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Moraine

Modern Boulder-formation or ¢

t.]

[From a photograph by Heuderso



THE

CANADIAN ICE AGE

BEING NOTES ON THE PLEISTOCENE GEOLOGY OF
CANADA, WITH ESPECIAL REFERENCE TO
THE LIFE OF THE PERIOD AND ITS
CLIMATAL CONDITIONS,

]

graph by Hewderso

BY
3 SIR J. WILLTAM DAWSON, C.M.G.

LLD., F.R.S, F.G.8., &c.

[ £ rom ¢

MONTREAL
WILLIAM V. DAWSON
1893




Entered according to Act of Parliament of Canada, in the year one
thousand eight hundred and ninety-three, by WirLiam V. Dawsox,
in the Office of the Minister of Agriculture.

“WITNESS"” PRINTING HOUSE,
MONTREAL,




PREFACE.

The facts stated and questions discussed in this work
have occupied some portion of the attention of the author
since 1855, and he has from time to time published his
results in the Canadian Natwralist and Geologist, and
elsewhere.  In 1872 the subject up to that time was
summed up in a pamphlet of about 100 pages, entitled
“Notes on the Post-pliocene of Canada,” now out of
print; but since that date no general work on the subject
has appeared, though many separate memoirs and papers
have been issued by the author and other Canadian
geologists.

These papers include a large mass of information bear-
ing on the history of the northern half of the continent
of North America in that Ice-age which was in some
sense peculiarly its own ; and as this material is difficult
of access both to geologists and to the general publie, no
excuse seems necessary for attempting to collect it in a
convenient form.

The author has studied the widespread and complex
glacial formations of Canada too long to be content to
explain them all by one dominant cause, in the rough
and ready method employed by so many of his juniors.
He has long been convineced that we must take into
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account the ageney hoth of land ice and sea-borne ice in
many forms, along with repeated and complex elevations
and depressions of large portions of the continent, in
order to account for the effects observed. He is disposed,
however, to seek for the causes of changes of climate
rather in geological and geographical agencies than in
astronomical vicissitudes, some of which are too slow and
uncertain in their operation, and others altogether con-
jectural,  Such views are less sensational than those which
invoke vast and portentous exaggerations of individual
phenomena, but they are likely, in the end, to commend
themselves to serious thinkers, especially when they are
confirmed by the facts observed in the regions which are,
of all others, best suited for the study both of extinet and
recent ice-action.

The basis of the work rests on the observations of the
author, but reference will be made to the large and im-
portant contributions of Dr. G. M. Dawson, Dr. Bell,
Dr. Ells, Mr. Whiteaves, Mr. Chalmers, Mr. Low, Dr.
Spencer, Mr. McConnell, Mr. Richardson, Prof. Yule Hind,
Lieut.-Col. Grant, Dr. G. J. Hinde, and others, whose names
will be found in the subsequent pages as workers in the
Pleistocene geology of Canada.

J. WM. DAWSON.

McGinL COLLEGE,
MONTREAL, 1893.
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THE

[CE AGE IN CAN ADA.

CHAPTER L
HISTORICAL NOTICES.

Canada presents unsurpassed facilities for the study of
the pleistocence deposits.  Extending across the American
Continent from the Atlantic to the Pacific, in the widest
part of that continent, and reaching from the latitude of
457 to the polar regions, possessing oreat plains covered
with drift material, and mountainous districts heavily
marked with the action of land ice, and having in many
places abundance of fossil remains in its more recent
deposits, it has the same relative facilities for the study
of this later geological period that it has for the earlier
Laurentian ; and it has Deen one of the objects of the
ambition of the writer for the last thirty years, to do a
little toward making it a typical region for the Pleisto-
cene, as Logan has for the Laurentian. I shall endeavour,
therefore, to sketeh the Pleistocene as it appears in
Canada.

In making this attempt, I have all along felt compelled
2




ICE AGE IN CANADA.
by facts to insist on the following great leading principles
as to the glacial period and its canses:

I. The phenomena arve not to be explained by any one
cause or by any one great all-embracing hypothesis, but
by a more active and extensive operation of many of the
ordinary canses still existing in the more northern regions,

2. The astronomical changes which have been invoked
to account for cold climate, not excepting those advocated
by Croll and Ball; are incapable of fully explaining the
facts as now actually ascertained.

3. There has not been at any time a polar ice cap, and
the theory of great continental ice sheets covering the
northern parts of the two great continents is also haseless,

4. The phenomena indicate the action of local mountain
claciers of great volume, along with that of floating ice
in various forms, and this more especially in periods of
subsidence of the land.

5. The cold climate of the glacial period was mainly a
result of peculiar geographical conditions and a different
distribution of ocean currents, and was not so much
characterised by general low temperature as by the local
occurrence of extreme evaporation and condensation.

6. The close of the glacial period is not very remote,
and cannot have antedated by many centuries or mil-
lenniums the fivst appearance of man, as known to us in
]liﬁliil‘)’.

These theses I have maintained in papers whose dates
reach back to 1855, and in addresses delivered to the
British and American Associations and to the Natural
History Society of Montreal, and in popular works on
geology.  They still appear to me to be true, notwith-
standing the wave of extreme glacial ideas that has been

passing over the world. But I am glad to see that a
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reaction to better views has beonn to set in, and that
geologists are more disposed than formerly to restrict
their speculations within the limits of physical possibility.
We shall see evidence of this in the sequel:; hut hefore
referring to the conclusions of others, I may be pardoned
for giving a sketch of the progress of opinion, as it has
presented itself in connection with my own work.

When I first entered on the study of these deposits in
Nova Scotia, in the year 1841 and subsequent years, my
cuide and instructor was the great apostle of moderate
uniformitarianism, that is, of rational geology, Sir Charles
Lyell. His views as to the combiied agency of land ice
or glaciers, of floating fragments of glaciers or ice-hergs,
and of field ice, are, or ought to be, well known; but 1
must say that they have often been unfairly stated.
Lyell well knew the nature and work of glaciers in so
far as ascertained in his time. He had also collected a
large amount of information as to the conveyance of
boulders, ete., by ice-bergs, and the formation of subma-
rine glacial deposits thereby. Lastly, he had profited by
the observations of the Arctic voyagers, and by those of
Baytield in the river Saint Lawrence, so as to appreciate
the great carrying and erosive power of heavy field ice.
His general theory of the glacial age was based on all
these factors, along with the gradual depression and re-
elevation of the continents in the pleistocene period. I
confess that I still adhere to his views in these respeets,
with only such moditication as to the relative value of
particular and local causes, as the observations and reading
of fifty years haie necessitated.

My own conclusions with reference to the phenomena
observed in the Maritime Provinces of Canada, were ex-
pressed for the first time in the first edition of “Acadian
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Geology” in 1854-5. The following extract will show that
they were formed very closely on the Lycllian doctrine
of “modern causes” :—

“If we ask what has been the origin of this great mass
of shifted and drifted material which overspreads the
surface, not only of the province we are now deseribing,
but the greater part of the land of the northern hemi-
sphere, we raise one of the most vexed questions of modern
geology. In reasoning, however, on this subject as regards
Nova Scotia, I have the advantage of appealing to causes
now in operation within the country. In the fivst place,
it may at once be admitted that no such operations as
those which formed the drift are now in progress on the
surface of the land, so that the drift is a relic of a past state
of things, in so far at least as regards the localities in which
it now rests. In the next place, we find, on examining
the drift, that it strongly resembles, though on a greater
scale, the effects now produced by frost and floating ice.
Frost breaks up the surface of the most solid rocks, and
throws down eliffs and precipices. Floating ice annually
takes up and removes immense quantities of loose stones
from the shores, and deposits them in the bottom of the
sea or on distant parts of the coasts. Very heavy masses
are removed in this way. [ have seen in the strait of
Canseau large stones ten feet in diameter, that had been
taken from below low water mark and pushed up upon
the beach. Stones so large that they had to be removed
by blasting, have been taken from the base of the cliffs at
the Jogegins and deposited off the coal-loading pier, and I
have seen resting on the mud flats at the mouth of the

Petitcodiac river a boulder at leasv eight feet in length,
that had been floated by the ice down the river. Another
testimony to the same fact is furnished by the rapidity
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HISTORICAL NOTICES, 5

with which huge piles of fallen rock are removed by the
floating ice from the base of the trap cliffs of the hay of
Fundy. Let us suppose, then, the surface of onr province,
while its projecting rocks were still uncovered by surface
deposits, exposed for many successive centuries to the
action of alternate frosts and thaws, the whole of the
untravelled drift micht have been accumulated on its
surface.  Let it then be submerced until its hill-tops
should become islands or reefs of rock in a sea loaded in
winter and spring with drift ice, floated along by currents,
which, like the present avetic current, would set from
N.E. to S.W. with various modifications produced by local
causes.  We have in these causes ample means for
accounting for the whole of the appearances, including
the travelled Dlocks and the seratched and polished rock-
surfaces.”

This was written, it may be observed, thirty-five years
ago, and with reference to the phenomena presented by
southern New Brunswick and Nova Scotia, where there
is little if any evidence of glacier action.

When, in the autumn of 1855, my residence was
transferred to Montreal, my attention was necessarily
devoted to the pleistocene deposits of Central Canada,
and [ asked Sir W. E. Logan, then Director of the
Geological Survey, to place in my hands, as an amateur,
the pleistocene geology of this field, which he readily
consented to do, as no one connected with the survey was
specially cultivating it at the time. I proceeded, in the
first instance, to explore the stratigraphical arrangement
and fossils of the deposits, dividing the former into the
three groups of Boulder Clay, Leda Clay and Saxicava
Sand, and raising the known species of fossils in a few
years from a very small number to about 200. Notices
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of these researches were published from time to time in
the “ Canadian Naturalist and Geologist.”  When, in 1863,
Sir William issued his © Geology of Canada,” I was much
oceupied with college work, and felt that the subject was
too immature to admit of full treatment, but placed in his
hands my notes up to that date to aid in his chapter on
“Superficial Geology,” in which they were incorporated,
though in an imperfect manner.  Subsequently, in 1872,
I collected all my papers up to that date in a little
volume entitled “ Notes on the Post-pliocene Geology of
Canada,” now ouy of print, though most of its material is
to be found in the earlier volumes of the “ Canadian
Natuwralist and Geologist.”  This work T have made the
basis of subsequent publications, adding new material as
it occurred, and publishing the whole in the same
periodical and its continnation, the “ Canadian Record of
Science.”  The present work is a new and enlarged edition
of these “Notes” of 1872,

Since my work in this field began, the subject has
assumed many new phases.  The important studies of the
Swiss glaciers, by Forbes, Agassiz and others, attracted
the attention of geologists almost to the exclusion of
other factors. The bold, I may venture to say extreme,
views of my friends, Ramsay and Geikie, have given a
tone to the work of KEnglish geologists, while a like
influence has been exercised in America by Agas

7 and
Dana.  Thus, in later years, what I must regard as
extravagant theories of land glaciation have gained an
educational and official currency both in England and
America.  Only recently the pendulum has begun to
swing in the other direction, and the extreme theories of
glacier action to relax their hold. The time is, therefore,
perhaps a favourable one to advocate moderate and
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HISTORICAL NOTICES, [

vational views, and perhaps to prevent an undue reaction
in the divection H|>]u|\iln' to that I:lln'll\' lxl'l‘\;lln'lll.

I trust I shall not be accused of cootisme if T present
these moderate views, in the fivst instance, in the form of
extracts from publications dating some of them nearly
thirty years ago.

fuoa paper published in the * Canadian Naturalist ™ in
1860, and s]wvi;l”r\‘ devoted to the deseription of olacial
phenomena in Labrador, Maine, ete, the following words
ocenr with reference wore particularly to the climate of
the Pleistocene, and ave here siven without alteration.®

“LEveryone knows that the means and extremes of
annual temperaturve differ much on vhe opposite sides of
the Atlantic.  The isothermal line of 407, for example,
passes from the south side of the gult of St. Lawrence,
skirts Teeland and reaches Kuvope near Drontheim in
Norway. This fact, cpparent as the vesult of observations
on the temperature of the land, is equally evidenced by
the inhabitants and physical phenomena of the sea. A
large proportion of the shell-fish inhabiting the gulf of St.
Lawrence and the coast thence to Cape (‘od, occur on
both sides of the Atlantic, but not in the same latitudes.
The marine fauna of Cape Cod is parallel inits prevalence
of boreal forms with that of the south of Norway. In
like manner the descent of iceberes from the north, the
freezing of bays and estuavies, the drifting and pushing of
stones and boulders by ice, are witnessed on the American
coast in a manner not paralleled in corresponding lati-
tudes in Kurope. It follows from this that a collection of
shells from any given latitude on the coasts of Europe or

* Where anything new is introduced into these extracts, it is placed

L.

in brackets, thus,




8 THE 1CK

\GEIN

CANADA

Ameriea, would hear testimony to the existing difference
of climate.  The ceolovist appeals to the same kind of
evidence with reference to the climate of the later
tertiary period, and let us enquire what is its testimony.
“The first and most geneval answer is that the pleisto-
cene climate was colder than the modern,

this in western Euvope is

The |»|‘nuf of
very strong.  The marine
fossils of this period in Britain ave morve like the existing
fauna of Norway or of Labrador than the present fauna
of DBritain.  Gireat evidences exist of drviftace of houlders
by ice, and traces of glaciers on the higher hills, In
North America the proofs of a rvigorous climate, and
especially of the transport of houlders and other materials
by ice, are equally cood, and the marine fauna all over
Canada and New England is of horeal type.

“ Admitting, however, that a vicorous climate prevailed
in the pleistocene period, it by no means follows that the
change has been equally areat in different localities.  On
the contrary, while a great and marked revolution has
oceurred in Europe, the evidences of such change are very
much more slicht in America.  In short, the causes of
the coldness of the pleistocene seas to some extent still
remain in America, while they have disappeared or have
been modified in Europe.

“If we inquire as to these causes as at present existing,
we find them in the distribution of ocean currents, and
especially in the great warm current of the gulf stream,
thrown across from America to Europe, and in the arctie
currents bathing the coasts of America. In connection
with these we have the prevailing westerly winds of the
temperate zone, and the great extent of land and shallow
seas in mnorthern America. Some of

these causes are
absolutely constant.

