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I. 

MESOZOIC AND TERTIARY HISTORY. 

V c:ry great difficulty is found, PYrn in thr br.st known regions of Europe, in tracing 
out in detail thP various phases of the physical geography of any particular gcologif'ally 
complicatPd region, fron1 thc: early date at which the oldC'st known Tocks ·wcTr. fonned to 
the present time. The data for any such attempt, in the paTt of the North American con
tinent here treated of, are as yet extrmnely frag1nentary and insufficient, but as my ol~jret 
is rnerely to follow, as far as possible, th(~ origin of its existing geographical and orogra
phical features, it will be unnecessary to go back very far in geological time, of which 
the later events are already moderately well known even in the region in question. The 
actual features of this western country drpend directly upon these later events, being 
much newer in origin as -well as larger and bolder in outline than those of the eastern 
part of the continent. It is in fact chiefly on the relative reuency of the orogenic disturb
ances of the region of the west coast, that its present bold characters depend. Such dis
turbances of the crust of the earth in the eastern part of the continent occurred, foT the 
1nost paTt, in flarlier periods, and their more striking results had disappeared or had 
become greatly reduced under the influences of natural processes of waste, even before 
that middle thnc in geological history from ·which I propose to trace briefly the physical 
history of the West. In so doing, many points are found to occur upon which much 
further evidence is desirable, but a formulation of the 1nain sequence of events, in so far 
as known, will at least have the effect of drawing attention to such points and of stimu
lating further enquiry. 

At the present day, the western border region of the continent is formed by a srries 
of more or less nearly parallel rnountaiu-systcms, with an average breadth in British 
Columbia of about 400 1niles. The trend of these systems is north-west and south-cast, or 
similar to that of the corresponding portion of the Pacific shore-line, the position of which 
in fact depends upon that of these orographic features. This generally mountainous zonP. 
of country is, as a ·whole, often referred to as the Rocky Mountains, but is more appropri
ately na1ned the Cordillera belt, the Rocky Mountains proper constituting only its north
eastern marginal range. In traversing it from east to west, in the southern part of the 
Province of British Columbia, four distinct mountain-systems are crossed :-(1) The Rocky 
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Mountains proper, (2) Mountains which 1nay be classed togeth~r as the Gold Ranges, 

(3) The Coast Ranges, (4) An irregular mountain-system which in its unsubmerged parts 
constitutes Vancouver Island and the Queen Charlotte Islands, and which may be 
designated the Vancouver system. Between the second and third of these mountain
systems is a region without important mountain ranges, which is referred to as the 

Interior Plateau of British Columbia. 
To simplify our conception of the main features of thi~ part of the Cordillera for our 

present purpose, we may, however, regard it broadly as being outlined on the north
east and south-west sides by the Rocky Mountains proper and by the Coast Ranges, as 
dominant systems. This view is justified by the remarkable constan0y of these two 
systems and their relative importance. The intm·vening region may then be described as 

comprising the Interior Plateau together with the yarious ranges which have been 
grouped together under the na1ne of the Gold Ranges, as well as other detached moun
tains and irregular mountainous tracts. 

The Cordillera belt, taken in the aggregate, constitutes an eleyated region, of which 
the broken Vancouver system of mountains forms thr south-western border, based upon 

the edge of the continental plateau, which, at a short distance beyond it, shelves rapidly 
down from moderate soundings to the abyssal depths of the Pacific basin. On thP othPr 

sidP, the nm·th-eastern base of the Rocky Mountains is bordered by a narrow zonl~ of foot
hills, beyond which, in easterly and north-eastrrly directions, the Great Plains slope 
gradually down to the base of thP old Laurentian plateau. The elevation of these plaius 
at the eastern base of the Rocky Mountains, in the vicinity of the forty-ninth parallPl of 
latitude, is about 4,000 feet, about 3,000 feet only near the fifty-sixth parallrl, and is rven 

less still further north. 
The average breadth of the Rocky Mountain Range proper in the southern part of 

British Columbia is about sixty miles, but the range decreases near the Peace River to 
twenty miles or less in width, and apparently los~s its importance and Tegularity locally 
where cut through bv the Liard River, though recovering both still further to the north
westward. Near the forty-ninth parallel, ~everal summits occur in this range w hi eh 
exceed 10,000 fret in height, but northward, few attain to this height till the head-waters 
of the Bow River are reached. About the sources of the North Saskatche·w·an and 
A thabasca, the range appears to culminate, and Mounts Rrown and Murchison occur, 

with reputed heights of 1G,000 and 13,500 feet rrsprctivrly. Near the Pf'acf', few sun1-

mits exceed 6,000 feet, so far as known.1 

Thr Coast system of mountains runs without any important break or change in char
acter from the vicinity of the mouth of the Frasrr Rivrr 2 for over 900 miles in a north
westward direction. This remarkable 1nountain-system has an average width, nrarly 
uniformly maintained, of about our hundred milrs. ThP mean altitude of thr highrr 
sum1nits is probably between 7,000 and 8,000 feet, whilr some points arP known to exceed 

9,000 feet. 
The mountains of the Gold system, including the Selkirk, Pnrcrll! Columbia, Cariboo 

1 I quote here and in the notice of the Coast Ranges: in part from my previous description of these features. 
See particularly 11 Mineral ·wealth of British Columbia," 1 Annual Report Geol. Surv. Can., 1887-88, Part R.' 

2 Where it replaces and partially overlaps the Cascade Mountain:;; of Washington and Oregon, 'vith which it 

should not be confounded. 

J 
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and other ranges, lie between the Interior Plateau and the south-western base of the 
Rocky Mountains proper, from which they are separated by a long and straight valley 
only. Many peaks in these ranges are scarcely inferior in altitude to those of the Rocky 
Mountains themselves, and the subsidiary position accorded to them in this very general 
description of the country, is justified only by their more irregular character and absence 
of orographic continuity. Some of the rocks entering into the composition of this 
mountain-system are regarded as Archman, and these rocks are more continuous along the 
line of their strike than the mountains themselves. It is probable indeed that this 
mountain axis is of greater age, as a physical feature, than either the Rocky Mountains or 
the Coast Ranges. 

The Interior Plateau of British Columbia will be found to possess particular import
ance in the present enquiry. It has an average width of about one hundred miles, and I 
have described it in previous publications as having a mean elevation of about 3,500 feet. 
It does not: however, maintain the same continuity in a north-west and south-east bearing 
as do the Rocky Mountains and Coast Ranges, being practically closed to the north about 
latitude 55° 30' by the ends of several rather high mountain raugPs, which are here 
intPrpolated brtween the Rocky Mountains and Coast RangPs. Nearly coincident with 
the forty-ninth parallel, it is cut off in the same manner hy a second transverse moun
tainous region, formed in a similar way to the first, which separat('s it from the great lava
plain of the Columbia River. It has thus a length of about five hundred milPs. Its 
elevation decreases gradually from south-cast to norlh-west, and it is now traversed in 
various directions by systems of trough-like valleys of erosion, which are dt~Ppest \vhcre 
thP general ley·cl of the plateau is greatest. Water standing at an elevation of 3,000 fept 
above the present sea-level would flood n1ost of these valleys in its southern part, while 
in its northern portion, a large tract of country about th0. fifty-third and fifty-fourth 
parallels of latitude would be completely submerged by it. The mean elevation above 
stated must then)fore be accepted merely in a general V\ray, and is an approxi1nation to the 
averag,• height ·which this region might have if its irregularities wert) levelled do\vn. It 
is in fact, as a rule, only when broadly vievred, and in contrast with its bordering moun
tain Tanges, that its true character as a plaleau becomes apparent. North of the Cariboo 
Mountains on th(' fifty-fourth and fifty-fifth parallels of latitudP, the plateau n~gion 
interrupts th\3 linP of the Gold Ranges and abuts directly on the inner slope of the Rocky 
Mountains proprr. Southward from the Cariboo Mountains, it is irregularly bounded to 
the eastward hy the several mmnbers of thP Gold Rauges. 

Beyond the noTthern end of the Interior Plateau, the interval bt>tween the Rocky 
Mountains and Coast Ranges appears to be occupied by an irregular mountainous country 
about \Vhich little is yet known, for a distance of about 250 miles, till, in the vicinity of 
the fifty-eighth para.llPl, this country again begins to assu1ne a plateau-like character, 
having at first a height of about 2,500 feet, but sloping down gradually north-westward, 
and constituting the upper drainage basin of the Yukon. 

Having thus very briefly characterized the main features of this western portion of 
the continent as they now exist, we are in a position to follow in greater detail the steps 
by which they have been produced. Omitting then fTom consideration the irnperfectly 
known progress of events in the earlier stages of the geological history of the region, we 
may endeavour to picture to ourselves its condition in the Triassic or first stage in the 



6 G. M. DA WSON ON TIIE PHYSTOGRAPIITCAIJ GEOJJOGY 

Mesozoic division of grolo~·ical time. The cPntral region of the continPnt was at this 
time occupied hy a very extensive, though shallow, mPditPrranPan sea, ·w·hich was either 
entirely cut off from the ocean or had only occasional and brief connection with it: and in 
which red beds with occasional layers of gyp3nm aud salt \V(•TP being dPposited.1 Rocks 
which rcpresPnt a portion of the heel of this inland s~a enter into thr composition of the 
Rocky Mountain Range near the forty-ninth parallel, but are not known to occur to thr 
north of that parallel for a distance of more than thirty or forty milrs. To thP ·west, they 
are not found in the Selkirk or PurcP 11 Mountains. W P appear in fact to discover in this 
vicinity the northern Pnd of the inland Triassic sea. To thP west of the Gold Ranges 
(under which· tcnn it will br rcmcmhercd that the Srlkirk, Purcell and other mountains 
arc grouped), dPpo. its also referable to the Triassic prriod, and morP particularly to its 
upper part, are again found. Thrse occur both on the mainland of what is now British 
Columbia and on Vancouver Island and the QuPen Charlotte Islands. Thry contain truly 
marinr fossils, and consist largely of materials of volcanic origin, which givP evidence of 
contPmpor;nlPous volcanic activity on a great scale. To the north, in thr Peace River 
country, and to the east of the present position of the Rocky Mountains, rocks holding the 
same marinr forms are found, and thry have quite recently again been disco\rercd by Mr. 
McConncll in a similar position, still further north, on the Liard River. 

It \Yould thus apprar that in Triassic times thr castPrn border of the Pacific washPd 
the \Vestrru sloprs of the Gold Rangrs, and that \VhPre this n1ountain-system became in
tPrruptrd, in its northern part, the sea was continued across its line and covered a largP 
tract of country to the east of thP present position of the whole Cordillera belt. 

Precisely how far to the east the shore of this northern expansion of the Pacific was 
situated, has not yet been determined. The region between it and the northern end of 
the inland sea previously referred to 1nust have bc>en a lan<l area, \Vhich separated the 
open ocean of the north from the mediterraneau on the south. The Rocky Mountains 
proper had not yet been formed, nor is there any evidence of mountain ranges in the region 
of the Coast and Vancouver syste1ns of to-day, though the volcanic action there in progress 
may have produced insular voleanic peaks. The deposit. of the inland Triassic sea, in
cluding as they do beds of salt and gypsum, appear to prove the existence of a very dry 
climate in the area occupied by it, and as the laud barrier separating it from the 
moisture-bearing westPrly winds of the Pacific can not have been wide, it must have been 
high. It is thus probable that the mountains of the Gold system fonned at this time a lofty 
sierra, which was continued to the south of the forty-ninth parallel by the Cabinet, Cour 
D' Alaine, Bitter Root and other mountains at least as far as the Wahsatch Range in Utah. 

The Triassic period was closed by one of those epochs of folding and dislocation of 
strata which arc found to be recurrent in geological time, and which arc generally attri
buted to the secular contraction of the earth's crust. The evidence of this tin1e of chano·e 

b 

has been examined in greatest detail in the vicinity of the present coast-line, where it re-
sulted apparently in outlining the Vancouver and Coast Ranges, and was accompanied by 
the production or extravasation of great masses of granitic rocks.2 It is highly prohablc 

1 Cf. "Note on the Triassic of the Rocky l\luuntains and British Columbia." 'Transactions Royal Society 
Canada,' vol. i, fection iv, p. 143. 

2 CJ. 'Report of Progress Geological Survey of Canada,' 1878-79, pp. 46 B, 48 B; 'Annual Report Geological 
Suryey of Canada,' 1886, p. 15 B. 
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that some corrugation along the line of the Rocky Mountains occurred at the same period, 
as, in the earlier Cretaceous strata next succeeding, without further eyidencc of disturbance, 
conglomerates are found composed of fragments of many varietirs of the older rocks, 
which could scarcely otherwise have been rendered subject to denudation. Though much 
remains to be discovered respecting this post-Triassic epoch of disturbance, it was 
evidently an important one, and its results were wide-spread in the Cordilleran region. It is 
quite possible that it was accompanied by, or resulted in producing, a general elevation 
of this entire reo·ion above the sea-level, as no rocks certainly referable to the J urassic or 
next succeeding period have yet been distinctly recognized either in British Columbia 
or in its bordering regions. 1 It must be borne in mind, however, that a portion of the red 
beds of the inland sea, described as Triassic, may extend upward into the J urassic period, 
and that the rnarine Triassic fossils of the western and northern sea arc referable to the 
later stages of the Triassic, OT "Alpine Trias" of the Cordillcran region, comparable with 
the St. Cassian and Hallstadt beds of the Alps in Europe; while the bed· of the Cretaceous 
next found are, according to European analogies, near the base of that formation. As, 
moreover, it is far from certain that the occurrence of similar organic forms in regions so 
widely separated is satisfactory evidence of precise synchronism, it is quite possible that 
the unrepresented interval here is not very great. That, in other vvords, the highest beds 
attributed to the Triassic and the lowest of those given to the Cretaceous may overlap on 
both sides the period which, judging from European analogies, might be supposed to 
intervene, and which is elsewhere represented by several successive and more or less 
distinct faunas. On the other hand, there is every reason to believe, that those mountains 
at least which had been formed near the coast during thn epoch of disturbance above re
ferred to, had, before the earliest Cretaceous beds were laid down, been greatly reduced in 
importance, if not almost completely removed by deuudation. The balance of evidence, 
indeed, appears to be in favor of the belief, that for a somewhat prolonged period succeed
ing that of disturbauce at the close of the Triassic, this part of the Cordillcran region ·was 
throughout a land area, the western margin of whieh lay some distance beyond the 
present position of the country which now constitutes the sea border. 2 

'l'he next distinct record of the physical conditions of the region under discussion is 
afforded by the earlier Cretaceous rocks. 'l'hese, on the eyidence of contained molluscan 
fossils, are regarded as about equivalent to the GauH of England, though the assodated 
remains of plants aTe such as to admit their assignment to a sornewhat older date. At 
this tirne, the immediately post-Triassic elevation had been followed by a subsidence of 
the land, resulting in the re-occupation by the open sea of the great area which had been 
similarly characterized in the Triassic. As in Triassic times, we find that this earlier 
Cretaceous extension of the Pacific, to the north of the fifty-fourth parallel, spread eastward 

1 Certain rocks, from which fossils supposed at the time to be J urassic were describeLl, have since been found to 
belong to the earlier Cretaceous. Cf. 'Report of Progress Geological ~ 'urvey of Canada,' 1876-77, P· 150; 
" l\lesozoic Fossils," vol. i, p. 258. 

2 It must be rememb=red that the successiYe foldings and crusbings which the Cordilleran region has ~uffereLl, 
have resulted in an actual change in position of the rocks now composing its weHtwanlmargiu. This cl1ange may 
have amounted, since the beginning of Mesozoic time, to one-third of its whole present width, which would place 
the line of the Coast Ranges about two degrees of longitude further west. See in this connection remarks by 
1\fr. R. G. McConnell, respecting the Rocky lountaiu Hange proper, 'Annual Report Geol. Surv. Can.,' 1886, 
p. 31 D. 
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in a more or less connected manner completely across the present position of the Cordillera 
belt, while the Gold Ranges, and probably also rn~ny other insular areas, continued to 
exist as dry land. In lhis 0ase, as in that of the 'l'riassic, it has not yet been found possible 
to outline exactly the eastern limit of the sea, in consequence of the want of sections 
cutting down io the base of the Cretaceous in the area of the Great Plains. 'l'here are, 
however, reasons for believing that it did not extend far beyond the line of the present 
foot-hills of the Rocky Mountains. 1 

In one unportant particular, the conditions in this eaTlier Cretaceous period differed 
from those of the 'l'riassi0. There was at this titne no isolated inland sea, and waters 
in connection with the main oeean stretched southward to the east of the Gold Ranges as 
far as the forty-ninth parallel, and beyond it to a further distance w-hich is as yet undeter
mined. This extension of the open sea thus actually overlapped, to a considerable extent, 
the area formerly occupied by the Triassic mediterranean. 

No important beds of pure limestone or other evidences of deep sea conditions are 
found in these earlier Cretaeeous beds, and there is on the contrary abundant proof of 
shallow waters, and occasionally of the local existence of tracts of low land, upon which 
a luxuriant vegetation existed, producing in some places important beds of coal. As, 
moreover, these local terrestrial conditions are recurrent throughout a great thickness of 
strata, it is obvious that the subsidence just referred to was continuous, or nearly so, and 
was followed pari passu by sedimentation. 

About the stage in the Cretaceous which is represented by the Dakota group, however, 
a much more rapid downward rnovement of the land occurred. This is marked by the 
occurrence of 1nassive conglomerates, which have now been recognized in many places in 
the southern part of the interior of British Columbia, as well as westward to the Queen 
Charlotte Islands, northward to the upper waters of the Y nkon and Porcupine, and east
ward along the line of the Rocky Mountains. This subsidence was not only more rapid 
but also more extensive than that which had previouHly been in progress. It was at 
this time that the open sea first spread across the entire area of the Great Plains, over lap
ping even the westeTn flanks of the Laurentian plateau, and flowing· southward as a wide 
strait to the Gulf of Mexico. 2 At Ol' about this stage of the Cretaceous, important 
evidences of renewed volcanic activity are found both in the Queen Charlotte Islands 
and in the Rocky Mountain Range, and also probably in several places in the vicinity of 
the Coast RangC's of British Columbia.~ 

The central part of the OordilleTa belt, howevel', for a great part of its entire length, 
still formed a more or less continuous land-barrier between this great strait and the 
western ocean. It is only in the extreme north-west that the waters of these two areas 
are known to have been freely in communication across it, and there is next found a con
siderable body of evidence (though for the most part of a negative character), 4 to show 

1 See map No. 1. This and the other maps attempt only to show the conditions at the times to which they are 
referred, in the most general way, no sufficient data having yet been obtained, for detailed delineation. 

2 For further detail see a paper by the writer on tho "Earlier Cretaceous rocks of the North-western portion 
of the Dominion of Canada." 'American Journal of Science,' III, vol. xxxviii, p. 120. 

a 'Report of Progress Geol. Surv. Can.,' 1878-79, p. 69 B.; 'Annual Report Geol. Surv. Can.,' 1885, p. 166 B. . 
'Amer. Journ. Science,' III: vol. xxxviii, p. 127; 'Geological Magazine/ Dec. II, vol. viii, p. 218. ' 

4 Consisting chiefly in the absence ofthe next succeeding beds of the Cretaceous in the area outlined below. 
Evidence of folding and erosion at about this time has been found to the south in the Western States. Cf. ,, s. F 
Emmons," 'Bull. Geol. Soc. Am.,' vol. L, pp. 276-279. · 

fj 
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that not very long after the great subsidence, the barrier above referred to was still further 
elevated, and increased in width to the westward, till it included almost the entire area 
of the southern mainland of British Colu1nbia, together with the southern part of Van
couver Island and the Puget Sound region. 1 It is further clear, that while subsidence 
continued, or the effect of the main subsidence had not yet been reversed in the eastern 
portion of the area of the Canadian Great Plains, that toward the west and north-west of 
the area now occupied by these plains, either some local and irregular elevation of 
portions of the sea-bed occurred, or sedimentation went on so rapidly as to more or less 
completely fill portions of the great Cretact>ous strait. This is shown by the occurrence 
of estuarine, lacustrine and terrestrial conditions in the Belly River and Dunvegan series 
of different parts of that region. Next, as evidenced by the ubiquitous occurrence to the 
east of the Cordillera of the marine Pierre shales, there happened a further subsidence, 
which continued progressively or stage by stage to and throughout the Laramie or 
closing period of the Cretaceous. 

Concurrently with these later Cretaceous conditions to the east of the Cordillera, it 
appears that on what now constitutes the littoral of British Columbia, to the west of the 
axis of the Coast Ranges, the area of Cretaceous sedimentation was transgressively 
extending to the southward, the local base of the Cretaceous being found at successively 
higher stages in the system in that direction, till at a time which is believed to have 
corresponded with the Laramie of the plains, the sea invaded the Puget Sound region.2 

Thus, at the closing epoch of the Cretaceous period,3 on the western margin of the 
Cordilleran region, massive accumulations of strata of a delta-like character were in pro
cess of formation in the Puget Sound region, 4 and very probably also as far as the northern 
end of the present Strait of Georgia ; the land being along this part of the littoral some
what lower relatively to the sea-level than now, and the source of the detritus brought 
down by rivers being found in the elevated interior of British Columbia. 5 To the north, 
in about latitude 61°, in the cPntral region of the CordilleTa belt, where the upper 
waters of the Yukon are now found at an elevation of 2,000 to 3.000 feet, evidence is again 
obtained of the presence of the sea or of an estuaTine body of water at .approximately the 
level of the ocean. To the east of the Cordillera, in lacustrine basins of great extent, 
which ·were in more OT less free connection with the sea, and extending nearly to the 
line of the present Rocky Mountain Ranges, if not in places overlapping this line, the 
latest beds of the Laramie weTe in course of deposition. 

There is, further, reason to bt>lieve that at this time a nascent Rorky Mountain Range 
was in part marked out by low hills, in w hi eh some of the Paheozoic and Triassic beds were 
already subject to subaeTial denudation, and that rivers rising on the flanks of the Gold 
Ranges and flowing across the line of the present Rocky Mountains may have supplied 
a portion of the material of the Lara1nie of the NoTth Saskatchewan district, while further 
south a great part of the material came directly from the prototypal representatives of 

1 Cf. for the corresponding southern region, S. F. Emmons, 'Bull. Geol. Soc. Am.,' vol. i, p. 278. 
2 Cf. 'American Journal of Science,' III., vol. xxxix., p. 182. 
3 The Laramie is, for the purposes of the present discussion, assumed to represent the highest formation of the 

Cretaceous, as, though its flora leads to the belief that it comprises passage beds to the earliest Tertiary, it is 
physically attached to the Cretaceous rocks. 

4 Dr. C. A. White, 'Bulletin, United States Geol. Surv.' No. 51. 
5 'American Journal ofScience,' Ill, vol. xxxix, p. 183. 

Sec. IV, 1890. 2. 
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the Roeky Mountains proper. 1 An area including the entire inland portion of British l 
Columbia, which is marked out by the borders of these regions of deposition, has afforded ~ 
no evidence of Laramie rocks, and there is every reason to believe that it constituted ;J 

a somewhat eleyated tract of land at this time. 2 

This state of affairs was brought to a close by another of the recurrent epochs of l 
folding and dislocation of the earth's crust, which was one of the greatest of those of 
which we find the results in the region under discussion, as well as the last of an 
important character to which it was subjected. Under the influence of enormous 
pressure acting from the Pacific side. the strata, till then nearly horizontal, which 
bordered the Gold Ranges on the uorth-east, were folded together and thrown up into a 
dominant ridge of Alps, which finally outlined the Cordilleran belt on this side. A 
similar folding and upthrust affected also the western marginal mountains which have l 
been referred to as the Vancouver system, but the action was there probably less violent 

1

1 
and certainly affected a nanower zone. A portion of the crumpling to which the rocks 
of the Coast Range have been su~jected was doubtless also produced at or about the 
same time, and certain granitic extrusions which cut the earlier Cretaceous rocks on its 
eastern flanks, as well as much of the flexure of these Cretaceous rocks, are further 
attributed to this period of disturbance. 

There is really no means of ascertaining what effect this dynamic movement pro
duced in the region of the Gold Ranges, bui it is more than probable that the whole 
width of the Cordillera then suffered change and deformation of such a character that 
little if any trace of its surface contour of an older date can be found to-day.3 It does 
not, howeyer, necessarily follow that the general altitude of the Cordillera belt was at 
this time greatly changed. The greater part of the accumulated pressure appears to have 
been relieved by folding along the lines of its tvvo bordering ranges, and it seems to be 
not improbable, as a general proposition, that changes in eleyation affecting wide areas are 
due to other causes than those producing mountain ranges.4 We are warranted in assum
ing, however, that a certain movement in elevation was coincident or nearly so with that 
of the great disturbances above outlined, as no strata representative of the Eocene period 
proper have yet been found anywhere in the western part of Canada. The entire area of 
the Great Plains -vvas thus sufficiently elevated to become dry land, as occurred at the 
same time in the Western States to the south of the international boundary.5 

1 Cf. • Report of Progress Geol. Surv. Can.,' 1882·84, p. 113 C; 'Annual Report Geol. Surv. Can.,' 1886, p. 135 E. 
2 It may he noted, that to the south of the international boundary, in Washington, Dr. C. A. White and Mr. 

Bailey Willis find reason to suggest that certain beds occurring to the east of the Cascade Mountains, are of the 
same age as tbose of the Puget Group.-' Bulletin, U. S. GeoJ. Surv.,' No. 51, p. 54. Bee also S. F. Emmons, 
'Bull. Geol. Soc. Am.,' vol. i, p. 282. 

