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ABSTRACT

This investigation has three purposes i to make a com-

parative chemical study on sediment cores collected for Lake

Lisgar (man-made lake in an urban center) and Lake Hunger

(natural basin in a rural community) encompassing the time

since European settlement i to determine the postglacial chemical

history of Lake Hunger i and to determine the vegetational

history of the Lake Hunger area from postglacial time to the

present.

The minus 80 mesh fraction of 108 soil samples and 18

stream sediment samples collected in the vicinity of Lakes'

Lisgar and Hunger were analyzed for cold hydrochloric acid

soluble lead, zinc, nickel, cobalt, copper, aluminum, sodium,

potassium, calcium, magnesium, iron and manganese. Lacustrine

sediments from 5 boreholes in the Lake Lisgar basin were

collected. Boreholes 1, 2, 3, and k were analyzed for palyno-

logical and chemical information and Borehole 5 was subjected

to pollen and ostracode analysis. Lacustrine sediments from

6 boreholes in the Lake Hunger basin were collected. Palyno-

logical and chemical analysis were performed on Boreholes 1, 2,

3, 4, and 6 and Borehole 5 was analyzed for pollen. In addition,

radiocarbon dates were obtained on sediment samples from

Boreholes 4 and 5. A total of 8 surface samples were collected

from the margins of the Lake Hunger basin and these were

chemically analyzed in the laboratory. All of the lacustrine

sediments were ashed and analyzed for cold hydrochloric acid

soluble lead, zinc, nickel, cobalt, copper, aluminum, sodium,

potassium, calcium, magnesium, iron and manganese using a Perkin





Elmer *+03 Atomic Absorption spectrophotometer. The results

obtained for the 12 elements were expressed as parts per million

in dry sediments.

It was found that man's influence on the element distribution

patterns in the sediments of Lake Lisgar appeared to be related

to his urbanizing developments within the lake vicinity,

whereas, the rural developments in the vicinity of Lake Hunger

appeared to have had little effect on the element distribution

patterns in the lake sediments.

The distribution patterns of lead, zinc, nickel, cobalt,

aluminum, magnesium, sodium and potassium are similar to the

% ash curve throughout postglacial time indicating that the

rate of erosion in the drainage basin is the main factor which

controls the concentration of these elements in the sediments

of Lake Hunger.

The vegetational history, from palynological analysis, of

Lake Hunger from postglacial time to the present includes the

following stages: tundra, open spruce forest, closed boreal

forest, deciduous forest and the trend towards the re-establish-

ment of pine following the clearing of land and the subsequent

settlement of the Lake Hunger area by European settlers.

The concentrations of some elements (cobalt, nickel, iron,

manganese, calcium, magnesium, sodium and potassium) in the

sediments of Lake Hunger appears to be higher during pre-cultural

compared to post-cultural times. At least one complete post-

glacial record of the chemical history within a lake basin is

necessary in order to accurately assess man's effects on his

environment.
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INTRODUCTION

Location

Lakes' Hunger and Lisgar are located in southwestern

Ontario (Figure 1). Lake Hunger is a small, (9.5 ha), lake

in a rural community and is the only natural lake in the Big

Creek drainage basin. The lake is situated in Windham Township,

Norfolk County (Latitude 42° 58' N, Longitude 80° 29' W),

21.0 km (13 miles) north of Simcoe, Ontario. Lake Lisgar is

a small, (7.6 ha), man-made lake located in the urban center

of Tillsonburg, Ontario. The lake was developed as a 'mill'

pond in 187^ by the damming of a small tributary of Big Otter

Creek (Ontario Department of Planning and Development, 1957).

Lake Lisgar is situated in Dereham Township, Oxford County

(Latitude k2° 52' N, Longitude 80° kk* W).

Previous Work

The bedrock geology of the present study area has been

mapped by Caley (19^1) and Sanford (1969). Maps of the bedrock

surface topography have been made by Sibul (1969) for the

Big Otter Creek basin and by Yakutchik and Lammers (1970) for

the Big Creek basin. The physiography of the area is described

by Chapman and Putnam (1966).

The water resources of the Big Otter Creek and Big Creek

drainage basins has been discussed by Sibul (1969) and Yakutchik

and Lammers (1970) respectively. Investigations of groundwater

flow systems in the Big Creek and Big Otter Creek drainage

basins have been made by Novakovic and Farvolden (197^).

Wicklund and Richards (1961) describe the soil types in Oxford

County and the distribution of the Norfolk County soils was
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determined by a soil survey carried out in 1927-28 by the

Department of Chemistry, Ontario Agricultural College, Guelph.

Maps of the drift thickness for the Big Creek and Big

Otter Creek drainage basins have been made by Yakutchik and

Sibul (1964) and Sibul and Morrison (1965. 1966). The distribu-

tion of surficial deposits of the Big Creek drainage basin is

based primarily on the geological mapping of Yakutchik and

Sibul (1964) and Watts (19^9* unpublished), who mapped the

surficial geology of Windham Township. Surficial deposits of

the Big Otter Creek drainage basin have been mapped by Sibul

and Morrison (1965)» with reference to Dreimanis (195D who

mapped the Pleistocene deposits of the Aylmer-Brownville area.

P.J. Barnett (1975) of the Ontario Division of Mines, Toronto

is presently mapping the surficial deposits of an area in

southwestern Ontario which includes part of the Big Creek

watershed.

Extensive research in the field of limnology can be found

in the literature. As sources for the general study of limnology

the following can be noted: Hutchinson (1957, 1967) » Ruttner

(1953)5 Welch (1952) > Frey (1963)» Macan (1970); and National

Academy of Science (1969). Extensive bibliographies are con-

tained in all of the above literature dealing with the subject

of limnology.

Major research in the field of limnology in Canada is

carried out by the Canada Center For Inland Waters located in

Burlington, Ontario and the results of their studies in the

Great Lakes Region are published in the Proceedings of the

International Association for Great Lakes Research. In addition,





the Freshwater Institute situated in Winnipeg, Manitoba are

involved with the physical, chemical and biological aspects of

limnology, especially in the Experimental Lakes Area of north-

western Ontario. Much of the research in the Experimental Lakes

Area is carried out by Schindler and his associates (1971) and

by Brunskill (1971) and the results are published in the

Journal of the Fisheries Research Board of Canada . A special

issue of the Journal of the Fisheries Research Board of Canada

(VI. 31, No. 5, May, 197*0 was prepared to mark the occasion

of the Assembly of the XIX Congress of the International

Association of Limnology in Winnipeg, Manitoba held in August,

1974. This commemorative volume serves as a valuable up-dating

and provides an overview of the present major thrusts in

Canadian limnology.

The use of lake sediment surveys along with soil, stream

sediment and vegetation surveys have been used in regional

geochemical exploration programs for the purpose of delineating

possible mineral deposits. An up-to-date introduction to

exploration geochemistry aimed specifically at Canadian research

along with an extensive bibliography of the major research in

this field can be found in a textbook written by Levinson (197*0.

An important contribution to the field of limnology in

the British Isles has been made by Mackereth (1966) who studied

the chemical distribution of some elements in the postglacial

lake sediments of a number of lakes in the English Lake District.

Standard methods and techniques in the field of palynology

are well established and some of the major contributors to this

field are the following 1 Erdtman (19^3) J Faegri and Iversen





(1964) i and Birks and West (1973). Some aspects of the re-

lationship of pollen and spores in lacustrine sediments to the

vegetational history of a region are reported by the following

researchers: Wright and Frey (1965) and Cushing and Wright

(1967). A detailed bibliography on various aspects of palynology

are found in all of the above research reports.

The Quaternary geology and stratigraphy and the glacial

history of the Great Lakes Region is reasonably well established.

Early studies of the geological history of the Great Lakes

Region by Leverett and Taylor (1915) are historically significant

because their work acted as the 'building block' for the

subsequent research which followed. Discussions of the Great

Lakes geological history are now based primarily on the works

of Hough (1958, 1962, 1966) and Prest (1970). One of the most

recent descriptions of the glacial history of the eastern Great

Lakes-St. Lawrence Region is that by Dreimanis and Karrow (1972).

Stratigraphic correlation of Quaternary deposits across eastern

Canada has been attempted by McDonald (1971). A description of

the Pleistocene deposits of the Erie lobe has been reported by

Goldthwait et a]U_ (1965).

Field trips are important aspects of most Geological

Congresses and Conferences. Two of the most significant field

trips concerning the Quaternary stratigraphy and geology in the

Great Lakes Region are the excursions led by Terasmae, Karrow

and Dreimanis (1972) as part of the XXIV International Geological

Congress held in Montreal, Quebec and by Karrow (1975) as part

of the G.A.C.-M.A.C.-NC G.S.A. Conference held at the University

of Waterloo, Waterloo, Ontario.

As far as the author is aware, there has been no comparative





study made on the chemistry of lacustrine sediments between a

man-made lake in an urban area (Lake Lisgar) and a natural basin

in a rural community (Lake Hunger). The effect of man's

numerous activities on the chemistry of the environment in an

urban center, such as in Tillsonburg, may be delineated in the

lacustrine sediment record and compared to the lacustrine

sediment chemistry of a natural basin (Lake Hunger) in a rural

community where man's major activity is agriculture. This

type of study may be a small contribution in the understanding

of the chemical changes which occur in an urban and rural area

as a result of man's activities on the environment as shown in

the lacustrine sediment record.

The purpose of the chemical and palynological studies on

the Lake Hunger and Lake Lisgar sediment cores was three-fold:

(1) A comparative chemical study on sediment cores taken from

Lake Lisgar (man-made lake in an urban center) and Lake

Hunger (natural basin in a rural community) encompassing

the time since European settlement (as denoted by an

increase in the % Ambrosia on a relative pollen diagram).

(2) A postglacial chemical history of Lake Hunger.

(3) To determine the vegetational history of the Lake Hunger

area from postglacial time to the present.
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GENERAL GEOLOGY

Physiography and Drainage

Lakes' Hunger and Lisgar lie within the St. Lawrence

Lowlands physiographic region, the West St. Lawrence Lowlands

Division (Poole et al;., 1970).

The topography of the Big Otter Creek and Big Creek

drainage basins is a direct result of deposition and erosion

during glacial (Wisconsin) and postglacial times. Big Otter

Creek and Big Creek rise in the gently rolling moraine plains

of the Mount Elgin Ridges physiographic region (Chapman and

Putnam, 1951 )• Both drainage systems can be described as

being dendritic. The Big Otter Creek drainage basin is located

between 80° 29' and 80° 57' W longitude and 42° 38* and 43° 03'

N latitude and drains southward into Lake Erie at Port Burwell

(Figure 2). Big Otter Creek and its tributaries drain an area

of 316 miles 2 (822 km2 ). Lake Lisgar (42° 52' N latitude,

80° 44 • W longitude) has a surface area of 7.6 hectares (ha)

2 2
and a drainage basin area of O.36 km (0.1*4- miles ). The Big

Creek drainage basin is located between 80° 24' and 80° 38' W

longitude and 42° 36' and 43° 02' N latitude and empties into

Long Point Bay on Lake Erie, about 1/4 mile (401 m) south of

Port Rowan (Figure 2). Big Creek and its tributaries drain an

area of 281 miles 2
(731 km2 ). Lake Hunger (42° 58* N latitude,

80° 29' W longitude) has a surface area of 9.5 hectares (ha)

2 2
and a drainage basin area of 0.45 km (0.17 miles ). In the

headwaters region of both creeks the stream valleys are shallow

and poorly defined. Interbasin divides are easily distinguished

only where they follow the crests of the more prominent morainal

8
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Figure 2. Big Creek and Big Otter Creek Drainage

basins, Southwestern Ontario (after Novakovic

and Farvolden, 1974)





ridges. Downstream, the valleys become more deeply incised and

along the lower reaches the valley walls rise over 100 feet

(30.4 m) to the flat uplands of the Norfolk Sand Plain (Chapman

and Putnam, 1951). At the mouth of the streams the valleys

form sharp, V-shaped notches in the steep cliffs (50-75 feet

(15.2-22.8 m) high and approximately 210 feet (63.8 m) wide)

which are composed of unconsolidated deposits (silt, clay and

till) that form the north shore of Lake Erie.

Two main physiographic features are characteristic of the

Big Creek and Big Otter Creek drainage areas 1 the morainic

ridges known as the Mount Elgin Ridges and the sand plain known

as the Norfolk Sand Plain (Chapman and Putnam, 1951). The

Mount Elgin Ridges are end moraines which display sharp, high

ridges and rolling knob-and-kettle topography that generally

have a relief of less than 100 feet (30.4 m). This succession

p
of ridges and vales covers an area of approximately 563 miles

p
(1490 km ) and trends generally northeast-southwest. The St.

Thomas, Norwich and Tillsonburg moraines were formed during the

retreat of the Port Stanly ice sheet (Port Bruce Stadial), whereas,

the Paris moraine was deposited during the retreat of the

Wentworth ice sheet (Port Huron Stadial). The St. Thomas moraine

forms the northwestern boundary of the Big Otter Creek drainage

basin. It extends to the southwest from Mount Elgin as a high,

well developed ridge and to the northwest as a gently rolling

feature. Southeast of the St. Thomas moraine and separated

from it by a rolling plain, underlain by silt till, is the

Norwich moraine. This moraine extends to Delmer as a relatively

subdued and gently rolling ridge, from a point just north of

Norwich. It is not well defined between Norwich and Ostrander
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to the southwest. The Tillsonburg end moraine is a well developed

till ridge which extends from Harley in the northeast to Bayhera

in the southwest. The Paris moraine, consisting partly of till

and partly of kame sand and gravel, extends from the village of

Fairfield Plain in the north to Delhi in the south, beyond which

it is hardly recognizable topographically (Figure 3).

During deglaciation large volumes of meltwater from the

retreating glacier carved out spillway channels between the

moraines and across the moraines such as those south of Harley

and west of Tillsonburg (Chapman and Putnam, 1966). As the

glacier shrank from the area, glacial lakes (Whittlesey and

Warren) formed in the southwest and gradually expanded to

inundate most of the area, except for the crests of the morainic

ridges in the northern part of the basins. The stratified sands

and silts of the Norfolk Sand Plain were deposited as a delta

in glacial lakes Whittlesey and Warren. A great discharge of

meltwater from the Grand River area entered the lakes between

the ice front and the moraines to the northwest, building the

delta from west to east as the glacier withdrew.

Other physiographic features present in the Big Creek and

Big Otter Creek drainage basins are till plains, drumlins, kames,

kettles, clay plains and abandoned shorelines.

The rolling plain between the St. Thomas and Norwich end

moraines is the extent of ground moraine (the feature is called

a till plain) within the Big Creek and Big Otter Creek drainage

basins. This area is flat with accentuated relief where meltwater

channels have been cut into it. The relief is probably more

subdued than the original surface as much of this area has been

reworked by glaciolacustrine waters with some silt and sand
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being deposited as a veneer, particularly on the lower ground.

Drumlins are confined to the northwest corner of the Big

Otter Creek drainage basin. These belong to the Woodstock

drumlin field which was mapped by Chapman and Putnam (1951).

The drumlins are generally 0.3 to 0.7 miles (482 to 1124 m) long,

0.25 to 0.5 miles (401 to 803 m) wide and 20 to 75 feet (6.1

to 22.8 m) high.

Numerous kames are closely associated with the St. Thomas

moraine (to the northwest) and they consist of distinctly

bedded and well sorted sands and gravels. Kettle holes are

common in the Paris moraine (Barnett, personal communication).

Clay plains are confined to the southern extremities of the

Big Otter Creek and Big Creek drainage basins, in the deeply

dissected stream channels south of Delhi and in the bluffs of

Lake Erie.

As meltwaters entered the area from the north, proglacial

lakes or ponds formed in the south. Lake levels gradually rose

and inundation by glacial lakes Arkona, Whittlesey and Warren

resulted. The lakes left a record in the form of wave-cut

bluffs and terraces and sand and gravel offshore bars.

Postglacial features include the present Big Creek and Big

Otter Creek drainage basins, peat and muck deposits and the

steep receding bluffs cut by Lake Erie.

Maximum relief within the Big Otter Creek drainage basin

is 503 feet (153.3 m). Within the Big Creek drainage basin

maximum relief is 528 feet (160.9 m) . Figure 3 shows the

physiographic features present in the Big Otter Creek and Big

Creek drainage basins.
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Figure 3: Physiography of the Big Otter Creek and Big Creek
Drainage Basins (after Chapman and Putnam, 1951)
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Bedrock Geology

The bedrock underlying the Big Otter Creek (Lake Lisgar)

and Big Creek (Lake Hunger) drainage basins derives its structure

from the regional structure of the bedrock throughout the

southern part of the province. Being situated on the southern

flank of the Algonquin Arch, the formations dip gently to the

southwest (25-30 feet/mile) and strike northwest-southeast

(Yakutchik and Lammers, 1970).

Nowhere in the area does the bedrock outcrop, but it is

relatively well known from numerous borehole data. The rocks

have been ascribed to the Salina and Bass Island Formations of

the Silurian System, the Lower Devonian Bois Blanc Formation

and the Middle Devonian Delaware Formation and Detroit River

Group (Caley, 19^1 i Sanford, 1969). The oldest sedimentary unit

found to subcrop below the overburden is the Silurian Salina

Formation. This formation consists of dolomite and shaly

dolomite containing lenses of gypsum and has an average thickness

of 200 feet (60.8 m) (Sanford, 1969). The Salina Formation is

overlain conformably by the Bass Island (Bertie-Akron) Formation

of Upper Silurian age. The rock consists of grey to brown- and

cream-coloured, fine granular dolomite and has a thickness of

35 to 60 feet (10.6 to 18.2 m) (Hewitt, I960). The Lower Devonian

Bois Blanc Formation lies disconformably on the Bass Island and

is characterized by grey fossiliferous limestone and sandy

limestone and dolomite with abundant nodular chert. This

formation subcrops as a band, Mo 7 miles (6.^+ to 11.2 km) wide,

through the northern part of the drainage basins. It has an

average thickness of 100 feet (30.^ m). The Bois Blanc Formation

grades upward to brown and buff limestone and dolomite of the

Ik





Middle Devonian Detroit River Group. According to Sanford (1962),

a biohermal development (Formosa Reef) is present in the lower

part of the Detroit River Group and represents the only known

biohermal reef in rocks of Devonian age in southwestern Ontario.