Of this kind is the distribution of
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HISTORICAL NOTICES, i)

the winds, depending on the earth’s temperature and
votation.  The courses of the currents are also constant,
except in so far as modified by coasts and banks: and the
divection of the drift-seratches and transport of boulders
in the Pleistocene both of Furope and America, show that
the arctic currents at least have remained unchanged,
But the distribution of land and water is a variable
clement, since we know that in the period in question
nearly all northern Europe, Asia and  America were at
one time or another under the waters of the sea, and it is
consequently to this cause that we must mainly look for
the chances which have oceurred,

“Such changes of level must, as has been long since
shown by Siv Charles Lyell, modify and change climate.
Every diminution of the land in arctic America must
tend to render its climate less severe,  Kvery diminution
of land in the temperate rvegions must tend to reduce
the mean temperaturve.  Every diminution of land any-
where must tend to diminish the extremes of heat
and cold; and the condition of the southern hemisphere
at present shows that the submergence of the great
continental masses would lower the mean temperature,
but render the climate much less extreme.  Glaciers
might then exist in latitudes where now the summer heat
would suftice to melt them, as Darwin has shown that in
South America ¢laciers extend to the sea level in latitude
46° 507; and at the samme time the ice would melt more
slowly and Dbe drifted farther to the southward. [In the
southern hemisphere, indeed, a glacial period of a peculiar
kind exists at present, since there is an ice-bound

antarctic continent 2,000 miles in diameter and boulder-
drift extending from it half-way to the equator.] Any
change that tended to divert the arctic currents from our
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coasts would raise the temperature of their waters,  Any
change that would allow the equatorial current to pursue
its course throueh to the Pacitic or along the great inland
valley of North Amerviea, would veduce the British seas to
a horeal condition.

“The houlder formation and its overlying fossiliferous
heds prove, as [ have in |i|‘l'\i1\l|\ |l;||n'|\1'Hl|t';|\tl|ll‘t'l| Lo
explain with reaard to Canada, and as has been shown by
other ',"\'ulu;'i\[ s n the case of other I'l"_’il'll\‘, that the Tand
of the northern |n-1||i>|n|u'|4- underwent in the later
tertiary period a great and gradual depression and then
an equally aradual elevation,  Every step of this process
would bringe its modifications of climate, and when the
depression had attained its maximum there probably was
as little Tand in the temperate regions of the northern
hemisphere as in the southern now [while that which
remained above water was high and mountainous]*  This
would give a low mean temperature and an extension to
the south of ¢laciers, more especially if at the same time
a considerable arvctic continent remained above the waters
[as a gathering ground], as seems to be indicated by the
effects of extreme marine elacial action on the rocks
under the boulder elay.  These conditions, actually indi-
cated by the phenomena themselves, appear quite suflicient
to account for the coldness of the seas of the period, and
the wide diffusion of the gulf stream caused by the
subsidence of American land, or its entire diversion into
the DPacific basin,dt would give that assimilation of the

* The important question of differential elevation has been solved in

great part since this was written, and would much strengthen the
argument,

T This is often excluded from consideration, owing to the fact that
the marine fauna of the gulf of Mexico differs so much from that of the
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American and European climates so chavacteristic of the
time,  The climate of western Euavope, in short, would,
under such a state of thines, be greatly reduced in mean
temperature, the elimate of America would suffer a less
reduction of its mean temperature, bhut would be much
less extreme than at present: the general effect heing the
establishment of a more equable but lower temperature
throughout the northern hemisphere,

“The establishment of the present distribution of Tand
and water, giving to America its extreme climate, leaving
its seas cool and throwing on the coasts of Europe the
heated water of the tropies, would thus affect but slightly
the marine life of the American coast, but very materially
that of Europe, producing the rvesult already referved to,
that our Canadian pleistocene fauna differs comparatively
little from that now existing in the gulf of St. Lawrence,
though in so far as any difference subsists it is in the
direction of an arctic character. The changes that have
occurred are perhaps all the less that so soon as the
Laurentide hills to the north of the St. Lawrence valley
emerced from the sea, the coasts to the south of these
hills would be effectually protected from  the heavy
northern ice drifts and from the arctic currents, and
would have the benefit of the full action of the summer

Pacific coast ; but, on the other hand, the occurrence of many species
common to the two sides implies a connection in comparatively recent
times, and similar evidence is afforded by the modern deposits of the
Isthmus.

Upham reports from Dr. Maack, in the reports of explorations for
the Panama canal, the fact that on the watershed between the Atlantic
and Pacific a ‘“vast area ” of the Isthmus is occupied with ‘late
tertiary ” beds holding shells of living species. This would confirm
the supposition based on the grounds that a passage across the Isthmus
existed in pleistocene times,—American Geologist, December, 1890.
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heat, advantages which must have existed to a less extent
in western Kurope.®

“ Tt is farther to be observed that such subsidence and
elevation would necessavily alford great facilities for the
migration of arctic marine animals, and that the differ-
ence between modern and pleistocene  faunas must be
greatest in those localities to which the animals of
temperate regions could most readily micrate after the
change of temperature had occurred.”

I an address delivered in 1864+ as vetiving president
of the Natural ]li\'lnl“\' Society of Montreal, the relative
importance of land-ice and sea-horne ice is referred to in
the following terms, in connection with the then recent
appearance of Logan’s < General Report on the Geology of
Canada,” published in 1863 :—

“There is another subject of great geological importance
on which the publication of this report enables strong
ground to be taken. I refer to the conditions under
which the boulder-drift of Canada was deposited. Tt
has been eustomary to refer this to the action of ice-laden
seas and currents, on a continent first subsidine and then
re-clevated.  But this opinion has recently been giving
way before a re-assertion of the doctrine that land-
glaciers have heen the principal agents in the distribution
of the boulder-drift, and in the erosions with which it was
accompanied. I confess that I have steadily rejected this
last doctrine; being convinced that insuperable physical

* One cannot be too emphatic in insisting on the fact that, in North
America, throughout geological time, movements of subsidence which
threw open the interior plains to the arctic currents produced refriger-
ation, while those that produced a great mediterranean sea, open to
the south and closed on the north, introduced mild climates.

T Canadian Naturalist, 1864.
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HISTORICAL NOTICES, 13

and meteorological objections might be urged against it,
and that it was not in accordance with the facts which I
had myself observed in Nova Scotia and in Canada.  The
additional facts contained in the present report enable
me to assert with confidence, though with all humility,
that glaciers could scarcely have been the agents in the
striation of Canadian rocks, the transport of Canadian
boulders, or the excavation of Canadian lake-Dbasins
[except in the great mountain ranges of the continent].

“The facts to be accounted for are the striation and
polishing of rock-surfaces, the deposit of a sheet of
unstratified clay and stones, the transport of boulders
from distant sites lying to the northward, and the deposit
on the boulder-clay of beds of stratified clay and sand,
containing marine shells.  The rival theories in discussion
are—/irst, that which supposes a gradual subsidence and
re-elevation, with the action of the sea and its currents,
bearing ice at certain seasons of the year; and, secondly,
that which supposes the North American plateau to have
been covered with a sheet of glacier several thousands of
feet thick.

“The last of these theories, without attempting to
undervalue its application to such regions as those of the
Alps or of Spitzbergen or Greenland, has appeared to me
inapplicable to the drift-deposits of eastern America, for
the following among other reasons:

“1. Tt requires a series of suppositions unlikely in
themselves and not warranted by facts.  The most impor-
tant of these is the coincidence of a wide-spread continent
and a universal covering of ice in a temperate latitude.
In the existing state of the world, it is well known that
the ordinary conditions required by glaciers in temperate
latitudes are elevated chains and peaks extending above
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the snow-line ; and that cases in which, in such latitudes,
glaciers extend nearly to the sea-level, occur only where
the mean temperature is veduced by cold ocean currents
approaching to high land, as for instance in Terra del
Fuego and the southern extremity of South America.
But the temperate regions of North America could not be
covered with a permanent mantle of ice under the existing
conditions of solar radiation ; for even if the whole were
elevated into a table-land, its Dreadth would secure a
sufficient summer heat to melt away the ice, except from
high mountain peaks.

“ 2, It seems physically impossible that a sheet of ice,
such as that supposed, could move over an uneven
surface, striating it in directions uniform over vast areas,
and often different from the present inclinations of the
surface.  Glacier-ice may move on very slight slopes, but
it must follow these [since gravitation, along with the
more or less plastic nature of the ice, has been shown to
be the cause of its motion]: and the only result of the
immense accumulation of ice supposed, would be to
prevent motion altogether by the want of slope or the
counteraction of opposing slopes, or to induce a slicht and
irregular motion toward the margins or outward from the
more prominent protuberances.

“It is to be observed, also, that, as Hopkins has shown,
it is only the sliding motion of glaciers that can polish or
erode surfaces, and that any internal changes resulting
from the mere weight of a thick mass of ice resting on a
level surface, could have little or no influence in this way.

“3. The transport of boulders to great distances, and
the lodgment of them on hill-tops, could not have been
occasioned by glaciers. These carry downward the blocks
that fall on them from wasting cliffs. DBut the universal

7
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HISTORICAL NOTICES, 15

glacier supposed could have no such eliffs from which to
collect ; and it must have carried boulders for hundreds
of miles, and left them on points as high as those they
were taken from.  On the Montreal Mountain, at a
height of 600 feet above the sea, are huge boulders of
gneiss from the Laurentide hills, which must have heen
carried 50 to 100 miles from points of scarcely greater
elevation, and over a valley in which the strice are in a
direction nearly at right angles with that of the probable
driftage of the boulders. Quite as striking examples
occur in many parts of this country.* It is also to be
observed that boulders, often of large size, occur scattered
through the marine stratified clays and sands containing
sea-shells; and whatever views may be entertained as to
other boulders, it cannot be denied that these have been
borne by floating ice. Nor is it true, as has been often
affirmed, that the boulder-clay is destitute of marine
fossils. At Murray Bay, Riviere du Loup and St. Nicholas,
on the St. Lawrence, and also at Cape Elizabeth, near
Portland, there are tough stony clays of the nature of true
“till,” and in the lower part of the drift, which contain
numerous marine shells of the usual pleistocene species.
“4. The pleistocene deposits of Canada, in their fossil
remains and general character, indicate a gradual eleva-
tion from a state of depression, which, on the evidence of
fossils, must have extended to at least 500 feet, and on
that of far-travelled boulders, to nearly ten times that
amount, while there is nothing but the boulder-clay to
represent the previous subsidence, and nothing whatever

* The same fact, and to heights still greater, has been shown by
Ells and others to hold of the hills of the Eastern Townships of Canada,
and by Chalmers in Eastern Quebec and in New Brunswick.
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to represent the supposed previous ice-clad state of the
land, except the seratches on the rock-surfaces, which
must  have been caused by the same agency which
deposited the boulder-clay.*

“5, The peat deposits with fir-roots, found below the
boulder-clay in Cape Breton, the remains of plants and
land-snails in the marine clays of the Ottawa, and the
shells of the St. Lawrence clays and sands, show that the
sea at the period in question had nearly the temperature
of the present arctic currents of our coasts, and that the
land was not covered with ice, but supported a vegetation
similar to that of Labrador and the north shore of the St.
Lawrence at present. This evidence refers not to the
later period of the mammoth and mastodon, when the
re-clevation was perhaps nearly complete, but to the
earlier period contemporaneous with, or immediately fol-
lowing, the supposed glacier-period.  In my former
papers on the Pleistocene of the St. Lawrence, T have
shown that the change of climate involved is not greater
than that which may have been due to the subsidence of
land, and to the change of course of the equatorial and
aretic currents, actually proved by the deposits them-
s lves.

“These objections might be pursued to much greater
length ; but enough has been said to show that there are
in the case of north-eastern

America, strong reasons
against the existence of any

such period of extreme
ceologists ; and that if we
:an otherwise explain the rock striation and polishing,

and the formation of fiords and lake-basins, the strong

glaciation as supposed by many

* This was intended to apply to the valley of the St. Lawrence, not
to the mountainous regions having local glaciers.
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HISTORICAL NOTICES. illy
points with these theorists, we can dispense altogether
with the portentous changes in physical geography involved
in their views, and which are not necessary to explain
any of the other phenomena.”

The address then proceeds to deal with these points in
the manner to be stated in a subsequent chapter.

Two years later, in 1866, I prepared an account of all
that was known up to that date of the fossil plants of the
mid-pleistocene beds, the Leda clay of the Ottawa and St.
Lawrence valleys, equivalent in age to the so-called inter-
alacial  Deds  of western Canada.  In this paper the
following summary is given of the climatal conditions
indicated -—

“None of the plants from these mid-glacial beds is
properly arvctic in its distribution, and the assemblage
may be characterized as a selection from the present
Canadian flora of some of the more havdy species having
the most northern rance.  Green’s Creek is in the central
part of Canada, near to the parallel of 467 and an acci-
dental sclection from its present flora, though it might
contain the same species found in the noduales, would
certainly include with these, or instead of some of them,
more southern forms.  More especially the halsam poplar,
Llllillg"l that tree oceurs ]il(‘lll“lll”‘\' on the Ottawa, would
not be so predominant.  But such an assemblage of drift
plants might be furnished by any American stream
flowing in the latitude of 507 to 55° north. If a stream
tlowing to the north, it might deposit these plants in still
more northern latitudes, as the MecKenzie river does
now. It ifowing to the south, it might deposit them to
the south of 50°. In the case of the Ottawa, the plants
could not have been derived from a more southern
locality, nor probably from one very far to the north.
3
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We may, therefore, safely assume that the rvefrigeration
indicated by these plants would place the region bovdering
the Ottawa in nearly the same position with that of the
south coast of Labrador fronting on the gulf of St. Lawrence
at present. The absence of all the more arctic species
oceurring in Labrador, should perhaps induce us to infer
a somewhat more mild climate than this [and also indi-
cates the probable existence of the arctie flora to the
northward throughout the pleistocene period].”

“The moderate amount of refrigeration thus required,
would, in my opinion, accord very well with the probable
conditions of climate deducible from the cireumstances in
which the fossil plants in question occur. At the same time
when they were deposited, the sea flowed up the Ottawa
valley to a height of 200 to 400 feet above its present
level, and the valley of the St. Lawrence was a wide arm
of the sea, open to the arctic current. Under these
conditions the immense quantities of drift ice from the
northward, and the removal of the great heating surface
now presented by the low lands of Canada and New
England, must have given for the Ottawa coast of that
period a summer temperature very similar to that at
present experienced on the Labrador coast, and with this
conclusion the marine remains of the Leda clay, as well
as the few land mollusks whose shells have been found in
the beds containing the plants, and which are species still
oceurring in Canada, perfectly coincide.