3 In res pert to this great epoch of orograpbic movemE>nt, as evidenced particularly in the more southern part of 
the Cordillera, which has now been somewhat c!osely studied, l\Ir. S. F . .Emmons may be quoted as follows:-" It 
is unquestionably one of the most important events in the orographic history of the entire Cordilleran system. 
\Vith the exception of the great uncouformity between the Archrean and all overlying sediments, which is a 
phenomenon .~ui genfris and altogether exceptional, no movement has left such definite evidence as that which 
follows the depositton of the coal-bearing rocks, to which the name Laramie has by universal consent been 
applied."-' Bulletin Geo1. Soc Amer.,' vol. i, p. 285. 

4 Cf. LeConte, 'American Journal of Science,' III, vol. xxxii, p. 178. 

5 It should be mentioned, however, as exceptions to this general statemE>nt, that a small occurrence of beds 
believed to represent the Green River Eocene, has been noted by Dr. C. A. White near the forty-seventh parallel 
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In the fortieth parallel region, during the Eocene period, many thousand feet of beds 
holding characteristic fossils were laid down in a series of lakes between the Rocky 
Mountains and the Sierra Nevada, but no such deposits have been met with in any part of 
the northern Cordillera. The whole sweep of country from the Laurentian region, 
possibly quite to the now submerged edge of thr Continental Plateau on the Pacific side, 
thus became, and continued to be throughout the earliest Tertiary, an area of denudation, 
within which, if any small areas of deposition occurred, the beds formed in these have 
either been subsequently removed or have become concealed by lat~r deposits. 

For this first period of the Tertiary proper, included between the mountain-forming 
epoch which closed the Laramie and the oldest beds of the Miocene or middle Tertiary of 
the West, we must therefore endeavour to discover traces of another kind, viz., those 
impressed on the land by sub-aerial waste and the erosion of rivers. Evidence of very 
prolongPd and important action of this nature is believed to exist. It is quite probable 
as a consequence of the greater elevation of the land and the ridging up of the 
central parts of the Cordillera brought about by the grrat post-Laramic dynamic move
ment, that the excavation of the remarkable system of valleys began, which now in 
a partially submerged condition exist as fiords along· the westcTn margin of this part of 
the continent. No evidence can, ho\ve,~cr, yet be advancPd on this point. The main 
rPsult, ·whir h thPre is good Tt1 ason to refer to 1 his 1i1nP of d<'nudation, in that part of 
British Columbia whi~h lies hrtwecn thP Coast and Gold RangPs, is th~ formation of a 
first Interior Platrau or plain/ of which extensivr, though now more or less disconnected 
fragments si ill exist. Thcsr remnants of an old EocPne land-surface are most marked in 
the southern half of the Interior Plateau of to-day, whrre th<'y nO\V have elevations of 
from 4,000 to G,OOO feet above the actual sea-level, and stand 3,000 to 5,000 fret aboyc 
adjacent vallPys and low tracts of later origin. The highcHt portions of this older 
plateau arc found attached to the flanks of the bordering 1nountain ranges,2 and its general 
elevation decreases to\vard thr central line of the present Interior Plateau, as well as 
gradually in the direction of that line to the north-wPst, till, in its northern part, its 
average elevation is not more than about 3,000 [Pet, and the actual valleys arc cut much 
l<~ss deeply into its surface. Climbing to the level of this old plateau, or to that of somP 
slightly morr elcvatrd point about the fiftieth or fifty-first parallel of latitude, the dcrp 
valleys of modPrn rivers with other low tracts are lost sight of, and the eye appPars to 
range across an unbroken or but slightly diversified plain, which, on a clear day, may he 
observed to he hounded to the noTth-east, south-west and south by mountain rang·es ~rith 
rugged forms ; and above which in a few places isolated higher points rise, either as 
outstanding 1nonuments of the denudation by which the plateau was produced, or as 
accumulations dur to volcanic action of the Miocene or middle TeTtiary period. 

Extending our search for evidences of the prolonged Eocenc denudation still further 
north, we find a notable width of plateau, based on the denuded surfaces of Palmozoic and 

of latitude on the line between Dakota and Montana. Also that, according to Emmons, certain beds lately found 
by Mr. R C. Hills at IIuerfano Park, on the eastern flanks of the Rocky Mountains, are classed as Eocene
' American Journal of Science,' III, vol. xxv, p. 411. 'Bulletin Geol. Soc. Amer.,' vol. i, p. 286. 

1 Following Mr. \V. M. navis, the proximately level denudation-surface thus formed may he named a 
penepla'in.-' American Journal of Science,' liT, vol. xxxvii, p. 430. 

2 It appears even to run back into the areas of some of these ranges, at an eleyation of about 6,000 feet above the 
present sea-level. Cf. 'Annual Report Geol. Surv. Can.,' vol. iv, p. 21 B. 
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Mesozoic rocks in the country about Dease Francrs and Finlayson Lakes, now drained 
by streams at lower levels which discharge' to the Pacific, or to the MackPnzie and the 
Yukon.

1 
This has an elevation above the presrnt sea-lrvel of 2,900 to 3,200 feet, and may 

with considerable probabilit v br assi()'necl to this timr. During the same pm·iod the gTcnt 
- b d Columbia-Kootanie Valley which srparates the Gold and Rocky Mountain Ranges (a_n 

to which reference will again be rnade) as well as the Flathrad Valley, in both of ·whiCh 
deposits believed to be Miocene occur, must have been cut out by rivers flowing to the 
southward.2 It is further probable that many more of the larger valleys of the more 
mountainous tracts also date from the Eocene period, even when these are actually known 
to contain Miocene beds. 

It must be explained here, in advancr of such remarks as vvill subsequently be made 
respecting the Miocene peTiod, and to meet objections which may possibly occur to the 
readrr as to the pennanence a~ a table-land of a drnudation-surface of such great age, that 
although the beds attributed to the Miocene are often found to he inclined at considerable 
angles, thus indicating disturbances subsequent to the time to ·which the main features of 
the old peneplain are attributed, such disturbance is usually local, and is probably confined 
for the most part to the vicinity of foci or lines of actual Miocene volcanic action; while 
the horizontal or nearly horizontal character of most of thR Miocene volcanic rocks, in itself 
affords evidence of the general stability and undisturbed character of the old surfacr>. It 
may be added, that while a considerable part of the area of this old peneplain is no\Y 
capped by basaltic and other accumulations of the Miocene, such capping is, over at least 
eight-tenths of its area, too inconsiderable in thickness to be regarded as of importance 
in its bearing on the general question. 

A plain like that of which the remnants are here found, and based as it is in various 
places upon granites and folded and disturbed Palreozoic and earlier Mesozoic rocks for 
the most part highly indurated (though varying considerably in this rnspect), can only 
have been produced, as I conceive, in tvvo possible ways, viz., (1) as a plain of marine 
denudation, or (2) by a system of streams and riveTs cutting down and ·working over a 
land-surface duTing a vast lapse of time, and under conditions of great stability, till that 
surface has become throughout approximately worn do\vn to the base-level of erosion. 

In this case, the first method is inapplicable, on account of the confined character of 
the area affected, which because of its bordering mountain ranges could have been in no 
direction open to the ocean, and is further negatived by the absence of strata, whetheT 
marine or otherwise, not only in the area itself, but also in the region to the east and along 
the border of the Pacific to the west of it, referable to the period iu which the plateau is 
believed to have been formed. It is therefore to thr second cause that the production of 
this early Tertiary peneplain 1nust be attributed. 

The circumstances which resulted in the production of this old nearly level surface 
I believe to have been as follows :-At the close of the great post-Laramie disturbance, the 
form of the surface of the Oordillera was such as to give rise to a river system, the lilnits 
of whose drainage basin nearly coincided with those of the Interior Plateau of to-day. It 
would be unsafe, from the existing slopes of the re1naining parts of the old surface, to 
draw any conclusion as to the direction of outflow of this river-system, but the occurrence 

1 1 Annual Report Geol. Snrv. Can.,' 1887-88, p. 109 B. 
2 'Annual Report Geol. Surv. Can.,' 18851 p. BOB. 
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of a high mountain barrier near the forty-ninth parallel tends to show that it discharged 
in a northerly direction. Whether its drainage issued eventually to the west, across thP 
line of the Coast Hanges, or to the east across that of the Rocky Mountains, there is no 
available evidence to show. Little hy little this river and its tributary streams, aided hy 
other subaerial agencies, cut down almost its entire drainage-basin, till this became a 
nearly uniform plain, with some slight slope in the main direction ofthl~ river's flow; but 
of which the lowest part approximately coincided with the sea-level of the time. The 
lower part of this plain having to-day an elevation of about 3,000 feet above the sea, in
dicates that at the time at which this long continued action came to an end, the level of 
the central zone of the Cordillera stood lower by about that amount than it now does. 
After reaching this base-level of erosion, the rivers would of course be un'able to do more 
than serve as channels for the conveyance of material brought into them fr01n the sur
rounding country, which, wherever it stood above the general level, was still subject to 
wash~. The Yalleys became wide and shallow, and the surface as a whole assumed per
manent characters. 

· Round the borders of the region in which a peneplain was thus formed, higher parts 
of the original surface remained, though in much reduced form, as rugged mountain
partings between this river-system and others on the east, south and west. It is possible 
that some movement in elevation still continued along these mountain axes, which did 
not affect the Interior Plateau region, or affected it but little. This, however, is merely a 
conjecture which Inay help to explain the dominance which these mountains evidently 
continued to maintain. 

Having reached the relatively stable condition of a peneplain, approximately at the 
base-level of erosion, the surface of what is now the Interior Plateau region may have con
tinued to exist for a long tin1e without notable farther change ; but this state of affairs was 
eventually broughfto a dose by some further orographic movement. According to Mr. 
King/ several sueh 1novements took place in the Cordilleran region of the fortieth parallel 
during the Eocene, and one of particular importance is attributed to the close of this 
period. There is, in British Columbia, some reason to suepect that a considerable amount of 
erosion of the surface of the Eocene peneplain occurred before the initiation of the deposi
tion of the Miocene. This might be explained by a moderate elevation effected before 
the close of the Eocene; but it was probably by a more important movement, which 
took the form of a re-elevation of the mountain axes, and which may have been 
synchronous or nearly so with King's post-Eocene disturbance, that the Miocene lacustrine 
conditions wBre brought about. By an interruption of the drainage produced in ··some 
such way, the great Miocene lakes of that portion of British Columbia between the Coast 
and Gold Ranges were first formed. As to whether the disturbance referred to was 
accompanied _by faulting along the bases of these bordering ranges, or by any consid0rable 
increase in the elevation of the Cordillera as a whole, no means has yet been found of 
determining; but the character of the Miocene flora seems to indicate that the land did 
not stand at this time at any very great height, and that the climate was tempPrate. 

In vvhateyer manner produced, there is ample and good evidence respecting the 
condition of the entire region here treated of in the earlier part of the Miocene. The 

1 " Geological Exploration of the Fortieth Parallel," vol. i, p. 755. 
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Interior Plateau became the site of a great lake, or more probably of a series of lakes of O'reater or less dimensions s01ne of which were of earlier date than others. That the ;eO'ion was not simultaneo~sly covered by a sinO'le lake seems probable from the diverse 0 
0 f . f lithological characters of the sedimP.nts met with, as well as from the different aCies 0 

the contained fossils, which practically consist, so far as yet observed, of plants and insects only. That some at least of these lakes were of considerable dimensions is indicated b! the massive shingly accumulations of certain localities. As far north-west as the Fran~Is River, and quite beyond the limit of the Interior Plateau as previously defined, deposits which are referred to the Miocene have been found, and beds which are believed to belong to the same staO'e occur aO'ain on the Porcupine branch of the Yukon. Lakes which are 
0 0 

referred with some probability to the same Miocene period also existed in paTt of the Columbia-Kootanie Valley and in that of the Flathead River, but no definite palmontological evidence of the age of these has so far been obtained. 
During this lacustrine age the higher mountain ranges stood, as they did during the foregoing period, above the general level, and some portions also of the Eocene peneplaiu were probably unsub1nerged at this time. A luxuriant warm-tmnpe1·ate flora flourished on these lands, and its remains have been included in the sediments of the lakes. Along the marshy borders of the water vegetable accumulations, now found as }ignites and coals, were produced ; insects of species long since extinct, sported in the sun ; and land animals doubtless roamed through the forests, though in this particular part of the Cordillera no Telics of these have yet been discovered. 

On the littoTal, to the west of the Coast Ranges, beds are found in a number of places which have been referred, on evidence mor0 or lPs.s complete, to the same pPriod ; some being marine and Rome of lacustrine origin. In the Western States, the Pah-ute Lake of King was about this time formed to the east of the Sierra Nevada, while to the east of the Rocky Mountains the Great Plains suffered a depression, deepest along the Rocky Mountain foot-hills, which produced the Sioux Lake of the sa1ne author. The depTession which gave rise to this last-mentioned lake probably extended northward into the Canadian plains, and was theTe greatest along a line running nm·th-,vesh;vard, parallel to the Cordillera, hut at a distance of nearly 200 miles from its base. In the Cypress Hills and Hand Hills, outliers of Miocene rocks are found, upon which the state1nent hPrn 1nade is based, and these contain 1nammalian 1·emains in some abundance, which arc according to Prof. Cope referablf~ to the White River period.1 It is important to note that the beds here met with consist la1·gely of conglomerates, the wrll-rounded pebbles of which have been derived from the harder beds of the Rocky Mountains, as the occurrPnce of these coarse materials at such a distance from their source implies the existence at the time of a considerable gradient fwm the base of the mountains to this line of greatest dPpression, a gradient t:;Uch as to produce rapid rivers with great powers of transport, and involvPs besides the recognition of the fact that the western margin ofthf' plains stood at a relatively high elevation. 
Had the orographic conditions remained permanent for a prolonged period, the lacustrine phase of the Interior Plateau of British Columbia would have been in the end terminated by the filling up of some lake-basins, and the drainage, by the gradual cutting 

1 'Annual Report Geol. Surv. Can.,' 188ij, pp. 68 C, 79 C; 1 Annual Report Geol. Surv. Can.,' 1886, p. 138 E; 1 American Naturalist,' vol. xix, p. 163. 
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dovvn of the beds of the effiuent rivers, of others. Before this had taken place, however, 
a new factor appeared. Volcanic action was recommenced on a great scale ; fragmental 
volcanic ejectamenta, supplied from numerous vents, were discharged and mingled them
selves with the ordinary detrital deposits of the lakes, while basaltic and other lavas 
flowed out in great volume over large parts of the plateau country. The priucipa.l centres 
of this volcanic action appear to have been aligned near the eastern or inner base of the 
Coast Ranges, where the more or less degraded bases of some of the old volcanic vents 
may still be traced.1 Isolated patches of volcanic material, which are probably due to the 
same period, are found, however, to occur far north, on the Stikine and in the Upper Yukon 
basin, as well as along the littoral of what is now the Province of British Columbia. It 
is probable that we may refer the volcanic activity of which evidence is afforded in one 
place near the southern boundary of the Canadian Great. Plains to the same period. The 
Three Buttes, or Sweet Grass Hills, there rise as isolated monuments of such action, standing 
at the present day, by reason of the superior induration of their rocks, high above the 
level Cretaceous plain. These peaks aTe evidently now but the remnants of the necks of 
volcanic mountains, of which the history has not yet been traced in detail.2 We 
shall have occasion to allude to them again in a later part of this paper (pp. 60, 67.) 

Prof. LeConte believes that the great lava-flow of Middle California occurred near the 
end of the Pliocene, while similar irruptions to the north, in Oregon, took place so mew hat 
earlier, at the close of the Miocene or early in the Pliocene.3 The last named region closely 
corresponds with the Interior Plateau of British Columbia, but in British Columbia the 
evidences of the blending of the Miocene lake deposits with those due to volcanic action, 
are in some places so distinct, that we are amply justified in attributing at least the first 
eruptions to the Miocene period itself. That volcanic action may have continued into the 
Pliocene period can not, however, be denied, particularly in view of the impossibility, in 
the absence of physical changes, of drawing any perfectly distinct line between the various 
subdivisions of the Tertiary. All that can be said at present is, that there is no known • 
proof of Pliocene volcanic activity in British Columbia.4 

Taken as a whole theTefore, the Miocene period, in regard to the Interior Plateau of 
British Columbia, may be described as one of deposition and accumulation of material. 
The then lower parts of the old Eocene peneplain were in the first place partially filled 
with lacustrine sediments, in the second more or less uniformly overspread by lava-flows 
or other volcanic accumulations. This leYelling-up process was evidently so complete as 
entirely to obliterate the valleys of the Eocene and Miocene river-systems, and it is doubtful 
whether any one of these \alleys has since been re-excavated along its old course for any 
considerable distance. This, howeyer, applies only to the area of the Interior Plateau. 
V alleys formed in the more mountainous parts of the Cordillera have doubtless, in many 

1 'Report of Progress Geol. Surv. Can.,' 1876-77, p. 75. Further, and as yet unpublished, evidence, on this point 
has since been found in the southern part of British Columbia. 

2 Cf. 'Report of Progress Geol. Snrv. Can.,' 1882-84, p. 45 C. 
3 'American Journal of Science,' Ill, vol. xix, p. 189; vol. xxxii, p. 177. 
4 Evidence is found, however, in some places, of which Pavilion Mountain and the upper part of Hat Cre ·k may 

be specially mentioned, such as to show the existence of lakes or ponds of limited size in intervals of the period of 
volcanic eruptions. Some of these may yet afford organic remaius of later date than the Miocene. The recurrence 
of volcanic phenomena during a considerable length of time is also shown by the cutting out of valleys in the 
basalts and the refilling of these by later basalts in the Stikine region. See 'Annual Report Geol. Surv. Can.,' 1887-
88, P· 72 B. 
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cases, been since perpetuated, and the drainage marked out at this time has in such 
instances been maintained. 

In the southern extension of the Cordilleran region, important orographic changes ~f 
various kinds, which were probably synchronous or nearly so with the epoch of volcanic 
eruption above referred to, took place at the close of the Miocene period. At this time the 
Coast Ranges of California were produced, the beds of the Pah-ute Miocene Lake were 
thrown into gentle folds, the area of the Great Basin sank, and became th(} site of an 
extensive lake. The plateau region of Utah was further elevated by an amount of from 
2,000 to 3,000 feet, and a Tenewed gradual subsidence affected the Great Plains to the east 
of the Cordi1lera.

1 
These ·movements appear to have been but faintly reflected in the 

Tegion to the north of the forty-ninth parallel, but it is in all probability to this time that 
we must attribute the local folding of the Miocene rocks, which has been Tefcrred to on a 
previous page. There is, however, no valid evidence of any considerable change either 
by elevation OT depression of the region of the Interior Plateau, where, at or shoTtly after 
tl:1e time at which the volcanic forces had exhausted themselves, the drainage began to 
outline a new system of stream- and river-valleys. Apart from probable local changes in 
level, which may alone have been sufficient to prevent the drainage from resuming its old 
direction, the filling up of the foTmer valleys had been so complete, that the new streams, 
following the inclinations of the actual surface, began to cut their beds in courses entirely 
different from those of the old. Local accumulations of volcanic material, together with 
the slight folding to which the Miocrne beds, whet her volcanic or otherwise, had been 
subjected, must have caused the area of the old Eocene peneplain to be less uniform than 
before; and denudation acting on its projecting parts began again to reduce these toward 
the general level. 'rhis acbon was probably long continued, and had important 
effects in bringing the Interior Plateau region again dow·n nearly to the base-level of 
erosion. The streams, which evidently flowed at this time with low gradients, cut out 
wide, shailow, trough-like valleys, which may yet be found in many places, and are at 
the present time in some instanceR still occupied by existing sheams, though in others 
interrupted or abandoned owing to later changes, some of which will shortly be alluded 
to. These early post-Miocene valleys, where they 1nay yet be studied, present all the 
characters of a drainage system whi<'h had been long n1aintained under stable conditions 
of the surface. They are found at the present day pursuing sinuous courses oveT the 
surface of the old table-land, and may also be recognized in many cases even in the 
mountain regions, where they appeaT as wide U-shaped 'ralleys, in the bottoms of w hi1·h 
winding streams puTsne a comparatively tranquil course, and in which lakes, pToduced 
in vaTious ways, aTe not uncommon. 

At a later date in the Pliocene or last period of the TertiaTy, on which we have now 
enteTed, it is eYident that a very considerable and geneTal elevation of this part of the 
Cordilleran region occurred. During the first stage of the Pliocene, the CordilleTa must 
have been lower Telatively to the sea-level than at present; when this elevation took place, 
it became considerably higher than it is now. The gradients of all the rivers were thereby 
increased, and being thus armed with new powers of eTosion, the streams began to cut 
deep and, at first, narrow channels. To this time the cutting out of the greater part of 

1 King; "Geological Survey of the Fortieth Parallel," vol. i, p. 756; Le Conte, 'American Journal of Science, 
III, vol. xxxii, p. 177; · Dntton, "Tertiary History of the Grand Carron District," p. 226. ' 
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the deep valleys, which now exist in a submerged state as the fiords of the coast, is ·with 
all probability assigned. While admitting that thnse fiords rnay have been to 8ome extent 
shaped and enlarged locally by ice during the Glacial period which followed, their depth 
is ·uch as I believe to show that at the main period of their formation, in the Pliocene, 
the laud stood relati-r·ely to the Pacific about 900 feet higher than it now does. 

This later Pliocene elevation doubtless produced many important changes in the 
drainage system of the country, and particularly in that of the Interior Plateau region. 
Certain ri-vers w hi eh were fed from the perennial snows of extensive mountainous districts 
were then enabled, by the increased gradients given to them, to cut down so rapidly, 
compared to other streams which were less copiously supplied, as to achieve and maintain 
a dominant position, and even to cornpletely rob some of the old valleys of their waters. 
It was doubtless at this time that the FraseT and its great tributary the Thompson managed 
to extend their drainage areas oveT so large a part of Tiritish Columbia. The Praser may 
be described as running round the south end of the Coast Range of British Columbia, or, 
if regarded more strictly as cutting through the southern end of this mountain-system, it 
does so at a point of decreased elevation and width. Having· in consequence been enabled 
in a comparatively short time to greatly deepen the lower part of its present course, this 
river next drew to itself the drainage of a great part of the northern and eastern portions 
of the Interior Plateau. Between the north and south part of the present Fraser valley 
and the inner borders of the Coast Ranges\ from latitude 50° to latitude 54°, a broad belt of 
country seems at an earlier time to have been drained by several smaller rivers, each 
of which had cut for itself a valley completely through the Coast Ranges; but these rivers 
appear to have been gradually deprived of their upper tributary waters by the extension 
of the western tributaries of the Fraser, till, in the case of the Homathco, and to a greater 
or less extent in that of other rivers, we find at the present day a very small stream 
making boldly toward the mountain range, and still carrying its waters through it in deep 
cafions to the sea, though apparently quite incapable of itself excavating a gorg·e such as 
that which it now occupies. 

To the long continued denudation and erosion which ~ ... ere in progress during the 
Pliocene, the greater part of the deep pre-glacial auriferous gravels, of valleys such as those 
of the Cariboo Mountains, must be assigned, though it is at the same time possible that 
much of the excavation of these deep mountain valleys may ha-ve been more or less con
tinuously in progress since the date of the post-Laramie disturbance. In the Interior 
Plateau region no deep auriferous gravels have yet been found, though it is more than 
probable that if the now concealed beds of the Eocene drainage system of this district 
could be discovered and followed, they also ~Tould be found to be characterized by important 
deposits of the pre~ious nretal. 

