood high
up on the Niagara escarpment. Drainage was to the south through spill-
ways into glacial Lakes Lundy or Warren. Kame terraces formed along
the front of the escarpment.

(2) When the meltwaters were no longer able to find outlets over the
highlands to the south the water ponded in front of the ice to form Lake
Schomberg. Discharge was mainly around the north of the Niagara escarp-
ment into Early Lake Algonquin or eastward into Lake Iroquois.

(3) As the northern lobe retreated to the northeast of Lake Simcoe
the Fenelon Falls outlet was opened, permitting discharge through Trent
Valley into glacial Lake Iroquois. The Lake Algonquin waters were lowered
from 50 to 100 feet, thus leaving the Port Huron and Chicago outlets dry.
The Bass Lake moraine was formed at this time.

(4) A readvance of the ice into the Lake Simcoe basin followed by
a retreat and halt to form the Lake Simcoe moraine cut off the Fenelon
Falls outlet and again diverted the waters of Lake Algonquin to the south
through the Port Huron and Chicago outlets. This diversion was probably
of short duration.

(5) The Fenelon Falls outlet was again reopened as the ice-front
retreated. Differential uplift had raised the outlet area so that its relative
position to the Algonquin shoreline was the same then as it is today. The
discharge of Lake Algonquin was probably equally distributed between
Trent Valley and St. Clair River (the ‘two-outlet’ stage). At this stage
the main Algonquin beach was formed, and it represents the longest stand
of the water at a constant level in the history of the lake. Fenelon Falls
received the greater volume of discharge as it marked the site of a channel
at least 30 feet deep.

(6) The Ardtrea beach was formed during a temporary halt in the
initial uplift. This beach is weak, and the time required for it to form was
relatively short. Minor beach features occur above and below the Ardtrea
and represent even shorter cessations of uplift. Discharge was mainly
through the Port Huron outlet, with diminishing volume through Fenelon
Falls outlet.

(7) The upper Orillia beach marks a longer resting period in uplift,
when discharge had been diverted to the Port Huron outlet.

(8) A drop inlake level of 20 feet resulted in the formation of the Lower
Orillia beach, when in all probability the Port Huron outlet was closed.
The drainage of the lake was probably due to the opening of a lower outlet
ta +he north.
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(9) A further drop in lake level of 20 feet, when still a lower outlet
was found resulted in the formation of the Wyebridge, a beach of approxi-
mately the same strength as the Upper and Lower Orillia beaches. A
minor lowering of the lake another 10 or 12 feet followed, with the building
of rather weak beaches.

(10) Forty feet below the Wyebridge beach the lake again remained
constant to form the Penetang beach, the strongest of the beaches since
the Algonquin. The existence of Simcoe and Couchiching as independent
lakes follows this stage.

(11) Another drop of 25 feet in lake level resulted in the Cedar Point
beach, which represents a stage equal to or longer than the Penetang.

(12) The last beach above the Nipissing in this area is the Payette,
25 feet below the Cedar Point. This beach is transgressed and impounded
by the Nipissing farther south. Additional heaches of the lower Algonquin
group may be found farther north.

(13) The Nipissing Great Lakes resulted from the opening of the
Mattawa-Ottawa outlet. Prior to this last event differential regional uplift
involving all of the area from just north of Port Huron to at least North
Bay, occurred on a major scale, raising all Algonquin Lake beaches to
nearly their present elevations. Lower stages of the Nipissing Great Lakes
are indicated by the Waubaushene beach 20 feet below the Nipissing beach.
If this beach is parallel with the Nipissing, it further complicates the
history of the Great Lakes, marking still another period during which the
Port Huron outlet was closed. If the two beaches converge, then they
result from differential uplift rather than lower outlets. Still another beach,
11 feet above Georgian Bay at Waubaushene, may, together with the
Waubaushene, constitute members of a group of beaches that bear the
same relation to the Nipissing as the ‘upper group’ of Algonquin beaches
bear to the Algonquin.

