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The warn climate beds of the Toronto formation were 
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Methods have been developed for exploring Pleistocene 

sediments, other than peat, for microfossils.

ill



ACKNOWLEDGEMENTS

I wish to express my gratitude to Dro N.W. Radforth 

for criticism;, encouragement and help during all stages of 

this investigation. I also take this opportunity to extend 

my thanks and appreciation for co-operation and support during 

this study to Dr. W.A. Bell, Dr. V.K. Brest, Mr, John Fyles 

and Mr. N.R. Gadd of the Geological Survey of Canada, Mr. A.E. 

Porsild, Chief Botanist of the National Museum of Canada and 

my fellow graduate students in the Department of Biology 

at McMaster University,

The field work and the laboratory work during the 

winters of 19 52, 19 53 and 19 54- were supported by the Geologi

cal Survey of Canada.

iv



TABLE OF CONTENTS

Page

ACKNOWLEDGEMENTS

TABLE OF CONTENTS

LIST OF ILLUSTRATIONS

I INTRODUCTION

1. Historical Noto 1

2. The Problem 3

3. Definition of Palynology 5

II GENERAL GEOLOGY AND SOME BOTANICAL ASPECTS OF

THE AMS WHERE THE STUDIES WERE CARRIED OUT

1. Pleistocene Stratigraphy 12

A, Pleistocene Deposits in Southern Ontario 13

B. Pleistocene Deposits in St. Lawrence 
Lowland. 15

C. Pleistocene Deposits in the Vancouver 
District 16

2. Botanical Aspects 17

A. Botanical Aspects of the Ontario Region 18

B. Botanical Aspects of the St. Lawrence 
Lowland, and. Northern Ontario 21

C. Botanical Aspects of the Const Forest 
Region 24

III FIELD WORK AND LABORATORY METHODS

1. Collection of samples and preservation of 
material 27

v



Page

2. Chemical Treatment of Samples 35

3. Preparation of Reference Material 42

4. Corn Syrup as Embedding Medium 44

5. Staining of Prepared Material 47

6. Photography 48

7. Reliability of Methods Used 49

7A. Resistance of Different Pollen Types to 
Various Chemical Treatments 57

IV POLLEN AND SPORE MORPHOLOGICAL INVESTIGATIONS

1. Pollen morphological terminology and methods 61

2. Gymnosperms 67

3. Angiosperms 78

V PALEOBOTANICAL, GEOLOGICAL AND PHYTOGEOGRAPHICAL

APPLICATIONS

1. Interpretation of Microfossil and Mega- 
fossil Content of the Studied Deposits 95

2. Age of the Interglacial Beds of the 
Toronto Formation 102

3. Importance of Palynological Studies for 
Paleobotany, Geological Stratigraphy and 
Phytogeography 165

VI CONCLUSIONS AND SUM’’ARY 169

LITERATURE 173

189PLATES I - XXVI

vi



LIST OF ILLUSTRATIONS

Page

Frontispiece

Figure 1. Table showing difference between

separate counts on five samples 56

Figure 2, Sporodorm stratification 63

Figure 5. Diagram showing axes of measurement

on winged conifer pollen grains 68

Figure 4* Section through the Pleistocene deposits

in the Don Valley Buick Yard 106

Figure 5* The Seminary section at Scarborough

Bluffs 109

Figure 6. The Dutch Church section 111

Figure 7. Availability test in p.p.m. on soil

extract of samples from the Toronto

formation 134

Figure 3. Pollen diagram from Lynn Canyon Park 145

Figure 9. Pollan diagram from St. Pierre 149

Figure 10. Pollen diagram from Wilson’s Pond 155

Figure 11. Pollen diagram from St. Albert 155

Figure 12. Wisconsin stratigraphy,after Ruhe 158

Figure 13 Wisconsin stratigraphy based on the

ocean bottom core 161



•pa-ex ^opaq ^CaTT^A uoq aqq. up ©pens uupopAopao 

jfq upupaapun sq.psodep auaooqBpapq oxn jo nop a p-easua©



I INTRODUCTION

1. Historical Note

The Toronto formation in well known to students of 

Pleistocene geology and paleobotany. R.F, Flint characterised 

it as 11 the moot remarkable interglacial sequence yet uncovered 

in North America.1’ Beds of this formation are exposed at the 

city of Toronto, Ontario, and have been studied for almost a 

centuj^y3 particularly by A.P. Coleman whose investigations of 

them extended over fifty years. The Toronto deposits are of 

great interest in many respects. They contain the most com

plete organic record of warm interglacial conditions so far 

studied on this continent, but their stratigraphic position is 

as little known as it was when these deposits were first stu

died. The section is important because of its climatic inpli- 

catlons, for the flora and fauna of the interglacial beds indi

cate extensive deglaciation.

Information about the Toronto formation is found scat

tered through the geological literature, beginning with Sir 

Charles Lyell’s brief description of fine terraces in the 

backwoods of the ’’little city", about a hundred years ago. In 

a publication by the Canadian Geological Survey - Geology of 

Canada, 1863 - one finds a statement that freshwater shells
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were found in the banks of the Don, beneath a considerable 

thickness of sand, at about thirty feet above the level of tho 

lake. In the some publication, Henry Youle Hind is quoted to 

the effect that in digging wells in Toronto, trunks and bran

ches of trees had been found imbedded in the overlying yellow 

clay at depths ten to twenty feet below the surface.

However, many years passed before tho real Importance 

of the discovery of wood and shells along the Don River was 

recognized. About 1890 when the city undertook the task of 

straightening the curves of the Don River, fine sections of the 

drift were exposed along the river, A nature student, a printer 

named J. Townsend, was attracted by the for ells and started a 

collection of shells and bits of wood from the beds of sand and 

clay exposed during the work. He also collected some fragments 

of leaves which were sent to Sir William Dawson in Montreal 

for identification. This collection of leaves was finally 

examined by D.P. Penhallow of McGill University. Over a long 

period of years the Pleistocene geology of the Toronto for

mation was studied by A.P. Coleman who, however, whs unable to 

establish the correct stratigraphic position of the beds. The 

interglacial beds of the Toronto formation have at different 

times been placed in the Sangamon, Yarmouth and Aftonian 

interglacial of the Pleistocene sequence. During recent years 

the Pleistocene geology of the Toronto formation and the Toronto 

region has been studied by A.K, Watt of the Ontario Department 

of Mines and by A. Dreimanis of the University of Western 

Ontario,



2. The Problem

Excavations for the Toronto Rapid Transit Subway ox- 

nosed several sections of the Toronto formation which, contained 

beds of sand with abundant plant debris. Samples of tills material 

were collected and sent to Dr, N.W. Radforth of McMaster Univer

sity for examination. The writer war. entrusted with the tack 

of investigating its plant fossil content. The object of this 

investigation was to study the fossil assemble-o and to estab

lish correlation with the sections of the Toronto formation 

exposed in the Don Valley Crick Yard and along the Scarborough 

Bluffs.

From this starting point tho investigation was extended 

to tho study of the Don beds and the Scarborough beds with, a 

view to investigating plant fossils in these deposits, and making 

a detailed study of tho geological sequence. Thio step gave rise 

to the problem of the age of the interglacial Don beds and the 

relationship of thd overlying Scarborough beds and the sequence 

of tills and varves to the established Pleistocene stratigraphy 

of Eastern North America.

However, it soon became apparent that more geological 

and palynological information about the recent, postglacial 

and interglacial deposits was necessary in order to interpret 

the results gained by studies of the Toronto formation. For 

that reason the opportunity to work with the Pleistocene field 

parties of the Geological Survey of Canada was greatly appreci-
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ated. During the summer of 1952 the writer had an opportunity to 

work on tho Wisconsin interstadial and interglacial deposits 

on Vancouver Inland* B.C, and in the Vancouver districts During 

1955 similar studies were carried on in the St. Lawrence Lowland 

and during 1954 the studios wore extended to New Brunswick to 

establish correlation with work carried out in the New England 

states. Those studies supplied valuable information about the 

different stares of the Wisconsin glaciation and particularly 

about the nature of the interstadial periods. During the spring 

end fall of these years the Toronto formation was carefully 

studied end sampled; the winters wore used for laboratory work.

In establishing a picture of our general knowledge of 

the Pleistocene events in the Great Lukes area* Flint (1953) 

states*

“The later history of the St. Lawrence Valley and the 
region north of the Great Lakes arc so little understood at 
present that in these ureas great future improvements in our 
knowledge cun be expected,"

This is. unfortunately, time not only for the region 

mentioned, but also for the greater part of all Canadian 

territory. Our knowledge of the Late Wisconsin events is inade

quate, but our knowledge of the earlier Pleistocene time in 

even more so. In another outline Deevey (1949* p. 1353) states* 

"... but it also happens, that our knowledge of inter
glacial deposits is extremely meager. The wealth of information 
on Pleistocene climatic and other environmental conditions and 
on past ranges of species available to European workers is 
almost niocing in North America. This inadequacy, port of the 
larger difficulty that there is no real Pleistocene strati
graphy except in a local sense, is the greatest existing obstacle 
to progress in Pleistocene research... .'*



Further,, Deevey states that,

"Information on North American interglacial fossil 
floras, especially of fossil pollen is astonishingly deficient" 
(p» 1353)s and ho feels that, "as most of the known sections 
are incomplete, microstratigraphical methods would seem almost 
imperative for ■correlation, yet they are almost never used."

A three point.objective was set up as the aim of this 

study? first, to find an answer to the above quotations by 

Flint and Deevey and to make a contribution to our present 

knowledge of the Pleistocene events in Canada by establishing 

the age of the Toronto formation; second, to find methods of 

exploring sediments, other than peat, for microfossils and to 

establish the. principles for utilisation of Canadian Pleisto

cene microfossils in this kind of study; third, to demonstrate 

the implications of a palynological study of this kind in 

related fields.

3. Definition of Palynology

The writer feels justified in discussing briefly the 

meaning of palynology, because palynology as a science is 

comparatively young and not widely understood in the broad 

field of research. Nevertheless, the study oof pollen goes back 

to the seventeenth century, three papers concerning it being 

published before 1700. These early papers have to do mainly 

with pollen morphology.

In palynology, fundamental study relates chiefly to 

the walls of pollen grains and spores (regardless of the age 

of any particular
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pollen Grain or spore) and to a Isen extent with their proto

plasm content. This study is primarily morphological., descrip

tive 8 end developmental, and an elaborate terminology has been 

developed to describe it (ci", recent papers by C. Erdtman in 

Sweden, J. Iversen in Denmark ord Ro?. Wodehouse in the United 

Stages).

Palynology is divided into basic and applied. Basic 

palynology is related to cytology, genetics, morphology, physics, 

chemistry and other branees of science. To basic palynology 

may also be referred investigations of pollen and spore dis

persal, preferably by wind and water, and of the pollen and 

spore content of peat and other sediments under formation. 

Through investigation of the latter kind, are forged keys for 

unlocking certain problems of applied palynology, the history 

of plants and plant communities through the ages. Applied 

palynology also comprises r-csoarch into phytogeography (bota

nical pollen analysis), geology (Geological pollen analysis), 

climatology, glaciology, limnology, oceanography and pedology 

including recent research on organic terrain in the Arctic 

(Radforth, 1952, 1953). Similarly archaeology and zoology 

approach palynology in certain aspects of the dating of arti

facts, skeletons ect. The important aerobiologies.! aspects of 

palynology are subject to investigation mainly in connection 

with researches into hayfever and fungus spore dispersal.

Applied palynology for geological purposes has for tho 

most part been used for strntlgvaphical correlation. The fin-



dins ^ different pollen grains and epores in beds of different 

age or the use of the assemblage of inlcrofosails specific to 

a particular horizon, has successfully established correlation 

between separate sections, Mlorofosrilo are particularly use

ful because they are produced in great numbers and are there

fore distributed much more uniformly through a layer than the 

megafossilOo In addition, the worker’ can find sufficient num

bers of mlorofossils in a small piece of rock or sediment, 

whereas much more extensive study is necessary to reveal enough 

megafosrlls for-a satisfactory result, ilicrofos'ils can easily 

be obtained from samples taken from a drill core.

One- other aspect deserves mention. In a particular 

layer of sediment one usually finds abundant megafossils of 

plants that grew in that particular area, f’icrofossils usually 

represent a much wider aroa, as many of them were distributed 

by wind, thereby revealing information about the vegetation 

of a relatively large area. It is easier to use applied paly

nology for more recent geological periods because pollen grains 

and spores con bs related to the plants from which they origi

nate and one can interpret the climatolorlc: 1 and environmental 

conditions during that time, This often gives useful Informa

tion when the formation of sediments is under consideration, 

An excellent example io the recent organic terrain studies 

carried on by TJ,V,’O Radforth ( 1952, 19 53 and 19 54) in the 

Canadian north, where an appempt is being made to utilize
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potential microfosrils in relation to the formation of peat 

and modern vegetation units.

In Paleozoic strata (Ordovician,’ Silurian) plant 

megafosrils become gradually very scarce, but the rocks still 

contain workable amounts of plant mlorofotvlls (Radforth and. 

McGregor, 1954), Even in Mesozoic rocks where both megafosoils 

and microfossils are relatively abundant, it in often easier 

to utilize the microfossil assemblages (Radforth and Rouse, 

1954).

Working backwards through geological time, we gradu

ally lose the relationship between plants and the pollen grains 

and spores produced by them. This is duo to the relatively 

smdll amount of work that has been done so far on the problem 

and to the fact that the plants from which these pollen grains 

and spores originate are now extinct. These difficulties force 

a palynologyst to use plant microfosrils without knowing their 

relationship to the parent plants. Elaborate artificial classi

fications of fossil spores have boen proposed by several 

workers.

Important facts about interrelations between applied 

palynology and plant taxonomy have been pointed out by Erdtnan 

(1952), v/ho ’./rote:

“ The broad contact between applied palynology and 
plant taxonomy doos not coll for introductory comments. A 
cautious approach to this field '".ay bo made through investi
gations showing whether taxonomical amendments on a mega- 
morphological base can be confirmed by palynological evidence
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or not. Tho evaluation of palynological criteria should bo 
equally critical and cautious in more or less advanced investi
gations: the pollen grains in related, genera oro usually move 
or lees of the some type, but striking exceptions occur / cf, 
e.g. Anthotlun - heochonaultia (p. 191) and Larix - 2121125 
the poilennorphologioal discrepancy between the lent two genera 
is, however, not inexplicable in the light of recent experionce/, 
Another -reason in favout of a critical attitude in the fact 
that pollen grains of more oi'- lens the same type ( nc far as 
can be judged from invent-gationo by norms of an ordinary 
microscope) are sometimes found in plants supposedly not close
ly interrelated. Thus a counterpart to the queer pollen type- 
in Linnanthes (p. 241) in met with in the Connaraccae - Jolly- 
doroidcae and the pollen* gra'ns in Moxa are similar to those 
in Gvnomorijjm,

On the other hand more than one pollen type will bo 
found in certain genera / e.g. in Abella (p. 97 - 99)? Anemone 
(p. 372), Centaurea, Cneorum (p, 114), Lorina (p. 152), and 
rymnlocos Tp7 424) /. In the no on seo the different typco are 
usually each confined to particular sections of the genera. 
Several typos of pollen grains may even be produced by a single 
Species. Examples: the- dimorphic pollen gre: m of certain 
plunbaginaccouo plants (p. 325); further primula fgrlnosa 
(Fig. 197 Bp P<> 338) and P. veris (Fig. 197 2); the two pollen 
types in this species differ not only in rise but as a rule 
also in shape and aperture number. Other examples of plants 
x-ith several pollen types., though merging into each other, 
have been .mentioned o.g, by Ercrnekamp, Thus in fbonbergia 
grand ifIpra ’ splmperturnte’ and ’zonmc tv rate* grains wore 
found in one and ths name flower (Brer-champ, 1938* Fig. 2, 
p. lAp)^ ’..’herons in mother acanthaceous plant, Pi dipt err, 
javanica, eight pollen types were found in ono and the seme 
anther. These were raoro or less different inter no in polarity, 
sy otry, aperture number (2-6) and shape but apparently 
not in exl-io stratification and patterns (Erer.ekamp, 1942, 
Fig. 15, P. 189). ”

The chance of finding microfos- ils lias proved to be 

far greater than that of finding megafoscilG (i'Mforth and 

McGregor, 1954). If pollen and spores can bo related to their 

parent plants, the development of those plants can be followed 

through geological time. The difficulty is that during the 

long period of evolution many plants hevc died out and now 

ones have taken their place, rollon gral s and fg-oros ore
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found separated from their parent plants and even IC macro

scopic plant remains are fo-nd tho relationships ore diffi

cult to establish. -A knowledge of the pollen and spore morpho

logy of modern plants is important os a basis for paleobotanical 

speculations.

Nevertheless., paleobotanlsts have or a rule not paid 

much attention to fossil rennins and potential fossils in 

Pleistocene and rece»it deposits. Stumps and atoms of ferns 

and conifers - hundreds of raillions of years old - have been 

ti c-ated. with respect whereas fossils burled, in Pleistocene 

st ata for only five or fifty thorn.- nd years have frequently 

been neglected; paleobotanic-’lly speaking, the latter have 

not yet cone of age. However, to make the record complete, to 

trace the history of plants from tho presunt day to remote 

ages, botanists should first study the pi-encnt, living plants, 

then actuopaleontology (i.e. the transformation of living sub

stance into fossil) and finally, paleontology itself, begin

ning with tho moot recent fossils propel’. Until thin ho? been 

accomplished, wide gaps will remain between our knowledge of 

Pleistocene and recent fossils, gathered by plant geographers, 

Plci-tocene geologists and others, and that of older fossils 

supplied by paleobotcniats.

deferring to gaps. It should also be pointed out that 

our paleobotanical knowledge has so fur been chiefly derived, 

from the study of megafossils (relatively large Coo ils? 

trunks, leaves, fruits, seeds etc.). Due attention should.
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however9 also be paid to the study of microfocrllo such, as 

pollen grains and. spores, Recognition of tho importance of 

palynology as an auxiliary paleobotanical science is gradually 

increasing. The ideal development of paleobotany would be to 

eecure9 as far as possible a continuous record of plant micro- 

fossils as well as negafonsils back through the ages.



II GEN u R A L G E 0 L 0 G Y A N D SOME BOTA

NICAL ASPECTS OF THE AR E A S U II 3 R 3 

T HE S T U D I E S W ERE C A d R I E D OUT

1 • Pie1stoocne Stratigraphy

Ao the geological and botanical background has to be 

closely considered when interpreting the results or pollen 

analysis a go ioral description of this background relative to 

the areas where the studies were carried out se.as to be 

justified.

In Eastern North America where the Pleistocene strati 

graphy has been worked out moot fully, the following sequence 

of Pleistocene events has been discovered so far.

Glaciation Interglacial stages

Wisconsin

Sangamon

Illinoian

Yarmouth

Kansan

Aftonian

Nebraskan

12.
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Tho moot recent stage of glaciation, the Wisconsin,

has been further divided into subetages.

Wisconsin

Lankato

Cary

Tazewell

Iowan

Postglacial

Two Creoles interval

Interval

Interval

The Pleistocene stratigraphy will be analysed in detail 

in the last chapter of this thesis* Here the discussion 

will be limited to tho broader ecological aspects, starting 

with tho Toronto district*

1A• yieir.tocow Denzel tn in Southern Ontario

The Pleistocene deposits in Southern Ontario arc 

underlain by Paleozoic sedimentary rocks slightly dipping 

towards the couth. Tn the Toronto a^ca tho bedrock consists 

of interbedded shale and limostone of tho U per Ordovician 

Dundas formation. .According to L.J. Chapman and D.F. Putnam 

(1951) about sixteen per ent of northern Ontario is covered 

by shallow overburden and the surface features are those of the 

underlying rock. The remaining ports of the area are covered 

by Wlsonoln till or other sediments of the sane or more re

cent age. The most recant till rente either on bedrock or on 

the recline of the unconsolidated drift left by previous lac 

advances. Deposits older than the most recent till arc exposed 

at many places in the shore cliffs of the Gr< at Lakes and in
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many stream banks and road outs* Having been overridden they 

are often compacted and the stratified beds are usually con

torted, For example3 older till chests and interbeds are veil 

displayed in bluffs along the Lake Erie shorn west of Port 

Dover, The volleys of Big Creek, Otter Cracky bottle On ek and 

other smaller streams which dissect the adjacent plain also 

provide some magnificent sections0 One exception to the shallot; 

covered bedrock of Southern Ontario constitutes a massive 

ridge of glacial drift extending east-wost through the coun

ties north of Lake Ontario. According to Chapman and Putnam, 

“It forms the drainage divide south of Scugog and 
Rice Lakes and extends from the Niagara escarpment in Calodon 
township to the Trent Valley. At its deepest in King township 
there is roughly 800 foot of overburden piled up upon the bed
rock. That the bulk of it is of Pre-flcconain age is apparent 
from the discovery of older beds in gullies along the upper 
slopes of the ridge, and in de p road cuts. The earlier gla
ciers must have followed the same route as the latest one 
whose record is so much more complete,”

At Toronto the Thickness of t ic drift varies from ten 

to fifteen feet along the lake front west of the city to more 

than 400 feet north of Toronto, A well frilled in 1908 parsed 

through 650 feet of drift, the surface •levation of this 

boring being about $50 foot above- sea level (Watt, 195>)« 

Shia boring penetrated one of the numerous glacial or inter

glacial volleys present in the twee. Although the position of 

these valleys is definitely located in places, parts of their 

courses are ctill unknown. They tend to underlie and perhaps 

partly control the present drainage system, '’municipalities 

In the Toronto area which use ground water hove wells that 
are invariably in these buried valleys.



The most complete succession of Pleistocene strata is

oxpo~ed at Toronto, in the Don Valley Brick Yard and in tho 

Scarborough Bluffs along Lake Ontario, constituting an excel

lent section through the Toronto formation.

.Although considerable work has boon done on the Pleis

tocene geology of Southern Ontario, tho sequence of Pleisto

cene events found here has not yet been successfully correlated 

with tho similar sequence in tho adjoining States.

ls« rioistocene Deposits in the St, Lawrence Lowland

In the St. Lawrence Lowland the Pleistocene stratigra

phy is not well known. During recent years Inportant infor

mation her been disclosed by the studies of 'Maho Gadd, al

though an account of this work has not yet been published* In 

the Lowland two distinct till sheets are pre-relit, with inter

glacial dap sits between then* These interglacial deposits 

arc exposed in excellent sections where- layers of peat arc 

found□ A major moraine h"n been traced from Quebec City to 

almost the zio th-mn end of Lake Champlain. Tho last major icc 

advance was followed by a marine invasion (the Cha -plain Sea); 

at the sumo tine a minor loo advance occurred and the end 

moraine han been studied and traced for sore distance. The marine 

dep -eita ore overlain by river sediments and the- sequence of 

Pleistocene deposits has been subsequently eroded by tho 

pronent drainage- system.
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The study of the intcr-rlaclol deposits In the St. 

Laurence Lowland han provided info motion about the nature and 

the iv. lative length, of thin interval and the results have been 

yr cd for cctukllohinc a more conplctG picture of the Late 

Wibcousin intervals, 

Correlation between the Pleiotooone stratigraphy in 

the nt, Lawrence Lowland ano that in the United states has not 

yet been worked out with certainty. However, these studies have 

been Tvoful for tho correct interpretation of the results of 

studies of the Toronto formation^

IC* £^LlrJ12uj£L23£jx~22211‘i2JL2L^^

On trie west oo.vt, at Seattle, the following sequence 

of rleiatooono events h a been disclosed by the stuciea of 

W.J. "tark and P.R. Hullinonun (1950)* A on-nl till (the Beacon 

till) lying on Tertlory bedrock is overlain by interglacial 

deg sits (the fuwaaish for gflon)» These interglacial d resits 

are covered by another till sheet (the Kllnler till) which is 

followed by the Lawton for-'ctlon that is overlain by the most 

recent till (the Vashon till).

On Vancouver Island two distinct till sheets hevc co cm 

found, separated by interglacial -■eposits. The lower till k a 

been celled the Admiralty till end the upper one Ir e been 

correlated with the Vashon till. Much additional information 

on the s1. cue rice of the .Pleistocene deposits on tho Vancouver 
Island has boon obtained by John Fyles, but has not yet been
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published*

On the mainland nt Vancouver similarly two till sheets 

separated by Intorgluci.?.! bods, have boon discovered in the 

Point Grey formation. In the Eraser Volley several probable 

till sheets hove been penetrated by drilling through the thick 

Plei'tacene deposits. The g neral sequence of Pleistocene 

events in the Vancouver district is being•developed by J.E. 

Armstrong of the Geological Survey.

2o Botanical Annectn

As the most logical starting point for a. discussion of 

ancient vegetation and climates is the present situation, one 

trios to compare the plant communities, of the present in a 

particular area with ancient plant communities of the area and 

so reconstruct tee changes in vegetation and climate of the 

post0 When reconstructing past changes in climate in the 

temperate sone, changes in forest typos form the basin of 

decisions therefore, knowledge of present forest types in 

specific aliens is tho standard norm against which theories 

based on investigations of ancient forests in those same areas 

arc to be measured.

The forest classification used in this thesis is that 

of W.E.D. Halliday (1937). The scientific names for the 

coniferous and deciduous tree species can be found in Halli

day (1937) and in tho native Trees of Canada (1950).
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2A. Botan&cal Aspects of the Ontario Revlon

The Toronto region is at or very close to the boun

dary between the Deciduous Forest Region and the Great Lakes - 

St. Lawrence Forest Region. The following description of these 

regions has been given by Halliday.

Deciduous Forest Region. 

DI Niagara Section.

The rather low-lying portion of the Ontario peninsula, 

enclosed by Lakes Ontario, Erle, and Huron, reaches the most 

southerly latitudes in Canada. This area enjoys very favourable 

climatic and soil conditions, which allow for the sole distri

bution in Canada of many Deciduous species.

The associations are predominantly composed of broad

leaved trees. A large number of these species, many of small 

size, find their northern limit here. Amongst these are chest

nut, tulip tree, mockernut and pignut hickories, chinquapin, 

chestnut oak, scarlet oak, black oak and pin oak, black gum, 

blue ash, magnolia, pawpaw, Kentucky coffee tree, redbud, red 

mulberry and sassafras. In addition, within this section is the 

main distribution in Canada of black walnut, sycamore, swamp 

white oak, and shagbark hickory, together with the more widely 

distributed butternut, bitternut hickory, rock elm, silver 

maple and blue beech. All these species occur as scattered in

dividuals or groups, either on specialized sites or within the 

characteristic association for the section. The association,
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made up of widely distributed broad-leaved trees common in part 

to both the Great Lakes - St. Lawrence and the Deciduous Forest 

Regions, consists primarily of beech and sugar maple, together 

with basswood, red maple, and (northern) red oak, white oak, and 

bur oak. The presence of the species listed above and the pre

dominance of beech within the characteristic association, show 

a definite relationship to a centre of distribution indicated 

by the position of Ohio. Coniferous species are poorly repre

sented; widely scattered hemlock occurrs within the characteris

tic association; on the lighter soils are small local areas of 

white pine, often with an undergrowth of black oak and scarlet 

oak, and there is sone red juniper, generally on poor gravelly 

sites.

Owing to the Influence of climate, vegetation and the 

underlying rock fertile soils have developed.

Great Lakes-St. Lawrence Forest 

Region. LI. Huron-Ontario Section.

This takes in the main body of the Ontario peninsula, 

extending from Lake Huron and the southern portion of Georgian 

Bay to Lake Ontario. With it is also Included Manitoulin Island.

The topography is somewhat irregular, with a marked 

rise in altitude to the west culminating in the highlands south 

of Georgian Bay. The bedro-ck is overlain by glacial deposits 

and the west and east boundaries are, in part, modified by 

wave action and lacustrine deposits from glacial Lakes Algon

quin and Iroquois and some marine deposits from the Champlain

Sea.
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The prevailing association Is broad-leaved, but there 

is a reduction in number of species. Sugar maple and beech 

are dominant, comprising about three-auarters of the forest. 

With them are basswood, white elm, yellow birch, white ash, and 

some red maple, and (northern) red oak, white oak, and bur oak. 

Small groups of hemlock and balsam fir and an occasional white 

pine occur within the association, as well as a scattered dis

tribution of large-toothed aspen, bitternut hickory, butternut, 

ironwood and black cherry; and blue beech, silver maple, slip

pery elm and rock elm, and black ash are found locally on spe

cialized sites stich as river bottoms and swamps. In the south

ern parts, there is some intrusion of black walnut, sycamore, 

and black oak; white and red pine stands are found on lighter 

soils and were formerly more common; red juniper is present 

on gravelly so'Is and eastern white cedar in swampy depressions 

After fires, aspen, principally large-toothed, and white birch 

often form secondary associations.

The northern boundary or line of contact with the 

altered limestones of the Precambrian Shield is of importance 

ecologically as determining to a greater or less extent the 

northern or southern limits of many species. Jack pine, for 

Instance, does not come south of this line, and sycamore^ 

butternut, and bitternut hickory do not go north of it 

(Halliday, 1937).
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2B. Botanical Aspects of the St, Lawrence Lowland and 

Northern Ontario.

Between the Laurentian Plateau to the north and its 

outlier, the Adirondacks, and the Alleghenies to the south, 

is a well-marked valley or lowland through which the waters 

of the Great Lakes system drain. This valley, of flat-lying 

Ordovician and local Cambrian limestones, is covered with 

Pleistocene dep^osits.

The upper part of these lowlands, extending from east 

of Montreal to reach some distance up the Ottawa River Valley 

to the west, comes under this section, which also continues 

south into the United States by the Champlain Valley.

Though the general character of the tree cover is broad

leaved, there Is a fair representation of coniferous growth 

which, previous to settlement, was probably more extensive. 