It would be beyond the scope of the present sketch to endeavour to catalogue and 
describe the various older Pliocene river valleys which have afforded the evidence 
upon which the statements just made are largely based; but as the observations on these 
have not yet been published, it may be well to enumerate a few of them, and to point 
out the influence of the later Pliocene elevation of the land upon them. This influence 
is apparent chiefly in the formation of deep narrow gorges and cafions in the parts of these 
older and wider valleys which debouch upon the larger and lower Tiver valleys, such as 
that of the Fraser, the Thompson and the Columbia. To keep pace with the rapidly 

Sec. IV, 1890. 3. 
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deepening -valleys of these main rivers, the streams of the tributary valleys were forced to cut down very fast toward their mouths, aud this cutting down has gradually retrogressed (in many cases for a considerable distance) along the line of the old valley. A few instances only of observed facts in this connection, derived from the sou~hern part of the Interior Plateau rerrion in the vicinity of the Thompson and Fraser Rivers, ·will here be cited. The hei;hts placed after the names of streams in the subjoined tabular statement are those of the lower remaining parts of the older Pliocene valleys, below which, in each case, the present stream enters a narrow, steep, gorge-like valley, by v,rhich it descends to one of the large rivers or to an adjacent deep tributary valley of one of these 1ivers. While the main features of difference above noted as existing between the older and later Pliocene valleys are well marked, it is of course difficult in most cases to state the exact point at which the older valley should be conf:lidered to giye place to the newer, and impossible to eliminate completely the influence of still later changes of greater or less importance.1 The heights given must therefore be considered as approximate only. They are, however, it is believed: sufficient to illustrate and confirm the point in question :-

(Meadow Creek),2 (upper vaUey) ......................... ·. · · ........... · · · · · · · · .. 3,350 feet (Pukalst Creek), " " ......................•...... , ............... · · · · · · 3,750 " (Witches' Brook) " 11 
••••••••••••••••••••••••••••••••••••••••••••••••••• 3,650 " Three-Lake Valley (south part) .......................... · · ... · ....... · · · · · · • .. · · • 2,750 " Kelly Lake Creek (upper valley) .•• ~ . • . . . . . . . . . . . . . . . . . . . . ... · .... · · .. · · · · · · · · · · · · 3,300 ,, Cache Creek '' " .•••..•• , ....................................... . 2,650 " (La-loo-wissin Creek), (upper valley) ............................................. .. 3,450 ,, Pavilion Creek •.......•..••....................•....................... · · ... · ... . 2,300 " The difficulty above alluded to of eliminating the influence of other causes, both of earlier and later date than those of the Pliocene, renders it impossible to take the actually lowest instance of these or other similar wide low-grade valleys, as a definite point from which to measure the depth of the later Pliocene erosion. By striking an average of the height of the lo·wer existing parts of a number of these old valleys, however, we may arrive at a rough approximation to the depth of this erosion, in that part of the region here particularly referred to. Such an average gjves a height of about 3,200 feet above the present sealevel, while the mean level of adjacent parts of the Fraser and Thompson Rivers is about 730 feet. As it will be shown in the second part of this paper that these large rivers have not materially, if at all, reduced their general level since the close of the Pliocene, the difference between the two figures above given may be taken as roughly indicating the amount of cutting-down which they accomplished subsequent to, and as the result of, the later Pliocene movement of elevation, this difference being about 2,470 feet. The elevation of the land in thi~ district, as compared with that in the earlier Pliocene time 

' 
must therefore be assumed to have considerably exceeded that amount. Good illustration of the point here specially referred to, though in a rnore mountainous region, may be seen on the line of the Canadian Pacific Railway, in the Rocky Mountains 

1 Among which may be mentioned the partial infilling of many of these valleys with drift during the Glacial 
period. 

2
• Tb~ na~es enclosed in p~renthe~es h.a~e not ~et appeared on published m~ps of the region. As the purpose 

here m v1ew IS merely that of IllustratiOn, It IS considered unnecessary to explam in detail the positions of these 
streams. 
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and Selkirk Range.1 In most of these valleys the wide and relatively level upper 
portions contrast markedly ·with their lower caflons and gorges. The Kicking-Horse, 
Upper Kootanie and Elk V alleys, while still wide, and above the narrow steep portions by 
which their rivers reach the adjacent part of the Columbia, have elevations of about 
3,200 feet above the actual sea-level, and effect therefrom a rapid descent through newer 
and narrower valleys of from 700 to 900 feet to the Columbia. 

These difference:;; are rnuch less than previously quoted, but it must be remembered 
that the localities referred to are much further inland, particularly if their distance from 
the coast be measured along the sinuous line of the Columbia River and not in a direct 
line from the sea. This, however, need cause no surprise, as even on the assumption of an 
equal elevation of the whole breadth of the Cordillera in the later Pliocene, the influence 
of such elevation on the upper parts of the larger rivers must ha,re made itself manifest 
only after a long time, and must moreover, even if it was allowed time to produce its 
full result, have been much less effective at such a distance from the coast. 

The best instance which has yet been studied of the relation now obtaining between 
the early Pliocene low-grade valleys and the more modern and deeper erosions which 
occurred during· the later Pliocene period of greater elevation, is that afforded by what we 
may call the " Old Cache Creek Valley." 

As I am enabled to present a map of this valley and its vicinity, a few words in 
explanation of its character may be admissible, as a conclusion to this first part of the 
general enquiry here made. I must, however, before going further, note that a detailed 
contoured map would much more adequately represent the actual conditions than that 
which is here given, on which the mode of delineation adopted does not fully express the 
general plateau-like character~ of the region depicted, but makes it appear more moun
tainous than it really is. 

The main line of the Old Cache Creek Valley in question, I have been able to trace out 
and to travel along for a total distance of about thirty-eight miles. Its general course across 
the now broken surface of this part of the Interior Plateau is nearly east and V\rest, an 
approximate parallelism being maintained to the direction of the corresponding part of 
the Thompson Valley. The total difference of level between the upper or eastern end of 
the remaining part of the valley and its western determinable end is approximately 530 
feet, giving a slope of nearly fourteen feet to the mile in the direction in which its 
water originally flowed. The amount of the fall thus indicated, being nearly that which 
might be expected from the character of the old valley, in itself affords a valuable indica
tion of the absence of any considerable differential elevation in this part of the Interior 
Plateau since early Pliocene times. 

Standing on some prominent point of the plateau, one may trace the wide trough-like 
form of this old valley for many miles, trenching the surface of the plateau and pursuing 
a nearly direct westward course. The stream by which this notable valley was formed 
has, however, been unable to perpetuate itself. The history of its decline and interruption 
I conceive to be as follows :-

1 I am aware that the occurrence of such u-shaped and wide valleys in mountain regions has often been 
attributed to the action of glaciers in such valleys. This explanation does not, however, require to be resorted to 
here, nor am I prepared to admit that it is a valid one. 
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The stream by which the valley was produced and maintained for a long period in 
the earlier part of the Pliocenc was fed only by drainage gathered fr01n the surface of ~he 
plateau itself, while the Thompson River, rising in the perennial snows of the mountains 
to the east, was much more bountifully supplird. So long as the surface of the plateau 
stood at a low elevation, this difference in character of supply as between the Old Cfteho 
Creek and the Thompson was not of vital importance to the first-named stream. The 
Thompson havinG' soon cut down to the approximate base-level of erosiOn w 1c was no . h' h t 
1nuch below that ~f the Old Cfwhe Creek, had no perceptible effect on the latter. With the 
greatly increased elevation given to the region in later Pliocene times, however, all this 
was changed. The Thompson then began rapidly and persistently to deepen its channel, 
w·hile the rival stream, with its small volume of water, was unable to do Inuch more than 
to pursue the e\'"en tenor of its way. Very soon the small intervening lateral tributaries 
of the Thompson, in order to keep pace with the deepening of the main valley, began to 
cut deep narrow channels, the heads of which crept back further and further from the 
Thompson, till, eventually, in several cases, they reached and tapped the drainage of the 
Old Cftehe Creek Valley. At about this po~nt some ofthem ceased to cut back, but others, 
meeting with northern tributaries of the Old Cache Creek, quickly adopted the waters 
and the channels of these, till in the end a new series of important transyerse valleys, all 
tributary to the Th01npson, vvas produced, and a great part of the Old Cache Creek V alley 
vvas left high and (nearly) dry in the form of isolated troughs upon the table-land. 

It will be unnecessary to enter into further details of this interesting history, which 
can be traced out on the map, upon which the course of the Old Cache Creek Valley is 

.markt'd by the pink line. It will be noted that the small modern stream known as C£whe 
Creek has, following the line of the old valley, cut back for ·a certain distance by a narrow 
recent gorge, but long before it could drepen the entire length of. the old valley, other 
strea1ns had largely deprived it of its erosive power by robbing it. of its upper waters. Of 
these Eight-mile Creek, Deadman River and the Tranquille River and its tributaries arc 
the chief offenders. It \vill further be observed that the branch of the Deadman known as 
Criss Crrek is supposed to coincide for a considerable part of its length with a principal 
noTthern tributary of Old Cf1ehe Crock, which it has now for a number of 1niles cut do·wn 
into the form of a nearly V-shaped and later Yallcy. The course of the Tranquille is also 
identical for some miles \Vith that of the old valley. With reference to the heights of 
various parts of the line of the old valley, it 1nay be stated that the actual lev·els of sum
mits in this valley between the intersecting valleys of the newer streams are shown in 
heavy figures. As, ho,,~rver, the old valley has bern laTgely chokP9. by drift deposits, dur 
to a still later peTiod, from which it has since been only partially cleared by denudation, 
the various heights given can be accepted only as approximately indicating the actual 
level of the several parts of the old valley-botto1n. 

From what has been stated in the foregoing pages, it will be evident that t.hrough
out the whole Cordilleran region of British Columbia, the prolonged era of denudation of 
the Pliocene produced very important results. The rivers and streams acted in the first 
place for a long time during a relati ,~ely low stage of at least the greater part of the land
Burface, and subsequently for a similar period at a high stage. During this latter many of 
the. first-formed valleys were g~eatly deepened in their courses as originally outlined, 
while others were robbed of their dramage and uew valleys were produced with other 
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directions. These results of the Pliocene erosion are of special importance frorn a 
geographical point of view, as the whole effect of subsequent events can be shown to 
have been relatively insignificant, and the main features of the surface of the country 

still remain much as they were at the dose of the Pliocene period. The principal 
rivers and streams still, with small exceptions, occupy the same valleys, and since 
the Glacial epoch (as subsequently noted) many of them have been unable to clear 
their valleys from glacial debris down to the level of the later Pliocene channels. 
The old Eocene peneplain of the Interior Plateau, raised in the latter part of the 
Pliocene to a level considerably in excess of that which it now possesses, became 
divided by deep erosions into block-like masses, the edges of which were subsequently 
more or less reduced, while their central portions were but little affected. This reduction 
of the peripheral portions of the areas between streams must have continued more or less, 
however, to the present day, and has gone so far in many cases as to leave irregularly 
rounded high areas between the deeper valleys, of which only the upper portions are 
at about the general level of the old peneplain. Elsewhere rather ex ten si ve areas of 
nearly level plateau remain, and the denudation and erosion have seldom if ever been 
carried so far as to produce rugged fonns such as those found in the higher mountain 
ranges. 

While such effects were being produced in the inner parts of the Cordilleran belt, we 
may enquire as to the contemporaneous condition of the coast region of British Columbia 
on the west, and as to that of the Great Plains to the eastward. On the coast negative 
evidence only is ayailable, but it appears probable that, as a result of the later Pliocene 
elevation, a belt of low land, wide enough to include Vancouver Island and the Queen 
Charlotte Islands, vvas formed, across which rivers fed by the streams issuing from the 
valleys of the Coast Rangesilowed to the sea. The Fraser doubtless flowed round the 
south end of Vancouver Island, receiving in1portant tributaries from the valley now 
occupied by the Gulf of Georgia and from the region of Puget Sound. 1 A second river 
of some importance, carrying the drainage of the Coast Ranges to the north of Bute Inlet, 
probably discharged its waters to the north of Vancouver Island, while between the 
QuPen Charlotte Islands and the mainland a wide plain must have been formed. 

The Great Plains, to the east of the Cordilleran belt, arc in the main plains of deposition, 
based for the most part on unaltered and undisturbed Cretaceou.s and Laramie strata, 
and only in a very secondary way owe any of their present. regularity of surface to 
planing down by denudation. It has already been stated that, during the earlier portion 
at least of the Mioccne period, deposition was going· on over some part of the plains to the 
north of thP- forty-ninth parallel, as well as over a very extensive area to the south of that 
parallel in the Western States. Denudation must, however, have been in progress o\·er 
other unsubmerged parts of the plains, and, to the north of the forty-ninth parallel, par
ticularly in that steeply-sloping western portion which it has been shown must have 
existed between the central area of deposit and the corresponding part of the base of the 
Rocky Mountains. (See p. 14.) 

In the Western States Mr. King describes the occurrence of a further general sub
sidence of much of the extent of the plains at the close of the Miocene, which resulted 
in the formation of a vast Pliocene lake, named by him the Cheyenne Lake, the sedi-

1 Cf. Newberry in 1 Annals of the New York Academy of Science,' vol. iii, p. 265. 
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ments of which enormously overlapped those of the previous Miocene lake in every 
direction/ but no trace of the extension of this lake over the Canadian Great Plains has 
been found. It is, on the contrary, probable that this part of the plains was during most 
of the Pliocene period in process of reduction by waste. The amount of this denudation 

can be approximately determined only in the vicinity of the Cypress Hills and Hand 
Hills, which, being capped by resistant Low eT Miocene beds, now rise as isolated 

plateaux. In the first mentioned region the general surface of the adjacent plain is thus 
found to have been reduced by about 2,000 feet, in the second by about 1,000 feet.

2 

These instances are sufficient to show that an enormous quantity of material must haYe 
been remoyed from the general surface of the plains since the earlier part of the Miocene 

period, and in all probability the greater part of this denudation occurred during the 

Pliocene. 
It must, however, be added that certain deposits occur iri the area of the Great 

Plains north of the forty-ninth parallel, to which a Pliocene age is assigned. These consist 
generally of beds of grayel, with some sandy and silty layers, which rest indifferently on 
various members of the Cretaceous and Laramie and lie beneath the lowest boulder-clay 

of the Pleistocene or Glacial epoch. These have now been found in a number of places 

throughout the districts of Alberta and Assiniboia, and haye been named by Mr. 
McConnell the South Saskatchewan Gravels. Much of their material is evidently derived 

from the Miocene conglomerates, and this has been re-arranged at lower levels in the beds 

of rivers and in lakes of greater or less dimensions. These deposits, however, evidently 
belong to the very latest stage of the Pliocene, and are in fact assigned to this period only 
on the assumption that any beds fonned before the onset of distinctly glacial conditions 
must be called Pliocene. In several places pebbles or srnall boulders of Laurentian 

origin have been found in the upper parts of these deposits both in .Alberta and 

Assiniboia, implying transport frorn long distances to the east or north-east. Such 
transport, it is believed, can scarcely be accounted for by river action, and it appears to 

be more probable that we here find eyidence of the beginning of that time of sub
mergence of the northern part of the Great Plains, which, in accordance with views 

subsequently expressed, culminated during the Glacial period ; and that when the 
upper beds of the South Saskatchewan Gravels were laid down, field-ice at least was 
already beginning to float westward or south-westward from the edges of the Laurentian 
plateau, and carrying with it, from beaches or the estuaries of rivers, specinwns of the 

materials of which this plateau is composed.3 

It would appear, from the facts here referred to, that the later or mid-Pliocene 

elevatory movement of the Cordilleran region in British Columbia eitheT did not produce 
any effect on the adjacent area of the Great Plains, or that if it did so it was that of a 

correlative subsidence, or was shortly followed by an independent subsidence of a 

great part of these plains. Further south in the Cordillera, Prof. Le Conte finds 
reason to believe that, at the close of the Tertiary and inaugurating the Pleistocene, 

1 "U. S. Geol. Expl. Fortieth Parallel," vol. i, pp. 542, 756. 
2 ' Annual Report Geol. Surv. Can.,' 1885, p. 69 C. ; 1886, p. 78 E. 
a For details respecting these latest Pliocene or early Glacial Deposits, see 'Report of Progress Geol. Surv. 

Can.,' 1882-84, p. 140 C. 'Annual Report Geol. Surv. Can.,' 1885, p. 70 C.; 'Annual Report Geol. Surv. Can.,' 1886, 

p. 139 E. 
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the eleyation of the Sien·a Nevada was considerably increased with the production 
of greater slopes on the west and of faulting along the east side of this range. The 

evidence consists chieily in the existence of great river erosion, referred by him to 

this date, but he quotes further the observations of Dutton, Gilbert, Howell and Russell 
to show that other ilnportant orographic movements were synchronous, or nearly so, 

with the elevation of the Sierra. These comprise a general increase of the height 

of ihe Great Plateau of Utah of 3,000 to 4,000 feet and normal faulting in the 
region of the Great Basin and in southern Oregon, which has, in the last-named instance, 

affected the later Tertiary lava-beds.1 The question now occurs as to whether these 

changes can be assumed to have been simultaneous with the mid-Pliocene elevation in 
the British Columbian portion of the length of the Cordillera. To this it may be 
replied that the great amount of erosion met with in British Columbia and referred to 

the latter half of the Pliocene period, implying as it does a long interval between the 

mid-Pliocene elevation there and the initiation of the glacial conditions, appears 
definitely to negative such correlation. In British Columbia no facts have yet been 
met with to prove a renewal of elevation at the close of the Pliocene, but it is at the 
same time possible that such elevation may have occurred, and, in view of the evidence 

brought forward by LeConte, it may even be said that it is quite probable that it did 

occur, and that, working together with other causes of a much more general character, 
it resulted in the initiation of the phenomena of the Glacial period. It is certain that 

the mid-Pliocene elevation was not in British Columbia sufficient in itself to bring about 

any general conditions of glaciation. 
King refers also to the close of the Pliocene the wide change in relative levels which 

resulted in raising to greater elevations the western edge of the deposits of the Pliocene 
Cheyenne Lake, and the production of the eastward and southward slopes of this old lake

bed from the base of the Cordillera in the fortieth parallel region ; but, so far as can be 
gathered from the published evidence of this great change, it can be asserted only to 
have been post-Pliocene. In the Canadian portion of the area of the Great Plains there 
is good evidence to show that the eastward or north-eastward slope of the actual surface 

was produced by movements during or at the close of the Glacial epoch.2 

In reviewing the foregoing account of the changes in elevation of the Cordillera and 

its adjacent regions, including only that northern part of the western portion of the 

continent with which we have here to deal, the following general facts appear :-During 
the Laramie period a great part of the central region at least of the Cordillera stood at a 

high level, while the greater part of the area of the Great Plains was submerged. In Eocene 
times the plains ceased to be an area of deposition, and were somewhat elevated, the 

greater part of the Cordilleran belt being· at the same time from 3,000 to 4,000 feet lower 
than at present. During the Miocene the Cordillera probably retained a nearly similar 
elevation, and there is evidence that the western edge of the plains stood high, but with 
a line of depression farther to the east which ran parallel to the base of the CordilleTa. 
The Pliocene was marked by two or more epochs of elevation of the Cordillera, while 

the plains, at the close at least of this period, are found to have been again depressed. 

1 ' American Journal of Science,' Ill, vol. xxxii, p. 167; " Tertiary History of the Grand Canon," p. 227. 
2 This fact has already been noted in the ' Report of Progress Geol. Surv. Can.,' for 1882-84, p. 151 C. 
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In the above series of events it appears distinctly enough that the times of change in 
elevation of the provinces of the Cordillera and Great Plains respectively, though 
Go-ordinated, did not correspond in character; while a. general impression is conveyed 
that the moYements were in the two areas complementary and more or less completely 

correlative. To this particular aspect it will be necessary to refer again in greater detail 
on a later page. 
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TilE UOOI(Y MOUNTAIN REGION. 

I I. 

GLACIAIJ ·HIS'l'ORY. 

Having in the first part of this paper followed the orographic movements, the ·wider 
movements of eleyation and depression, the periods of deposit and those of denudation in 

that northern part of the Cordillera to which our survey specially refers, through the 

Mesozoic and TeTtiary eras, we are brought in contact with phenomena of a new kind, or 
at least of a kind of which no marked evidence had heretofore been found, those, namely, 

of the period or epoch of glaciation. Moro than any other changes which the northern 
hemisphere has undergone, these have in late years become a battle-ground of rival 

theories, in conseqll:ence of "\Vhich the most extreme yiews have been maintained. While 
it is admitted on all hands that the Glacial epoch presents many problems of great difficulty, 

it would appear that much of the difference of opinion which has been developed has 
resulted from a disinclination to admit the application to this period of arguments and 

explanations similar to those which are freely allowed in other fields of geological 
reasoning. It would ftuther appear that the complex character of the evidence met with, 
and the resulting difficulty found in embracing all the facts under a satisfactory hypo

thesis, semn to have driven many writers to take refuge in extreme theories of a simple 
character, under which very diverse observations have been included, even though some 

of these require to be led to a common centre by very devious routes. It is true that in 
meeting at this stage "\1\-Tith evidence of ice action on a great scale, we are called upon to 
deal V\rith a nevv agent capable of producing new effects; but it is also true that the con

current action of various changes in relative elevation affecting oceanic and atmospheric 
currents, may have had much to do with the inauguration of the new state of affairs. 
Whether any still wider changes of a cosmic character co-operated with those above 
alluded to is a further question having little connection ·with our present enquiry, and 

one upon which nothing need be said here. 
Regarded as the latest in the series of great changes which have been effective in 

bringing about the actual condition of the region under discussion, and being in conse
quence one of which the results are still everywhere apparent, the phenomena of this 

particular time might justify a very detailed mode of treatment and be made the subject 
of an extensive monograph. The object in view is, however, rather that of connecting 
the phenomena of the Glacial epoch with those of antecedent periods, referring for detail 

in respect to observed facts to previous publications. Many of the observations made by 
the writer in different parts of the Oordillora and in the Tegion to the eastward extending 

Sec. IV, 1890. 4. 



26 G. ~1. DA WSON ON THE PHYSIOGRAPIIICAL GEOLOGY 

to Lake Superior, ha-ve been separately published in a number of different papers and 
Teports. This sketch may, however, affoTd a nwans of drawing these togetheT and 

correlating them in a manneT not heretofoTe attempted. 
In the publications above referred to, it has been made a rule to detail the facts 

which have come undeT my notice in each particulaT district, and to suggest or discuss 

the deductions and moTe or less theoretical conclusions which these facts appeaTed to 

warrant. In the present instance this inductive method is necessaTily reversed, in order 
to present the matter under consideration with clearness and brevity; this being the only 
mode available for a subject which depends on so great an accumulation of observations. 
With the object, however, of maintaining as close a connection as possible with the actual 
basis of our knowledge, numerous references are giyen to former publications, while 

certain observations which have Tecently been made, but \vhich have not yet been 

published, are accorded a somewhat fuller treatment. 
Though the present paper deals primarily with the Oordilleran region of Canada, it 

has been found essential to refer also to adjacent regions in the foregoing pages ; and in 
connection with the present stage of the enquiry it is more than ever necessary to keep in 

view the conditions at the same time affecting the Great Plains. As, however, the glacia
tion of the Oordillera preseuts in itself a sufficiently cmnplex problem, it will be best to 

consider this alone in the first instance, and subsequently, with the knowledge so 
obtained as a basis, to treat briefly of the contemporaneous phenornena to the eastwaTd. 
This method is, moreover, rendered appropriate by the circumstance that while the 

glaciation of these two regions is without doubt correlative, the known evidences of the 

Glacial epoch in these two provinces barely overlap. 
In a region with such pronounced physical features as that of the Oordillera, the 

solution of the problems offered by the traces remaining to us of the Glacial epoch are by 

no means so simple as in less rugged districts, and it is more than elsewhere necessary to 
keep clearly in view the chief outlines of the orography, as sketched on a previous page. 
lt is thus not possible, without greatly exceeding the limits appropriate in this paper, to 

fully present the various local conditions which appeal to the eye in the field and at the 
time of observation. These circumstances render it difficult to do full justice to many of 

these observations, a difficulty which is increased by the non-existence of any really 

accurate detailed maps of large parts of the region. 
All that is knovvn of the Glacial period goes to show that, relatively to that occupied 

by the movements and periods of rest which we have previously examined, the whole 

time embraced by this epoch was short; while the results produced were such that, though 

striking enough because of their recency, they might almost, if not altogether, have been 
overlooked had they occurred at some long previous geological time. For the same reason 

the character of the data available for the history of this epoch differs considerably from 
that on which the geologist depends in the case of older deposits. Here we must appeal 
very largely to the natuTc and arrangernent of incoherent deposits which still occupy the 
surface, while with regard to -yyater-levels we may often directly consult beaches and 

terraces which still exist in a condition little changed from that in which they were 

produced. 
The evidence brought forw·ard in former pages presents to us at the close of the Pliocene 

the Oordilleran region at an elevation of at least nine hundred feet above that which it now 
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has, and leaves it probable that by a further uplift at the end of the Pliocene period (and 

marking the close of that period in this Tegion) this amount of ele,~ation had been still 

furtheT increased. The Great Plains were at the same time at a relatively low level, and 

had not had impressed on them that long gentle slope from the base of the Rocky Moun

tains to the east and north-east which they possess to-day. As nothing has been found to 
show that these two great areas of uplift and depression vvere separated by a line of fault

ing in the Yicinity of the eastern margin of the Cordillera, it 1nay be assumed that a hinge

like fl.exure occurred along this margin or not far to the eastward of it.' 

The Cordilleran region, in consequence of its high elevation, and probably also in part 
as a result of other concurrC'nt causes by which the northern he1nisphere vvas affected at the 

inception of the period of glac.iation, appeart:i to have become at this time pro-eminently 
the condenser of the North Pacific. Precipitation occuned upon it chiefly in the form of 

snow, which \vas so n1uch in excess of the influence of the summer heat as to accumulate 

from year to year. Great glaciers formed in the higher mountains, probably in the first 
instance among those situated nearest to the coast; but eventually the greater part of the 
region beGame covered and buried either in neve or beneath glacier-ice. The directions of 

motion of the glaciers at first produced were doubtless in conformity V\.,.ith that of the valleys 

of mountain strea1ns, but at a later date, v..T hen the Cordillera becarne completely buried, a 
general movement was initiated from a region situated between the fifty-fifth and fifty
ninth parallels of north latitude, in south-easterly and north-westerly bearingt;.:! The 

Cordillera, in fact, bet\veen the forty-eighth and sixty-third parallels, or for a length of 

about 1,200 miles, seems to have assumed an appearance closely analogous to that of 

Greenland at the present day, save that in consequence of the high bordering mountain 
ranges, with the general trend of these and of the lower intenrening counhy of the 

Interior Plateau, the greater part of the ice was forced in this case to follow its length in 

the directions aboye indicated, instead of discharging laterally on both sides to the sea. 
A certain pToportion of the ice, however, during the maximum phase of this great glacieT, 

flowed thTough passes in the Coast Ranges, and uniting there \Vith ice derived from the 

WC'StPrn slopes of these Tangos, filled the great valley between Vancouver Island and the 
mainland, impinged upon the shores of the Queen Charlotte Islands, and still fnrtheT 
north Teached the ocean across the coast aTchipolago of the south-eastern coast-strip of 
Alaska. 