Just outside of the northwestern corner of the Big Otter Creek

drainage basin, the Detroit River Group is overlain by the

Columbus Formation. However, the Columbus Formation is not present

in either basin and consequently, the younger Delaware Formation

disconformably overlies the Detroit River Group. This unit

consists of buff, clastic limestone grading upward into brown,

finely crystalline limestone, with interbedded black shale

(Sanford, 1962). Most of the Big Otter Creek and Big Creek

drainage basin is underlain by this formation.

Maps of the bedrock surface topography and drift thickness

were compiled by Sibul (1969) for the Big Otter Creek basin and

by Yakutchik and Lammers (1970) for the Big Creek basin. Sanford

has previously published maps of the bedrock topography and

drift thickness for a small portion of the study area (Sanford,

1953. 195*0. In addition, data from oil, gas and water wells

that were drilled to bedrock have been recorded with the Ontario

Water Resources Commission and have been used in the construction

of a topographic map of the bedrock surface.

Figure k shows the Paleozoic geology and bedrock contours of

the Big Creek and Big Otter Creek drainage basins. Maximum

relief is in excess of 600 feet (I83 m). The lowest elevation

occurs at the mouth of the Big Creek where the bedrock surface

elevation is 280 feet (85 m), nearly 300 feet (91.2 m) below

the surface of Lake Erie (572 feet (17^ m) a.s.l.). The bedrock

surface rises 875 feet (266.7 m) in elevation at the north end
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of the study area.

The overburden generally thickens southward from a minimum

of 25 feet (7.6 m) near Harley to a maximum of 325 feet (98.8 m)

near Lake Erie.

Pleistocene Geology

The Pleistocene deposits of the Big Otter Creek drainage

basin have been mapped by Sibul and Morrison (1965). with

reference to Dreimanis (195D who mapped the Pleistocene deposits

of the Aylmer-Brownsville area. The distribution of the

Pleistocene deposits of the Big Creek drainage basin is based

on the geological mapping of Yakutchik and Sibul (196*0 and

Watts (19^9. unpublished) and to Barnett (1975» unpublished) of

the Ontario Division of Mines. The northwest section of the

Big Creek drainage basin was mapped by Cowan (1972).

The surficial deposits in the Big Otter Creek and Big Creek

drainage basins are shown in Figure 5- These deposits, as far as

is known, were formed by ice moving out of the Ontario-Erie

basin during the last ice age, the Wisconsinan Glacial Stage, and

also, as the result of the subsequent deglaciation.

The St. Thomas and Norwich moraines, the oldest end moraines

within the area (Sibul, 1969). are composed of 'lower till' of

Port Stanley age (clayey silt till; Karrow, 1963). the same till

as that identified by Dreimanis (195D in the Catfish Creek

basin to the west. The second oldest moraine within the area is

apparently the Tillsonburg moraine which is capped with Port

Stanley Till. Cowan (1972) observed that the Tillsonburg moraine

may be considerably older than the Port Stanley Till which caps

it and that Catfish Creek Till (silty sandy stony till; Karrow,

1963) and possibly Canning Till (clayey silt till; Karrow, 1963)
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may core parts of this moraine. Barnett (1975» unpublished)

found Port Stanley Till overlying Catfish Creek Till in a road

cut in the Tillsonburg moraine just north of Lake Hunger. A

thin veneer of glaciolacustrine sand overlying the Port Stanley

Till was also observed by Barnett (1975» personal communication)

in the vicinity of Lake Hunger. The oldest till exposed in the

Big Otter Creek basin is located in a gravel pit in North

Norwich Township, Concession IV (Sibul, 1969). It is a compact,

stony sand till and contains many large boulders. This may be

the Catfish Creek Till originally identified by Dreimanis (1951)

in the Catfish Creek basin to the west. In this gravel pit

Catfish Creek Till is overlain by about 5 feet of bedded silt and

sand and then by the Port Stanley Till. The youngest moraine

within the study area is the Paris moraine. It represents the

outer part of the Port Huron Moraine System (Chapman and Putnam,

1966) and generally the maximum extent of Wentworth Till (sandy

till j Karrow, 1963). The Paris moraine is a gently rolling

moraine mantled by Wentworth Tilli kame and outwash deposits may

be found underlying the till at Scotland and near Delhi.

The rolling plain between the St. Thomas and Norwich end

moraines is the extent of ground moraine (composed of Port Stanley

Till) within the Big Creek and Big Otter Creek drainage basins.

Ice-contact deposits within the area are kames which are

isolated deposits of sand and gravel remaining after the retreat

of the Port Stanley ice sheet. Numerous kames are closely

associated with the St. Thomas moraine (to the northwest) and

they consist of well bedded and well sorted sands and gravels.

Slumped bedding is also a characteristic feature of these kames.

The surface of the kames is usually very rough and hummocky.
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Kettles, resulting from the melting of buried or partly

buried ice blocks, are common in the Paris moraine (Barnett,

personal communication). Lake Hunger is a kettle formed in the

Tillsonburg moraine.

Outwash deposits occur along the northwestern side of the

St. Thomas, Tillsonburg and Paris moraines. Characteristically,

these deposits consist of well to poorly sorted and well to

poorly stratified sands and gravels. Lenticular cross-bedding

is a common feature. The thickness of these deposits is highly

variable but may exceed 25 feet (7.6 m) in some areas.

Deep water lacustrine deposits (clays and silts) are

confined to the southern extremities of the Big Otter Creek and

Big Creek drainage basins, in the deeply dissected stream

channels south of Delhi and in the bluffs of Lake Erie. A complex

of lacustrine clays and silts, seen in many stream cuts near

Vienna, is called the 'Vienna Complex*. This complex (32 feet

(9.7 m) thick) lies on the 'lower' Port Stanley Till. The

lowermost unit consists of contorted silty clay (25 feet (7*6 m)

thick) that locally contains pebbles and cobbles. In many

horizons the complex exhibits faint bedding and resembles

waterlaid till. This lower unit displays crude stratification

due to variations in grain size, pebble content and number of

silt and clay inclusions but there are no distinct layers of

either clean silt or clay. The silty clay grades into a

homogeneous silt (4 feet (1.2 m) thick) which is in turn overlain

by bedded sand (3 feet (0.9 m) thick).

Shallow-water lacustrine and fluvial deposits (deltaic and

near-shore deposits) are widespread throughout the Big Otter

Creek and Big Creek drainage basins. They consist of fine to
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medium grained sand but may vary locally to coarse sizes.

Gravels are present in the area south of Burford. The sand

deposits owe their origin to deposition in meltwater spillways

and in shallow ponded waters, and consequently, are characterized

by good to poor sorting and good to poor cross-bedding. The

thicknesses of the sand deposits are variable but depths of 30

to 50 feet (9.1 to 15.2 m) are common over much of the area and

many of the deeper cuts along the Big Otter Creek, south of

Tillsonburg, and in the Big Creek northeast of Walsingham expose

40 to 50 feet (12,2 to 15.2 m) of sand. Most of this sand was

probably deposited as the result of sedimentation into glacial

lakes Whittlesey and Warren (Cowan, 1972; Sibul, 1969).

As meltwaters entered the area from the north, proglacial

lakes or ponds formed in the south. Lake levels gradually rose

and inundation by glacial lakes Arkona, Whittlesey and Warren

resulted. The lakes left a record in the form of wave-cut bluffs

and terraces and sand and gravel offshore bars. Wave-cut bluffs

and terraces with or without associated beach deposits are common

along the morainic ridges, especially the St. Thomas moraine in

East Oxford Township and the Tillsonburg and Paris moraines in

Windham Township. Sand and gravel offshore bars, formed in the

glacial lakes, are prominent along the Paris moraine east of

Delhi and at Windham Centre. A wave-cut shore bluff (10 feet

(3m) high) is prominent northwest of Lake Hunger and this may

represent the shoreline of an older glacial lake, possibly of

Lake Maumee (Barnett, personal communication). A deposit of very

coarse sand with pebbles is scattered in a line running northeast-

southwest, just south of Lake Hunger (Barnett, personal commun-

ication) .
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Recent alluvial material consisting of sands, silts and

gravels are found primarily along the flood plains of Big Otter

Creek and Big Creek. The bogs and swamps in the area are

poorly drained kettles, abandoned stream channels and low de-

pressions where water is found in a thin saturated cover of fine

sand over less permeable silt, clay or till. Many of the swamps

are covered with dense forest and contain varying thicknesses

of peat, muck and silt. The peat deposit between Dereham Centre

and Culloden is possibly of economic importance and is being

investigated (Sibul, 1969).

Climate

Figure 6, 'Synoptic Meteorological Data'*, for the year 1971

was derived mainly from temperature and precipitation records

available from the Simcoe Weather Station, Ontario, which is

located 40.3 km (25 miles) east of Lake Lisgar and 21.0 km

(13 miles) south of Lake Hunger.

The study areas have a continental climatic regime, modified

by the presence of Lake Erie to the south. The mean annual

temperature for the year 1971 was 46.4° F (8.0° C), which is very

close to the normal mean (1931-60) of 46.5° F (8.1° C). Recorded

extremes of temperature during the 30 year standard normal period

were -17° F (-22.6° C) and +96 F (35.5° C). The effect of the

continental type climate is reflected by the annual average of

140 frost free days (Brown et al. , 1968) and a long growing

season of approximately 200 days per year.

Precipitation, (i.e. rain +0.1 snow), for the year 1971 was

28.1 inches (714 mm) which is lower than the 30 year normal for

the area (35.6 inches (904 mm)).

* Full details of Meteorological data are available in Appendix 1.
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Figure 6
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Prevailing winds in the area are from the southwest at an

average velocity of 9.3 miles per hour (1931-60 period).

Soils

The description and distribution of the major soil types

found in Norfolk (Lake Hunger) and Oxford (Lake Lisgar) Counties

has been well documented. Webber and Hoffman (1973) describe,

in general terms, the origin and classification of the soils

located in the study areas. In Report No. 28 of the Ontario Soil

Survey (1961), Wicklund and Richards describe the soil types in

Oxford County and shows their distribution on the map accompanying

the report. The distribution of the Norfolk County soils

(Map No. 1) was determined by a soil survey carried out in

1927-28 by the Department of Chemistry, Ontario Agricultural

College, Guelph. The soil types located in the vicinity of Lake

Lisgar and Lake Hunger are shown in Figure 7. The major

characteristics of these soils is presented in Table 1.

The Fox and Huron soils are normal Grey-Brown Podzolic soils

having the following general profile characteristics: (1) A^

(A,), a black or dark grey surface horizon, with an organic

matter content ranging from 5 to 12 per cent, neutral in reaction?

(2) A
21 ( Ae i)» a brown or yellowish brown horizon, slightly acid

in reaction; (3) A
22 ( Ae2 )» a light brown or brownish grey

horizon, acid in reaction? (k) B
2

(B^), a dark brown horizon,

lies directly in contact with the calcareous parent material.

The loamy sands of the Fox series, adjacent to Lake Lisgar, have

developed on the calcareous sands (parent material) of the

Norfolk Sand Plain. These are well drained soils and are the

principal tobacco soils in southwestern Ontario. The clay loams

of the Huron series, adjacent to Lake Hunger, have developed from
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the calcareous clay and clay till (Port Stanley Drift) on the

Tillsonburg moraine. The Gilford soils represent the poorly

drained soils of outwash origin, with a finer textured alluvial

deposit occurring at the surface. These soils are classified

as Dark Grey Gleysolic, having developed under water saturated

conditions. The soils that occur on variable textured alluvial

deposits in stream, river and creek beds are termed 'bottom land'.

The soil material consists of alluvial sands, silts and clays

laid down by streams at various times of the year but largely

during the spring runoff. Bottom land soils have no profile

development and the soil reaction is neutral. There is no

agricultural use of the bottom land soils in the vicinity of

Lake Hunger.

Land Use

The Big Creek and Big Otter Creek watersheds lie entirely

within the Deciduous Forest Region (Halliday, 1937). The

Deciduous Forest Region is characterized by very moderate

climate, modified by being bounded by Lakes' Ontario, Erie and

Huron. The works of contemporary writers at the time of

settlement in the 1830' s indicated that the original forests

in the watershed areas were very extensive and were composed of

predominantly oak and pine. Sugar maple, beech and associated

hardwood species occupied the best soils, whereas soft maple

and elm occupied similar but poorer drained soils, particularly

on the heights of land between watersheds (Ontario Department

of Planning and Development, 1958). However, as settlement

progressed and agriculture and lumbering flourished, the original

forest cover was quickly depleted. By i860 the forests of

Norfolk and Oxford Counties were reduced by more than 60%, by 1910
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by almost 90%. In 1958, the woodland in the watershed areas

consisted of approximately 83% hardwood, Ikfo mixedwood and only

3% conifers.

The forest cover types* around Lake Lisgar consist of an

association of poplar, white and red oak, beech, willow and

scattered stands of white pine (Ontario Department of Lands

and Forests, 1962 1 types ka, 58 and 88). The forest cover types*

around Lake Hunger consist of an association of beech, sugar and

silver maple, white elm and small stands of white cedar (Ontario

Department of Planning and Development, 1958} types 24, 57 and

60).

Agriculture is the major industry in the Big Otter Creek

and Big Creek drainage basins. Figure 8 shows the major land use

activities in a small area of southwestern Ontario, encompassing

both Lake Lisgar and Lake Hunger. The main cash crops in the

area are tobacco, corn, oats and hay and these are grown primarily

on the light textured, well drained sandy soils of the Norfolk

Sand Plain. Dairy farming is dominant on the heavier soils which

have developed on the moraines (Chapman and Putnam, 1966).

Unimproved grazing land and woodland are confined essentially to

the poorly drained areas. Tobacco farming is the major land use

activity in the vicinity of Lake Lisgar, whereas corn is the

primary crop grown around Lake Hunger (Figure 8).

Morphometry**

The shoreline configurations of Lake Hunger and Lake Lisgar

were traced from aerial photograph enlargements (National Air

Photo Library, A18274-131 (Lake Hunger) and A18271-175 (Lake

* Full details of the forest cover types around Lakes' Lisgar
and Hunger are available in Appendix 1.

Complete details available in Appendix 1.
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Lisgar)). Nine sonar transects, (Figure 9)i with a Raytheon

Depth Sounder (model DE-725 B) provided the data for the

bathymetric chart shown in Figure 10 for Lake Hunger. Since

boating is prohibited on Lake Lisgar, no bathymetric chart was

obtained.

The basin of Lake Hunger is subcircular* in outline

(kidney-shaped), whereas, the basin containing Lake Lisgar can

be described as being subrectangular elongate*. The Lake

Hunger basin has steep sides and essentially a flat central area

below a depth of 20 feet (6.1 m), which is equivalent to 46 per

cent of the lake's surface area. The surface area of Lake

Hunger is 102,765 m (9.5 ha), with a maximum depth of 9.5 m

(31.2 feet), whereas, Lake Lisgar's surface area is 76,295 m

(7.6 ha), with a maximum depth of 6.4 m (21.0 feet). Figure 11

provides a generalized profile (equivalent radii versus depth)

of the Lake Hunger basin emphasizing the steep basin sides. The

steep and constant slope below a depth of 15 feet (4.6 m) is

evident on the hypsographic curve (A„/A , as a per cent against
L> O

depth). The cumulative per cent volume curve allows rapid

estimation of the per cent volume from the surface to any depth.

Table 2 summarizes the morphometric parameters for both lakes.

* Definitions after Hutchinson (1957).
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METHODS

Field Measurements and Sampling - Lake Survey

Lake Lisgar was a major recreational area in Tillsonburg,

however, for the last few years boating and swimming have been

prohibited. As a result, no bathymetric record for Lake Lisgar

was obtained. The coring sites in this lake basin were chosen

in alignment with the main inflowing and outflowing streams

(Figure 12). The winter coring procedure was standardized for

all of the sites. Two holes about 3 m apart were augered

through the ice at each coring site using a screw-type ice auger

(10 cm in diameter). Initially a portable Raytheon depth

sounder was used for sounding. However, some coring sites were

too shallow (water depth less than 3 m) and the sediment too soft

to give sufficiently accurate readings on the recorder. Depths

were, therefore, recorded by carefully lowering a weighted line

(a 30 cm long piece of •Dexion' was used as a weight) through

the water until it made contact with the sediment. The line was

pulled up and measured to determine the depth of the water.

All depths were recorded from the surface of the ice to the

water/sediment interface. The hole augered for depth sounding

was not used for sediment coring because of bottom sediment

disturbance resulting from depth sounding procedures.

All sediment cores were taken with modified Brown and

Livingstone piston samplers. The Brown sampler (Brown, 1956) is

an extensively modified Livingstone piston sampler and is

specifically designed for taking undisturbed cores through the

mud/water interface to a depth of approximately 1.5 m. Essentially,

the sampling package is composed of a 6 foot (1.8 m) long, 2

inch (5.1 cm) diameter (O.D.) acrylic resin tube, a piston and a
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head piece to which extension rods can be attached. The

Livingstone sampler (Livingstone, 1955) is a light weight adap-

tation of Kullenberg's deep-sea piston sampler. It is designed

for taking sub-surface sediment cores at a depth greater than

approximately 1.5 m. The Livingstone apparatus utilizes thin-

walled aluminum alloy coring tubes of 1.5 inch (4 cm) O.D., a

piston and a head piece to which extension rods can be attached.

The sediment cores were labelled in the field and were

stored upright during transport to the laboratory. Three surface

cores, L.L. 1, 2 and 3i recoveries of which were 85 cm, 90 cm

and 42 cm respectively, were taken from Lake Lisgar. Two full

cores (L.L. 4 and 5) were obtained in the deepest region of the

Lake Lisgar basin, the recoveries of which were 108 cm and

103 cm respectively. Of the cores taken from the five sampling

sites, four cores were used for chemical and palynological

analysis and the fifth core was used for palynological and

ostracode analysis.

A bathymetric record of the Lake Hunger basin was obtained

using a portable Raytheon depth sounder (Figure 10). Surface

cores were taken, with a modified Brown piston sampler, near

the mouths of the inflowing and outflowing streams and in the

deepest region of the lake basin. The recovery of the four

surface cores, L.H. 1, 2, 3 and 4, were 152 cm, 155 cm, 145 cm

and 104 cm respectively. Two full cores (L.H. 5 and 6) were

obtained in the deepest region of the Lake Hunger basin, the

recoveries of which were 8.41 m and 7.31 m respectively. In

addition, eight surface samples were taken around the perimeter

of the basin with a G.S.C. gravity corer. The location of the

sampling sites is shown in Figure 13. The six cores were used
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for chemical and palynological analysis. Also, radiocarbon

dates were obtained for Boreholes 4 and 5. The eight surface

samples were analyzed chemically in the laboratory.