“The climate of that portion of Canada above water at
the time when these plants were imbedded, may safely be
assumed to have been colder in summer than at present,
of latitude, and this

to an extent equal to about 5
refrigeration may be assumed to correspond with the
requirements of the actual geographical changes implied.
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HISTORICAL NOTICES, 19

In other words, if Canada was submerced until the
Ottawa valley was converted into an estuary inhabited by
species of Leda, and frequented by capelin, the diminution
of the summer heat consequent on such depression, would be
precisely suitable to the plants occurring in these deposits,
without assuming any other cause of change of climate.”

This extract, referring as it does to the evidence of
plants, reminds us of the contrast between the Pleistocene
and the warm climate of the early Eocene and later
Cretaceous, when warm temperate plants could flourish
as far north as Greenland. The reason is seen in our
comparative maps of the Cretaceous and Pleistocene of
Canada. The conditions presented in the latter show the
oreatest possible facilities for the transference of arctic
ice to temperate latitudes, and its acenmulation therein,
while leaving the extreme arctic comparatively free of
ice. Such conditions are the reverse of those in the early
Eocene, when the interior of the continent was occupied
with a warm mediterranean sea, shielded from the arctic
ice. Thus the known geographical condition of the Pleis-
tocene harmonize with rational views as to the causes and
extent of the refrigeration.

Lastly, in my address to the Natural History Society
of Montreal, in 1873, immediately after the publication of
the “ Notes,” above referred to, the following reference to
the position of the question oceurs :—

“In the memoir in the Journal of the Natural History
Society already referred to, I have re-asserted and sup-
ported by many additional proofs the theory of the
combined action of floating ice and glaciers in the produc-
tion of our Canadian boulder clay and other superficial
deposits, which I have for many years maintained, in
opposition to the views of the extreme glacialists. It is
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matter of gratification to me to find, in connection with
this, that researches in other regions are rapidly tending
to overthrow extreme views on the subject, and to restore
this department of geological dynamics more nearly to
the domain of ordinary existing causes.  Whymper,
Jonney, and other Alpine explorers, have ably supported
in England the conclusion which, after a visit to Switzer-
land in 1865, I ventured to aflivin here, that the erosive
power of glaciers is very inconsiderable.  Mr. Milne
Home, Mr. MelIntosh, and others, have combated the
prevalent notions of a general glacier in England and
Scotland,  Mr. James Geikie, a leading advocate of land
olaciers, has been compelled to admit that marine beds
ave interstratified with the true boulder clay of Scotland,
and consequently to demand a succession of elevations
and depressions in order to give any colour to the theory
of a general glacier.  The idea of glacier action as means
of accounting for the drifts of Central Europe and of
Brazil secems to be generally abandoned.  Lastly, in a
recent number of the “American Journal of Science,” Prof,
Dana has admitted the necessity, in order to account for
land glaciation of the hills of New England [by a conti-
nental glacier], of supposing a mountain range or table
land of at least 6,000 feet in height, to have existed
between the St Lawrence and Hudson’s Bay, while in
addition to the imaginary N. W. & S, K. ¢glacier, tlowing
from this immense and improbable mass, there must have
been a transverse glacier running beneath it up the valley
of the St. Lawrence. Such demands amount, in my
judgment, to a virtual abandonment of the theory of other
than large local glaciers in America in the pleistocene
period. Thus there are cheering indications that the
world-enveloping glacier, which has so long spread its
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HISTORICAL NOTICES, 21

icy pall over the geology of the later tertiary periods, is
fast melting away before the sunshine of truth.”

Perhaps T was a little too sanguine as to the rapidity
of the process, and did not make allowance for that
chilling current of  popular text -hooks and official
influence which has so much retavded the final melting of
the great continental glacier and the polar ice cap.

The following citations, however, from very recent
publications show that my forecast of the course of opinion
was not altogether wrong, and that we may hope for still
hetter things in the future.

Siv Robert Ball’s recent attempt to rehabilitate Croll’s
ingenious astronomical theory of the glacial age will not
assist to restore its waning fortunes, but brings out the
fact that this ingenious theory was essentially defective.®
He shows that Croll reasoned on a mistaken assumption
that the earth receives equal amounts of heat when in
perihelion and aphelion passage, whereas the difference is
as much as 26 per cent., and consequently at long
intervals there might oceur periods of great coldness in
one hemisphere at a time.  The interval of time, however,
is too long, even on Ball’s theory, and the fact that the
ice of the glacial period radiated from points consider-
ably south of the polar circle, tells of the dominancy of

terrestial conditions.  This new astronomical theory will
therefore fail to affect geological conclusions, and its weak
points  have already bheen pointed out by geological
reasoners. It may, in short, be held to have given a
death blow to the theory of astronomical causes of the
glacial period known to us in geology.
In a recent paper, Mr. Warren Upham, one of the most

* “The Cause of an Ice Age,” London, 1892.
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active and voluminous of American glacialists,* adduces a
long array of citations from Geikie, Woeickkoft, Winchell,
Gilbert, Andrews, Wright, Mackintosh, Logan, Speneer
and others on facts showing the rvecency of the glacial
age, which he holds could not have been more remote
from our time than from 7,000 to 10,000 years. He
further concludes, from the observations of Dr. (i, M,
Dawson and others, that “ the cause of the glacial period
was great uplifts of the glaciated areas,” accompanied and
followed by great and unequal subsidence ; and he brings
evidence to show that the passage of the equatorial
current into the Pacific, in consequence of the subsidence
of Central America, diverted the warm waters of the
Gulf Stream from the Atlantic.  Claypole, in a review of
the Astronomical Theory,+ adduces a great number of
facts in evidence of the recency of the glacial period and
of its origin from terrestrial causes. In a later paper}
in which he endeavours to harmonise the doctrines of
great ice-sheets and local glaciers, he admits that the
evidence from hoth Europe and North America “opposes
the theory of a great polar ice cap while favouring that of
a number of separate radiants.”

The great subsidence of the pleistocene period is
emphasised by recent discoveries of high-level glacial
gravels in England, which are described by Mr. A, C.
Nicholson, and which show a depression in that country
to the level of more than 1,300 feet.§

* American Geologist, December, 1890.

1 Trans. Ed. Geol. Society, Vol. V.

1 ““Glacial Radiants,” American Geologist, 1889.

‘“High Level Gravels at Gloppa,” Journal Geological Society,
February, 1892,
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It is true that many of these writers still speak of an
ice-sheet as possibly extending aceross North America;
but their own statements, as well as the now universally
understood fact that the intervior plateanx of great con-
tinents cannot under any eircumstances receive  snow
enough to breed great glaciers, point to entively different
conelusions,

Lastly, in evidence of the gradual return to more
moderate opinions, I may quote the words of a veteran
clacialist, and a man of wide knowledge and power of
thought, who has recently passed away. Alexander Win-
chell thus refers to Canadian conclusions in a paper on
‘Recent Views about Glaciers”

“Now, the most lllll'xp('("lwl results of all the recent
researches appear to be these: There has been no conti-
nental glacier. There has been no uniform southerly
movement of glacier masses.  There has heen no persistent
declivity, as a sine gua non down which glacier movements
have taken place.  The continuity of the supposed conti-
nental glacier was interrupted in the regions of the dry
and treeless plains of the West; and in the interior and
Pacific belts of the continent, within the United States,
ancient glaciation was restricted to the elevated slopes.
A non-glaciated belt, lying a few miles east of the
foothills of the Rockies, extends all the way to the
unglaciated aretic region.

“ Another unexpected result nf continent-wide observa-
tion is the discovery of glacial striations tending in all
directions from two general centres. One of these is a
north-eastern centre of glaciation, which Dr. G. M.
Dawson proposes to call the ¢ Laurentide’ centre; the
other is a north-western centre, which he calls < Cordille-
ran.” The Cordilleran glacier lay between the range of the
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Rocky Mountains proper on the east, and the const ranges
on the Pacitie; and stretehed from Vietoria to latitude 597,
All this vegion, consisting of the mountain ranges and of
the elevated platean between them, was once oceupied by
a confluent glacier 1,200 miles long and 400 miles wide,
The main gathering-ground, however, was letween the
ooth and H9th [»;ll.l||<'|\, Thenee the ice flowed north-
ward 350 miles, and southward about 600 miles, diverging,
in the intervening distance, casterly and westerly,”

The Laurentide glacier had for its centre of distribution
the highlands called the Laurentian mountaing, one arm
of which Ties between Hudson's  Bay and  the areat
plains of British Amevica,  Hitherto, most of our know-
ledge of glacier movements has pertained to the south-
ward-moving portions of this great sheet, but we now
know that the remoter parts moved north and north-west.
Dr. Bell has shown that there was also a centre of
distribution in the peninsula of Labrador, from which
movements radiated east, west, south and north, but
without reaching the coast northward, This, however,
may not have been an independent centre of SNOWY
accumulation, as one arm of the Laurentian ridge extends
through Labrador,

Appended to this chapter is a list of the several papers
referred to above and in the following chapters, part of
which have appeared in the “Canadian Naturalist and
Geologist,” and its successor, the “Canadian Record of
Science.”

References to memoirs by other authors will be found
in their proper places in the subsequent chapters.
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LIST OF PAPERS ON PLEISTOCENE OF CANADA,

(1.) Notice of the Pleistocene Geology of Nova Scotia, —** Acadian
(hvnlng‘\',” 1855,
(2.) On the Newer Pliocene and Post-pliocene of the Vieinity of
Montreal, — Canadian Naturalist, 1857,
(3.)  Additional Notes on the Post-pliocene Deposits of the St,
Lawrence Valley, 75, 1859,
(4.)  On the climate of Canada in the Post-Pliocene Period, — 16, 1860,
(5.)  On Post-Tertiary Fossils from Labrador, — 75, 1860,
(6.) On the Geology of Murray Bay (Part 3, Post-pliocene Deposits,
Ih, 1861,
(7.)  Address as President of the Natural History Society of Montreal,
1D, 1864,
(8.) On the Post-pliocene Deposits of Riviére du Loup and Tadous-
sae, —Ih, 1865,
(9.) Comparison of the Icebergs of Belle-isle and the Glaciers of
Mont Blane, with reference to the Boulder-clay of Canada.
10, 1866,
(10.) On the Evidence of Fossil Plants as to the Post-pliocene climate
of Canada, 15, 1866,
(11.) Rulmrl of (h-n]ng)‘ of Prince Edward Island. - 1871.
(12.) Notes on the Post-pliocene Geology of Canada, pp. 112 and
Figures.—— Montreal, 1872, Also Canadian Naturalist, N.S.,
Vol. VL.
(13.) Address to Natural History Society of Montreal, —1874.
(14,) Note on a Fossil Seal, —Canadian Naturalist, 1877.
(15.) Supplement to Acadian Geology.—1878.
(16.) Notice of Woeickkoff on Glaciers. —Canadian Naturalist, Vol. X.
(17.) Canadian Pleistocene.— London Geological Magazine, 1883.
(18.) On the Skeleton of a Whale found at Smith's Falls, Ontario, —
Canadian Naturalist, 1883.
(19.) Geology of the line of the Canadian Pacific Railway.—Journal
(Gieological Society, London, 1884,
(20.) Boulder Drift and Sea Margins at Little Metis. —Canadian
Record of Science, 1886,
Pleistocene Fossils from Anticosti,—7b, 1886.
Balanus Hameri and Varieties of Mya arenaria and M. truncata
in the Pleistocene.—17h. 1889.
(23.) On a Fossil Fish and Marine Worm.—17b. 1890.
(24.) The Pleistocene Flora of Canada (with descriptions of the plants
by Prof. Penhallow).—Bul. Geol. Society of America, 1890.
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2% THE ICE AGE IN CANADA.

Much of the matter contained in these detached
publications now requires revision, more especiaily the
lists of fossils; and many additional facts have accumu-
lated. T purpose, therefore, now to summarvize the facts
and conelusions of my previous papers and to unite them
with the new facts, so as to present as complete a view as
possible of the geology of the superficial deposits of
Canada. I shall also prepare a complete list of the fossils
up to date, with revised nomenclature end synonymy.
In this last part of the work I have heen aided by the
late Dr. P. P. Carpenter and Mr. Whiteaves. I have had
the Dbenefit, in the case of several critical species, of the
advice of the late Mr. J. G. Jeffreys, the late Mr. R
MacAndrew of London and Mr. Dall of Washington. 1
am also indebted to Mr. Gi. S. Brady for determining the
Ostracoda, to the Rev. H. W. Crosskey for opportunities
of comparing specimens with those of the Clyde Beds,
and to Prof. T. R. Jones and Dr. Parker and Mr. G. M.
Dawson for help with the Foraminifera. Other names of
contributors of information will be mentioned in the notes
and in the lists of fossils.
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CHAPTER IL

THE SUCCESSION OF DEPOSITS.

Under this heading I propose to mention, in a general
manner, the actual succession of deposits with which we
have to deal, and to consider what is known of the
probable conditions of their accumulation and the geo-
graphical and climatal features of the period.

The deposits which we have to consider are superficial
or overlying beds of boulder clay or till, laminated clay,
sand and gravel, widely distributed over the northern
part of the American continent, and accompanied with
ridges of detritus (kaims, eskers, etc.), and with travelled
stones and boulders or erratics. They may be arranged
asin the table on the following page, which refers to three
important and widely separated regions.* It will be
observed that in each of these there is a general corres-
pondence in the arrangement of the deposits, and that
these may be regarded as comprising a lower and upper
boulder formation separated by an intermediate bed or set
of beds evidencing a less amount of ice action. This
intermediate formation corresponds with that often named
“ Inter-glacial.” A similar order is observed in other

parts of America, and also in Western Europe.

* Pleistocene Flora of Canada, Bul, Geol. Soc. of America, Vol. I.
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COMPARATIVE TABLE.

Montreal and lower St.  North shore of Lake  Belly viver, North-

Lawrence, Ontario. west T

erritory.
J. WM. Dawson, J. G, HiNDE, G. M. DAwsON.
I. 1. 1.
Surface soil, post- Surface soil, strati- Surface soil and

glacial alluvia & peat. fied sand and gravel. prairie alluvium.

1. IT. II.
Surface boulders, Joulders, sand, ete.
Saxicava sand and Laminated clay. Up-
gravel.  Boulders in per boulder deposit.
and below sand.,

Upper boulder clay.