Though at first in doubt as to the probable origin of the traces met \vith of this first 
and most gpneral epoch of the o'laciation of the Cordillera,3 mu<"h additional information 

gainrd in latrr yrars convinced me that it clearly indicated thr former existence of a 
gTeat glacier-mass such as that here dPscribod. 1 Still more recent obsPrvations have 

proved the north-western mo,~oment of the northern part of the great glacier, nnd 

1 It is worth noting here that l\Ir. 1\[cConnell's carefully elaborated section through the Rocky 2\Ionntains on 

the line of th Bow and Kicking-Horse Rivers affords mneh ground for the belief that the central line of this 

range constituted a geological hinge even in Palreozoic times. This evidence consists chiefly in the difference in 
character met with in the formations of the western and eastern parts of the range.-' Annna.l Report Geol. Snry. 
Can.,' 1886, Part D. 

2 Such general movement probably affected only the central portion of the ire-mass by which the Cordillera 
was covered, and there is no reason to suppose that it was otherwise than sluggish. 

3 'Quart. Journ. Geol. Soc.,' vol. xxxiv, p. 118. 
4 'Quart. Journ. Geol. Soc.,' vol. xxxvii, p. 283. 
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after having thus ascertained its area, I ventured to designate it 9.s the Cordilleran 

glacier. 1 

The formation and movement of the Cordilleran glacier naturally resulted in the 

compleh~ obliteration of the traces of the earlier and smaller glaciers which must have 

preceded it, as well as practically the complete remo-r-al of all unconsolidated pre-glacial 

gravels and sands. Of these last the only known remnants arc the deep gravels of 

certain old streams in the more mountainous regions, which are in some places distinctly 

capped by boulder-clay, and have proved in the Cariboo District and elsewhere to be 

highly auriferous . 

. The limits in latitude above assigned to the great neve or gathering-ground and 

point of dispersion of the Cordilleran glacier are maxin1um limits, depending merely on 

the localities of observed traces of its action, and it is probable that detailed examina

tion of the intermediate region will eventually admit of a much more precise localiza

tion of this area. It is further probable, arguing from the existing conditions of pre

cipitation relativrly to i.he Pacific, that the point of greatl'st accumulation was not more 

than 200 miles inland, while it is quite possible that it may not have been situated over 

100 miles from the coast.2 On the asstunption. that a slope of ten feet to a mile is neces

sary in order to produce motion in such a glacier,3 and taking· into consideration the 

known length of the south-eastward 1noving portion of this great glacier-mass, its 

highest central part within the limits above assigned must have had an elevation of at 

least 7,000 feet 1 above the mean elevation of the Interior Plateau, which would be 

equivalent to an elevation of about 10,000 feet above thn present sea-level, or probably 

11,000 feet above the sea-level of the time. 

Nothing has yet been ascertained which might throvv light on the question as to 

whether the great height of this neve was due simply to a local accumulation of ice, or 

whether its existence and the required degree of slope from it may in part be athibutrd 

to a greater amount of uplift which affected the particular region upon which it rested. 

A brief statement of the known limits of the Cordilleran glacier may now be given. 

In 1878 the writer was able to state that if the general glaciation of the interior of 

British Columbia was attributable to the action of a confluent glacier (a point as to 

which he was at that time uncertain), the ice of its southern extremity must have 

poured southward through the gaps on the forty-ninth parallel." Beyond this parallel, 

which constitutes the international boundary, his investigations were not carried. This 

inference has since been confirmed, and the southern tongues or lobes of the Cordilleran 

glacier have in part been traced out by Prof. F. C. Chamberlin and Mr. Bailc·y Willis of the 

U. S. Geological Survey, the furthest southward extensio~ being, as detenniued by Prof. 

Chamberlin, near the south end of Pend D'Oreille Lake in or about latitude 48°, 20'.6 

1 'Geological Magazine,' Dec., III, vol. v., p. 348. 
2 In an article in the 'American Geologist,' vol. iv, p. 215, Mr. ·warren Upham gives somewhat different limits 

for this area of dispersion, but as his statements are based upon my observations only, I am at a loss to under

stand his grounds for so doing. 
3 Cf. Dana. 'American Journal Science,' Ill, vol. v, p. 205. 
4 By assuming a minimum slope of one degree, in accordance with observations by Hopkins, this amount 

would be increased to about 31,000 feet. 
5 'Quart. Journ. Geol. Soc.,' vol. xxxiv, p. 119. 
6 Cf. 'Bulletin No. 40 U. S. Geol. Survey,' 1887; "Seventh Annual Report U. S. Geol. Survey, 1888," p. 178. 
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On the coast, the extension of the Cordilleran glacier ·which occupied the wide 

valley between the highlands of Vancouver Island and those of the adjacent Coast 

Ranges, divided at a point a few rniles north of ~eynwur N arro~rs, to form two broad 

glacier-streams flowing in opposite directions, or south-east and north-west respectiYely. 

These have been dnsignated the Strait of Georgia and Queen Charlotte Sound Ghciers.1 

Of these strPams of ice, the first-mentioned probably did not extend far beyond the south

eastern extremity of the island/ and it appears to be doubtful that it eyer pushed south
ward so as to cover any considerable poTtion of the Puget Sound basin. The QuePn 

Charlotte Sound glacier similarly appears to have terminated in the vicinity of the north 
point of V ancou veT Island- Cape Commerell.:~ The extension of the border of the 

Cordilleran glacier to the Queen Charlotte Islands is beliL>vcd to be indicated by certain 

strim found near the northern extre1nity of these islands, the direction of V\'"hich \Vould 
show that the ice here advanced south \vard, in conformity with the main direction of the 
long fiords and channels between Observatory Inlet and Duke of Clnxence Strait, ·whieh 

1nust have here been its principal feeders. 1 Still farther north, according to the 

observations of Prof. G. F. W right and those of the writer, it is clear that the V\ ... Pstcrn 

border of the great glacier passed seaward across the coast ar<.;hipelago of the southern 

part of Alaska.5 

Having from an examination of the notes made by various arctic explorers arn\"'ed 

definitely at the conclusion that the great glacier-mass of the eastern part of the continent 
possessed a north ward as well as a south ward direction of motion from its main g·athm·ing
ground/; the writer was pleased to be able to avail himself of the opportunity afiorded by 

the Yukon expedition to invPstigate the conditions of the northern part of the 
Cordilleran glacier. Evidence was there obtained of its northward or north-westward 

diTection of movement~ and this has since been confirmed aud added to by obst>rvations 

in surrounding regions by 1'1r. R. G. McConnell of the Canadian Geological Survey 

(1888) and by Mr. I. C. Russell of the United States Geological Sun·ey (1889).7 On the 

Lewes and Pelly RivC'rs, branches of the great Yukon River, striated rock-surfaces, 
Pvidently due to the general Cordilleran glacier, were noted; in the case of the first
mentioned river as fal' north as latitude 61 o 40' on the Pelly to latitude 62° 30', longitude 
135° 45'. Tho observed bearings show a convergence of direction toward the lovv 

country about the confluence of these two rivers, near the site of old Fort SelkiTk, and 

it is not improbable that the glaciers may have hl're reached to the vicinity of the 

sixty-third parallel on the 137th meridian.:- No traces of glaciation \Vere obsen~ed 

by Mr. McConnell, still furthc'r north, along the Porcupine Hiver, nor by Mr. Russell 
further down the main valley of the Yukon, the appearances there being on the 

contrary those of a country which had long been subjected to subaerial decay, and 

1 'Quart. Journ. Geol. Soc.,' vol. xxxvii, p. 278. 
2 'l'his inference is drawn from the character of the ice action shown by the rocks in the vicinity of Victoria.-

' Quart. Journ. Geol. Soc.,' vol. xxxiv, p. 93. 
:I' Annual Report Geol. Surv. Can.,' 1886, p. 103 B. 
1 'Quart .. Tourn. Geol. Soc.,' vol. xxxvii, p. 282 ; 'Report of Progress Geol. Surv. Can.,' 1878-79, p. 93 B. 
5 'American Naturalist,' l\Iarch, 1887; 'Geologicall\Iagazine,' Dec., III, vol. v, p. 348. 
n 'Annual Report Geol. Surv. Can.,' 1886, p. 56 R. 
i ' Bulletin Geol. Soc. Am.,' vol. i, pp. 540-99. 

t. ' Geobgical Magazine,' Dec., III, vol. v, P· 348; 'Annual Report Geol. Snrv. Can.,' 1887-SS, p. 40 n. 
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which had not been traversed either by glaciers or by floating ice capable of hearing 

crratics.1 

Further illustration of the fact that the extreme north-western part of the continent 

remained a land surface, upon which no extensive glaciers were developed at any time 

during the Glacial epoch the ti1ne of n1aximum glaciation, is afforded by the note of 
Messrs. Dease and Si m pson as to the entire absence of boulders along the Arctic coast 

\vcstward from the estuary of the Mackenzie River.2 

Granting that the north-western extremity of the Oordilleran glacier reached the 
furthest point above assigned to it, we find that its extension from the central gathering

ground (or fro1n the approximate margin of this gathering-ground already given) was 
much shorter than that attained by the south-easterly flowing part, the approximate 

lengths being 350 and 600 miles respectively. This may be regarded as indicating either 

a greater relative elevation of this part of the continent to the north-west\vard, or a less 
copious supply of snow in that direction; the latter being the more probable supposition 

on account of the absence, which has juRt been referred to, of traces of glaciation in the 

extreme north-west. 
The north-eastern margin of this great glacier is less easily defined, but it may (as a 

whole) be regarded as having been Gonterminous vvith the Rocky Mountains proper, 

against vvhich it must have rested directly in some parts of its length, while in others the 

more or less isolated mountain-groups of the Gold Ranges doubtless constituted local 
gathering-grounds \Vhieh contributed their quota to swell the main stream. It is certain 

that the great valley vvhich separates the tnountains of these ranges from the Rocky 
Mountains was throughout filled with ice, which had, like that of the main glacier, a 
south·eastward direction of movement in the corresponding part of its course (i.e., in that 
part of the valley V\rhich is now occupied by the upper parts of the Columbia and Kootanie 
Rivers). While it is possible that some part of this ice diseharged laterally by the passes 
across the Rocky Mountains, this is rendered i1nprobable by the absence of erratics derived 
from the Gold Ranges both in the Roeky Mountains and in the foot- hills to the eastward 

of them. 
No evidence has occurred to the writer such as to lead him to regard the boulder-clay 

of the Oordilleran region as a moraine projonde of the Oordilleran glaeier, and if the boulder
clay as a whole be not of this nature, but slight traces of any such bottom moraine are io 

he found. A hard stony material evidently of this character has been observed in son1e 

places near Victoria, wedged into creyices of the glaciated rocks or protected by their 

overhanging ledges ; and in some of the deep v-shaped valleys further inland in this part 
of Vancouver Island, a very similar deposit sometimes forms a gTeat part of the drift. In 

similar deep valleys and other sheltered low· places in the Interior Plateau region, some 
much cmnpacted boulder-clays to which this origin may with probability be assigned, and 

which may represent true till, also occur, but the general covering of boulder-clay appears 

to have a different and subsequent history.3 

-------
1 'Bulletin Geol. Soc. Am.,' vol. i., pp. HO, 543. 
2 "Narrative of Discoveries on the North Coast of America, 1836-39," p. 149. 
:l Mr. I. C. Russell in his "Notes on tho Surface Geology of Alaska," which has already been referred to, 

seems to assume that I regard the boulder-clay Peen along the Lewes, ahovo Fort Selkirk, as a true glacier deposit. 
'lhis assumption, however, does not precisely represent my Yiew of its origin, which is alluded to on a later page. 
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The inferences above drawn respecting the existence and limits of the great Oordilleran 

glacil'r now rest upon a great body of facts of different kinds into the detailed considera
tion of which it is impossible to enter here. Our knowledge of the direction of motion 

and thiGkness of the glacier-n1ass, however, depends chiefly on observed instances of rock
striation or scoring met -vvith on isolated high points or on the surface of broad plateau

like elevations. In the study of the interior region of British Columbia it became apparent 
at an eaTly stage of the enquiry, that in addition to striation and shaping of rock- surfaces 

by glacial action referable to the various mountain-systems and diverging in all directions 

from these, traces of a much more general character and of older date also occur. The 
instances in which such evidence can be found under quite unequivocal circumstances arc 
naturally ratheT infrequent. Some such were noted and described in my paper of 1878, 
others have since been published in lateT papeTs and reports, and some, met with during 

the season of 1889, have not yet been 1nade public. In ordeT, therefore, to present this 
important evidence in a concise manner, a number of the principal cases which have been 
discoyered within the area of the south-eastward flowing portion of the Oordilleran 
glaeier are tabulated below, the general OTder followed being from north-west to south
east. The approximate latitude and longitude of the localities is o'iven, as most of these 

are not shown on the ordinaTy maps. SeveTal of the mountains, indeed, have been named 
in the course of topographical and geological work still in progress, and aTe theTefore not 

to be found on any published map. The names of these last are in parentheses. 

LIST OF smm PHI~CIPAL rNSTA£\CES OF SnuATIO~ REFERABLE TO THEJ SoeTH-EASTWARD PORTION OF THE CoRDILLEJRAN 

GLACIEJR, IN THEJ INTERIOR REGION OF BRITISH COLUM:llfA. 

Approx. 
Lat. 

Approx. 
Long. 

PLACE. 

- - 1----1·----

1. Summit of Tsa-whuz 
Mountain . .. . .. . . .. • .. 53° 401 

2. Summit of Binter Knoll. 53° 

3. Spur of Tsi-tsntl Moun-
tain...... . . . . . • . . . . . . 52° 401 

4. Plateau no rth of Chil- · 
cotin River ............. 52° 

5. Iligh platea u between} 
North Thorn pson and 51° 02' 
Bonaparte Rivers .... 

6. " " 51° 081 

7. " " 51° 051 

122° 401 

121° 131 

I 120° 461 

I 
120° 351 

Height in Direction of/ 
feet above sh·ire (true RE)fARKS AXD REFERENCE. 

eea. bearings). 

3,550 

3,700 

3,650 

5,600 

4,220 
5,220 

{ 
About An ISolated point 800 feet above plateau 

S. 10° W. between Chilacco ami Fraser Hivers. 
\Vater-worn boulders and pebbles 
found. I Rep. of Prog. G.S. c.,' 1875-76, 
p. 262; 'Q.J.G.S.,' vol. xxxiv, pp. 100 
104. 

S. so E. An isolated point 250 feet above sur
rounding country. Wide lower plateau 
to the nortb. Erratics on summit. 
I Rep. of Prog. G. s. c.,' 1876-77, p . 80; 
'Q. J. G. S.,' vol. xxxiv, p. 101. 

S. 37o ·w. Ice here passed between Tsi-tsutl and 
inner border of Coast Ranges, crossing 
a 'col.' Lower country to the north. 
Direction somewhat affected by the 
local circumstances. 'Q J. G. S.,' vol. 
xxxiv, p. 102. 

S. 2° E. The direction is transverse to the great 
gorge of the river. Several localities. 
'Rep. of Prog., G.S.C.,' 1875-76, p. 261; 
'Q.J.G.S.,' vol. xxxiv, p.lOL. 

S. 35° E. These are examples merely of the glacia
tion met with on prominent parts of 
this plateau. Erratics are strewn over 

S. 30° E. all parts of the plateau. Of these 
S. 34° E. examples all but No. 5 have already 

----------
Though peeulia.r in some places, in eontaining eonsiderable masses of stratified clayey gravels, the boulder-clay of 
the Upper Yukon basin, where I have seen it, is often a typical boulder-clay of the character to be found over 
thousands of S!luare miles in the interior of British Columbia and in the northern part of the Great Plains. Cf • 

• 'Bulletin Geol. Soc. Am.,' vol. i, p. 143; • Annual Report Geol. Surv. Can.,' 1887-88, pp. 126 B; 149 B. 
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I 
I 
I 

LIST Ol!' SOMB PlUNCll'AL INSTANCES 01!' S'l'IUA'l'lON.-Coutinucd, 

Approx. 
Lat. 

8. High l'laloa.u, ctc ...... 51° OD' 
D. " " 50° 50' 

10. Tod Mountain .......... 50° 56' 

11. Iligh plateau l>ctweou 
A<.lams &Slmswap Lakes 51° 1' 

I 

12. (Clear l\Ionntains) lJe-
tween Hat Creek Valley 50° 44' 
and Fraser Ri vcr.. . . . . . . 50° 36' 

13. Summit east of Paul'::; 
Peak, near Kamioop:s... 50° 42' 

14. Plateau 14 miles south 
of Kamloops......... . . 51 o 31' 

, 15. (Cinder Mountain).... 50° 34' 
16. (1\Iurr~y's :Mountain)... 50° 31' 

I 17. (Spaist Mountain). . . . . 50° 23' 

1
18. Zakwaski Mountain.... 50° 09' 

19. High Point on ridge be
tween last and Nicola 
I-{.iyer . .. . .. . . .. . .. . . .. 50° 12' 

20. Iron Mountain......... 50° 03' 

21. High point on plateau 20 
miles south of Nicola 
Lake ............. , . . . 49° 50' 

22. Plateau near Chain 
Lake . . . . . . . . . . . . . . . . . . 49° 401 

AllJll'UX. 
Long. 

1:20° 26' 
1:20° 25' 

1l\J0 551 

1~1 ° 42' 
1:n o 40' 

121° 081 

121° 33' 

121° 16' 

120° 35' 

120° 15' 

:23. (Loadstone Peak) ...... . 

.'4 Toad }fountain . ..... . 

49° 25' 1120° 50' 

I 49' 25' 

1

117' w 

I 

I 

I 

Height in 
feet a.bove 

sea. 

5,450 
5,84.0 

7,~50 

6,100 

7,070 
7,640 

3,520 

4,190 

5,070 
6,880 

5,780 

6,600 

5,630 

5,280 

4,380 

4,075 

6,370 

6,990 

Direction of 
striro (true 
bearings.) 

S. 37° E. been published, 'Geol. 1\fag.,' Dec., Ill, 
S. 35° E. yol. vi, p. 352). As now giyen slight 

changes are made in some of the posi
tions and heights of localities, which 
where formerly published were stated 
to be approximate, but have since been 
worked out with greater accuracy. No. 
8 is the summit of (Skoatl), a remark-

! able conical basaltic hill. 
S. 41° E. Culminating point between deep and 

wide valleys of North and Bouth 
Thompson Rivers and Adams Lake. 
Lightly glaciated over summit. No 
tnwelled stones seen about actual 
summit. ' Geol. 1\Iag.,' Dec., Ill, vol. 
vi, p. 351. 

S. 27° E. A few sma1l erratil:s seen, some on sum
mit of point with height of 6,210 feet. 
This is also glaciated but the direction 
is indeterminable. ' Geol. Mag.,' Dec. 
III, vol vi, p. 352. 

None seen Small erratics found e\'erywhere strewn 
" " with local material up to the highest 

points of these mountains. Summits 
considerably shattered and weathered. 
Various parts of the range were 
examined, the positions and heights 

I 
given are those of the northern and 
southern high points, (Cbi-pooin) and 

I (Blustry) Mountains. 
S. 51 o E. Travelled stones and considerable cover

ing of drift material. Local topography 
explains divergence of glaciation to 
eastward. 

S. 31 o E. General direction from glaciated surfaces, 
the strire weathered out. 

S. 50° E. ·Travelled stones on summit. 
S. 10° E. Neighbouring deep parallel valleys of 

Fraser and Thompson appear to have 
influenced direction. Boulders and 
stones of varied origin on summit. 

S. 28° E. Isolated high point on plateau north of 
Nicola River. 

...•.•.... Isolated high point at head of Nicoamen 
River. Glaciated but direction uncer
tain, the trachytic rocks much broken 
up and weathered. 'fravelled stones 3 
or 4 inche-s through found on summit. 

S. 13° E. Granite boulders strewn over this and 
neighbouring ridges, which are com
posed of volcanic rucks. 

{ 
About Situated near confluence of Nico1a and 

S. 29° E. Coldwater Rivers. Glaciation heavy. 
Travelled stones on summit. ' Rep. of 

I Prog. G. S. C.,' 1877-78, pp. 136 B, 146 
B.; ' Q. J. G. S.,' vol. xxxvii, p. 272. 

{ 

S. 6° E. St:ire somewhat obscured by ,,·eather-
to mg. 

s. 18° E. . 
{ 

S. 20° E. Situated midway between Okanagan 
to Lake and Similkameen River. ' Rep 

S. 28° E.l ?f Prog., ,G.S.C.,' 18?_7-78, p. 137 B.; 
Q.J.G S., vol. xxxvn, p. 273. 

S. 15° E. Highest point in this vicinity to east of 
1 Coast Ran~es. 

{ 

S. 6° E. This is in "\Vest Kootanie District and 
to forms the watershed between Kootanie 

S. 33° E. and Salmon Rivers. Glaciation light 

I 
but distinct. No erratics observed. 
'Ann. Rep. G.S.C.,' vol. iv, p. 40 B. 
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In further explanation of the above table, it may be pointed out that the less con
siderable height of the points in the northern part of the Interior Plateau upon which 
eyidence of the general glaciation has been found, depends principally on the less 
elevated character of all that part of the plateau. Points equal in height to those 
enumerated to the southward scarcely occur, but this ciTcumstance, with the less bold 
relief of this part of the plateau, in itself enables equally good evidence to be obtained 
at lower levels. It cannot be accepted as having any bearing on the probable thickness 
of ice during the maximum epoch of its accumulation in the northern and southern parts 
of the plateau respectively. The much greater number of instances drawn from the 
southern part of the region is due chiefly to the fact that portions of this part have now 
been closely and systernatically examined, while the surveys carried out to the north 
(in 1875, 1876 and 1878) were of the nature of reconnaissances, and thus did not require nor 
even admit of the occupation and examination of all the high points. The same rernark 
applies to the absence of observations at great heights in the area of the north-westerly 
.flowing part of the Cordilleran glacier. It should also be remarked in this connection, 
that glacial striation on the summits of mountains such as most of those here cited, can 
g·enerally be found only by close examination and search for unweathered rock-surfaces, 
and that many cases occur in which no certain indication of direction can be obtained 
even by such search. 

Particular interest attaches to the observations on the elevated rough plateau between 
the North Thompson and Bonaparte Rivers (numbers 5-D), because of the fact that no 
considerable area of equal height occurs to the north-westward (from which direction the 
ice came) for a distance of about 350 miles. An inspection of the table will show that the 
main direction of motion of the part of the Cordilleran glacier represented by it was from 
north-west to south-east, along the Interior Plateau and paraHPl to the main mountain 
elevations of the Cordillera. Where least disturbed by local circumstances of the relief 
of the surface over which the glacier flowed, and by the occurrence of adjacent ranges 
which may have deflected the ice, the mean direction lies between S. 30° E. and S. 35° E. 
rrhe general surface of the glacier must have stood at one time, in the southern part of 
the Interior Plateau, at a height somewhat exceeding 7,000 feet above the present sea
level, the thickness of the glacier-ice covering even the higher parts of the plateau here 
being thus at least 2,000 to 3,000 feet, while it attained a thickness of about 6,000 feet 
over the river-valleys and other main depressions of the surface. From the light character 
of the glaciation observed on most of the higher points, it is probable that the glacier 
did not much exceed the thickness here assigned, but that it preserved this thickness, 
together with its full width, to near the forty-ninth parallel, is indicated by localities 
23 and 24 of the table, which are 170 miles distant from each other on an east and west 
line. 

The erratics which occur on the summits of most of even the highest mountains on 
which glaciation has been found, as well as those scattered over high points where no 
strim were detected, are as a rule to be classed as pebbles rather than as boulders. They 
are generally more or less rounded, but are occasionally striated. They are usually found 
sparingly dispersed among rocky debris, derived from the mountains themselves, and 
with little or no accompanying earthy. drift. It is believed that these foreign stones 
vvere carried on the surface or within the mass of the upper parts of the Cordilleran 

Sec. IV, 1890. 5. 
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glacier when at about its maximum, and that they were left stranded where now found 

as it dedined. 
Many observations might be cited to show that as the main glacier decreased in 

thiekness and its front retreated its direction of movement became more and more 
' subsidiary to the local relief of the surface. This subject can, however, only be alluded 

to here. The general character of the change may be diagrammatically expressed as 
shown below, where the vertical lines represent the mountain ranges bordering the 

Interim· Plateau, the arrows the direction of movement of ice at successive periods in its 

decline:-

\I 
(I} 

(1.) 