The dominant association is made up of sugar maple, and beech, 

together with small quantities of yellow birch, white elm, red 

maple, basswood, white ash, (northern) red oak, white oak, and 

bur oak and large-toothed aspen, with a local occurrence of rock 

elm and blue beech. In the immediate river valleys there is 

some local distribution of butternut, cottonwood, and slippery 

elm, with the intrusion, up the Champlain Valley, of shellbark 

hickory. With the general association are patches of hemlock, 

white spruce, balsam fir, and some white pine; and on light 

soils as association of white pine and red pine, now ar second
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growth stands. Is relatively common. In poorly drained depress

ions small areas of either tamarack, eastern white cedar and 

black spruce, or black ash are found, and clomps of eastern 

white cedar are often characteristic of poor stony sites. After 

fires, second growth of aspen, mainly large-toothed, and white 

birch with balsam fir and white spruce are often found. Both 

this and the preceding section are noteworthy for the very rich 

vegetation, particularly of spring-flowering herbs, to be found 

on the forest floor.

Over most of the section, brown forest soils are pre

sent.

L3. Lower SB. Lawrence Section 

The eastern part of the valley described above comes 

under this heading. The lowlands narrow down to the east, and 

the boundary on the north side of the river is only a short 

distance below Quebec City. On the south side it continues 

for some distance along the river flats.

A mixed forest prevails, showing influence of the 

Boreal Forest Region. The principal association is made up of 

sugar maple, hemlock, white pine, and yellow birch, with con

siderable balsam fir and white birch and scattered white spruce, 

the latter three all being boreal species. In these are distri

buted some silver maple, (northern) red oak, beech, white ash, 

butternut, red pine, and white elm. Aspen and white birch are

relatively common after disturbances; cottonwood and red maple
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are found on river banka, and swamps provide suitable sites 

for black spruce, black ash and eastern white cedar. The soil 

type is predominantly podsolic.

L 4. Algonquin - Laurentlan 

Section

This quite extensive section takes in the Georgian Bay 

district, the Algonquin Highlands, the upper Trent Valley, the 

upper course of the Ottawa River and the lower slopes of the 

Laurentlan mountains including the valleys of the St. Maurice 

and Gatineau Rivers.

The whole section differs fundamentally from the pre

ceding ones in the Great Lakes - St. Lawrence Forest Region in 

that the bedrock is part of the Precambrian Shield consisting 

largely of crystalline limestone, schists and gneisses and 

granitic intrusives. The topography is rough and irregular. 

Glacial deposits cover the greater part of this section. In 

addition there are some lacustrine deposits from the Nipissing 

Great Lakes and Lake Algonquin.

In this section white pine probably reached its maxi

mum development in Canada, but extensive lumbering and fire 

have removed the greater part. Red pine has also been a pro

minent species, especially on the Algonquin Highlands. In 

spite of the previous dominance of these species and the pfe- 

sence of intrusive conifers from the Boreal Forest Region, the 

general character is that of a mixed forest, and the dominant 

or competitive association is one of sugar maple, yellow birch.
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hemlock and white pine. In coition are varying amounts of 

basswood, white spruce, balsam fir, beech, (northern) red oak, 

elm, -white ash, red maple, ironwood, white birch, and large- 

toothed aspen. Throughout the section areas of hardwood occur 

on ridge tops and on heavier soli. Black spruce, tamarack and 

eastern ’white cedar are found in swampy depressions.

In the eastern parts, the general mixed association 

grades northward to the Boreal Forest stands of the Central 

Transition and Northeastern Coniferous sections, with yellow 

birch as the surviving hardwood, which becomes more scattered 

and stunted in its growth.

To the west, along the chores of Georgian Bay, is a 

special area or "shore type" developed on the other rocky, 

thin soil. Jack pine, of an open clumpy nature, is dominant, 

together with aspen, white birch, red oak, red maple, white 

spruce, black spruce and white pine and red pine, all showing 

poor form and size.

2C. Botanical Aspects of the Coct Forest Rec-ion
'•"■“•'■^"»—*^MWWMMMMM*MMfaMt«MMB

Vancouver Island and the Vancouver region on the main

land fall into the Coart Forest Region and ate covered by sec

tions C 1 and C 2. The following description has been given 

for these sections by Halliday (1937» P« 26).
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0 1. Madrona - Oak Transition 

Section

On the islands of the Strait of Georgia, the adjancent 

east coast and southernmost part of Vancouver Island, and at 

scattered points along the mainland shores occurs the only dis

tribution in Canada of two species, the madrona and the Garry- 

oak. Of these two the latter is almost entirely confined to the 

southeast part of Vancouver Island. The madrona occurs as a 

characteristic subclimax tree with associations of western red 

cedar, western hemlock and a much more widely distributed spe

cies, the Douglas fir. Garry oak tends to form pure associations 

or groves, but is also found scattered in other associations. 

On alluvial soil red alder is common, and broad-leaved and 

vine maples have a general distribution.

02. Southern Coast Section

The southern part of the Coast Forest, extending over 

most of Vancouver Island and the British Columbia mainland north 

to Knight Inlet, Is included in this section. The eastern boun

dary is, for the most part, the higher elevation of the Coast 

Range ( approximately 4500 feet), where alpine tundra, bare 

rock or permanent snow and ice conditions are encountered.

The main association comprises the two Coast Forest 

dominants, western red cedar and western hemlock, in combina

tion with Douglas fir and scattered western white pine (report 

by British Columbia Lands Department^ 1925). At a higher elevation 

amabilis fir and mountain hemlock are present, with alpine fir
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increasing towardo the tree line. Black cottonwood, red aldor, 

broad-leaved maple and grand fir occupy alluvial bottom land, 

the lent species being restricted to this section. There Is 

a small scattered representation of Sitka spruce at low 

co-’stal points.

A knowledge of the vegetation and the pollen and spore 

assemblage produced by plants of a given area together with 

the environmental requirements of individual plant species, 

makes it possible to establish whether a particular microfossil 

and raegafossil composition of the same locality but of a dif

ferent age is similar to or different from the present. If the 

composition of the vegetation in different directions from 

the locality under observation io known, ono may be able to 

trace the migration of some plants and to establish the pos

sible changes in the climate during the past.

In climatological discussions based on the study of 

pollen grains and spores in ancient deposits the present know

ledge of major forest units or regions and ecological studies 

of plant communities are very important.



Ill FIELD WORK AND LABORATORY

II E T II 0 D S

1* Collection of Dumpies and Pre nervation of Material

The palynological study of sediments consists of two 

main aspects, the field work, during which the stratigraphy of 

the deposits is studied, types of sediment closely Investigated 

and samples taken for the other aspect of the study, the 

laboratory work.

As a wide variety of materials, ranging from glacial 

till and outwash deposits to peat and lichens, has been used 

for this investigation, new methods for field work and labo

ratory treatment of samples had to be worked out. It has been 

the view of the writer that a great deal of reliability of the 

final results depends on the first step in the procedure, the 

field study of deposits and the sampling, as well ns on the 

proper laboratory treatment of samples.

The first and foremost requirement for samples is that 

they must be free of contamination. Carelessly taken samples 

often prove worthless and may be a source of error if used, 

Whenever possible open faces of sections have been used 

for collecting samples. This speeds up the sampling procedure, 

decreases risk of contamination, and enables one to got a much 

more complete interpretation of the stratigraphy'’ of the section.

27,
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In any ca^e the stratigraphy of the section was recorded ac 

accurately as possible in order to help the later interpre

tation. In order to arrive at a correct result9 geological and 

botanical evidence must be considered in conjunction with the 

pollen and spore assemblage. To obtain this evidence as much 

information or possible was recorded at and n ar the sampling 

locality.

The port of the section from which samples were to be 

collected wnc cleaned first by scraping or cutting horizontally, 

portly to reveal the- fine stratification if present, and partly 

to prevent contamination with material from different levels. 

If more or loss consolidated material w □ encountered a piece 

of it wci" chipped or cut out with a knife. When a bed or a 

sequence of considerable thickness was to be sampled, small 

samples wore taken at different levels in order to study the 

possible change of composition of vegetation during the time 

that this bed was deposited. Representative channel samples 

have not been used for this study. Occarlohally cores through 

the whole thickness of a layer were preserved for later detailed 

study. These cores were usually cut into s ctions and preser

ved In bulk ice cream cartons (Sealright cartons, round type 

and waxed inside). Ice cream cartons have proved very useful 

also when larger samples of peat or other material were taken. 

In this way soft material is not deformed or compressed with 

the result that it can be more easily studied later; delicate 

structures are not crushed and the tight sealing of cartons
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prevents moulding of material. On some occasions wax paper 

and canvas bags were used to preserve large samples.

A peat bed in a section at Nanoose Bay, Vancouver Is

land, B.O., was sampled by John Fyles in the following manner. 

A core was cut through the. peat layer, then the core was cut 

into sections and each section was strapped on a piece of 

board on which the top and bottom of the sample were indicated. 

The sections of the core were wrapped in canvas and shipped in 

a wooden box. All samples arrived well preserved and intact.

Sampling postglacial peat bogs and lake sediments is 

in ",any ways different from sampling older Pleistocene depo

sits. The main difference is that these postglacial deposits 

in general are unconsolidated and risk of contamination during 

sampling is gre ter. This is due to the considerable water 

content of the material and the softness, which tends to make 

the work more difficult. Forceps with smooth ends were used to 

take samples of medium and poorly decomposed peat and a spatu

la or even a table knife, when highly decomposed peat and lake 

sediments were concerned. For this study samples were obtained 

by the Hiller and Davis type peat borers and from open sections 

The Hiller and Davis samplers have been described In Faegrl 

and Iversen (1950) whore also the method of working with thorn 

ho- been discussed in detail.

From the practical working point of view tho Hiller 

sampler is much more satisfactory than the Davis sampler. The 

Hiller sampler has a more durable construction and stands up
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better in ail kinds of sediment, tho Davis sampler proving 

useless in poorly decomposed;, loose peat and compact inorganic 

lake sediments. If samples a,re to bo taken at regular inter

vals of ten, five or one cm, the Davis sampler is unsatis

factory because of the unequal compression of tho sample core. 

If only ’'foot-levels’' or approximate intervals are used the 

Davis borer is quite adequate. The Davis sampler is, of course, 

not as h avy to carry as tho Hiller sampler. Other types of 

ordinary hand-aggers, used for work on Pleistocene deposits, 

are of little use, for one reason or another.

Host of the small samples, collected for this study, 

have bean preserved in cellophane or polyethylene bags (size 

two by six inches). A numbered label was first inserted in the 

bag and the bottom part was folded. Thon tho sample was placed 

in the bag and the rest of the bag was folded around the 

label and the sample so that the number on tho label could be 

read without unfolding. Preserved in that way, the samples 

dried slowly and no noticeable damage was done to the material. 

This method proved to be very satisfactory as the bags are 

convenient to carry and the labels cun be put into the bags 

beforehand, thus saving time when taking samples.

For a few open sections of peat, glass tubes open at 

both ends and sealed with waxed cork stoppers were used. In 

this case the stoppers wore removed, the tube pushed into the 

face of the section and one stopper replaced, the tube was 

thenwithdrawn and the core in it was sealed with tho other



31.

stopper. This procedure avoids contamination of material but 

Is difficult to use in poorly decomposed peat.

For a number of samples from boss small vials (twelve 

by sixty mm) with cork stoppers were used with success. For 

this special experiment the viols w^re stored in fifteen mm 

deep holes drilled into wooden blocks, each block holding fifty 

vials in three rows. Twenty-four of these blocks with vials 

were fitted into a solid wooden box, Gampies of material wore 

inserted into vials with forceps. Numbers were written on 

the cork stoppers. In tills way the samples wore carefully 

preserved and appropriately organized. Continuous series of 

samples preserved in this way are v ry instructive for demons

trations and for further laboratory work, as the sediment 

is kept ipoist. This method of preserving samples is easy to 

use if the sampling locality is near transportation.

For some samples of undecomposed peat and lake bot

tom sediments, larger test tubes ( 35 by 120 mm) with waxed 

cork stoppers were used. For Spha-num peat, two methods of 

sampling were tried. A handful of growing Sphagnum moss was 

placed in one tube and into the other tube was squeezed the 

water from abother handful of the same moas taken twenty cm 

away from the first handful. No significant difference was 

observed whon these samples wore examined for pollen and 

spores and other microfoarils. However, the water residue was 

much easier to work with and a higher degree of concentra

tion of mlcrofosnils was obtained as no considerable amount
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of mono had to be removed.

There is some controversy among workers in this field 

as to whether the collected samples should be kept moist 

until analyses or be allowed to dry* Iversen states, 

(Faegri and Iversen, 1950, p. 53) that ” Recent experiences 

have demonstrated that camples should be kept moist until 

analysed, nc the more fragile pollen grains are easily destroyed 

if the sample dries out, and are therefore portly overlooked 

by subsequent routine analysis.” Experience proves that 

samples that are kept moist are much easier to work with. On 

the other hand it is questionable whether serious damage is 

done if the sample is let dry. For testing this troublesome 

problem a sample of Snagnum peat and a sample of rather highly 

decomposed Carex peat ware divided into two parts. One part 

was kept moist and the other was let dry completely, All 

significant microfossils were present with the same percen

tage in both samples after chemical treatment, No signifi

cant difference was observed between dried and moist samples. 

Of thinwalled pollen grains only Cypcraceae were present in 

these samples, Tho fact that there was no difference in this 

case between dried and moist samples does not $onn that under 

other circumstances difference could not be present.

When camples are kept moist precautions must be taken 

to prevent moulding by adding a drop of formaline or some 

other suitable chemical, If possible, samples should be kept
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use if vials impossible, and if such is the case, not too 

much damage is done if the samples dry out. It is very diffi

cult to keep large samples from drying under field conditions 

and then it is better to let them dry than to let them become 

mouldy. From the point of view of sampling and preserving the 

samples, ’working close to the laboratory is very differ nt 

from working a few thousand Mies away from it. For this rea

son the practical, rather than the ideal, possibilities have 

to be considered very seriously, and one has to make the best 

of the situation.

Ohooning the best location for sampling is important. 

When interglacial beds are concerned one has to take samples 

where the bed is exposed at the time. One cannot dig array 

the extensive slump or overburden. When postglacial peat bogs 

or lakes are concerned, the possibilities of finding a suitable 

location for sampling arc much better. Experience can help 

to find the best sampling point on a bog, but test borings 

should be made to ensure the best sequence of sediments for 

palynological study. Test borings ere time-consuming, but the 

wisdom of making test borings and profiles through the sedi

ment sequence before taking the final series of samples Is 

proved by the results achieved in laboratory work. How to go 

about the tert boring and profile making has been well des— 

cribed in Faegri and Iverson (1950, p. ^~56).



For determining the depth of lake the Bendix depth 

finder, a sounding device used by Potsger and Courtemanche 

(1954)fl lc very useful. So also in the Grenier sampler for 

getting samples of tho top pert of soft lake sediments. 

Unfortunatelys these devices wore not available for this study.

’..'hen the suitable location for sampling has been chosen, 

samples must be taken at certain intervals. Earlier workers 

used longer intervals between samples. The so-called foot- 

levels, taking samples at each foot, have been popular vith 

American workers. One reason for this is the frequent use of 

the Davis sampler with which distances other then foot-levels 

are difficult to estimate. Intervals of one foot arc much 

too great. The practical interval of campling is ten, five, 

two and a half and one on depending on the type of sediment 

and estimated rate of accumulation. .‘cross the contacts con

tinuous. core; samples arc desirable. Taking samples at close 

intervale hot proved to bo very profitable when later during 

analysis a particular port of tho section shows Important 

palynological features or proves to have accumulated very 

slowly.

A few problems concerning tho sampling done during this 

study arc of interest.

The ’writer knows of experience that sampling in 

rainy weather should bo avoided. Rain drops into tho sample 

and contamination is unavoidable, notebooks and paper get 

wet, the workers get wet, everything is miserable and every-



35.

body unhappy,

Ho. pling durins the time of intensive pollen disper

sal may also enure a certain amount of contamination of material 

If the ample contains abundant pollen this kind of contamina

tion is not important. For example, lot us assume that in one 

unit area of a prepared slide there are 150 pollen grains. 

If the contamination amounts to two pollen groins on the same 

surface, it doos not change the final picture significantly. 

On the other hand if In the previously mentioned area there 

are only five to ten pollen grains and the r-me amount of 

contaminationP the story nay be changed considerably.

On one occasion s”mpllnf of lake sediments was tried 

through ice during ’./inter, A reasonably warm day was selected 

and everything worked, out well except that the sampler be

came covered with thin ice and was slippery.

2. Chemical Treatment of Samnles for Microscopical Analysis

In order to make microscopical examination of samples 

possible the material must bo prepared in some suitable way. 

Different methods of treatment must be used for different

kinds of deposits.

For- chemical treatment it is much easier to use mate

rial that has been kept moist because it can be broken up and
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easily attacked by reagents. For this study, however, dried 

samples often had to be used, Jill material that war soft 

enough ’was put through a fine metal screen and chemical 

treatment was done on the powdered part of the sample. The 

interglacial peat and often the wr11 decomposed peat dried 

so hard that gentler softening methods such as moistening with 

water, dilute acid or alcohol were useless. In this case the 

material was crushed down to sand grain size by using an iron 

plate and hammer, similar to tho crushing used for lignites 

and coals previous to chemical treatment. Crushing was also 

used for hard, dry inorganic materials.

liy^’S0^1!0-^^ Treatment

Whenever the material was found to contain free lime 

Oi’ carbonates in excess, the sample was treated with ten per 

cent hydrochloric acid solution, washed, centrifuged and 

further treatment was done on the residue, 

Potassium Hydroxi.de Treatment

The simplest method of chemical treatment of samples 

is boiling the material In ten per cent p itassium hydroxide 

solution. This treatment disaggregates the sample into indi

vidual particles.

Fox’ the potassium hydroxide treatment one cc of 

material war? used. The sample wan put into a 100 cc Pyrex 

beaker and twenty to thirty cc of solution was added. The 

material was stirred and brought to boiling, boiled a few 

minutes, stirxed again and the liquid decanted into a cent-

Hydroxi.de
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rifuge tube leaving the coarse residue in the beaker. The 

coarse residue was then washed with water, the water decan

ted and centrifuged. In this way most of the coarse plant par

ticles were separated from pollen and spores. Slides were 

made of the residue in the centrifuge tube.

When the microfossil content of the a mple is high 

potassium hydroxide treatment is the most suitable. This 

treatment does not d stroy any pollen grains or spores. It 

is quick and easy to use and does not require elaborate equip

ment. It is usually the only effective treatment that can 

be used under field conditions.

A very simple method of potassium hydroxide treat

ment was often used under field conditions. A few cubic 

millimetres of sample were placed on a slide and d few drops 

of tan per cent potassium hydroxide solution were added. The 

material was mixed with a spatula and brought to boiling 

over a flame of an alcohol burner. Some drops of water were 

added as it evaporated, and then the liquid port of the 

mixture was collected under the spatula which war held about 

two ail 111 metres above the slide and pulled to the corner of 

the slide. Then the spatula was pulled away from the slide 

and a drop of glycerine was added and mixed into tho liquid. 

A cover slip was placed on the material and the slide was 

ready for examination.
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Ac£tolysXs_Treatment

This treatment was Introduced by Erdtman in 1933 

and has been described by him in later papers as the method 

was improved. The basis for this treatment and the working 

procedure han been described by Erdtman (1943, p. 34—36) and 

by Faegri and Iversen (1950). Tho writer used this treatment 

with slight modifications and the working procedure is now 

described.

The treatment was started on one cc of material, or 

less when working with residues from other previous treat

ments. The sample was placed in a centrifuge tube and if wet, 

it was first dehydrated with glacial acetic acid, about 

five cc of acid being used, and centrifuged. Then about six 

cc of the acetolysis mixture (nine parts of acetic anhydride 

and one part of concentrated sulphuric acid) was measured 

into the tube with a pipette. The acetolysis mixture deterio

rates after a day or two and. must therefore be .mixed just 

before using. The next step was to heat the material slowly 

to 100° C in a waterbath. It is not practical to have the 

starting temperature higher than 70° C. The material was kept 

at the boiling point only a few seconds and was then centri

fuged, washed with water, centrifuged again and slides made 

from the residue. Iversen (1950, p. 6j) recommends washing 

with acetic acid after the tre tment with tha acetolysis mix

ture to avoid the precipitation of cellulose acetate. No 

acetic acid is used to wash the residue after acetolysis treat 

ment at Erdtman’a laboratory.
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Bydrof luprlc_Acid Treatment

The method wan introduced by two Swedish workers,, 

Assarson and Granlun^ (1924); it has also been described by 

Erdtman (1943, p. 36) and by Faegri and Iversen (1950,p. 62). 

For this study the following procedure was used.

Approximately one cc of the sample was placed in a 

plastic crucible (capacity about 150 cc) and moistened with a 

few drops of ninety-five per cent alcohol. If the sample con

tained sand, the sand wa^ removed by repeated decanting at the 

beginning of the procedure. Alcohol was added in order to keep 

down the foam that forms when the hydrofluoric acid is added, 

for a violent reaction may result owing to the high content 

of fine sllicuous material. A small quantity (two or three cc) 

of hydrofluoric acid was added first and after a few seconds 

about twenty cc more of the acid was added. The sample was 

stirred thoroughly and let stand in the fume cupboard for two 

or three days during which period the material was stirred 

a few times. This procedure seems to be less drastic than 

boiling with hydrofluoric acid on a gas flame. After acid 

treatment the excess acid was decanted and the remainder 

transferred to a centrifuge tube and centrifuged, washed with 

about a ten per cent solution of hydrochloric acid in order 

to remove colloidal silica and silicofluorides, centrifuged, 

washed with water and centrifuged again.

Bromoform Treatment

The purpose of this tre tment is to separate organic 

particles from inorganic ones by floating them in a heavy
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liquid, in this case bromoform. Bromoform was diluted with 

some acetone to obtain the right reparation and acetolysed 

modern pollen was used for calibration. This method was often 

preceded by hydrofluoric acid treatment to remove the fine 

clay fraction from the sample, as very fine particles of mi

neral matter tend to adhere to particles of organic matter. 

Working procedure for this treatment was as follows. Approxi

mately one-half cc of sample wan put into a centrifuge tube, 

washed with acetone and centrifuged. Three cc of bromoform 

mixture (about one part acetone and three parts bromoform 

of specific gravity 2.85 - 2.90) was added to the sample and 

stirred thoroughly, then centrifuged at low speed. The top 

part of the liquid, containing pollen grains, was trans

ferred to another tube by careful decanting, about four cc of 

acetone w s added, and the liquid was stirred and centrifuged,, 

The residue was washed with ninety-five per cent alcohol and 

then with water,

lli£yin£ of_the_Sam21e

This procedure was used chiefly for poorly decomposed 

peat. In this case the sample ( ono co or more) was boiled 

in potassium hydroxide first and then washed through a very- 

fine screen or strainer by a jet of water from a washbottle. 

As also pointed out by Iverson (1950, p. 60) a good concentra

tion of pollen is obtained by this procedure.

£2£l^'tipil of_?Ie.tebi'iialk

This treatment io called chlorination by Erdtman and 

is frequently used in company with acetolysis. It has been
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described by Iversen (1950, p. 6j) and Erdtman (194?). Iversen 

points out that " oxidation is very dangerous, because sporo- 

pol Lenins are not very resistant to oxidation." The oxida

tion was carried out as described by Iversen with the diffe

rence that only two to three drops (Instead of five or six) 

of sodium chlorate and three tp four drops (instead q£ one 

cc) of concentrated hydrochloric acid were used. The reagents 

were allowed to react upon the material a few seconds only. 

This difference in the treatment makes it less drastic than 

when larger amounts of reagents are used.

ila_cora^ion_of the Sample

For hard, compressed interglacial peat Schulze’s 

treatment and the bromine treatment were also tried. Schulze’s 

treatment consists of using a mixture of concentr ted nitric 

acid and potassium chlorate; the bromine treatment employs 

liquid bromine. Both treatments were found to be too drastic 

for peat.

For different sediments the treatments outlined have 

been used in combination to obtain best results.

Silty material containing few microfossils was first 

treated with hydrofluoric acid, then by acetolysis and 

bromoform treatment if such seemed necessary. In the care.of 

samples that w re largely inorganic, containing sand and silt 

and very little organic matter, the laboratory tre tment was 

started on a rather big sample (about 100 - 200 cc). The sample 

was washed 4n a 500 cc beaker and the water centrifuged. This
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procedure was repeated several times. The fine residue 

received hydrofluoric acid treatment, followed by acetolysis.

Occasionally when coarse organic debris, incorporated 

in outwash deposits, was to be analysed the procedure was 

started by sieving the dried sample. Coarse sand was elimina

ted by washing and decanting. Then the free lime was elimi

nated by hydrochloric acid treatment and the mineral part of 

the sample by the hydrofluoric acid treatment followed by 

acetolysis and at times by bromoform treatment (see Plate I).

3. .Preparation of Reference Material

For reference purposes slides of modern pollen and 

spores have been prepared. Material collected from herbarium 

specimens has been used extensively, to^sther with material 

collected from plants in the field. Collecting material from 

herbarium specimens has been described by Erdtman (1952) and 

the same procedure has been followed for this study, For fresh 

material small vials ( nine by thirty mm) were used. Wooden 

boxes were made for transportation of the vials, each box 

containing 100 vials in separate cells. Vials were half

filled with glalcal acetic acid and sealed with waxed cork 

stoppers in the laboratory, In the field pollen and snore 

material was picked with foz’ceps and put into the vials where 

It kept fresh until used. This method was developed by 

Erdtman and is used by him with success. For th* material
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that was lot dry snail paper envelopes were usedo It is easy 

to collect in this way under field conditions and pollen can 

later be extracted from the collected material in the seme 

way as from herbarium specimens. For the chemical treatment 

of reference material the procedure used by Erdtman (1952) has 

been followed entirely. Dry material was put through a fine 

brass screen using a piece of screen on top of a funnel which 

led down into a centrifuge tube. The powdered material in the 

funnel was washed dorm with acetolysis fixture from a pipette 

(about six cc of mixture war used). Fresh material was aceto

lysed without putting it through the screen. After acetolysis 

some of the material was mounted and checked for colour. If 

it was too dark the rest was bleached by oxidation and some 

of the bleached material was mixed Into the first slide co 

that both oxidized and acetolysed grains could be seen in 

the came slide. As glycerine Jelly was generally used as the 

mounting medium tho material after acetolysis or oxidation 

was treated with glycerlne-water (one part glycerine and one 

part water) before embedding.

Very little glyce Ine was used for embedding so that 

it did not run out to the edge of the cover slip. Round thin 

cover slips were used. To make slides as permanent as possible 

paraffin was melted under the cover slip around the glycerine 

jelly. To do this the slide was heated slightly and melted 

paraffin was added by means of a glass rod. The glycerine
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jelly under the cover slip is sealed airtight by the paraffin 

which, moreover, is not affected by inversion oil* It must 

be admitted that it takes practice to achieve neat prepara

tions*

4* Corn Syrup as an Embedding "c^lun

Material for analytical use was embedded in corn syrup 

as practised by N.W. Radforth at McMaster Universityo The pure 

corn syrup was diluted with ’water to facilitate the embedding 

process* Then the syrup was let dry to a hard film and the 

si'de war ready for examination* In this process air bubbles 

sometimes form, but if the residue of the sample is washed 

properly before embedding and the right "dilution of syrup is 

made, this fault can be avoided* If corn syrup is used, the 

microfossils can be moved about and turned for closer study 

by softening thin spot on the ri'de with a tiny drop of water* 

When a little phenol was added to the corn syrup the slides 

have kept perfectly well for at least three years and would 

probably last much longer. The use of corn syrup is very con

venient and easy under field conditions* The only drawback 

seems to be that fairly often the syrup will not harden sufil- 

ciantly, and in this case if the slides ore not placed per

fectly horizontal in storage the syrup runs to one side of 

the slide or even runs off it*



UnIng corn syrup an an embedding medium has all the 

advantages mentioned above., However, a few difficulties were 

found during the examination of the slides. The detailed 

study of pollen grains and spores for identification purpose 

requires high magnification, and oil Im .ersion must be used 

to find out about minute morphological details. As cover slips 

are not used, im ersion oil is used on the hard surface of 

dried syrup film. The use of im errion liquid that ordinarily 

can be wiped off the slide with a moistened piece of paper 

tissue is quite complicated when no cover slip is used, and 

the syrup surface cannot be tre ted with water for cleaning. 

Leaving im ersion oil on the slide io not practical because 

It collects dust particles and seems to soften the surface 

of the syrup. During this study the immersion oil was wiped 

off carefully immediately after the slide was examined. This 

procedure, however, is not completely satisfactory in that 

some oil was left on the elide and the surface of the syrup 

was scratched and had to be smoothed by moistening. Thio 

tended to change the position of the microfooRilu and render 

the use of the co-ordinates of the mechanical table difficult.

Another difficulty is present wften the cover slip 

is omitted. It could be observed that fine details were no? e- 

what blurred when a high dry objective was used. To master 

thio difficulty oil im errion wan used perhaps more frequently 

than was absolutely necessary. As thio difficulty did not

appear when a cover slip wan used, specialists at the W.A.
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Carveth Ltd, (E, Leite representative) in Toronto were con

sulted, They explained the cause of this difficulty, As arti

ficial embedding materials are generally used, a smooth inter

racial boundary must be obtained between this medium and the 

air. This Interfacial boundary is obtained by using a ootrer 

slip. This fact again disturbs the optical system9 requiring 

another compensation. Knowing that cover slips are used,in 

most cases manufacturers of microscope objectives grind in 

their lenses a correction for a cover slip of ordinary thick- 

ness, All objectives except the immersion lenses carry the 

correction and therefore if the cover slip is omitted this 

correction for it in the lens becomes a distortion. For this 

reason a proper embedding material and a cover slip of ordi

nary thickness are as much a part of the optical system as the 

lenses themselves,. With low magnification the visual defect 

arising from the omission of the cover slip or proper embedding 

material is not serious, but with high magnification tho 

resolving power of tho lenses in so much reduced that such 

things an texture of pollen grains and even sometimes their 

finer sculpturing cannot be discerned.