I1I. I1I. I1T.

Upper Leda clay, Stratified sand and  Graysandwith iron-

o | marine shellsand drift clay, with fresh-water stonenodules. Brown-
g plants. Lower Leda shells and plants. ish sandy clay. Car-
Q .
8 clay, marine shells and bonaceous layers and
-’g: drift plants. peat. Gray sand and
& ironstone,

IV. IV. 1V.

Lower boulder clay  Lower boulder clay  Lower boulder clay.
or till. Many native or till. Native and Many travelled bould-
and some travelled travelled boulders. ers.
boulders. A few ma-
rine shells of arctic

species.
V. V. V.
Palaxozoic rocks Pal®ozoic rocks Cretaceous beds.
b b
often striated. often striated.

Taking a somewhat more general view, the whole
pleistocene deposits of eastern Canada may be tabulated
in descending order as follows :—

& e ik i IR AR
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~d

CANADIAN PLEISTOCENE.

() Post-glacial deposits, river - Remaius of M ./)don and K-
alluvia and gravels, peaty ] phas, modern fresh-water shells.
deposits, lake bottoms, ete. -

(b) Saxicava sand and gravel, Shallow-water fauna of boreal
often with numerous travelled | character, more especially Saawi-
boulders (upper boulder de- | cara rugosa and its varieties.

posit), probably the same [ Bones of whales, ete.
with Algoma sand, ete., of
inland districts.

(c) Upper Leda clay, and pro-
bably Saugeen clay * of | marine fauna identical with that
inland districts ; clay and | of the northern part of the gulf
sandy clay, in the lower St. " of St. Lawrence at present ; and

Holds in castern Canada a

-

Lawrence, with numerous | locally affords remains of a boreal
marine shells. flora,
(d) Lower Leda clay; fine clay, Holds Leda (Portlandic) arctica
often laminated, and with u.] and sometimes 7ellina groenlan-
few large travelled boulders, ; dica; and seems to have been
probably equivalent to CrieJ deposited in very cold and ice-
clayt of inland districts.
(e) Lower stratified sands uml‘
J

laden water.

These represent land surfaces
and sea and coast areas immedi-
ately posterior to the boulder clay.

gravels (Syrtensian deposits
of Matthew). {

Boulder clay or till; hard
clay, or unstratified sand,

In the lower St. Lawrence region
holds a few marine shells of arctic

(f

-~

with boulders, local and | species. Farther inland is non-
travelled, and stones often | fossilferous, but has usually the
striated and polished. chemical characters of a marine
deposit.

Nore. —With reference to this table, I wish it to be distinctly
understood that it covers the whole pleistocene deposits as known in
Canada, and that division (f) corresponds to the older boulder clay
and (b) to the upper boulder deposit, which is the more extensively
spread of the two.

* (Geology of Canada, 1862.

+ Supplement to Acadian Geology, 1878. Notes on Post-pliocene
of Canada : Canadian Naturalist, Vol. V1., 1871.

t In the province of Quebec beds of this kind in some places
underlie the boulder clay.
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The lower boulder clay (/) is often a true and very
hard till, resting usually on intensely glaciated rock-
surfaces, and filled with stones and boulders. Where
very thick, it can be seen to have a rude stratification.
liven when destitute of marine fossils, it shows its sub-
marine accumulation by the unoxidized and unweathered
condition of its materials. The strie beneath it, and the
direction of transport of its boulders, show a general
movement from N.EK. to SW., up the St. Lawrence
valley from the Atlantic.  Connected with it, and
apparently of the same age, are evidences of great local
glaciers descending into the valley from the Laurentian
highlands. The Dboulder clay of the basins of the great
lakes, and of the western plains, as well as that of the
Missouri (Otean, seems to be of similar character. The
basins of the lakes ave parts of older valleys dammed up
with Pleistocene debris.*  The Missouri Cotean and its
extensions, probably the greatest “ moraine” in the world,
and the “terminal moraine” of the great continental
glacier of some American geologists, appears to me to be
the deposit at the margin of a sea laden with vast fields
of floating ice.t

The lower Leda clay (/) seems in all respects similar
to the deposits now forming under the ice in Baffin’s
bay and the Spitzbergen sea. The upper Leda clay
represents a considerable amelioration of climate, its
fauna being so similar to that of the gulf of St. Lawrence
at present, that I have dredged in a living state nearly all
the species it contains, off the coasts on which it occurs.

* Newberry, Reports on Ohio ; Hunt, Canadian Reports ; Spencer,
Ancient Outlet of lake Erie, Ann. Phil. Society, 1881.

t Report on 49th Parallel, G. M. Dawson, Paper on Superficial
Deposits of the Plains in the Journal of London Geological Society.
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Land plants found in the beds holding these marine shells
are of species still living on the north shore of the St.
Lawrence, and show that there were in certain portions of
this period considerable land surfaces clothed with vegeta-
tion. The npper Leda clay is probably econtemporaneous
with the so-called inter-glacial deposits holding plants and
insects discovered hy Hinde on the shores of lake Ontario.*
On the Ottawa it contains land plants of modern Canadian
species, insects and feathers of birds, intermixed with
skeletons of Capelin (Mallotus) and shells living in the
gulf of St. Lawrence.

The changes of level in the course of the deposition of
the Leda clays must have been very great; fossiliferous
marine deposits of this age heing found at a height of at
least 600 feet, and sea-beaches at a much greater eleva-
tion, while at other times there must have been large
land areas and even fresh-water lakes. Littoral gravels
and sands of this period may also he undistinguishable,
except by their greater elevation, from those of the Saxi-
cava sand. 1 have described the bones of a large whale
(Megaptera longimana) from gravel north of the outlet of
lake Ontario and 420 feet above the level of the sea,
which is not improbably contemporaneous with the Leda
clay of lower levels, and much higher than deposits near
lake Ontario regarded as of lacustrine originf These

* Proceedings of Canadian Institute, 1877. Dr. Hinde in this
paper incorrectly states that the Leda clay belongs to the ‘“close of the
glacial period,” and that boulder-drift is not found above it. In
truth, as Admiral Bayfield, Sir Charles Lyell, and the writer have
shown, boulder-drift is still in progress in the gulf and river St.
Lawrence, though in a more limited area than in the pleistocene
period ; but any considerable subsidence of the land might enable it to
resume its former extension.

1t Canadian Naturalist, Vol. X., No. 7.
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changes of the relative levels of sea and land must be
taken into account in explaining the distribution of
marine clays and sands, boulder deposits, ete., which are
often regarded with reference to the present levels of the
country, or as contemporaneous deposits without regard
to their elevation, a method certain to lead to inaccurate
conclusions.

The Saxicava sand (b) indicates shallow-water condi-
tions with much driftage of boulders, and probably glaciers
on the mountains. It constitutes in many districts a
second boulder formation, and possibly implies a some-
what more severe or at least more extreme climate than
that of the upper Leda clay. Terraces along the coast
mark the successive stages of elevation of the land in and
after this period. There is also evidence of a greater
elevation of the land succeeding the time of the Saxicava
sand, and preceding the modern era.*

It is well known that very diverse theoretical views
exist among geologists as to the origin of the deposits
above referred to. The conclusions which have been
forced upon the writer by detailed studies extending over
the last forty years, are that in Canada the condition of
most extreme glaciation was one of partial submergence,
in which the valleys were occupied by a sea laden with
heavy field-ice continuing throughout the summer, while
the hills remaining above water were occupied with
glaciers, and that these conditions varied in their distri-
bution with the varying levels of the land, giving rise to
great local diversities, as well as to changes of climate.
There seems to be within the limits of Canada no good
evidence of a general covering of the land with a thick

* Supplement to Acadian Geology, 3rd edition, pp. 14, et seq.
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mantle of ice, though there must at certain periods have
been very extensive local glaciers on the Appalachians, the
Laurentian axis and the mountainous regions of the
west.*  The two latter have been named by Dr. G M.
Dawson the “ Laurentide” and “ Cordilleran " glaciers
respectively.  The former may be named the © Appala-
chian ” ¢lacier, and these three must have been the
principal sources of land ice in the height of the glacial
age, when large portions of the plains and valleys must
have been submerged. It does not, indeed, seem possible
that, under any conceivable meteorological conditions, an
area so extensive as that of Canada, if existing as a land
surface, should receive, except on its oceanic Ill:ll'.‘_,"ill\', i
sufticient amount of precipitation to produce a continental
glacier.t

In the great Cordilleran ranges of the north-west the
changes evidenced in the east occurred in an exageerated
form. The general charvacter and probable complexity
of these changes may be seen from the following provi-
sional table taken from Dy, G. M. Dawson, and the evidence
for which will he found in his memoir on the “ Physio-
graphical Geology of the Rocky Mountain Region of

Canada,” } already referred to.

* (+, M. Dawson, Reports on British Columbia, and Superficial
Geology of British Columbia, Journal Geol. Society, 1878.  Memoir
on Rocky Mountains, Trans. R. S. C., 1890,

t The term ““modified drift,” sometimes used for the upper pleis-
tocene deposits, is objectionable. The gravels and sands of the Saxicava
sand are no more ‘‘ modified ” representatives of the lower beds than a
ication of underlying

carboniferous sandstone or conglomerate is a modif
strata. The term has no proper significance, unless it could be shown
that the boulder clay is a deposit formed on land and subsequently
modified by aqueous action.

+ Trans. R. 8., Canada, 1890.

4
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SoneMe or CORRELATION oF THE DPHENOMENA OF THE (VLACIAL
Pertop 18y 1iE CorpinLeraN Redron axp rue RearoN or

rHE GREAT PLAiNs (IN ASCENDING ORDER),

( 'n/'://"/l reen /|'l 'l/;u)l_
Cordilleran zone at a high eleva-
tion. Period of most severe glaci-
ation and maximum development
of the great Cordilleran glacier,

Gradual subsidence of the Cor-
dilleran region and decay of the
great glacier, with deposition of
the boulder clay of the Interior
Plateau and the Yukon Basin, of
the lower boulder clay of the
littoral, and also at a later stage
(and with greater submergence) of
the inter-glacial silty beds of the

same region,

Re-elevation of the Cordilleran
region to a level probably as high
as or somewhat higher than the
present.  Maximum of second
period of glaciation.

Partial subsidence of the Cor-
dilleran region to a level about
2,500 feet lower than the present.
Long stage of stability, during
which the white silts were laid
down. (Glaciers of the second
period considerably reduced. Up-
per boulder clay of the coast

Region of the Great Plains,

Correlative subsidence and sub-
mergence of the great plains,
with possible contemporaneous
increased elevation of the Lauren-
tian axis and maximum develop-
ment of ice upon it.  Deposition
of the lower houlder clay of the
plains,

Correlative elevation of the
western part of the great plains,
which was probably more or less
irregular, and led to the produc-
tion of extensive lakes, in which
inter-glacial deposits, including
peat, were formed.

Correlative subsidence of the
plains, which (at least in the
western part of the region) ex-
ceeded the first subsidence and
extended submergence to the base
of the Rocky Mountains near the
forty-ninth parallel. Formation of
second boulder clay, and (at a
later stage) dispersion of large
erratics.

Correlative elevation of the
plains, or at least of their western
portion, resulting in a condition
of equilibrium as between the
plains and the Cordillera, their
relative levels becoming nearly as
at present. Probable formation
of the Missouri Coteau along a
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Cordilleran Region., Region of the Great Plains,
probably formed at this time,  shoreline during this period of
though perhaps in part during the  rest,
second maximum of glaciation,

Simultaneous elevation of the

Renewed elevation of the Cor great plains to about their pres-
dilleran region with one well ent level, with final exclusion of
marked Imulmv, during which the — Watersin connection with the sea.
littoral stood about 200 feet lower

than at present.  Glaciers much

Lake Agassiz formed and even-
tually drained toward the close of

this period.  This simultaneous

reduced and diminishing, in con-

g,
sequence of general amelioration ~ Mmovement in elevation of both

of climate toward the close of the  great arveas may probably be con-

glacial period, nected with the more general

northern elevation of land at the

close of the glacial period.

The tendency of recent observations has been to show
that the Pliocene and older subdivisions of the Tertiary
covered cach of them a much longer time than the
Pleistocene, and that the close of the latter approaches
more nearly to the modern or recent time than had
previously been supposed.  To these points we shall have
occasion to refer in the sequel.

[t may be proper here to indicate the general nomen-
clature which will be followed. When the whole geological
series is divided into Primary, Secondary and Tertiary,
the deposits to which this paper relates are usually named
Post-tertiary or Quaternary. These terms are, in my
judgment, unfortunate and misleading. If we take the
relations of fossils as our guide, then, as Pictet has well
remarked, whether we regard the land or the sea animals,
there is no decided break between the newer Pliocene
and the Pleistocene, the changes not being greater than
those between the Pliocene and the older Tertiary ages.
There is, therefore, no such thing in nature as a Quater-
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nary time distinet from the Tertiary, as the Tertiary is
distinet from the Secondary.  Where therefore the terms
Primary, Secondary and Tertiary are used, the latter
should include the whole time from the Eocene to the
Modern inclusive, unless indeed the advent of man he
considered an event of suflicient geological importance to
warrant a separation of the Modern from the Tertiary
period.  'When the terms Palicozoic, Mesozoie and Kaino-
zoic or Neozoie arve used, then the two latter terms cover
perfectly the Pleistocene as well as the Kocene, Miocene
and Pliocene. 1 would therefore include the Pleistocene
in the Neozoic or Tertiary period, and define it to be that
geological age which is included between the Pliocene
and the Modern.  From the former it is separated by the
advent of the cold or glacial®* period, and the accompany-
ing subsidence of the land, as well as by the disappearance
of many species of animals and plants.  From the latter
it is separated by the extinction of many mammalian
forms, and by the introduction of man, and of the present
levels and elimatal conditions of the continents.
LATER KAINOZOIC OR TERTIARY PERIOD,
(In Ascending Order.)

NEWER PrLiocENE—A continental period of long duration,
in which the land was more elevated than at present,
and very extensive erosion of deep river valleys
oceurred.

PLEISTOCENE.—Covering three sub-divisions :(—

(a) Early Pleistocene: Irregular elevation and depres-
sion of the continents, with cold climate and
great local glaciers.

* T use the term ‘‘glacial™ in this paper in its general sense, as
including the action of floating ice as well as of land ice.
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(b) Mid-Pleistocene : Submergence of coasts and re-
elevation of interior plateaus with  milder
climate, —Inter-glacial period.