Evidence believed to be conclusive as to the lateral discharge of a portion of the ice 
through the valleys by which some rivers still traverse the entire width of the Coast 
Ranges, has been obtained on the Dean or Salmon River 1 (lat. 52° 50'), as well as in the 
larger inlets of the coast. The ice attained a thickness of at least 3,000 feet in the region 
where the StTait of Georgia and Queen ChaTlotte Sound glacier-streams diverged, between 
Vancouver Island and the mainland. Toward the extremity of the first-named glacier

stream, near Victoria, the ice must have had a thickness exceeding 600 feet.
2 

The directions in which the ice moved in the coast region have already been 

referred to. 
Little can yet be said as to the thickness of the north-westward flowing part of the 

Cordilleran glacier, though the absence of heavy glaciation about the summit of the 
Chilkoot Pass (3,560 feet in height), by which the Coast Ranges are crossed in latitude 
50° 45', may be accepted as tending to show that the surface of the corresponding part 
of the main glacier could not have very much exceeded this height, a circumstance 

which would correspond with the inferior length of this portion of the glacier. 
It has already been pointed out that the British Columbian portion of the length of 

the CordilleTa, when the glacial epoch supervened, stood probably at least noo feet higher 
than it now does. If this be admitted, as there appears to be every reason that it should, 
it will be found that the recession of the CordilleTan glacier and its accessory glacier
streams was contemporaneous with, if not brought about by, a rnovemenl of subsidenee; 
for when the Strait of Georgia glacier had diminished only so far as to bare the glaciated 
rock-surfaces of the south-eastern extremity of Vancouver Island, these were at once 
eovcred by irregularly stTatified deposits, comprising sands, clays, gravels and boulder
day, in sorne of which marine shells are found.3 Sirnilar facts are observable further 

north in the Queen Charlotte Islands/ and it may thus be inferred that the land 
~- - - --~----------------- - ---

1 'Quart. Journ. Geol. Soc.,' vol. xxxiv, p. 102. 
2 'Quart. Journ. Geol. Soc.,' vol. xxxiv, p. 95. 
3 'Quart. Journ. Geol. Soc.,' vol. xxxiv, PP· 96, 122. 
4 'Report of Progress Geol. Surv. Can.,' 1878-79, p. !)!) B. 
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had gone down at least 1,000 feet from the stage of its maximum elevation before any 
very considerable decrease in size of the great glaciers occurred. We are unable to 
follow this subsidence further in detail, as whatever traces it may have left along the 

coast must have been obliterated by subsequent action during the succeeding period of 
elevation which is referred to on a later page. We know only that in the Strait of 

Georgia and in Queen Charlotte Sound a considerable thickness of fine, regularly 
stratified silty material ·was laid down in a tranquil manner above the first boulder-clay 

and its associated deposits, under conditions implying that _the land was at least from 

100 to 200 feet lower than at present} How much lower the land may have stood at this 
time we have as yet no evidence on the coast to show. 

In previous publications I have classified the superficial deposits of the interior of 

British Columbia due to the Glacial period under the names unmodified drift and modified 

drift, the first-mentioned including the boulder-clay, the second embracing deposits of 

various kinds which have frequently in large part been formed by the re-arranged 
materials of the boulder-clay. Though the division thus made is not in all cases perfectly 

definite, it is warrantable from a general standpoint, and convenient for purposes of 
description. 

The boulder-clay though not differing in any obvious 1nanner from that of the Groat 

Plains, or indeed in any important respect from that generally found in different parts of 
the Northern Hemisphere, presents here son1e minor peculiarities. It consists generally 

of a paste of hard, sandy clay, containing usually a very considerable proportion of fine 

sandy material, through which stones of all sizes are irregularly scattered. Its colour as a 
rule varies from light brown to pale yellowi~h or grayish brown, but in freshly exposed 

sections is sometimes bluish-gray. It has usually a more earthy appearance than that of 

the eastern part of Canada, and very often over extensive regions forms the soil in which 
the trees are rooted, without the intervention of any modified drift. An unusually large 

number (including in fact much the larger part of the whole) of the stones and boulders 
are well rounded and water-worn, but a variable proportion sho·wing distinct and sorne
times hea\y glacial striation or polishing is constantly present. 

As later and more extended observations have served only to bear out the description of 
its mode of distribution given in a former publication, this may be quoted as originally writ
ten:-" Over considerable areas this material is concealed beneath the accumulations which 
form terraces and low-level flats, in relation to former lake and ri\rer-valleys. There is a 

remarkable uniformity in these boulder-clays in every locality in ·which I have examinrcl 
them. In many places they form low rolling and broken hills between the river-troughs 
above the ]eye] of the higher terraces. In this case they appear sometimes to be spread in 
a comparatively thin layer over a rocky substratum; V\rhile in others they are of great 

depth, and by the irregularity of their arrangement have themselves produced many 
of the minor features of the surface. They frequently show a tendency to form morr or 
less well-defined high-level plateaux, and are spread almost universally over the elevated 
basaltic region of the interior, in most places so uniformly, notwithstanding 1ninor 

irTegularities, as to allow the underlying Tock to be very seldom seen." 2 

1 'Annual Report Geol. Surv. Can.,' 1886, p. 105 B. 
2 See 'Quart. Journ. Geol. Soc.,' vol. xxxiv, p. 103. 
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These remarks refer particularly to the Interior Plateau region, in the southern part 
of which later observations show that considerable differences exist as between various 

areas in the average depth of the boulder-clay deposit. In the Upper Yukon basin, again, 
it has been found that the boulder-clay presents some additional peculiarities, particularly 

in very often containing intercalations of clayey or earthy gravels which are evidently 

contemporaneous in date and into which the true boulder-clay is found to pass. This is, 

however, again referred to on a later page. 
Throughout the Interior Plateau the upward· limit of the boulder-clay is found at a 

height somewhat greater than 5,000 feet above the present sea-level, and corresponding in 
this respect with the highest level of well-marked terraces; the higher terraces in fact 

generally consisting of material identical in character with that of the general CO\'"ering of 

boulder-clay, or so closely alike as to be indistinguishable from it. Though, as previously 
noted, travelled stones occur on much higher points, no boulder-clay, and very little fine 
drift material of any kind, has been found above the highest terrace-level referred to. 

These highest terraces may be stated to have an average elevation of about 5,290 feet. 

Lower terraces, ranging between 5,000 and 4,000 feet, have also been found in a certain 
number of widely separated localities, but the principal development of terraces is found 

below 3,800 or 3,500 feet, and especially when levels of 3,000 feet and under are reached. 
Below a height of about 3,000 feet the whole Interior Plateau region may be describrd as 
terraced, and although along the various river-valleys many terraces occur vvhich have 
evidently been produced by the streams th01nselves while cutting down through the drift 
deposits, which at an earlier stage had filled these valleys, these need not be considered 
here, the point to which it is wished to draw attention being the existence of ten·aces 

requiring for their explanation a general flooding of the country. Such tenaces are found 
to be not confined to the immediate valleys of the rivers, but to occur in different situations 
along the higher slopes, and to fringe at similar elevations the various irregularities of 

the plateaux. 
l'he existence of that which has been referred to as the highest terrace-level was first 

ascertained in 187G, on the upper slopes of the Il-ga-chuz Mountain, in latitude 52c 45'. 

This terrace or beach-line has already been fully describcd,1 and it need here be mentiont>d 
only that its elevation is 5,270 feet. The circu1nstances of observation at this place apprar 
to be perfectly unexceptionable, though the terrace found here has remained for a long 

tinie an isolated instance. 
During the progress of geological work in the southern part of the Intrrior Plateau in 

1888 and l88D, additional information has, however, b0en obtainPd respPcting this or oth0r 

similar very high terraces. No publication of the results of this work having ypt 

occurred, it will be necessary to refer briefly to the obseTved facts. 
Tod Mountain has already been mentioned in connection with glacial striation, and 

its isolated position has been noted (see p. 32). A narrow and rough, but fairly ·well 
defined ten·ace occurs on its south side at a height ascertained to be 5,116 feet. 

Nearly in the same latitude with the last, but twenty-eight miles further west, on the 

edge of the plateau to the south of the lake in which the Tranquille River rises, a terrace 
occurs at a height of 5,340 feet. This is perfectly distinct and somewhat extensive, and 

was seen from a distance to be repeated on the slope of the plateau some miles to the north-

1 'Quart. Journ. Geol. Soc.,' vol. xxxiv, p. 107; 'Report of Progress Geol. 8urv. Can.,' 1876-77, p. 38 . 
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·ward beyond the lake. Where examined, this terrace is found to be composed of boulder

clay or identical material. 
On Murray's Mounta.in, situated about fifty miies distant from the last, on a south-cast 

bearing, in latitude 50° 31', and ·which forn1s a summit on the mountainous ridge between 
the Fraser and Thompson Rivers, a ten·ace at a height of 5,376 feet occurs. It is situated 

in a depression on the southern side of the mountain, and though srnall and somewhat 

irregular is perfectly distinct. 
Forty-six miles north of the last-mentioned locality, on the west side of the Marble 

Mountain range, in latitude 51° 8', is a distinct terrace at an elevation of between 5,2GO 

and 5, 360 feet. 
The clearest and Inost unequivocal evidence of the existence of a water-line at this 

great elevation was, however, found in October last on the eastern or opposite slope of thP 
Marble Mountains. This looks out u·pon the sea-like expanse of the basaltic Green Timber 
Plateau, which has an elevation of from 3,800 to 4,000 feet. The entire eastern base of the 

ra-nge, for a length of fifteen miles, is heaped with drift deposits which arc more or less 

distinctly terraced all along, the appearance presented frorn a distance beip.g _much like 
that of the Il-ga-chuz Mountains when sirnilarly viewed.1 When closely examined this 

accumulation of material is found to consist in part of moTaine mounds and ridges, many 
of which have been more or less completely modified in form by water action, in part of· 

sandy and gravelly terraced flats. The highest of thrse ten·aces, nrar thr southrrn end of 
the rnountains, range from 5,300 to 5,500 feet. The highest obsen.,.cd terrace toward thr 
northern extTcmity of the mountains (twelve rniles distant from the last) had an elevation 

of 5,100 fect.2 

Mention may next be made of a few notable examples of lower, but still very high 

terraces met with in the interior of British Columbia or in that part of the Cordilleran 

region to the north of the province. 
In the southern part of the Interior Plateau, the following instances have been noted:

Between heads of Guichon and Three-Mile Creeks, distinct terrace at 4,150 feet. Valley 
of Ray CTerk, a tributary of Guichon Creek, distinct terrace at 4,350 feet: Along west sidr 

of lower part of Guichon Creek valley, terraces at about 4,000 feet. On plateau north of 
lower part of Nicola River, highest terraces at 4,396 feet. In valh'y of Prospect Creek, a 
tributary of the Nicola from the south, tcn·ace at 4,GGO feet. On hills to cast of lower part 
of Hat Crerk, terrace at 4,300 feet. On Green Timber Plateau, north of Clinton, sandy 

terrace-Hats at heights of 3,fl00 to 4,150 feet. Further north, near Tatlayoco Lake, well
marked tPrraces occur at a height of about 4,250 fpcC~ Between Skecna Forks and Babine 

Lake, in latitude 55° 20', a widr trrrace-flat was found at an elevation of about 4,300 feet, 

and other si1nilar terraces, one of which vvas estimated at about 4,900 feet, were seen at a 
distance.t On Dease R,iver the highest observed terrace is at an elevation of about 4,600 

1 See illustration ' Quart. J ourn. Geol. Soc.,' vol. xxxi \·, p. 109. 
2 The only cases noted which have tbe :>.ppearance of indicating terraces at higher levels than those here 

described occur upon Tod Mountain. Two very small terrace-like fiats, lodged in deprcgsions seaming the monn
tain side, at heights of 5,650 and 5,7:20 feet respectively, were here found. These, h0wever, appeared to he compos ·d 
of fine earthy material, and might have been produced by the washing down of debris against masses of Rnow, 
which may at some time have occupied the depression referreu to. Their existence cannot be accepted as possessing 
any significance in connection with the general questions here discussed. 

3 'Quart. Journ. Geol. Soc.,' vol. xxxiv, p. 108. 
4 'Quart. Journ. Ge0l. Soc.,' vol. xxxvii, p. 276; 'Report of Progress Geol. Surv. Can.,' 1879-80, p. 137 B. 
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feet. 1 In latitude 61° 40', on the watershed between the Liard and Yukon River systems, 

terraces occur to a height of 4,300 feet, or smnewhat higher, and the summit of an isolated 

mountain of the height just mentioned vYas found to be strewn with rolled stones of varied 
origin, the circumstances being such as to show that water 1nust have stood at one time 

about 1,000 feet above this part of the Pacific-Arctic watershed.2 

The above instances all refer to the Interior Plateau of British Columbia, or to the 

region similarly situated as respects the marginal ranges of the Cordillera, to the north, 

and it will be noticed that (with the exception of Tatlayoco Lake) none of the higher 

terraces have been found on the eastern flanks of the Coast Ranges, which, it may be 

presumed, were covered by glacier-ice at the time of formation of these terraces. It may 
further be stated that, as a whole, the higher terraces referred to in the foregoing paragraphs 

are comparatively rare, and that rnany of them show the effect of considerable denudation, 

while below levels of 3,800 or 3,500 feet terraces are extrmnely abundant almost every

where, and are very frequently wide and in an excellent state of preservation. The heights 
of the terraces above noted have been barometrically determined within small limits of 

C'lTor, the influence of the weather at the time of observation having been eliminated by 

the use of station barometers. An investigation of the lower terraces, carried out by more 
refined means of measurement, might produce interesting results, but for the purposes of 
this sketch it will be unnecessary to enter into the great mass of observations which has 

been accumulated respecting the heights of these in different localities. Before leaving this 

branch of the subject I would, however, mention the fact that water-rounded stones 

occur on the slopes of the mountains at the summit of the Pine Pass across the Rocky 
Mountains (lat. 55° 20'), several hundred feet above the actual summit, and that an 

apparent terrace was noted at 300 to 500 feet above the same summit, or 3,300 to 3,500 

feet above the sea-level. Allusion may also be made to the terraces at great heights 

met with on the eastern slopes of the Rocky Mountains, which are again referred to on a 

subsequent page. 
In the paper on the "Superficial Geology of British Columbia," published in the 

'Quarterly Journal of the Geological Society' for 1878, to which reference has frequently 
been made, it is stated that I had not up to that time met V\rith any distinct indications of 

moraines which might be referred to a great Oordilleran glacier.~ Observations made 

during the past two years, however, have supplied some evidence of such moraines, 

which, though not of great dimensions, appear to be definitely referable to the period of 
retreat of the southern extension of the great glacier. These are distinct from a much 
larger class of moraines produced at a later date, and due to local glaciers moving from 

the several mountain ranges. Moraines referred to the Cordilleran glacier are found on 

the plateau near the sources of Otter River (latitude 49° 45'), and again fifteen rniles 

further north near the head of J\ticDonald River. They produce in some places a lumpy 
irregular country, but are also found aligned in parallel series, running north and south, 

and in this case evidently representing lateral moraines produced at the edges of a residual 

tongue or lobe of the great glacier, which was gradually being reduced. Where arranged 
in tiers, these lateral moraines are sometimes separated by narrow V-shaped valleys only 

1 ' Annual Report Geol. Surv. Can.,' 1887-88, p. 96 B. 
2 ~Annual Report Geo1. Surv. Can.,' 1887-88, p. 119 B. 
3 'Quart. Journ. Geol. Soc.,' vol. xxxiv, p. 119. 
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somewhat Tesembling those formerly described on the Nechacco.1 In height, the Tidges 

seldom Teach one hundTed feet. Smaller hansverse moraines, sometime~ hollow to the 

north, weTe also observed. On the Green Timber Plateau, north of Olinton, numerous 

similar moraine ridges occur and may sometimes be followed continuously for a mile or 

more. In the region still further north I am now inclined to regaTd the ridges ·which 

chaTacterize the loV\r country (fifteen miles in ·width) between Il-ga-chuz and Tsi-tsull 
Mountains as moraines produced duTing the retreat of the great glacier.2 All these moraines 

are formed of material resembling that of the bouldeT-clay, but containing apparently a 
so mew hat laTger proportion of V\.,.ater-rounded stones. 

It is in endeavouring to follow the course of events subsequent to the period of 
culmination of the Oordilleran glacier that our investigation becomes more than elsewhere 

beset with difficulties. These arise in great part from the varied and bold orographie 
features of the Oordillera, which render it necessary to have in view the local circumstances 

of each observed fact in a manner not found so essential in a less broken country. There 
is necessarily 1nuch difficulty in assigning a relatiYe order to the various phenomena, and 

it is especially difficult in some cases to separate those due to the epoch of the Oordilleran 
glacier from those brought about by a later advance of glaciers from the yarious mountain 
Tanges, which without doubt occurred. It has for this reason been considered necessary 
to review briefly, in foregoing pages, the phenomena believed to he dearly connected with 

the first and most severe epoch of glaciation before attempting any ex:planation of the mode 
in ·which these have been brought about. It is paTticularly in a complex and vast region 

like that here treated of that the accumulation of a great number of obseTvations, some of 
which appear to be incompatible one with another, embarrasses any process of generaliza
tion. With the equipment of a limited number of observations only, derived from some 
single pm·tion of the region, no great difficulty might be found in including these in some 

logically consistent scheme which might or might not eventually prove to be corTect. While 
therefoTe some geneTal account of the obsen"ed facts has been given, it is impossible to ex

tend this so as to include the description and discussion of the whole number, and the 
V\rriter, in having to bear in mind a mass of detail with which this paper cannot be 

encumbered, labouTs under some disadvantage in drawing conclusions which the reader 
may feel able to accept, from that part of the evidence which has been brought to his 
notice. This difficulty is added to by the ciTcumstance that it appeal's to be desirable to 
study the glaciation of the CordilleTan Tegion on its own rnerits, divesting the mind as far 

as possible from hypotheses advocated or received for the eastern half of the continent, 
with which there is no a priori gTound for believing that the events of glaciation of the 

Oordillera were identical, but rather some basis for the belief that they were comple

mentary. 
In pTevions publications I have suggested two modes by which the production and 

arrangement of the boulder-clay and other superficial deposits may be explained/ but 
subsequent and more extended observations appear to show that neither of these is fully 
satisfactory. I will here first mention these suggestions, and then point out the main 

facts which appear now to stand against them:-

1 See illustration ' Quart. J ourn. Geol. Soc.,' vol. xxxiv, p. 109. 
~ 'Quart. Journ. Geol. Soc.,' vol. xxxiv, p. 113; 'Report of Progress Geol. Surv. Can.,' 1886-77, p. 36. 
3 'Quart. Journ. Geol. Soc.,' vol. xxxiv, p. 119; vol. xxxvii, P· 283. 
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(1) The g-eneral subsidence of the Cordilleran reo·iou which we found reason to believe 
'--' 0 ' 

was in progress at the time at which the O'laciers beO'an to diminjsh, may have continued, 
w 0 0 

till, at a later date, when the main Cordilleran o·lacier beO'aJl to retreat from the Interior 
b b 

Plateau, the sea stood at the level of the highest observed ten·aces, or at 5,290 feet above 
its present level. In this case the boulder-clay might have been formed along the decaying 
front of the gla<.:ier, in part direetly as morainic mateTial, in part in a secondary manner 
from the droppings of icebergs floating upon the sea. The terraces, under this hypothesis, 
have been formed in order, from highest to lowest, as the land again rose to its present 

level. 
This hypothesis has the 1nerit of simplicity and would account reasonably well for 

most of the phenomena. As against it, however, it may be argued that it is di.ffieult to 

understand how the moraine-ridges previously described succeeded in maintaining their 
identity under such a depth of debris-bearing sea. The abse~ce, so far as observed, of any 
marine shells in the d1jft deposits, is also adverse to the acceptance of this hypothesis ; 
for the sea must have had very free access to the Interior Plateau during the maximum 
of such a subsidence. Still further, the amount of subsidence required may be considered 

as so great as to be almost, if not quite unparalleled elsewhere, when the short time within 

\vhich it must have been accomplished and reversed is taken into account.
1 

(2) It is conceivable that when the southern part of the Cordilleran glacier had 

abandoned the InteTior Plateau, local glaciers, developed in the Coast Ranges, the Roeky 
Mountains and on the mountainous barrier to the southward near the forty-ninth parallel, 

stopped the vaTious passes and valleys so completely as to give rise to the fonnation of a 
great glacial lake, the northern limit of which was the retreating front of the main glacieT. 
The surface of this lake may have stood at the maximum elevation above noted, and 

debris-bearing ice might then have floated freely on it in various directions. As the 
glacie1·s by which it \vas held in became Teduced, such a great lake might have been 
gradually drained, the series of terraces being formed as under the preceding hypothesis, 
but without necessarily implying that the sea stood any higher relatively to the land 

than at present. 
The arguments against this hypothesis appear to me, however, to be insuperable. It 

is true that, with the exception of the CTow Nest Pass (about 4,830 feet) and Yellow Head 
Pass (3,700 feet), the gaps in the Rocky Mountains to the south of the Pine and Peace 
River Passes now stand as high or higher than the most elevated terraces of the Interior 

Plateau, but these two passes, at least, to the eastward must have been stopped, in addition 
to all the low valleys which traverse the Coast Ranges. The greatest difficulty occurs, 

ho\;vever, to the south, where in particular the wide Okanagan Valley, with a height of 
only 880 feet on the forty-ninth parallel, would require to be closed by some ponderous 
glacier which no high mountain ranges are at hand to provide. It is thus apparent that 
this hypothesis requires an ahnost inconceivable co-ordination of glacier-dams, besides 
which there is really no valid evidence to show that glaciers are capable of holding in 

1 It should be borne in mind, however, that in times geologically recent, very great changes in relative 
level of land and sea can be shown to have taken place, and that it is therefore unsafe on any a priori grounds to 
exclude such great local changes from consideration. Mr. Upham, collecting a number of authenticated cases, 
which need not here be enumerated, notes post-Pliocene elevation or depression of 1,000, 1,600, 2,000, 2,900 and 
3,000 feet. ·wright's ''Ice Age in America," p. 582. See also a paper by the Duke of Argyll, 'Scottish 

Geographical.Jiagazine,' vol. vi,lP· 177. 
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any very great depth of water, and much reason to believe that they are incompetent to do 
so. t In addition to this, such an hypothesis is even less adapted to account for the body ,. 
of water beneath which a great part of the Yukon district must have been submerged 
when the northern end of the great glacier left it. Still further, it leaves us without any 
apparent cause for the decay of the Oordilleran glacier at this particular peTiod, the 
subsequent partial resumption of glacial conditions, and their final disappearance; all 
which events would require to be attributed to some general climatic or cosmic series of 
changes. 

A third hypothesis which I now venture to suggest combines some of the features of 
the h•vo first and appears to me to include all the observed facts better than either of these, 
and to form indeed a reasonably satisfactory explanation of the phenmnena with which we 
have to deal :-It may be supposed that as a consequence of, or correlatively with, the 
gradual subsidence of the northeru part of the Oordillera, the supply of snow produciug 
aud maintaining the great glacier became smaller, and that more of the winter increment 
was melted away during the summers, till at length the glacier itself became nearly 
stationary. Its decay, still continuing, resulted eventually in the formation of enr.rlacial 
lakes. 2 These might be expected to occur in the central parts of the Interior Plateau at a 
considerable distance from any of the bordering ranges, which ~till doubtless continued 
to contribute a certain quantity of ice to the n1ass. This central part of the Interior Plateau 
is, besides, that characterized by least precipitation at the present time, and consequently 
that in ·which the want of a continued re-supply of ice from the main neve would first 
become apparent. Such lakes, it may further be inferred, would originate in the first 
instance near projecting mountains or minor mountain ranges of the plateau region, all 
w hi eh conditions are in accordance vvith the mode of occurrence of the observed highest 
terraces. The terraces themselves may have been somewhat rapidly built, by the washing 
down to the water-line of material which had previously accumulated on the higher slopeH 
of the pn~jecting points, as well as from deposits borne by floating ice. The similarity in 
elevation of these highest terraces would appear to imply that the bodies of water thus 
formed within the area of the glacier were in more or less complete connection, and if all 
the observed terraces at about the level of 5,290 feet in the southern part of the Interior 
Plateau may be supposed to have owed their origin to a single lake, this must have had 
a length from east to west of about eighty-eight miles, with a north and south width of 
about fifty miles. This does not include the terrace or beach on Il-ga-chuz Mountain, 
;much further north; and though it is possible that this also may have been formed in a 
paTt of the same lake, it seems more likely that a separate lake opened here, the height of 
which may have been in relation to the elevation of the general surface of the glacier 
at the time. Other terraces which have bee? noted at heights down to 4,000 feet or 
thereabouts, may be attributed to later stages of the same or similar lakes produced in the 
central parts of the glacier, and it may be that some or all of these lakes were com
paratively shallow, being floored as well as walled around by the mass of the glacier. 

At what particular stage in the decay of the great glacier these englacial lakes were 

1 Though it appears to be frequently tal_{en for granted that glacier-ice is capable of holding in great inland 
seas, there is really little \Yarrant in nature for such a belief, such miniature instances as Merjelen See being 
scarcely cases in point. 

2 This term is employed as a convenient one for such lakes developed on the surface of a great glacier as those 
found by Nordenskjold on the inland ice of Greenland. 

Sec. .. IV, 1890. 6. 
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finally drained it is impossible to say, but it appears probable that this rnust have hap

pened before the glacier ceased to cover the greater part of the Interior Plateau. It may 
f( further be supposed that the general subsidence of the Cordillera before alluded to 

progressed pari passu with the decay of the Cordilleran glacier, and there is some eYidence 
(which, hov-vever, cannot be given here in detail), afforded by terraces formed contempor
aneously with moraines, to show that this subsidence had carried the land down to a stage 
about 3,000 feet below the present sea-level, while tongues of the great glacier still 
extended as far south as latitude 49° 40'. Further evidence of the same kind favours the 

• belief that by the time the end of the glacier had retreated about one hundred miles to the 
north, or to latitude 51° 30', the subsidence had progressed to about 3,800 or possibly to 
4,000 feet, which was probably about its maximum. The great glacier must have retreated 
rapidly toward the close of the first period of glaciation, and have become reduced to 
syste1ns of small local glaciers in the mountain regions, unless indeed the central portion 
of the neve may have retained a confluent character till after the second period of glaciation. 