Under br, Erdtman’s supervision at the Palynological 

Laboratory in Stockholm the thickness of cover slips was 

seriously considered and lenses with adjustable correction,, 

the "correction collar", were used if nece sary to compen

sate for the variation in thickness of cover slips. For

pollen morphology and for identification purpose the best
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binocular microscopes (such an Leitz’ Ortholux and Dialux) 

with built-in illuminating system and variable transformer 

were used to obtain maximum results and to interpret minute 

details correctly,,

Unfortunately, such elaborate equipment has not been 

available for this study and an ordinary, good monocular 

microscope has been used throughout this investigationo This is 

one reason why more detailed study of pollen and spore mor

phology was hot planned, as up to date morphological investi

gations, in sensu Erdtman, could not have been carried out, 

Also, to achieve the objective here, working at this level of 

detail would hove been somewhat superfluous and therefore 

questionable in value.

5* Staining of Prepared Mot-rial

Modern pollen material for reference slides was not 

stained ar all samples w:re treated by the acetolysis treat

ment and if the pollen grains were too dark sone of the pollen 

material of the same sample was oxidised and miKdd in the 

same slide.

Fossil pollen grains, however, if treated only with 

tho potassium hydroxide, hydrofluoric acid, or bromoform 

treatments, often were loft too light in colour and might 

for that reason have been easily overlooked. In that case

staining was curried out on the slide, Faegri and Iversen



48.

(1950) date that, “preparations should always be stained, 

otherwise small or thinwalled pollen grains are frequently 

overlooked.” The writer han found that if the acetolysis 

tre tment io used for the samples, in general no difficulties 

should appear with regard to the ’shadow’ pollen.

’..’hen staining was found necessary, safranin, methylene 

blue and fuchsin have been used. A mixture of methylene blue 

and fuchsin© proved satisfactory.

6. Photography

For photography a mo .ocular microscope, manufactured 

by Cooke, Troughton & Cirams Ltd., York, England, was used. 

The photomicrographs W'.re taken with the help of the Leitz’ 

Ibso-nttachment end a Leica camera using an eyepiece 10 x.

Two types of Kodak film have been used? Plus-X and 

the Microfile. Microfile gives a high contrast on negatives 

and was found useful when dealing with clear-cut mlcrofoscii 

details; however, the writer is inclined to think that the 

Plus-X type is more suitable for mlarofos'Ils because it gives 

the gradation between dark and light parts of the fossil 

and for this reason more detail can be seen on the final print. 

Microrile was used for taking photographs of tables with 

success (this type is also designed for copying by Kodak). The 

plates were photographed with the Plus—X type film.

Tho effect of various filters was not tried; a blue
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filter used in photomicrography seemed to improve the results. 

In son:o cases infra-red photography and the use of colour film 

may prove very useful. However, the results have to be evalu

ated against the increase in expense due to move elaborate 

equipment and more costly materials.

Por taking photographs of plates much larger negatives 

(about five by seven inches) than the customary thirty-five mm 

film which was used for this Investigation, ’would considerably 

improve the detail on final plates. This again would require 

more elaborate equipment. The use of lar^e-size negative 

material would also ehable the worker to use fine-grained film 

(not available in thirty-five mm size). For example, the 

Funatomic-X type of Kodak films would give more cloar-cut 

and sharp detail on the final print.

7. Reliability of Methods Used

During microscopical examination of s-nplos and the 

later interpretation of diagrams sever”! problems arose 

relating to the reliability of the obtained results. Among 

these were the following questions. (1) Was the number of 

pollen grains and spores counted in each slide sufficient to 

give reliable percentages? (2) Did the chemical tre-tment 

change the original composition of the pollen and spore flora 

in a sample? (3) War the pollen and spore flora identified in 

a sample characteristic of the surrounding vegetation at the
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time when thin layer of sediment was deposltcd^Did the pollen 

diagram., ioe* the chances in the relative percentages of dif

ferent pollen and sp re types, reflect the actual changes in 

the vegetation? (5) Would two pollen diagrams from different 

parts of the s me bog or lake be identical or significantly 

different? (6) Over how groat a distance can palynological 

correlation bo est bl''shc3 between two sediment sequences?

A certain minimum number of mlcrofoorils must be counted 

in every sample in order to explore- the true composition of the 

mierofoesll flora, or fauna* An obstacle is found often in the 

paucity of microfossils in some tramples* Therefore the writer 

desired to know the lowest possible numbers of pollen grains 

end spores to be counted in a sample in order to achieve ade

quate results, that is, to represent the true pollen and spore 

flora in the s mple*

Barkley (1934,p*238) states that, "there is little 

significant shifting of relative percentages beyond the 200 

count*" The results of Bowman’s Investigation (1931) indicate 

that after 300 - 1000 grains have been counted’,, the percen

tages are fairly constant* According to Booberg’s work in 

Sweden (1930,pe 225-230) the main A? (arboreal pollen) 

diagram curves are comparatively safe if about 150 AP are

counted. The following example is taken from hie work(po230)«
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Specien of Humber of pollen grains counted

25 50 100 200 300 400 500 600 700 800 1000

gloea (/Q 0 0 0 0 0 0 •t- X X X X

Finns (;?) 28 34 42 42 40 38 37 37 40 40

Betula(^) 68 56 51 50 51 52 53 53 50 50 49

Ainu a (/.') 4 10 7 3 8 10 10 10 10 10 10

Ultnus (p) 0 0 0 0 0 0 C 0 0 0 X

Salix (^) 0 0 0 0 1 X X X x X -K

Total 100/V

Several trends are apparent from thin example* If tho 

pollen flora consists of few species the overall picture is

clear after a count of fifty pollen grains* The difference 

between counting 100 - 200 and about 1000 pollen grains is 

practically nonexistent* However, the time required to count 

100 pollen grains and that to count 1000 pollen grains are very 

different* This conclusion of course concerns the major compo

nents of the pollen flora* It has been proved, and it is 

illustrated by the above table, that if components of the pollen 

flora, present in very low pare ntages, are significant and 

must be included in the diagram the number of pollen grains 

counted, must accordingly ho much higher* Fo^ this reason the 

writer has often used the following procedure*

First, about 200 pollen graine? were counted and per

centages calculated on this material. .Farther, more material

was examined to find which pollen types occurred besides tho

ones included in the 200 count* These pollen and sp^re types
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were included in the 5 script ion accompanying the diagram, 

followed by the symbol P meoning present, This procedure nas 

employed because one- purpose of this investigation has been 

to moke palynological investigations usable for geological 

correlation as a routine analysis where the time element han 

to be conal'crod,

/is to the chemical treatment of samples., the uso of 

hydrofluoric acid treatment,; potassium hydroxide treatment and 

acetolysis tre&tinent does not essentially change the pollen 

and spore flora present in the original sample (see page 59)® 

The main differential destruction of pollen groins and spores 

takes place during the fonrilication ns some pollen grains are 

less resistant than others,

Whether or not a sample represents the surroundlug 

vegetation depends on several factors* Pollen and spore flora 

in lake sediments and peat usually give a good representation 

of the surrounding vegetation* Erosion of sediment and re~ 

depositions lack of sediment accumulation during a certain 

time may cause serious errors in interpretation* If the pollen 

production of tho local vegetation is high the small amount 

of pollen derived from other screes is negligible. The latter9 

however,, ray become significant when tho pollen production 

from local veget tion is low as in treeless areas. For example, 

when lichens from northern Ganado (latitude 65 degrees north 

and longitude 92 degrees west) wore analysed a fair amount of 

pine and spruce pollen was present in the samples, Ho pine or 

spruce grow at or near this locality and the pollen must
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pollen production of different species may distort the actual 

picture. For these reasons sound knowledge of the geological 

background of the sediment investigated is ne-ccEsary, as well 

as knowledge of different vegetation types and plant ecology, 

botanical and geological Judgement should be combined-with 

com. on sense in order to interpret findings correctly. 

Statistical treatment of material is a useful and necessary 

approach,, but a worker must not rely entirely on it and for

get his reasoning power.

The above discussion, of whether or not a pollen 

flora in a given sample represents the surrounding vegetation 

at a. given tire, has a direct bearing on the problem of rela

tive percentage curves in a pol cn diagram. Do changes in 

these curves actually represent corresponding changes in the 

surrounding vegetation? If tho errors, some of which have boon 

mentioned above, can eliminated, they de, At the present time 

one has to rely on his knowledge of ths relationship between 

the plant community and the pollen spectrum produced by it, 

and this necessity requires that samples of recent sediment 

should bo carefully studied in relation to the surrounding 

vegetation. It may be questioned whether the samples taken 

from different parts of the bog surface or on a lake bottom 

would give the eare results, Granlund (1931, p,15) gives one 

example. Ho collected samples from a bog surface, spaaed thirty 

feet from each other along a straight line, the distance
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seventy-five feet.

Spades of AP Humber of sample Average Ji

4 5 9 10 11 14

fleer 26 29 26 26 29 27 27

Zinu£ 65 59 63 65 62 65 63

7 10 9 8 7 7 0

Alnus 2 2 2 x 2 12

This example shows a striking correspondence between 

samples taken at J iffen nt pieces on a bog surface, This has 

been co. oborated by investigations by Woodhead and Hodgson 

(1935)o If the samples area has a conoid©..-able relief result

ing in va’table vegetation in a small area the parts of £ho 

bog may receive different pollen rain (of. Ludi, 1947)*

Two pollen aingrams, made up from the sane sequence 

of sediment and spaced not far apart usually resemble each 

other closely„ Different pollen '.malytical zones may be 

compressed, ex'* expanded owing to the rats of cedi mentations A 

good vxeuple of this io given by Granlund (1931>P* 11-12), 

The distance between two pollen diagrams from two 

different localities that can safely be correlated is variable. 

It may be a few tens of miles or it may extend to a few hundred 

miles, Sometimes correlation between diagrams from bogs 

spaced only a few miles apart Is ir-rd bo establish. If an 

area has been well investigated from the palynological point
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tances.

During the course of the p?eesent investigation the 

writer felt that different properstions from the same sample 

might show significant difforenoon. For tooting thiss seven 

separate preparations: were mode of the sore piece of material 

(peaty that war easily split along horizontal planes) spaced 

about one inch from each other. A total of 1024 AP pollen 

graine wore counted and average percentages were calculates 

on uiv-b to^al.

Species of ZP iumbe.r of .00.’ ■pie Average #

1 2 4 5 6 7

Hnun 7c 89 84 39 94 90 91 87

Picea 8 3 2 2 3 4 4

Botula 9 4 5 6 2 5 2 5

Ainu a 4 •^ 4 2 2 1 2 2.5

NA? 4 6 10 6 4 4 A 5»5

hithin thio total fifteen pulton grains of other AP 

(Abi eg., fluorous., Oorya, tllmna9 Tsiuga, L-wix., Alli a and »Tu-;- 

I3 11) •.-.’.-.re found9 an average of 1.5 Ao ono ^0 throe pollen 

gr?ins of there AP were found in each se-upls. Tho correlation 

between samples wag good.

Two elides were prepared of tho none redidue in tho 

centrifuge tube in two cones to see if correlation between 

counts existed.
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tluipXC rinus ficca detain. Ainu;; Abie a Cut reus

1 30 11 6 1 1 1
80 10 8 1 1 M*

Other AP

2 77 7 7 A 2 4
73 8 15 1.5 1.5 3

Aino in thin ease correlation 1^35 good.

Cain and Slater (1943, p, 493J state that ” in cer

tain instances each of tho authors independently prepared 

duplicate spectra as checks. In other cases second spectra 

were prepared, to verify certain abrupt chances in the repvosen 

tation of c rtein pollen types. Five sets of these data show 

a remarkable uniformity of results. In no case arc the diffe

rences sufficient to alter any interpretation of the data.”

Depth b«loi/ 
surface in

Ab Pc -pL 0 Ca 3e Fa Ac TI Ts Ny UI Ju Cpd Und
Tetr.' 
ccunl '

15.5 0 3 0.5 5.0
6.7

71.2
67.2

4.0
6.7

0.7
1.3

2 3
5.9

1.7
1.7

1.7
3.8

1.7
04

6.3
5.1

1.3 2.0 
0.8

2.0 
04

302
238

16.5 0.5 4.1
5.8

7O.S
71.3

1.4
2.9 0.4

3.2
34

2.5
25

05
2.9

as 0.5 
04

10.6
4.2

1.4
29 24

217
234

200
-

P 
0.4

48 
5-9

74.6
77.5

1.8
3.4

2.2
2.9 2J

4.4
37

04 
0.4

- - 6.1
1.8

2.2
2.1

3.1
2.1

228
241

21.£

22.5

as 
04 o?9 55.9

55.2
25.7
33.5

1.5
0.9

4.4
35

0.5 
1-3

4.0
1.7 0?4 4.9 

0.4
1.5 IO

1.7
202
230

0.0 1.3 
P

41.5
43.5

35.1
34.9

1-7
30

3.9
34 04

0.4 
1-2 - - -

3.7
2.0

1.3
3.4

239
252

Ab - Abies 
Pc - Picea 
Pi - Pmus 
Q - Quercus 
Ca - Cary a

Be - Bctula 
Fa - Fagus 
Ac — Ac er 
Ti -Til la. 
TS -Tiu^o

Ny- Nyjja 
UI - Ulmui
Ju - J ug I a. n $ 
Cpd-Carpinold 
Llhd-lJnc^e.f«rm»nec/

Flauro 1. Table showing difference between separate

counts on five samples, (From Gain and Hlntc-r 9 1948).
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7A" B.pj’1 stance, of Difrerent ?oi!.cn Types to Various,

GherTieal Treatments

To test the resistance of a variety of pollen types, 

modern pollen was tre-ted by different chemical methode and 

combination of methods, Pollen grains of the following species

were tested;

Pinos lariclo «-«—•-—a~--. <y,w:i , . —.m; a fopulus deltoidcn

Typha 2nyjstifolia

Gruninoe©

Pcirpus rqb?lt.inctuo

Junoua op.

Pollen grains of the above species were treated in the

PO** O’r^ ^r* t ^tre’

Potassium hy 'i’oxide treatment - This treatment did 

not ermine any damage to the tested types* rhen reference mate

rial io prepared in this way tie interior of modern pollen is 

not cleared and the morphological details of the eporoderm 

arc difficult to study* Potassium hydroxide treatment usually 

leaves foe'll pollen graine and. spores too light in colour so 

that they have to be stained, 

jicctolysis treatment — Tills treatment did not darnge 

the tasted types of pollen, except perhaps buncos, which io 

slightly attacked. There are, however, pollen grains of some 

tropical plants that are destroyed by acetolysis ( Erdtman, 

1952)o Both modern and fossil pollen gre ns generally are 

left conveniently brown-coloured and no staining is necessary.



i-o Lien grains of certain plants (Geraniaceae,, Malvaceae9 

CampnnulaceeeP none Compodtnc and Uinbelliforae) become too 

dark when treated by acetolysis and have to be bleached©

.Potassium hydroxide treatment followed by acetolysis - 

Tho effect of this combination is the rr ne as that of aceto

lysis alone©

Acetolysis followed by oxidation - Pollen grains of 

Juneus are definitely attacked end coin onion of ex ne can bo 

observed© Pol en graiss of ^cirpus are left undamaged, Pollen 

graine of Ponw^s are not destroyer!* The slight swelling 

effect of pollen lira Ins is obvious* Thin-welled pollen grains 

generally become too light in colour for examination and must 

be stained*

Hydrifluoric acid treatment - This treatment does not 

cause damage to any of the tested pollen grains* Pollen grains 

are left rather light in colour often thin treatment*

Hy-!rofluoMc acid treatment followed by acetolysis - 

This combination does not damage the tested pollen types9 

except Jurous which in slightly corroded, Damage on pollen 

grains of PppuluF is questionable# This combination of treat- •w* *^«.^*>-W»<««UOT*&««» •*

merits leaves fossil pollen groins and spores 1'ght-brown in 

colour end staining is not necessary.

Schulze’s treatment - This treatment is decidedly too 

drastic for fossil Pleistocene pollen nid spore material* 

The pollen material in broken up into small rod-like par

ticles and some of the exine is left as an amorphous mass*



-Acetolysis followed by Schulze’s treatment - This 

combination destroys till fossil (Pleistocene) and modern 

polleno

Bromine treatment - The effect of this treatment is 

very similar to thnt of Schulze’s treatment*

The resistance tests of various types of pollen sug

gest that tho methods of chemical treatment of samples for 

this investigation did not damage or essentially change the 

plant microfossil assemblages originally present in tho samples.



IV POLL I] JJ A N D S P 0 Tv E M ORPHOLO-

G I C A L INV^fTIGfTIO M S

It was realised by the writer and baa also been pointed 

out by Faegri (1945s P* 74) and by Fa.rrl and Iversen (19503 

p. 82) that the pollen diagram ar such han no direct bearing 

on anything other that the vegetation of the Joe1 lity in ques

tion. Only after translating the diagram into terms of vege

tation nay one attempt to find reasons for tho observed vege- 

tational changes. To reconstruct ancient plant communities 

one must try to identify as many plany miCiofosrlls as well as 

mornfoB'-ilc n^ possible. For this reason a study of the pollen 

qn2 spores of modern plants is most important for the correct 

interpretation of the fossil material. The better the know- 

logde of tho pollen and spore types, the better are tho chances 

of detecting causes that changed the- composition of the vegeta

tion during ancient times.

From the ideal point of view ono should know all pol

len types of the modern plants before attempting the analysis 

of fossil material; that is, one should work out the boric 

palynology before starting on applications. However, the 

ualvnolegist often ha*’ to work on the basic nollen morpho- 

logy ft the sone time os the investigation progresses and 

as new problems appear. For this reason the pollen and spore 

morphological studios have been carried out when necessary

60 .
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in relation to thio study,

At an early stage of thio study differences in fossil 

pollen grains of both Betula and Alnus ver© observed and to 

investigate this problem and similar problems concerning 

other pollen grains, morphological studios were carried out 

on modern polle-n of these genera.

It wan thought, that if pollen morphological studies 

could be extended down to species^ and different species of, 

for example, pine, spruce, alder and birch could be distin

guished from each other by pollen morphological characters, 

a much more complete picture would be obtained of the ancient 

vegetation which hassdlrect bearing on ecological condi

tions and climates.

I* Hollon morphological Terminology and Methods.

When describing pollen grains and spores tho termi

nology outlined by Erdtman (1952) han been followed, partly 

because the writer is familiar with it, Tho terminology out

lined by Iversen and Troels-Smith (1950) and used by Faegri 

and Iversen (1950) has also been considered seriously but it 

seems to the writer that this terminology in numerous details 

is more artificial than strictly morphological^descriptive. 

About his own terminology Erdtman (p.22) states that, 

'’Several suggestions In the above terminology are 
more or less tentative and preliminary and have to be repla
ced by better terms when a greater number of plants have been 
investigated and when methods making It possible to penetrate 
beyond the limits of ordinary microscopy have been applied,’1
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The truth of the previous statement has been proved 

by electron© microscopical studios of exine structure 

(Erdtman9 1954s p0 155-161) where important details of tho 

exine construction have become apparent,, as for example,, the 

lamellar structure of the outer layer of exine of Lycopodium 

spores and the granular structure of the inner exine layer 

of the same spore□

For the sake of simplicity tho writer has favoured 

the use of wisely understood terms9 instead of complicated 

specific onoss in the description of the various morphological 

details,, Terminology that is too oompLianted9involves many 

difficulties,, It is hard to assimilate and interpret correctly 

and as now discoveries are made in tho palynological field 

some terms have to be replaced^ thus increasing the confusion.. 

The way to calculate the shape of pollen grains and 

spores has been adapted from Erdtman (1952, p. 16)o

Shope classes =’100

Peroblate < 50

Oblate 50 = 75

Guboblate 75 - 88

Oblate-spheroidal 88 -100

Prolate-spheroidal 100 -114

Subprolate 114 -133

Prolate 133 =200

Perprolate / 200
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The polar arris ( P in the above table ) io defined

ac a line passing through tho centre of the pollen Grains

coming from the middle of the pollen-tetrad. Equatorial dia

meter ( E in the above table ) is measured atarlght angle to 

the polar axle through a point in the centre of the pollen 

grain at equal distance from both poles, It io admitted that 

there are cac.cc when the above definitions are difficult to

apply? for example, in a case of triangular and egg-shaped

pollen grains, For these anomalous cases the ’.-riter refers to

Erdtman’s textbook (1952),

Terms for describing sporoderm stratification hove

also been adapted from Erdtman (1952, p, 18-19),

SPORODERM STRATIFICATION
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Figure 2. Diagram showing the possible stratification of

a complex wall of a pollen grain.
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Sho meaning of tho above terms in an follows: 

Sporoderm - tho wall of a spore (pollen). 

Sclorine - sporoderm except for- intlnc.

Intine - the inner, usually not very resistant sporoderm layer 

Exine - the main, usually resistant layer of a sporoderm.

Perine - tho outermost, extra-oxInous sporoderm layer in 

some spores (in certain mosses, ferns, etc.). It scene 

to bo due to tho activity of a periplasmodium.

Sexine - the outer, sculptured part of oxine.

Hexine - tho inner, non-sculptured part of oxine.

Sculptinc - sclorine except for nexine.

For further explanation of those toms I quote Erdt

man (1952, p. 18).

"Sclerine is usually synonymous with exine. In the 
spores of certain plants ( certain mosses, ferns etc.), how
ever, it alro comprises an outer layer, perino. The presence 
of thio layer seems to be due to the activity of a perlplas
modium with perinogeneous properties. The physico-chemical 
qualities of tho perino differ more or less from those of the 
exine. It is, however, still Impossible, particularly when 
dealing with pollen grains, to decide - without undertaking 
cytologies! Investigations - whether a certain sp.roderm layer 
or sporoderm element is exinous or more or loss perInous. As 
long as this cannot definitely be proved ’perlne* can be cla
ssified under the same noncommittal heading- - ’sculntine’ - 
us tho outer, sculptured part of oxine. Tills has, however, 
not been observed in tho present book in order to reduce the 
terminology: ’sclorine* Is docribod or ’exine* even if it 
should happen to bo more oi* loss pcrlnous. Likewise ’sculp- 
tlne’ is always replaced by ’sexine’.”

For|study of the eporoderm details tho LO-anelysis has

proved very prof!table (of. also Terusmao, 1951). LO is deri

ved from L - lux and 0 - obaourltas, meaning light and dark

ness respectively. The idea of this analysis is rather simple.
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By lowering and elevating the focus of the microscope the 

depressions and elevations appear correspondingly as light 

and dark shades on the sporodorm surface,, A spine, protruding 

from the surface of the sporoderm vertically upward, shows as 

a light-coloured spot against the darker sporoderm surface 

when the focussing is adjusted to the level of the top of 

the spine. On a gradual lowering of the focus the opine turns 

towards darker shades, whereas the smooth sporoderm surface, 

first appearing dark turns towards a lighter shade (Plate II, 

figure 21 and 25)* On the other hand.if there is a hole in the 

exine, focussing on the exine surface shows the hole as a 

dark spot against the light-coloured exine. Lowering tho focus 

shows the hole changing to a lighter shade and the surroun

ding exine appears dark. Keeping these phenomena in mind, one 

can gradually work out the pattern of exine sculpture and the 

structure of different sporoderm layers. Erdtman (1952, p. 22) 

states that, “the method of penetrating the sexine and des

cribing the patterns in the way just mentioned is often diffi

cult and hazardous." The writer admits that, a certain amount 

of experience is necessary for efficient LO-analysls.

As a help for identification, descriptions and illus

trations of pollen grains, scat1erod through the palynological 

literature, were used together with data from more comprehensive 

papers as published by Erdtman (1943, 1952), Faegri and Iver

sen (1950), Iversen and Troels-Smith (1950) and Wodehouse 

(1935, 1942, 1945).
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From the geological point of view the descriptions 

of pollen graine given in the following may not seem perti

nent to the problem of the investigation* However, as this

study io both geological and botanical and knowledge of 

pollen grains and spores actually provides tho foundation on 

which the- results of this investigation are ultimately breed, 

the ’writer feels justified in treating the pollen morpholo

gical data as an important part of this study* In general the 

pollen grains of plants have been discussed in the sequence 

outlined by Engler a d Prantl in their "Maturlicho Pflanzen- 

familien.“

All measurements have been made on acctolysed material 

mounted in glycerine jelly* For mean values measurements on 

ten different grains were made using mostly oil immersion* 

For checking purpose similar measurements were ala made with 

a high dry objective (about 600 x magnification) and no 

significant differ- nces were recorded for medium and large 

pollen* Whenever pollen of different species had to be dis

tinguished the morphological features have been employed in 

the first place chd after that the size of pollen grains and 

spores has been considered. This is chiefly due to strong 

criticism from differ nt workers concerning the variation in 

size of pollen us the result of different chemical treatment 

of material. The writer knows of experience that if the pollen 

material is properly treated, size range is also useful 

(of* also Cain, 1940, ,948, and Cain and Caln, 1948),
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2 o GyHn^r.rie??^

Conifer ae

Abietines.©

On tho basis of pollen morphology Abietinoae m«y be 

divided into two groups; one without and the other with air- 

nacs (bladeorc) - succi in sensu Erdtman; veclouIne in nennu 

Iverson; wings in sonsy Wodehouse, The writer agrees with 

Cain (1940, p, 301) that,

'’Usually it is not difficult to distinguish the three 
com-ron genera of conifers with winged pollen grains: Abies., 
P]oca and flnun, According to Wodehouse (1935), who studied 
several species from each genus, Abies grains range from 7$ — 
111 u in their longest dimension and are usually over 90 y; 
Picda grains range from 63 - 91 ?u, mostly loss then 05 uf 
Finns grains range from 45*5 - 65/u Fortunately, the pollen 
grains of Ficon arc distinguished'from either the larger Abies 
or the Si ieIler Flung; by the absence of a marginal ridge whore 
the dorsal ezine cap moots the Insertion of tho wings. Further 
more, the wings of I-loco, arc characteristically broadest at 
the base, giving them an ovoid-conical form, The curves of 
the cap and the outer wall of tho wings make a continuous, 
essentially unbroken line. In both Finns and Ables the wings 
are broadest above tho base and are spheroid in form, Tho 
somewhat narrower wingbaoe results in a re-entrant angle bet - 

ween the wings and the dorsal portion of the grain so that tho 
two do not form a continuous curve,”

On the more or loss round angiosperm pollen grains it 

is easy to define and measure tho polar and equatorial axis 
to/

and u-c those "eururemcats as reference, Tho winged, conifer 

pilon grains, however, present a difficult case in thin res

pect, Hore the winged conifer pollen grains have been measu

red in the following manner ( cf, also Cain, 1940),
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B’lGure 3, Diagram showing axes of measurement on winged 

conifer pollen grains,

A complicated ’./ay of measuring in detail wingod coni

fer pollen bar been presented by Erdtman (1954, p, 1-14) whore 

photographs have been neatly combined with schematical drawings 

into a ma Isogram, It was felt, however, th”t for the sake of 

balance of tho different parts of this inver. Igation a simp

ler method of morphological study war adequate, 

ilol?£Lol°£y„o£ 2^2r£$^2110Il grains (of, Wodehouse, 

1935? and Erdtman, 1943), Winged pollen grains consist of a 

body and varying numbers of air-sacs (o.g, fatwa mertensiana), 

The body io inorc or less spheroidal or slightly flattened 

(suboblate or oblate). The exine is particularly thick in the 

proximal part of the body - the cap. It consists of ektexine
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(sexine),.endcxino (noxine), and between those, rod-like 

mem rimers elements in a compact arrangement which Gives the 

exine a complicated, somewhat dotted texture, A distinct 

boundary frequently occurs between the thick exine of tho cap 

and the thin exine of the distal part of tho body. The latter 

nart is mainly occupied by air-sacs. These arc separated from 

the interior of the Grain by the nexine; their outer wall 

consists of sexine with attached nesexinous elements which 

protrude into the lumen of the air-sacs. The ncsexinouc ole-- 

mtnis are more widely spaced than these of the body, and arc 

much Pionc irregular. Branched or unbranched, single or com

bined in different ways, they tend to produce an array of 

different patterns, generally more or loss .reticular.

Hear the proximal root of the air-sacs there are fre

quently slight sexinous ridges or frlll-llkc projections 

(marginal ridges), varying, in appearance in different species 

and within one species.

Zt tho distal root of tho air-sacs, where they merge 

into the '’ictal surfs co of the body of the pollen grain, the 

characteristic texture of the air-sacs fades out. Tho space 

between tho c V’-sncs is, morphologically speaking, the furrow 

which in Binns extends freon end to end of tho grain vertical 

to the plain which passes through the two air-sacs. The ’.fur

row* io covered by an exceedingly thin and flexible membrane, 

smooth and often devoid of any rankings.
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PIMUS - nine rpecicc studied for thio invert lection, All 

pollen grains of F. riIvortrie type (Er'tman, 1943, 

p. 136). Total length (TL) of grains ranging from 

66 u tn P. banksAnna to co 100 u in P. nondcror.n.

Finns bankrlann Lamb — HcMarter Herbarium /’ 180. TL - 66 u;

BL - 46 u. Pattern on cap coarse, distinct, Cap rela

tively thick ca 1.7 u. Reticulation on air-sacs course 

delicate ''nd broken. Marginal cron to generally pre

sent. Air-scs often rather snail in relation to 

body. Grains goner”lly not crumpled.