(¢) Later Pleistocene : Submergence of plains, and
ceneral dce  drift, with  loeal  glaciers in
mountains,

Earty Mobery or Post-Gracian—Second  continental
period, in which the land regains almost all the
extension of the Pliocene time.  Age of the Mammoth
and Mastodon and of Palicocosmic man.—Post-glacial
IFauna,

MoDERN ok RECENT.—Submergence of short  duration,
terminating the age of Palicocosimic man.,  Re-eleva-
tion of continents to present levels,  Modern races
of men and Modern Fauna.

Let us now consider the several members of the Pleis-
tocene more in detail, especially in those regions in which
they have been studied hy the author.

GENERAL DESCRIPTION OF PLEISTOCENE DEPOSITS.
VLo—"The Lower Boulder-Clay.

Throuchout a great part of Canada there is over all
the lower levels a true “Till,” consisting of hard gray
clay, filled with stones and thickly packed with boulders.
In many places, however, the clay becomes sandy, and in
some portions of the upper carboniferous and triassic
areas, the paste is an incoherent sand.  The mass is usually
destitute of any stratification or subordinate lamination ;
but sometimes in thick beds horizontal lines of different
texture or colour can be perceived, and occasionally the
clay intervening between the stones becomes laminated,
or at least shows such a structure when disintegrated by
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frost. - The bhoulder-clay usually vests divectly on strinted
rock-surfuces: but I have observed in Cape Breton o
peaty or rown coal depe 1, ith branches of coniferous
trees, which underlies it, o in other places there are
deposits of rolled gravel under the boulder-clay. At the
Glen  brick-work, near Montreal, a peculiar modified
boulder-clay ocenrs, consisting of very irregularly bedded
sand and gravel, with many large boulders, and only thin
layers of clay.

The stones of the boulder-clay are often seratched, and
ground into those peculinr wedge-shapes so characteristic
of ice-worked stones.  Very abundant examples of this
oceur at Montreal and in its vieinity.

At Isle Verte, Rivitre du Loup, Murray Bay, Quebec,
St. Nicholas, Little Metis, ete., the boulder-clay is fos-
siliferous, containing especially Leda glacialis, and often
having boulders and large stones coverved with Balanus
Hameri and with Bryozoa, evidencing that they have for
some time quietly reposed in the sea hottom before being
buried in the clay.  This is indeed the usnal condition of
the boulder-clay in the lower part of the St. Lawrence
river.*  Further up, in the vicinity of Montreal, it has
not heen observed to contain fossils, but it presents
equally unequivocal evidence of sub-aqueous origin in the
low state of oxidation of the iron in the blue clay, which
becomes brown when exposed to the weather, and in the
brightness of the iron pyrites contained in some of the
glaciated stones, as well as in the presence of rounded and

* Upham admits (Proc. Brit. Nlt. Soy., 1888) that sea shells exist
in the boulder-clay of Massachusetts; but his explanation that they
have been pushed up by glaciers is quite inadmissible, more especially
as they are not of more boreal types than those of Massachusetts bay
at present,
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alaciated Tumps of Utica shale and other soft vocks, which
hecome disintegrated at onee when exposed to weathering.

The true houlder-clay is in all ordinary cases the oldest
member of the Pleistocene deposits, and it is not possible
to divide it into distinet  boulder-clays  of different
ages, superimposed on one another. Tt may he observed,
however, that in so far as the boulder-clay is a marine
deposit, that which occurs at lower levels is in all pro-
bability newer than that which oceurs at higher levels,
[t is also to be observed that boulders with layers of
stones oceasionally ocenr in the Leda elay @ and that the
superficial sands and gravels sometimes contain large
boulders, and even constitute an upper or newer boulder
formation; but these appearances are not usually sufli-
ciently fmportant to cause any experienced observer to
mistake such overlying deposits for the lower houlder-clay.
They belong to the second or newer part of the period.

In some localities the stones in the houlder-clay arve
almost exelusively those of the neighbouring rock forma-
tions, and this is especially the case at the base of eliffs or
prominent outerops, whence a large quantity of material
would be ecasily derived. In other cases, though less
frequently, material travelled from a distance largely
predominates.  Throughout the valley of the Lower St.
Lawrence, the gneiss and other hard metamorphic rocks
of the Laurentian hills to the north-east are very
abundant, and in boulders of laree size and much rounded.
Occasional instances also oceur where large boulders have
been transported to the northwards: but these are com-
paratively rare, except in the second or upper drift. I
have mentioned some examples of this in “Acadian
Geology,” p. 61. Similar instances are rientioned in the
“Geology of Canada,” p. 893,
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Though the boulder-clay often presents a somewhat
widely extended and uniform sheet, yet it may be stated
to fill up all small valleys and depressions, to be confined
chiefly to the lower grounds, and to be thin or absent on
ridges and rising grounds.  The houlders which it contains
are also by no means uniformly dispersed.  Where it is
cut through by rvivers, or denuded by the action of the
sea, ridges of houlders often appear to be included in it
Those on the Ottawa referred to in the “Geology of
Canada,” p. 8935, are very good illustrations, and I have
observed the same fact on the Lower St. Lawrence and on
the coast of Nova Scotia. 1t is also observable that these
lines and aroups of  boulders are often not of local
material, hut of rocks from distant localities, and that a
number of the same  kind seem often to have been
1l<'l>u>il<'«l !uj_"(‘l]n'l‘ in one aroup.

Loose boulders are often found upon the surface, and
sometimes in great nwmbers,  In some instances these
may represent beds of houlder-clay removed by denuda-
tion. In other cases they may have been derived from
the overlying members of the formation, or may have
been deposited on the surface in the later Pleistocene
subsidence, without any covering of clay or gravel.  In
“Acadian Geology,” p. 64, I have illustrated the manner
in which large stones, sometimes eight feet or morve in
diameter, are moved by the coast ice and sometimes
deposited on the surface of soft mud, and T have had
occasion to verify the observations of the same kind made
by Admiral Bayfield, and quoted by Sir C. Lyell in the
¢ Principles of Geology.”  Lastly, on certain high grounds
there are I:l]‘g'(‘ loose boulders, which have ]bl‘n]l:(lll)’ been
moved to their present positions by means of land ice or

claciers.
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The boulder-clay locally presents, as above stated, indi-
cations of successive layvers, and it occasionally contains
surfaces on which lie laree houlders striated and polished
on the upper surface, in the manner of the pavements of
boulders deseribed by Miller, as oceurring in the Till of
Scotland.  These appearances are, however, rare, and few
opportunities occur for observing them.

A very general and important appearance is the polish-
ing and striation of the underlying rocks usually to be
observed under the houlder-clay, and which is undoubtedly
of the same character with that observed under Alpine
olaciers.  This continental striation or grooving is obvi-
ously the effect of the action of ice, and its direction
marks the course in which the abrading agent travelled.
This direction has heen ascertained by the Canadian and
United States surveys, and by local observers, over a
large part of America, and it presents some broad features
well deserving attention. A valuable table of the diree-
tion of this striation is given in the “ Geology of Canada,”
which I may take as a basis for my remarks, adding to it
a few local observations of my own.*  The table embraces
one hundred and forty-five observations, extending along
the valleys of the St. Lawrence and the Ottawa and the
borders of the great lakes. In all of these the direction
is south, with an inclination to the west and east, or to
state the case more precisely, there are two sets of striae,
a south-west set and a south-cast set. In the table
eighty-four are westward of south and fifty-cight arve
ecastward of south, three being due south. It further

“ See also, for the western districts, Whittlesey's Memoir in the
Smithsonian Contributions, and Newberry's Report on Ohio ; Papers
by Dr. . M. Dawson on the Plains of N.W. Canada in Journal of
Geol. Soy. of London and Trans. R.S. Canada.
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appears, when we mark the localities on the map, thav in
the valley of the St. Lawrence and the rising grounds
bounding it, the prevailing course is south-west, and this
is also the prevalent direction in western New York, and
behind the great Laurentide chain on the north side of
lake Huron. Crossing this striation nearly at right
angles, is a second set, which ocecurs in the neck of land
between Georgian bay and lake Ontario, in the valley of
the Ottawa and in the hilly districts of the Eastern
'l'U\\‘nNhill.\‘ of the ]n'u\'ilu‘(' of Quebee, where it is con-
nected with a similar striation which is prevalent in the
valleys of lake Champlain and the Connecticut river and
elsewhere in New England.  In New England this
striation is said to have been observed on hills 4,806 feet
high, as for example on Mansfield mountain, where,
according to Hitcheock, there arve striae heaving S. 307 E.
at an elevation of 4,848 feet.  In Nova Scotia and New
Brunswick, as in New England, the prevailing divection
is south-castward, though there are also south-west and
south striation, and a few cases where the dirvection is
nearly east and west.  Recent observations lead to the
belief that in eastern Canada the south-west and north-
east striation is general on the lower grounds. The
south-east and north-west striation helongs more to the
higher grounds, and in some cases represents ice-How in
two directions, to the north-west and south-cast of the
ridges of high land.

It is obvious that such striation must have resulted
from the action of a solid mass or masses of ice bearing
for a long time on the surface, and abrading it by means
of stones and sand. It is further obvious that the
different sets of striation could scarcely have been pro-
duced at the same time in any one locality, especially
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when, as is not infrequent, we have two sets nearly at
richt angles to each other, in the same locality.  Hence it
becomes an important question to ascertain the relative
ages of the striation, and also the direction in which the
abrading force moved.

Taking the valley of the St. Lawrence in the first
instance, the crag-and-tail forms of the isolated hills of
trap, like the Montreal mountain, with abrupt escarp-
ments to the north-east and slopes of debris to the south-
west, the quantity of boulders carried from them far to
the south-west, and the prevailing striation in the same
direction, all point to a general movement of detritus up
the St. Lawrence valley to the south-west. Further, in
some cases the striae themselves show the direction of the
abrading force.  For example, in a fine exposure recently
made at the Mile-end quarries, near Montreal, the polished
and grooved surface of the limestone shows four sets of
striae. The principal ones have the direetion of S. 68° W.
and S. 607 W. respectively, and the second of these sets
is the stronger and coarser, and sometimes obliterates the
first. The two other sets are comparatively few and
feeble striae, one set running nearly N. and 8., and the
other N.W. and S.E. These last are probably newer than
the two first sets. Now, with regard to the direction of
the principal sets of striae, this at the locality in question
was rendered very manifest by the occurrence of certain
trap dykes crossing the limestone at right angles to the
strine. The force, whatever it was, had impinged on these
dykes from the N.E., and their S.W. side had protected
the softer limestone. The locality is to the N.E. of the
mass of trap constituting the Montreal mountain, and the
movement must have been up the St. Lawrence valley
from the N.E., and toward the mountain, but at this
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particular place the striae point west of its mass.  This, 1
have no hesitatio: in saying, is the dominant direction in
the St. Lawrence valley, and it certainly points to the
action of the arctic current passing up the valley in a
period of submergence.  Further, it is the houlder-clay
connected with this S)W. striation that has hitherto
proved most rich in marine shells,

If, however, we pass from the St. Lawrence valley up
the valleys which open into it from the north, as for
example the gorge of the Saguenay, the Murray Bay river,
or the Ottawa river, we at once find a striation nearly at
right angles to the former, or pointing to the south-east.

At the mouth of the Saguenay, near Moulin Bode, are
strine and grooves on a magnificent scale, some of the
latter being ten feet wide and four feet deep, cut into
hard g¢neiss.  Their course is N. 107 W, to N. 20° W.
magnetic, or N. 307 to 407 W, when referred to the true
meridian.  In the same region, on hills 300 feet high, are
roches moutonnees with their smoothest faces pointing in
the same direction, or to the north-west.  This direction
is that of the valley or gorge of the Saguenay, which
enters nearly at right angles the valley of the St
Lawrence. At the mouth of the Saguenay the Lark
Shoals constitute a mass of debris and boulders, both

inside and outside of which is very deep water; and many -

of the fragments of stone on these shoals must have been
carried down the Saguenay more than fifty miles.

In like manner at Murray bay there are striae on the
Silurian limestones near Point au Pique, which run about
N. 45° W, but these are crossed by another set having a
course N. 307 W., so that we have here two sets of
markings, the one pointing upwards along the deep valley
of Murray Bay river to the Laurentide hills inland, the
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other following the general trend of the St. Lawrence
valley. The boulder-clay which rests on these striated
surfaces is a  dark-coloured till, full of Laurentian
boulders, and holding Zeda glacialis, and also Bryozoa
clinging to some of the boulders, In ascending the
Murray Bay river, we find these boulder-heds surmounted
by very thick stratified clays, with marine shells, which
extend upward to an elevation of about 800 feet, when
they give place to loose boulders and unstratified drift.
About this elevation, the laminated clays meet a ridge of
drift like a moraine, crossing the valley, which forms the
barrier of a small lake, Petite Lac, and a second similar
barrier separates this from Grand Lac. If the valley of
Murray Bay river was occupied with a glacier descending
from the Laurentian hills inland, which are probably here
3,000 to 4,000 feet high, this glacier or large detached
masses pushed from its foot, must have at one time
extended quite to the border of the St. Lawrence, and at
another must have terminated at the borders of the two
lakes above mentioned.

On a still larger scale the N.W. and SE. striation
appears in the valley of the Ottawa, and farther west
between the head of lake Ontario and lake Huron, in the
valleys descending from the Laurentian plateau. Here it
may be ascribed in part to general ice-laden currents
from the north-west, and in part to portions of the great
Laurentide glacier.

A most important observation bearing on this subject
appears in the Report of Mr. R Bell, in the region of
lake Nipigon, north of lake Superior. He observed there
the prevailing south-west striation, but with a more
westerly trend than usual.  Crossing this, however, there
was a southerly and S.E. set of striae which were observed
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to be older than the south-west striae. In some other
parts of Canada thesc¢ striae seem to he newer than the
others, but there would be nothing improbable in their
occurring both at the beginning and end of the boulder-
(‘lil'\' ]wl'iml.

In summing up this subjeet, I think it may be aftirmed
that when the striation and transfer of materials have
obviously been from N.E. to S.W., in the direction of the
arctic current, and more especially when marine remains
occur in the drift, we may infer that floating ice and
marine currents have been the efticient agents. Where
the striation has a local character, depending upon exist-
ing mountaing and valleys, we may on the other hand
infer the action of land ice. For many minor effects of
striation, and of heaping up of moraine-like ridges, we
may refer to the presence of lake or coast ice as the land
was rising or subsiding. This we now see producing such
effects, and I think it has not been sufliciently taken into
the account.