Along the retreating front of the glacier, and subject to a certain amount of re
ar-rangement by the water which washed its base, the boulder-clay appears to have been 
laid down, and is, as before stated, indistinguishable in general character from the earlier 
and higher deposits of the same kind attributed to the englaciallakes. The land can not 
have long remained at the low level which has been above assigned to it, the movement 
in subsidence being· immediately followed by one in progressive elevation, during which 
all the more obvious and well-preserved terraces of the Interior Plateau and other parts of 

the entire southern portion of British Columbia weTe formed. 
Before, howeveT, following this presumed re-elevation fuTtheT, we may glance for a 

moment at the condition of the noTthern paTt of the Cordilleran glacier during the supposed 
period of greatest subsidence. It has already been mentioned that the boulder-clays of 

the Upper Yukon basin present certain peculiarities. While in many places along· the 
Upper Pelly and in most instances along the Lewes River the boulder· clay is of a typical 
character, it is often on the former river and sometimes on the latter represented by earthy 

or clayey, gray or brownish, stratified gravel-beds. These are found to pass horizontally 
into true bouldeT-c]ay, while in other instances they aTe interbedded with rude layers of 
boulder-clay, or form the lower or upper members of sections showing a considerable 
thickness of boulder-clay. The evidence I believe to be conclusive that they constitute 
with the boulder-clay a single formation, w hi eh represents the first deposit of the retreating 

northern extension of the Cordilleran glacier .1 The stones both of the stratified gravels 
and the more typical bou:lder-clays are generally in this region well rounded, and glaciated 
stones or boulders are comparatively scarce. The stratified earthy gravels are m01·eover 
most abundant in the higher parts of the country traversed by the Upper Pelly River, at 

levels between 2,500 and 3,000 feet. 
The character of the deposits representing the boulder-clay period in this northern 

region are taken to indicate that the total amount of subsidence was there less than to 
the south, that the material dropped along the front of the retreating ice-foot fell into 
shallower water, and that in conformity with this circumstance and the less perfectly 
enclosed character of this northern region and more diffuse arrangement of the mountain 

1 'Annual Report Geol. Surv. Can.,' 1887-88, pp. 119 B, 126 B. 
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ranges there, it was subjected to a greater degree to current action.1 Still further to the 

north and north-west, reasons have already been given for the belief that the land was not 

generally submerged at this time. It appears to be quite probable, however, that a wide 

strait ·was opened along the Yukon Valley to Behring Sea.2 

It should be noted, before going further, that the fact that marine shells have not been 
found in the deposits which are supposed to haYe been laid down along the retreating 
front of the great glacier in water in communication with the sea and governed in elevation 

by it, may at first sight appear to constitute an argument equally weighty against the 

hypothesis above stated as against that of a general submergence to an extent of over 
5, 000 feet. On consideration, however, it will be found that a submergence of the Interior 
Plateau to a depth not exceedino· 3,800 or 4,000 feet would still leave that region ·well 

enclosed by mountain ranges, and bearing in mind the quantity of fresh water which 

must have been poured into it, the necessary coldness of its water, and the great amount 

of earthy matter which was being discharged into this water, and comparing these condi

tions with their nearest known analogues, we are led to suppose that marine life must 
have been very scarce if at all able to maintain itself. These arguments, however, do not 
apply with equal force to the region of the Yukon basin, and here, if anywhere, we may 

eventually hope to find evidence of such life. 
When the re-elevation of the land succeeding this great subsidence had progressed to 

a certain extent, the increased height of the mountain ranges of the Oordillera, in com
bination with the more general causes of glaciation of the northern hemisphere, became 
such as to lead to the increase and re-advance of their local glaciers, and probably also to 
a resumption of southward and northward movements from the central gathering-ground 
of the great Oordilleran glacier. Evidence of this second advance of ice is found particu
larly in the Interior Plateau region, where the growing glaciers have pushed out from 

the mountains along the various river-valleys, ploughing up previously formed terraces 

and gravel deposits and piling them into moraine ridges.:~ 

On the coast, evidence of like bearing is afforded by the upper boulder-clay of the 

northern part of the Strait of Georgia, which may find its representative in the southern 
part of the same strait in the scattered large erratics, which are everywhere abundant 

there, in or overlying the highest layers of the drift deposits.1 

1 In his notes on the '' Surface Geology of Alaska " 'Bulletin Geol. Soc. Am.,' vol. i, p. 143, Mr. I. C. Russell 
alludes to the boulder-clay seen by him on the Le\ves as doubtfully representing true boulder-clay. I may say, 
however, that I feel assured that to anyone acquainted with the boulder-clay of British Columbia and the Great 
Plains such no doubt would be admissible. I may add that Mr. McConnell, who is perfectly familiar with these 
northern boulder-clays, coincides in my reference of those of the Lewes. 

2 Some evirlence of this is indeed suggested by Mr. I. C. Russell (Op. Cit. p. 13U), who writes :-''It may be well 
in this connection to direct attention to certain obscure indications of terraces or sea-cliffs, at an elevation of 
fifteen hundred or two thousand feet, on a number of the mountains near the Yukon, below Nulatto. None of 
these mountains have been closely examined, and it is impossible to state whether the indefinite lines which ma.y 
indicate terraces are horizontal or whether they coincide in elevation. It is not Raf~ to assume that they are 
terraces, as it is possible that they may indicate lines of structure or be due to land slides. The mountains are so 
situated that they could not have retained a lake, and if water lines exist on them their origin must be looked for 

in a submergence of the land." 
3 Cf. 1 Quart. Journ. Geol. Soc.,' vol. xxxiv, p. 113. It should be stated that subsequent investigations have 

led me to doubt the validity of the evidence in the case~ first mentioned in the publication here referred to, but l1ave 
at the same time added many additional facts, which cannot here he detailed, in confirmation of the general 

proposition. 
4 'Annual Report Geol. Surv. Can.,' 1886, p. 105 B. 
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The extent to which the land of the Oordilleran region may have been elevated at this 
time is not known. Judging alone from the size of the glaciers produced, it must have 
been much less than during the preceding maximum time of glaciation. In this case the 
coast region may still have remained submerged and the upper bouldPr-clay of that region 
may have been produced as the ice finally retreated. If, however, some genentl change 
toward amelioration of climate was in progress, an amount of elevation equal to that of 
the first great period of glaciation may have been required to produce the smaller glaciers 
of the second epoch. Some indication of an elevation equal to or greater in amount than 
that now held by the land is afforded by the notable absence of boulder-clay in parts of 
the larger valleys to the east of the Coast Ranges.1 By such an elevation the rernoval of 
this deposit in these places 1nay be accounted for, while the deposition of the upper 
bouldeT·clay of the littoral may have occurred during the partial subsidence which 
inaugurated the deposition of the white silt fonnation of the interior, about to be 
referred to. 

To the latter part of this second and less intense, though possibly more protracted, 
epoch of glaciation we may with confidence assign the origin of the deposits which I have 
designated in previous reports and papeTs as the "white silts." 'l'hese were :fhst examined 
in some detail in the basins of the N echacco and Ohilacco Rivers, in the northern part of 
the Interior Plateau, but subsequent and wider observations appear to show that these 
silts possess a greater significance than originally supposed, and that they serve to mark 
out pretty definitely a synchronous period of stability which Pxtended to the entire 
northern part of the Oordillera, and which succeeded a partial subsidence of the lately 
re-elevated land. 

In the regions characterized by them, which are in almost all cases at a less elevation 
than 2,500 feet, 2 these white silts very often rest directly upon the boulder-clay. They 
are geneTally fine and uniform in texture and are usually well bedded in perfectly 
horizontal layers of an inch to two or three inches each in thickness. Where occasional 
sandy or gravelly layers are intercalated, these are attributable to local causes, being most 
frequently found opposite the mouths of ,{alleys down which streams have flowed. In 
some places, and particularly in certain sections along the Upper Pelly RiveT, the layers 
have suffered crumpling or disturbance, apparently from the action of grounding ice, to 
which the rare occurrence of stones and boulders of considerable size may also be attributed· 
The silts have evidently been laid down, as a rule, in tranquil water of considerable 
depth, and their material has as obviously been supplied by streams or rivers discharging 
from glaciers not far removed. In physical characters the silts resemble the deposits of 
the Red River Valley, though usually in the Oordilleran region paler in colour, and seldom 
so clayey as some parts of those of the Red River. They differ from locss chiefly in their 
well-bedded character. It is believed that the general correspondence on elevation of the 
various and more or less separated bodies of water in which this white silt formation was 
formed, in itself constitutes a strong argument in favour of the hypothesis that these 
bodies of water were in direct communication with the sea and were governed in their 

1 The removal, more or less complete, of boulder-clay from these valleys can not be referred to the time 0 f 
post-glacial elevation spoken of further on, as the whHe silt formation is found well developed in these valleys. 

2 In this statement I omit the consideration of a few instances of the local occurrence of similar silty material 
in the southern part of the Interior Plateau, which are not connected with the main development of silts. 'l'hese 
serve, however, to connect this main period with an earlier time of greater flooding of the Interior Plateau. 
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level by that which it held at the time. No traces of morainic or other barriers have been 

found in any case sufficient to account for the damming back of water at the requisite level, 

nor do the local circumstances admit the supposition that such water was held in by glacier
dams. Had the silts been formed merely in lakes produced in one or other of the modes 

last mentioned, they might be expected to occur, in a region with such strongly marked 
features as that of the Oordillera, at a variety of very different levels, in correspondence' 
with circumstances varying in each particular case>. The length of the period required for 

the deposition of a great thiekness of these fine beds also affords reason for belief in the 

longepochofstable conditions, and to some extent justifies the presumption of the proximate 
contemporaneity of such a stable period. On following the silt formation toward the 

various mountain ranges and sources of local glaciers, it is almost invariably found to be 

cut off somewhat abruptly before the mere increase in elevation would account for its 
disappearance. This circumstance may with very little doubt be attributed to the fact 

that during the deposition of the silts these upper parts of valleys were occupied by the 

still considerable local glaciers of the second period, which were engaged in producing 

the material of the silts. The evidence is, further, conclusive that these glaciers in the 
end retreated pretty rapidly, leaving, in 1nany cases, the long trough-like valleys which 
they had occupied almost entirely free fr01n debris or detrital n1atter of any kind, and 

rrady to become the beds of fiord-like lakes.1 

Assuming the general contemporaneity of the several developments of the silt forma

tion, and in view of the facts last stated, we are furnished with the means of ascertaining 

the extent of the glaciers, and ice-covered regions during a phase of the second glaciation, 

which, however, does not represent the maximum of that period, but a prolonged pause 
in its decline. In support of this belief, it may be stated that the indications thus arrived 

at agree well with the relative importance which we would on other grounds be justified 

in assigning to the glaciers of the different parts of the Oordillera. 
For the purpose of illustrating the character of the evidence afforded by the silt for

mation, the principal areas of its occurrence may now be noted, proceeding from south

east to north-west. It is obvious, that in respect to the level at which the water stood at 

the time the silts were laid down, the important elevations are those marking the maximum 

heights attained by the deposits in question, in their larger areas, as the lower parts of the 

deposits may have been produced in water of very considerable depth. 
In the great Oolumbia-Kootanie valley, lying between the Rocky Mountains and Gold 

Ranges and opening V\idely to the southward, the silts are well represented, with a thick
ness in so1ne cases of fifty to one hundred feet as shown in terraces since cut through thmn, 

and a maxi1num observed elevation, near Upper Columbia Lakes, of about 2,700 feet. 

They are seen at lower levels down to 2,200 feet or perhaps less.2 

In the southern part of the Interior Plateau region, in consequence of the considerable 

height of the mean level of the country, the white silt formation is usually confined to 

1 'Report of Progress Geol. Surv. Can.,' 1877-78, p. 153 B; 'Quart. Journ. Geol. Soc.,' vol. xxxvii, p. 275. 
2 Silty deposits similar to those of the main valley are found in limited quantity in the Rocky Mountains to 

the east ofit, in the narrow tributary valleys of the Kicking-Horse and ·wigwam Rivers to a height of about 3,500 

feet. I am now inclined to refer these to an earlier period than that of the main area of white silts, possibly even 

to the closing period of the first maximum of glaciation. Their existence in these mountain-valleys may, however, 

he accepted, in any case, as evidence that the local glaciers developed on the Rocky Mountains proper during the 

second period of glaciation were not of great size.-' Annual Report Geol. Surv. Can.,' 1885, p. 30 B. 
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the various trough-like valleys. It may be seen from the line of the Canadian Pacific 

Rail way in characteristic development, fonning frayed terraces along the South Thompson 
valley for a number of miles east of Kamloops. It is found also along Okanagan 
Lake, but in the southern continuation of the Okanagan Valley, near the forty-ninth 
parallel, is chiefly represented by fine sands. Along the lower part of the SimilkamPen 
it has been observed in patches. On the Nicola it is often well displayed. It extends 
dovvn the main River Thompson to about the mouth of the Nicola, and appears again 
characteristically developed along the Fraser to the west of Olinton. It stretches far up 
the North Thompson, and runs back along the valleys of the main tributaries of this 

stream as well as of those previously mentioned. The silt formation is often along these 
valleys a striking feature, and is shown in terraces from 100 to 200 feet or more in 

height. 
It is ·worthy of remark, that on the lower part of the Okanagan Valley, as ~.,.ell as on 

the lower parts of the main Thompson and Fraser, the silt is reduced in quantity and 

replaced by coarser arenaceous deposits, a fact tending to show the existence of rather 
strong current-action in these main outlets of the plateau region. The silt formation is 
entirely absent from the upper portions of the valleys occupied by Adams Lake, Shuswap 
Lake with its various arms, the Arrow Lakes, and the northern part at least of Kootanie 

Lake.1 Mabel and Sugar Lakes, lying betvveen Shuswap and Upper Arrow Lakes, have 

not yet been examined, but from their similar relation to the Gold Ranges they will 

probably be found to be equally free from the silt deposit. 
In previous publications I have stated the maximum observed height of the main 

deposits of these silts of the southern part of the Interior Plateau at about 1. 700 feet,
2 

but 
later observations show that they are developed to a notable extent at considerably 
greater elevations. I will here only instance the valleys of Barriere River, a tributary of 
the North Thompson, Upper Nicola Ri7er below Douglas Lake, and Skuh-unh Creek, a 
tributary of the Lower Nicola, where thick deposits of white silt cut into terraces were 
observed at heights of about 2,250, 2,500 and 2,450 feet respectively. It is thus probable 
that we may safely place the upper level of the silt formation in this region at about 2,500 

feet, though it is still apparent that the more important developments of the deposit lie 
below 1,700 feet. This circumstance may be accepted as indicating that the region in 
question was subjected to eleYation of a certain amount during the progress of deposition 
of the silts, the longest peTiod of Test occuTring at about 1,700 feet. The silt deposits aTe 
found in this part of the Interior Plateau down to heights less than 1,000 feet, but it is 
possible that some of the loV\.,.er-level deposits have been secondarily formed from the 

denudation of the higher. 
In the Nechacco region, situated in the northern part of the Interior Plateau between 

latitudes 53° 30' and 54° 30', the white silt formation is very extensively displayed, 
covering an area of at least 1,000 square miles, ·with a thickness of 100 feet in some 

sections and probably exceeding 200 feet in certain places. The silts reach an elevation 
of about 2,400 feet at the edges of the basin occupied by them, and where seen lowest 
(near Fort GeorgP) have an elevation of 1,900 feet. It is further possible that certain 
sandy deposits found near the sources of the Ohilacco at a height of about 2,600 feet may 

1 The southern portion of this lake has not yet been examined. 
2 'Report of Progress Geol. Surv. Can.,' 1877-78, p, 143 B; 'Quart. Journ. Geol. Soc.,' vol. xxxvii, p. 275. 



OF TilE ROCKY MOUNTAIN REGION IN CANADA. 47 

represent a littoral condition of the silts.1 Some remarkable shingly beaches found on the 

slope to the north of Tsa-vvhuz Mountain, at a height of about 2,100 feet, were taken to 
represent a shore-line of the Nechacco white silt lake or sea when at a lower stage.2 On 

the north side of the N echacco basin, the silts go no further than the lower end of Stuart 
Lake, ceasing there at an elevation of about 2,000 feet, and they are not seen along the 

upper part of this lake or on Babine Lake. The shores of Fran<;ois Lake, to the west, 

(2,375 feet) are also free from them. 
If not interrupted in some unknown manner, the valley of the Fraser Riyer must at 

this time have constituted a free connection between the basin of the N echacco silts and 

the previously described development of the same silts in the southern part of the Interior 
Plateau; while to the north-eastward, water standing at the level implied by the N echacco 

silts must have extended by way of the Peace River gap through the Rocky Mountain 
Range. 

Though carrying us for a moment beyond the Oordilleran region proper with \Vhich 

we are at present occupied, we may here note that a great area of plateau country to the 

west of the 117th meridian, which is now cut through by the deep valleys of the Peace 

and its tributary the Smoky River, is covered with silty deposits precisely similar to those 

of the Nechacco basin. These generally rest upon the boulder-clay of the region and are 

embraced between elevations of 2,500 and 2,000 feeL{ 
Though much less important in respect to area, the silty deposits of the Stikine and 

Tanzilla valleys, between latitudes 58° and 58° 30', may next be mentioned. These are 
sufficient to form a wide area of fiat eountry, at a level of about 2,200 to 2,300 feet, and arc 

several hundred feet in thickness.1 The material is here so1new hat darker in colour and 

more clayey than elsewhere noted, but corresponds in its regular bedding and in the 
abundance of calcareous nodules which it holds with many typical examples of the white 

silt formation . 
In descending the Dease H,iver, typical white silts are first met with about latitude 

50° 30' at an approximate height above sea-level of 2,400 feet.5 In the lower part of the 
Dease Valley, and in that part of the valley of the Liard immediately above the mouth of 
the Dease~ the silts pass into, and appear to be represented by, sandy and gravelly depositE:, 

but on the last-named ri \'er near the mouth of the Frances they become again well developed 
at a height of about 2,300 feet. 6 No opportunity occurred, however, of asceTtaining their 

highest level in this valley.7 

1 'Quart. Journ. Geol. Soc.,' vol. xxxiv, pp. 105-107. 
2 'Quart. Journ. Geol. Soc.,' vol. xxxiv, p. 110. 
3 'Heport of Progress Geol. Surv. Can.,' 1879-80, p. 142 B: 'Quart. Journ. Geol. Soc.,' vol. xxxvii, p. 277. It 

may be added here, as at least suggestive, that over a great part of the area drained by the various tributaries of 
the Saskatchewan, at similar elevations, the upper member of the glacial series is constituted by similar silty 
beds. See 'Report of Progress Geol. Surv. Can.,' 1882-84, part C; and 'Annual Report Geol. Surv. Can.,' 1886, 

partE; 'Bull. Geol. Soc. Am.,' vol. i, p. 403. 
4 See illustration 'Annual Report Geo1. Surv. Can.,' 1887-88. p. 67 B. The level here given is that of the main 

surface of the deposit, the height of its borders was not precisely ascertained. 
5 'Annual Report Geo1. Surv. Can.,' 1887-88, p. 96 B. 
6 'Annual Report Geol. Surv. Can.,' 1887-88, pp. 101 B, 103 B. 
7 Though not closely connected with the present discussion of the white silt formation, it may here be noted 

that the principal terrace found along the shores of Dease and Frances Lakes, (forming the sources of the Dease and 
:Frances branches of the Liard,) were found to be at the level of 3,180 and 3,200 feet respectively. These lakes are 
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Crossing finally to the basin of the V pper Yukon, we again find the silt formation 
well displayed along the valleys of the Upper Pelly and Lewes branches of this great 
river. Silty deposits were first seen in descending the Upper Pelly at an elevation of 
about 2,900 feet, but these are of small thickness, and are subsequently interrupted for a 
considerable distance. Near the mouth of Ross River, however, at an approximate eleva

tion of 2,700 feet, the silts appear in full development with a thickness of fifty feet, and 
resting indifferently upon the boulder-clay or its local representative the clayey-gravel. 
They continue along the valley from this point for a distance of over 130 miles, and were 
last seen at a height of about 1, 700 feet.1 From the flat character of parts of the country, 
they probably extend for ronsiderable distances back fr01n the river in some places. 

In ascending the Lewes River, from its point of junction with the Pelly, the w bite 

silt formation was first observed about nine miles below the Big Salmon River, at an 
aJ>proximate elevation of 2,000 feet, and extends thence to Lake Marsh or to a height of 
2,1.50 feet. It probably stretches also far up the Teslintoo Valley, which has not been 
eiamiued. The low elevation of the upward limit of the silts on the Lewes, appears to be 
explicable on the supposition that the area of their deposition was here limited to the south 
by the position held by the front of the glacier which occupied the upper part of the valley 
ai the second period of advance of ice. In this case, Lake Marsh and the other long lakes 

above it, ·would occupy the same position relatively to the glaciers of the second period as 
has already been assigned to various lakes in the more southern parts of British Columbia. 
It seems probable in fact, that these lakes on the north, with Babine, Stuart and Tada 
h,kes on the south, may be considered as being in direct relation to lobes of ice stretching 
out on both sides from the region which at an earlier stage had been the central neve of 

the Cordilleran glacier. The absence of boulder-clay in the upper part of the Lewes 
valley, which has been particularly referred to by Mr. Russell/ I conceive to be due to 
the same cause i. e. to the circumstance that the glacier during its second advance, swept 
away whatever deposits had been formed along its foot during the time of its first retreat. 
Mr. Russell in his paper which has just been alluded to,3 proposes to nan1e the body of 

water in which the silt fonnation was here produced, "Lake Yukon." To this I would 
only suggest in amendment, in view of the facts set forth in the foregoing pages, 
bgether with the circumstance that there is no known natuTal boundary by which the 
waters of the supposed lake might have been held back to the north, that it may more 
appTopriately be entitled Yukon Inlet, the presumption being that its waters -vvere in 

cirect communication with the sea. 
Before leaving the subject of the white silt formation, which it has been considered 

ndvisable to treat consecutively and in some detail, it may be well to tabulate, as follows, 
the observed levels at w·hich this formation occurs in the various and widely extended 

localities referred to. 

ciistant from each other about 200 miles by the valleys of the rivers by which they discharge into the Liard, and 
the circumstances are such as to warrant the belief that they were at a time of greater submergence antecedent to 
that of the deposit of the silts, parts of a single great body of water. This degree of submergence would correspond 

closely with that required for the formation of the boulder-clay deposits of the Upper Yukon basin, on the northern 

elope of the Pacific-Arctic watershed. 
1 'Annual Report Geol. Surv. Can.,' 1887-88, pp. 122 B, 126 B. 
2 'Bull., Geol. Soc. Am.,' vol. i, p. 143. 3 Ibid, page 146. 
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The facts thus summarized apply to a part of the Cordilleran belt 1,200 miles in length, 
and are I believe sufficient to indicate that the white silts constitute a definite formation 

' 
and mark an important period in the history of the glaciation. 

T.ABLE SHOWING THE NORM.AL UPPER LEVEL Ol<' THE WHITE SILT FORMATION IN VARIOUS P.ARTS OF THE CORDILLERAN 

REGION, WITH SOME OBSERVATIONS ON THFJ LOWER LIMIT OF THE SAME FOR)IATION, AND 

INST.ANCES OF LOCAL .AND EXCEPTIONALLY HIGH SILT DEPOSITS. 

REGION. 

Columbia-Kootanie Valley, (opens to south) .•....... 

Southern Part of Interior Plateau, (opens to south} 
and to Pacific) ..........................••••. 

Northern Part of Interior Plateau, (opens to Peace} 
River Plains and to south) .................... 

Peace River Plains, (drain to Mackenzie River) ....... 

Upper Valley of Stikine, (opens to Pacific) .....•.•.... 

Upper Liard Basin, (opens to Mackenzie) .............. 

Upper Yukon Basin, (drains to Behring Sea) ......•.. 

Norn:al highest ~owest observed level, ~xtreme highest level, I I 
level, m fee~ ab~ve m f~et ,above sea_, of m feet above sea, of silts 
sea, of m~m silt mam silt formatwn. locally developed and in 

format10n. some cases evidently 

2,700 

1,700 & 2,500 

2,400 

2,500 

2,200 to 2,300 

!3,400 

2,700 

2,200-

1,000-

1,900 

2,000 

1,100 

(?) 
1,700 

due to glacier lakes of 
small dimensions. 

3,500 

3,460 

2,600 

2,900 

The very numerous observations respecting the white silt formation, which are thus 
brought together in the form of general statements, have been made by me in connection 
with the examination of different parts of this extensive region during the past fourteen 
years, and their inter-relation has only by degrees become apparent. Most of the heights 
assigned in the above table and on previous pages depend on baTometric results, but as 
these have been carefully checked and are in many cases means derived from a consider
able number of readings, they may safely be accepted as sufficiently correct to be 
employed in a general view of the subject. The bodies of water in which the silts 
were laid down must in some cases have been bordered by sandy or gravelly beaches, 
which doubtless passed in depth more or less gradually into true silty deposits; and thus 
it is that, w bile the main developments of the silts are striking and apparent, the 
precise position of their highest margin is not always definitely recognizable, even where 

the circumstances of observation are otherwise most favorable. 
Allowing, however, for these sources of uncertainty, there appears to be a greater 

amount of difference behveen the highest levels of the main silt areas than can thus be 
accounted for. Though generally speaking contemporaneous, it cannot be supposed that 
the silts of the different areas were absolutely coeval, nor that the changes in level of so 
vast a tract of the Cordillera were produced with perfect equality. It seems probable, 
in fact, that the southern part of the Interior Plateau was subjected to a differential 
elevation of several hundred feet after the main time of deposit of the silts began, while 
the Columbia-Kootanie valley and the Upper Yukon basin, appear to have stood at an 
elevation of about 200 feet less than the mean level at the time. 