Field Measurements and Sampling - Soil* Survey

Lake Lisgar is located within the center of Tillsonburg and

as a result only a limited number of soil sampling sites were

obtained. Soil samples were taken at 50 yard (45.7 m) intervals

around the north, south and west facing slopes of the Lake

Lisgar basin. There were no soil sampling stations located on

the east facing slope because of the close proximity of res-

idential property to the lakeshore. The number of soil sampling

stations in the Lake Lisgar study area totalled 20 (Figure 12).

Since Lake Hunger is located in a rural community it was possible

to set up a sampling grid around the perimeter of the lake. The

sampling grid consisted of 20 traverses, each traverse perpen-

dicular to the lakeshore. The interval between traverses was

50 yards (45.7 m). The number of soil sampling stations on each

traverse ranged from 2 to 5 and the interval between sample

sites was 25 yards (22.9 m). The number of soil sampling

stations in the Lake Hunger study area totalled 88 (Figure 13).

The soils were sampled with a 'camper' shovel and were

placed in labelled Kraft manilla waterproof bags. The sample

depth was between and 6 inches (0 to 15.2 cm). Duplicate

soil samples were collected from each soil station - one to be

used for chemical analysis, the other to be stored for future

reference. The material collected in the field was described

* Unless otherwise stated, in this thesis the term 'soil' will be
used to designate that material which occurs between and 6

inches (0 to 15.2 cm) in depth irregardless of the type of
material (for example, organic, sand, silt, clay or till) or
soil horizon encountered.
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according to (1) texture (2) presence of clasts (3) colour and

(4) presence of organic material. The location of each soil

sampling station was plotted on an aerial photograph overlay.

Field Measurements and Sampling - Stream Sediment Survey

Lake Lisgar was developed as a •mill' pond in 1874 by the

damming of a small tributary of Big Otter Creek. Sediments from

the inflowing stream, which enters the lake from the north were

collected at 50 yard (45.7 m) intervals. Water drains from

Lake Lisgar through an aqueduct at the south end of the lake.

As a result of this, the 5 stream sediment stations sampled were

from the inflowing stream (Figure 12). Sediments from 2 in-

flowing and 1 outflowing stream in the Lake Hunger study area

were sampled and the interval between stream sediment stations

was 25 yards (22.9 m). The total number of sampling sites was

13 (Figure 13).

The stream sediments were collected, where possible, from

the center of the stream bed with a 'camper' shovel and the

samples were placed in labelled Kraft manilla waterproof bags.

Duplicate samples were obtained from each site. The material

collected from the stream was described with regards to texture,

presence of clasts, colour and presence of organics. The stream

width, depth and speed was also noted. The location of each

stream sediment station was plotted on an aerial photograph overlay.

Laboratory Methods

Storage, Extrusion, Logging and Sampling of Lacustrine Cores

The lacustrine sediment cores collected from Lakes' Lisgar

and Hunger were transported to the laboratory facilities at

Brock University. All surface cores, because of the fluid nature

of the sediments, were stored and consequently frozen in a
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controlled environment room which maintained a temperature of

-5° C. The remaining subsurface cores were stored in a second

controlled environment room which was maintained at a temperature

of +5 C. The eight surface samples which were collected from

the perimeter of the Lake Hunger basin were placed in a small

freezer located in the palynological laboratory.

The cores were removed from the cold storage, extruded,

split longitudinally and the surface was scraped clean. The

sediment recovered was measured and a description of the strat-

igraphy of each core was carefully recorded. A detailed

description of Lake Hunger Boreholes 5 and 6 is presented in

Tables 3 and 4. Table 5 outlines the utilization of the cores

taken from Lakes' Lisgar and Hunger.

For pollen analysis, one centimetre thick slices of sediment

were cut at intervals of five centimetres, beginning at the

zero centimetre interval and continuing down the length of the

core. As each sample was taken it was placed in a labelled

plastic bag. These samples were then placed into cold storage

to prevent any bacterial or fungal growth. The remaining four

centimetre sections of sediment from each core, to be used for

chemical analysis, were placed into labelled plastic bags and

frozen. This sampling procedure was standardized for all cores

requiring pollen and chemical analysis.

As shown in Table 5» Borehole 5 of Lake Lisgar was used for

pollen and ostracode investigations. The procedure was

essentially the same as that used for pollen and chemical

sampling. In this instance, however, the four centimetre

sections were stored along with the pollen samples in a cold

storage unit rather than a freezing unit.

41





Table 3» Stratigraphy of Lacustrine Sediments, Lake Hunger
(Borehole 5)t Norfolk County, Southwestern Ontario.

Depth in cm. Description of Sediment

0-463 dark brown algal gyttja, fine textured, compact,
medium decomposition, a few plant fragments,
presence of vivianite at 300 cm, no sample
between 360 cm to 370 cm.

463-470 no sample.

470-480 medium brown algal gyttja, black mottling
throughout unit, fine textured, compact, well
decomposed.

480-542 grades into laminated dark brown and grey green
algal gyttja, fine textured, well decomposed,
vivianite blebs concentrated at 480 cm to 482 cm
and 487 cm.

542-544 sharp contact, greenish brown algal gyttja, fine
textured, well decomposed.

544-555 grades into medium brownish grey algal gyttja,
fine textured.

555-564 grades into greenish brown algal gyttja, fine
textured.

564-570 grades into greyish brown algal gyttja, fine
textured, some clay present.

570-573 grades into medium brown algal gyttja, fine
textured.

573-670 fluctuating contact, black algal gyttja, fine
textured, minor silt and clay, distinct bands of
medium brown gyttja (at 581 cm, 653 cm, 658 cm
and 660 cm), numerous indistinct blebs and
laminae of medium brown gyttja, vivianite blebs
present at 602 cm, 612 cm, 680 cm and 655 cm.

670-693 black algal gyttja, minor clay, fine textured,
grades into dark grey clayey gyttja.

693-695 grades into medium grey clayey gyttja.

695-710 grades into greenish grey clay.

710-720 grades into light grey clay.

720-760 grades into light pinkish brown clay.

760-801 distinct contact, medium grained buff calcareous
sand, small pebbles present.
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Table 3. continued

801-809

809-841

grades into fine grained light brown calcareous
sand.

grades into medium grained light grey calcareous
sand, distinct bands of fine grained dark grey
calcareous sand at 826 cm, 828 cm and 829 cm,
few small pebbles present near top of unit.

Table 4. Stratigraphy of Lacustrine Sediments, Lake Hunger
(Borehole 6), Norfolk County, Southwestern Ontario.

Depth in cm. Description of Sediment

0-478

478-551

551-578

578-600

600-668

668-676

676-723

723-731

dark brown algal gyttja, fine textured, compact,
medium decomposition to 361 cm, well decomposed
from 36I cm to 478 cm, slightly silty from
171 cm to 364 cm, a few plant fragments.

grades into laminated sediment, dark brown algal
gyttja and light buff calcareous gyttja (distinct
laminae of light buff calcareous gyttja at 487 cm,
494 cm, 496 cm, 502 cm, 533 cm and 548 cm), well
decomposed.

grades into laminated black and buff gyttja, well
decomposed, a few plant fragments.

grades into buff brown gyttja, slightly calcareous,
medium decomposition, a few seeds and plant
fragments

.

transition to black gyttja, non-calcareous, minor
silt and clay, medium decomposition.

grades into medium buff brown calcareous gyttja,
a few plant fragments.

grades into black clayey gyttja, slightly
calcareous.

grades into mottled dark grey silty clay with
buff clay inclusions.
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Cores 8 and 9 of Borehole 5 from Lake Hunger were X-rayed

prior to extrusion and sampling. The purpose was to obtain

a distortion free record of the sediment stratigraphy prior to

possible compaction of the material during the extrusion process.

Samples were collected from Boreholes k and 5 of Lake

Hunger for radiocarbon dating.

Palynological Preparation

The object of processing the sampled sediment is to con-

centrate any spores and pollen grains which may be present in

the lacustrine sediment and to make them as visible as possible

for microscope identification. This processing involves

deflocculation, removing the extraneous inorganic and organic

material and then embedding the palynomorphs in a medium on a

microscope slide (Faegri and Iversen, 1964).

The particular treatment or treatments used in the ex-

traction of palynomorphs is determined by the type of lacustrine

sediment. In the present study, gyttja (slightly calcareous and

non-calcareous), clay and calcareous sand were basically the

sediment types collected in Lakes' Lisgar and Hunger. Chemical

treatments used in the processing of these sediments were

hydrofluoric acid, hydrochloric acid, potassium hydroxide, glacial

acetic acid and acetolysis mixture.

The non-calcareous gyttja samples were prepared by using a

slightly modified Erdtman's Potassium Hydroxide treatment. Ten

millilitres of 10% potassium hydroxide was added to each sample

and these were heated to the boiling point and then removed,

rather than boiling them for ten minutes as originally suggested

by Erdtman (Erdtman, 19^3). This was followed by Erdtman's

Acetolysis treatment (Erdtman, 1943). The slightly calcareous
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gyttja was first treated with cold 10% hydrochloric acid and

then treated with the Potassium Hydroxide-Acetolysis method

mentioned above.

Clay samples were treated with cold 52% hydrofluoric acid

for periods of at least 24 hours. The samples were allowed to

settle and then most of the hydrofluoric acid was gently poured

off. The samples were then washed with distilled water,

centrifuged and the water was decanted. After a second washing,

cold 10% hydrochloric acid was added to each sample. The

samples were then gently heated, centrifuged and the hydrochloric

acid was decanted. After washing with distilled water,

centrifuging and decanting the water, the samples were put through

the Acetolysis procedure (Erdtman, 1943).

The calcareous sand was first placed in cold 10% hydro-

chloric acid (to remove the carbonates) and then treated with

cold 52% hydrofluoric acid (to remove the silica). If the

carbonate was not removed before treating the sample with

hydrofluoric acid, an insoluble white compound, calcium fluoride,

would form. After the hydrofluoric acid step, the samples are

once again treated with cold 10% hydrochloric acid. This step

breaks down any calcium fluoride which still may have formed.

Complete details of the palynological sample preparation are

available in Appendix 1.

The pollen samples were not stained. Two slides of each

sample were prepared using corn syrup as the mounting medium.

The pollen on the slides was counted using a 40 power objective

and 10 power wide-field eye pieces on a binocular Leitz S.M.

biological microscope. At least 150 pollen grains of tree species

were counted on each slide except for some slides from Lake
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Lisgar where due to scarcity of pollen and/or poor pollen

preservation the counts were lower. Emphasis was placed on a

balanced distribution of traverses across each slide. The

compilation of pollen diagrams in this thesis follows the

format commonly used in palynostratigraphic studies of Pleistocene

deposits. The basic pollen sum used for calculating the

percentages of the different pollen types shown in the diagrams

equates to that of the total arboreal pollen count.

Ostracode Studies

Ostracodes can be used as a tool for paleoecological

interpretations (Delorme, 1969). For this reason, Borehole 5

of Lake Lisgar was collected and the ostracodes were extracted

according to the following technique.

(1) Small amounts of the four centimetre segments of sediment

core were gently washed through a bank of 8 inch diameter

sieves that comprised the 28-48-65 mesh screens in

sequence.

(2) The residues on the screens were carefully washed into

a number of 3 1/2 inch diameter Pyrex petri dishes.

(3) The samples were then slowly evaporated to dryness on a

Corning PC-35 hot plate.

(4) The ostracode carapaces were gently picked out using a

fine (size 2) artist's paint brush. The carapaces were

placed on 60-square cardboard micropaleontological

slides which had been previously treated with soluble

gum tragacanth Formalin. A Bausch and Lomb stereozoom

microscope was used in the identification of the ostracodes.

X-Radiography

The advantages of X-raying sediment cores prior to extrusion
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and sampling is that a distortion free record of the sediments,

particularly bed thickness and boundaries is retained, as well

as a visual record of any structures which may be present in

the lake bottom sediment. Lake Hunger cores 8 and 9, from

Borehole 5t were X-rayed in the Brock University Palynological

Laboratory using a Faxitron (Model 8060) X-ray system and

Kodak type M industrial X-ray film. Complete details of the

operational procedure for the Faxitron Model 8060 X-Radiography

Unit are available in Appendix 1.

Radiocarbon Dating

Eleven separate sections of sediment core were removed

from Lake Hunger Boreholes 4 and 5 and sampled for pollen

analysis prior to submission to the Radiocarbon Dating Laboratory

at Brock University. The samples were then processed for

analysis with the Picker Nuclear Benzene Synthesizer (Kim, Ruch

and Kempton, 1969) and the counts were made using the Picker

Nuclear Liquimat 220.

Geochemical Preparation of Lacustrine Sediments

The chemical preparation of the lake sediment samples

follows the format described by Terasmae et al. , 1972. Briefly,

the 4 centimetre sections of lake sediment core were weighed

immediately after they were taken from the extruded sediment

cores and the wet weights were recorded. After the samples

were filtered for a period of 24 hours, they were oven dried at

110° C for another 24 hours. The dry weights were recorded.

The oven dried samples were ashed at 435° C in a Thermolyne

furnace for a period of 11 hours and the ashed weights were

recorded. Half a gram of the ashed material from each sample

was weighed into a Pyrex test tube to which 10 ml of cold 12#
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hydrochloric acid was added. This mixture was allowed to stand

for 8 hours, capped and shaken for 8 hours on a mechanical

shaker. Directly after shaking the test tubes were centrifuged

to remove the particulate matter from the extracts. The clear

liquid was then decanted into small glass vials. The lead,

copper, nickel, cobalt, zinc, aluminum, sodium, potassium, iron,

manganese, calcium and magnesium content of each extract was

then determined using a Perkin Elmer 403 Atomic Absorption

spectrophotometer with an automated sample changer and teletype

printout attachment. The values obtained for the 12 elements

were expressed as parts per million in dry sediment and plotted

graphically. Full details of the analytical method is described

in Appendix 1.

Some idea of the performance of the method just described

may be obtained from Figure Ik, To obtain data for the pre-

paration of this figure ten subsamples, of a homogeneous lake

sediment standard collected from Lakes' Lisgar and Hunger,

ranging in sample weight from 0.1 to 1.0 grams were analyzed in

duplicate. One of each pair of samples was extracted with cold

12% hydrochloric acid as described above and the other with

cold 12% hydrochloric acid to which known amounts of the 12

elements included in the study had been added. The object of

this performance test was to establish the precision (which is

the ability to reproduce and repeat the same result), accuracy

(which is the approach to the true content) and extent of bias

(influencing results in a standard manner due to personal

characteristics) which might occur in the chemical data due to

the method of chemical analysis.

The precision of the method for cobalt and magnesium is
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indicated by the two values obtained from chemical analysis of

the same extract sample (Figure 14 - identical results for the

two tests are shown '0' and those not quite identical are shown

by 'X') and by the straight line plot obtained over a tenfold

range of sample weight (0.1 to 1.0 g). In the case of magnesium,

the line passed through the origin and it is concluded that the

method is both accurate and free from bias. However, for cobalt

some positive bias was detected.

In the case of the other ten elements (lead, zinc, nickel,

copper, aluminum, iron, manganese, sodium, potassium and calcium)

the data obtained from the performance test was not of quite

the same standard as that for cobalt and magnesium. All ten

elements showed a slight positive bias. The data for nickel

was very similar to cobalt but was not as precise. All addition

curves, except those for zinc and iron, were parallel to the

standard curves. In the case of zinc and iron, the slope of the

addition curve flattened slightly for sample weights over 0.7

grams. This might indicate that too little extractant was

present. Although systematic error of this kind would be of

importance in quantitative studies, the performance of the

semiquantitative analytical method just described was considered

more than adequate for the analysis of the lake sediment data

because the data is plotted on a relative, rather than absolute,

basis.

A second test on the performance of the analytical procedure

was carried out on the replicate analysis of 20 samples of the

homogeneous lacustrine sediment standard. As shown on Table 6

the coefficient of variation of all of the 12 elements analyzed

is less than 10%. This degree of reproducibility is considered
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adequate for this study.

Geochemical Preparation of Soils and Stream Sediments

The soil and stream sediment samples were chemically

prepared by similar methods. This procedure has been outlined

by Fortescue et al. , 1971. Briefly, the samples were oven

dried at 110° C for a period of 2k hours, crushed and then

passed through an 80 mesh stainless steel sieve. Half a gram

of the minus 80 mesh material from each sample was weighed into

a Pyrex test tube to which 10 ml of cold 12$ hydrochloric acid

was added. From this point on, the procedure is identical to

that used in the chemical preparation of the lacustrine sediment

samples. Full details of the analytical method is described

in Appendix 1

.

In order to ascertain the precision, accuracy and extent

of bias which might occur in the chemical data due to the method

of chemical analysis, a performance test on the soil samples,

similar to the method employed for the lacustrine sediment

samples, was determined. Figure 15 shows the performance of

two elements, lead and nickel. The precision of the method

for lead and nickel is indicated by the two values obtained

from chemical analysis of the same extract sample (Figure 15 -

identical results for the two tests are shown '0' and those not

quite identical are shown by 'X') and by the straight line plot

obtained over a tenfold range of sample weight (0.1 to 1.0 g).

The lead values indicate that the method is not as precise for

lead as it is for nickel. However, in the case of both lead and

nickel, the line passed through the origin and it is concluded

that the method is both accurate and free from bias. The

performance of the method for the other ten elements (zinc,
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copper, cobalt, aluminum, manganese, iron, sodium, potassium,

calcium and magnesium) is discussed below. The data for cobalt

was very similar to nickel but was not as precise. All elements

with the exception of magnesium showed a slight positive bias.

All addition curves, except that for zinc, were parallel to the

standard curves thus indicating the degree of accuracy of the

method. In the case of zinc, the slope of the addition curve

flattened slightly for sample weights over 0.7 grams. This

might indicate that too little extractant was present. The

performance of this semiquantitative analytical method was

considered more than adequate for the analysis of the soil data

because the data is plotted on a relative, rather than absolute,

basis.

A second test on the performance of the analytical pro-

cedure was carried out on the replicate analysis of 20 samples

(only 19 samples analyzed for potassium) of the soil standard.

As is shown in Table 7 the coefficient of variation for 9 of

the elements analyzed is less than 10%. Nickel (20.^0%) and

cobalt (17.27%) have the highest coefficient of variations,

however, this is expected because of the very low range in

concentration (0.2 to 0.3 ppm) of these two elements in the soil

samples. In the case of zinc, the coefficient of variation was

13.60% which may be related to the extreme sensitivity of the

Atomic Absorption method for this element. In summary, the

degree of reproducibility shown on Table 7 is considered adequate

for this study.