BL - 41 u (Decvcy, 19395 grains from Quebec); BL - 

40*7 - 47.58 u (Cain and Cain, 1948). Plate X, figure 

6 - 11.

Pinas recinore Ait. - National Herbarium, Ottawa.; Hew Liske- 

ard, Ont., June 12, 1952, H.K.W. Baldwin and A.J.

Bn;!tung. Ho 2496. TL - 33 u; BL - 58 zu. Pattern on 
9

cap donee, distinct, rather conrso. Thickness of cap 

2 - 2.5 u. furfoce of body uneven. Air-sacs bigger 

in re.lotion to body than in P. bankaiana. Crains 

fairly often crumpled. General appearance mono thin— 

wailed tb/’n in P* barkeJnra. EL - 58.3 u (Coin, 1940); 

BL - 43.93 - 49.21 u (Cain end Cain, 1948). Plate II, 

figure 9 - 14.

Pinna at robys L. - Hot Ionel Herbarium, Ottawa; Big Island, 

Georgian Bay, Ont., June 9, 1903, R.T. Anderson (Can. 

Bo. 6508). TL - 89 zu; BL-62 u. Pattern on body coarse 

and uneven. General annoarnnce much like that of
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often crumpled, particularly in fossil material. BL - 

59.i u (Gain, 1940); BL - 47.16 - 53.95 a (Cain and 

Cain, 1948). Plate II, figure 15 and Plate I, figure 

1-5.

Pinna nontlcola Dougl. - Herbarium of Univ. of B.C. ^ 5527» 

Vancouver; Uillov Pblnt, Kootenay .Leko, B.C., Juno 10, 

1938. J.W. Easthan ^ 173. TL - 76 u; BL - 58 u. Pattern 

on body noil defined. Marginal create present. Reti

culum on air-sacs rather dense. Plate IX, figure 6.

Pines Ponderosa Dougl. - Herbarium of Univ, of B.C., Vancou

ver, /■ 5550; Penticton, B.C., J.u, Earthan £ 172, 

Juno 5, 1938. TL - 93 - 104 u; BL - 64 -75 u. Reti

culation on air-seen coarse, delicate, broken. Pattern 

on cop coarse, distinct. Plate IX, figure 3 and 4.

Pinna con torts, Dougl. — Herbarium of Univ, of B.C., Vancouver, 

^ 5482. Uproot Lake, Vancouver Island, B.C. T.H.C. 

Taylor .? 1197, August 11, 1941. TL - 66 u; BL - 49 u. 

General appearance much like that of P. bankniana.

21Si£ oontorta Dougl. var. 1-tifolia Enge Im. - national Her

barium, Ottawa. Pence River Valley, Hudson Hope, B.C. 

June 23, 1932. Roup and Abbe Ho 3603. TL -82 u; BL - 

56 u. General appear nee of pollen groins like that of 

P. contorts.

Plnun nurrzgonn Half. - national Herbarium, Ottawa. Bankhead, 

^;onff, sloe. July 3 or JI, 1906. Stewardson Broun Ho 

795. TL - 36 u; BL - 58 u. General appearance 1'ke
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that of Plnun strobun.

Plnun nlbicnulls Engelni, - Herbarium of Univ, of B,C,P Van

couver 9 £■ 21909, Sage Paco, B,C, Lat, 49 deg,0 long, 

114 clegop August 10a 1951* T.M«CO Taylor '•■ 8898, Al

titude 7500 feet, TL - 86 u; BL - 61 u« Reticulum on 

air-sacs dense, distinct. Surface uneven. 

During the present investigation it was moot desirable 

to distinguish between different species of pine in the fossil 

pollen flora. An attempt was made to use morphological features 

only for identification. Because of the variation in the mor

phological characters within one species and the overlap of 

range of variation between different species, ths writer con

cludes that morphological features only are not distinct enough 

to make an accurate Identification of fossil pine pollen of 

different species possible. When the else of pollen grains is 

considered together with the morphological differences and 

known environmental requirements of modem species^ reasonably 

sure results may be obtained. In tho St, Lawrence Lowland, 

for example, the pine pollen in the bottom part of the post 

glacial sequence belongs mostly to jack pine whereas the pine 

pollen towards more recent time consists mostly of white pine 

and. red pine. Distinguishing different pine species by means 

of tho statistical size range frequency calculations requires 

abundant and well preserved fossil material and is no doubt 

time-consuming. The usefulness of this method has been con-

vlnolngly described by Caln (194O9 1948),
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’’Such hope a- there in Tor identification of species 
by size-frequency histograms lies in matching position of 
nodes of the foe’ll arrays ’..’1th those of the known species, 
coupled with cautious reasoning about the probable presence 
of one or another species for ecological end phytosociologl- 
cal reasons," (Coin and Caln, 1948, p0 534),

In fossil notorial from western Canada and United

States, Hansen has distinguished between many species of pine

using size L'casurorionts, Cain (1940) states that,

"In correspondence concerning the identification of 
conifer species, February,1940 Hansen wrote: * ny method of 
Identification by measurement end discard of those that over
lap is in effect about the same as your now method’, only I 
do not use graohs for conn -rison of modern with fossil pol
lens ’, “

PIOEA - five species investigated. General description seo 

p. 71, 72-73.

Picou ritchenais Carr, - National Herbarium, Ottawa; Heines 

Rd., Klehini R., B.C. July 25, 194-4. C.H.D, Clarke 

Ho, 572, BL - 95 u; TL - 130-140 u. Pattern on the cop 

course, dense, distinct. Reticulation on air-sacs 

similar to that of other Picon species, General appea

rance rather thlc^-walled and firm.

Pi can cn^clirnni Engoln, - Pollen supplied by Professor B, 

Brink of tho Agronomy Dept, of Univ, of B.C, NY 49, 

Lytton, Boothnnio, BL - 93-95 u; TL - 122 u. Pollen 

grains of this species are similar to those of rlcoa 

sitchonnis.

Plcan murinnu (Will) BSP, — national Herbarium, Ottawa, So— 

kino Island,lilngnn Inlands, Quebec. Juno 28, 1915. 

Harold st. John £ 90071# TL - 30-90, u; BL - 67 U 
/ 1
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(according to Gain, 1948), Reticulation of bind'em 

dense, distinct. Appearance fifm. Graine generally 

not crumpled. Plate V.

Plcoa plaice (Hoonah) Voss - Rational Herbarium, Ottawa. Long 

Island, cast coast of Hudson Bay. July 25-28, 1949. 

W.K.V. Baldwin # 1769. TL - 100-120 u; BL - 77 u ac

cording to Cain (1943). Appearance of the pollen grain 

rath r thin-walled, often crumpled. Pattern on cap 

finer and more delicate than e.g. that of Plcoa. 

sltchcneis. Relatively large air-sacs id th coarser 

and more delicate reticulation than in Plcoa naviana. 

Plate V.

Piece rubons Garg. - Rational Herbarium, Ottawa. Covey Hill, 

Potsdam Huntington Co., Quebec. June 4, 1950. Ray

mond, Kuoynlak and Churchill £ 874. TL - 115 u; BL - 

80-83 u ( 83 u according to Cain, 1948). Pollen grains 

of the some type ar those of Piece rlauca.

Ho attempt han bo.n made continuously to differenti

ate Pioca species in the course of this Investigation. In 

material from eastern Canada the black spruce and white spruce 

can bo kept sepa ate in fossil material. It also neems that 

in more recent post glacial sediments pollen grains of spru

ce of larger also than those of ordinary Plcoa £lauca are 

present. Tho ciao matches those of Piece, rubra. These large 

grains arc definitely not parent in early post glacial sedi

ments, studied for this Investigation.
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ABIES - four spoolon hove been investigated. For a general 

description nee p. 71-73.

Abie s pro re 1 n Li ill* - Herbarium of Univ, of B.C.g Vancouver*, 

X 5340. Cloverdale,. B.C. G.E. Domcrvillc, Hoy 2, 1920. 

TL - 124-141 u; BL - 87 -91 u. In optical section .the 

sexine of the can io well separ'ted from the outer 

surface of swine by prominent bacula-. The curfe.cc of / he 
are

can is rather uneven. Air—seco veil separated, from 

the body. Plate X, figure 12, 13, 14 and 17.

Abies 1- ~ io coma ( Hook.) Hutt. - Herbarium of Uriv. of B.C. 

Vancouver, ;" 5359. Smithers, B.C. Let. 5* deg., long.. 

127 Her. P.X Sanderson ft 62. June 1, 1949. TL - 115 - 

119 ,u; BL - 75 - 83/i.

Ablas Lal"'' m. (L.) Mill, - Fresh material from campus of 

FcHootor University, Hamilton, Ont. TL - 124—132 .u; 

BL - <37 -95 yu.

Abies ambllis Forbes. - national Herbarium, Ottawa, life. Ben

son, Vancouver Inland, B.C. June 3, 1887. Macoun 

4 24-830, Pollen grains in this slide were poorly deve

loped and irregularities in air-sac development wore 

Interesting to observe as ocser iowr.l grains resembled, 

those of Taura ncrtens inns on. cn-ual observation.

Plata X, figure 15, 16; Plate XI, figure 1-5.

TSUCA - throe species investigated.

Tango canoS;nnis (L.) Carr, - National Herbarium, Ottawa. 

Argyle, Yarmouth Co., K.D. August 4, 1920. Long & 

Linder ;" 50. Diameter in polar view ca 76 u ( 60 -
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85 u, Wodehouse., 1945). Pollen grains of T, canaden

sis have no air-sacs and seem not to be subsaccate 

(i.e. have a tendency to form bladderlike structures). 

In polar view the grains are circular and in lateral 

view flat or cup-shaped, the centre of the distal 

part of the grain being frequently depressed, Sporo

derm stratigraphy of a rather complicated nature.

Teugn heteronhylla (Raf.) Sarg. - Herbarium of Univ, of B.C. 

Vancouver 7 5600. West Lake Trail,, Hollyburn, Van

couver, B.C. J.W. Eastham ft 10,746. May 15, 1945. Al

titude 1500 feet. Diameter in polar view co. 70 u, 

(50-55 u, Wodehouse, 1945), Pollen grains of T. hete- 

rophylla have no air-sacs but show a tendency to form 

a bladder-like frill around the grain, that is, to be 

subsaccate. Pollen grains of T. hcterophylla are very 

similar to those of T. canadensis. Plate VII, 

figure 1 - 4.

Tsuga mertensiana (Bong.) Sarg. - Herbarium of Univ, of B.C. 

Vancouver ft 5614, West Lake Ski Club, Hollyburn, Van

couver, B.C. J.W. Eastham ft 10, 894. July 17, 1945. 

BL - 55 us BB - ca 46 u; BD - ca 57 Uo Pollen grains 

of T. mertensiana are supplied generally with two well 

developed air-sacs, sometimes with a variable number 

of subsaccate structures or encircled by a loose frill. 

Air-sacs are usually well defined like those of Pinus. 

The pattern on the air-sacs appears to be of a granu

lar, reticular nature, being distinctly different from
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Pncuc'otnu-a tnxifnlAS (Poir. )Bvltt. - Herbarium of Univ, of 

3.Ce Vancouver 5’ 5585. Cloverdale, B.C. G.E. Domei’- 

ville, March 2* 1920. Diameter of pollen Grains an 

90 u. Thickness of oxine co 2.5 u. Sexine Wilcher than 

nonine* Surface of sexine psilate, with no visible 

pattern. Ho apertures.

Pnaudotc^rT rna'-.pn^ta (Baf,) Snr". - national Herbarium, 

Ottawa* Sidney, Vancouver Island, B.C. May 2,1913. 

John Macoun " 88305. Diameter of pollen graine on 

97 u. Thickness of oxine ea 1.5 u. Sexine thicker 

than noninea Surface of serine psilate. Ho visible 

pattern, no apertures (cf. Plato IV, figurd 17). 

£illf£lL;«^ 2£«ili^ (Lamb.) Spach. - National Herbari

um, Ottawa. Victoria, Vancouver Inland, B.C. March 

13, 1915. John Macoun f 94487* Diameter of pollen 

grains eg 29.6 u. Grains thin-vallcd. ITcxine as thick 

so sexine. Surface of oscine flocked with granules 

(pile). Mo visible apertures, Planetor 27 u according 

to Erutman (1943). Plato VI, figure 1.

Taxue b tvifolia :iutt. — Herbarium of Univ, of B.C. Vancouver* 

£ 5625. Caulfields, West Vancouver, E.C* K. Auden, 

April 21, 1923. Diameter of pollen gra! s co. 21 u;

24 - 27 u according to Erdtman (1943). Pollen grains 

lhln~w.nlled. Surface of oxine densely set '.rith small 

rods (pila) of unarm! length. Ho distinct aperture;
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possibly a thin sp-t in tho cwlne (tcwltnc) nay be 

tho equivalent to on aperture. Plate VI, figure 3.

Thule oe 'I-, nt"Ils L, - I "a for cl Herbarium, Ottawa. Lake Puc- 

hruo, L. Chibougamau, P.O. July 8, 19*8. I. Hustich 

# 30,-Diameter of pollen grains oa 26 p. Graine thin- 

vraled.'Surf?oo of oxine with Eosttorod pile or c?> 

nuleo. Crains often c u^pled. Plate 71, figure 8 and 9 

Thuja Donn. - Herb’1 ■‘ion o.f'Un.lv, of B.S. Vere career.

£ 5701.•hols Creek, B.C. B.C, Buckland, Parch 18, 

1939. Blnn.'tor of pollen grains co 27 u* In appearance 

c-Inlier to those of oooicantalins 2*o apertures, 

Plate VI, figure 10.

.Laair, inrlolna (Du Roi) Roch. — national Ilorbai-ivn, Ottawa, 

^irlsn .Island, Jeres Bay. Juno 27-29, 1929. A.f 

Porslld, ,7 4509. Dimeter of pollen grf ns os 65 u. 

Thickness of c::ine 2-3 u. Thickness, of noxino varia

ble. Canine does not neon to bo very rordstant. Sur

face that a feint, indistinct pattern. Plate 111, fi- 

G’ro 16 and 17.

3* Aurlocprrnn

D 1 c o ty 1 o done

Salicaoaao

SALIX - 7o attempt has been ride in this study to distinguish 

between pollen grains of different mff species, al

though tho writer* knows that thio is. nondblc to
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ordain extent (ef. 'CcTasnoOj 1951 and Straka, 1952)* 

POrULUS - throe: species investif; 'ted.

Po ?ll*ss krlrr<vlf rpg, L. (£. ^:"2?£i~lLLvJ^ ~ national

Herbaria.-, ottrva. Hoar head of Chitina hlvcr, S.3. 

Alaska, XMo Mas A’ 49, Hoy 25. 1925. Mane ter of 

pollen proins ca 28 u. Imino, sake role al., nonaportu~ 

rate. Serine thicker than nonine* Serine? neerlncly 

aonrlctinr; of densely spaced p‘ln ehidz. elven the- cur 

fa go of exine a. coarse granular and very distinct 

mitem, Thickness of exine oil 2 u.

Poppins tvichocrmn for:? and Gray - Herbarium of Univ, of 

B.C. Vancouver, " 52062* Gnltheres B.C, ?.k. Sando 

con ” 2 A, Hoy Oy 1949# Altitude 1600 foot. iiinno tor 

of nol'.an yr'’lac. eg 23 u. Oro ins spheroidal, nonajor- 

turnto, Thickness of exine 0.6 - 1 u. 'Oxine st-atifi- 

oation m.-one to bo the sane nr. in P. bi-1 

but is confused and not distinct. Pattern finely 

Trannl-’r.

Porn lug imnulolfon hlohx, — Hatton"’! iiaixorixn, Ottava. 

Caqnbellton, x.B. Hay 27, 1876. P.o Ohnlnors (Can, no. 

4 04-4-9 )<. Pollen f?j.v:.inr spheroidal, nenapertur .to, <?la— 

: -ter ea 31 u. Thickness of exine on 1,5 u. brine 

nt-atifleaf ton the snre rr in other Pn^jbw creoles, 

Pattern granular, very distinct.
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Betulaacnc

BETULA - clpht op-des lavo' tlp- ted,

3^iL^ 1QY5L J,o “ Hntlonv’L ncdrs'lsn;; Ottawa. Boston, Bene.

May 14, 1333, Co':o ?.; n <7073* Pollen ^Inc sub- 

oblTic (20,5 - 2$ *0* Pattern 2?"t'ier dntinot, courne, 

le wd cl apertures ( '"piles) \’dl dwcloncd*

Bdulo Holub - JetIonel ;!'.bax-lv--., Ottawa, (Qttrwa

2?). Ornnby, IL Ou nay 17 s 1946/F, Febtun / 57* 

Pollen ^rer"; cub obi-?, to (25 :- 29 11)* Pat lorn coarse, 

Itstinota Crains oeor* tonally 4—ep« tur te» 'Chioknecs

'?1 .0 2 - 1*7 P. Sexine twice as thick as

nexine , Aspider. well l-vclonccl. Plato

/III., Pl^rc 5*

.^l&l LlLlJk^^\^ - bettoral Herbael-jn, Ottawa® (Otto— 

rr " 71)* '3ontonP Bet; Yod, Yay 16, 1914® Orm. l-arkcr

•helps '■ 569* Pcl.lcn -minn suboblr-bc (19 ” 24 u)„

Pct•'cr2i coarno, -“ictinot. Cra-iord apperv-nnoc rv-ther

tliid-w‘’lld. ^o.d'io thSdcz? t?m nozzlno; thickness 

0:? o-tno jr 1-5 Alo Plato 'VIK, •.'i^re 22®

k-ie2^ ..„ldk (-?uek.) Porn® - national Korlr dien, Ottawa* 

(Ot :e -a . 70), Lmcojc Bay, isfjiion^y County, 2*2. 

•Tun-- 50, 1927* Hor..‘ison F® Louis ' 151359. Pollen 

.Yadns mbobl'.tc (13 :: 22 u). An?• trance r-thcr thin- 

.e,lic<\ .nickuzs-J 0? crlnc ca 1.2 u# and round, Apor- 

tuzva not pout’.no* P‘ ’orn distinct., mother fine.
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Botulci Dsw?lfcrfi Ifo?chB ^ HtirulonnX II i’o<^i',i'U^p OuuSAm# (Ouulv* 
*3MM*—»*wm*m. «b^M**^4a*.Mw*—*owmM—•

wa ./ 42). Carol Rd., Milo 132. Louer Lnpic 17. Crossing, 

elev. 2750 foot, Yukon Territory. Juno 16, 1944. A.E, 

Pornild and A. J. Breltung # 9533# Pollen grains sub- 

oblato (21.5 " 27 u). Apertures well defined. In polar 

view grains appear triangular, Pattern fine, distinct. 

Thickness of ex ca 2 u. Senine to nonine as 3 to 1. 

?c.u la nnpyrifnra Harsh, — national Herbarium, Ottawa., (Otta

wa p 4:4), Rcvelstoko, B.C. May 5, 1890. (John) Ha— 

conn 25631, oistvlbutod ns perp:?!Pera Mx, having 

note in M.?. Fernald’s handwriting ”0. alba L. ,” 

Pollen grains ouboblatc (25 ~ 31 u). Humorous ^aper

turate graine present in this materiel, nona grains 

5-apcvturste. Aspidco ’.roll developed. Pattern medium 

distinct. Thickness of exine on. 2 u, Sonlne to nomine 

a_s two to one. Plate VII. figure 19, Plate VIII, 

figure 1 and 3.

Petrin nanyrifora Harsh, - national Herbarium, Ottawa, (Otta

wa 4 4-3), ’TeCuosten area, Lat, 63-64 dog, II and long, 

136-133 deg U, ''eQuerten Rtf. Hey Creel: Camp, Yukon 

Territory, July 22, 1943. John 3. Campbell /' 537, 

f otominod by A.P, Porsild. Pollen grains suboblnte 

(13,7 ” 23.5 u). A epidee '•ell developed. Simp© in 

polar view rather triangular. Thickness of e::ine ea 

2 u. Serrlno to nomine las 3 to 1.

Pen-la ^giifem Harsh, var. ncoalaskana (Garg.) Haun. - 

National Hoi ba: inn, Ottawa.. (Ottawa ;/ 41). Cmol nd.



mile 132, Lower Lapio R. Crooning, dev, 2750 feet. 

Yukon Tor- itory. Juno 16, 1944. A.E.. Pornild and A. 

J. Erol tung " 9539# Pollen graine cuboblrtc (20 :: 26. 

Pattern very distinct. Thickness of crino 1.5 - 1.7 p 

Oenino to nonine as 2 to 1. On ono pollen grain in 

thio notarial there wan observed a tri-raciato mark, 

(tetrad seer) .Plate VII, Piguro 18, 20.

2&'-i’2& 2£L2£^^ "ar. nooaleakaiia (Dare.) Raup. -

national Herbarium, Ottawa. (Ottawa £ 39). Tisdale, 

Sack, Iley 14, 1939. 4. J. Brel tung ;; 50. Distributed 

as 2. nnnvrifora, revised 1946 by Breltung to 13. no— 

n^rlTcra Voh^nilis (Repel) Fem. and Roup, -13. vonx- 

*J^2^ t^\2L2£2^ (Sarg.) Roup. Pollen grains 

cuboblato (20 :: 26 ,u). Pattern course, rather dis- 

tinct, Thickness of oxine on 1.7 u. Bovine to nonine 

as 2 to 1.

£e&ila nnr^ - National Herbarium, Ottawa. (Ottawa £ 68). 

Rocky Bay, Saguenay County, P.Q. June 24, 1927. Har

rison ?\ Lovis g 131871. Pollen grai is suboblnto (19 

25 u). Pattern Tino distinct. Hexine thicker than 

nonine. Soi'c groins in this materiel arc 2—apertu

re to. Plato VII, fi uro 21.

Betvia Micheuxll Spa oh. - National Herbs:.-inn, Ottawa. (Otta

wa " 69). Hegarka River, Saguenay County, P.O. Juno 

23, 1928. Har- iron. ?. Lewis /' 131861. Pollen grains 

suboblete (17 x 22 u). Sone pollen grains in tills 

material ore A-eportureto. Pattern Tine, distinct.



Sekino thicker than noxlno, 

gotuk. ^kirinlora i’iohx. - Herb. Royal Bot. Gardena., Ha"iltony

Ont. r C 531* Churchill, 'Ian# June 22, 1948. U.S. 

Mobb. Pollen grains suboblato (21 :: 26 u). Pattern 

rather coarse, indistinct. Thickness of exine on 1.2 u 

Aroi present an in all other Betti la species. General 

appearance of pollen graine round and thin-walled, 

Arpidos not pouting. The pollen graine of B. glanfu— 

loan, closely resemble those of Be tn'la nona (of. Toms- 

ano, 1951). Plate VIII, figure 2,4,6.

Tk pollen morphology of details was ntu'iod in gro-tcr 

detail because of the variability observed in tho foe'11 ma

terial. The aim of tills separate study me to find out whether 

differ nt species of Botvin or different groups of species 

could be distinguished on tho basic of their pollen morpho

logy.

Tho following group ng of Bctnla ic given in Fernald’s 

Gray’s Manual of Botany,

Betyla L. Keanuronontn 
in ^

p £•100J-l

Serios Coo t a t a e Rogcl

B. lento L. 20.5 x 26 80

B. luton Michx. 24 x 28,5 81.5

Serios Alb a e Kegel

H* norm 11 fold a. 1-'arch. 19 " 24 79

B. 21222 (Tuokem,) Fern, 18 :: 22 79

B. p'nvrlfcra Meiroh* 22 :: 27 80



Heasurenonts
Serios II u m lion D.J. Koch t ,,

2- 212^i ^* 19 :: 25 u 76

B* KV'n-hilona Mlchrr. 21 zc 26 u 81

21* Spach* 17 :c 22 u' 77

-Applying tho data obtained by pollan morphological 

studies on fossil detola pollen, the follouing conolunionn 

can be reached. ‘

Tho foer.il Le&la pollen in early poet glacial nedi- 

neato coarints mostly of .Bettila papyiti'na typo (pollen 

grains rather triangular in polar vieu, relatively thick— 

traileda nc.pidos veil developed, pattern distinct, else appro

ximately 22 :: 26 u) ^^ a email port mat-choc the he tula 

rl'infuloca type (pollen graine nether round in polar vlcu, 

relatively thin-nallcd, apertures not punting, pattern fine, 

obscure, also cpproninotcly 20 :: 25 u).

Fossil pollen in holo recent sediments in the St. 

Laurence Lowland often contains a considerable pert of 3e- 

buln pollen gninc that notch closely those of tetuk lutcg.

The fossil pollen studied in the St. Pierre interval 

samples, contains the jctulc urp-g: if era typo and Istria 

gynhilocr. type.

On the b'" of pollen morphology the 'T?terH of Pc tn la. pnny- 

rifsoa scone to be rather heterogeneous* This view is also 

supported by A.?;. Porslld’s experience (pensoriel communication), 

Cotula n'rm?ife-m is not a clean-cut mccics*

foer.il
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Another interesting phobic::! appeal's in connection
with Ho Polunin*s (1940) investigations in -tho Canadian Eas

tern Arctic, Concerning Be tn la glandulosa and Betula nana. 

Polunin (1940, p. 173 and 174), says:

w'Jo^lo pl^nrwlosn ;Iichx, Thin in a had typus poly— 
raorphus, varying, uapccinlly aground Churchill and other regions 
cllyhtly to the couth of omr area, enormously in else end 
habit, in the glandvloaity of the twigs ami in the rise one. 
chape of the In:.ver (of. -tnvp 1956 b, p, 242)* The material 
from st ictly within our area in, howwer, none uniform, bains 
of low espalier habit and having a nail, rounded, Iwvcc end 
densely glandular trigs, This, even if it is Merely a ic rood 
northern fern that can occur farther couth in exposed or 
otherwise unfavourable places, certainly occupies alone oil 
the northeAost stations of the rpcclco, and no ocean to de— 
serve maintenance no van, alblyloc (Lebed,) G.Fa Dicke in 
Rhodora XVTI0 *% 87 (1915)s of A tula roton?*folia. Thio 
occurs not only in tho mainland yrts of our area, but also 
in Baffin northwards to Cu iicrl-nd Gulf, and Moreover on 
Southampton Island, Thus to the range given for the species 
by Sargent (1096, p, 4?) we have con?ide. ably northern a::ton- 
nions to record; wj mist also note it as now to tho Arctic 
Abhipclago. General distribution. The whole modes c-"t . 'ing 
iron southern Greenland, acrons subarctic and alpine regions 
of horth America to borthem Anin, northernmost'station appears 
to bo Do:.■creation Point 69 deg, 41 ’ IT in oar.tern Alaska 
(Johansen c:: raooun end Holm, 1921), Su.^t^rn Ard'^^^ 
k^tion^ Vifesproud in the extreme south, Tnoludinc the southern.' 
noct parts of the Arctic Archipelago, end in Baffin extending 
northwards to near the Arctic Circle, opcprcxncc^ Mather local, 
but concti :or. abundant to dominant on ucll^r ■ inod and sunny 
sheltered, eloper. Here it grows gcncr'lly an an ascending 
shrub 30 - 60 on high and often more than a wtvo in fianotcr, 
flat-topped, ar a result of being unable to persist above the 
usual level of the snow in the winter. On tho other hand in 
exposed places it remains pressed against the surface of tho 
soil creeping laterally to forn a net of gnarled, thick—
barked exes and glandular twigs.

tula noun L. TdS seems to bo the di ret confined
record (fide Fernald) of 3, nona in North America between 
Greenland and western Alaska, previous reports being bored 
(in nest c seo certainly and in all others at least possi
bly) on the much more com on B, £2£nhlio£a or the closely 
related S, : iichuxli Spaah, This lai t, how-ver, scons to be 
restricted to the regions around the Gulf of St, Laurence, 
with one station on the court of Labrador somewhat farther 
north. There Is also a specimen in tho national Herbarium 
of Canada lubollod "No, 23826, thickets (cunqps) V, Coast



or Hucson’s Cry (?) 2* Boll 1332“ which probably belongs to 
B« £2229 snds i^ confirmed, world help portly In bridgeing 
the last bir'gnp -1- ’’hot previously appeared to bo s stran
gely broken dietilbutlon. It cocoa probable tbict closer In— 
instigation In tho future nay show tills to bo one of the feu 
(norhSne the only ?) fully ci zou: polar er drawn bo eel men 
tiferous shrubs. Gmere! £lotrikiititt^^ ? cirounpolar (seo 
above), chiefly azotic on;', alpine-, hovt'iemnest ?.-ceord Green 
Harbour, 73 dog, N In Spitsbergen (Rocvoll - Holmen, 1927, 
P. 35, and of. roInnin 1933, field-notes). l^tcn?^ £r£tlc_ 
£*2«£“l^*~£h^ Inown only iron Cwyuorland Gulf in. contra! 
Baffin, where it hen been found in tuo serail .dec-fjords 
near trio Arctic Circle. Oc^urmn^cc. Hare# ay one collection 
of thia npcoloa fr-on within our area w c growing in the man 
of its southern rep rec ante tivo B, fioh.wuwli ^ m a very low 
shrub in :: deep sphapnoon bop above, who"O surface the thin 
whippy bronchos rose- o ly 15 - 20 an - in spite of tho fact 
that the ur: an won ba out! fully sb. Ite reel "rd probably drifted 
over with do p enow fron early in the winter#“

Further detailed atu‘les of r/jc..n p filer, of let la

22122 had B# ipOllll^iffb combined with otuCios of foe"11 

ihitwla pollen in Pleistocene cellmate should rive ser e very 

interesting infoi'mtion shout the problem of the nlcrnticn 

of those r-pooien during the pest#

ALHUS - ri:: swedes and four varieties investigated# 

lj£22 221222 (Ait,) Burch# - Origin of specimen uno. rtdn#

Pollen ere’.re oblate (16 :: 22 u). Pattern fine duffs 

tinct# Apertures flattened, nunbop of apertures five 

four end si::# C-reim often erunplcd# Thickness of 

ovine 1.5 u# Bovine slightly thicker then nonine* 

Alnus crims (Ait.) Pursh# - Hntionr.1 Kerbsinn, Ottawa.