As to the St. Lawrence valley, it is evident that its
condition during the deposit of the boulder-clay must
have been that of a part of a wide sound or inland sea
extending across the continent, and that local glaciers
may have descended into it from the high lands on the
north, and on the south which may have been relatively
higher than at present. During this state of the valley

Fig. 1.—Travelled Boulder on Glaciated Rock. (After Dr, G. M. Dawson.)
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great quantities of houlders were hrought down into it,
especially from the Laurventide hills, and were drifted
along the valley, principally to the south-west.  Extensive
erosion also took place by the combined action of frost,
rain, melting snows, and the arvetic current and the waves,
and thus was furnished the finer material of the boulder-
clay.  On the south shore of the St. Lawrence, the Notre
Dame mountaing, stretching out towards cape Gaspé,
afford indications of local ¢laciation, and Mr, R. Chalmers
has shown that the movement of ice from this elevated
region has heen both south toward the baie des Chaleurs,
and north toward the St. Lawrence®* 1 have myself
seen ample evidence in large travelled houlders of Silurian
limestone on the south shore of the St. Lawrence, of drift
from the hills on the south intermixed with that from the
Laurentians on the north.  Similar facts have been
observed by Ells and Low in the hills of the Eastern
Townships of the province of Quebec.

It is further to be observed that oscillations of land
must be taken into account in explaining these phenomena.
Elevations increasing the height and avea of land might
increase the space occupied by snow and land ice.
Depressions, on the other hand, would bring larger areas
under the influence of water-borne ice and marine
deposits, and these might take place either in a shallow
sea loaded with field and coast ice, or in deeper water in
which large icebergs might float or ground. The effects
would be the greater if, as Dr. (i. M. Dawson has shown
in the case of the Cordilleran chain, there was unequal
elevation causing contemporaneous depression of the

* On the Glaciation and Pleistocene subsidence of northern New
Brunswick and south-eastern Quebec. Trans. R.S.C., 1886.
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plains and elevation of mountains.  There is reason to
believe that such alternations were not infrequent in the
Pleistocene, and that their occurrence will explain many
of the complexities of these deposits,

If we adopt for the more general deposits the hypothesis
of floating ice, we must be prepared to consider in con-
nection with this subject a subsidence so great as to place
at one period all bhut the hichest parts of the Laurentides
and  Appalachians under water.  In this case o vast
volume of arctic ice and water would pour over the
country of the great lakes to the S.W., while any obstruc-
tion occurring to the sonth would throw lateral currents
over the Appalachians to the eastward.

It is evident from the descriptions of Smith, Geikie,
Jameson, Crosskey, and others, that the boulder-clay
of Scotland and  Scandinavia corresponds precisely in
character with that of Canada, and there, as in America,
the theory of a continental glacier has been resorted to
for its explanation.  The objections to this hypothesis are
very ably stated by My, Milne Home in a paper on the
“Boulder-clay of  Europe,” in the Transactions of the
Royal Society of Edinburgh, 1869

To this period and these causes must also be assigned
the excavation of the basins of the great American lakes,
These have been cut out of the softer members of the
Silurian and Devonian Formations: but the mode of this
excavation has been regarded as very mysterious : and,
like other mysteries, has been referred to glaciers,  Its
real cause was obviously river and atmospheric erosion in
the Pliocene perviod, supplemented by the flowing of cold
ocean currents over the American land during its sub-
mergence.*  The lake-hasins are thus of the same nature

* See Chapter 111,
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with the deep hollows extending outward from the river
mouths of  the American coasts under the ocean, or
perhaps they ave like those intervening hetween the banks
cast up by the aretic currents on the present American
coast, and like those deep channels of the aretie current
in the Atlantic recently explored by Dr. Carpenter,
Their arvangements  geographically, as well as  their
geological relations, corvespond with such views,

The former consideration with regard to the great lakes
deserves especial notice.  Drs. Hunt, Newberry, and
Spencer have collected many facts to show that the lake
basing are conmected with one another and with the sea
by deep channels now filled up with dvift-deposits, It is
therefore certain that much of the erosion of these hasins
may have occurred before the advent of the glacial period,
in the Pliocene age, when the American continent was at
a higher level than at present.  Dr. Newberry has given
in the Report in the Geology of Ohio, a large collection
of facts ascertained by horing or otherwise, which go far
to show that were the old channels cleared of drift and
the continent slightly elevated, the great lakes would e
drained into each other and into the ocean by the valleys
of the Hudson and the Mississippi, without any rock
cutting, and if the barrier of the Thousand Islands were
then somewhat hicher, the St. Lawrence valley might
have been cut off from the basin of the great lakes.
Spencer has, however, shown, on the evidence of differen-
tial elevation, that a portien at least of the drainage of
the Pliocene lake country may have found its way down
the present course of the St. Lawrence valley.

The latter cause, namely, the possible eroding action of
ocean currents, is one more difficult to estimate, yet

J
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should not he ]I"f,['ll‘!’(l“l Il'\' j_{“Hl'lj_"i\l\. I thus veferred to
it in 186G4.%

“Ouwr American lake-basinsg ave cut ount deeply in the
softer strata.  Running water on the land could not have
done this under the present  geographical conditions,
though it could effect iv with a higher level and better
drainage: nor could the rvesult bhe effected by ocean
hreakers, though the levelling power of these is enormous,
Glaciers could not have effected it: for even if the
climatal conditions for these were admitted, there is no
heicht of land to eive them momentum.  DBat if we
Suppose the Tand >|l|n||1'|‘j_"n'1l so that the aretic corrent,
flowing from the north-cast, should pour over the Laur-
entian rocks on the novth side of lake Superior and lake
Huron, it would necessarvily cut out of the softer Silurian
strata just such basins, drifting their materials to the
south-west. At the same time, the lower strata of the
current would be powerfully determined  through  the
strait between the Adivondace and Laurentide hills, and
running over the ridee of hard rock which conneets them
at the Thousand Islands, would cut out the long basin of
lake Ontario, heaping up at the same time in the lee of
the Laurentian ridee, the great mass of boulder-clay
which intervenes between lake Ontario and  Georgian
bay. Lake Erie may have been cut by the flow of the
upper layers of water over the Middle Silurian escarp-
ment; and lake Michigan, though less closely connected
with the direction of the current, is, Iike the others, due
to the action of a continuous eroding force on rocks of
unequal hardness.

* Presidential Address to Nat. Hist. Soc. of Montreal, Canadian
Naturalist, 1864.
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“The predominant south-west striation, and the cutting
of the upper lakes, demand an outlet to the west for the
arctic current,  But both during depression and elevation
of the Tand, there must have been a time when this outlet
was obstructed, and when the lower levels of New \'HII\',
New England, and Canada were still under water,  Then
the valley of the Ottawa, that of the Mohawk, and the
low country between lakes Ontavio and Huron, and the
valleys of lake Champlain and the Connecticut, would he
straits or arms of the sea, and the current, obstructed in
its direct flow, would set principally along these, and act
on the rocks in north and south, and north-west and
south-cast dirvections.  To this portion of the process we
may attribute wuch of the novth-west and  south-cast
striation, Tt is true that this view does not account for
the south-cast striae observed on some hich peaks in New
England : but it must be observed that even at the time
of greatest depression, the avetic current would cling to
the northern land, or be thrown so vapidly to the west
that its direct action micht not reach such summits.
There were also extensive local glaciers in these moun-
tains, whose work must be sepavated from that of the
sea-drift.

“I conclude these remarks with a mere reference to
the alleged prevalence of lake-basing and fiords in hich
northern latitudes, as connected with glacial action.  In
reasoning on this, it scems to he overlooked that the pre-
valence of disturbed and metamorphic rocks over wide
areas in the north is one element in the matter, and that
in the Pliocene age the greater elevation of the land must
have caused deeper fluviatile erosion.  Further, the fiords
on coasts, like the deep lateral valleys of mountains, are

]

often evidences of the action of the waves rather than of
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Do

that of ice. I am sure that this is the case with many of

the indentations of the coast of Nova Scotia, which are
cut into the softer and more shattered bands of rock,
and show, in raised beaches and gravel rvidges like those
of the present coast, the levels of the sea at the time of
their formation.”

To the period of the boulder-clay we may rvefer those
ridges and pavements of houlders imbedded in this clay
or continuous with it, and which testify to the carrying
and packing power of ice.  We shall find, however, that
such moraine-like ridges are not confined to this period,
but oceur along the sea-margins ol the Later Pleistocene,
and are even at this day in process of formation on a
considerable scale along the borders of the St. Lawrence,

2—"The Leda Clay.

This depesit constitutes the subsoil over a large portion
of the great plain of Lower Canada, varying in thickness
from a few feet to 50 or perhaps even 100 feet, and
usually resting on the boulder-clay, into which it some-
times appears to graduate, the material of the Leda celay
being of the same nature with the finer portion of the
paste of the boulder-clay. Its name is derived from the
presence in it of shells of Leda glacialis, often to the
exclusion of other fossils, and usually in a perfect state,
with both valves united.

The typical Leda clay in its recent state is usually gray
in colour, unctuous, and slightly caleareous. Some beds,
however, are of a reddish hue; and in thick sections
recently cut, it can be seen to present layers of different
shades and occasional thin sandy bands, as well as layers
studded with small stones. It sometimes holds haxd
caleareous concretions, which, as at Green’s creek on the
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Ottawa, are occasionally richly fossiliferous, but more
usnally ave destitute of fossil remains,  When dried, the
Leda clay becomes of stony harvdness, and when burned,
it assumes a brick-red colour,  When dried and levigated,
it nearly always affords some foraminifera and shells of
ostracoids ; and in this, as well as in its colonr and
texture, ” "l“‘\"]'\' l"'\l'llll’l("‘ Ihl‘ I'l”" |||||‘l HOW 11 |'I'|"'1'-\“\' 1'1.
deposition in the deeper parts of the gulf of St. Lawrence,

The lamination of the Leda elay and its included sand
layers, show that it was deposited at intervals, hetween
which intervened spaces when currvents carvied small
quantities of sand over the surface.  In these intervals
shells as well as sand were washed over the bottom, while
ordinarily Leda, Nucula and Astarte burrowed in the clay
itself.  The layers and patches of stones [ attribute to
deposit from floating ice, and to the same cause must he
attributed the large Laurentian boulders, occasionally
though ravely seen imbedded in the clay.

The material of the Leda clay has been derived mainly
from the waste of the lower Silurian shales of the Quebec
and Utica groups, which oceupy a great space in the basin
of the gulf and river St. Lawrence.  The driftage of this
material has been to the south-west, and in that direction
it becomes thinner and finer in texture. The supply of
this mud, under the action of the waves, of streams, of
the arctic currents and tidal currents, and floating ice,
must have been constant, as it now is in the gultf and
river St. Lawrence. It would be increased by the melting
of the snows in spring and by any oscillations of level,
and it is probably in these ways that we should account
for the alternations of layers in the deposit.

The modern deposit in the gulf of St. Lawrence, the
chemical characters and coloration of which I explained
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many years ago* shows us that the Leda clay, when in
suspension, was probably reddish or brown mud  tinted
with peroxide of ivon, like that which we now see in the
lower St. Lawrence: but like the modern mud, so soon as
deposited in the bottom, the ferruginous colouring matter
would, in ordinary cireumstances, be deoxidised hy organic
substances, and reduced to the condition of sulphide or
carbonate of the protoxide.  This colour, owing to its
impermeability, it still retains when elevated out of the
sea: but when heated in presence of air, or exposed for
some time at the surface, it becomes red or brown.  The
occasional layers of reddish Leda clay indicate places or
times when the supply of organic matter was insufticient
to deoxidise the iron present in the mass.

The greater part of the Leda clay was probably
deposited in water from twenty to one hundred fathoms
in depth, corresponding to the ordinary depths of the
present gulf of St. Lawrence; and as we shall find, this
view is confirmed by the prevalent fossils contained in it,
more especially the Foraminifera.  The most abundant
of these in the Leda clay is Polystomella striatopunctata
var. aretica, which is now most abundant at about twenty-
five or thirty fathoms.  Since, however, the shallow-water
marine Post-pliocene beds extend upwards in some places
to a height of six hundred feet on the hills on the north
side of the St. Lawrence, it is probable that deposits of
Leda clay contemporancous with these high-level marine
beds were formed in the lower parts of the plain at depths
exceeding one hundred fathoms.

The western limits of the Leda clay appear to occur
where the Laurentian ridge of the Thousand Islands

* Journal of Geological Society of Lonaon, Vol. V., pp. 25 to 30.
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crosses the St Lawrence, and where the same ancient
rocks cross the Ottawa: and in general the Leda clay
may be said to be limited to the lower Silurian plain, and
not to mount up the Laurentian and metamorphic hills
bounding it.  Since, however, the level of the water, as
indicated by the terraces in Lower Canada, and by the
probable depth at which the Leda clay was deposited,
would carry the sea level far beyond the limits above
indicated, and even to the base of the Niagara escarp-
ment, we must suppose, either—(1) that the supply of
this sediment failed toward the west:; or (2) that the
mud has heen removed by denudation or worked over
again by the fresh waters so as to lose its marine fossils:
or (3) that the relative levels of the western or eastern
parts of Canada were different from those at present: or
(4) that the water may have been freshened and rendered
cold by the influx of melting snow and ice into a landlocked
water area or oue with a narrow opening.  As already
stated, there arve indications that the first may be an
element in the cause.  The second is no doubt true of the
clays which lie in the immediate vicinity of the lake
basins.  Dr. Spencer has detailed many observations in
favour of the third, more especially in the later glacial
and Post-glacial periods.

I believe, however, that much more rigorous investiga-
tions of the clays of western Canada are required before
we can certainly affirm that none of them hold marine
fossils.*

Whittlesey has deseribed the western drift deposits in
the Smithsonion Contributions, Vol. XV, and according

* It is to be observed that even near the coast the greater part of
the thickness of the Leda clay is often unfossiliferous.
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to him the boulder-drift is there the upper member of

the series. More recently Prof. Newberry has given a
summary of the facts in his Report of the Geological
Survey of Ohio for 1869, From these sources I condense
the following statements:

The lowest member of the western drift, corresponding
to the Krie clays of the Canadian Report, is very widely
distributed, and fills up the old hollows of the country, in
some cases being two hnndred feet or more in thickness.
Toward the north these eliys contain boulders and stones,
but do not constitute a true boulder-clay.  They rest,
however, on the glaciated rock surfaces.  They have
afforded no fossils except drifted vegetable remains, which
appear to occur in an “interglacial 7 or forest bed hetween
lower and upper boulder-deposits.