As was mentioned previously, the analytical procedure for

the preparation of the stream sediment and soil samples is

identical. Since the stream sediment and soil samples were
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analyzed simultaneously, it was considered not necessary to

obtain a separate set of performance data for the stream

sediments.
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RESULTS

Soil Survey - Lake Lisgar

Lake Lisgar is located in the center of Tillsonburg, Ontario.

The influence of man's activities in urban communities on the

environment (atmosphere, hydrosphere, biosphere and lithosphere)

have been well documented by many researchers. Lead, nickel

and zinc contamination of soils and vegetation near roads has

been attributed to leaded gasoline (Warren and Delavault, 1962}

Cannon and Boyles, 1962; Lagerwerff and Specht, 1970; Chow, 1970).

The combustion products of leaded gasolines and vapour emissions

from industrial activities has resulted in elevated concentrations

of several metals in the air (Lagerwerff, 1970). The contam-

ination of urban garden soils with copper, boron and lead and

trace element contamination of parklands in urban centers has

been attributed to atmospheric pollution (Purves, 1967; Purves

and MacKenzie, 1969). Artificial eutrophication of lakes in

urban areas has been related to increases in nutrient supply

from sources such as municipal sewage, urban drainage and

industrial wastes (Hasler, 19^7; Edmondson et al. . 1956; Bartsch,

1970). Studies such as these indicate that in areas of con-

centrated land use activities patterns of element enrichment in

the environment can be delineated.

The purpose of the present soil survey was to determine if

the activities of man in the vicinity of Lake Lisgar has had an

effect on the element composition of the soils around the lake.

The location of the 20 soil sites studied and the land use

activities in the Lake Lisgar area are shown in Figure 16.

Sites 1-8 represent the 'control', an area where the soils have

not been directly influenced by man; Sites 9-20 represent the
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'signal', an area where the soils have been in close association

with man's activities. In order to establish an accurate

background value for the soil data, the results of the chemical

analysis were expressed in terms of median rather than mean

values (Figure 16). The reason for this is that some except-

ionally high values for some of the elements occur in the soil

samples of the 'signal' area, hence, the sample mean does not

provide a true measure of the central tendency of the soil data

distribution. To compensate for these high values, the median

value (the value for which one half the results in the dis-

tribution are less and one half are greater) for each of the 12

elements was determined. The difference between the sample

mean and the median for the 12 elements analyzed is outlined in

Table 8.

From the mean values in Table 8 it is evident that the

concentrations of lead, zinc, nickel, cobalt, copper, sodium,

potassium, calcium and magnesium are enhanced in the 'signal'

area soils. The concentrations of aluminum, iron and manganese

are essentially the same in the soils of both the 'control' and

'signal' areas. A similar enrichment pattern of lead, zinc,

nickel, copper, sodium, potassium, calcium, magnesium and to a

lesser extent cobalt in the 'signal' area soils can be delineated

from Figure 16. In the 'signal' area, anomalously high con-

centrations of certain elements occur at specific soil stations

(Table 9). Generally, Soil Sites 9 and 17-20 appear to have the

highest concentrations of the elements in the 'signal' area.

As has been mentioned previously, the sands and loamy sands

of the Lake Lisgar area are members of the Fox series. These

soils are classified as Grey-Brown Podzolic and have developed
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Pb Zn Ni Co Cu Ca Mg Na K Al Fe Mn___

Soil Site 1+---------- +

2 +

3 -

5 +

6 +

o
>> o

k + + + 2 ^
(0 c+

O

7---- + + + -----
8- + -------+ + +

9* ** + ***+ + + + _

10 --------*+--
11+*--*--- + + + -

12---- + --+-+ + +

13-- + --**+*+ + +

14 + + -- + **+-+ + +

15+- + + + *** + - + +

16 -- + --**+ + ---
17 **»*»»_ + _ + +

18* + + - + **+ + + + +

19** + + ***+ + ---
20- + + + ***+ + + + +

* Represents Soil Sites Which Have The Highest Element
Concentrations

.

+ Represents Soil Sites Where The Element Concentration Is >
The Median Concentration.

- Represents Soil Sites Where The Element Concentration Is <
The Median Concentration.

Table 9. The Chemical Distribution of the 12 Elements at each
of the 20 Soil Stations.
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on the calcareous sands of the Norfolk Sand Plain. All profile

horizons, with the exception of the 'C horizon which has a pH

of approximately 7.2, are slightly acidic in reaction. The pH

of the surface horizon, that is, the uppermost 6 inches of

material, was determined for each of the 20 soil stations. The

average pH of the 8 'control' area samples was 6.7t which is

comparable to the acidic nature of both the 'A' and 'B' horizons

of the Fox series soils. However, the average pH of the 12 soil

samples in the 'signal' area was 1,5% which indicates that there

has been an increase in alkalinity at these soil stations.

The significant increases in concentration of lead, zinc,

nickel, cobalt, copper, sodium, potassium, calcium and mag-

nesium in the soils of the 'signal' area can be mainly attributed

to a variety of man's land use activities in this region. Roads

are abundant in the 'signal* area and, in fact, the highest

concentrations of lead, nickel and zinc occur at sites adjacent

to Concession Street which is one of the main thoroughfares

in Tillsonburg. Lead and nickel, emitted as aerosols during the

combustion of leaded gasolines, is a major soil contaminant

found at sites adjacent to roads. Another source of the high

lead and nickel concentrations is the result of the atmospheric

abrasion of automobile parts which contain lead and nickel and

the subsequent transportation of these metals by runoff into the

soils. Zinc, which is a constituent of motor oils and automobile

tires, is also enriched in the soils and similar to lead and

nickel this metal is carried into the soils by runoff from the

roads. The importance of these travel routes to the direct and

indirect contribution of metals to the soils is exemplified by

the fact that Soil Stations 13-19 are all located within 5 feet

63





of the road. In addition, contiguous to Soil Sites 13-16 there

are no curbs to channel the runoff water from the roads and con-

sequently this water with its contaminants flows directly onto

the soils. The supply of metal ions from urban runoff is clearly

shown at Site 1?. This station is located directly below a

storm sewer outlet pipe which channels the runoff from Concession

Street into Lake Lisgar. The highest concentrations, with the

exception of Soil Station 9. of lead, zinc and nickel occur at

this site. Cobalt, which has relatively low values throughout

the Lake Lisgar study area, has its most diagnostic pattern at

sites contiguous to Concession Street, the highest concentration

of which occurs at Station 17.

Anomalously high concentrations of lead, zinc, nickel, cobalt,

copper, calcium and magnesium are found at Soil Station 9. This

site is composed of fill which has been used during the con-

struction of the bridge over Lake Lisgar. The exceptionally high

values of the elements at this site can be attributed to the

chemical nature of the fill.

All soil stations in the 'signal' area are located next to

park and grass areas which are maintained by the City Works

Department of Tillsonburg. The combustion products emitted by

the gasoline powered lawnmowers may be an additional source of

metals in the soils.

Significant amounts of calcium, magnesium, sodium and

potassium are present in the soils of the 'signal' area.

Specifically, calcium and magnesium are 6 and 8 times higher in

the 'signal' soils. Ca(0H)
2

(slaked lime), which is a major

constituent used in the making of cement, is slightly soluble in

water and the resulting solution (lime-water) may be transported
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to the soils, especially at Stations 13-20 which are located

adjacent to the residential community. Salts (NaCl, CaClp) used

in the de-icing of roads can supply quantities of calcium,

magnesium, sodium and potassium, in varying amounts, to the soils.

Sodium, which is used in an alloy with lead to make lead

tetraethyl (Pb(C
2
H^)^) (Graham and Cragg, 1956), may be released

during the combustion of gasolines.

Artificial fertilizers and herbicides are applied yearly by

the City Works Department of Tillsonburg to maintain the parklawns

in the Fairgrounds and the grass areas between the roads and the

lake. The most common fertilizer used is known as 'CIL Grow-All'

(D. Terry, personal communication) and the major constituents

include nitrogen, phosphoric acid, soluble potash from sulphate,

calcium, sulphur and magnesium. This fertilizer is certainly

an important contributor of calcium, magnesium and potassium to the

soils of the 'signal' area. Also, the increase in alkalinity of

these 'signal* soils may be the result of the fertilizer

applications. The common herbicide 2, *J-D (2, 4-dichlorophenoxy-

acetic acid) is the spray used to control broad leafed weeds in

the park and grass areas. One of the forms of 2, 4-D available

includes sodium salts and if this mixture is used, enrichment of

the soils with sodium may occur.

The source of copper in the soils of the 'signal' area is

difficult to explain. The fungicide, copper sulphate, may have

been applied in the past, however, there is no evidence that this

compound is being used at present.

In summary, the notable increase in concentration of lead,

zinc, nickel, calcium, magnesium, sodium, potassium, possibly

cobalt and most likely copper in the soils of the 'signal' area
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is related to man's activities in the Lake Lisgar study area.

Stream Sediment Survey - Lake Lisgar

Sediments from the inflowing stream, which enters Lake

Lisgar from the north, were collected at 50 yard {^5.7 m) inter-

vals. Water drains from Lake Lisgar through an aqueduct at the

south end of the lake. As a result of this, the 5 stream

sediment stations sampled were from the inflowing stream

(Figure 12). At each of the sediment sites, the stream was stag-

nant, filled with aquatic vegetation and the water surface was

covered with a layer of duckweed. A thick accumulation of

undecomposed organic material (leaves, roots, twigs) covered and

intermixed with the sediment at Site B. The sediment type, as

described in the field, for Sites B-E was a light brown sandy

clay. A black sand was collected from Station A (located approx-

imately 30 yards (27.5 m) south of the main entry of the stream

into the lake).

The concentration of the 12 elements at the 5 stream sediment

stations is shown in Table 10.

Two observations can be made regarding this stream sediment

survey. First, the concentration of all elements, except

sodium, is less at Site A than at Sites B-E. Gawron (1971) has

shown that different sediment types even at the same sampling

site contain variable element concentrations. A clayey sediment

due to its physical properties contains a higher concentration

of trace elements than does a sandy sediment (Gawron, 1971). The

results of the present survey agree with Gawron' s (1971) findings.

Second, the highest concentration for most of the elements

occurs at Station B. This is suspected to be related to the

abundant organic material present at this site.
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Lacustrine Sediment Survey - Lake Lisgar

Lake Lisgar was developed as a 'mill' pond in 187^ by the

damming of a small tributary of Big Otter Creek. E.D. Tillson,

the son of G. Tillson (founder of Tillsonburg in 1825). con-

structed the 'mill' pond in order to supply adequate fire

protection for the town. The horse-power developed from the

dam was utilized by a foundry, a machine shop, a grist mill and

a saw mill, all of which were built shortly after 187^. After

Tillson' s death in 1902 the foundries and mills were sold and in

later years they burned down or were abandoned. In 1937 Lake

Lisgar burst the Concession Street dam and Tillsonburg exper-

ienced the worst flood in its history. Lake Lisgar has been used

as a recreational area at least since the early 1900' s (F. Winn,

personal communication). In 1967 John Hunter, Recreation-

Director of the Tillsonburg Park, spread weed-killer (type un-

known) throughout the lake to try to eliminate the abundant

organic growth which had developed. Lake Lisgar was drained in

1968 and a rejuvenation program was started. The coarse fish

such as carp and suckers were removed and the pond was restocked

with trout. At present, Lake Lisgar is unfit for swimming and

motor boats are prohibited.

The location of the coring sites in the Lake Lisgar basin

are shown in Figure 12. The coring sites were located in the

center of the lake basin between the inflowing and outflowing

streams. Of the cores taken from the five sampling sites, four

cores (L.L. 1-L.L. k) were used for chemical and palynological

analysis and the fifth core (L.L. 5) was used for palynological

and ostracode analysis.

The environmental changes in a lake that are caused by man
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are reflected in the physical and chemical characteristics and

in the fossil pollen and micro-fossil record preserved in the

sediments. In the Lake Lisgar study, settlement in the vicinity

of Tillsonburg began approximately in 1825» prior to the con-

struction of the •mill' pond. The use of the % Ambrosia rise

as a stratigraphic marker between pre- and post-settlement times

( Basse tt and Terasmae, 1962) is not applicable in this study

since the construction of Lake Lisgar post-dates the initial

settlement of the Tillsonburg area by approximately 50 years.

The construction of the 'mill' pond is clearly indicated in

the sediment cores by an abrupt change from the medium grained

fluvial sand to the fine grained silty clay. In Borehole 5 a

large concentration of coarse organic detritus occurs immed-

iately above the sand in the silty clay sediment. Preliminary

ostracode studies on Borehole 5 appear to support the above

interpretation as there is a distinct change in ostracode species

coincident with the change in sediment type noted (Figure 17).

The abrupt change noted in the sediment cores (that is, the change

from Big Otter Creek to Lake Lisgar) is historically dated as

1874.

The results of the palynological analysis are presented in

Appendix 2. The type of sediment material (sand, silty clay)

accounts, in part, for the poor preservation of pollen in this

basin.

The results of the chemical analysis of the Lake Lisgar

sediment cores is shown in Figures 18 to 21. All boreholes,

except Borehole 3i penetrate the fluvial sand. Gyttja is present

only in Borehole 1 and the reason for this is that Borehole 1

is located in a shallow embayment near the entrance of the
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inflowing stream. A physical and chemical history of the 'mill'

pond can be obtained by studying the distribution patterns

presented in Figures 18 to 21.

A sequence of the physical and chemical events, as shown

from the element distribution patterns in Borehole 1 (Figure 18),

of Lake Lisgar is outlined below.

The concentration of all of the 12 elements in the fluvial

sands (65 cm-85 cm) is relatively low and uniform. The inorganic

nature of the sand is shown on both the % ash curve (>97$) and

the % water curve (<22%). An intense period of erosion followed

the initial damming of Big Otter Creek. Clay and organic mat-

erial started to accumulate in the 'mill' pond basin. This

event is marked by a large initial increase in concentration of

all of the elements, an increase in the % organic matter and

an increase in the % water in the sediment (Figure 18).

Following the initial erosive activity, a trend towards

stabilization is apparent starting at approximately 52 cm in

depth. This trend continues to approximately 38 cm in depth at

which time relatively stable conditions occur in the basin.

During this period of stabilization there is a corresponding and

continued decrease in element concentration up to 38 cm. This

tendency towards equilibrium is also observed on the % water and

fo ash curves. At a depth of approximately 44 cm there is a

change in sediment type from a clay to a gyttja indicating an

increase in organic matter in this region of the 'mill' pond basin.

From 38 cm to approximately 12 cm in depth in the sediment

core the element distribution patterns vary. Sodium, potassium

(Mackereth, 1966) and aluminum (Bortleson and Lee, 1972) are

elements mainly related to the erosion cycle. As can be observed
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from Figure 18, there is a decrease in concentration of these

elements during this period of time (12 cm-38 cm), indicating

relatively stable soil conditions in this area of the •mill*

pond. Lead, zinc, nickel and cobalt can also be related to the

products of erosion. The distribution of nickel and cobalt is

constant throughout this period, however, lead and zinc are only

stable up to approximately 30 cm at which time there is a not-

iceable increase in their concentrations. Many workers (Iskandar

and Keeney, 197^; Crecelius and Piper, 1973; Terasmae et al. ,

1972) have shown that increases in lead and zinc (as well as other

elements) in lacustrine sediment cores during post-cultural

times are related to man's activities. Lead and zinc increases

are usually attributed to atmospheric pollution (Leland, Shukla

and Shimp, 1973 » Chow and Earl, 1970). Similarily, in Borehole 1

of the •mill' pond the increase in lead and zinc is certainly

related to man's activities during the growth of Tillsonburg.

Calcium is abundantly precipitated into the sediments only at times

of very intense erosion when the rate of precipitation of clastic

material is high enough to prevent the removal of much of the

calcium by leaching (Mackereth, 1966). Otherwise, calcium in the

sediment appears to be associated with organic matter (Mackereth,

1966). In Borehole 1 of Lake Lisgar the increase in calcium

concentration appears to be related to the increase in organic

material in the lake. If the distribution pattern of magnesium

is studied closely it can be observed that slight increases or

decreases in the % water in the sediment (that is, increases or

decreases in the % organics) will determine the concentration

of magnesium at that time. Magnesium, similar to potassium and

aluminum, is related to an increase in clastic material in the

76





basin and this is in agreement with Mackereth's (1966) studies

in the English Lake District and with Bortleson and Lee (1972)

in their study of Lake Mendota, Wisconsin. This relationship is

more pronounced in Boreholes 2, 3 and 4- of Lake Lisgar. The

distribution patterns of iron and manganese are inverse during

this period of time (12 cm-38 cm). Iron and manganese can be

related to erosion and in this case, the iron: manganese ratio

would be constant in the sediments. However, relatively stable

soil conditions exist, therefore, another mechanism must be

responsible to explain the increase in manganese and the

corresponding decrease in iron. Manganese is more easily reduced

than is iron (Mackereth, 1966). The enrichment of manganese in

the sediments (Borehole 1) with respect to iron can be brought

about by preferential removal of manganese from the soils of the

drainage system. This preferential migration of manganese can

be caused by the onset of reducing conditions in the soils of

sufficient intensity to produce manganous ions but not strong

enough to reduce iron to ferrous ions. The manganous ions would

be carried in solution into the lake basin and there oxidized and

deposited in the sediment as manganese dioxide. This process may

explain the distribution of iron and manganese in the sediments

of Borehole 1 during this time (12 cm-38 cm). Copper concentration

is uniform during this period (12 cm-38 cm).

Between 5 cm and 10 cm in depth there is a noticeable decrease

in lead, zinc, copper and calcium concentrations and an enrich-

ment in magnesium, sodium, potassium and aluminum. This may be

related to the 1968 rejuvenation program. A small period of

erosion may have been initiated with the draining and refilling

of the lake basin. This increase in the influx of clastic
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material would increase the sedimentation rate. Since the

sampling interval was constant throughout the core (^ cm) for

the chemical analysis it is probable that the concentrations

for certain elements will be diluted (lead, zinc, copper and

calcium). The increased concentrations of magnesium, sodium,

potassium and aluminum are related to the influx of clastic

material. Similarily, the slight decrease in % water in the

sediments at this depth infers an increase in elastics.