Sec. IV, 1890. 7. 
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It is unnecessary in this paper to enter into detail respecting the extent of the various 

more or less local glaciers of the second period, at the time at which their· final retreat 
commenced and the deposit of the w bite silt formation ended. The distribution of these 
glaciers conformed closely to the secondary orographic features of the Cordillera, and was 
thus too intricate to be shown on a small map, and is besides, as yet only partially known. 
It would appear that a reduced representative of the Cordilleran glacier, probably more 
or less broken up and divided, remained about the position of the great old neve, while in 
the southern part of British Columbia the most important local glaciers were connected 
with the Coast and Gold Ranges, which are to-day the lines of most copious precipitation. 

If, in conformity with the opinion of many geologists, the earth's crust may be 
assumed to respond readily by depression to any considerable local increase of load, ·we 
appear to find some ground for a belief that the mere existence of heavy local glaciers 

about the axial regions of the Gold coast and other ranges, acting throughout the long 
period which the deposit of the white silt formation implies, may be called in to account 
for the great depth of the lakes and fiords which occupy the more important valleys 
in these ranges. It may in fact, on this hypothesis be assumed, that in consequence of a 
depression affecting the axial parts of such ranges, the pre-existing yalleys within their 
borders, became depressed in their upper parts. Without some such explanation, and unless 
we are prepared to admit that a greater part of the excavation of these valleys was produced 

by the wearing action of the glaciers themselves, the existence of some of them is very 
puzzling. Thus, to cite only two instances,-Adams Lake, in the southern part of the 
Gold Ranges, is known to be over 900 feet deep in its upper portion, and the Upper Arrow 
Lake has a depth toward its head of more than 700 feet ; depths which in boi.h cases much 

exceed the probable depth of any buried channel of outflow. The phenomenon here 
alluded to is, however, one of such frequent occurrence in this part of the Cordillera as to 
imply some general cause, and is doubtless the same with that which may be found 
applicable to similar lakes in other parts of the world.1 The above solution is therefore 
merely noted as a possible one, and it will be observed, that in exact proportion to the 
amount to which such axial depression of ranges may be admitted, it must be considered 
as weakening that part of the evidence already drawn from the depths of the fiords of 
the coast region, in respect to the amount of the later Pliocene and early glacial elevation 

of the Cordillera. 
The final decrease of the ice must apparently have been due to some general cause 

connected with the close of the Glacial epoch as a whole, for simultaneously with the 
ultimate retreat or disappearance of the glaciers, the elevation of the Cordilleran region was 
resumed, till it eventually reached approximately the level which it now possesses. One 
feature to which I have called attention on several former occasions appears, however, to 
require explanation in connection with this final movement in elevation, namely, the 
almost complete absence of terrace-deposits on the seaward slopes of the Coast Ranges 
as well as in the valleys of most of the streams and rivers with short courses which drain 
these seaward slopes or pass through them. This circumstance is believed to depend on 

1 It is not the intention here to include all rock basins now containing lakes, but merely those which seem to 
imply a reversal of slope in mountain-valleys. The fact that differential changes in elevation cannot explain all 
rock-basins, does not preclude the application of such a hypothesis to special cases. Cf. Prof. J. Geikie in "The 

Great Ice Age," 2nd edition, p. 275. 
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the fact that the glaciers of this range were still able to follow the retreating border of the 
sea, filling the valleys and covering the slopes as they emerged and sweeping before them 
such detrital deposits as had been formed, their action being necessarily most effective in 

the valleys and hollows in which, under other circumstances, terraces might most readily 
have been produced or preserved. We are not, however, entirely without proof, such as 

may be afforded by detrital deposits, of the elevation of the land at this time; for, in 

the Puget Sound region, vvhich is more favorably situated for the preservation of 
these deposits, Prof. Newberry quotes Mr. Bailey Willis as authority for the statement 

that marine terraces can there be traced to a height of 1,600 feet above the present 
ocean level.1 

There is, further, ground for the belief that the movement in elevation of the land was 
for a time arrested at a stage during which the sea stood about 200 feet higher than it now 

does. More or less extensive terraces at about this level are found in various places along 

the coast of British Columbia,2 and it is to the same period that the more wide-spread 
deposits of the north-eastern part of the Queen Charlotte Islands are attributed. Local 
glaciers of considerable size must still have capped the mountains of the Queen Charlotte 

Islands at this time, leaving on their ultimate disappearance a remarkable series of lake

basins between the base of these mountains and the adjacent submarine deposits of the 
same period.3 

In two papers published in the Canadian Naturalist in 1877 and 1878 some observa

tions have been adduced in favour of the belief that the coast region was at one time, 
immediately succeeding the Glacial epoch and subsequent to the changes above described, 
re-elevated to an amount of about 600 feet. 4 Facts tending to this conclusion were 

derived from the inlets now constituting Puget Sound, which are in large part cut out 

in glacial deposits and have pretty certainly been formed by rivers and afterwards flooded 

by the sea. This post-glacial epoch of elevation can not yet be considered as having been 
definitely proved, further information being desirable, but it nevertheless appears to be 

very probable. If this change be admitted, together with the following subsidence to the 
present level which a belief in it implies, it is the last of an ilnportant character of which 

any record has been found in this entire region. The occurrence of casts of marine mol
luscs from ·which the whole of the carbonate of lime has been removed by the action of 

subaerial waters, in glacial clays below high-water mark in Embly Lagoon,5 (lat. 50° 57'), 

constitutes a slight further indication, which is not unimportant, of a post-glacial elevation 
of the coast. 

One further circumstance may, in conclusion, be referred to here as being readily and 
intelligibly explicable on the hypothesis of a considerable elevation of the land at about 
this time. This is the existence at the present day of caribou in the northern part of 

Queen Charlotte Islands. In a former report on these islands I have spoken of the occur" 

1 'Annals N. Y. Acad. Science,' vol. iii, p. 266. 
2 'Report of Progress Geol. Surv. Can.,' 1879-80, p. 136 B; 'Annual Report Geol. Surv. Can.,' 1886, p. 103 B. 
3 'Report of Progress Geol. Surv. Can.,' 1887-88, p. 99 B; 'Quart. Journ. Geol. Soc.,' vol. xxxvii, p. 218. 
4 'Canadian Naturalist,' vol. viii, (1878), pp. 241, 389. Prof. J. S. Newberry, at a later date, appears to have 

ndependently reached an identical conclusion from a study of the same facts. ' Annals N. Y. Acad. Science,' vol. 
iii, (1884 ), p. 265. 

5 
' Annual Report Geol. Surv. Can.,' 1886, p. 106 B. 
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rence of the elk or wapiti on them.1 This statement was, however, based merely on Indian 

report, as none of the animals in question were seen. Since that time I have learned from 

11r. W. Charles, that the animal in question is really the caribou, and I have been shown 

by him the skin and antlers of one of these ani1nals. The caribou is not now found any

where else in the region of the coast, either on the islands or in the Coast Ranges, though 

it roams over high plateaux to the east of these ranges. 'l'he shortest distance between any 

point of the Queen Charlotte islands and the nearest islands of the Coast. Archipelago is 

thirty miles, and the intervening strait is subject to rapid tidal currents. The isolation of 

the Queen Charlotte Islands is in fact so complete that the deer, which inhabits all the 

other islands of the coast, is not found in this group. It is, therefore, in the absence of 

the caribou from the neigh boring coast and its adjacent islands and in consideration of the 

width of the waterway which would have to be crossed, at least highly improbable that 

this animal reached the Queen Charlotte Islands under the present conditions. I am thus 

led to believe that the caribou colonized the islands at a time at which either the glaciers 

extending from the 1nainland attained to the Queen Charlotte Islands, or by a land con

nection during a period of greater elevation.2 The latter is in every way the more prob

able supposition, and if it be entertained it may further be assumed that the animal came 

to the islands at the date of the immediately post-glacial elevation above indicated, and 

that it has since, as an isolated colony, succeeded in rnaintaining itself there. 

As the height of the northern part of the Cordillera increased, after the period of rest 

marked by the white silt formation, the streams of the mainland were enabled to begin 

the cutting out of new channels in the glacial debris with which their valleys had become 

more or less choked. In consequence of the strongly marked relief of the country, the 

principal rivers and larger streams were seldom forced by the glacial accumulations to 

leave their old valleys. Though the amount of this post-glacial river erosion is consider

able, it may be regarded as insignificant in comparison with that of the great Pliocene 

period of denudation. To include any treatment of this subject here would, however, 

involve appeal to an inadmissible amount of local detail. I will therefore state only, in 

general terms, that a large proportion of the rivers have up to the present time been 

unable to cut down to their pre-glacial beds; but that in other places this has been 

accomplished, and they are now engaged in more or less active erosion of the subjacent 

rock. On that part of the Fraser River between Lytton and Big-Bar Creek-a length 

of eighty miles-the post-glacial excavation by the river varies in depth from 400 to 800 

feet, in accordance with the evidence of terraces still remaining in the valley. In several 

places the old channel has been locally departed from, and narrovv caflons with depths 

of 200 feet or more, have been cut across points of solid rock, and in some places (as 

between Bridge River and Fountain Creek), the Fraser has evidently regained its pre

glaciallevel and is now at work in still further deepening the old channel. The condi

tions met with on the corresponding part of the length of the Main Thompson River 

are very similar. 

Having thus endeavoured to trace in their sequence the events of the Glacial epoch in 

the Cordilleran region, we may now consider briefly, and with that which has already 

1 'Report of Progress Geol. Surv. Can.,' 1878-79, p. 113 B. 

2 The minimum amount of elevation required would be about 200 feet above the present level. 
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been ascertained as a basis, the coeval conditions in the adjoining aTea of the Great Plains. 

The watershed of the Rocky Mountain Range proper, has always constituted a physical 

and to some extent also a mental barrier and line of division between our investigations 

pursued to the east and west of it, and as already pointed out, this is in a measure justified 

by the small amount of apparent connection or overlap of the evidences of the Glacial epoch 

of the two regions thus marked out. It is necessary, however, to suppose that the 

occurrences of this peTiod were to some extent homologous in both areas, or in other words, 

that if not similar and contemporaneous they were at least correlative.1 

In the earlier stages of the investigation of the phenomena of the glacial epoch, it was 

as a rule mentally postulated that in endeayouring to account for these phen01nena we were 

entitled to consider only such changes in elevation as are practically of continental extent, 

or such as may have affected the northern hemisphere as a whole. Of late years, evidence 

has been accumulating on all hands, of differential changes in elevation which, in times 

very recent geologically, have affected comparatively limited areas. I do not propose to 

enter into any discussion of this evidence, or of the theories by which such changes may 

be explained, but have found that in admitting their existence, it is possible to arrive at 

tenable hypotheses leading to reasonably satisfactory conclusions respecting the glaciation 

of the western part of the continent. 

In the history of the northern part of the Oordillera in Mesozoic and Tertiary times, 

given in the first part of this essay, we have already found indications of the complelnen

tary character, from a physical point of view, of the areas of the Oordillera and the Great 

Plains. There is an antecedent probability in the belief that the elevation of a wide belt 

of country such as that comprised in the Oordillera, vvould lead to a correlative depression 

in some adjacent region, and though this compensating change may here be largely 

accounted for by supposing the occurrence of upward or downward movements in some 

not far remote part of the bed of the Pacific, respecting which we are without evidence, it 

appears to have been affected to a yariable and occasionally to a yery great degree in the 

area of the plains. 

I would refer particularly in this connection to a suggestive discussion and summary 

of correlative movements in elevation and depression by Mr. Warren U pham, which 

appears in the form of an appendix to Prof. Wright's" Ice Age in North America." 2 This 

discussion appears to hold out the prospect of a solution for many of the difficulties which 

have so far attended the explanation of the facts of the Glacial period, by putting in a con

crete form a series of propositions, which though doubtless present in a more or less 

recognized Inanner to the minds of many geologists, have been by them but little employed 

as implements of research. 

Having thus alluded in general terms to the fundamental conceptions involved, I 

may present the following tentative scheme of correlation of the principal events of the 

Glacial period in the area of the Oordillera and in that of the Great Plains, which I have 
--------

1 Mr. J. C. Russell in his "Notes on the Surface Geology of Alaska," refers to the freshness of glacial striation on 

Lake Labarge, with other facts, as possible evidence of much greater recency in the glaciation of the Uordillera as 

compared with that of the eastern part of the continent. 'Bull., Geol. Soc. Am.,' vol. i, p 142. My observations 

in the northern parts of both regions do not lead me to concur in this suggestion, which in view of all other 

circumstances seems so improbable. 
2 Appendix A. " Probable Causes of Glaciation," by Warren U pham. 
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been led to adopt as at least a tenable working hypothesis, after mature consideration of 

the available evidence relating to both these great areas, and in the light of personal 
familiarity with the circumstances in both. In giving to this scheme, the definiteness 
implied by a tabular arrangement, I would, however, premise that though for the pur
pose of making it clearly understood it is necessary to adopt this form, there is no inten

tion of presenting it as a complete or final solution of the problem under discussion. In 
view of the multiplicity and more or less indeterminate character of many of the observa

tions which it has been endeavoured to embrace under this generalization, as well as the 
vast extent and diversity in features of the region to which it relates, it is scarcely pos

sible to hope that it may not eventually prove to be in error in some points. It appears 
however at present to agree with the known conditions and to indicate at least the mode 

of their explanation. 

ScmmE OF CoRRELATION oF THiil PHENOl\IENA oF TIIE GLACIAL PERIOD IN THE CoRDILLERA.N REGION AND TIIE 

REGION OF THE GREAT PLAINS. 

Cordilleran Region. 

Cordilleran zone at a high elevation. Period of most 
severe glaciation and maximum development of the great 
Cordilleran glacier. 

Gradual subsidence of the Cordilleran 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 interglacial silty beds 
of the same region. 

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

Partial subsidence of the Cordilleran 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. 
Upper boulder-clay of the coast probably formed at this 
time, though perhaps in part during the second maxi
mum of glaciation. 

Renewed elevation of tbe Cordilleran region with one 
well marked pause, during which the littoral stood about 
200 feet lower than at present. Glaciers much reduced 
and diminishing, in consequence of general amelioration 
of climate toward the close of the Glacial period. 

Region of the Great Plains. 

Correlative subsidence and submergence of the Great 
Plains, with possible contemporaneous increased eleYa
tion of the Laurentian axis and maximum develop
ment of ice upon it. Deposition of the lower boulder
clay of the plains. 

Correlative elevation of the western part of the 
Great Plains, which was probably more or less irregu
lar and led to the production of extensive lakes in 
which inter-glacial deposits, including peat, were 
formed. 

Correlative subsidence ofthe plains, which (at least 
in the western part of the region) exceeded 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 
shore-line during this period of rest. 

Simultaneous elevation of the Great Plains to about 
their present level, with final exclusion of waters in 
connection with the sea. Lake Agassiz formed and 
ev~nt~ally drained toward the close of this period. 
Th1s Simultaneous movement in elevation of both great 
areas may probably be connected with the more 
general northern elevation of land at the close of the 
Glacial period. 
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Referring to the several correlative movements of elevation and of depression of the 
Cordillera and the Great Plains implied by the hypothesis set forth in the above com

parative scheme, it may I think be admitted as not improbable on theoretical grounds, 
that such conditions of oscillation once set up, in consequence of the interaction of what
ever causes, might have a tendency to continue for a considerable time before a stable 
condition was regained; a state of equilibrium being in the end attained either by the 
general decrease in intensity of the forces involved or by the final preponderance of one 
class of these. It may further be pointed out, that the supposed sequence of events is 
generally in correspondence with the vie¥\.,. that the periods of maximum glaciation of the 

Cordillera were those of its greatest elevation, while the decay of its great glaciers was in 
both instances accmnpanied, if not caused, by subsidences leading to the encroachment of 
oceanic ·waters. The flooding of the Great Plains by arctic water, while the Cordillera 
stood as a much elevated land between these and the warmer waters of the Pacific, 

would in itself go far to explain the conditions under which the excessive precipitation 
required for the production of the Cordilleran glacier occurred. 

The supposed sequence of events is furthermore compatible with the belief, which has 
been advanced by several geologists, that the weight of a ponderous ice-cap is in itself suffi
cient to produce subsidence of the land, and with the idea that such an ice-cap may thus 
eventually become self-destructive, by obliterating the elevation to which its existence is 
in the first instance, large! y due. 

It is also of interest, though as a minor point, to note that the extensive occurrence, 
in the interglacial beds in the area of what is now one of the most arid parts of the 
north-vYestern plains, of peaty deposits abounding in the remains of ferns and semi

woody plants, 1 may be accepted as betokening a considerable local rainfall ; a circurn
stance which would be in accord with the postulated depression of the Cordillera and 
relatively elevated position of the Great Plains at that time. 

Though independently based upon and primarily intended to include the observed 
. phenomena of the Glacial period in the north-western portion of the continent alone, it is 

further worthy of remark, that the elevation believed to have affected the Canadian Great 

Plains during the interglacial episode, is to some extent confirmed by the fact that 

Messrs. Chamberlin and Salisbury find evidence of a similar elevation of the Upper 
Mississippi Valley, at a corresponding time, to an extent of about 1,000 feet. 2 It is also 
noteworthy that the two great correlative movements of elevation of the Cordillera and 
depression of the Great Plains here admitted, correspond, at least in a general way, to 
the principal similar, though smaller, changes in level accepted by Mr. W. J. McGee as 

explaining occurrences on the" Middle Atlantic slope," as indicated by the Columbia forma
tion. 3 As in the case of the Great Plains, the two marked changes in the region of the 
Middle Atlantic slope were in the sense of depression, but as there is reason to believe that 
depression in one region may have been made up for by elevation in another, the main 
point to which allusion is hero made, is merely that both maxima of glaciation appear to 
have been marked on the Pacific as well as on the Atlantic side of the continent, by con
siderable disturbance in level. 

In previous publications on the glaciation at the Canadian portion of the Great Plains, 

1 'Bull. Geol. Soc. Am.,' vol. i, p. 332. 2 ''Sixth Annual Report U. S. Geol. Surv.," P• 214. 
3 "Seventh Annual Report. U. S. Geol. Surv.," p. 639. 
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dealing only with the evidence available at the time, which did not include any con

siderable body of facts relating to the Cordillera, I had arrived at the opinion that, as a 

whole, this glaciation was attributable to the action of water-borne ice rather than to 

that of the ice of a great confluent glacier. At the same time in deference to the views 

maintained by many geologists, I pointed out in what manner the circumstances might 

be explained under either hypothesis and noted the difficulties incident to both.1 At this 

time I fully recognized the fact that the Laurentian axis had been buried beneath a con

fluent glacier, and the evidence upon which the existence of a similar confluent Cordil

leran glacier is based, as noted in previous pages, has since been obtained. 2 Later and 

more detailed and systematic examinations of the area of the Great Plains, carried 

out with a knowledge of the views of other geologists on the glaciation of different 

parts of the northern hemisphere, haYe, however, resulted only in further confirming 

my belief in the glacio-natant origin of the glacial deposits of these plains. I may be 

excused for stating here that I have had every opportunity of becoming familiar with 

i.he effects of confluent glacier action in regions to the east and west of the plains, my 

apology for making this statement being found in the circumstance that the attribution 

of all the widespread and important phenomena of the Glacial period to the action of a 

confluent glacier (a lineal descendant of the polar ice-cap) has become almost official ; 

with the natural if scarcely conscious tendency, which for a time appears to follow the 

acceptan0e of any wide generalization, to ignore or doubt any outstanding or unconforrn

able observations rather than to appreciate these at their full value and to follow them 

up as useful clues toward a position of fuller knowledge of the phenomena as a whole. 

Some reasons for the opinion held by me that the effects met with on the plains gener

ally must be accounted for by floating ice, are alluded to on a later page. 

It may here be noted, however, that the theoretical mode of accounting for the gla

ciation of the Great Plains which appeared to me most probable at an earlier date, and 

which was discussed in the publications just alluded to, has since become subject to con

siderable modifications, principally by reason of the discovery of boulder-clays of tV\ro 

distinct periods and the definition of certain intervening interglacial deposits. Here, as 

in the Cordilleran region, the existence of evidence of the action of water at high levels 

1night be simply referred to the occurrence of a single and contemporaneous time of great 

depression of the land, but though the existence of such evidence at heights of between 

4,000 and 5,300 feet in the Cordillera and on the eastern slopes of the Rocky Mountains, 

may be referred to as favoring the theory of a general depression of this kind, it is 

1 "Geology and Resources of the Region in the vicinity of the Forty-ninth Parallel" (1875). 1 Quart. Journ. 

Geol. Soc.,' vol. xxxi (1875). 
2 It being now definitely known, as a result of work done under the auspices of the Geological Survey of Canada 

and more particularly of observations by myself. and my colleagues Messrs. McConnell and Tyrrell, that the 

extreme borders of the eastern and western glaciated areas of the continent barely overlap, and then onl in a 

limited region; it becomes manifestly necessary to recognize two distinct main centres of glaciation, both of ~·hich 
were, at the maximum of the glacial conditions, more or less completely covered by great confluent gl · Cf ac1ers. . 

'Geological Magazine,' Dec. iii, vol. v, P: 250. It is therefore no longer appropriate to refer to the great confluent 

ice-mal's which spread out from the region of the Laurentian axis or plateau as the ''Continental Glacier," even if 

it be supposed that it extended as far as the western edge of glacial deposit3 on the plains. In view of this fact and 

in the interes~ of precision of expressio~, I venture to suggest that this may be named the Laurentide Glacier. 

For the great 1ce-mass of the western regiOn I have already proposed the name Cordilleran Glacier. 
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belie-r-ed that the proof of the high level of the Cordillera and the relatively low eleva
tion of the plains at the initial stage of the Glacial period, constitutes an insuperable diffi
culty in the vvay of a simple explanation based on such a supposition. 

As the scope of this paper does not include any extended description of the glacial 
phenomena of the Great Plains, I will here only outline, in the most general terms pos
sible, the character of the obseryed facts 1 

The surface of that part of the Great Plains which is characterized by deposits due to 
the Glacial period, is at the present ti1ne highest at the base of the Rocky Mountain 
Range near the forty-ninth parallel, having there an elevation of about 4,000 feet above the 
sea, and sloping thence in a north-eastvvard direction to the base of the Laurentian axis or 
plateau on the cast (distant about 700 miles), with an average fall of about 5·4 feet to the 
mile. Further north, in the Peace and Liard River countries, the width of the Tegion 
representing the plains betvveen the Rocky Mountains and the Laurentian plateau is 
much less, but it still preseTves an easterly slope, the highest plains to the east of the 
foot-hills of the Rocky Mountains being at an elevation of about 3,000 feet in the first 
mentioned district and still lower in the second. The maximum elevation attained by 
the Laurentian plateau in the corTesponding part of its length is under 2,000 feet, and 
pTobably aveTages about 1,600 feet only, and from the Tocks of this plateau a considerable 
portion of the whole mateTial of the drift, even of the highest levels, has been derived. 

The glacial drift reaches quite to the foot of the Rocky Mountains, near the forty
ninth parallel, but soon leaves them to the south, while further to the north its margin is 
constantly found at a somewhat lower level and at some distance frmn the base of the 
mountains. Disregarding exceptional areas of small dimensions, from some of which 
the glacial dTift has been more or less completely removed by denudation, and, in a few 
cases, upon which it has never been deposited, the whole of this vast tract is co-r-ered with 
remarkable uniformity and with little regard to the elevation by deposits referable to the 
boulder-clay. OvPrlying these, stratified sands or gravels are almost everywhere found in 
continuous and connected spread, with, very frequently, bedded silty deposits; some of 
vvhich are evidently due to post-glacial lakes, others apparently to more general causes. 
Large erratics are in all parts of the region observed to be most abundant on the surface, 
or in connection ·with some of the upper supeTficial deposits. 

In the westeTn part of the plains, but so far as ascertained to the east of the extreme 
western margin of the drift deposits, the boulder-clay is found to be separable into two 
paTts, between ·which interglacial silty and sandy deposits, which in some places hold peat, 
are extensiyely developed. It is as yet uncertain whether the diYision thus evidenced as 
between the lower and upper boulde·r-clays extends to the eastern half of the plains, the 
area over which it is known to be well marked, stretching from the vicinity of the forty
ninth parallel northward to the North Saskatchewan River, with a length of about 250 
miles and a 1naximum actually known width of about fifty miles. 

1 For details of observation in this area reference may be made particularly to ''Geology and Resources of the 
Forty-ninth Parallel," page 203, 1 Quart. J ourn. Geol. Soc.,' vol. xxxi, p. 603, 'Report of Progress Geol. Surv. Can.,' 
1879-80, p. 136 B., 'Report of Progress Geol. Surv. Can.,' 1882-84, p. 139 C., 1 Annual Report Geol. Surv. Can.,' 1885,p. 71 
C. (R. G. McConnell), 'Annual Report,' 1886, p. 139 E. (J. B. Tyrrell); also to 'Bull. Geol. Soc. Am.,' vol. i., p. 395 
(J. B. Tyrrell), and p. 540 (R. G. l\IcConnell.) 