Above these clays arve sands of variable thickness,
They contain beds of gravel, and near the surface teeth
of elephants have been found.  On the surface arve scat-
tered boulders and blocks of northern orvicin, often of
great size, and in some cases transported two hundred
miles from their original places.  More recent than all
these deposits are the © Lake Ridges,” marking a former
extension of the great lakes.

I Delieve the Leda clays throughout Canada to consti-
tute in the main one contemporancous formation.  Of
course, however, it must be admitted that the deposit at
the higher levels may have ceased and heen laid dry
while it was still going on at lower levels neaver the sea,
just as a similar deposit still continues in the gulf of St.
Lawrence. On the whole, then, while we regard this as
one bed, stratigraphically, we may be prepared to find
that in the lower levels the upper layers of it may be
somewhat more modern than those portions of the
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deposit occurring on higher ground and farther from the
sea.

Where the Leda clay rests ¢n marine boulder-clay, the
change of the deposits implies a diminution of ice-
transport relatively to deposition of fine sediment from
water; and with this, more favourable circumstances for
marine animals.  This may have arisen from geographical
changes diminishing the supply of ice from local glaciers,
or obstructing the access of heavy icebergs from the
arctic regions. At the present time, for example, the
action of the heaviest bergs is limited to the outer coasts
of Labrador and Newfoundland, and a deposit resembling
the Leda clay is forming in the gulf of St. Lawrence:
but a subsidence which would determine the arctic
current and the trains of heavy bergs into the gulf,
would bring with it the conditions for the formation of a
houlder-clay, more especially if there were glaciers on the
Laurentide hills to the north.  Where the Leda clay rests
on boulder-clay which may be supposed to be of terres-
trial origin, subsidence is of course implied; and it is
interesting to observe that the conditions thus required
are the reverse of eich other. In other words, elevation
of land or sea bottont might be required to enable Leda
clay to take the place of marine boulder-clay, but depres-
sion of the land would be necessary to enable Leda clay
to replace the moraine of a glacier. I cannot say, how-
ever, that I know any case in Canada where I can
certainly aftirm that this last change has occurred :
though on the north shore of the St. Lawrence there are
cases in which the Leda clay rests directly on striated
surfaces which might be attributed to glaciers; just as in
the west the Erie clay occupies this position.

Deposits referable to the shores of the Leda clay sea,




58 THE

ICE AGE IN CANADA,

and the estuaries opening into it from the portions of the
land still above water are not uncommon.  Of this nature
are the beds at Pakenham, examined by the late Sheriff
Dickson, and which, as I was informed by
arranced as follows :

him, are

Feet. Inches.

Sand and surface soil. ... ... ... .. about 10 0

O e oratders i R A KRy 10 0
Fine gray sand (shells of 'alrata, &e.).... 0 2
e Yy e A A o 1 0
Gray sand, laminated (7'e/lina Greenlandica) 0 3
(e e ey O TRt S s R o e 0 S

Light gray sand (Valvata, Cyelas, Paludina,
Planorbis and Tellina)

................ 0 10

IR S h e o Vet W WElup el 1 2
Brown sand and layers of clay (Planorbis

AN QYOI ot 5 s i sty e e l) 4

The fresh water species arve peculiar to this locality,
and the only marine shell is 7¢/lina Granlandica,a species
now found farther up in our estuaries than most others.

Mr. Dickson informs me that a similar case oceurs near
Clarenceville, about four miles from the United States
frontier, and at an elevation of about ten feet above lake
Champlain. ~ Specimens from this place contain large
shells of Unio rectus and U ventricosus, the latter with the
valves cohering, and a ZLymnea. Intimately mixed with
these in sandy clay ave valves of Zellina Granlandica and
Mya arenaria.

I record these facts, without pledging myself to the
conelusion that these deposits really mark the margins or
river estuaries of the old Pleistocene of Canada, though
they will certainly bear that interpretation. In farther
counection with these facts, and in relation also to the
question why marine fossils have not heen found west of
Kingston, Mr. Dickson informs me that fossil capelin are
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found on the Chaudicre lake, 183 feet above lake St
Peters, on the Madawaska 206 feet, and at Fort Coulonge
lake 265 feet above the same level, a very interesting
indication of the gradual recession of the capelin spawn-
ing grounds from this last high elevation to the level of
the more celebrated locality of these fossils at Green’s
creek.  Farther, throuchout the counties of Renfrew,
Lanark, Carleton and Leeds, the marine deposits rise to an
elevation of 425 feet, or nearly the same with one of the
terraces on Montreal mountain: but while this eleva-
tion would, with the present levels of the country, carry
a deep sea to the head of lake Ontario, no marine fossils
appear to have been fonnd on the banks of that lake.
Was the depression of the later Pleistocene period limited
to the country east of lake Ontario, or have the marine
deposits of the upper St. Lawrence hitherto escaped
observation or been removed by denuding agencies 7 The
question awaits further explanations for a satisfactory

answer.
3 —The Saxicara Sand, and l'/:/u » Boulder /lz//ux[/,

When this deposit rests upon the Leda clay, as is not
unfrequently the case, the contact may be of either of two
kinds. In some instances the surface of the clay has
experienced much denudation, being cut into deep
trenches, and the sand rests abruptly upon it. In other
cases there is a transition from one deposit to the other,
the clay becoming sandy and gradually passing upwards
into pure sand or fine gravel. In this last case the lower
part of the sand at its junction with the clay is often
very rich in fossils, showing that after the deposition of
the clay a time of quiescence supervened with favourable
conditions for the existence of marine animals, before the
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sand was deposited. It is usually, indeed, in this position
that the greater part of the shells of our Post-pliocene
beds ocenr; the Saxicava sand being generally somewhat
barren, or containing only a few shallow-water shecies,
while the Leda clay is usually also somewhat scantily
supplied with shells, except toward its upper layers.
Hence it is somewhat difficult to refer a large part of the
shells to either deposit. T have, however, usually
regarded the richly fossiliferous deposit as belonging to
the Leda clay: and where, as sometimes happens, the
clay itself is absent and merely a thin layer rich in
fossils separates the Saxicava sand from the houlder-clay,
[ have regarded this layer as the representative of the
Leda clay. Where, on the other hand, the Leda clay is
thick and well developed, it admits of sub-division into a
lower Leda clay, unfossiliferous or with only shells of Zeda
glacialis and Macoma Granlandica, and an wpper Leda
clay, usually more sandy and holding a rich boreal fauna
identical with that of the northern part of the gulf and
river St. Lawrence at present.

The Saxicava sand, in typical localities, consists of
yellow or brownish quartzose sand, derived probably from
the waste of the Potsdam sandstone and Laurentian
gneiss, and stratified. It often contains layers of gravel,
and sometimes is represented altogether by coarse gravels,
[t is somewhat irregular in its distribution, forming banks
and mounds, partly no doubt in consequence of original
irregularities of deposit, and partly from subsequent
denudation. In some outlying localities it is liable to be
confounded with the modern river sands and gravels.
Large travelled boulders often oceur in it; but it ravely
contains glaciated stones, the stones and pebbles seen in
it being usually well rounded.
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From the nature of the Saxicava sand, it is obvious
that it is for the most part a shallow-water deposit,
belonging to the period of emergence of the land; and it
must have been originally a marginal and bank deposit,
depending much for its distribution on the movement of
tides and currents.  In some instances, as at Cote des
Neiges, near Montreal, and on the terraces on the lower
St. Lawrence, it is obviously merely a shore sand and
gravel, like that of the modern beach. Ridges of Saxi-
cava sand and gravel have often been mistaken for
moraines of glaciers; but they can generally be distin-
guished by their stratified charvacter and the occasional
presence of animal remains, as well as by the water-worn
rather than glaciated appearance of their stones and
pebbles.  In this connection, however, it must be observed
that it is not possible to distinguish the high-level beaches
and deposits of superficial travelled boulders from the
Saxicava sand.  In other words, while the Swricara sands
and gravels meay be shallow-water deposits, they nust, when
at high levels, have been: formed on the margins of deep seas.
This i§ a most important fact in connection with the
upper or later houlder deposit.

The Saxicava sand sometimes rests on the Leda elay or
boulder-clay, and sometimes directly on the roek, and the
latter is often striated below this deposit: but in this
case there is generally reason to believe that boulder-clay
has been removed by denudation.  Itis to be observed, how-
ever, that the typical Saxicava sand and the upper or newer
boulder-drift belong to the same period of submergence.

4—Terrvaces and Inland Sea Cliffs, and Kaims.

These are closely connected with the deposits last
mentioned, inasmuch as they have been formed by the
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same recession of the sea which
produced the Saxicava sand. At
Mountreal, where the isolated mass
of trap tlanked with lower Silurian
beds, constituting Mount  Royal,
forms a great tide-gauge for the
recession of  the ]’usl—]»linw-ll(' seq,
there ave four principal sea margins,
with several others less distinetly
marked.  The lowest of these, at a
level of about 120 feet above the
level of the sea at lake St. Peter,
nay he considered to ('Ul'l't‘.\lil)llll
with the general level of the great
plain of Leda clay in this part of
Canada.  On this terrace in many
places the Saxicava sand forms the
surface, and the Leda and boulder-
clay may be seen beneath it This
may be called at Montreal the Sher-
rooke Street terrace.  Another, the
Water-work terrace, is about 220
feet high, and is marked by an
imdentation on the lower Silurian
limestone, At this  level some
boulder-clay appears, and in places
the calcareous shales are decoms-
posed to a great depth, evidencing
long sub-aerial action.  Three other
terraces occeur at heights of 386,
440, and 470 feet, and the latter
has, at one place above the village
of Cote des Neiges, a beach of sand
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and eravel with Saxicava and other shells:* while, in a
depression above this, at a height of 550 feet, sea-shells
oceur in clay and sand, and there is a distinet beach at
about 615 to 625 feet 4 Even on the top of the Mountain,
at a height of about 700 feet, lavee travelled Laurentian
houlders oceur, Iyving loose and without any boulder-clay.
On the lower St Lawrence, below Quebee, the series of
terraces is generally very distinetly maked, and for the
most part the lower ones ave cut into the boulder and
Leda elays, which are here of great thickness. 1 give
below rough measurements of the sevies as they ocenr at
Les Eboulements, Little Mal bay and Murray bay, where
they are very well displayed. T may remark in general,
with respect to these terraces, that the |»]|4\'\it‘.‘|l conditions
at the time when they were cut must have been much
the saame with those which exist at present, the appear-
anees I)l‘l‘\"llll"l 1l<'il|j;' very similar to those which would
oceur were the present heach to be elevated.

Comparisons of the older and modern terraces may he
made at many places on the lower St Lawrence, At
Little Metis, where 1 have had aood n]r]ml'lllllili«'.\‘ of
studying their appearances, the coast is fringed with
broad belt of boulders, wholly covered at high tide, hu
exposed at Tow tide, and occupying in many places a
breadth of thirty to fifty paces, within which the boulders
are packed very ciosely.  They vary in size from nine to
ten feet in diameter downward, and consist principally of
orthoclase gneiss, Labradorite rock and other erystalline
rocks from the Laurentian of the north shore, here about
thivty-five miles distant at the neavest point.  With

* The beach at Cote des Neiges is that described by Sir C. Lyell
in his travels in N. America.

t+ Dr. F. D. Adams and Baron de Geer.
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these are masses of the hard sandstones of the lowe
Silurian vock of the south coast, and occasionally, thougl
varely, blocks of the upper Siluvian limestone of the
inland hills to the south,

The boulders of this belt, though stationary in summer,
are often moved by the coast-ice in winter.  This is well
seen where they have been removed to form tracks
for Tnunching boats.  In this case it is not unusual
to find in the spring that such tracks have heen partially
vefilled with houlders,  On my own property, a track of
this kind was completely Dlocked a few years ago hy an
angular boulder of sandstone nine feet in length, which
had been lifted from a spot a few feet distant: and it is
quite usual to find in a hoat-track, cleaved in the previous
summer, a dozen boulders of two feet or more in diameter
that have heen dropped in it by the winter ice. Whether
any of these blocks ave being drifted at the present time
from the north shove is not known: but they are moved
fl'cl'll\' up and down the coast, and in t|l‘<‘1[j_:‘illj_{' in l|(‘]rlh~
of eight to fifteen fathoms, I have found evidence that
large boulders are not uncommon on the hottom; and
Judging from the small specimens taken up by the dredge,
they are similar to those on the shore, though apparently
with a larger proportion of flat, slaty fragments.

If the coast were now in process of subsidence, there
can be no question that the boulders would be pushed
upward, and would eventually form sheets and ridges of
boulders embedded in mud, much in the manner of the
marine boulder-clays now found inland.