From the mud surface to a depth of 5 cm the concentration

of most of the elements is increasing. Erosion, as the result

of refilling the lake basin, is the major cause for this increase.

A similar format can be used to describe the element dis-

tribution patterns in Boreholes 2 (Figure 19), 3 (Figure 20) and

k (Figure 21) as was used to describe Borehole 1 (Figure 18).

The main sequence of events are comparable in the three boreholes;

therefore, the following discussion will be based on the results

of Borehole 2 (Figure 19).

The sequence of events from the damming of the creek, through

the intense erosional phase to the period of stabilization is

similar to that described in Borehole 1 above. At a depth of

approximately 55 cm changes in the element distribution patterns

occur which distinguish Borehole 2 (Boreholes 3 and k) from

Borehole 1. From 55 cm to 22 cm in depth there is a gradual in-

crease in concentration of lead, zinc, nickel, iron, manganese,

sodium, potassium and aluminum. The distribution patterns of

cobalt, copper and magnesium are uniform, whereas, calcium is

slightly decreasing in concentration. The portion of the lake

basin in which Borehole 2 (Boreholes 3 and ^) are located is

adjacent to the land area most highly disturbed by man (Figure 13).
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This continued disturbance (growth of residential community)

through time has probably been responsible for the constant

influx of clastic material into the basin. Similarly, part of

the lead and zinc increase can be related to man's activities

in the area. Calcium is being leached from these elastics at

a great enough rate to prevent its accumulation in the sediments.

The constant influx of inorganic material throughout this period

of time is also indicated by a decrease in the % water in the

sediment and an increase in the % ash (Figure 19)

•

From the surface to a depth of 22 cm there is a decrease in

inorganics and an increase in organic material in the sediment.

There is a corresponding decrease in potassium, sodium and

aluminum, which are elements associated with the clastic material

and an increase in calcium and possibly copper which may be

related to the increase in organics. The continued increase in

lead and zinc are certainly the result of man's activities.

Iron decreases and manganese increases in the sediments and this

probably is the result of preferential migration of manganous

ions from slightly reducing soils in the watershed.

The physical, chemical and biological record preserved in

sediment cores can yield valuable information on the past and

present history of an area. In recent years, man's influence on

his environment (beneficial and/or detrimental) has attracted much

attention and the lacustrine sediment record provides an oppor-

tunity to study these environmental changes. The Lake Lisgar

study provided an unique opportunity to study man's influence on

his environment in a different way, that is, the effect of

constructing a 'mill' pond. The following are observations which

have resulted from the study of Lake Lisgar %
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(1) There is a distinct sequence of events which have occurred

since the construction of Lake Lisgar in 187*4- to the present

time. These have been described previously (Boreholes 1 and

2).

(2) A distinct change in ostracode species is coincident with the

change in sediment type (that is, a fluvial sand to a lacus-

trine clay).

(3) The sedimentation rate in a lake can be determined if there is

a known datable event present in the sediment record or if

there is material which can be radiocarbon dated. In

natural lake basins the initial increase in % Ambrosia in the

sediment core can be related to historical dates as the time

when man first started to settle the area. By this means a

rough sedimentation rate can be estimated. In the Lake Lisgar

study, the damming of the stream and formation of the 'mill'

pond is historically dated as 1874.

The sedimentation rate is not constant throughout the

lake basin and it does vary from borehole to borehole, as

illustrated by the data in Table 11.

Borehole Sedimentation Rate Time Required To Accumulate The
Upper 5 cm Of Surface Sediment

1 .66 cm/year 7.7 years

2 .68 cm/year 7.4 years

4 .97 cm/year 5.1 years

5 .94 cm/year 5.3 years

Table 11. Sedimentation Rate in Boreholes 1, 2, 4 and 5
of Lake Lisgar.

With the use of these sedimentation rates a rough estimate of

the time required to accumulate the upper 5 cm of sediment

can be determined (Table 11). If the time required to
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accumulate the upper 5 cm of sediment in Boreholes 1

(7.7 years) and 2 (7-^ years) is standardized to that of

Borehole 4 (5.1 years) and the element concentrations adjusted

accordingly throughout the lake then it is possible to com-

pare the concentration of the elements in the surface sed-

iment. The dilution of element concentrations caused by the

variable sedimentation rates can be corrected by performing

the above mentioned steps. Table 12 shows the element

concentrations in the surface sediment (0 cm-5 cm) before and

after correction for this varying sedimentation rate. In

addition, data for Borehole 3 is also included in Table 12

even though a sedimentation rate could not be established for

this borehole. Sediment accumulation generally proceeds

fastest in deeper waters, as is shown in the data of Boreholes

1, 2 and 4, and since Borehole 3 is located in the deepest

portion of the basin, it is assumed that the sedimentation

rate should be at least the same as that in Borehole **-. From

Table 12 the following observation can be noted: the general

trend for most of the elements appears to be an increase in

concentration towards the southern end of the lake where the

disturbance by man is the greatest. It is interesting and

significant to note that the highest concentration of most of

the elements in the soils occurs at the southern end of the

lake. In fact, some of the highest values in the soils for

some elements (lead, zinc, nickel, copper and calcium) occur

along Concession Street and it has previously been shown that

the enrichment of these elements in the soils is related to

man's activities. Borehole 3» which is located closest to

Concession Street, also has the highest concentration of these
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elements. A general relationship appears to exist between

element concentrations in the soils and in the lacustrine

sediments.

Soil Survey - Lake Hunger

Lake Hunger is located in a rural community and is the only

natural lake in the Big Creek watershed. The lake is situated

in Windham Township, Norfolk County, 21.0 km (13 miles) north of

Simcoe, Ontario. The effect of man's activities in rural

communities, where farming is predominant, has been well re-

searched. Lagerwerff (196?) has suggested that there are five

main sources of metals which can cause agricultural soil con-

tamination. These include aerosols, pesticides, limestone and

phosphate fertilizers, mine wastes and manures and sewage sludges.

The content of nitric acid soluble lead in 700 soil samples,

mostly from agricultural soils in British Columbia, was related to

the proximity to industrial and population centers (John, 1971).

Lead, nickel and zinc contamination of soils and vegetation near

roads has been attributed to leaded gasolines (Warren and Del-

avault, 1962; Cannon and Boyles, 1962 j Lagerwerff and Specht,

1970s Chow, 1970). Lead contamination of apple orchard soils

through the application of lead arsenate sprays, which were used

in the past for insect control, has been studied by several

researchers (Chisholm and Bishop, 1967; Panko, 1975 (unpublished)).

Copper contamination of vineyard soils has been related to the

use of copper sulphate in the control of mildew on grapes (Winn,

1971 (unpublished)). Dust from calcareous gravel roads can

increase the calcium content in the soils near the roads

(Wicklund and Richards, 1961). Purves (1972) made a study, in

Great Britain, on the difference between the trace element
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composition of soils collected from urban and rural areas and his

results indicated that the difference between the two groups of

soils was so marked that any variations due to soil parent mat-

erial were essentially negligible. Purves found that, on the

average, the urban soils contained, in terms of available content,

more than twice as much boron, 5 times as much copper, 1? times

as much lead and 18 times as much zinc.

The purpose of the present soil survey was to determine if

the activities of man in the vicinity of Lake Hunger has had an

effect on the element composition of the soils around the lake.

The location of the 88 soil sites studied and the land use

activities in the Lake Hunger area are shown in Figure 22. The

The results of the chemical analysis of the 88 soil sites in the

Lake Hunger study area were plotted in terms of sample mean

(Figure 22). The sample mean in this present survey, in contrast

to that of the Lake Lisgar soil study, does provide a true

measure of the central tendency of the soil data distribution.

As outlined in Table 13, the mean values for only calcium and

magnesium are greater than the median values.

Before describing the results obtained in the chemical

analysis of the Lake Hunger soils, it is important first to

discern what types of land use patterns are present in the area.

From Figure 22, it can be seen that there are five land use

patterns: (1) The camping grounds of the Little Lake Conservation

Area; (2) Corn; (3) Pasture? (4) Woodland; and (5) Unimproved

Grazing Land. The average concentration of all elements analyzed,

the average pH of the soil and the sample mean for the five land

use areas is outlined in Table 14. From Figure 22, apparent

distribution patterns for some of the 12 elements may be discerned,
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however, most of these patterns are insignificant when compared

with the relatively uniform average concentrations for the

elements in each of the five land use areas (Table 14).

The following is a brief description of the results of the

chemical analysis of the Lake Hunger soils. Cobalt and nickel

concentrations are low and relatively uniform for most soil sites

in the study area (Figure 22). Only 1 of the 88 soil stations

has a cobalt concentration greater than 10 ppm. Only 7 soil

stations have nickel concentrations greater than 11 ppm, of which

6 are located in the vicinity of roads and the slight increases

in nickel concentration at these sites may be the result of

aerosols released during the combustion of leaded gasolines.

However, the average concentrations for nickel and cobalt in the

five land use areas is low and uniform (Table 14) and hence, the

results indicate that there are no abnormal values for cobalt and

nickel in the Lake Hunger soils.

The distribution patterns for lead and zinc are similar to

each other. Some soil stations located near roads and in the

camping grounds of the Little Lake Conservation Area have slightly

greater concentrations of lead and zinc as compared to soil

stations in the other land use areas. This slight increase in

lead and zinc may be attributed to the influence of vehicle

traffic. At some soil sites in the woodland and pasture areas

lead and zinc are also slightly enriched in the soils. Gold-

schmidt and Peters (1933) and Hibbard (1940) have found that, even

under acid soil pH conditions, zinc and lead are concentrated in

forest litter and humus and in top soils under heavy vegetation.

From Table 14 it can be noted that the average concentration of

lead in each of the land use areas does not vary to any great
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degree and that the land use area having the highest average

concentration of lead is the woodland where lead appears to

accumulate in the forest litter and humus. Similarly, the

highest average zinc concentrations occur in the woodland and

pasture. From Table 14 it can be seen that the unimproved grazing

land has an average zinc concentration of 35 ppm (same as the

woodland), however, this is misleading because 1 soil station in

this land use area has a value of 90 ppm (sample obtained from

drainage ditch) and if this was omitted the average zinc concen-

tration would only be 29 ppm.

Natural processes occurring in the soils around Lake Hunger

appear to control the distribution of copper. Under acid pH

soil conditions copper is highly mobile (Andrews-Jones, 1968)

and this may explain the low concentrations of copper in the

woodland. Copper is relatively immobile in reducing environments

(Andrews-Jones, 1968) such as at sample stations in the pasture

area. Copper is also relatively immobile under neutral and

alkaline conditions (Andrews-Jones, 1968) and this may, in part,

explain the distribution of copper in the corn growing, Con-

servation and unimproved grazing land areas.

There appears to be no distinctive distribution pattern for

iron, manganese and aluminum in the soils around Lake Hunger.

It can be noted that the average concentration of these elements

in the land use areas is relatively uniform (Table 14).

As has been mentioned previously, calcium and magnesium are

the only two elements in which the mean concentrations are

significantly greater than the median concentrations (Table 13)

•

The differences in the average mean concentrations for these two

elements in the five land use areas is apparent from Table 14.
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The following are possible suggestions which may help to explain

the distribution patterns of calcium and magnesium in the soils

around Lake Hunger

»

(1) Soil stations which contain the highest concentrations of

calcium and magnesium are alkaline in pH. Calcium does

accumulate in the forest litter and humus of wooded areas

(Likens, Bormann and Johnson, 1969) and this may, in part,

explain the distribution pattern of calcium at some soil

stations in the wooded area around Lake Hunger.

(2) Fill (sand) has been used to stabilize slopes during the con-

struction of the Little Lake Conservation Area. This foreign

material may be a source for part of the calcium and mag-

nesium found in this area.

(3) The Lake Hunger study area is underlain by the Bois Blanc

Formation (grey fossiliferous limestone and sandy limestone

and dolomite with abundant nodular chert) which lies approx-

imately 100 feet (30.^ m) below the land surface. The

parent material in most of the study area is a calcareous

grey clay till (Port Stanley Till).

A combination of these three factors may help to explain the

calcium and magnesium distribution patterns in the Lake Hunger

area.

Sodium, like calcium, is known to accumulate in forest litter

(Likens, Bormann and Johnson, 1969) and the distribution of

sodium in the soils of the woodland may be partly the result of

this process. At some soil stations in the Conservation Area

sodium appears to be enhanced and this may be related to the

sandy fill used in the construction of the camping grounds.

Generally, potassium is evenly distributed throughout the
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soils of the Lake Hunger study area. From Table Ik it can be

seen that the average concentration of potassium is relatively

uniform in all of the land use areas.

In conclusion, the distribution patterns of the 12 elements

analyzed in the Lake Hunger soils are generally related to

natural processes (pH, bedrock, surficial material) rather than

any significant influence from man's activities in this rural

community.

Stream Sediment Survey - Lake Hunger

Sediments from 2 inflowing and 1 outflowing stream in the

Lake Hunger study area were sampled and the interval between

stream sediment stations was 25 yards (22.9 m). The total number

of sampling sites was 13. The location of the 3 streams and their

relationship to the land use patterns is shown in Figure 13. As

shown in Figure 13, 1 inflowing stream is located in the woodland

and the other in the pasture land use area. The outlet stream,

which has been straightened and deepened by the landowners, flows

through the Conservation and corn land use areas.

The average concentration of the 12 elements in the stream

sediments and at soil stations adjacent to the streams is shown

in Table 15. A comparison can then be attempted between the element

concentrations in the stream sediments and in the adjacent soils.

From Table 15 it can be observed that the concentration of

all elements, except iron and manganese, in the sediments of the

inflowing stream in the pasture area are essentially the same in

both the stream sediments and the soils. Two possible mechanisms

may help to explain the enrichment of iron and manganese in the

stream sediments. These aret (1) chelation by organic matter

and the formation of metal-organic complexes i and (2) in the
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poorly drained and waterlogged soils of the pasture land use area*

+2 +2
iron and manganese may be in solution (Fe , Mn ) and these ions

then could migrate with the acid soil water until they enter the

drainage channel (stream) at which time they are precipitated as

a result of the increase in pH and Eh. Nickol et al. t 1967, have

observed this mechanism taking place in some streams in England

and Wales. The increase in concentration of iron and manganese

in the stream sediments may be the result of both of these two

processes.

The inflowing stream in the woodland flows through a marsh

area before emptying into the lake. In the marsh, where the

stream sediment sample stations are located, there is no definite

boundary to the main channel of the inflowing stream. In addition,

bullrushes, reeds and large accumulations of roots and undecom-

posed vegetation are present. The concentration of all 12 elements

in the sediment is greater than in the adjacent soils. Organic

matter in marshes, swamps and bogs is known to accumulate certain

metals (Winn, 1971 (unpublished) j Levinson, 197*0. However,

Horsnail and Elliot (1971) observed in their study of some swamps

in British Columbia that all metals are not adsorbed equally by

organic matter. The subject of metal-organic compounds is very

complex and many factors such as pH, Eh and the nature of the

decaying organic material are significant in determining the

degree of enrichment of metals in organic deposits. The accum-

ulation of some metals in the sediments of this marsh area is

probably related to the abundant organic material present.

Only calcium and magnesium are significantly enriched in the

sediments of the outlet stream as compared to the adjacent soils.

As has been mentioned previously, the outlet stream has been
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deepened and the dredged material has been placed on the land

surface and along the banks above the stream. The stream bed is

now the calcareous grey clay till which is the parent material

in the Lake Hunger study area. This parent material is the

primary source of the calcium and magnesium found in the sediments

of the outlet stream. The high mobility of calcium and magnesium

(leaching) is probably the reason why the concentration of these

two elements in the adjacent soils, which are most likely the

dredged material from the stream, are less than that in the

stream sediments.

Lacustrine Sediment Survey - Lake Hunger

The Lake Hunger area was not settled until quite late in

historical time. The earliest record indicates that Jonathon

Malcolm initially settled the area north and east of Lake Hunger

in 1829. Norwich Road, which was built along the north shore

of Lake Hunger, corresponds approximately to the time of settle-

ment of Jonathon Malcolm. Historical records indicate that the

remaining land around Lake Hunger was not completely settled until

13-24 years later. According to the records of the 1877 Historical

Atlas of Norfolk County (p. 27) the landowners and their time of

settlement in the Lake Hunger area, after that of Jonathon Malcolm

in 1829, were 1 William Smith in 1842, Jonathon Winskel in 1851

and Henry Middough in 1853

•

From the historical records, Lake Hunger appears to have been

well known. The Historical Atlas of Norfolk County , originally

published in 1877, records (p. 8) that,

"in the north western part of the township
(Windham) is a wonderful and beautiful lake,
called Lake Hunger- wonderful because of
its great depth, which is said to be un-
fathomable and beautiful by reason of the
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crystal clearness of its waters and the
varied richness of the gorgeous verdure
which adorns its banks. Its surface
covers 38 acres. Its outlet, which is
small, runs into Big Creek. It received
its name from the Indians."

The records (p. 8) further comment on the settlement of Lake

Hunger that,

"although not a village this locality is
well known throughout the county (Nor-
folk), being famed for its fishing and
its pleasure parties, as well as for
the musical ability of its proprietor,
Caleb Smith, who keeps a Temperance
Hotel here. Numerous pic-nic parties
come to this place to enjoy the
boating, & c. H

It is probable that the narrow strip of land between the east

shore of Lake Hunger and the old Norwich Road (approximately 50

feet (15.2 m)) was left essentially uncultivated, perhaps being

used as pasture or for the 'pic-nic parties'. Malcolm also

owned a grist mill on his property (northeast of Lake Hunger)

which suggests the use of his land to produce grain crops.

At present, the area north of Lake Hunger is predominantly a

'hardwood' forest which, from palynological studies, appears to be

similar to that which was in this area in pre-settlement times

(immediately prior to 1829). The palynological analysis suggests

that areas cleared during settlement and which have subsequently

been reforested contain more pine (and apparently less hardwoods)

than the pre-settlement forests. This present day forest- type

can be observed in other areas of bush near cultivated sections of

land in the vicinity of Lake Hunger. The above two observations

suggest that the forest presently growing along the north shore of

Lake Hunger is a relict (disturbed only by the building of

Norwich Road through it) of pre-settlement times.

In 1972 the Long Point Region Conservation Authority started
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to obtain land in order to develop and protect Lake Hunger as a

Conservation Area (B. Howard, personal communication). This

area, at present, is called the Little Lake Conservation Area.