(ottciua ’ 51) • nucltln Lobe, worth of ’.’iniv 11.

Bovth-vst Territories. Jvl^ IQAg Francis Holder 

// 2257* A.E# X'o.-sild det, Bollen rmim oblate
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(17.8 :: 24 u). Pattern fine indistinct. In polar view 

Grains often Ar <'Guls.r in outline. Arc! poorly defi

ned. de:.* c thicker then noxinc. Dioreter of uspidoD 

on 5 u. Plate VIII, figure 9#

Alntin ^dena (Ait.) lurch. - national Herbarium., Ottawa. 

(Ottawa " 49). Davnon Cruel:, B.C. Juno 10, 1932. Hurjh 

II. Heap and Ernst C. Abbe # 3541. Pollen aralnc oblate 

(17,4 :: 23 u). In ^-inr view of the pollen grains the 

oral soon to run around the poripha:^ of the cm ins. 

Apertures ration flat. Pinto II, figure 1.

Alnua ci la or (Alt,) Purah. var, yip Ilir. (?) - national Herba

rium, Ottawa. Ottawa " 48. Kcgonka R. Saguenay County, 

P.O. Juno 10, 1927# Harrison P. Lewis # 131879. Pol

len grains oblate (16.6 x 23 p)* Pollen Grains have 

often the sane appear- neo an those of A Imus mcoag 

rar. a crlcaim (see in the following). However, tho 

Gmino arc more thin-wolled and often crumpled. Hunbox 

of apertures five, six and four.

Ainu a criaon van. nollin Fom. — Labrador. Pollen groins 

cuboblate (15 ” 13 u). Pattern fine, indistinct. 

Aral poorly ca fined if present. Thleknoao of oxine 

0.8 - 1 u. Sexine ae thick an or thlc-er than nexino. 

Aportu '.c flat, diameter on 5 /u.

Alnur, erlang (Ait.) Puroh. vur. rinuutn. ( R050I) Rydb. - na

tional Herbarium, Ottawa. Ottawa /' 46. HOTE: Western. 

Lake Louise, Alta. June 25, 1951. 4.3. fordid Ho. 

17967. Pollen Grains obi1.to ( 17 x 26 u). Conroe,
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* -11 u XxlC u p.i« C o C'V-a , ApCXuO '. J Xl*Xt\jOnCd, Ax’d lndio’*“ 

tlnct. Till air?-con of oxine _jz 1.2 w. Scxlnc thickox’ 

than-n-’ri.xc. In polar* vic:,’ the praino ar-c rather 

r.-Gul:^- io outline.

212a™ j£^22i^^ ^an;> vur. i^^a^i (dwcl) fern. -

Jationol Herbarium, Ottawa. tttewr ," 47- etc, .Anno 

Doo '"onto, darpo P.Q, June 10„ 1833. Portc-v (Can, 

”o0 41135), Diatrlbutuc on A. An.cr.na Alt, Pollen 

rveinc oblate? (15.4 x 22 u)9 Aval nt/‘On", swinpinG 

in. ihtcZrncss of oxine-on 1,5 u, Apurtuvon-rr.thor 

flat. 2 ezine thicker vim nr vine. Di ureter of aper

tures cm 6.5 u.

Alwuc PIp-C van. ^jj^cava (Rc."ol) Fom. - Horkavlun of 

Hchactcv University ^ 640 (193), Pollen Grains ob

late (17 :: 26 u). Apcrtu.cn troll h._ ined, pouting* 

Axel distinct, nwinglnG in towards. t-c centre ( in 

polar view), Pattern fine, indistinct, Hu her of np- 

evtu.as five, nix and four. Thicknoco of exine 1.5- 

2 u. Serine thicker thsnncxinc. finite IX, fif, 2.

Alnus jvr nr (L,) Xocncli. - Xatio.ml llevVavlura, OttcAja, 

Ottawa u 45, HOTI: Vertorn. Dawson, Yukon Territory, 

Ap?--ll 29,1914. Alice Zev twood (Con. " 41339), Pollen 

3?rinc oblate (20.5 it 50 n). Axel well defined. 

Thichnenr of azine er 2 n, rexi-tO to n nine cis 

3 to 1, Pattern fine, granular, 'iotinot. A number 

of crainc have four rpartu/co, Plate VIII, figure 11,

Apcrtu.cn
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Alnus tenuifolia Mutto - Herbarium of Univo of B.C. Vancouver 

# 6421. Armstrong, Okanagan Valley, B.C. E. Wilson. 

.April 4, 1944. ^ollen groins oblate (16 x 23 u). Ard 

well present. Apertures well defined,, pouting, number 

generally five but sore grains ere A-aperturate. 

Thickness of exine 1-1.5 U. Sexine thicker than 

nexine. Pattern fine, Indistinct.

Ainas oregona (Bong.) / A- rubra/ - Herbarium of Univ, of B.C. 

Vancouver, ft 6337. ’West Point Gray, Vancouver, B.C. 

J.W. Eastham # 1991o March 13, 1937. Pollen grains 

oblate (18 x 26 u). Arc! quite well defined. Pattern 

fine, indistinct. Thickness of exine co 1.5 u. Sexine 

thicker than nexine. Apertures flattened', number 

chiefly five.

Alnus ninvata (Hegel) Hydb. - Herbarium of Univ, of B.C. 

Vancouver, # 6403. South of Fort St. Hames, B.G., J.U. 

Eastham # 11816. July 3$ 1944. Pollen grains oblate 

(15.4 x 22 u). Arc! poorly defined, running around the 

periphery (in polar view). Pattern fine, indistinct. 

Apertures poorly defined.

The aim in studying the alder pollen was to investigate 

the possibility that the pollen of the more northerly Alnus 

crispa might be different in morphological character from that 

of Alnus rugona which has a more southerly distribution. 

Fernald gives the following grouping of Alnus in Gray’s 

Manual of Botany.
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ALDUS 3. Ehrh.

Subgenus Ainan tor Endl.

Ainu a oyir.DP. (Ait,) Fursh.

Alnus crispa var. no Ilir, Porn, 

Submenus A 1 n u s Endl.

A Inti n ru no s a (Du Hoi) Spreng,

Alnus rumor, a van. az ri cans (Flegel). Fern 

A Inns rcrrulatn (Ait.) UHld.

It seems to be supported by the pollen morphological 

studies that the subgenera. mentioned above have slightly dif

ferent pollen. Alnill £ilU122. pollen a.j-!f e-^ria ar more

thin—ba.llcd, often crumpled in fossil materinl^'aral poorly 

defined or absent, whereas pollen of Alnus rurona aceno to 

have well defined arci, a thicker exine end in fossil materiel 

appears to be of a none regular shape (not crumpled). Apertu

res in Ainus rugose arc often larger and more distinct than 

those in Hour, cvirna.

The fossil Alma pollen in tho notarial from tho St, 

Pierro interval and in early post Glacial sediments in the 

St, Laurence Lowland matches that of Alnus crime, whereas 

towards the present time pollen of Alnus runona type becomes

dominant.
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Juglandaceae

Carya ovata (Mill.) K.Koch - Herbarium of Monaster Univer

sity, Hamilton, Ont. # i960 Pollen grains oblate 

(29 x 48 u). •Apertures generally three, oornetir.es 

four, close to the equator on one hemisphere. Pattern 

fine in polar view, coarser and distinct towards and 

around the apertures. Thickness of exine ca 2.5 y. 

SexIne much thicker than nexine.

Carya cordiformis (Wangh.) K.KOch - Herbarium of McMaster 

University, Hamilton, Ont. # 17. Pollen grains oblate 

(28 x 42 ,u). General appearance much like that of 

Carya ovate but apertures definitely closer to the 

equator.

Acoracoae

ACER - five species investigated.

Acer saccharum Marsh. - (A. saccharlnum Wangh. not L.) - na

tional Herbarium, Ottawa. Niagara escarpment, Lincoln 

County, Ont. May 4, 1897* W.C. McCalla £ 4 (Can. No, 

79900), Pollen grains subprolate (58 x 30 u). 3-col- 

pate. Sexlne thicker than ncxine. Bacula distinct. 

Pattern den^e, distinct, finely reticular (?). No 

striation.

Acer sacchar!num L. - Material from the collection of modern

pollen at the Muskeg Research Laboratory at McMaster 

University, Hamilton, Ont. # 257 B. Pollen grains 

prolate (40 x 27 u). 3-colpote. Sex’.ne thicker than

oornetir.es
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nexine, bacula distinct. Surface of oxine markedly 

uneven. Exine thinning out towards colpi. Otherwise 

distinct pattern is somewhat obscured by the uneven 

surface of the exine, Pattern becomes indistinct to

wards tho margins of the colpi. Striation present.

Acer nef-undo L. - Material from the collection of modern pollen 

at the Muskeg Research Laboratory, McMaster Univ., 

Hamilton, Ont. Pollen grains subprolate (35 x 26 u). 

3-colpate, sexlne thicker than nexine. Pattern dense, 

finely reticular, not as distinct as in A. sacchavum. 

Bacula indistinctly visible. Mo striation. Exine sur

face undulating thiskk very prominent on some

poorly developed or young pollen grains .

Acer sacrophyllun Punch. - Herbarium of Univ, of B.C. Van

couver # 5739. West Point Gray, Vancouver, B.C. 

0,3,1, Rogers /' 12. April 27, 1948. Pollen grains sub- 

prolate ( 43 x 37 u), 3-colpate. Sexlne thicker than 

nexine. Striation qpito distinct. Pattern fine, bacula 

indistinctly visible. When striation is very distinct 

then the surface of exine seems to be undulating. 

Plate IV, figure 13, 14.

Acer oircinatum Pursh. - Herbarium of Univ, of B.C. Vancou

ver, # 5690. Haney, B.C. T.:\C. Taylor # 1008. May 3, 

1947. Pollen groins subprolate (28 x 23 u), 3-colpora- 

tc or 3-colporoldate. Pattern coarse, distinct. Stria

tion present. Bacula distinct. Sexlne slightly thicker 

than nexine.
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Oleaceae

Fraxinus penncyIvanica March. - Material from the collection 

of modern pollen at tho Muskeg Research Laboratory, 

McMaster Univ., Hamilton, Ont. Pollen grains mostly 

expanded and round, diameter ca 22 u, occasionally 

ca 22 x 19 u (subprolnte). 4- 3- and 5-colpate, Mar- 

gins of the colpl rugged, thinning out. Reticulation 

coarse, very distinct, Plate IV, figure 16, 

Fraxinus excelsior L. - Material from the collection of mo

dern pollen at the Muskeg Research Laboratory, McMas

ter Univ., Hamilton, Ont. Pollen grains expended, 

round, diameter ca 23 u. Reticulation slightly coar

ser than that of F. penncylvanlca and also very dis

tinct. Pollen grains mostly 5-colpate. Plate IV, 

figure 15.

Arbutus Menziesii Turah. - National Herbarium, Ottawa. Vic

toria, B.C. Moy 1885. J. Fletcher (Can. No. 89096). 

Diameter of tetrads 50 u. Tetrads rounded, with strong 

ly marked, long, narrow apertures. Pattern fine, 

granular.

The above descriptive study of pollen grains suggests 

several aspects that contribute to the objective of this study 

The fundamental study of modern pollen enables the 

palynologist to recognize more species of plants among the 

fossil pollen and spore assemblages. This improves the chances 

for a correct interpretation of the data.
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.Also, thio kind of study io important from the taxo

nomical point of view* For example., in the study of Be tula 

and Alnus pollen different taxonomical units may be described 

by their pollen.

The recognition of species by their pollen morphology 

openo up new aspects in phytogeography (tracing the migration 

of plants during the pact) and also in ecological and climato

logical interpretation.



V P L E 0 B 0 T A W I C A L, GEOLOGICAL

A N D PHYTOGSOG d A P H I 0 A L

A A P L I C A T I 0 N S

1. Interpretation of .jioroiosnil and HeGgfqpcil Content of

the Studied Deposits

If in a certain layer of deposit an assemblage of 

micro- and mcgafosrlls is found the worker is immediately 

faced with the problem of what thin assemblage of fossils means 

in terms of vegetation, and further still, what this composi

tion of fossils will tell him about the contemporary climate 

and environmental conditions at the ti.e that the deposit in 

question was laid down#

It is well known that there exist close inter-relations 

between Geological, biological and meteorological factors and 

these relationships have been ill- strated below.

If a o rtain type of vegetation has been established 

by a study of the microfossils in ancient deposits, and if the

95,
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relationships of this particular typo of vegetation to its 

environmental requirements are known one can draw definite 

conclusions ^sUthe contemporary environne tai conditions.

The importance of geological and ecological considera

tions becomes rather obvious when interpreting the pollen 

diagram. 0, Bccnhouwer (1953) in collaboration with P. Sears 

has studied the inter-relations between the Thornthwalte

climatic classlideation and palynology and he finds that.

’’From tho species and genera present at a particular 
level in a pollen profile, from the foot of their presence 
alone, a sun ation of the climatic characteristic* of the 
individual spades and genera can be read off an the series 
of possible climates flor that level,*’ And further that, “ It 
can be said that the climate at the given level must have 
been between the extremes of the series of possible moisture 
and thermal conditions; it definitely cannot be said what 
the actual climate- war at the given level (tire) in the spe
cific locale from which the profile camo merely from a list 
of the species and genera present,"

One must carefully consider the autecology and syne

cology of tho species in the profile together wlth^prccentunl

amount of each pollen type to est' blish the actual climate,

The influence of tho geological background in palynological

studies han been made evid. nt by the studios on relations

of soils and forest growth by Wilde, ’’hitford and Youngberg

(1948) where they found that.

"Line-stone ridges support clumps of bur oak and red 
cedar, Sandy terraces are covered by Jack pine or scrub oaks. 
Poorly drained soils are occupied by sedges or lowland hard
woods, via. elm, black ash, swamp white oak, river birch, 
silver maple, cottonwood and willows. Tamarack is fo nd on 
moss peat formed in relic oxbows. This fo ;st cover, common 
to the prairie-forest zone of Wisconsin, in this particular 
ar a is supplemented by the unusual occurrence of red pine, 
white pine, hemlock, and yellow birch growing on outer-ops of 
sandstone.r*
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The above quotation illustrates rather well the fact 

that Pleistocene Geology may yield very useful information 

for palynological considerations.

Ecological studies have proved that vegetation on a 

sand area ic different from that on a olay area and it is 

certain that former typos of vegetation were Just as different 

during the past. Pollen diagrams from these areas are also 

different, but if, for example, a climatic change takes place 

in the district covering both areas it will chow in both dia

grams but likely in a different manner. An experienced botanist 

with sore knowledge of geology would probably be able to dis

tinguish between edaphic and climatic Influence in the pollen 

diagram.

From the above it in clear, and the writer wants to 

point out particularly, that the pollen diagrams and tho rela

tive percentage curves of various pollen types should never 

be considered ar independent phenomena and discussed as ouch. 

One should remember that the pollen percentages in a diagram 

are only registrations of vegetation,

Another factor influencing the interpretation of pollen 

diagrams is the pollen production of various plant species 

and the formation of the pollen rain that is reflected by the 

pollen diagram. H.A. Hyde (1950) has discovered that at different 

stations where the atmospheric pollen was investigated, the 

pollen picture wan mainly influenced by the sources of pollen 

close to the station. An extensive, homogeneous pollen
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cloud will be formed only when the species under consideration 

is growing over a wide area. The problem of long-distance 

transport of pollen grains and the relative importance of this 

factor on the pollen giagram has been discussed and studied 

by a number of authors and it seems to have significance in 

cases when the local pollen production is, for come reason, low 

The factor of pollen production and the dispersal of 

pollen of various plants must also be carefully taken into 

account. For example, pine produces tremendous amounts of 

pollen and the pollen grains are well dispersed by wind. The 

genus aulluna (Ericaceae) produces a great amouni of pollen 

but the- dispersal is poor.

Hants could be grouped according to their pollen 

production. One- group could include plants that produce great 

quantities of pollen: Linus, Betula, dlnus. CoryIvo. One group 

could include poor pollen producers: Ficea, Tilla. Fraxinus. 

Fagus. Another group might include plants that have a scatte

red distribution and are poor pollen producers as well: Ilex, 

Visoun, Vitin, Lonicera. The lust group might include species 

that as climatological indicators are of groat value but that 

have a scattered appearance in the pollen diagram, and must be 

considered in a special way.

On the basis of tho pollen production and d&spersal 

of different plants several workers (cf. Faegri and Iversen, 

1950) have calculated corrections for final diagrams. I have
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taken the following example from Faegrl and Iversen (1950, 

p, 88)P to illustrate the principle.

100 ICO

Mumber of 
pollen grains Percentage

Number
aftex’ 

reduction

Percentage 
after 

reduction

Pinup IPO 60 30 30

Be tula 24 12 6 6

Querc, riixto 32 16 32 32

Fams 24
200

12
100

24 24

Corylun 32 16 8 8

In this case the Qucrcetum mixturn includes the Scan

dinavian broad-leaved tree species, and Ceryluo is in the first 

case calculated outside the AP total and included in the AP 

in the reduced diagram. It has been common practice among 

pollen analysts (at least in Europe) to num up all tree pollen 

(AP - arboreal pollen) as 100 per cent and on this total cal

culate the percentages of pollen grains of herbaceous plants 

and scrubs (Corylun in the above case), constituting the NAP - 

non-arboreol pollen. The percentage of spores is usually calcu

lated on the A? total.

This procedure seems arbitrary to the writer because 

it is logical to think that the pollen and spore flora should 

be treated <8 a whole in a sample. However, tho writer appre

ciates fully the difficulties in tro ting the Ar, NAP and spores 

together, as the NAP and spores in general are not uniformly 

dispersed over a large area and are of local origin in most

oases.
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Whether a reduction should be supplied in ell cares 

seems debatable to the waiter, chiefly because not enough is 

known yet about the inter-relations between pollen spectra 

and. tho vegetation to justify the corrections, For these reasons 

the customary procedure of making the diagrams end calculating 

the percentages ha;; been followed during tills investigation, 

Another factor influencing the interpretation of a 

pollen diagram is the problem of “secondary pollen" in sedi

ments with a high content of inorganic matter; geological and 

limnological judgement has to be used in there canesp and 

possible sources from which the secondary pollen could have 

been derived must be considered, 

Establishing the position of the timber-line in the 

early post glacial time, that is, determining which pollen 

spectrum indicates a forested ea-oa and which represents the 

tundra conditions;, has caused much controversy among pollen 

analysts. The general opinion is that the ratio AP/iIAP is use

ful an.- that the .A? Is dominant in the? forested area and close 

to the timber-1 Inej. whereas in the treeless tundra the SAP 

becomes dominant, However^ going farther away from the timber- 

line the ft? starts to increase again owing to the very low 

local pollen production and the relative importance of the 

far-transported pollen grains and a pores, Botanical judgement 

together with common sense have to be used to resolve these 

difficulties.
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Experience her. shorn that lake sediments are the beet 

source of samples for 'palynological invontigetions. Peat samples 

must ba considered as subject to greeter local influence, that 

Is, from plants snowing at the spot of sampling* The composi

tion of NAP especially seems to bo affected by the plants growing 

at the sampling point or vary clone to it* A lake bottom 

sediment seems to receive a rather well-mixed assemblage of 

pollen grains and spores representing the surrounding vegetation 

in a wider area* Moreover, if the bog surface is of coftp spongy 

Snhaggum moss the undcoomposed top part of peat is unsuitable 

for pollen analysis* In many cases, however, pent Is the only 

usable so iree of .material*

Complicated statistical methods to cover the sampling 

errors and to evaluate the final results have been worked out, 

for exempla, by Faegri and attested (1940)* Tho writer believes 

that those methods are useful when one keeps in mind &hc nature 

of the material and doos not forget his botanical, geologic:1.! 

and palynological Judgement and common sense*

Studying tho pollen spectra in different forest regions 

along a north-south transect oho finds that those spectra 

differ according to the specific forest regions. The camo 

kind of change in pollen assemblages is found in a sediment 

series from a lake located close to, or within the border of, 

the Inst glaciation. Evidence of a tundra type of vegetation

io found at the bottom of the sequence and then gradually
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workins upward we pass through changing pollen assemblages 

which indicate a migration of forest types* Thio is the prin

ciple on which the discussions on the climatological changes 

during the part are based, How, as the climatological changes 

wore contemporaneous over extensive areas9 even if the changes 

show in a different manner in different areas9 it io possible 

to correlate pollen diagrams from one locality with those from 

another and, besides climatological data, the migrations of 

vegetations! units can be traced* Further, if absolute dates 

for certain horizons in the diagrams cun be established, for 

example, by means of radiocarbon dating, the age of specific 

horizons in other diagrams some distance from the first can 

be estimated* In this way, if an area has been extensively stu

died palynolorlcally, it is possible to work out fossil forest 

maps for particular time intervals in the part. This has actu

ally been done for Denmakr and for Southern Sweden (Faegri 

and Iversen, 1950), In Germany, Firbas (1949) has worked out, 

using all available pollen diagrams of the area, the migrations 

of different forest tree species during tho post-glacial time,

2* Me of the Interglacial Beds of the Toronto Formation

It seems to be a curious coincidence that in three 

separate areas the interglacial deposits better known and 

olimatologlcally more significant than any others elsewhere



103.

(the Toronto formation,, the Hotting deposits in northern 

Alps and the Eem deposits in the southern Baltic region) are 

similar in their stratigraphy, l.e. they ere overlain by 

drift of a recent ice advance end ere underlain by drift of 

unknown age.

All attempts co far have failed toy/’el^a satisfactory 

answer to the problem. of the position of these beds in the 

Pleistocene stratigraphy. As the goolo leal evidence and mega

fossils have not given conclusive results the writer has 

attempted to utilise mlcrofos-lls (both the qualitative and 

quantitative assemblage) fox* exploring new ways to solve the 

problem.

During recent yerrn the Pleistocene geology of the 

Toronto region has been intensively studied by A.K. Watt of 

the Ontario Department of Hines and by A. Drcir.fanis of the 

University of Western Ontario.

As a result of A.P. Coleman’s studies the following 

composite Pleistocene section including the Toronto forma

tion could be constructed (sec Flint, 1949, p. 286).

Lake Iroquois features (wave-cut cliffs, gravel bars, and 

finer sediments ’with fossils).

Upper till (sandy till with cwell-and-swalc topography, 

veneering tho older deposits).

Interglacial sand, possibly marine.

Middle complex consisting of tills, interbedded with

varved fine sediments.
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Ucai’boxeilGh beds. Stratified clay-silt

Toronto forma

and sand, with peat. Include 14 species of 

trees and 72 species of beetles of which 

70 are extinct. Both trees and beetles in

dicate a cli ate cooler than now, though 

by no means subarctic. .

tion - probable conformity -

(Interglacial) Don beds. Lacustrine caly, sand and gravel

and pent ’with 32 species of trees, inclu

ding pawpaw, red cedar, and osage orange; 

pelecypods and gastropods; vertebrates, in

cluding woodchuck, deer, bison, bear, and 

giant beaver, indicating a mean tempera

Lower till.

ture higher than now by 2 deg. to 3 deg.O.

2 to 3 feet thick; fresh, no weathering of

upper surface.

A close examination yielded the following sequence of 

Pleistocene deposits in the Don Valley Brick Yard ( see fi

gure 4).

On the Ordovician shale is a thin layer of till, about 

Suo to four feet in thickness. This till io bluish-grey in 

color and appears to be fresh with no signs of weathering of 

upper surface. It is compact and harder than the younger tills 

and it contains numerous small peb' les together with so^e 

cobbles and a few boulders in a sandy matrix. Most of the 

pebbles and cobbles arc of local bedrock. However, there are



105.

pebbles ana boulders of more ancient rocks, granite, gneiss 

and dark, fine-drained volcanics, ’’any stones in the till 

have striae on their faceted surfaces.

Overlying the fresh till are the Don beds with a 

total thickness of twenty-seven feet. The basal portion of the 

Don beds is clayey, with a layer of blue, stoneless cloy over

lying the till; thin layers of sand occur in this clayey part 

of the section (Plate XX, figure B end C). About four feet 

up from the surface of the till the sequence chances to medium

grained to coarse sand with thin beds of clay. Lenses of 

fine gravel may occur in this sand at a level approximately 

ten feet from the top of till (Plate XX, figure D). Overlying 
if 

this sandy sequence is a layer of stratified silt and clay 

with thin sand partings. Humorous thin streaks of organic 

debris occur in this layer (from twelve to fifteen feet from 

the top of till) and fossil wood is plentiful in this part 

of the section (cf. Plate XIX, figure 0 and D). Overlying the 

stratified silt and clay are two to three feet of sand with 

layers of clay. At eighteen to twenty feet from the borock 

there is a layer of yellow-coloured coarse sand overlain by 

four feet of str tilled silty clay which is again overlain 

by yellow medium-grained to coarse sand which is considered 

to be the top of the Don beds.

Overlying the rusty yellow sand of the Don beds are 

about eighteen feet of strati Tied silt end clay (the Scar

borough beds). The upper surface of this stratified silt
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Ft,
Sand and boulders

Varves

Till

V&rves

Bedded sand and 

gravel overlain,.

^ till

Scarborough.
Stratified 
Silt and clay

SCARBOROUGH

BEDS

Strat. yellow sand

Strat. silty clay

Strat, yellow sand

> DON BEDS

Bedded sand and 
clay

Till

Ordovician shale

Figure A, Section through the Pleintocone deposits in the

Don Valley Brick Yard*
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and clay has been subject to erosion by water and thio procecs 

Is clearly evident in the valley-cutting by streams. One of these 

valleys has been studied closely and there gravel with boulders 

is found on the bottom of the old valley, mixed with and over- 

lain by crossbedded sand containing chunks of clay, sometimes 

with preserved stratification. According to Coleman, the valleys 

may sometimes be cut down right to the basal till co that the 

till which overlies tho valley deposits is resting oh the older 

till. The thickness of the valley deposits and the till Is gene

rally ten feet, but may be more in some places and less in 

others. The contact between the stratified clay ad silt and the 

valley deposits and the overlying till is an erosional one and 

therefore sharp (Plate XXII),

This till is overlain by varves and the contact is a 

gradual change from till to varves without a distinct break. 

In the lower part of the varves there are abundant pebbles and 

a few cobbles.

This sequence of varves is again overlain by another 

sheet of till and the contact here is also a gradual one 

towards the overlying varves.

The section in the Don Valley Brick Yard 1s topped by 

sand and boulders. At Leaside, a short distance (about a mile) 

north of the section In the Brick Yard, Coleman reports the 

following sequence. About fifteen feet of stratified sand that 

lies on varved clay is overlain by thirty feet of sandy till, 

which may be blue-coloured and fine-textured in places.
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The till and the sand were exposed by digging by the writer 

but a detailed study w.-s inpossible because of extensive 

slump*

The following sequence of Pleistocene deposits (see 

figure 5) has been disclosed by studies of tho excellent 

sections along the shore of Lake Ontario st the Scarborough 

Bluffso

From the lake level up, there are about forty feet 

of stratified silt and sand ’with thin layers and lenses of 

organic debris (fragments of plants between the layers, of* 

Plate XXIV, figure D), Then follows a massive layer (ten feet) 

of silt and fine sand, containing finely disseminated organic 

matter* This bed is overlain by a layer of stratified silt 

(one foot), then by a one foot layer of mar-rive silt, ’which 

is overlain by ten feet of stratified silt and send. Then 

follows another layer of massive silt (about one and a half 

feet) and this in overlain by twelve feet of stratified silt 

and sand* This bed is overlain by a massive layer of bedded 

silt, followed by five feet of stratified fine sand and silt 

with ’peaty* partings between layers* The stratified beds 

previously mentioned also have partings of organic debris 

between some of the layers. Then follows a thirty to fifty 

foot bed of crossbedded and stratified sand which may occa

sionally contain chips of wood and other coarse plant debris 

in the crossbeddlng (Plate XXII, figure B). This sand con

tains a few silty ’peaty* layers of organic debris in the
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Sand and gravel

Till

Stratified sand

Stratified silt, resembling V^rrw

Till

fleLw ^tk till lenses
#4

fled sand with a gra^ta-

w
^caf€>i contact

Crossbedded and stratified sand with silty-peaty 
seams and thin layers of plant debris towards 
the bottom of this bed

Stratified fine-sand with plant debris

Massive layer of silt.

Stratified silt with plant

Massive layer of silt
Stratified silt with plant
Massive layer of silt 
Stratified silt with plant

debris between strata

debris

debris
Massive layer of silty fine-sand with org

Stratified silt with plant debris be;

Lake level

Figure 5. The Seminary section at Bcnrborough Bluffr, showing

the Scarborough bede and the overly1ng t1ll-oomplex.

This flection was '.secured in a large ravine about

1000 feet northeast from the end of Un'erhill Drive
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basal part of the e nd. The medium-grained or coarse sand is 

overlain by fifteen to twenty foot Cf till and tho contact 

is a markedly sharp one (Plate XXII, figure A). Apparently 

a period of erosion preceded the deposition of ths till. 