(14) The present Great Lakes date from the closing of the Mattawa-
Ottawa outlet by differential regional uplift and final diversion of water
to the Port Huron outlet.






93

Prate 11

AL Roche moulonnée of granite in the Canadian Shield, showing the gently sloping stoss
end. Rama tp. (90023). (Pages 5, 9.)

B. A i-foot escarpment in the limestone plains. Orillia N tp. (12-6, 1946). (Pages 5, 9.)
44439---8
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Prate 111

A. Gravelly till of ablation moraine overlving a sandy till of grounl moraine. Note the
layer of gravel at the base of the ablation moraine. Innisfil tp. (13-4, 1946). (Page 11.)
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B. A small drumlin rising above sand and clay flat of Lake Algonquin. Shoreline not well
developed on the drumlin. Georgina tp. (8-5, 1946). (Page 12.)



Prate IV

AVA large drumlin partly composed of sand and gravel. Txcavation shows a maximum
thickness of 30 feet of stratified material. Brock tp. (1-5, 1947). (Page 13.)

B. A road-cut in the side of a large drumlin showing two beds of sand and silt. Tecumseh
tp. (4-3, 1947). (Page 13.)

44439—8%
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Prarte VI

Aerial photograph of ice-block ridges, showing both elongated and elliptica! types. Oro tp.
(Royal Canadian Air Force A3243-12.) (Page 14.)



98
Prate VII

B. Drregular pocket of sand and gravel in a boulder-clay till of ground moraine. Oro tp.
i2-1, 1946). (Page 25.)
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Prare VIII

A. Stratified sand of ice-contact depoasit overlain by a compact sandy till. Onz mile
south of Cookstown. Gwillimbury W. tp. (9-4, 1948). (Page 32.)

B. A single Lluff of a constriction or spillway. Tce formed the other bank of the channel.
Oro tp. (7-3, 1946). (Page 33.)
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FPrare IX

A. Cross-section near the head (north) end of an esker. Note coarseness of material and
lack of stratification in contrast with B below. Two miles northeast of Cannington.
Mariposa tp. (1-3, 1947).  (Page 33.)

B. Ixcellent sorting and stratification near the south end of the esker shown in A above.
One mile south of Sunderland. Brock tp. (15-1, 1948). (Page 33.)
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Prate X

A. Stones in varved clay. (Photoby J. A. Elson.) (Page 37.)

B. Ripple-marked varved sand and silt. Willow Creek and No. 26 hichway. Vespra tp.
(5-1, 1946). (Page 37.)
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Prate XI

A. Truncated varved clay. Nottawasaea River. Issa tp. (13-4, 19048). (Page 37.)

B. Algonquin bluff and heavily boulder strewn terrace. Orillia tp. (99015). (Page 72.)
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Prare XII

AL Algonquin bluff and sandy terrace. Orillia S. tp. (99018). (Page 72.)

B. A narrow connecting channel or spillway of Lake Schomberg. Two miles north of
Mount Albert. Gwillimbury tp. (16-3, 1948). (Page 86.)
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Prare XIII

A. Varved silt and clay of Lake Schomberg. Varves vary from 12 to 20 inches in thickness.
One mile east of Newmarket. \Whitchurch tp. (1-2, 1948). (Page 87.)

B. Contorted and folded varved clay overlain and underlain by a
compact sandy till. King tp. (3-6, 1947). (Page 87.)



Prate X1V

A. Eight feet of fossiliferous sand and clay beds of main Lake Algonquin overlying unfos-
siliferous sands of an earlier stage of Lake Algonquin. Nottawasaga River. Issa tp.
(14-1, 1948). (Page 88.)

B. Deltaic sand and gravel deposit at the entrance of Little Lake Valley. Beds dip 0 to
5 degrees to the west. Canadian Pacific Railway gravel pit at Minesing. Vespra tp.
(5-5, 1946). (Page 88.)
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