It is interesting to note that the boundaries of the Little Lake

Conservation Area includes most of the property around the lake

originally owned by Jonathon Malcolm in 1829. Lake Hunger is still

a center of recreational activities today as it was in the mid-

1880' s. The desirability of this land area as a recreational

center today reflects the views quoted earlier in this discussion

that Lake Hunger was a "...wonderful and beautiful lake..."

"...famed for its fishing and pleasure parties ".

The location of the 6 coring sites and the 8 surface samples

in the Lake Hunger basin are shown in Figure 13. Lake Hunger

cores 8 and 9. from Borehole 5» were X-rayed in the Brock Univer-

sity Palynological Laboratory. The study of the X-ray negatives

supported the visual observations made on cores 8 and 9 in the

laboratory. These observations are included in the sediment

column description for Borehole 5 (Table 3).

The history of Lake Hunger dates further back than historical

records, in fact, the kettle hole in which Lake Hunger was formed

pre-dates approximately 15,000 years B.P. (Figure 27). The

following is a discussion of the palynological and geochron-

ological results obtained from the analysis of Boreholes 1, 2, 3,

4, 5 and 6 (Figures 23 to 28, respectively).

Palynological analysis was carried out on sediment samples

collected from Boreholes 1, 2, 3, 4, 5 and 6 (Figures 23 to 28).

Radiocarbon dates were obtained on sediment sections from

Boreholes k (Figure 26) and 5 (Figure 27). The relationship

of the geochronological and palynological results obtained from
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Lake Hunger to the Quaternary history of the Great Lakes Region

will be discussed later in this thesis.

Lake Hunger Boreholes 1, 2, 3 and k were analyzed for pollen

with the specific purpose of ascertaining the sediment depth

(in each borehole) at which the initial % Ambrosia rise occurred.

Table 16 indicates the results of this analysis.

Borehole Ambrosia Rise Historical Date For
From Top Of Core (cm) The Initial Clearing Of Land

In The Lake Hunger Area

1 90 1829

2 25 1829

3 55 1829

k 85 1829

Table 16. Depth in Boreholes 1, 2, 3 and k at which the Initial
% Ambrosia Rise Occurs.

These results are used in the discussions which follow on the

chemical analysis of the Lake Hunger surface sediment cores

(Boreholes 1, 2, 3 and 4).

The following discussions pertain to Borehole 5 (Figure 27)

unless otherwise noted.

Lake Hunger occupies a kettle hole which was formed in the

southern flank of the Tillsonburg moraine by the melting of a

relict block of ice. The Tillsonburg moraine is capped with Port

Stanley Till both in the Brantford area (Cowan, 1972) and in the

Lake Hunger area. Cowan (1972, p. 18) commented that, "Meagre

evidence suggests that the Tillsonburg Moraine, which is capped

with Port Stanley Till, may be considerably older than this

surface till". He continues on to suggest the possibility that

the Catfish Creek Till and perhaps the Canning Till form the core

of parts of the Tillsonburg moraine. In the Lake Hunger area

Barnett (personal communication) has identified in a road cut
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section in the Tillsonburg moraine the Port Stanley Till over-

lying the Catfish Creek Till. This find may support Cowan's

suggestion of an older core for part of the Tillsonburg moraine,

however, until the extensiveness of this deposit (Catfish Creek

Till) in the Lake Hunger area is known no final conclusions can

be made on its significance.

Lake Maumee occupied the Erie Basin following the retreat of

the Port Stanley ice. In the Lake Hunger area the Lake Maumee

phases of the Great Lakes history may be represented by thin

discontinuous pockets of sand overlying the Port Stanley Till, as

well as by an abandoned shore bluff (10 feet (3 m) high) located

approximately 1320 feet (401 m) northwest of Lake Hunger (Barnett,

personal communication). In the Lake Hunger basin itself there

are deposits of stratified sand containing small rounded pebbles.

The stratigraphic position of these lake sands overlying the Port

Stanley Till (the cap deposit of the Tillsonburg moraine) and a

radiocarbon date (15,180 + 200 radiocarbon years B.P. (BGS-266))

for the lower most organics in the Lake Hunger sediment sequence

suggest that these sands in the Lake Hunger basin are probably

related to the Lake Maumee phase.

Numerous authors have suggested tentative ages for the three

Lake Maumee stages. Table 17 illustrates a number of these

suggested ages as well as the radiocarbon age in this thesis.

The possibility of 'old carbon* having affected the radio-

carbon dates in this thesis (Figures 26 and 27) has been given

serious consideration. Table 18 compares the radiocarbon dates

obtained for various pollen zones in a number of small lakes in

Southern Ontario with the radiocarbon dates obtained for the

comparable pollen zones designated in Lake Hunger. Table 18
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Lake Maumee Stage

III (youngest)

II

I

I

I

I

9

Suggested Age

~14,000 years B.P.

—' 14,000 years B.P.

— 14,000 years B.P.

> 14,000 years B.P.

> 14,000 years B.P.

~16,000 years B.P.

>15,000 years B.P.

Author

Prest, 1970.

Farrand, 1962.

Sly and Lewis, 1972.

Flint, 1971.

Wayne and Zumberge, 1965-

Kelley and Farrand, 1967.

Present Study, 1975.

Table 17. Tentative Ages Proposed for the Three Lake Maumee
Stages.
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indicates reasonable geochronological correlation for the Lake

Hunger pollen zones with those of other lakes in Southern Ontario.

This suggests that the radiocarbon dates obtained on the Lake

Hunger sediments are reasonably reliable. The possibility of

'old carbon' having affected these lake sediments cannot be

completely eliminated as there is still a great deal of study

required before this complex problem is completely understood.

During the Mackinaw Interstadial (previously called the

Cary-Port Huron Interstade) water levels in the Erie Basin

dropped forming Lake Arkona (710, 700 and 695 feet a.s.l.)

(Prest, 1970). Lake Hunger (820 feet a.s.l.) became isolated as

a small lake at this time.

Lake Hunger's initial phase as an independent lake was non-

productive. Lake Hunger was oligotrophic and subsequently its

bottom sediments were composed of inorganic materials (sand, silt

and clay) washed in from the surrounding landscape. Figure 27

»

the pollen diagram for Borehole 5» suggests from the lack of

pollen preserved that the area around the lake was either void of

vegetation or it, as will be commented on later, was essentially

colonized by a tundra like vegetation. The arboreal pollen in

either case was blown in from distant areas.

As vegetation (for example, grasses, sedges and composites)

began to cover the land area near the lake (zone H-I, Figure 27)

pollen from these plants and their organic fragments became in-

corporated into the lake sediments. Arboreal pollen, primarily

spruce but also some pine, willow and oak are represented in the

pollen sequence in zone H-I. However, it is suggested (C. Winn,

personal communication) that the arboreal pollen was blown in from

a distance away and preserved in the lake sediments. The
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extremely high percentages of Cyperaceae sp are the result of

attempting to obtain a minimum arboreal pollen count (the 'basic

sum' commonly used in constructing the relative pollen diagram).

A statistically valid number of arboreal pollen grains were

counted (at least 150 grains) in a number of samples in zone H-I

and hence, percentages could be calculated. Although the arboreal

pollen represents 100$ this is misleading and should be considered

as a false rather than as a realistic value. The pollen on the

slides for the upper part of zone H-I suggest a treeless sedge

meadow with Artemisia probably occupying the higher slopes of the

moraine. The non-statistical values (less than 150 arboreal

pollen grains) may be due to poor pollen preservation or a barren

landscape. The pollen diagram for Borehole 6 (Figure 28) supports

the 'tundra' suggestion. However, the lowermost samples analyzed

show a large decrease in non-arboreal pollen with no apparent

change occurring in the arboreal pollen percentages. This may be

explained by the presence of charcoal in these samples, possibly

indicating a local fire. Climatically, the Lake Hunger area was

probably cold and dry during this period of time.

Trees and shrubs began invading what may have been a tundra

as soon as the environmental conditions for each species could be

satisfied. Similarly, the lake itself began to support veg-

etation and this is reflected in the pollen stratigraphy as well

as in the trend towards an increase in the organic component in

the lake sediment (Figure 27 )• The development in the lake of

organic sediments provided the opportunity to obtain a radiocarbon

date for this phase of Lake Hunger's history. The date of

15,180 + 200 radiocarbon years B.P. (BGS-266) suggests a minimum

age for the formation of the kettle hole in the Tillsonburg
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moraine and consequently a minimum age for the deposition of the

moraine itself. It further suggests a minimum age for the retreat

of the Port Stanley ice from the Lake Hunger area and for the

Port Stanley Till deposits which cap the Tillsonburg moraine.

Finally it indicates a tentative minimum age for a lake stage in

the area, possibly Lake Maumee I.

By 15,180 + 200 radiocarbon years B.P. (BGS-266) the Lake

Hunger area supported what is termed by some authors a 'taiga',

that is, an open spruce forest. Zone H-IIa indicates a veg-

etation consisting of scattered clumps or individual trees

(primarily spruce) interspersed with open areas of grasses and

sedges. This vegetation assemblage (H-IIa) apparently existed

until slightly later than 12,480 + 170 radiocarbon years B.P.

(BGS-265). The climate associated with vegetation zone H-IIa

would probably have been cool and moist.

There are three radiocarbon dates in pollen zone H-IIa. The

initial stages (of pollen zone H-IIa) extend back in time to

15,180 + 200 radiocarbon years B.P. (BGS-266). Two more radio-

carbon dates indicate it's continuence during the period

13,230 + 210 radiocarbon years B.P. (BGS-23^a) until slightly later

than 12,480 + 170 radiocarbon years B.P. (BGS-265). These radio-

carbon dates and the associated pollen stratigraphy are impor-

tant in the discussions of the Quaternary deposits present in the

Lake Hunger area. Barnett (personal communication), during a

field excursion of the Lake Hunger area, pointed out deposits of

very coarse sand with pebbles. This deposit is scattered in a

line trending northeast-southwest, just south of Lake Hunger.

These beach deposits are considered to be of Lake Whittlesey age,

approximately 13,200 years B.P. (Prest, 1970). The pockets of
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sand found overlying the Port Stanley Till (on the Tillsonburg

moraine) north of these beach deposits and the deposit of sand

found in the Lake Hunger basin are considered here to be an

earlier lake (possibly Maumee) deposit. The basis of this con-

clusion is the evidence in the pollen and sediment record of

Lake Hunger. There is no change in the sedimentation pattern

(organic gyttja) during the interval from approximately 15.000

to 12,500 years B.P. If the Lake Whittlesey water levels had

been high enough, that is, over 820 feet a.s.l., then the

sediment record in the Lake Hunger basin would have been in-

terrupted. Likewise, the pollen record would have reflected

changes in water levels and consequently plant species. The

pollen record, however, indicates a continuous undisturbed

vegetational history (open spruce forest) for the period of time

under discussion. The pollen, radiocarbon and sediment records

all support the conclusion that Lake Hunger was never covered

by the waters of Lake Whittlesey. This suggests that Lake

Whittlesey was restricted to an area south of Lake Hunger and

supports the possibility that the coarse sand and pebble deposits

may indicate the position of a glacial shoreline (possibly Lake

Whittlesey, Barnett, personal communication).

By 9.830 + 230 radiocarbon years B.P. (BGS-233b) the veg-

etational history had passed through a transition phase (zone

H-IIb) and was in a phase often termed 'boreal' (zone H-III).

The transition phase of zone H-IIb is represented by a pollen

assemblage which indicates a shift from an 'open' to a 'closed'

forest. There is a distinct decrease, during this period, of

non-arboreal pollen. There is also a definite decrease in

spruce pollen coincident with increases in pine, fir, birch and
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oak. Climatically, this transition period probably indicates a

trend towards drier conditions.

Lake Hunger pollen zone H-III exemplifies the 'closed'

forest period or boreal phase. Spruce pollen becomes extremely

minor, while pine pollen dominates this pollen assemblage. Fir

and larch decrease while birch, oak and elm continue to increase.

The non-arboreal component becomes insignificant. The Lake

Hunger area probably experienced a cool dry climate during pollen

zone H-III.

The 'boreal' phase of the vegetational history came to an

end approximately 7,420 + 160 radiocarbon years B.P. (BGS-233a)

when a predominantly hardwood forest began to dominate the veg-

etation in the Lake Hunger area. The pollen diagram (Figure 27)

reflects this change in vegetation assemblages. There is a

decrease in pine and birch pollen, whereas, hemlock, elm and

beech exhibit increases. Oak values remain high while the non-

arboreal components continue to be negligible.

The hardwood forest (Deciduous Forest Region, Halliday, 1937)

predominated in the Lake Hunger area until the region was initially

settled by man (commencing in 1829 and ending in 1853) • During the

above period of time (1829-1853) a large percentage of the land

near Lake Hunger was cleared of its forest. The initial phase,

1829, (the clearing of Jonathon Malcolm's farm and the building of

Norwich Road) is indicated by an increase in % ash. The major

phase of development (1842-1853) is reflected in the % ash curve

by an increase in the % organics in the sediment (Figure 29). This

event probably reflects man's logging activities in the area.

Immediately following the influx of organic material into the

lake basin the major rise in % Ambrosia pollen occurs. This is
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associated with an increase in the % ash. The above occurrences

suggest the later stages of clearing and the development of the

cleared land for agriculture. This suggestion is further

supported by the presence of cultivated corn ( Zea Mays ) pollen

preserved in the lake sediments (Figure 2?). The pollen strat-

igraphy of Borehole 6 (Figure 28) follows essentially the same

patterns as described above for Borehole 5 (Figure 27).

The above vegetational and geochronological events will

serve as a basic framework for the discussion of Lake Hunger's

geochemical history. It was not possible to obtain radiocarbon

dates on the sediments of Borehole 6 as all the core material

was required for chemical and palynological analysis. The results

of the radiocarbon and palynological studies on the sediments of

Borehole 5 provide a geochronological standard for Lake Hunger

that can be used to correlate the pollen results from other

boreholes in the lake. The Lake Hunger pollen zones (H-I to H-IV)

are used to correlate the sediment sequence in Borehole 5 to that

of Borehole 6. This enables the author to apply the radiocarbon

dates obtained from Borehole 5 to the palynological and geochemical

results of Borehole 6.

The environmental changes in a lake that are caused by man

are reflected in the physical and chemical characteristics and

in the fossil pollen record preserved in the sediments. The %

Ambrosia rise can be used as a stratigraphic marker to indicate

the initial clearing of the land by man ( Basse tt and Terasmae,

1962) and this point in the sediment core can be related to

recorded historical dates for the area. Using this criterion

(the % Ambrosia rise) as a 'time scale' a comparison between

pre- and post-settlement events can be attempted. With the initial
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desiring of the land there is usually an increase in the inorganic

fraction in the sediments and this is shown by the % ash curve.

In the Lake Hunger study the initial clearing of the land

occurred in approximately 1829 with the construction of a road

around the north shore of Lake Hunger known as Norwich Road

(Department of Lands and Forests, 1963). The earliest record

indicates that Jonathon Malcolm initially settled the area north

and east of Lake Hunger in 1829. The remaining land around Lake

Hunger was not completely settled until 13-24 years later.

A description of the chemical results for Borehole 1 (Figure

29) best exemplifies the relationship between man and his en-

vironment reflected in Boreholes 1 to 4 (Figures 29 to 32). It

should be noted that there was no significant rise in % Ambrosia

pollen in the sediments of Borehole 2 (Figure 30). However, the

% ash curve supported by the presence or absence of Ambrosia

pollen (not statistically significant enough to appear on the

diagram) indicates the point in the sediment core which reflects

the initial clearing of the land with the construction of Norwich

Road. The lack of a significant decrease in inorganics along

the % ash curve is probably the result of the location of Borehole

2. Borehole 2 is located furthest from the Norwich Road and

therefore, least affected of all the sites by the influx of or-

ganics into the lake as a result of man's logging activities.

In Borehole 1 (Figure 29 )» there is an increase in the %

ash at approximately 90 cm in depth which corresponds to a small

rise in the % Ambrosia pollen. This increase in % ash and the

presence of Ambrosia pollen can be related to the construction

of Norwich Road and the initial settlement by Jonathon Malcolm

in 1829. A similar increase in the concentrations of lead, zinc,
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cobalt, nickel, iron, manganese, magnesium, potassium and alum-

inum occur at 90 cm in depth. As has been noted previously,

these elements can be associated with the products of erosion

(that is, an increase in clastic material). Copper decreases in

concentration and this is in agreement with the research of

Terasmae et al. , (1972) that copper may be related to organic not

inorganic material. Between 60 cm and 65 cm in depth there is a

significant decrease in the % ash with a corresponding decrease

in concentration of zinc, cobalt, nickel, iron, magnesium and

potassium and a noticeable increase in copper. This event

probably reflects man's logging activities. The apparent decrease

in inorganics is the result of a dilution effect caused by the

influx of organics into the lake. At approximately 50 cm to 55 cm

in depth a sharp increase in the fo ash and the major rise in %

Ambrosia occurs. These increases are the result of the major

settlement in the vicinity of Lake Hunger. Elements associated

with the clastic fraction show an increase in concentration at

this time.

The most significant result which can be observed in the study

of the Lake Hunger surface sediments (Boreholes 1-4) is the

relationship between the element distribution patterns and the

fo ash curve suggesting that the most significant effect that man

has had on Lake Hunger is the clearing and the subsequent

cultivation of the land for farming. Part of the increase of

lead and zinc in the surface sediments of Boreholes 1-4 is

probably related to emissions from internal combustion engines.

The locations of the 8 surface samples in the Lake Hunger

basin are shown in Figure 13. The average element concentrations

in the sediments of the 8 surface samples (approximately 5 cm of
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sediment material) and the top 5 cm of sediment in Boreholes 1,

2, 3» ^ and 6 are shown in Table 19.