Above the till is a twenty-five foot) layer of stratified 

medium-grained to coarse sand with a layer of gravel in the 

middle. The sand is followed by four fest of till and then 

by four to five feet of sand which contains some lenses of 

till-like material. Then follow about fifteen feet of till, 

overlain by five to eight feet of poorly varved silt and 

fifteen to twenty feet of stratified sand, Tho send is over- 

lain by twenty feet of till and tho section is topped by ton 

feet of sand and gravel.

At the lake Level opposite the bluffs where tho above 

section was measured, i.e, in a large ravine about 1000 feet 

northeast from the end of Underhill Drive, close to the Semi- 

naty, Coleman (1953) reports as the result of drilling,

•’Beneath a few feet (five fest) of clay like that 
above water, a set of sandy beds (thirty-five feet) charged 
with shells and bits of wood, evidently representing the warm 
climate beds of the Don Valley,'1

This supports the idea that the entire section exposed 

at the Scarborough Bluffs correlates with the upper port of 

the sect’on exposed in the Don Valley Brick Yard,

There is strong evidence of a period of erosion fol

lowing the deposition of the Scarborough beds (the stratified 

silt, clay and sand in tho Seminary section up to the first 

till bed). About half a mile southwest from the Seminary
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Lake Iroquois sand and gravel

Stra* ted silt (layers 1 - ^ i..i 
oft- ?sembling varves; may®
cc- « pebbles
;'^3^ ’>V' • • • . ^ *

SIS layer (top disturbed; thlr. tlon 
in bottom part)

La” .e of pebbles mixed into silt/; ;x 
St uified silty clay

Silt ^ayer (massive)

Stratified silty clay (thinner strata towards 
bottom; occasional pebbles)
Strata resembling thin varves; concentration 

of pebbles

Till

Lake level

Figure 6. The Dutch Church oectlon at Scarborough Bluffs, 

shoeing thick till .' nd overlying locust Ino deposits 

filling on eroded valley in the Scarborough beds.
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section a, valley has been cut dqpp into the Scarborough clays 

and silts and in now filled with till overlain by stratified 

silt and Clay. The till forms the cliff right down to the 

level of. lake at this port of the bluffs, which io called 

the “Dutch Church". A section of the cliff at this point has 

been illustrated in figure 6. Colman thought that the valley 

was eroded during a period of deglaciation, when the lake 

level dropped after deposition of the Scarborough beds. A.K. 

Watt (1953) has suggested that the valley was eroded by the 

advancing ice which gouged large troughs out of the inter

glacial be :s. The ’.’niter is inclined to third: that the valley 

at Scarborough Bluffs and also the volleys at the Don Vai' ey 

Brick Yard wore eroded by water perhaps shortly before the are 

was over-ridden by the ice. Thore are boulders and strati

fied gravel and sand deposited along these volleys, including 

chunks of erntified Scarborough rfclt and clay. It seems that 

for sone cason tho lake in which the Scarborough beds were 

deposited was drained and sand deposited over the earlier 

silt an ’ cloy. The sand, was eroded by the advancing icc arid 

the material in the valleys was partly removed. Depositor 

of croscbedded send in front of the advancing glacier is 

evident also in the upper sequence of varves and. till (of. 

Plate XXIII, figure A and B).

The following sequence of events can be Interpreted

from the geolo teal section of the Toronto formation.
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Above the Upper Ordovician shale and limestone 

deposited possibly three hundred million years ego, there is 

no evidence of deposition during the Upper Paleozoic, Meso

zoic and Cenozoic eras except in the most recent Pleistocene 

time# It is likely that some deposition has occurred during 

co extensive a period of time, but all traces of it have been 

removed by subsequent erosion.

It is probable that deposition occurred during the 

Pleistocene time previous to the glaciation represented by the 

basal till. But those deposits also were removed by the 

advancing ice sheets or by water during periods of deglaciation 

Why the most recent glaciation in the Toronto region did not 

remove all traces of the previous deposits is an unanswered 

question and lies beyond the scope of this investigation.

After deposition of the basal till the interglacial 

Don beds were laid down. There Is possibly an unconformity 

between the till and the Don beds. This point of view, how

ever, is open to question ar the till surface docs not show 

evidence of the erosion or weathering which logically would 

have occurred if the till surface were exposed for any length 

of time. It is also possible that the cold period, Immediately 

following the ice recession is represented by very little 

deposition (clay is deposited on the till) and fossil 

evidence is lacking.

It seems reasonable to suppose that come deposition 

occurred during the late glacial time but that these deposits 

nay have been partly eroded before the deposition of the
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warm-climate Don beds. Sudden chanson must have taken place 

during tho deposition of the lover part of the Don beds9 no 

layers of sand9 clay and gravel closely follow one another 

(Plate XX). At the middle of the Interglacial sequence of 

deposits a bed ox’ stratified silt occurs with lenses of gravel 

and sand. The silt strata contain abundcnt9 finely disseminated 

plant fra nents and occasionally trunks of trees are found here. 

The upper part of the Don beds is rather candy and 

ends with a bed of coarse sand and fine gravel towards the 

overlying Scarborough beds which consist of stratified silt 

and clay. There likely is conformity between the Don beds and 

the Scarborough beds, although the latter represent an assem

blage of fos-lls that indicate a boreal to subarctic climate. 

It is probable that a lake wan flaw ed up in front of the advan

cing ices and such a condition would explain the change from 

sand to silt and cloy in deposition. The Scarborough silt and 

clay is overlain by a sequence of sand that shows erosion pre

vious to the overriding by ice. This contact has been discussed 

on pages 110—112. Overlying the "carborough sends is a sequence 

of tills and varved clays with so'e sand. The members of this 

sequence cue so closely associated that it seems logical to 

assume that the sequence wan deposited by one glaciation with 

rather small fluctuations of the ice margin.

This sequence of tills interbedded with varved and 

stratified fino sediments is overloin by sand which apparent

ly originated from a period of deglaciation previous to the
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moot recent glaciation depositing till in the Toro-.to region.

How the question arises - can the age of the inter

glacial beds of the Toronto formation be determined, from the 

geological evidence alone ? The answer Is obviously noo

The next step is to find some suitable way of measu

ring the age of the deposit. Here also, one runs into diffi

culties. Tho methods for dating older Cenozoic, Mesozoic amd 

Paleozoic deposits cannot bo used because of the wide margin 

of evor. The methods for dating post glacial and Late Wiscon

sin events cannot bo used either because the range of these 

methods, Cor example, the radiocarbon method, does not extend 

beyond 25,000 - 40,000 years from the recent (Libby, 1952;Suess 

1954). Wood from the interglacial Don bods has been reported 

by R.F. Flint (personal communication) to lio beyond the 

present dating methode.

Rubin and Suess (1955) re ort the ago of a sample 

(W-121) as older than 30,000 years. A.K. Watt collected this 

sample from stratified sands under the upper till which were 

exposed near St. Clair Avenue by the Toronto Rapid Transit 

Subway excavation. The writer has rug-cctcd a correlation 

between these sands and tho Upper Scarborough beds. The inter

glacial Don beds must be connldernbly older. In this connec

tion Suess (in Rubin and Suess, 1955) states that, 

"No absolute dates arc given for samples found to be 
plder than 32,000 years. Although the carbon-14 determinations 
as such are sufficiently accurate to meurure radiocarbon 
from samples as old as 45,000 years, wo feel that further 
work is necessary to substantiate the validity of radiocarbon 
dates in that range."
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An the .geological evidence and the dating methods do 

not yield conclusive results one is left with another possi- 

bility9 and that is to study the fossil evidence in these 

dCP 'SitSe

The fossils in the Pleistocene deposits can in most 

cases be related to the plants and animals that orc living 

at the present time,, and with a knowledge of the environmental 

requirements of these modern organisms it is possible to recon

struct the climatic situation and environmental conditions that 

produced a certain assemblage of fossils. The careful piecing 

together of geological and fossil evidence leads to results 

that permit at least tentative conclusions about the age of 

certain deposits.

The numerous shells In the Pon beds ware collected 

by A.P. Coleman and a list wa^ prepared by W.H. Dall of Washing

ton. Unfortunately a study of these fossils and changes of 

tho assemblage through the section vertically war not mnde9 

nor vras the relative abundance of types of these fossils 

considered in different beds 6f the sequence. Therefore the 

long list of fossils han to be discussed as a unit and inter- 

pr lotions must be b sed on the esse- blage ar a whole. The 

following Pelecypoda and Gastropoda have been identified by 

Dall (in Coleman9 1933). This list has been revised according 

to "The Fresh Water ?*ollusca of Wisconsin" by F.C. Baker9 Bull. 

// 709 Wisconsin Geol. and Natural History Survey9 19289 the 

Original list being the work of W.H. Dall of Washington. Older 

names have boon put in parentheses.
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Fossil Pelecypoda and Gastropoda identified from the

interglacial Don bode.

Pelecypoda: Habitat

Ambloma e ar tetr. Gmail rivero and tributaries of
(Coadrule undul^ta) large rivers; chiefly in sand 

but sometimes in mud

Elliptic ill?to.tun
(Uliotio Ribbonus)

Rivers and lakes; in mud end send

Fur, eon-si a. undata
( Cur drubs undo ta)

Large rivers; deep water; mud 
bottom

Lu ■ ip r 11 i n r 111 cu o 1d c a. Culet water; mud bottom
(Lu luteola) ■

Lamps ill a, vcntricosa Large rivers; a nd and gravel 
b o 1t o m; ra re ly mu d

Lipnla recta
(Lurynia recta)

Rivers, 1' kes; stony, gravelly 
and sandy bottom

Bleu rob erne, clava Small streams or creeks; in sand 
or gravel

Plcuyobema cocclnevm
(c.uadrule ooc^ineum)

Small streams or creeks; in sand 
or gravel

P. coceineum rollda 
(P. collfur)

Medium sized rivers; snhd, gravel 
or mud

?• 22Vrarnidn_tuj2
(Guo .ruin pyro ml da turn)

Medium nlzed rivers; sand,gravel 
or mud

Pisidium edamcl Quiet water; small lakes and 
slow st cams

Pjjsidlun co-nore^num Crocks, rivers; mud bottom

Pl^idlum aovaborseenne (?) Spring brooks

Sphoerlum rhomboidnum Rivers, lakes; mud bottom

Sphaerium ri rile ‘■Ivers; .'’ravel and sa&d

>ll>hasrium ri In var.
(Buhoerlum sulcatum)

Rivero; yr--vol an-' sand

FphocriuTi solidulum Clear, shallow water; gravel and 
sand bottom
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Sphaerium striailnun Riversp lakes; rand and gravel 
botuorn

Gastropoda;

Acclla haIdemune
(Gonlobaais heIdemane)

Anni coin ana ills ri a ( ?)

Sheltered bays in larger lakes

Amnlcola lino so, R'versj streams and quiet bo
dies of voter

Amnicola norota Lakes

Blaeclla subglobosa
(S to 77 ru s subalobosus) Lake a

Cincinnatia ener-inata In
cus tris (Annicola einar-

Gonlobasis liveapens

lieurocera acuta

Pleuvocera acuta tracta 
(?leurocera clevutum)

Ponetioosis cincinnaticnsis

V?Iveta Xcwisii (?)

Velvet?, nine?era

Valvate tricarinata

Gyro ulus ^arvus 
(pfanorbis nervus)

Lioplax sudo : rinatn 
(Limns cr, bice nine tun)

Phypolla hot-roctronha 
( Thyga hetexostropha)

Stapnicola oa lust ri a olodco 
(Limnac-a clodes)

Lakes

Rivers

Shores of great lakes where wave 
sc tion is st;onr

Various habitats

On wet earth and boots at mar
gins of small streams

In lakes for the most part

Some as above

S a me a a a bo v e

Small bodies of wter; associa
ted with vegetation

Sane as above

Mud flats and sewage

Both clear and stagnant water but 
prefers vzater not in motion
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Stagnicola desidiona 
(T.imnnea de^ldipca)

Syeolnen over a 

dost or 

close to tho

thought to represent a war 

butin slightly south of Lake 

On the ba-is of leaf 

Identified from the Don beds

A c gp n hc c •! ~ ni ^

Acc? racehorinun

.Acer aplcctum

Acer toccalcun

"ccr torcntonlonoijE, 

do in in?, triloba o 

£112 2x212

Cho .one cypa ri a t’woidcs "■

Ole thro ■mini folia

Fra ri ■run cue f :??n" slut? * 

Frrninus 21222 

Fraxinvr onericans 

Gledlteio. donenoin 

Junin crus v Innin ton a 

’TaeIura ponifera *

Ostrya Virginians

Terrestr1al

t.'ic Ton'Ils Hated above indurate conditions 

present in the Toronto region hut rose are

Tier clino.to and to have a distri-

Ontario (cfo Colc~ans 1939)°

fossils ths following plants were 

by D.?. PehhalloWo

Coms on nemo

Cucorp hard or .rook maple

Silver or v.'hite maple

Mountain maple

fawner

Shell-bark hickory

Southern white cedar

7’hitc alder

Clue ash

Black or swamp aeh

V.’hite ash

(Honey looirt)

Red cedar

Osage oragne

Hop hornbeam



120.

rtrobuc "hits pine

Plat anus. occidentnlis

Fonulur bal

Prunu Cherry or plum

Qu s mu r Post oak, iron oa!

Qu emu White osk

Black oak

Qu or cur hi ^cro er? ma Bur oak

Qu er cur Chertnut on!

Large-toothed

Robin

1 •> -

Tarais Tetr

Ulmr Ira

Ear torn ’.'hito cedar

i followed by * are of northerly distribution

“thovo 11 revised by A. Rollick end J.H.

Rollick supplied trie following species

Acer carglinianurn (?) Walt Ilex op.

Ainu? nerrulpta Willd Till a

Castanea dentata Marsh Vitin op.

Furthermore the following plants were ied by

D.P. Ponhallow from the Don beds

Cypsraceae

Festuca sp0

Eriocaulon sp

Ilinnurla vuIranis
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Vacclnltm ulisj.no sum Chora, op©

Pre^anonladup wnllllfoliim Hynnum sp.

The seeds were examined by W0A. McAtee and he identic 

fled Mal an spo, Scirpus sp© and £lcyos angulrtus from thin

arnomblnrOo

The following animal fossils hove been identified from 

the Don beds® 

Arctomin monax - ground-horn«Bnaa*x-**acn«wu—«•■»«* *<B»M*M*«a»*a '• -»

Csatoroldes ohioensis - ^iant beaver•my^^»*»t»*-«w« ^^^-*--** •>•»•> <*wr^» ■* ■ »»fc»/*»w»»WR *-

Two arecleo of deer (antlers)

Bones of bison 

Bonos of boar - (grizzly ?)

The Identified tree opcemblaze in the Don beds consists 

of a total of 38 species of which four are coniferous and J4 

are deciduous© Seven species are thought to be of a southerly 

distributions and two species of maple, to be extinct© Accor

ding to Coleman tho botanists and foresters agreed that this 

interglacial ferret indicates a climate about four to five 

degrees warmer that the present, resembling that of Ohio and 

Pennsylvania, at the present time?

The pr sense of extinct species was considered as proof 

that the interglacial Don beds were of rrc^t age© However, 

as the identification of these species was based on fossil 

leaves, consIdenable criticism has been directed towards the 

validity of this conclusion© R.W. Brown (1942) has investi

gated thio problem and he found that.

lisj.no
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“It would not be surprising to find maples among such 
an assemblage, but the illustrations given by Pcnhallow, and 
repeated by Coleman, of the type specimens of the supposed ex
tinct maples arc not those of maples hut of variant leaves of 
the plane-tree or sycamore, Platanus occld ntolls, a species 
already listed as being present in the Don Valley collections. 
That those maples are in fact sycamores is corroborated by 
Penhallow’s description of Acer torontoniensis. Of these leaves 
he says: ’Two principal veins extend from the base of the mid
rib to the corresponding lobes, and two subordinate veins of 
varying, prominence extend diagonally downward from, near the 
same point into tho two minor and variable lobes which form 
the base of the leaf blade.’ The last clause giv^s the clue 
to the distinction between full-formed, typical maple and sy
camore leaves. In pdmately veined maple leaves all the strong 
primary veins and an occasional pair of lesser veins radiate 
from the same point at the top of the petiole. In sycamores, 
however, only two primary lateral veins arise from the top 
of the petiole, a strong secondary vein branches into tho lo
wer lobe of the leaf.

An inspection of Coleman’s upper illustration on page 
188, which is a reproduction of one from Penhallow, shows the 
strong second' ries branching from the primaries at about a 
half inch from the top of the petiole. The basal sinus of this 
leaf also is platanold, with the margin concave inward, rather 
than convex outward, as it would bo in maples. The marginal 
teeth on the fossil ate not well preserved and could berhaps 
be duplicated in some living maples. They can be mathhed rea
dily in Platanus. In view of the misidentification to which 
attention is called here, and in order to avoid further per
petuation of this error, the names of the two sunoosed extinct 
maples should be stricken from fossil plant lists’.**

Por further information a palynological study of the 

Don bods was made. As the clay and coarse sand did not wield 

satisfactory material for pollen and spore studios, eight r"mp- 

les were collected across the middle of the section of stra

tified silt (Plate XIX, IX and XXI). The microfoss.il content 

in each s mple will be discussed individually in the follo

wing tables .

microfoss.il
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lo A sample of sand vzlth abundant plant debris. The

following assemblage of plants was identified from this sample

Pinus cf. strobus Gramineae

plnus bankstana Cyperaceae

Plcoa glauca Composita©

of. Tarmo Ambrosia

Tsu fra canadensis Chenopodiaceae

Abies ba Irv-moa Caryophyllaceae

Be tula. Polygonum sp.

Almr Unidentified NAP

Ulmus Polypodiaccae

Tilla Fungus spores and hyphae

Cuerour.

Carya

Acer

Farms

Corylun

Salix

Tho most prominent pollen types were Quereus. Pinur0 

Tills and Fagus.

2. A sample (marked p Don beds 54-0) of silt and fine
sand with abundant fragments of plants.

Number of pollen Number of pollen
grains counted grains co nted

Plnun 24 Unidentified NAP 39
Plcoa gluuca 11 Cyporaoeae 4
Pioea mariana 6 Chenopodiaceae 1
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Abies 3 Ambrosia 2

Car?/a 7 Composita© 1

Fagus 1 Caryophyllaoeae 1

Tllia 21 Polynodium spores 4

Be tula 6 Fungus spores and 
hyphae

Quercus 8

Acer 1

of, Cornus 1

The total number of coniferous tree pollen grains is 

33 and that of deciduous trees is 44. The ratio coniferous/ 

deciduous is 33/44. It seems reasonable to suggest that the 

ratio between pollen grains of coniferous and deciduous trees 

has some value as a measure of climate. In a boreal forest 

zone the percentage of coniferous pollen of AP total is high 

(up to 90 per cent or more), whereas towards the south the pol

len of deciduous trees (especially other than Betula and Alnus) 

becomes more prominent. The NAP total is in this sample 48, 

excluding Polypod'um spores. Pollen grains of Fraxinus are 

quite abundant in this sample, but they are poorly developed 

(immature) and a cluster of pollen was present indicating

local over representation of Fraxinus pollen in this sample.

3. A sample (marked, Don beds 54-1) of silt.

Number of pollen Number of pollen
grains counted grains counted

Pinus 32 Unidentified NAP 21

Ploea 22 Composita© 1

Abies. Present Ambrosia 1
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Till a 5 Fplypodium spores 2

Qu ercue 15 . Fungus hyphae

Freninun 3

De tula 4

Tonga canadensis 1

Caryn 4

Fur thermo:?e, fragments of woody tissue were observed

A number of possibly poorly developed pollen grains of Pucr- 

oun were present in-this slidec end one pollen grain of cf, 

Cornudo The ratio coniferous / deciduous in this cample was 

55/28o Most of the Ficon pollen belongs to Ficon mariana,

4. A cample- (narkcd9 Don beds 5^-2) of silt and fine 

sand.

Number of pollen Humber of pollen
grains counted groins counted

Finua 30 Unidentified NAP 29

Ficea 14 Composite© 3

Ables 1 Ambrosia 1

Ainu a 2 Caryophyllaooae 2

Tllia 30 Chenopodiaaeae 2

Qu er cus 22 Cyperneeae 2

Ctrya 18 Gramincoe 2

Betula 8 1^22-yDOdium spores 12

Ulman 13 Fungus opores and 
hyphae

Pollen in this sample war- not well preserved • A four-

pored pollen grains of Till a was found. Some poorly developed

2^1^1211 pollen war observed. The ratio coniferous / deciduous
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in this a rmple was 45/93«

5. A sample of silt (marked, Don beds 54-4),

Number of pollen Number of pollen
Cm Inc counted grains oo nted

llnus 21 Unidentified NAP 20

6 Composita© 2

1 Ambrosia 2

filla 5 Chenopodiacoae 1

Cjiercuc. 14 Cypemceac 6

^lia 15 Polvnodlum spores 7

Vmalnuc, 3 Lyconodium spore 1

UlmUS Fungus hyphae

Betula

Alnus

Ju,miens 

of. Cornua

Nu merous small fragments of charcoal wore observed

in this so □pie. A number of poorly dveloped quercoid pollen

grains wen? present. The ratio coniferous/ deciduous In thio

sample is 28/51.

6. A sample (marked, Don bods 54-50 of silt.

Number of pollen Number of pollen
graine counted grains counted

Pinur. 10 Unidentified NAP 11

Pioea 5 Composita© 1

Tllla 7 Ambrosia 2

Carya 6 Caryophyllacoae 3
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Querous 14 Chenopodiaceae 1

3etula 5 Artemioin 1

Ulmus 3 Cyperaceae 1

of® Traxlnus 1 lJolynodlum spores 3

Alnus 2 Fungus hyphae

Pollen grains in thin p nple were poorly preserved. A 

pari of an annulus from a Polypod-sporanmium was found in 

one slide. The ratio coniferous / deciduous in this sample 

was 15/38.

7. A sample (marked, Don beds 54-6) of silt. 

Humber of pollen Number of pollen 
grains counted grains counted

Finns 11 Unidentified NAP 11

Picea 3 Composltae 1

Ables Present Ambrosia 1

Acer 1 Caryophyllacoae 3

Tilia 21 Chenopodiaceae 2

Quorcun 15 Polypodium spores 8

Carya ’ 3 Fungus hyphae

Betula 4

Ulmug 2

Fagus 2

Tanga 2

Pollen grains not well preserved. Fine plant debris

and fungus remains were plentiful. The ratio coniferous/ deci

duous in this sample was 16/48.
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The sample, .marked Don beds 54—3, contained very 

poorly preserved pollen grains and was not taken Into consi

deration,

Tmo samples of silt from the middle section of the 

Don beds were studied for the diatoms, and the following asoem 

blades wore isolated from thio material,

Sample Mo, 1. Middle section of stratified silt from 

tho Don beds.

5tenhanod isous astrace (Ehrenb,) Crun.

Stoophonodia.ons astraea var, minutus (Kutz,) Own, 

Cnmnylodincus hibcrnlcus Ehcrnb, 

Cocconeie dlsculus (Cohum,) Cleve 

Cocconeis nlnoentula Ehrenb, 

Enithemia turgida (Ehrenb.) Kuta.

Epithomia Mueller! Fricke

Tabc-llaria fenestrate (Lyngb.) Kutz, 

Fra Ilaria, la monies. Crun.

Dio lone io- el lip ties. (Kutz.) Cleve

Gyro sigma, attenuatum (Kuta,) Cleve 

Finnulnria sp.

Cymbclla sp, 

Surirclln cf. ovata Kutz, (fragment) 

Sponge needles

Sample No, 2, Middle section of stratified silt from 

the Don beds. Marked, x on the slides.

Ktc-hrnodlncuo as trace. (Ehrenb.) Crun.

JiSiL2‘1^12-j£^^ '"inn tn a (Kutz.) Crun.
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Cocoonels nlseentula Ehrenb. 

ilelonlra granulate. (Ehrenb.) Ralfs. 

Dinloncln cf.' olllntica (Kutz.) Clove 

Eplthonla turn:Ida (Ehrenb.) Kutz. 

Enlthenla Hvndmanni W. 5mlth 

Havionla soutelloiden W, Smith 

gabellaria fenoatrata (Lyngb.j Kutz. 

Tnbellarla flocoulosa (Roth.) Kutz. 

Gyror-iyna attenuatum (Kutz.) Cleve 

Syncdra copitata Ehrenb, 

Opeohora Marty! He riband. 

FrayHs ria lanuomica Crun. 

Gyribella sp, «»tA*M»MM9MB«WWB9 *•

Einnulsvla sp. (fragments) 

Sponge needles

According to C.S, Boyer (1927) and M.H. Hohn (1951) 

these assemblages indicate fresh water environments covering a 

variety of habitats (streams, springs, ditches, small rivers 

and big ones, ponds, lakes, cedar swamps and bogs), Host of 

these environments can be interpreted from the Geo

logical evidence as having been present during deposition of the 

Don beds. All those species have been found by Hohn to be living 

south of and in Lake Ontario, indicating con

ditions rather similar to those of the present . It is 

possible, judging by the diatom assemblage, that the climate 

was slightly warmer at tho time of deposition of the Don beds 

than it Is now in the Toronto region. The moot abundant ape-
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clos of diatoms in these ccmoles were; "tephanodjgon? astraea, 

a tooh? no > 1 * co r aatraea var, minutus, f^lth^le. turgida, Ta- 

bell? rin fenestrate, end Pinnuloria.

Quite a different assemblage of fossils has been

id ntified from tho Foarbovough beds. According to Coleman 

(1933) John Macoun found in the plant -'ubris between the silt

layers evidence of the following plants.

So Hr. cp.

Alnus op.

Piece sn.

Carer utriculeta

Ecu ire tun

Vaccbilm oaycoccus

Vooniniun ullpmoOTj

Coeds of the following plants were identified in the

cane mate-rial by U.L. McAtee.

go ?. runs flu via tills

Potamoveton so.

Chenopodium cp.

P- unus (pern sy lvan!ca ?)

Polygonum sp.

Car tonhyllum de- creturn

hr aronia purpurea

Purthcrnovo fenhallow has identified wood of Lori:; 

amcrlaana. and Abies balm moa from the Scarborough bods.

The palyonoloyical study of the Scarborough beds yielded 

the following results.

Cample f 1. Fine sand and plant debris from the strati

fied silt.

Number of pollen Number of pollen
grains counted grains counted

glSJJB 24 Unidentified NAP 6

£1S2£ 25 Ericaceae 2
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Botula 4 Cyporacoae 1

Tills. 1 Gramineae 1

Corylus 1 hyiTphaea 1

Lycopodium 1

roly-podium spores 1

Sphagnum spores Tresent

Small fragrncntn of charcoal wore found in this sample 

and the pollen graine none generally poorly preserved.

Sample '-2, From the middle of one of the massive silt 

and fine a nd layers with finely disseminated plant debris, 

overlying the sequence of stratifled silts.

Number of pollen 
grains counted

Identified as 
present

firns 37 Cyperaooae

Plcoa 35 Graminoae

Betpla Present Compositae

Ables 11 Ericaceae

Car ya 11 Lycopodium

Cnrninu, s 11 Polypodlaceao

£uernu£ 11 3snunda sp.

Sphnrnum spores

Fungus hyphae

Lesif fragments of brown mosses were found in this

sample and also small pieces of ch rcoal. Pollen wan not well

preserved.

During the construction of the Toronto Rapid Transit

Subway co.c material was collected from the exposed sections,
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consisting of course send and plant debris. Thio sample, cor- 

relating ri th the Upper Scarborough sands according to the 

mlcrofoscil as omblcgc, cave the following results.

Uumbor of pollen 
grains counted

Humber of pollen 
grains counted

Finns cf. strobus 25 Unidentified NAP1 2

Pinas cf, banksIona 36 Ericaceae 13

Picea mariana 6 Composita© 2

Picea mlauca 17 Garyophyllaeeae 1

.Abies Lair.-'moa 3 Gramineue

jkim 2 Cyperaccae 3

Pr’rVa 1 Kauiaetqin 4

fillo 1 Polypodiaceae 6
loculus 6 Snh^rMun onorca Present

cf. Juniporus 2 Moss spores Present

cf. -‘-hu,1a 1 Fungus spores Present

5

Great numbers of pollen grains of Betula were identi

fled from this s mplo , However, an clusters of pollen grains

v/ore present tho abundance appears to be due to local over 

representation, Tho ratio coniferous / deciduous in this samp

le was 95/10,

Ono sample from the Scarborough silt (one of the massive 

beds above tho stratified silts) and one sample of trie varves 

from the middle till complex were studied for diatoms, but

the result was negative, no diatoms were encountered,
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The palynological study of the Scarborough beds 

supports the idea of a change of climate from warm ( or 

temperate ) during tho deposition of the Don bedo to boreal 

and gradually arctic during the deposition of the Scarborough 

beds, The pollen assemblage from the Scarborough beds suggests 

a boreal type of coniferous forest9 essentially spruce and 

pine with some tamarack and fir, The scattered appearance of 

basswood and hickory suggests that remnants of the previous 

deciduous association still have survived to some extent. 

This is indicative of the closing of a deglacial interval 

previous io an advancing glaciation.

Thanks to the authorities of the Ontario .Agricultural 

College9 Guelphp the writer war able to have a soil toot 

on Several samples collected from the Toronto formation. Soil 

extract was prepared from the samples end the availability 

test was run on this extract giving results in parts per 

million. The results have been sum arized in figure 7,



Figure 7. Availability teat in p.arts per million 1on soil

extract of samoles from the Toronto formation.