Above high water, on certain portions of the coast,
there is a low terrace, only a few feet above the sea, and
consisting of sand, shingle, and gravel, often with frag-
ments of marine shells.  Boulders are not numerous on
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this tervace, and ave usually mevely fragments from ledges
"il I"('il] \||“|I\l'||||'. ]’l““"\ “l‘ li“"_'" \\Ilnll(" '||'1'il\i4'“illll\'
ocetur on this terrace,

Procecding inland, we find o second  terrace about
thirty feet above the sea, and consisting of sand, resting
on hard houlder-clay or till. - This Tast, at different places
along the coast, is seen to vary in quality, heing some-
times havd and loaded with boulders, in other cases a clay
with marine shells, and again o clay with few boulders
except ab its junction with the sand above.  On the inner
side of this terrace, where it adjoins the rocky ledges
inland, there is often a raised boulder-beach like that on
the present shorve, but with fewer and smaller houlders, as
if the ll'alll\lml'lillj_f power had been less than at present,
and possibly the time of its action more limited.  But
still higher, on rocky ledges and gravel terraces, rising to
the height of fifty to sixty feet, there ave laree Laurentian
boulders, often forming inland boulder-heaches like that
of the shore, and such inland beaches are found up to at
least 400 feet. There are also a few upper Silurian
boulders from the south, which become more numerous
and Targer further inland.  In some places these Silurian
limestone boulders are sufticiently numerous to afford the
material for the supply of lime-kilns providing for local
requirements.  In some localities they would seem to he
the deposits of ¢laciers descending from the hills to the
south, but in others they would appear to have heen
water-horne,

The exposed ridges of rock on the second terrace and
on the beach arve sometimes polished with ice action, and
show the normal N.E. and S.W. stviation. [ had no
opportunity to observe the condition of the rock-surface
wnder the boulder-clay.  On the greater part of the
6
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sixty-feet tervace, the rvoek-surfaces are rough, and yel
large boulders often vest diveetly upon then,

The till or havd houlder-clay of this coast would be
1“.lillli"l |»_\' sSOMe t:l:lt‘i.||i~l\ HE) gl;lril'l' \\HI'|\: ;llll there
can be no doubt that these clays locally contain marine
shells, and there is therefore no need of invoking land-ice
for their deposition.  In this respeet they agree with the
drift-deposits of the lower St. Lawrence cenerally, except
in the case of certain lateral valleyvs which seem to have
heen Hl'l'lllii("l \\illl lﬂi‘;ll j;‘l;l('il'l‘.\ 111‘\t‘t'llllil|g from llll‘
Laurentian highlands,

PERRACES, NORTH SHORE OF LOWER ST. LAWRENCE,

Heights in English feet, voughly taken with Locke's level and aneroid,

Murnray Bay.

Lps W. Side
EBoULEMENTS Perire Man Bay _— — E. Side,
900 R RERT WP R iyl . |17 14
660 4 R LR A
479 ealice SENUBE Wt e S 48 155
..... 345 .. 378 .. 846
BRON So et B R o A 6vgos L
220 i ; 2.1 | e s s 98 259
e ek vor ! [ e RN A (R 136 .. 139
BIG: eamvaien 1 1y (RN e . o116 127
us a0 07 e 73
QU iy et {3 S ARG P 32 30

Another series of levels taken by Mr. W. B. Dawson,
along the road to Petit lac and heyond, gives the following

heights :

Hill south of Petit lac, with drift and boulders at this -
lavelisivt iRt fne farh R e vt vt
Drift ridge east of lakeq . idi e Bt iiin S10
Water level, Petit lac; appears to discharge over
drift ridge or moraine........... o R e R
Clay, capped with 10 feet sand........ ... e e N
Clay: banmaoe Ty o Ui it oo sasiemrstumms s f iy s ST 241
i ¢  bank Murray Bay river................ 73
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With reference to the differences in the above heights,
it is to be observed that the terraces themselves slope
somewhat, and are uneven, and that the principal terraces
are sometimes complicated by minor ones dividing them
into little steps. It is thus somewhat difficult to obtain
accurate measurements.  There seems, however, to be a
general agreement of these terraces, and this I have no
doubt will e found to prevail very extensively through
out the lower St. Lawrence, It will be seen that three of
the principal terraces at Montreal corvespond with three
of those at Murray bay: and the following facts as to }
other parts of Canada, gleaned from the Reports of the
Survey and from my own observations, will serve farther
to illustrate this:

Feet. |
Kemptville, sand and littoral shells, .. ... ......... .. 250
Winchester, 4 N i DSt i i ) ) ) |
Kenyon, by A b P 270
Lockiel, i L h L e e e L2040 & 290
Hobbes' Falls, Fitzroy, sand and littoral shells. . ... ... 350
Durham Mills, De L'Isle, *¢ Ll 7Y s D1 )
573 PG St @R IR KNSR S i o S0 257

The evidence of sea action on many of these heaches,
and the aceumulation of shells on others, point to a some-
what long residence of the sea at several of the levels,
and to the intermittent elevation of the land. On the
wider terraces, at several levels it is usual to see a deposit
of sand and gravel corresponding to the Saxicava sand.
One of the most important terraces throughout the lower
St. Lawrence is that between 500 and 600 feet, which
seems to correspond with the time of deposition of the
principal bed of fossiliferous Leda clay. Corresponding
to the terraces on rising grounds are the “ boars’ backs,”
kaims or eskers stretching along flat lands between pro-
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jeeting hills, and following old lines of coast.  These arve
evidently of the nature of modern gravel and shingle
banks, and are distinguished from moraines and ice-shove
deposits by their water-worn and sorted material,

On the lower St. Lawrence I have observed marine
shells on the terraces up to about 600 feet above the level
of the sea, but they will probably be found by diligent
search at higher levels. In the arctic region, Captain
Fielden (Journal of Geol. Society of London, Vol. XXXV,
878, p. 566) reports Pleistocene  shells, viz., Peeten
Islandicus, Astarte horealis, My iruncatae and Saricara
rugose, at the height of 1,000 feet above the sea.

With the terraces and elevated hanks must be associated
the later boulder-drift, which has distributed travelled
stones and boulders throngh and over the Saxicava sand
and the moraines of older local glaciers, and has deposited
them at high levels on hills and nonntains fav inland.
The assignment of such loose bouliers to their precise
date is, however, often extremely difficult, a fact which
may be well seen from a study of the data accumulated by
the boulder committee of the Geological Society of Scot-
land, under the presidency of my friend, Mr. David Milne
Home. Negleeting altogether for the present houlders
not far removed from their native sites, some of the far-
travelled boulders at high levels may have been left as
residue of the denudation of the more elevated sheets or
patches of boulder-clay. Others may belong to the
driftage of the margins and banks of the mid-glacial
depression of the Leda clay, but these can scarcely have
reached higher levels than about 600 feet. Others still
may have been carried by ice in that short-lived depression

of very great magnitude which seems to have immediately
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preceded the re-elevation of the Saxicava sand* and it is
even possible that some may have been placed in their
present positions in the post-glacial subsidence, of which
there is evidence on both sides of the Atlantic.  Some
belong to lake margins of post-glacial date.  Thus no
general statement can safely be made respecting these
erratics, but each group or belt must be studied with
reference to its local associations and the source of the
material, as well as with reference to the probable stage
in the various continental subsidences and elevations o

= =

Fig, 3.—Terraces at L’Anse a Loup, near Tadousae.  Lower ter

ce, clay ; upper, sand.

which it belongs. The assumption that all boulder-drift
may belong to one period is a fertile souree of error, and
though many important observations on the subject have
been made by Spencer, Dr. G. M. Dawson, Chalmers and
others, there is an alraost unlimited field for detailed work
in this direction.

A still farther complication arises here from the pro-
bability of differential elevation, whereby the relative
levels have been changed in different parts of the Pleisto-

* McGee refers to this in connection with the ¢‘Columbia” deposits
of the Appalachians.
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cene, as illustrated by Dr. Go M. Dawson in his Memoirs
on DBritish Columbia, by Mr. Chalmers on the lower St.
Lawrence, by Upham, Gilbert and Spencer in the lake
regions, and by De Geer in Sweden. To Spencer we
are indebted for a great mass of valuable observations on
the lake margins of the Canadian lakes and the questions
of the origin of the lakes and the primitive course of the
St. Lawrence river anterior to the Pleistocene age, as well
as to the former greater extension of the lakes and the
differential elevation by which they have been affected.*

* (Canadian Naturalist, 1882, Trans. R.8. Canada, 18589, See also
Warren Upham’s Appendix to Wright's Ice Ag

and McGee's Seventh
Report Am. Geol. Survey, p. 639,




CHAPTER TIL

PHYSICAL AND CLIMATAL CONDITIONS,
I —CGeneral Conditions.

[t is, T think, universally admitted that the later
Pliocene age, immediately preceding that of the houlder-
clay, was a period of clevation of the continents in the
northern hemisphere, the * first continental period” of
Lyell. Tbe evidences of this are to be found in every
text-book of geology, and in Canada [ may refer to the

excavation of the Saguenay valley, as explained by me

v,
. \

Fig. +.—Valley of Lower Saguenay—Old glacier bed.
in my notes of 1872, referred to below, and to the similar
evidence accumulated by Dr. Gi. M. Dawson regarding the
cafions of British Columbia.* It has also been conclu-

* See also Upham, Geol. Magazine, Nov., 1890, and Bul. Geol.
Society Am., Vol. I.; Spencer, Ib., May, 1890; and Journal Geol.
Society, Nov., 1890.
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sively shown hy several geologists * that in this pericd
the valleys of the great American lakes were excavated,
and that the ancient St. Lawrence flowed without any
lakes to the sea. The present great lakes arve partly

dammed up by glacial deposits, and partly produced by

warping or differential elevation. It may now be con-
sidered as fully established that the great American lakes
are not the result of glacial action, but that they are old
river valleys excavated in periods of continental elevation,
and now dammed up by accumulations of debris and by
differential elevation occurring in the Pleistocene period.
In the great depression of that period, they spread
far more widely than at present, as indicated by the
old terraces around them, some of which, according to
Spencer, are 1,700 feet above the present water level, and
may indicate a period when the whole American land was
much lower than at present. (See Spencer, Journal
(veol. Society, Vol. XLVI, 1890.) Further, Dr. G. M.
Dawson 1 has shown that in this and previous periods of
continental elevation the great fiords and canons of
British  Columbia were cut out, and quite recently
Pettersen has ably applied the same explanation to the
fiords of Norway. The latter says: “I have, therefore,
after the most careful researches here, yard by yard, and
extending over many years, come to the conclusion that
the Balsfjord is not of glacial origin, but formed an ineision
or depression in the mountains of older orvigin than the
glacial age.  And this conelusion, T believe, may, in the
main, apply to the question of the formation of all fjords in

* Newberry, Hunt, Spencer.

t Superficial Geology of British Columbia, 1878. Later Physio-
graphical Geology of the Rocky Mountains of Canada, Trans. R.S.C.,
1890.
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the north of Norway.  But whether it is applicable to all
fjords in the whole of Norway 1 shall not attempt to
answer,” *

[ have, in my Pleistocene notes of 1872, taken the
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Fig. 5.—Higher cliffs of Saguenay gorge.—Cape Eternity.

valley of the Saguenay as a typical illustration, and have
&hown that almlg an old fracture of the Laurentian rocks

by \atme, June, 1885.
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fluvatile denudation in Pliocene and pre-Pliocene times
has cut a trench to a depth of 800 feet below the present
water level of the St Lawrence, and that the glacial
action of the Pleistocene has polished and grooved its sides
and probably its hottom, and piled up debris at its mouth.*

[ need hardly say, after the discussions on the subject,
that the reference of the cutting of lake basing and fiords
to glaciers in the ice age, against which I have argued
ever since 1866, has been altogether exploded.

(1) This being admitted, and also the fact established,
by the most convineing evidence, of the great depression
of our continents in the glacial or Pleistocene age, it
follows that the first or oldest of the Pleistocene deposits,
the till or boulder-clay, was laid down during a time of
subsidence, in which the northern land was slowly sinking
under the sea.  We leave untouched at present the mode
of deposition of houlder-clay and of polishing and stria-
tion of rock-surfaces under it, mervely noting that the
boulder-clay proper is confined to the plains and valleys,
where it often contains marine remains. The hills show
evidence of glacier-movement down their valleys, and
of the formation of moraines, and sometimes of patches
of an indurated ground moraine or hard till, different
from ordinary boulder-clay.

(2) The formation of the Leda clay and interglacial
deposits, and of the similar deposits on the western
plains, belongs to the time when this region had subsided
beneath the waters, with tracts and islands of higher
lands projecting. The differential character of this eleva-
tion, whereby certain parts of the then submerged areas
stood higher than others, will be mentioned later.

* Notes on Pleistocene of Canada, 1872.
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At this period the valley of the St. Lawrence and the
castern coast, as far west as lake Champlain and the east
end of lake Ontario, as well as the horders of the aretic
basin and of the Pacific, were under the waters of the
ocean and inhabited by a vich boreal fauna, nearly all the
species of which, in its castern development, I have
myselt dredeed alive in the waters of the estuary of the
St. Lawrence.  On the other hand, the western plaing
were covered with waters which have not afforded marvine
animals in their deposits, hut hold remains of land plants.
Farther, these land plants were of species not arvctie, but
merely boreal or north temperate,® while the proper
aretic flora must have been still farther north.

(3) This mid-glacial period was followed by the second
boulder-deposit, in which still farther subsidence occeurred,
and boulders were carried by floating ice to the summit
of the higher hills in eastern Canada and New England,
up to the height of 4,200 feet, and in the Rocky Moun-
tains even to the great clevation of 5,289 feet.+ This
second period of boulder-drift and its deposits must not
be confounded with the earlier till.

(4) From this depression the continent arose gradually
or by intermittent throes, leaving the terraces of the hills
and the sand and gravel beds (Saxicava sand) of the
plains as evidences of the recession of the waters. This
elevation proceeded so far as to inaugurate the second
continental period, when the land was more extensive
than at present, and a southern fauna penetrated far
north along our coasts, while great mammals, now extinet,
overspread the land. Since that time there have heen

* See Chapter V.
t G. M. Dawson, Report on Superficial Deposit, Bow river, 1884.
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cataclymic oscillations of level and a partial subsidence,
which is apparvently still in progress.*

For the evidence of this history I may refer to the
papers cited in the notes, + where abundant facts will he
found relating more especially to Canada, and, so far as
my reading extends, they will be found applicable, with
certain modifications of details, to other parts of the
northern hemisphere,

In closing this section, T desive to refer to the map
(Fig. 6, B.) of the geography of North America in the
early Pleistocene, the height of the glacial period. At
this time I believe the northern half of North America
consisted of three large and mountainous islands, clad for
the most part with nevé and glaciers, and surrounded hy
ice-laden seas and straits.  The conditions, it will be seen
at a glance, were most favourable to refrigeration, hy
accumulation of floating ice in temperate latitudes, while
the arctic climate may have heen little more severe than
at present, and the extreme opposite of those which
existed in the warm period of the early tertiary, when
the northern end of the continent was closed against the
arctic currents, and when the interior continental plateau
constituted a northern extension of the warm waters of
the gulf of Mexico. This map implies differential de-
pression of the western plains as compared with the
mountains, and of the northern as compared with the
southern portions of North America, and an opening for

* According to Merrill and Lendenkehl (American Journal Science,
June, 1891), alternate depression to the amount of 150 feet and eleva-
tion to the amount of 400 feet have occurred in the valley of the
Hudson river since the glacial period. See also Acadian Geology,
article ¢ Submarine Forests.”

t Also notes on Canadian Pleistocene, 1872; Acadian Geology, 1878.
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