The author realizes that the sedimentation rate throughout

the Lake Hunger basin is not uniform. However, a rough compar-

ison can be attempted between the average element concentrations

in the 8 surface samples and in the top 5 cm of sediment in

Boreholes 1, 2, 3» ^ and 6. From Table 19 it can be observed

that the average concentrations of nickel, cobalt, sodium, iron

and magnesium are relatively uniform in the surface samples and

in the lake cores. Copper concentrations are similar in the

surface samples but are higher in the lake cores. A possible

explanation for this is that in the surface samples the sediment

is a marl, whereas, gyttja is predominent in the upper 5 cm of

sediment in all of the boreholes. As has been discussed pre-

viously (Borehole 1), copper appears to be associated with organic

not inorganic material and the organic nature of the gyttja may

explain the slight enrichment of copper in the sediments of the

lake cores. Calcium concentrations are enhanced in the surface

samples in comparison to the lake cores. The present day form-

ation of marl (CaC0~) around the margins of Lake Hunger is the

reason for this calcium increase. The increased concentrations of

aluminum and potassium in the sediment of the lake cores in com-

parison to the surface samples may be related to the varying

sedimentation rate in the Lake Hunger basin. Lead and zinc

concentrations are higher in surface samples #l-#^, which are

located adjacent to the woodland land use area, than in surface

samples #5-#8. From Figure 22 it can be observed that lead and

zinc concentrations are high at sample sites in the wooded area,

especially those sites located close to the lakeshore. Surface
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sample #1, which is located approximately 15 feet south of the

inflowing stream in the wooded area, contains the highest con-

centrations of lead (78 ppm) and zinc (143 ppm) of all of the

surface samples analyzed. It is significant to note that of all

the stream sediments analyzed those sites located in the inflow-

ing stream of the wooded area also contain the highest concen-

trations of lead and zinc (Table 15). There appears to be a

relationship between the concentrations of lead and zinc in

surface samples #l-#4 with the soils and stream sediments of the

wooded area.

The variation in composition of the sediments with depth and

therefore with time presents a pattern of change which can be

observed in the lake sediments of Borehole 6 (Figure 33). This

pattern of change is seen in the variation of % ash with depth

and in the distribution of elements in the sediments. The ob-

served changes in composition of the sediment can most easily

be explained if the sediment is regarded as a sequence of erosion

products derived mainly from the drainage areas of the lake.

This is certainly the case in the lowermost sediments (below a

depth of approximately 475 cm) in the Lake Hunger basin where the

inorganic fraction in the sediments is greater than 75%. From

the water/sediment interface to a depth of approximately 475 cm

a thick deposit of gyttja (organic mud) is present and the in-

crease of organics in this mud is shown by a decrease in the %

ash (Figure 33). The organic components of a gyttja are origin-

ally of a particulate nature, formed by the sedimentation of

plankton and the washing in of organic remains from the watershed

and the littoral regions of the lake (Ruttner, 1963). Gyttja is

formed in regions with bottom waters poor in oxygen, where the
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concentration of organic material is greater than the amount of

oxygen present needed to decompose these substances during sed-

imentation (Krejci-Graf , in Fairbridge, 1972). However, the

gyttja (0 cm-^75 cm) in the Lake Hunger basin is composed of

greater than 60% (on the average) inorganic material and con-

sequently, the rate of erosion of the drainage basin is still very

important in determining the composition of the lake sediments.

In Borehole 6 (Figure 33) of Lake Hunger, the sediment (from

the water/sediment interface) consists of a thick deposit

(approximately 475 cm) of dark brown gyttja which grades downwards

into a sequence of laminated dark brown, black and buff brown

gyttja, which is overlying a black gyttja containing minor silt

and clay. The sediment below the black gyttja consists of a

black clayey gyttja which is overlying a dark grey clay. The

depth of the post-glacial sediment recovered in Borehole 6 was

731 cm.

It was not possible to obtain radiocarbon dates on the sed-

iments of Borehole 6 as all the core material was required for

chemical and palynological analysis. The results of the radio-

carbon and palynological studies on the sediments of Borehole 5

provide a geochronological standard for Lake Hunger that can be

used to correlate the pollen results from Borehole 6. The pollen

zones (H-I to H-IV) designated for Lake Hunger are used to

correlate the sediment sequence in Borehole 5 to that of Borehole

6. The average concentration of the elements and % ash in the

sediments of Borehole 6 and their relationship to the pollen

zones (which correspond to those of Borehole 5) are presented in

Table 20.

Upon studying the element distribution patterns in Figure 33

123





.c





and Table 20 the following observations can be made regarding the

chemical history of Lake Hungers

(1) There is a gradual increase in organic material in the

sediments during postglacial time (from 731 cm to 65 cm).

This trend is disrupted at 65 cm, at which depth, there is an

increase in the inorganic fraction in the sediment as a

result of man's clearing of the land and his subsequent

settlement in the Lake Hunger area. These features are

clearly shown on Figure 33 and in Table 20.

(2) The natural 'aging' process of Lake Hunger has been disrupted

by man and by natural phenomena during its history. Evidence

of fires are contained in the lacustrine sediment record in

the form of charcoal. Local fires have occurred at approx-

imately the following sediment depths:

a) Zone H-I ('tundra'), at a depth of 715 cm. There is a

large decrease in non-arboreal pollen (Figure 33) and

abundant charcoal was present on the pollen slide.

b) Zone H-IIa ('taiga'), at a depth of 665 cm-680 cm. There

is a large decrease in non-arboreal pollen at 680 cm in

depth. Also, charcoal is present on all of the pollen

slides from 665 cm-680 cm. A noticeable decrease in the

% ash with a corresponding decrease in zinc, cobalt,

nickel, iron, manganese, magnesium, sodium, potassium and

aluminum concentrations occur at this point in time,

approximately 15»000 years ago. No significant change

occurs in the concentrations of lead and copper. Calcium

increases in concentration with the increase in organics

and this is in agreement with Mackereth's (1966) studies

in the English Lake District that calcium is abundantly
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precipitated into the sediments only at times of very in-

tense erosion, otherwise, calcium in the sediment appears

to be associated with organic matter. The apparent

decrease in inorganics is the result of a dilution effect

caused by the influx of organics into the lake.

c) Zone H-IV (hardwood forest), at a depth of 260 cm-275 cm.

A large increase in % ash with corresponding increases in

cobalt, iron, manganese, potassium and aluminum concen-

trations occur at this point in time, approximately ^,000

years ago. Copper and calcium decrease in concentration

in the sediments. Once again, charred organic fragments

are present in the pollen slides. This peak is also pre-

served in the lacustrine sediment record of Borehole 4

(Figure 32).

d) Zone H-V and the top 25 cm of zone H-IV (post-cultural

period), at a depth of cm-65 cm. Charcoal is present in

all of the pollen slides except at depths of 30 cm and 35

cm. This is a clear indication that man has utilized fire

in his efforts to clear the land for farming around Lake

Hunger. Increases in lead, zinc, nickel, cobalt, calcium,

magnesium, sodium, potassium and aluminum occur at 65 cm

in depth and this point in time is historically dated at

approximately 1829. Copper, which is associated with the

organic fraction of the sediment, decreases in concentration.

The concentrations of iron and manganese are constant

throughout this period of time. This is in contrast to

the results obtained in the surface sediments of Boreholes

1-3 (Figures 29 to 31 )t where iron and manganese increase

in concentration during post-cultural time (1829 to the
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present). One possible explanation for this is that the

bottom waters in the deeper parts of the Lake Hunger basin

may be poor in oxygen and consequently the iron and man-

ganese entering these waters are not being oxidized and

precipitated into the sediments but are remaining in the

reduced form in solution. Borehole 6, as well as Borehole

4, are located in the deeper regions of the Lake Hunger

basin and the distribution of iron and manganese is

similar in each of these boreholes. Boreholes 1-3 are

located in shallower water where oxygen may still be

present and consequently, iron and manganese may become

oxidized and precipitated into the sediment. Between 45

cm and 65 cm in depth there is a significant decrease in

% ash and this is the result of a dilution effect caused

by the influx of organics into the lake during man's

logging activities.

(3) The distribution patterns of lead, zinc, nickel, cobalt,

aluminum, magnesium, sodium and potassium are similar to the

% ash curve (Figure 33 )i indicating that throughout post-

glacial time, the rate of erosion in the drainage basin is the

main factor which controls the concentration of these

elements in the sediments of Lake Hunger. Lead and zinc con-

centrations are higher during post-cultural times than at any

other time during the post-glacial history of Lake Hunger.

Part of the increase of lead and zinc in the surface sediments

of Borehole 6 is probably related to emissions from internal

combustion engines. The average concentrations of these

elements throughout the post-glacial sediments shows a

similar relationship to the % ash data (Table 20).
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The distribution pattern for copper is essentially a

'mirror- image' of the fo ash curve (Figure 33) • The assoc-

iation of copper with the organic fraction of the sediment is

evident in Table 20.

Iron and manganese distribution patterns are similar to

the % ash curve throughout pre-cultural time (Figure 33).

During post-cultural time, however, there is no increase in

iron and manganese in the sediment and this may be the result

of the presence of anaerobic conditions in the deeper, bottom

waters of the Lake Hunger basin. The anomalous high average

value for iron (22,032 ppmj H-IV) in Table 20 may be explained

by the large accumulation of iron in the sediments (260 cm-

275 cm) during a period of forest fires in the area. The

high element concentrations associated with this phase of the

lakes history would tend to increase any average value cal-

culated for zone H-IV.

The distribution of calcium appears to be associated with

the organic fraction of the sediment in the H-IIa pollen

zone (665 cm-680 cm), however, it resembles the °/o ash curve

in the uppermost sediments of Lake Hunger. In Table 20 the

high concentration of calcium (81,293 ppm) in pollen zone

H-III can be attributed to the presence of calcareous lamin-

ations in the gyttja.

(*0 From Figure 33 and Table 20 it can be observed that the con-

centration of some elements (cobalt, nickel, iron, manganese,

calcium, magnesium, sodium and potassium) appears to be higher

during pre-cultural compared to post-cultural times. This in-

dicates that the study of surface cores (approximately 150 cm) for

the purpose of determining man's influence on his environment

128





can be misleading. It is significant to note that in order

to assess man's effect on his environment a study of the

entire sediment record should be made.
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GENERAL DISCUSSION

The semiquantitative analytical method used in this thesis

was considered to be adequate for the analysis of the soil,

stream sediment and lake sediment samples. Although a survey

was made of analytical methods that could have been used for

samples collected for this investigation, the final selection of

the method as described in the thesis depended on the previous

use of this method by the author and the experience and success

achieved during prior studies of similar scope, as well as on the

availability of analytical facilities. The results obtained from

this analytical method were used to discern general element

distribution patterns in the Lake Hunger and Lisgar study areas

rather than to describe specific element concentrations (in

absolute quantities) and their relationship to the chemical

structures of the sediment material. For this reason the cold

lZfo hydrochloric acid extraction procedure, which has been shown

to be useful for studies such as those in this thesis (Panko,

1975 (unpublished) j Terasmae et al. , 1972; Fortescue et al. , 1971?

Gawron, 1971 (unpublished); Winn, 1971 (unpublished)), was used

as a first approximation for the interpretation of the geochemical

data. The performance and reproducibility of this 'partial'

extraction method was considered adequate for the purpose of this

thesis.

Man's effect on the chemistry of the environment is re-

flected in the sediment cores of both Lake Lisgar and Lake

Hunger. These effects include disturbance resulting from the

land clearing during the initial phase of European settlement

and the later agricultural and urban developments that have

occurred in the areas studied. Some soil erosion and change in
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soil chemistry in areas adjacent to the lakes studied are re-

flected by changes observed in the sedimentary records preserved

in the lake basins. The results of this study suggest several

possible explanations for the observed changes in the sediments

but a somewhat larger data base would be required to confirm

these explanations.

The use of the % Ambrosia rise as a stratigraphic marker

between pre- and post-settlement times (Basse tt and Terasmae,

1962) is not applicable in the Lake Lisgar sediments since the

construction of the 'mill' pond post-dates the initial settlement

of the Tillsonburg area by approximately 50 years. The con-

struction of the 'mill' pond is clearly indicated in the sediment

cores by a distinct change between the medium grained fluvial

sand and the fine grained silty lacustrine clay. This point in

time is historically dated as 1874. The use of the % Ambrosia

and °/o ash rise as a stratigraphic marker between pre- and post-

settlement times in the Lake Hunger sediments is clearly defined.

This event is historically dated as 1829.

The effects of man disturbing the land and the subsequent

erosion is clearly defined in the sediment record of each lake.

A noticeable increase in erosion followed the initial damming of

Big Otter Creek and the subsequent formation of Lake Lisgar.

This event is marked by a large initial increase in concentration

of all of the 12 elements analyzed (lead, zinc, nickel, cobalt,

copper, aluminum, iron, manganese, calcium, magnesium, sodium

and potassium). The initial clearing of the land in the Lake

Hunger area is reflected in the sediment record by an increase in

i» ash with a corresponding increase in lead, zinc, cobalt, nickel,

calcium, magnesium, sodium, potassium and aluminum.
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Man's influence on the surface element distribution patterns

in the Lake Lisgar area appears to be related to urban develop-

ments adjacent to the lake, whereas, rural development in the

vicinity of Lake Hunger appears to have had less effect (than in

the Lake Lisgar area) on the surface element distribution

patterns.

The distribution patterns of lead, zinc, nickel, cobalt,

aluminum, magnesium, sodium and potassium are similar to the %

ash curve throughout postglacial time indicating that the rate

of erosion in the drainage basin is the main factor which con-

trols the concentration of these elements in the sediments of

Lake Hunger.

The vegetational history, from palynological analysis, of

Lake Hunger from postglacial time to the present includes the

following stages: tundra, open spruce forest, closed boreal

forest, deciduous forest and the trend towards the re-establish-

ment of pine following the clearing of land and the subsequent

settlement of the Lake Hunger area by European settlers. A

similar history of Holocene vegetation has been established in

other areas of Southern Ontario where palynological studies have

been made and therefore the palynological record from Lake

Hunger has been confirmed on a regional basis. However, the

palynological record in Lake Hunger appears to extend further

back in time than most other similar records.

The results of the Lake Lisgar soil study showed that notable

increases in concentration of lead, zinc, nickel, calcium,

magnesium, sodium, potassium, possibly cobalt, and most likely

copper in the soils of the 'signal' area are related to man's

land use activities. The general trend for most of the elements
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in the upper 5 cm of the lacustrine sediment appears to be an

increase in concentration towards the southern end of the lake

(Table 12) where the disturbance by man is the greatest. It is

significant to also note that the highest concentrations of most

of the elements in the soils occur at the southern end of the

lake. In fact, some of the highest values for lead, zinc, nickel,

copper, and calcium occur along Concession Street and Borehole 3,

which is located closest to Concession Street, also has the

highest concentrations of these elements. A general relationship

appears to exist between element concentrations in the soils and

in the lacustrine sediments. In contrast, the distribution

patterns of the 12 elements analyzed in the Lake Hunger soils and

stream sediments are generally related to natural processes (pH,

bedrock, surficial material) rather than any significant in-

fluence from man's activities. The lake sediments are essentially

the erosion products of the soils and stream sediments. Lead

and zinc concentrations are higher in surface samples #l-#4,

which are located adjacent to the woodland area, than in surface

samples #5-#8. Lead and zinc concentrations are also higher in

the soils of the wooded area and in the sediments of the inflowing

stream in the wooded area. There appears to be a relationship

between the concentrations of lead and zinc in surface samples

#l-#^ with the soils and stream sediments of the wooded area.

This relationship, once again, is related to natural processes

rather than any significant influence from man's activities.

A comparison of chemical data, obtained from this study,

with some chemical analyses on surficial deposits in south-

western Ontario that are available in the literature was con-

sidered to be of somewhat questionable value because of differences
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In order that two sites (one in a rural setting and the other

in an urban area) could be directly compared it seems necessary

on the basis of the present study that such 'depositories'

(lakes) and the sediment types (sequences) in them should be of

the same kind. In addition, varying sedimentation rates in the

basins should be taken into account.
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in analytical methods used and also differences in kinds of

samples collected. For example, May and Dreimanis (1973)

chemically analyzed the -0.03? mm size fraction of both oxidized

and unoxidized tills (Wisconsin glacial tills from southern

Ontario) which were collected at a depth of at least 50 to 100 cm

below the B horizon of the soil. Hydrofluoric (HF) and perchloric

(HCIO^) acid were used to digest the till samples. In this study,

the -0.17? mm size fraction was chemically analyzed and the

sample depth, as stated previously, was between and 15.2 cm

which is above the base of the B horizon of the soil. In addition,

a partial extraction method (HC1) was used in the digestion of the

samples collected. Barnett (1975# unpublished), who collected 64

till samples (from southern Ontario) for chemical analyses also

used total extraction methods (HF, HClOj, and HF, HC1) for the

chemical digestion of his samples.

For similar reasons it was felt that the two sets of data

(one from Lake Lisgar, the other from Lake Hunger) in the present

study were not directly comparable because of differences in

several site characteristics (for example, the varying sedimentation

rates in the two basins; differences in composition of the sur-

ficial sediments and soils; and the location of the two lake

basins). However, in spite of some similar trends in element

distribution patterns in post-settlement time in both lakes the

causes of these trends are not necessarily identical (see pages

80-83, 118-121).

1. May, R.W., and Dreimanis, A., 1973. Differentiation of glacial
tills in southern Ontario, Canada, based on their Cu, Zn,
Cr, and Ni geochemistry. G.S.A. memoir 136, p. 221-228.
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CONCLUSIONS

The three main conclusions in respect to the chemical

aspects, the environmental changes and a general guideline for

further study can be drawn from the results of this investigation.

1) a) The increase in concentration of lead, zinc, nickel,

calcium, magnesium, sodium, potassium, possibly cobalt

and most likely copper in the soils and lake sediments in

the southern end of the Lake Lisgar study area is related

to man's urbanizing developments. Conversely, rural

development in the vicinity of Lake Hunger appears to have

had little effect on the element distribution patterns in

the soils and lacustrine sediments.

b) The following conclusions can be drawn from the postglacial

chemical history of Lake Hunger.

i) The rate of erosion in the drainage basin is the main

factor which controls the concentration of lead, zinc,

nickel, cobalt, aluminum, magnesium, sodium and potassium

in the sediments of Lake Hunger,

ii) Copper is associated with the organic fraction of the

lake sediment,

iii) During post-cultural time, there is no increase in iron

and manganese in the lake sediments. This may be the

result of the presence of anaerobic conditions in the

deeper, bottom waters of the Lake Hunger basin.

iv) The concentrations of cobalt, nickel, iron, manganese,

calcium, magnesium, sodium and potassium appears to be

higher during pre-cultural compared to post-cultural times.

It is significant to note that in order to accurately

assess man's effect on his environment a study of the
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entire sediment record, not only a study of surface

cores (length approximately 150 cm from the water/

sediment interface) should be made.