Sample pH H P K On Mg
Sul®* Ohio®* 
photos rides

Total
Mn salts

Basal till 
on bedrock 7 o 6 » — ” cn SCO T co ca 15

Don nandp 10 ’ 
above the 
till 7.6 T - co 200 g 03 o» 12

Top of Don 
beds (fine 
send) 7.6 — - «"3 200 5 c» ca 9

Bottom of 
Scarborough 
stratified 
silt 7.6? - - ca 200 t 6 «S> 03 17

Massive silt 
layer in Scar
borough beds 7.6 9 - 15 200 v 7 co era 1 39

Top of Scar
borough silt 7.6 r — «= CT 200 - 6 CO CB 15

Valley sand 7.6- — — ca 200 * 3 T T 5

Till 7.6 ■ - - « 200 - 5 150 65

Varves 7.6 T - ct 200 5 CT C3 19

Till 7.6 — — » 200 6 T 15

Varves 7.6 - - «=» 200 - 7 03 CT

To make the meaning of the p.p.m. values more compile 

hensible the noil nutrient levels for horticultural crops 

in p.p.m. (used at the Ontario Agricultural College) are 

Civ'en in the following table.
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Summer Winter Summer Winter
Excess Normal Deficient

Nitrogen 5 12 T 6 - 3-5 0-2

Phosphorus 30 . 20 ! 8-12 • 4 <4

Potash 50 <• 50 r 20-30 ? 15 " 15

Calcium 200 t 200 * 150 40 40

Magnesium 7 r 5 5

Sulphates 300 ^ 150 r 0-50

Chlorides 150 * 20 f 0-20

Total salts >75 30-50 40-50 20 <20

A feature con on to all the previously described de

posits is the slightly alkaline pH and tho high calcium con- 

tento Otherwise there is not enough difference between, for 

example, the till sheets to allow sure identification. The 

valley sand ( figure 7 ) and tho till overlying the intcrglacl 

al deposits arc slightly richer in sulphates, chlorides and 

total salts respectively, and the massive silt in tho Scar

borough sequence has a slightly higher content of available 

elements than the rest of the samples.

To be able to compare the results of the palynologi

cal studies, made on the Don and Scarborough bods, with the 

present conditions a few subrecent pollen spectra will be 

presented in the- following.

Four samples wore collected from an uncultivated part 

of the bog at Bradford Marsh, Just south of Lake Simcoe. Hum

ber one was taken at four inches below the surface, number
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two at ten inches9 number three at sixteen inches and number 

four at twenty-two inches below the surface of the bog. All 

samples were of poorly decomposed peat. The mlcrofosrll assem

blage in these samples was as follows*

Sample Ho. 1.

Number of pollen 
grains counted

Number of pollen 
grains counted

Pinus 39 Unidentified NAP 10

Picea 4 Cyperaceae 3

Fagus 6 Gramineae 1

Qu er cue 13 Compositae 1

Be tula 12 Artemisia 1

Tllia 2 Polypodiaceae 1

Tsuga 9

C a minus 1

Acer 5

Ulmus 10

Corylus 1

Frnxlnus 1

Semple No. 2.

Number of pollen 
grains counted

Number of pollen 
grains counted

Finus 38 Unidentified NAP 13

Picea 7 Cyperaceae 5

Fa gUB 12 Gramineae 1

Quercus 9 Artemisia 1

Be tula 7 Ambrosia 2
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Tilia 1 Fragments of Carex roots

Tsuga 24

Ager 10

Ulms 8

Corylus 1

of, Larlx 1

Sample No, 3»

Pines

Number of pollen Number of pollen
grains counted grairs counted

25 Unidentified NAP 9

Pioea 8 Cyperaeeae 8

Abies 1 Composltae 1

Fagus 4 Sphagnum spores Present

Qu orous 7 Fungus remains

Betula 7

Tilia 1

Tsuga 14

Aoer 4

Ulms 3

Corylus 2

of, Larix 2

Cary a 3

Alnus 2

Salix 1



-Sample No, 4*

Number of pollen 
grains counted

Number of pollen 
grains counted

Pinup 33- Unidentified NAP 25

Ploea 5 Cyperaceno 4

&b^ cn 1 Ambrosia 1

Tu ^^ 31 Polypodiaceae 1

0?j€i*CMn 14

BGul11£ 15

T111& 3

Tcn~a 6

.Acer 7

Ulmus 10

Co-7100 4

Car^a 1

Alnus 1

Th*-; ooniferous/deciuuous ratios for these o: mples ares 

number one - 52/51; number twp - 70/48; number three - 50/34; 

number four - 43/36. The NAP percentage io relatively low in 

all samples.

A F'bple from the Parry Sound district in which lichens 

were used for the spectrum shows tho following assemblage.

Number of pollen 
grains counted

Plnun 36

Picea 8

Abi es Present

F&^o 1

Number of pollen 
grains counted

Unidentified NAP 31

Cyporaceae 5

Crvamineao 3

Chenop \liaceae 5
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Numb r of pollen Number of pollen
Crains counted grains counted

C,uerous 6 Compositae 2

Betala 26 Ambrosia 25

Tllla 4 of. Plantago 1

Tsuga 2 Gramineae
(cultivated) 1

Acer 3

Ulnug 1 Sphagnum spores present

Corylus 4

0 rye 1

Ainu a 5

Fopulus 3

Cemlnua Present

The folloulng spectrum was identified in the oubrecent

bottom sediments of the Dunas Marsh at Hamilton., Ontario.

Number of pollen Number of pollen
grains counted grains counted

Picea 1 Unidentified MAP 17

Plnus 5 Gramineae 3

Betula 8 Ambrosia 41

Ainu a 1 Compositae 14

Que reus 9 Cyperaoeae 8

Ulmus 7 Tynha 3

Acor 2 Potamo^cton 2

Corylun 1 Goarranium 5

Ju.glann 2 Ghenopodiaceae 4

Gurninun 1 Umbelllferae 1
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Coryza hyrionhyllum 1

Tonga 1 Nenyanthes (cf0) 1

Faya s 1 Polypodiacea© 1

Tilia 1 Equine turn. 15

Sall?; 1

The percentage of NAP in thin cample is extremely 

high due to tho ^we seWetntnf of ^e area. The ratio coni- 

ferous/deciduous in 7/37 o

For a general, rough comparison of the palynological 

data the ration between pollen grains of coniferous and deci

duous trees have been used together with percentage of the 

total NAP plus spores of ferns and lycopods and EcuIseturn. 

The fungus remains (scores etc,) and the Sohamum spores 

have been left out of consideration*

Moo of 
sample

Per cent 
coniferous

Per cent 
deciduous

NAP total plus 
spores Oj)

Don beds

il 2 4p 57 ?(pluc 62

ir 3 66
Fraxinus) 

34 ?(plus 30

# 4 • -»«7 Quereus)
67 38

^ 5 35 65 49

# 6 35 65 54
Jl <7 25 75 41

Scarborough

# 1 89 11 24

# 2 95 5 19
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No. of 
sample

Per cent 
coniferous

Per cent 
deciduous

MAP total plus 
spores (?)

Subway sample

90 10 42

Dundas Marsh

16 84 263

Bradford Marsh

# 1 50 50 16

# 2 59 ' 41 19

# 3 60 40 21

11- 4 33 67 24

Parry Sound

46 5^ 78

When the palynological data of tho Don beds are com

pared with those from Bradford Marsh and Dundas Marsh, cer

tain similarities can be detected. In all cases the percentage 

of pollen of deciduous trees is high. In four samples from the 

Don beds the percentage of deciduous tree p 'lien is over 

sixty per cent. When it is also noted that in samples from 

the Don beds the major part of the conifer pollen belongs to 

Finns, a tree that produces tremendous amounts of pollen, it 

is suggested that, at the time when the Don beds were deposited, 

deciduous forest covered the Toronto region and that Tllla, 

Onerous, Carya, Fraxinus and Ulmus were the major components 

of trie association. One more fact deserves mention; some tree 

species of southerly distribution ( found as leaf fossils in
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the Don beds) produce little pollen and, besides that, the 

pollen grains of these species have not yet been distinguished 

from those of the northern species of the same genera* 

Therefore their absence from the pollen assemblage does not 

necessarily mean that the trees were not growing In Toronto 

region during the interglacial time. Considering all fossil 

evidence, the writer suggests that at the tine when the Don 

beds were dope sited, the climate in Toronto region was slight

ly warmer ( about two to five deg, F) than the present. The 

annual mean temperature is taken as basis for the above sug

gestion.

The Scarborough beds present a different palynological 

picture. The assemblage of pollen grains suggests a boreal 

type of coniferous forest, where scattered remnants of a 

deciduous forest still, survive. As suggested on page 133» there 

seems to be a gradual change from the warm climate, during the 

deposition of Don beds, towards a boreal climate during de

position of Scarborough beds. An advancing glaciation Is also 

Indicated by the geological evidence.

The sequence of till sheets and varves does not yield 

any u-able amount of pollen and spores in this case.

The next deposit that might yield microfosrlls in suf

ficient amounts for analysis is the interstadial (intergla

cial ?) sand, underlying the surface till at Leaslde, north 

of the Don Valley Brick Yard. This sand, however, was not 

examined because of the extensive sltop and weathering which 

prevented collecting/unoontaminated samples.
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Chunks of compress d pent have be n found associated 

with the moot recent till sheet in4Toronto region. Samples 

of one of these peat "boulders” were turned over to the writer 

by A. Dreiaanis of the University of ’ ostern Ontario, who had 

discovered the peat in gravel at Markham (north of Toronto). 

The microscopical analysis gave the following results.

Number of pollen 
grains counted

Mu-abor of pollen 
grains counted

Pines 26 Unidentified HAP 1

Pices 33 Cyperacene 2

Betyla 1 Chenopodiaceae 1

Calix 1 Composltae 1

Cerva 1 Lycopodium Present

Sphagnum spores II

Pollen in this cample was not well preserved. Small 

pieces of plant tissue were plentiful and fragments of woody 

tissue wore found. Among macroscopic r mains twigs of coni

ferous trees and leaves of grass and sedge were noticed. This 

microfossil assemblage is typical of northern forest regions 

and also is found in late glacial deposits.

The peat was also radiocarbon dated us older* than 

34,000 years (Rubin and Suess, 1955). This radiocarbon date 

was obtained from Dr. Suess’ laboratory at trie United states 

Geological Survey.

The surfa-e. till in tho Toronto region has been suppo

sed to be of Mankato age ( the latest major ice advance in 

Wisconsin) and the underlying sand logically should be Mun—
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kato-Cary, This interval, however, hat been definitely- 

dated (Flint and Deevey, 1951) to approximately 11,000 years. 

Suess (1954 b) states that,

"Two determinations on wood from the type locality 
of the “Two Greeks" Forest Bed were carried out. Five previous 
determinations on wood from this locality by Libby (6-308, 
565? 366, 536» and 537) gave an average of 11,404 ±350 years. 
W-42: weathered appearance, identical 'with Y-141 - 11,350+120 
years. W-83: well preserved appearance, identical with Y-227 
11,410 A 180 years."

As tho presence of a deglacial intei-val of Two Creeks 

age in the Toronto region is problematical, the results of 

palynological and geological studies made on the west coast 

and in the St. Lawrence Lowland were taken into consideration 

On Vancouver Island, several sections,where intergla

cial deposits are exposed,were examined for pollen and spores. 

The silty peat in these sections contained very poorly preser

ved pollen grains and spores and did not yield reliable mate

rial for analysis. It is likely that the influence of the 

tidal change of the sea level prevented good preserva

tion of plant microfos Ils. However, 3 sample of peat was 

collected for radiocarbon analysis from a section on Vancou

ver Island at Dashwood, two miles west of Qu*Ileum Beach, ap

proximately at west boundary of Lot 75.

Lithology Feet

Beach gravel 1

Till 65

Sand 63

Silt containing wood 1
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Lithology Foot

Pep.* (rumple taken for 0-14 34
analysis)

Pebble gravel 34

Stony, gritty clay (glaclonarine?) 5

Covered to beach 20

Till ?

The age of the radiocarbon dated sample turned out

to be more than 30,000 years (this radiocarbon date was obtai

ned through the Geological Survey of Canada).

L YA/P CW. J/V PPPK 
yp/ycouvEP B.c.

BLUE
SILT

ttfWMTZD 
S/LT /?^9 — ^Z/es 

fl£ — &cfcj/ct 
PL -^/qzas 
TA - 7^ugci Ae/srt s- 
Tm -Tauga. /nor? ' 
DP' - Doag/as P 
CyP- Cy^ernc^a,:*

Figure 8. Pollen diagram from the Lynn Canyon Park section.

Vancouver, B.C,
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At Lynn Canyon Park, just north of Vancouver, B.C,, 

two tills orc present in a section through Pleistocene depo

sits, Tho interglacial sequence includes three foot of peat, 

which yielded wall preserved plant microfossils, A pollen dla- 

Grau from this section has been prepared (see figure o), 

'.’his pollen dis-ram seems to cover most of that par

ticular inteiglelal period, because the raicrofocr.il asoen- 

blrge indicates cold climate at the bottom of the diagram, 

then a slightly varncr period during the deposition of the 

middle part of tho pent, and a colder climate again towards 

the top of tho diagram. The flrot Initial cold period is in

dicated by high percentage of Plnucp Tnuga nertens i ana and 

NAP; the low NAP percentage during the middle section indi

cates incr asing forest coverage and tho high spruce and 

NAP at the top of the section coon to indicate tho closing 

period of that intcrgl- riel period. In general,this inter- 

val -Id not reach a thermal maximum ac warm ns tho present.

Cyperaceae hove been excluded from the other MAP 

bec-usc of their high percentage and tho NIP consists of pollen 

grains of following plants. Artemisia. Erlanoene. Chononodi- 

aecae, Gramineae, Umbsllifcracg Conposlteo, Caryophyllaccue, 

0 eno theme cae, Nympho, co. (in bottom port of peat), "pores, of 

folypafiaceac were p-scent in all samples ano spores of Lyao- 

"oociv "i anti £2121^231121 ’’^ -^ p-’oront .Iyi nionu n-Mplor. o Coctt-orcd 

pol-ZYi 3m Ino of Sa 11;: were present In ro* o rav.plec and 

£irja root tissue fragments were found in tho bottom samples.

raicrofocr.il
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In the St. Lawrence Lowland excellent sections 

were discovered during the napping of Pleistocene deposits* 

Interglacial deposits, including peat, are exposed In seve

ral of these sections, two of which, the St. Pierre section 

and the Los Vieilles Forges section, will be discussed below 

The St. Pierre section is approximately 110 miles 

downstream from Montreal on the south shore of the St. Law

rence Paver. It is about one mile southwest along Mo. 3 

Highway from the village of St. Plerre-los-Bequets and about 

one-quarter of a mile up a crock from the highway. The lay

ers of peat are exposed in the face of a ten-foot waterfall.

The sequence of peat layers and silt is overlain by 

ca. seventy feet of varves, which arc overlain by till in 

a section near by. A few hundred yards downstream from tho 

waterfall, a reddish till is exposed in the crock bed.

The best exposure of tho peaty sequence is described 

below in no c detail* From the top, starting at the base of 

the varves,the sequence io as follows:

Lithology Inches

Topmost peat layer at base of 
varved section 0-2

Blue-grey silty clay; stratified. 2-8

Brownish-green sandy silt 3-24

Hard, well decomposed Onrex peat 
(compressed) with a few twigs 24 - 30

A layer of brown-moss peat; nume
rous remains of Drcmanocladus. sp. 30-35

Hard, compressed, well decomposed 
Sphagnum pout with wood in lower
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Inches
part and twins scattered through
out. At onG horizon charcoal specks 
wore found in this layer. Occasio
nal Menyanthes fruits and wing 
covers of beetles have been found 
h;re. Wood for C-14 analysis was 
collected from this layer

Coarse sand, coloured by humic 
matter from the overling neat

Grey silty clay with lenses of sand

Brown, peaty silt grading into poaty 
sand in lower half of this layer

Grey silty clay

Bro1..71-210ss peat; abundant Drcoano- 
clw-un remains

Hard, well decomposed peat grading 
into peaty silt in lower half of 
the layer

Blue-grey silt and silty sand

35 - 46

46 - 62

62 - 74

74 - 92

92 - 122

122 - 124

124 - 134

134 -

A pollen diagram ( figure 9) from this sequence 

shows an assemblage of pollen grains and spores characteris

tic of subarctic climate and only a slight amelioration of 

climate seems to have taken place during the deposition of 

the middle part of the sequence.

The first radiocarbon date on a sample of the St. 

Pierre neat gave an average of 11,050 *400 years ( this 0-14 

dating was obtained through the Geological Survey of Canada; 

the 0-14 determination won made by the Lamont Laboratory). 

Later checking of another collection of the seme material 

for 0-14 at Yale end the United Ota ter. Geological Survey la— 

boratoniec suggested an age of more than 23,000 and 40,000
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years (Flint and Rubin, 1955) respectively, the one just at; 

the other beyond the range of tho dating method. This diffe

rence izi determinations is surely appreciable and the writer 
. of it

will try to offer an explanation.in connection with discussion 

of the Wisconsin stratigraphy.

ST.P/£RRE /A/^I/^Z

Figure 9. Pollen diagram from st. Pierre interval.

The Les Vielllos Forges section is on the west bank 

of St. Maurice River, one-quarter mile downstream from the 

highway near Les VlnUles Forges village. The section measu

ring from top downward id as follows:
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Lithology Thickness (feet)

Medium-Drained to coarse stratified
sands, probably sands of the Three Rivera delta 83.0

Medium gravel 0.3

Stratified silt and clay, thin send partings, 
probably clack-water alluvial or lacustrine 1.5

Sandy gray till with dominantly granitic com
ponents, marked boulder pavement at upper surface 12.0

Fino s nd with lenses of silty sand 2.0

Medium to fine sand 0.5

Medium to coarse sand 0.7

Silt and fine sand, thin-bedded, horizontal 
strata . 1.0

Coarse sand with so e crosr-bedding (south
ward dips) sore bands of medium- to fine
grained sand 32.0

Compact fine sand 2,0

Brownish-grey medium-drained sand 20,6

Blue-grey fine to medium sand 21,0

Stratified silt and fine c nd with regular 
stratification and general napearance of varves, 
but materials Generally coarser than normal for 
varves, possibly as a result of proximity to * 
source; gradational contact upwards into over- 
lylng fine sand 20.0

Coarse sand with thin bode of silty clay 2.0

Stratified clay with sand between layers 0.5

Coarse sand 0.1

Peaty silt * 1,2

Pent with some wood (both much compressed) 0.7

Blue-Grey silty fine s nd with disseminated 
organic natter 2.0
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Lithology Thickness ( foot )

Brown organic silt with con© fragments of 
plants 

Peat and wood (much compressed). A threc-fdot ** 
length of black spruco stump with roots attached 
was'excavated from the base of this layer* -
Samples for 0-14 dating v/erc collected from 
this layer “' 1*2

Blue-grey silty sand with a. feu plant remains 4.5
• River level ------ —

By borings!

Blue-grey silty sand, coinpact 15*0

Gravel (?) ?

To illustrate the plant nicrofossil content of this 

sequence, eight samples were selected at most characteristic 

levels; there levels have been marked by * in the description 

of the section,

1. Sample Ho. 54-523# from just below the first peat 

layer. Picea 55& flnus 5^5 Abies 2^; Betula 3^5 Ainu a 7pe 

HAP 12/5, consisting of unidentified HAP, Cypcruceac, Coryo- 

phyllnooae, cf. Hyrlomhyllum. Polvnodlum spores were present 

together with those of Lycopodium and fungus.

2. Sample Ho. 54-524, from bottom of tho first p at 

layer. Picea 36p; Plnun 50^; Ables 6.5/5; Betula 5p; Alnus 3/5. 

HAP 12/5, consisting of unidentified NAP, Composite.©, Gramineae, 

Polynodium spores, Lycopodium spores, Sphagnum spores and 

fungus remains are present. Also fragments of bark and woody 

tissue '.'ore found in this o mnle. Polypodlaceae spores arc 

rather plentiful.
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3. Sample No. 54-526, from silt within tho first 

layer of peat. Picea 27#; Pinna 22#; Abies 11#; Betula 15#; 

Alnuo 24#. NAP 29# consisting of unidentified NAP, Tynha loti- 

folia » cf. Ambrosia, Ericaceae, Artemisia, Composites, Umbelll- 

fcrae, Nyrlophyllum. Spores of Emlnetum and Polypod la ceae 

are present in this, sample. Also one pollen grain of Tllla 

was found.

4. Sample No. 54-529 from a silty bond within the 

firflt peat layer. Picea 40#; Pettus 55#; Ables 2#; Botula 1#; 

Alnuo (local ovex' representation); Salix 2#. Cary a and Tllla 

present; NAP 47# including Cyperaceae (26#), unidentified 

NAP, Gramineae, Chenopodlaceac, Compooitue, Umbclllferas, 

Artemiria. Polypodiaccae spores are plentiful. Lycopodium 

spores, Sphagnum spores and Ecuinetum spores are present. 

Also Tynha latlfolla was fo"nd in this sample.

5. Sample No. 54—532, from the peaty silt above the 

first pest layer. ^Acon 15#; plnus 36#; Abies 8#; Betula 6#; 

Almis 37#J Salix 1#; CoryIvo and Tllla present. NAP 20#, in

cluding unidentified. NAP, Umbelliferao, Cyperaceae, Typha latl- 

folla, Gramineae, Compos!tee, Curyophyllacone, cf. Sparganium, 

c^» dubus chamaemorus, Artemiria, Chcnopodiaceae. Spores of 

Polypodiaccae, Lycopodium. Gnhamnum and fungus are present. 

Pollen grains of cf. Ilyrloa wore also found.

6, Sample No. 54-544, from peaty silt overlying the 

second poet layer. Picea 50#; Plnus 25#; Ables 5#; Betula 9#; 

Ainua 11#; Corya 1#. NAP 19# Including unidentified NAP,
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Cypcraceae, Gramlneae, Composltae, Erlcaeeae, Caryophyllaceae, 

Cf» ilu]?JP. pharnaego.us, Spores of PolypodiacGae, Lyeovodiump 

Sphagnum arc present together with fungus remains.

7j Sample No, 54-546, from the top of the peaty silt. 

Picca 43^; Pinus 36^3 De tv la 8^3 Alnus 12^ Salix 1^. IMP 27^ 

including unidentified NAP, Cypcraceae, Tycho. latlfolia, Com- 

positae, Chenopodiaceae. Spores of Polypodiuceae and Lyco° 

podium are presento

8O Sample No. 54-5559 from the middle of the stratified 

silt and fine send. Ficea 57^3 Sinus 27^3 Abler 4^3 Detula 5^; 

Ainu? 6;3; Tilia. 1^5 Qucroua 1^; UTfflfflB present,, NAP 10^, inclu

ding Composites., Caryophyllaceae, Nuphar sp, Spores of Foly- 

podlaccae, Lycopodium and Sphagnum,

This Lea Vleilles Forges seotlon9 which from the geo

logical point of view correlates definitely with the St. Pierre 

sectlons exhibits, moreover, a sequence of plant microform Ils 

that indicate a cold climate at the beginning of the peat 

accumulationj then a slight amelioration of climate and later 

again the return of a cold climate. High spruce values are 

interpreted as an Indicator of a cold climate and the increa- 

sins Pinna values together with the scattered occurrence of the 

pollen of broad-leaved trees would indicate the warmer period. 

During this interval of deglaciation the climate stayed con

siderably colder than the present in the same locality. A 

sample from this section was found to be older than 40,000 

yearsp according to information from Dr. Flint (personal

comjunication).
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To illustrate tho post Glacial sequence of events, 

two pollen diagrams have been reproduced below from the St, 

Lawrence Lowland,

1. The Wilson’s fond bog is about four and one-quarter 

miles south-southeast from South Durham in the Richmond map 

area. Thin bog lies in a bedrock-dominated area and higher 

than the lowland marine deposits,

2, Tho St. Albert bog is about one and one-half miles 

north-northoast of St Albert village in the Aston map arcs. 

This bog Hoc within the limit of the marine deposits in tho 

lowland and the surface deposits around the bog are dominated 

by sand.

Both these bogs have formed over ancient lakes and arc 

at present rained ibogs with a central open area where the 
are

spongy Sphagnum carpot and erionoebus shrubsAdominant. A small 

lake still remains unfilled in the marginal area of the Wilson* 

Pond bog.

In both diagrams the early post glacial period is 

characterized by a high percentage of spruce and low percen

tage of pine, whereas tho broad-lc ved trees arc hardly pre

sent at all. The vary early stages of deglaciation may not be 

represented because the area was invaded by tho Champlain Sea, 

However, the pollen diagrams from the interglacial deposits 

can be matched with the lo er part of the post glacial dia

grams and therefore it seems logical to assume that the cli

mate during the st, flerre dcglacinl interval remained boreal.
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Pollen diagram from the Wilaon’a Pond bog, 2.Q

ST. ROBERT BOG

Figure 11. Pollen diagram from the St. Albert bog, P.Q.
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During the early stages of this investigation the St. 

Pierre ano. the Les Viclllcs Forges interglacial deposits were 

thought to bo of Two Greeks age, deposited during the lost 

interval of deglaciation within the Wisconsin glaciation. 

This was supported by the first radiocarbon date. Tho subse

quent palynological studies, however, did not support this 

hypothesis at all, for the following reasons. The Two Creeks 

interval han been described, both on this continent and in 

Europe, as a short, cold interval of deglaciation. This is 

supported by studies of the type locality at Two Creeks, 

Manitowoc County in Wisconsin. Wilson (1956) found that the 

northern exposure of tho Two Crooks forest bed yielded only 

Picon pollen and the southern exposure gave 97«5£ Picea. 1^ 

Be tula., 0.5^ Plnu c, 0.5^ Asolcniun and 0.5# Ericaceae. It has 

been suggested that the microfossil evidence, which apparently 

indicates a cold, climate, may indicate a pioneer vegetation and 

not necessarily a cold climate. Even co, the short duration 

of the Interval did not allow migration of ’’warmth” indicating 

trees to that locality. The writer* feels that if the Mankato - 

Cary Interval in Wisconsin was short in duration and exhibits 

a cold-climate microfos"!! assemblage, the same interval in 

Quebec could not have been enough longer to allow any conside

rable migration of forest trees. Tho miemofos 11 assemblage 

from the St. Pierre interval suggerts at 1 act boreal climate 

for that interval. -At this point of the study the writer was 

quite sure that the St. Pierre interval was not identical
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with the Two Creeks interval. The later radiocarbon dating 

also supported this view.

One question still regained unanswered, Why was the 

first radiocarbon determination of ou, 11,000 years no diffe

rent from the later ones which suggested an age older than 

30,000 years ?

■Tho most likely cause of error is the collecting of the 

sample, Ao the peat layers stand out in relief from the verti

cal face of the section and ac it in extremely difficult to 

excavate the hard, compressed peat, it is possible that wood, 

at least partly exposed, was Included in tho sample. This would 

cause an error in the 0-14 determination as the original radio

activity of the material is very low. Also the methods for 

determining radioactive 0-14 in various samples, have been 

gre tly improved during recent years, Strict rules have been 

suggested for the preservation of the samples to exclude 

possibilities of contamination. Even a small amount of con

tamination may cause serious erors if the original radio

activity of the sample is very low,

The geological and palynological studies of the 

Toronto formation and similar studies in the St, Lawrence Low

land suggested a critical examination of the current Wisconsin 

stratigraphy in order to relate the St, Pierre interval and 

the Toronto formation to the Pleistocene stratigraphy.
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The division of the Wisconsin Glaciation into sub- 

st- 50s ’..’as Gone by Leighton in 1953 uho established the 

aubet-.geo as Mankato,; Clary,. Tazewell and Iowan (the oldest). 

According to Ruho (1952) the major interval within Wisconsin 

was first regarded ar between tho Mnnhato and Cary nubstagec 

but later gcolo. ical evidence indicated that this interval 

occui^ cd between the Co 7 and Tazewell substoges.

Leighton 
1933

Schult: 'tout
1945, 48

Fry 
195

Ruhe
1951

2 

HI

CD 

^ 

O 

O 

CO 

M 

^

Mankato W-3 Mankato .ignell loess

Bignell loess

Mankato
a

P cn 
O £ 
P« O 
Pi 0 
to CD

/Two Creeks Brady soil

Cary

\forest bed
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W-2 Tazewell-

Cary

11 Peorlan "

W-l Iowan

"Peorlan " 

cycle 
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- Brady soil Bradyan 
Interval

Tazewell c
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(D p 
> O 
O O
Hl a
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Figure 12, The Uisoonsin stratigraphy according to Ruhe (1952),

From figure twelve additional information ia available 

to support the wort recent division of tho Wisconsin glaciation. 

In 1950 -.uhc recognized four Wisconsin drifts - Iowan, Tazewell, '

Gary ana . >anu? to - in northwe 

major twofold division of the 

a statistical analysis of the

stern iowh ana uenonctroted a 

’.die-cons in drifts on a basis of 

drift topographies. The major
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tine break was shown to be the- Tazewell-Cary interval. No evi

dence was found to show comparable time breaks represen

ting the lowan-Tazewell or Cary-Mankato intervals.

In 1950 Flint recognized a major twofold division of 

tho four drifts of the Wisconsin in Mouth Dakota and conclu

ded that the Iowan and Tazewell were closely related in time 

and that tho Cavy and Mankato were a second closely related 

pair. The current opinion (Ruhe, 1952),

“Places the Brady coil a- a correlative of the Tazewell- 

Cary interval rather than the Two Creeks forest bed (Cary—Man

kato interval), as originally defined by Schultz and stout. It 

in suggested here that the name Bradyan interval be applied 

to the major hr .ok in the Wisconsin sequence, tho Tazewell- 

Cary interval.”

Quite recently Hough (1953) published his intriguing 

information on sediment cores token from the ocean bottom in 

the Southeastern Pacific. Several test-borings showed that, 

“only rod clay occurs below 4100 meters, whereas only globi- 

gerina ooze occurs above 36OO meters; between these depths 

cither red clay or globlgorlna ooze occurs, depending on lo

cality. “ Supported by Ruenon’s investigations (195O,p. 369) 

tho red clay was interpreted ar indicative of cold climate, 

and tho globigevlna ooze wan interpreted as deposition during a 

warm climate. A mixture of clay and ooze indicates intermediate 

climate. The critical sample was taken from a depth of 3950 

meters at a poirtt in the path of a surface current which
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moves from extreme- southern latitudes, blinking cubantauotic 

water northward up th. west coast of South America, Variations 

in the temperature or volume of this current might bo expected 

to result from climatic changes, and .those in turn should 

affect the type of sediment 6©posited, ‘the age determinations 

were' made by the per cent of equilibrium method for uranium, 

ionium and radium, described by Uriy in 1942, The whole core, 

about 190 cm long, covers the Wisconsin, Illlnoian and Kansan 

gleelotions and the two interglacial periods together with the

poet glacial time.

Th., results of thia investigation seem reliable

enough to consider them seriously when dealing with lairto- 

cone atri tigraphy. In tho present case the writer is most 

concerned with the Wisconsin glaciation (sec figure 13).

Hough correlated tils Wisconsin sabotages with tho 

lactam American 1 .cictcocno stratigraphy in tho following

Hough’s substago Ago in years

VI 3.^000
Mankato

V
wary

15,000

IV 26,000

III Tascwdl 37,000

II Iowan 51,000

I .Far nd ale 64,000

The Farmdale cubstage was introduced by Leighton and

Williams in 1990,
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Figure 13. Wisconsin stratigraphy based on ocean bottom 

sediments (after Hough, 1953).

A question, related to the foregoing, now arises.

Is the number of distinct glacial eubstages within the Wis

consin known with certainty for the Forth American continent?
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A careful study of this problem shows that the divi- 

cion of tho Wisconsin glnfciation Into sabotages in baaed on 

videly scattered evidence. It Is quite possible that co far 

evidence has not been found of some additional ice readvancee 

of sabotage magnitude, or that they have not been recognized.

If the interpretation of the ocean bottom core in 

correct0 corresponding cold and warm periods should have been 

present also on the continent.

Recently Flint (1955) has suggested the presence of 

an additional nubstage in the Early Wisconsin.

Summarizing the available geological and palynological 

evid nee and the radiocarbon dotes (Kulp, 1951s 1952; Suess, 

195-.'- a, b’; Rubin and Suess, 1955; Flint and Rubin, 1955) the 

writer suggests the following sequence of events for the 

Wisconsin glaciation.

There is Indication of a rather recent glacial advance 

in the western mountains about 3,000 years ago (Rubin and 

Suesss 1955)*

The Mankato advance occurred ap roximutcly 10,000 

years ago in eastern North America preceded by the Two Creoles 

(Cary-Mankato).Interval about 11,000 years ago.

According to Flint and Rubin (1955), a major glaciation 

affected the Great Lakes region beginning 25,000 or more years 

ago and reaching its maximum about 18,000 y. rs ago. This 

glaciation supposedly includes the Cary, Tazewell and maybe 

all Early Wisconsin cubstages that have been recognized.
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Then there is a well established interval about 

30,000 - 40,000 years ago, Im ediately followed by another 

glaciation. Palynological information on material from this 

interval suggests a climate considerably cooler than the pre

sent. Further, palynological studies also suggest that in 

two sections the whole interval is represented, beginning 

v/ith a subarctic climate, then changing to boreal end temperate 

and back to subarctic again.

On the baft&s of all information at hand, the St. Pierre 

Interval is not Identical with the Two Creeks interval; it is 

older and the climatic conditions wore more favourable during 

the St. Pierre interval. Whether the St. Pierre interval could 

be correlated with the Bradyan interval is questionable because 

of the difference in age, After consideration of present infor

mation the Bradyan interval would be placed in the Middle 

Wisconsin, and the St. Pierre interval, in the Early Wisconsin. 

The palynological evidence does not favoui? the idea of corre

lating the St. Pierre interval with the Sangamon interglacial 

period, because during Sangamon, a long and warm interglacial 

period, the climatic conditions should surely have been more 

favourable than the present.

How is the foregoing discussion related to the studies 

of the Toronto formation ? The writer will suggest the follo

wing correlation with the current Pleistocene stratigraphy.

The Mankato ice advance did not reach the Toronto

region. This is supported by studies in the St. laurence Lou-
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land where the Mankato end moraine lies very clone to the high

land areas and the associated till and outwash deposits are 

of little extent or magnitude,. The ice border at the Mankato 

maximum may have curved southwestward from #he Ottawa region 

and reached the Two Greeks locality in Wisconsin but not the 

Toronto region. Thio, of course, is for the present a hypo

thesis. The surface till in the Toronto region in this case 

would be of Cary age and the recognized deglacial interval 

preceding that glaciation could be the correlative to the 

Bradyan Interval. Presence of the St. Pierre interval in the 

Toronto region is suggested by discovery of the neat boulders 

at Markham. The age of those ’boulders’ is more than 30,000 

years and the microfossil assemblage suggests a boreal climate 

at the time of that peat formation.

The mi'die complex of tills and varves has been cor

related with the Early Wisconsin, and the wfriter suggests 

that the interglacial Don beds belong to the Sangamon inter

glacial period. The age of samples from the Don beds is beyond 

the dating range of the 0-14 method and microfor nils and mega- 

fossils suggest a climate warmer than the present. The basal 

till would be a remnant of the Illinoian glaciation.

Ono might ack why the Don beds cannot be correlated 

with the next older interglacial period - the Yarmouth. 

First, it is in this particular once unlikely that a glacia

tion (illinoian) consisting of several sabotages and a long 

interglacial period (Sangamon) of about 200,000 years could
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pans unrecorded# Secondly,, in the plant fossil and mlerofosril 

assemblage there should be evidence of numerous extinct species 

end as the Yarmouth interglacial has been estimated to have 

lasted about 500,000 years there should be evidence of plants 

of distinctly southern distri cution as the Yarmouth Interval 

is supposedly the warmest interglacial stage; these are so far 

lacking in tho Don beds samples#

3, Importance of Palynological Studies for x-aleobotany.

Geological Stratigraphy and Phytopeogranhy

Out of this study several problems have emerged that 

suggest the direction and need for further investigations# 

First and foremost much more effort should be put into the 

study of pollen groins and scores of modern plants# Know

ing their morphology and taxonomical relationships, a palyno- 

logist would be in a much better position to pass judgement on 

the ancient climatological and ecological environment reflected 

in the plant microfossil assemblages,

The evolutionary trends within the plant kingdom during 

the geological past could be traced if the relationships be

tween pollen and spore types and their parent plants were known 

Establishing the advanced and primitive palynological features 

within taxonomical groups may help considerably in paleobota

nical discussions, A small contribution han been made along 

these linos by studying the pollen morphology of several 

tree genera for this investigation.
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At tho present time several workers are making palyno

logical studies of deposits of different ages and the know

ledge of ancient pollen and spore types is rapidly expanding. 

Difficulties in classifying tho ancient pollen and pore types 

hav often appeared and quite artificial systems have been 

created. However, drawing lines between species in thia material 

could be made easier* by palynological studies of nodern material 

For examplej, the- descriptive pollen morphologic"! atu les 

made in chapter four rive examples as to tho variation of 

material within tho limit of one species and co help to suggest 

where to draw 1‘mlts in moio ancient material.

The usefulness of polynolo’ical studies in stratigra

phy hr been soundly established in practice, bcverthelcss, im

provements can be mac© also in this field. As far a*? tho Pleis

tocene stratigraphy is concerned much could be gained by stu

dying the inter-relations between vegetation and pollen and 

snore spectra in various deposits unler formation. Tho ex

pansion of palynological studies towards the north would sup

ply the worker with information., necessary in the interp e- 

totlon of the late glacial environments when considerable 

plant migration took place. Significant work of great value 

in this connection has. been contributed by Radforth (1952, 

19559 1954) in his studies of the organic terrain in tho Ca

nadian north.

Investigation of surface samples for their pollen
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and spore content will help to establish the relationship 

between vegetation and the pollen spectrum within a particular 

area<> However, there is great need for more extensive palyno

logical studies of the Pleistocene deposits and similarly of 

the older deposits, Within the Pleistocene and particularly 

within tho post glacial time one could with the help of radio

carbon dating build up.sequence of pollen diagrams for diffe

rent areas where recognizable horizons in the diagram are 

dated by the C-14 method. -After this has been done the diagrams 

alone could be used to determine the age of certain events 

much more accurately than is possible now. 

Intensive palynological studies would greatly help the 

phytogeographer to establish ancient plant distribution patterns 

and hence the migration of plants, thus aiding in the solution 

of many problems that puzzle the botanist at the present time. 

The need, for improvements in palynological methods 

must be stressed because such improvement can very well be 

made in such matters as the chemical tre tment of samples of 

various deposits, photographing the microfosrllo, studying 

the fine-structure of the pollen and spore wall, classifying 

the mlcrofos'ilB and even in exploring the errors that inevi

tably are present in our interpretation.

An Interesting problem han proved to be the palynolo

gical study of stratified sediments, in which category the 

varved sediments can also be included. The writer* believes.
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that this study may reveal clues about their deposition; for 

example^ whether the strata in question represent annual depo

sition. This is the general interpretation of varves9 in 

contrast to n^hich there is the view that varves are due to 

changes other than seasonal sequence of sedimentation. It may 

well be that under suitable conditions only one layer may be 

deposited each year without reaching the appearance of varves. 

A careful study of microfosrilo in these deposits may ptove 

the character of deposition.

Study of the interglacial sequence of varves in the 

St. Pierre section her shown that microfoerils are abundant 

in the varves immediately overlying the peaty sequence and 

gradually decrease in number towards the top of the section 

when ice advanced over th& locality.

Exactly the opposite is the care when post-glacial 

varves are studies. The number of micvofossils (pollen grains 

and spores) is very low in the proximal varves abd increases 

towards the top of the varved section,

A careful palynological study of lake sediments in 

relation with the limnological problems would likely prove 

mutually profitable.



VI CONCLUSIONS AND SU LI M A R Y

During this investigation methods have been developed 

to explore Pleistocene sediments, other- than peat, for mioro- 

fossils and to utilise Canadian Pleistocene raicrofocrils 

for stratigraphies! studios, 

Particular attention was paid to the reliability of 

analytical methods fox* this study, A resistance test made on 

several types of modern pollen, showed thht the chemical 

treatments used for this study did not change the original 

rxicrofos’ll composition in the sample, 

it has been established that a co nt of 100 - 150 

mlcrofossils in one sample is sufficient to yield reliable 

percentages of the components, It was found practical to examine 

more material besides that yielding this count and to record 

all potential microfosnils, not present in the basic count, for 

later interpretation.

Special study was carried out on the pollen morphology 

of a number of tree species to permit identification of the 

fossil material and to make a more accurate interpretation 

of the results possible. This investigation showed, that 

taxonomies! units, for example in Setula and Alnus, are 

reflected in the pollen morphology. It was found that pollen 

morphological characters alone are not sufficient to distin-

160.
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guish between different species of Finns, because of the 

overlap of characters. Ecological reasoning and size measure- 

meAte must be used along with the pollen morphological 

features to permit Identification of Finns species among 

fossil pollen.

The pollen morphological ©hamsters of Abies., Flcca.

Betula. AInns. Fraxinus. Acor and Carya, are sufficient to 

identify at least sone species of these genera.

The palynological and paleobotanical evidence, together

with studies of diatoms and fresh-water shells, suggest a cli

mate about 3° - 5° F. warmer than the present for the interval 

when the Don beds were deposited. Thio difference in annual 

mean temperature is significant in view of present knowledge. 

There is a difference of 5° F. between the annual moan tempe

rature for Hamilton and Toronto, the latter having the lower 

annual mean temperature. This difference is accompanied by a 

difference in the tree flora. Between Toronto and Ottawa there 

is a 10° F. differenoo in tho annual mean temperature and it 

is accompanied by a significant difference in the tree flora.

A radiocarbon dote on wood from the Don beds has 

yielded an age of more than 40,000 years.

Palynological evidence has proved that none of the 

recognized intervals within the Wisconsin supported climatic 

conditions as warm ar the present.

In view of this evidence the writer has suggested that
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the warm climate Don beds belong to the Sangamon interglacial 

stage.

The Scarborough beds represent deposition during the 

closing period of a deglacial interval and the palynological 

evidence suggests a boreal climate, changing towards arctic 

conditions. The middle port of the Scarborough beds shows a 

pollen assemblage characteristic o£ coniferous forest. A few 

remnants of the previous deciduous type of forest, however, 

still survived-

The following correlation with the recognised Plcisto 

cene st?atigraphy hue been suggested for the Toronto forma

tion.

Lithology

Surface till

Interstadial sand

Middle till complex

Scarborough and

Don interglacial beds

Bacal till

Stratigraphy

Cary

A major interval (Bradyan ?) 

within Wisconsin

Lower Wisconsin

Sangamon interglacini

Illinoian

Tho results of this study clearly cu gest several 

problems for further investigation in the palynological field

First on the list of desiderata stands the need for 

fundamental studies in palynology - to c:;pand the knowledge 

of the pollen and spore morphology of modern plants and to
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study the taxonomical unitn of the current classification 

of plants.

The analytical tro t- ent methode should be investigated 

for further improvements»

Extensive studies of the post glacial and modern 

sediments combined with fundamental palynology would probably 

benefit the studies in such fields ns stratigraphy, paleo

botany, phytogoography, Urinology and taxonomy.
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MOTE. For thio Investigation and also for photomicrography 

a monocular nil cron cope p manufactured by Cooke, Troughton and 

Simms Ltd., York, England., han boon used. This microscope 

is supplied with eyepieces 6 x (used for measuring) and 10 x 

(used in general work). The following objectives have been 

used; low magnification ( Cooke 16 mm; th A. 0.28; 10x)9 high 

dry (Cooke 4 mm; N.A. 0.65; 40x)s end oil imicroion (Cooke 

1.8 mm; N.A. 1.3; 95*)•

For photomicrography the Loitz* Ibso attachment 

with a Leica camera and an eyepiece lOx her been used.

All details shown in the following plates have been

obtained with the above described microscope.
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PLATE I

Various steles during preparation of a. sample of

coarse- water-laid sand for microscopical analysis

Figure A, Untreated material in a corn syrup mount. 

Figure 3, Same material after multiple wishing with water* 

Figure C* Same materiel after treatment with hydrofluoric 

acid.

Figure Do Tho final result after acetolysis.

All photorn!airgraphs were taken using the low mag

nification.
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PLATE II

Variouo types of pollen grains and spores Isolated 

from Pleistocene deposits.

Figure 1. Don sand. Pollen grain of Ceryophyllacoac, dia

meter 37 a*

Figure 2. Recent peat (sample # 280). 6-rugato pollen 

Groin; diameter 22 a.

Figure 3, Interstadial peat. Pollen grain of UnLei11ferae; 

S3 37 a*

Figure A. Lake bottom sediment (oanplo ;' 374). Of. Friocnp- 

Ion; a spiraperturnto pollen Irmin, diem. 31 u.

Figure 3. Scarborough silt. Ofo Polygonum, diam. 37 u.

Figure 6. Markham post (3-4 on). Unidentified mlcrofossil, 

diameter 26 u.

Figure 7j S9 lip 12, 13, 14. Spores of Oomundo, from post 

glacial peat, representing various stages of preser

vation. Figure 11 shows ilia surface of tho spore in 

silhouette.

Figure 9. A trilete spire frorj recent peat (cample # 351) •

Figure 10, Sample of vaived clay. A spore of of. Pteridine 

diameter 33 u. The trilote mark is obscured by poor 

preservation.

Figure 15. Dundas Harsh (2 cm). Sncrmnlum cp, Dian. 26 u. 

Figure 16, 17. (Figure 16)- Camus ctolonlfern (Ottawa 50);
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PLATE IX

SB x 49 u» (Figure 17)~ post glacial poat (oanple 

£ 95), cf. Cornua; 55 x 54 u.

Figure 18, 22. Lake sediment, ITuphor cp, ( Figure 18, 

.55 x 25 Uj .sample ^ 346; figure 22, dinm. 42 ,u, 

sample i‘ 258)0

Figure 19, 23. Unidentified pollen grain, cinmetcr 50 u, 

sample /’ 197. -

Figure 20, 24, Subrecont peat, sample # 280, Ambrosia sp,3 

diameter .22 u. Focussing at the equatorial plane 

and pole respectively.

Figure 21, 25, Two photomicrographs of a 3-oolpatc, splnu- 

lifcrous pollen grain showing the principle of- the 

LO-onalysis,
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PLATE III

Figure 19 2a 3 5 4* Till a arer^oana L, Figure 1 and 2S oil 

in ernion showing pattern at different focussing. 

Figure 4, high dry magnification, Figure 3? the sane 

pollen Grain further enlarged, to show change in 

detail of pat corns

Figure 5, Scrapie from varves of interstadial section at 

Poschaillon, F.Q. Tilde, sp*, diameter 29 u.

Figure 6, 7. Same sample as in figure 5, Tilla cp,3 diame

ter 38 u. Focussing; at different level showing 

pattern.

Figure 3S 9. Post glacial peat (ns riplc # 197), Pollen 

grain of Ocnothcrnce&Oj diameter 67 u, figure 8 

(high dry magnification) and figure 9 (oil ire .er- 

cion) showing oporoeenn stratification and aper

tures at the equatorial plane.
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PL.W III
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PLATE IV

Figure 1 = 4. Unidentified pollen grain, 57 x 33 W» from 

interstadial’peat at Lynn Canyon Park, B.C., has 

three eolpdte und three corporate apertures; fig. 2, 

polar pattern; fig* 5S intcrcolpato pattern; fig, 4, 

optical section at equatorial plane..

Figure 5-8. Hynna biflora (modern material); fig0 5, 

aperture; fig* 6, optical section in equatorial 

plain; fig. 7S intcraperturate pattern; fig* 8, 

polar pattern.

Figure 9-10. Trilate spore, equate dianu 28 u, often pre

sent in poet glacial peat (sample £ 275)«

Figure 11* Probable secondary pollen of Tilia, dlam* 40 u. 

Dundas Marsh (surface - 0).

Figure 12, Pollen grain of of. Lilluceae, polar axis 41 u. 

Post glacial lake sediment ( sample ^ 95)•

Figure 15-14, Acor mocronhyllun (modern). Oil immersion, 

. showing striation.

Figure 15. Fruxinus, excelsior (modern); oil immersion, 

showing reticulation. '

Figure 16. Fraxlnun ponnayIvanlca (modern). Oil immersion 

showing reticulation in relation to F. excelsior.

Figure 17. Pscudotsugn cp., diam, 100 u, (fossil).

Figure 18. 1 tonynnthes trifo11a tn (modern). Striation (oil 

immersion).

Figure 19. Uigur, amerlcana (modem). Pattern (oil 1mm.).
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PLATE V

Reproduction from Potzger (1953) tp show the rela

tive size of Ables. Picea £lauca and Picea mr-iana.
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PLATE VI

Figure 1. Chumneo.ynaris nootkatennlp (Ottawa 4).

Figure 2. £« nootkatennin (oil imn.)3 showing pila.

Figure 5, Taxus brevifolia (UBO 5625)*

Figure 4. Populus tremula (modern material from Sweden)0 

Figure 5. Populus balramlfera (Ottawa 35).

Figure 6. Ponulun tremuloldes (Ottawa 54)0

Figure 7o Fopulun trichgcorpa (UBO 32062)o

Figure 89 9. Thuja, one! "entails (Ottawa 23).

Figure 10. Thuja nlicnta (UBO 5301).

Figure 11. Kerens alba (NcN 189) 0 oil 1mm. P showing pattern.

Figure 12 - 16. Corrosion of various pollen grains during 

the course of deposition.

Figure 17 9 18. Cf. Nymphnea odorata^ diam. 28 u. Oil immer

sion showing spacing of plla. Lake sediment (sample 

No. 357).

Figure 19. Cf. N^mphaea odorata, 33 x 25 u* Lake sediment

(sample No. 346).
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PLATE VII

Figure 1-4. Tsuga hc.teronhylla (UBC 5600). Figures 1 and 

2 show the pattern on the cap. Figures 3 and 4 show 

the subsaccate fringe in polar and equatorial view.

Figure 5-8. Tsuga mertensiana ( UBC 5614). Figures 7 and 

8 show the pattern on the bladder.

Figure 5 - 10. Picea excels®, (modern material from Sweden). 

Figure 11. Recent peat. Abnormal pollen grain of Picea, 

Figure 12. Caminos sp., showing spacing of pores.

Figure 13, 14. Carpinus sp., figure 14 shows the aperture.

Figure 15. Onerous sp. General appearance.

Figure 16, 17. Larix larjolna (modem)} dlam, 62 u.

Figure 18. Betula nanyrifera var. neoolaskana (Ottawa 41), 

showing the faint pattern.

Figure 19. Betula napyrifera (Ottawa 44). A 4-aperturate 

pollen grain.

Figure 20. Same as figure 18. A pollen grain with a trilet© 

tetrad scar.

Figure 21. Betula numlla (Ottawa 68). A 2-aperturate pollen 

grain.

Figure 22. Betula ponulifolia (Ottawa 71) s showing pattern.
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PLATE VII



204

PLATE VIII

Figure 1. Betula oapyrlfcra (Ottawa 44).

Figure 2. Betula glanBuloan, Hersohmer, nan, (^G)»

Figure 3. Betula napyrirora (Ottawa 44).

Figure 4. Betula ^londulosa, Herschmer, Man. (RBO).

Figure So Betula lutda (Ottawa. 27).

Figure 6. Betula ^lenjulona, Herschmer, Man. C^h

Figure 7. Alnus eriapa, diam. 21 p. Interatrial peat, 

sample No© 116©

Figure 8. Alnu£ sp., diam.25 U, showing arc!. Recent peat, 

sample No. 98•

Figure 9. Alnur. er 1 spa (Ottawa 51)o

Figure 10. Alnua cricna, (Yukon, Mo. 9927).

Figure 11. Alnup incana (Ottawa 45).
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PLATE VIII
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FLATS IX

Figure- 1, -AInun crlcwa _(Ottawa 49).

Figure 2O Ainu fl rur ;osa (Joli 640/19a).

Figure 5. Finns nondsroca (UBO 5550).

Figure 4. Finns nondcrosa (UBC 5550).

Figure 5. Finns oilvestris, (modern material from Sweden).

Figure 6# Piaur montlcola (UDO 5527)*

Figure 7® Abnormal pollen grain of P^nuo. (recent pc .*•£)©

Figure 8* Pl nun roslnosa (Ottawa 8), abnormal grain©

Figure 9,-14© Finns resinosa (Ottawa 8).

Figure 15© Pl nun n uvobus (Ottawa 21)©
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PLATS IX
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PLATE X

Figure 1 - 5o Plrue gtrobun (Ottawa 21)s

Figure 6 - 11» Flnun, bankclana (MoM 180)o

Figure 12 - 14 and 17 o Abjog, grandly (UDO 5340)0

Figure 159 16o Ablen p-xblllc. (Ottawa 1). Young pollen
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PLATE XI

Figure 1 - 4, Abies ambi11s (Ottawa 1). Various stages of 

development of the pollen tetrad.

Flcure 5- Abies cr.abllis. Enlarged detail of cap of a

young pollen grain.

Figure 6. Fossil pollen grain of Ables. Detail- of retiou-
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PLATE XII

Different pollen and spore types isolated from the 

sand samples collected from the Toronto Rapid Transit Sub

way exposures#

Figure 1 - 5» folien grains of Plnus.

Figure 6, 79» Ulmur. sp. .

Figure 8# A cluster of Retula pollen.

Figure 9 - 12* Spores of Polypodiaceae.

Figure 13. Probable tetrad of Betula pollen.

Figui’e 14. Cary a sp.

Figure 15. AinT op.

Figure 16. Artemisioid pollen type.

Figure 17, A j5-cwlporate non arboreal po llen grain.

Figure 18, 19. Unidentified pollen types.

Figure 20. A pollen grain of Salix.
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XII
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Figure 1 - 9» Various details of FIces pollen.

Fierce 10 ~ 15. Abnormal pollen graine of Pinon.

Figure 14-15. Betula sp.
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PLATE XIV

Pollen and spore types isolated from the sand samp

les collected from the Toronto Rapid Transit Subway exponu-

Figure 1, A mb rosia-typo.

Figure 2 - 4, Pollen grains of Composites,

Figure 5-7, Pollen grains of Caryophyllaceae.

Figure 8, 9, Unidentified pollen grains.

Figure 10, ^S^SSiSr^yP0*

Figure 11, 12. Artcraisioid pollen grains.

Figure 13 - 24, Unidentified pollen and spore types.
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PLATE XIV
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Details from the send samples from the Toronto

Rapid Transit "ubuay exposures.

Figure lo Rather wcll~prorervccl fragment of lignified tissue.

Figure 2. Lignified tissue frarnonts often found in samples.

Figure j5„ General aapenrenoe of tho washed residue of a send 

sample.

Figure A, 6. Coll-frageionts with bordered pits.

Fi.ru.ro 5, A fragment of bark.

Figure 7. A cluster of unidentified spores.

Figure 3 - 12. Fungal reproductive structures, tentatively 

identified ar. Rhizonhag 1 ten (Rosendahl, 1948).

Fi.ru.ro
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PLATE XVI

PetalIs from the sand sampler of the Toronto Rapid

Transit Subway exposures.

Figure 1 - 3, Unidentified, thinwalled mierofoceils.

Figure 4, Probable poorly preserved pollen grain of Plnun.

Figure 5. Pollen grain of Gramineae,,

Figure 6-8. Pollen grains of Cyperaoeae.

Figure 9 - 15* Unidentified spores types.

Figure 16, 17» Fragment of lignified tissue.
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PL^TE XVI
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PLATE XVII

Figure 1-4. Types of microfOBrilsp occurring abundantly 

in poorly decomposed,recent Dehornum peat

Figure 5» Detail of leaf base tinnue of Tycho. lotifolia0 

(recent); distance between dark bands 62 - 8j u.
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PLATE XVIII

Figure

Figure 

Figure 

Figure 

Figure 

Figure 

Figure

Figure

Figure

Figure 

Figure

Figure 

Figure

1 - 4, Post glacial lake sediment, sample No, 375® 

Sponge needles0 Length, fig. 1, 310 u; fig, 2, 

285 u; fig. 5, 132 U$ fig® 4, 220 u.

5o Peat. Unidentified microfoscil, diam. 40 u.

6. Peat (4 358). Unidentified microfossil, diam.58 u, 

7o Peat (# 371)o Unident, microfosoll, diam. 124 u.

8. Peat (// 358)o Arashi trema from Sphagnum peat.

9. Recent peat. Unident, foe 11, diam. 39 u.

10. Unidentified microfocsll from sand below the peaty 

sequence in the St. Pierre section, diam. 27 Uo

11. Unicent. fossil from peat ($ 224). Dian, 29 u.

12. Abundazit fossil in many post glacial sediments. 

Dundas Marsh (surface -0), length 54 u0

13o' Unident, fossil. Recent peat. Diam, 116 u,

14, Recent peat. Unidentified spores, length of row 

83 Uo

15o Recent peat. Length of fossil 131 Uo

16. Dundas Marsh (surface -0). Length of fossil 92 u.

Moot of the above microfosrlls may occur abundantly

In some post glacial sediments.
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PLATE XVIII
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PLATE XIX

Figure A and B. Dundas Marsh bottom sample. A - reproductive 

structure of fungus, 3 - fungal growth in fossil 

wood.

Figure C. Interglacial Don beds. Part of a tree fossil in 

place.

Figure D. General view of interglacial Don beds. The dark 

band at the level of the power-shovel’s scoop con

tains abundant plant fossils.



PLATE XX

Figure Ai Contact between basal till and interglacial beds

(at level of lower end of the meter stick). Scale in

decimetres.

Figure B and 0. Lower* part of tae interglacial Don beds.

showing the rapid change in deposition.

Figure D. Middle part of interglacial Don beds ’where plant 

fossils are found.
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Figure A - D. Detail of the lens of fine plant debris that 

occurs in the middle part of the interglacial Don 

beds* Length of knife handle is about four incheso 

The- plant debris 1b embedded in medium-grained sand
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PLATE XXIX

Figure A. Contact between upper Scarborough sand and tho 

overlying till. Scale in decimetres.

Figure B. Fine plant debris embedded in the croBobedding of 

coarse sand.

Figure C, Contact between varves and overlying till in the 

middle till complex of the Toronto formation.

Fi'uro D. Erosion of ''carborough beds (lower left); a chunk

of clay is seen nt upper right.
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PLATE XXIII

Middle till complex, Scale in decimetres.

Figure A. Contact between croonbedded sand and till. 

Figure So Contact between croscbcdded sand and varves. 

Figure Co Till-like material ( nlump structure ) between 

crossbedded sand and the overlying varves.

Figure D. Section of well developed varves.
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Figure A and B* Detail of till overlying Scarborough Band.

Scale.in decimetres*

Figure Co A bed of Massive- silt and fine sand with plant debris 

in the Scarborough sequence* •

Figure D. Stratified Scarborough silt with partings of fine

plant debris0
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PLATE XXV

Figure A - Do Middle till complex,, showing details of varves.

Figure A - relatively thick winter layers and good 

gradation.

Figure 3 - Foor gradation between winter and summer 

layers0

Figure 0 - Poorly defined varves deposited clone to 

the lce0

Figure D - Normal variation in varves.



PLATE. XXVI

The St. Pierre section. Scale in decimetres.

Figure A and Go Details of tho thickest pent layer.

Figure B. General view of the section. The assistant stands

on the lowest peat layer, points to the middle poety

silt layer and the water falls over tho major pent

layer.