2) a) From the palynological and geochronological studies of

Lake Hunger Borehole 5 the following conclusions can be

drawn

»

i) Early postglacial Lake Hunger probably existed in a

tundra-like environment.

ii) Approximately 15t000 years B.P. this treeless area was

invaded by what is termed a 'taiga* or an open spruce

forest,

iii) The open spruce forest gradually was invaded by pine as

the climate became warmer and drier, until approximately

9,800 years B.P. when a closed boreal forest predom-

inated in the Lake Hunger area,

iv) This closed boreal forest persisted until approximately

7,400 years B.P. when it was gradually replaced by a

predominantly deciduous forest composed mainly of beech,

oak, elm and hemlock.

v) A hemlock and beech pollen maximum occurs at 5t870 + 120

radiocarbon years B.P. (BGS-232b).

vi) The late postglacial history has been altered by the

appearance of European settlers in the Lake Hunger area.

A minor pre-settlement trend to a re-establishment of

pine in the area was sharply enhanced when man cleared

the natural deciduous forest and opened the Lake Hunger

area for the re-establishment of pine as an important

component in the Lake Hunger vegetation. The main period

of land clearing and the subsequent settlement of the

Lake Hunger area (1842-1853) is indicated by the sudden
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increase in the abundance of ragweed ( Ambrosia )

.

b) The minimum age of Lake Hunger and thus the approximate

age for the ice retreat from the Tillsonburg moraine and

the subsequent drainage of Glacial Lake Maumee is greater

than 15 # 000 years B.P.

c) The suggested minimum age for the Tillsonburg moraine is

approximately 16,000 years B.P.

d) In approximately 15,000 years Lake Hunger has evolved from

an oligotrophic to an eutrophic lake, with possible

anaerobic conditions in the deeper, bottom waters of the

basin at the present time.

e) The significant increase in the abundance of ragweed

( Ambrosia ) pollen in Boreholes 1, 3, 4, 5 and 6 is coin-

cident with the major period of land clearance and sub-

sequent settlement in the vicinity of Lake Hunger (1842-

1853). This period of man's disturbance was further

supported by an increase in the $ ash as shown on the % ash

curve. However, the use of the % Ambrosia pollen curve

to indicate the minor phase of settlement and the building

of the Norwich Road (1829) was not successful. The curve

defining changes in % ash proved to be more sensitive to

minor disturbances within the vicinity of the lake and is

therefore considered to be necessary in studies of the

type carried out in this thesis.

f) A distinct change in ostracode species (from a fluvial to a

lacustrine or pond environment) in Borehole 5 of Lake

Lisgar is coincident with the change in sediment type from

a fluvial sand to a lacustrine clay.

3) The study of element distribution patterns in soils and lake

sediments appears to be a useful tool in discerning man's
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effect on his environment. Lead, zinc, nickel, calcium,

magnesium, sodium and potassium are elements which may be used

in environmental investigations in other areas of Southern

Ontario.
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RECOMMENDATIONS

1) A larger diameter piston corer should be used during the field

collection of the lake sediments. This would permit a closer

sampling interval and consequently a more detailed analysis

of the lake sediment history.

2) A heavy duty drill should be used to penetrate the bottom

sediments in Lake Hunger in order to determine the sequence

of glacial deposits present in this kettle hole.

3) The numerous kettle holes in the vicinity of the Lake Hunger

area provide an opportunity for further palynological and

geochronological studies which would result in the accumulation

of data important to a more complete understanding of the

Quaternary events in this part of southwestern Ontario.

k) The fo ash curve should be used with the % Ambrosia pollen

curve to determine the initial European settlement in an area.

5) At least one complete postglacial record of the chemical

history within a lake basin is necessary in order to accurately

assess man's effects on his environment.
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GEOCHEMICAL SAMPLE PREPARATION

Soils and Stream Sediments

(1) The samples were oven dried in a Blue M single-walled

transite oven at 110° C for a period of 2k hours.

(2) The oven dried material was passed through an 80 mesh

stainless steel sieve and the minus 80 mesh fraction was

placed in labelled 7 dram plastic vials.

(3) 0.5 grams of sediment from each sample was weighed out

on a digital Cahn Electrobalance and placed in Pyrex

test tubes.

(4) 10 millilitres of 12$ (v.v.) hydrochloric acid was added

to each test tube.

(5) The test tubes were placed in a wooden storage box and

were briefly agitated at k and 8 hours after the addition

of the 12# hydrochloric acid.

(6) After 8 hours the samples were covered with plastic stoppers

and were shaken on a mechanical shaker for a period of 8

hours

.

(7) Immediately after the shaking cycle was over, the test

tubes were centrifuged at 2000 rpm for 12 minutes. This

was to remove the particulate matter from the extract.

(8) The clear liquid was then decanted into small glass vials.

(9) The lead, copper, nickel, cobalt, zinc, aluminum, sodium,

potassium, iron, manganese, calcium and magnesium content

of each extract was then determined using a Perkin Elmer

403 Atomic Absorption spectrophotometer equipped with an

automated sample changer and a teletype printout attach-

ment.

150





(10) Some of the samples contained calcium, magnesium, iron,

aluminum and potassium concentrations above the detection

limit of the instrument and had to be diluted with lanthanum

oxide. The final dilution contained 1% (w/v) lanthanum.

Lacustrine Sediments

(1) The 4 centimetre sections of lake sediment core were

weighed out on a P1200 Mettler top loading balance immed-

iately after they were taken from the extruded sediment

cores. The wet weights were recorded.

(2) The samples were then filtered through Whatman's Qualitative

#1 filter paper for a period of 24 hours.

(3) The filtered samples were dried for 24 hours at 110° C in

a Blue M single-walled transite oven and then cooled in a

desiccator before being weighed on the P1200 Mettler balance.

The dry weights were recorded.

(4) The oven dried samples were placed in ashing tubes and

ashed at 435° C in a Thermolyne furnace for a period of

11 hours. The material was then weighed on a digital Cahn

Electrobalance and the ashed weights were recorded.

(5) The method used from this point on for the chemical

preparation of the lacustrine sediments is the same as that

used in steps #3-#10 for soils and stream sediments.
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PALYNOLOGICAL SAMPLE PREPARATION

Lake Sediment- containing shells,

sand, silt, clay and plant detritus.

Clean the surface of sediment to

be sampled. Remove approximately

1 c.c. of sediment for chemical

treatment, required to extract and

concentrate palynomorphs

.

I

HC1 Treatment (#1)- to remove

carbonates.

HF Treatment (#2)- to remove

silica.

*. KOH Treatment (#3)- to

dissolve the humus

fraction and to defloc-

culate and disaggregate

the sample. I

-^Acetolysis Treatment

(#*0- to break down the

cellulose component of

the sample.

I
Slides.

Note:

(a) If the lake sediment does not contain carbonates and silt and

clay, then treatments #1 and #2 may be omitted.

(b) If the lake sediment contains only carbonates, then treatment

#2 may be omitted.

(c) If after treatment #2 the sample contains no coarse plant

detritus, then treatment #3 (primarily used for peat samples)

may be omitted.

(d) If the lake sediment contains carbonates, silt and clay, then

all 4 treatments may be necessary.

The steps involved in the k treatments are described below.
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#1 Hydrochloric Acid Treatment (10% HC1)

1) Add 10% HC1 to the sample (the amount required will depend

on the amount of carbonate in the sample).

2) Leave samples at room temperature, stirring occasionally

until the reaction stops.

3) Centrifuge the samples, decant the HC1.

4) Wash the samples with distilled water, centrifuge and then

decant the water.

#2 Hydrofluoric Acid Treatment (52% HF)

1) Place the sample in nickel crucibles, add HF.

2) Heat the sample to the boiling point, remove from heat.

3) Let the sample settle and then carefully decant the HF.

4) Add distilled water to the sample.

5) Centrifuge the sample and then decant the diluted HF.

6) Wash the sample with distilled water, centrifuge and decant

the water.

7) Add approximately 5 millilitres of 10% HC1 to the sample

and heat gently.

8) Centrifuge the sample and decant the acid.

9) Wash the sample with distilled water, centrifuge and decant

the water.

#3 Potassium Hydroxide Treatment (10% KOH)

1) Add 40 millilitres of KOH to the sample (in a 100 millilitre

beaker)

.

2) Bring the sample to a boil, remove from the heat and strain

through a sieve.

3) Centrifuge the sample and decant the KOH (repeat if

necessary)

.

k) Wash the sample with distilled water, centrifuge and decant
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the water.

5) Add 3 millilitres of glacial acetic acid to the sample,

centrifuge and decant.

#4 Acetolysis Treatment

1) Place sample in a 15 ml centrifuge tube, add 5 millilitres

of Acetolysis solution (9 parts acetic anhydride and 1 part

concentrated sulfuric acid), and stir.

2) Place the centrifuge tube in a water bath and heat to

100° C.

3) Remove sample from water bath, stir, centrifuge and decant

acetolysis solution.

4) Wash sample with distilled water, centrifuge and decant.

5) Make slides of residue using such embedding media as

1) glycerin jelly 2) silicone oil 3) corn syrup.
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OPERATIONAL PROCEDURE FOR THE FAXITRON

MODEL 8060 X-RADIOGRAPHY UNIT

The Faxitron Model 8060 is a self-contained x-ray system

manufactured by the Field Emission Corporation. Automatic

features give correct exposure time and indicates the proper

kilovoltage (kVP) during exposure.

The unit has a power output range to the x-ray tube of from

10 to 110 kilovolts and a constant tube current of 3 milli-

amperes. A variety of film to source distances (F.T.S.D.) are

possible with this unit, ranging from a minimum of 12.5 inches

to a maximum of 49.5 inches. The x-ray beam's diameter will

vary with the F.T.S.D. of the film support shelf. The maximum

diameter for the beam is approximately 16 inches at ^9*5 inches

(F.T.S.D.).

1

)

The prepackaged 35 nun x-ray film was cut into metre lengths

in the dark room and the ends were sealed with black electrical

tape.

2) The x-radiography unit was plugged in. The caps and extension

tubes were tightened so that no radiation was emitted when

the instrument was turned on.

3) The film support shelf was unfastened so that it remained

loose in the exposure compartment. The door of the exposure

chamber was closed.

k) The key was inserted into the power switch and turned clock-

wise. Wait for the power-on indicator to light up. The kVP

control was set at zero.

5) Kodak M Industrial X-ray film was used. The film selector

switch was set to 4 and the fine exposure control was set

to the intermediate position (mid-range).
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6) The fine zero adjustment on the film selector switch was

turned so that the exposure progress meter read zero.

7) To warm up the instrument, the manual timer was set at 1

minute and the kVP control was adjusted to show an indication

of 15 kVP on the kVP meter. The auto^manual selector switch

was turned to auto (matic) and the reset button was pressed.

If the exposure progress meter did not read zero, the fine

zero adjustment was correspondingly adjusted. Then the

exposure button was pressed. After the power-on indicator

lit up (exposure was finished), the auto-manual selector

switch was turned to manual and the kVP meter was set to zero.

This same procedure was used for settings of 25» 35 and 50

kVP on the kVP meter. The machine was now warmed up.

8) The exposure compartment door was opened and the film support

shelf was placed on the lowest level. The film was positioned

(black electrical tape was used) on the desired location on

the sediment core tube. The cap was removed from one end of

the extension tube and the core was placed into position in

the exposure chamber. The film support shelf was fastened

firmly into position and the cap on the extension tube was

secured. The exposure compartment door was closed.

9) The manual timer and the kVP control were set at the desired

settings. The auto-manual selector switch was turned to auto

(matic) and the reset button was pressed. If the machine

was calibrated properly, the exposure button was then pressed.

10) When the film was properly exposed, the exposure button light

extinguished and the power-on indicator lit up. The auto-

manual switch was turned to manual and the kVP control was re-

turned to zero.

11) The film was removed and processed.
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OPERATIONAL PROCEDURE FOR THE BECKMAN (MODEL RA-2)

CONDUCTIVITY METER

Electrolytic conductivity is a measure of a solution's ability

to conduct current. Since electrolytic conductivity is non-

specific, all ions in solution contribute to the current flow.

Conductivity measurements usually involve the determination of

the resistance by an AC Wheatstone bridge. Electrolytic con-

ductivity is defined as the reciprocal of the resistance, in ohms,

of one centimetre cube of a solution at a specified temperature.

Units of measurement are mho/cm (reciprocal ohm-cm) and

micromho/cm (yumho). The conductivity meter was calibrated by

using a 0.01 M solution of potassium chloride which has a

specific conductance of 1413.0 yumhos/cm at 25° C. Since con-

ductivity is temperature dependent, conductivities are reported

as conductivity at a specific temperature, of which the most

frequently used is 25° C. The in situ conductivity measurements

have been converted to 'conductivity at 25° C* (X^,-).

(1) The function toggle switch was placed in the CALIBRATE

position.

(2) The READ button was depressed and the reading was adjusted

to the CALIBRATE position on the meter with the CALIBRATION

knob.

(3) After the READ button was released, the function switch

was placed in the OPERATE position.

(4) The electrode was immersed in the sample to be measured.

(At least 1/2 inch clearance around the electrode, and a

1/2 inch of liquid above the vent hole was required for

accurate results.)
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(5) The READ button was depressed and the specific conductance

(/umhos) of the sample was read directly from the meter and

noted.
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OPERATIONAL PROCEDURE FOR THE KRUGER AND ECKELS

pH METER, MODEL 310

pH is the logarithm of the reciprocal of the hydrogen ion

concentration, (more precisely, activity), in moles per litre.

The practical pH scale extends from zero (very acidic), to 1^+

(very alkaline), with the mid-point (pH 7), corresponding to

exact neutrality at 25° C. The pH value represents the in-

stantaneous hydrogen ion activity, whereas, 'alkalinity' and

'acidity' express the total reserve or buffering capacity of a

sample

.

(1) The combination pH electrode was rinsed in distilled water

and the excess water was removed with a soft cloth ('Kimwipe')

(2) The electrode was connected to the gold plated connector

at the top of the instrument. The ferrule was tightened

sufficiently to prevent the cable from turning.

(3) The next step was to calibrate the electrode with two buffer

solutions, the pH of which was similar to that expected for

the samples.

(a) The electrode tip was immersed (over the fiber junction)

into one buffer solution and gently agitated. The meter

was then switched to the 'read pH' position. The

standardization knob on the side of the case was turned

until the meter indicated the pH of the buffer solution.

(b) The meter was switched to the 'standby' position; the

electrode was rinsed in distilled water and then was

immersed in the second buffer solution. The instrument

was switched to the 'read' position and as the electrode

was gently agitated, the pH reading was observed.
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If the pH reading for the buffer solution was not

accurate, then the standardization knob was turned

until the meter indicated the correct pH. The instrument

was returned to the 'standby' position and the electrode

was rinsed thoroughly. The instrument was now cal-

ibrated.

(**•) The electrode tip was immersed (beyond the fiber junction)

in the sample and as the solution was slowly stirred the

pH meter was switched from the 'standby' position to the

'read' position. The pH value was noted. The meter was

returned to the 'standby' position and the electrode was

*
again rinsed with distilled water. A temperature correction

may be necessary.

* All glass electrodes have a temperature coefficient proportional

to the absolute temperature. The meter scales are calibrated

for an electrode at 25° C (77° F). As a result, there will be

a 1% error for each 3° increment from 25° C at 1 pH difference

from the buffer pH. The necessary correction can be determined

from a temperature correction graph. However, for practical

purposes, there are many applications under which the temp-

erature correction can be ignored. If an accuracy of 0.2 pH

is desired and the buffer is within 2 pH of the sample, any

temperature between 15° C and 40° C will cause no error.
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METEOROLOGICAL DATA

Measured at Simcoe, Ontario, by the Department of the Environment,

Atmospheric Environment Service.

42° 51 • N (latitude), 80° 16' W (longitude)

789 feet ASL (240.6 metres)

25 miles (40.3 kilometres) east of Lake Lisgar, 13 miles

(21.0 kilometres) south of Lake Hunger.

Mean Maximum Temperature

Mean Minimum Temperature

Mean Annual Temperature

Rainfall

Snowfall

Total Precipitation*

1971

(13.0° C)
55.4° :

37.3° F
(2.9° C)

46.4° F
(8.0° C)

21.5 inches
(546 mm)

65.7 inches
(1669 mm)

28.1 inches
(714 mm)

Standard Normal
Period (1931-60)

56.2° F
(13.4° C)

36.8° F
(2.7° C)

46.5° F
(8.1° C)

29.8 inches
(757 mm)

57.8 inches
(1468 mm)

35.6 inches
(904 mm)

The mean wind speed for the 30 year standard normal period

(1931-60) was 9.3 miles/hour, the prevailing direction being SW.

The number of frost free days in 1971 was 140.

Total precipitation is equivalent to the rainfall plus one

tenth of the snowfall measured in inches.
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FOREST TYPES ADJACENT TO LAKES' LISGAR AND HUNGER*

Forest Cover Types

Lake Lisgar

Type 4a

Poplar-Oak

Type 58

Beech

Type 88

Willow

Lake Hunger

Type 24

White Cedar

Type 57

Beech-Sugar

Maple

Poplar- Populus tremuloides

Red Oak- Quercus rubra

White Oak- Quercus alba

Bur Oak- Quercus macrocarpa

White Pine- Pinus strobus

Beech- Fagus grandifolia

Willow- Salix nigra

White Cedar-Thuja
occidentalis

Beech- Fagus grandifolia

Sugar Maple- Acer saccharum

Red Maple- Acer rubrum

White Oak- Quercus alba

Red Oak- Quercus rubra

Hemlock- Tsuga canadensis

White Elm- Ulmus americana

Importance

Residual type of

forest following

logging and fire.

Developed usually on

lighter, well-drained

soils.

Developed usually on

heavier soils.

Occurs on wet sites

along stream banks

or around ponds.

Occurs mainly on

poorly drained soils

of swamps. Limited

occurrence in study

area.

Regarded as the

typical climax

forest type.

Developed on the

loamy or heavier

soils of the area.

Most abundant
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Red Elm- Ulmus rubra

Basswood- Tilia americana

Shagbark Hickory- Carya
ovata

Black Cherry- Prunus
serotina

forest cover type in

the study area.

Type 60

Silver Maple

White Elm

Silver Maple- Acer
saccharinum

Red Maple- Acer rubrum

White Elm- Ulmus americana

Slippery Elm- Ulmus rubra

Cottonwood- Populus deltoides

White Ash- Fraxinus americana

Bur Oak- Quercus macrocarpa

Bitternut Hickory- Carya
cordiformis

Developed on poorly

drained soils.

Modified after the system developed by the Society of American

Foresters.
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DETAILED AREAS AND VOLUMES - LAKE HUNGER

DEPTH





APPENDIX 2
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