Sec. IV, 1890. 8. 
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The relation of the lower boulder-clays to certain underlying and immediately pre

glacial gravels has been referred to on a former page (see p. 22.) 
In accordance with the general hypothesis here adyanced, it may be supposed .that the 

submergence of the plains during the first period of glaciation (that of the maximum of 
the Oordilleran glacier) extended as far westward as the limit of the lower boulder-clay. 
Between the forty-ninth and fiftieth parallels it must in this case have reached to a posi
tion forty miles or less from the base of the Rocky Mountains, and further north to an 
undetermined line, which, however, in all cases appears to have fallen short of the maxi

mum westward spread of the glacial drift.1 

The interglacial episode seems to have been marked by the elevation of the western 
part of the Great Plains, accompanied by the production of shallow lakes, in or around 
the borders of which peaty deposits were locally formed. The width of the region Taised 
above the sea at this time also remains indeterminate, and no evidence of this episode has 
yet been obtained to the north of the North Saskatchewan. It appears probable, if the 
region of consideTable uplift extended much fuTther to the northward, that it may have 
been there narrower and less important. In connection with the description of the Missouri 
Ooteau, I have noticed the existence of systems of now more or less completely abandoned 
old valleys cut in the Laramie plateau of the vicinity of Wood Mountain.2 These have been 
explained as pre-glacial valleys, but in view of the additional light on the sub-division of 
the Glacial period since obtained, it is now believed that the greater paTt of the erosion of 

these wide old valleys in the higher portions of the Great Plains, both in the locality here 

particularly cited and in the Cypress Hills Plateau and elsewhere, may probably be 
assigned to the interglacial time of elevation. This would accord better also with their 
fresh and unbroken outlines, which, in attributing them entirely to pre-glacial action, are 
diffi.cul t to understand. 

Before leaving the subject of the interglacial deposits of the western part of the 
plains, it should be pointed out that, while they indicate that this was in part a land

surface at the time of their deposit, they also afford a certain amount of definite evidence 
showing that at the date of their formation, this part of the plains had not had impressed 
upon it the slope from west to east which it now possesses. This is shown particu1arly 
along the Belly River, where interglacial beds evidently formed in a shallow lake, may 
be traced continuously for forty-five miles from west to east. These beds may safely be 
assumed to approximately represent a water-level of the time, but their position is now 
no longer horizontal, but conforms instead to the slope which the plains now possess.s 

To the renewed subsidence of the Great Plains which is supposed to have been 
contemporaneous with the second elevation of the Oordillera, and correlati,ye to this, is 
attributed a second access of floating ice, derived chiefly from the front of the confluent 
glacier of the Laurentian axis (great Laurentide glacier), to which the deposition of the 
upper boulder-clay is due. We are as yet unable to form any definite opinion as to the 

extent to which the action of such floating ice and the continued deposition of boulder
clay was limited in the eastern part of the plains during the interglacial episode. 

It would further appear, that while the elevation of the Oordilleran belt was probably 

1 i.e., The available evidence at least does not carry it so far. 
2 11 Geology and Resources of the Forty-ninth Parallel," p. 230 'Quart. J ourn. Geol. Soc.,' vol. xxxi, p. 615. 
3 ' Report of Progress Geol. Surv. Can.,' 1882-84, p. 151 c. 
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not greater and possibly not as great as during the first period, the extent to which the 
western part, at least, of the plains was depressed was in excess of that by which they 
had been affected before. Various conjectural explanations of this might be hazarded, 
but in the absence of any complete knowledge of the circumstances, these would pos
sess little value. It would appear, however, that the ice-bearing water at this time 
reached quite to the base of the Rocky Mountains near the forty-ninth degree of latitude, 
bringing with it debris derived from the Laurentian axis, of which the nearest part is 
over 500 miles distant. 1 It does not of course necessarily follow that such debris was 
actually derived from the nearest possible source, though in previous publications 
I have spoken of it as thus originating in order to simplify the conceptions involved. 
Recent investigations by Mr. J. B. Tyrrell, have in fact shewn, that the direction of move
ment of the ice over the eastern part of the plains may generally have been from north 
to south or fro1n north-east to south-west, 2 which might imply an even greater distance 

of carriage for the erratics here particularly alluded to. 
Many of these erratics along or near to the base of the mountains between the forty

ninth and fiftieth parallels, lie at heights exceeding 4,000 feet, while the highest observed 
instances of their occurrence, are at an elevation of 5,280 feet above the present sea-level,3 

the erratics being here stranded upon moraine ridges due to local glaciers which have 
flowed out from the valleys of the Rocky Mountains, probably during the first maximum 

of glaciation. 
From the same south-V\restern portion of that part of the plains which is characterized 

by glacial deposits, further evidence, shewing that the elevation succeeding the second 
subsidence was unequal in character, is afforded by the difference in heights of the 
upward limit of Laurentian material in a few conspicuous instances. Thus, taking a 
belt of country running eastward from the base of the mountains and approximately 
included between the forty-ninth and fiftieth parallels, we find the furthest western 
erratics at the great elevation just quoted. Seventy-fiye miles to the east, the summit of 
Rocky-Spring Plateau is driftless, the upward limit of the eastern drift being found at 
4,100 feet. Tw~nty-five miles further east, the limit reaches a height of 4,660 feet or 
possibly slightly more on the Three Buttes or Sweet-Grass Hills. 4 Fifty miles still 
farther to the east, Mr. McConnell has ascertained the limit to be at 4,400 feet on the 
Cypress Hills, the higher part of the plateau so called being again driftless. 

One hundred and sixty-five miles due north of the Rocky-Spring Plateau, Mr. Tyrrell 
has found the sum1nit of the Hand Hills to be similarly without glacial debris, the limit

ing height at this place being 3,400 feet. 5 

The localities thus enumerated include all the known driftless areas "\Vithin the 
western border of the drift-covered area of the plains, and it is probable that there are 

not any other instances remaining to be discovered. 

1 As indicated on the map which accompanies my first paper on the glaciation of the plains, the actually 
nearest part of the edge of the Laurentian plateau, on a north-east bearing, is about 550 miles distant. The dis
tance of 700 miles giYen in that paper, refers to that part of the Laurentian margin between E. and E. N. E., 
from which alone it was at the time (in conformity with indications of direction obtained from stnre in the Lau
rentian region), supposed that the travelled material of the part of the plains in question was derived. 

2 'Bull. Geol. Soc. Am.,' vol. i, p. 401. 
3 'Report of Progress Geol. Surv. Can.,' 1882-84, pp. 146 C, 148 C. 
' 

1 Report of Progress Geol. Surv. Can.,' 1882-84, p. 148 C. 
5 1 Annual Report Geol. Surv. Can.,' 1885, p. 75 C. 
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It is worthy of remark that the Three Buttes or Sweet-Grass Hills form an isolated 
case of the occurrence of volcanic rocks in this part of the plains, representing the stumps 
of volcanoes which are referred to the Miocene period (see p. 15), and occupying the 
centre of a wide low anticlinal, the influence of which has now been traced north ward 
to the North Saskatchewan. The greater amount of elevation by Vl7 hich the upper limit 
of the glacial deposits has been affected in the central region of this anticlinal swell, 
as compared with the instances to the east and west of it, together with the still greater 
height to which the same lilnit has been lifted on the flanks of the Rocky J\ilountains in 
the same latitude, is very suggestive of the influence of tangential pressure in the earth's 
crust, which has had most effect in increasing the elevation of old lines of uplift. Rocky
Spring Plateau and the Hand Hills n1ay be considered as about on the nodal line between 
this anticlinal and the wide synclinal which separates it from the base of the Rocky 
Mountains. 

The depth of submergence of the general surface of the plains surrounding the 
Cypress Hills and Three Buttes may thus be supposed to have averaged about 1,500 feet, 
and to have exeeeded this by 500 feet or more at a distance of about fifty miles to the 
north where the general height of the country is less. 1 

Following the western margin of the boulder-clay to the northward, we find it to 
occur at lower elevations and at a more or less considerable distance from the base of the 
Rocky Mountains. About the fifty-first parallel its height is fr01n 3,400 to 3,300 feet, at a 
distance of thirty-five miles from the mountains, V~Thile still further to the north it crosses 
the Red Deer and North Saskatchewan Rivers at an elevation of about 3,000 feet, approxi
mately following a confour-line at that height. Scattered Laurentian boulders are, 
however, found at somewhat higher levels and to the VIr est of the recognized margin of 
the boulder-clay up to 3,200 and 3,400 feet. 2 Beyond the North Saskatchewan, the 
country to·ward the base of the mountains has not been so closely examined as to ensure 
that the highest western levels of the Laurentian drift have been accurately determined, 
On the watershed between the Athabasca and Peace Rivers, however, (lat. 54 12', long. 
117°), Laurentian boulders are found at a height of 3,300 feet. In the Peace River 
valley, such eastern erratics have been noted to heights of 2,300 to 2,500 feet only, (in the 
vicinity of the D'Echafaud River in latitude 55° 45', longitude 1201

\) being theTe at a dis
tance of about seventy miles from the eastern base of the mountains propel'. 3 According 
to recent observations by Mr. McOonncll, Laurentian boulders are again found in the Liard 
River region to occur some distance to the west of the 1nargin of the boulder-clay, their 
greatest observed height being 2,300 in lat. 60° 15' long. 123°. 1 

In the tabular comparison of the events of the Glacial period in the regions of the 
Oordillera and the Great Plains, it is suggested that the remarkable monument of this 
period known as the Missouri Ooteau, 5 may with probability be referred to that time of 

---------
1 Mr. Upham accepts the observations here referred to as evidences of the thickness of a confluent glacier 

which he supposes to have swept across the plains to the base of the Rocky Mountains. 'Am. Geo1. l\fagazine,' 
vol. iv, p. 215. For reasons elsewhere stated, I am unable to concur with him in this hypothesis. 

2 'Annual Report Geol. Surv. Can.,' 1886, p. 143 E, 'Bull. Geol. Soc. Am.' vol. i, p 397. 
3 'Report of Progress Geol. Surv. Can.,' 1879-80, pp. 139 B, 140 B, 'Quart. Journ. Geol, Soc.,' vol. xxxvii, p. 277. 
"' 'Bull. Geol. Soc. Am.,' vol. i, p. 542. The boulder-clay in this region would appear to be confined to levels 

below a height of about 1,000 feet. 
6 This natural feature was noted and named by the early French voyageurs Grand Gateau de Missouri. 
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rest and stability which is marked in the Oordillera by the white silt fonnation. This 
period seems to have been initiated by a partial subsidence of the Oordillen1, accompanied 
by a correlative elevation of the ·western part at least of the Great Plains, during which 
or as a consequence of it, a condition of equilibrium was established as between the 
Oordillera and the plains, ·which practically closed the series of correlativ-e o~cillations 
which it is supposed were contemporaneous with the conditions of glaciation in the -vvest. 
It is of course possible that the Coteau may hav-e been produced along the western margin 
of the interior continental sea during the elevation by which the plains were affected in 
the interglacial episode, but so far no evidence with this tendency has been obtained, 
while the slight degree to which the irregular ridges and mounds of the Ooteau have since 
been affected by denudation, constitutes in itself an argument in fav-our of a later date. 

North of the forty-ninth parallel, the thick and irregular drift deposits of the Coteau, 
forming a marked feature on the plains, and running in a north-west by south-east 
bearing, have been examined in some detail for a length of about 200 1niles, or to the elbow 
of the South Saskatchewan.1 Throughout this part of its length the deposits forming the 
Coteau are piled on or against a more than usually abrupt slope of the surface of the plains. 
To the north of the South Saskatchewan, the Coteau is probably more diffuse, in conformity 
with the less marked edge of the third steppe of the prairie, but it appears to reach the 
North Saskatchewan near its elbow. Its material consists largely of boulder-clay, but this 
is generally coyered with stratified sands and grayels and stTewn with many erratics.:l Its 
height is nearly uniformly maintained at from 2,000 to 2,200 feet above the present sea
level, and from its rougher and higher parts it subsides toward the north-east into wide 
swelling undulations, which slope gradually down to merge into the general level of the 
plains of the second prairie steppe. The whole appearance of this remarkable glacial 
deposit is to my mind that of a zone against which heavy debris-bearing ice stranded for 
considerable period during which no great change in leYel occurred. \Vhen, in 1875, I 
first recognized the glacial origin of the COteau, it ·was pointed out that it might be 
explained either as the moraine of a continental glacier or in the manner just outlined, but 
subsequent investigation appears to me to add further probability to the hypothesis that 
it was formed along a sea-margin. The line of the Coteau is practically concentric, for a 
considerable part of its length, -vvith that of the outer and higher border of the glacial 
deposits of the Great Plains; and in this connection it is further worthy of remark that 
practically the entire area of the plains which is characterized by glacial deposits lies on 
the arctic slope of the continent, thus rendering it probable that the water by which it 
appears to have been flooded, was in direct co1nmunication with the Arctic Ocean and 
may in fact be regarded as having been an expansion from this northern sea. It 1nay be 
added, that in assuming the Ooteau to represent a water-line, of which the relative eleva
tion of different parts has since suffered little change, we are led to believe that the line of 
maximum slope by which the surface of this part o± the Great Plains was affected 
(which slope was evidently increased subsequently to the formation of the Ooteau) must 
lie at right-angles to its length, or from north-east to south-west, a belief which accords 
precisely with the actual great height of the south--vvestern portion of the drift-covered area. 

1 ~: Geology and Resources of the Forty-ninth Para1le1," pp. 228, 256 ; ' Quart. J ourn. Geol. Soc.,' vol. xxxi, 
p. 614; 'Annual Report Geol. Surv. Can.,' 1885, part C. 

2 'Annual Report Geol. Surv. Can.,' 1885, p. 74 C. 
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It has already been stated that there is no proof that any part of the great Cordilleran 
glacier at any time flowed eastward to the plains by the passes of the Rocky Mountains. 
The entire absence, whether in the Rocky Mountains or on the plains, of material derived 
from the Gold Ranges, is alone almost sufficient to show that nothing of the kind hap
pened. Local glacieTs of consideTable size were, however, produced in these mountains, 
and such glaciers. debouching to the eastward, formed moraines among the foot-hills and 
even beyond these on the margin of the plains. Moraines d~e to these glaciers have been 
traced, in a more or less degraded condition, for about ten miles beyond the base of the 
mountains near the forty-ninth parallel. .A glacier of larger dimensions than most of 
those derived from the mountains, evidently followed the Bow Valley for a distance of at 
least twelve or fourteen miles beyond the mountains.1 These large local glaciers are 
believed to have been contemporaneous \Yith the 1naximum development of the Cordil
leran glacier. The material of their moraines has been derived entirely from the Rocky 
Mountains, but Laurentian erratics are occasionally found resting upon them, and they are 
frequently sunounded by stratified deposits of later date. Some evidence has already 
been noted which tends to prove that the Rocky Mountain glaciers were insignificant 
during the second maxi1num of glaciation of the Cordillera. (See p. 45 ) 

The correlative and complementary elevation and depression of the Cordilleran belt 
and the Great Plains which has be8n investigated in foregoing pages, necessarily implies 
either the existence of extensive contemporaneous faulting along the north-eastern margin 
of the Cm·dillera, or a hinge-like moyement about the same line, the difference in eleva
tion, in the latter case, being accounted for by slopes of varying degrees of inclination. 
In the absence of any evidence of such recent faulting on a large scale, the latter remains 
the more probable hypothesis. If the sequence of events which has been advanced be in 
the main correct, the greatest change in height between neighboring tracts must have 
occurred during the second period of glaciation, in the southern part of the region under 
discussion, and may have amounted to between 5,000 and 6,000 feet. There appears to 
be, however, even here, ample room in which to distribute the resulting slope. Under 
the assumption that the difference occurred between the line of the Columbia-Kootanie 
valley and the extreme western margin of the eastern drift, a slope of one in sixty would 
require to be impressed on the intervening tract, while, even if it be assumed that the 
whole of this difference occurred between the axis of the Rocky Mountains and the same 
eastern-drift margin, this slope would only be about doubled, and would thus amount to 
about 200 feet to the mile.2 

The last stage of the Glacial period appears to have been marked by a general move
ment in elevation of both the Great Plains and the Cordillera, which it is presumed may 
have been connected and contemporaneous with a still more general movement in 
the same sense, by which the entire northern part of the continent was affected. Mr. 
U pham's researches in connection with the later-glacial or post-glacial "Lake .Agassiz," 
which occupied the valley of the Red River and the baf:lins of Lake Winnipeg and asso
ciated lakes, proves that in the eastern part, at least, of the plains, this eleyatory move-

1 'Report of Progress Geol. Surv. Can.,' 1882-84, p. 145 C. 
2 Considerable relative changes in elevation between the western and eastern sides of the Rocky Mountain 

Range may be found to explain some puzzling features of the actual drainage system of this range. See ' Annual 
Report Geol. Surv. Can.,' 1885, P· 27 B. 

---~~~---==-=-- - -
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ment was greatest to the north. The north-eastward slope of the westward part of the 
plains may very probably have been further increased at this time. 

In the "Geology and Resources of the Forty-ninth Parallel" facts are adduced tend
ing to shew that a relative elevation of the southern part of the western portion of the 
plains is the latest change of this kind of which any record is found.1 The evidence of 
this is derived chiefly from alterations in the courses of rivers to more northerly directions, 
and such evidence has since been much added to and extended so as to include nearly 
the entire area of the Districts of Alberta and Assiniboia.2 

This elevation of the southern, or relative depression of the northern part of the 
plains may with great probability be assumed to have imtnediately succeeded the change 
in an opposite sense last mentioned. To the west of the Rocky Mountain Range, similar 
evidence of southward elevation or northward depression in immediately post-glacial 
time, is afforded by the Columbia-Kootanie Valley,~ and it is even possible that the out
flow of the Great Shuswap Lake became changed at the same time, from the Spallum
sheen and Okanagan Valley to that of the South Thompson. 1 The observations here 
alluded to are at least sufficient to show that a depression to the north or eley·ation to the 
south was very widespread in the western part of the continent. 

In view of the fact that an undoubted majority of the geologists who have interested 
themselves in the phenomena of the period of glaciation in America are at present dis
posed to attribute these phenomena almost in their entirety to the action of one or more 
great confluent glaciers, while my study of the glaciation of the northern part of the Great 
Plains leads me to hold the belief that this region has as a whole been submerged, and 
that floating ice has been the main agent in its glaciation, it appears to be necessary to 
add here, by way of justification for this belief, a synopsis of the principal facts upon 
which it is based. This must, however, necessarily be brief and in some measure imper
fect, as in the case of many circumstances observed on the ground, sufficiently precise data 
have not yet been obtained to enable definite statements to be made respecting them in a 
summary form. 

Prof. J. S. New berry has stated that "the track of a glacier is as unmistakable as that 
of a man or a bear, and is as significant and trustworthy as any other legible inscription." 5 

I would propose to extend this forcible statement of the case by adding that the evidences 
of the action of glacier-ice and floating-ice are as different as are the tracks of a 1nan from 
those of a bear, though cases may nevertheless occur in which it is impossible to decide 
to which agent certain traces should be assigned. Proof of the existence of a great con
fluent glacier on the Laurentian axis, and of a second similar glacier on the Cordillera, 
appears to me to be complete, while over the greater portion of the extent of the northern 
part of the plains the evidence seems to have a different meaning. 

One of the most striking circumstances in favour of a belief in the sub-aqueous origin 
of the glacial deposits of the plains, is their extraordinary persistence and similarity in 
character over the vast area which they cover in an almost uniform sheet. The area of 

1 Op. Cit. p. 264. 
21 Report of Progress Geol. Surv. Can.,' 1882-84, pp. 14 C, 150 C; 'Annual Report Geol. Surv. Can.,' 1885, p. 75 

C; 1 Annual Report Geol. Surv. Can.,' 1886, p- 146 E. 
3 'Annual Report Geol. Surv. Can.,' 1885, p. 31 B. 
4 1 Report of Prc,gress Geol. Surv. Can.,' 1877-78, p. 60 B. 51 Geol. Surv., Ohio,' "Geology," vol. ii, p. 2. 
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that portion alone of this region which is included between the forty-ninth and fifty-fourth 
parallels of north latitude, exceeds 250,000 square-miles, being about four times as great 
as the total area of the New England SLates. Over this entire tract, the boulder-clay and 

other overlying deposits form a nearly unbroken superficial layer of almost infinitesimal 

thickness in comparison to its extent, the occurrence of ridges or local accumulations like 
those of the Ooteau and others not here particularly cited, though notable and important 
frmn certain points of view, being as compared to the whole exceptional and rare. 

Though true that the glacial deposits, and more particularly those of the boulder-clay, 

are usually found in greatest thickness in less elevated parts of the plains, and exhibit 
besides a distinct general tendency to diminish in thickness from east to west/ this can 
scarcely be considered as affecting the main statement just made, and may be explained 
under the hypothesis of deposit either by a great glacier or by water-borne ice. The 
evidence which has been adduced to shew that the western part of the plains was for a 

shorter time and less continuously submerged than the eastern, appears to me, however, 
to account for this general fact most naturally. The transport of a great part of the 

material of the glacial deposits from east to west or from north-east to south-west is shown 

by its character, which is such that it can not have been derived elsewhere than from some 
part of the Laurentian axis. In assigning the origin of the Laurentian material of the 

western verge of the drift to the nearest possible source (irrespective of views respecting 

the predse direction of its journey) we find that it must have been transported for about 
550 miles. 

The boulder-clay of the plains, besides its far-travelled constituents, always includes 

a considerable and often a large proportion of relatively or quite local material. Owing 
to the imperfectly consolidated character of the Cretaceous and Laramie deposits of the 
plains, this important local element is found most abundantly as a portion of the paste, 

which varies in color to a considerable extent in correspondence with that of neig·hboring 
strata. 2 N ob.vithstanding the observable diversity thus caused, the composition of the 

boulder-clay throughout, particularly in reference to the constant proportion of far
travelled material, may be characterized as extremely uniform. 

More or less apparent signs of stratification are generally to be met with in sections 
of the boulder-clay of the plains, and in some cases inter bedding of different varieties of 
material, including layers of gravel, sand, ete., are quite prominent features and of such a 

character as clearly to require the action of vvater. Where the lower and upper boulder

clays are distinguishable, the evidences of bedding are usually most conspicuous in the 
latter.3 'l1he interglacial deposits of the western part of the plains form, as already indi

cated, an extensive and regular layer between the lower and upper boulder-clays, showing 

apparently continued deposition at the ti1ne which they represent, though under different 
---------- - --

I The greatest known thickness of drift deposits (which are not, however, all boulder-clay) occurs in a well at 
McLean Station on the C. P. Ry., and is 495 feet, or more. 'Trans. Royal Society of Canada,' vol. iv, Section iv, p. 

92. The greatest observed thickness of the boulder-clay, embracing both upper and lower divisions, may be stated 

at about 200 feet. 
2 'Report of Progress Geol. Surv. Can.,' 1882-84, p. 143 C; 'Annual Report Geol. Surv. Can.,' 1885, p. 71 C; 

' Annual Report Geol. Surv. Can.,' 1886, p. 142 E. 
3 "Geology and Resources of the Forty-ninth Parallel," pp. 239, 240, 242; 'Report of Progress Geol. Surv. Can.,' 

1882-84, p. 143 C; 'Annual Report Geol. Surv. Can.,' 1885, p. 72 C; 'Annual Report Geol. Surv. Can.,' 1886, 
p. 141 E. 
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circumstances. The stratified deposits of sand, gravel and silty material which still nearly 
everywhere overlie the boulder-clay, thoug-h in some cases no doubt in part referable to 
post-glacial lakes of limited dimensions, are too wide-spread and are found at too many 
different levels to allow this to be accepted as a general explanation of their occurrence. 
Irregularly stratified deposits of this kind even cover most of the hills and ridges of the 
Missouri Ooteau, respecting a part of which Mr. McOonnell states, that while the present 
surface undulations appear to be largely due to irregularities in the old boulder-clay floor, 
the modified drift wraps both hill and hollow in a nearly uniform sheet, although usually 
thickening son1ewhat in the depressions.1 In the southern part of the Dis-trict of Alberta, 
these superficial deposits are very generally found to consist of gravels and sands below, 
with sandy or clayey loam above. 

That the overlying well-stratified deposits have not been formed by the denudation 
and re-arrangement of the boulder-clay alone, is strikingly evidenced by the fact that the 
largest far-travelled erratics are usually found to be associated with these deposits, lying 
upon the boulder-clay or even resting on the higher well-stratified materials and project
ing conspicuously on the surface of the plains.2 This has now been observed to be the 
characteristic mode of occurrence of the larger boulders over almost the entire area of the 
Great Plains, where it may frequently be noted that no boulders imbedded in the boulder
clay of the vicinity equal the superficially scattered erratics in size. Mr. McOonnell may 
again be quoted in this connection as follows:-'' In many parts of the district, and more 
especially on rough ridges like the Ooteau, the surface is almost covered with gneissic and 
limestone boulders and angular fragments, which appear at first sight to have been sifted 
out of the drift below by denudation, and this is, no doubt, true in regard to a large pro
portion of them. Many of these erratics are, however, much larger, and are also less water
worn than they would be if derived from that source, and it is highly probable that these 
represent a more recent period of distribution." 3 In further amplification of this point the 
various reports which have already been referred to may be consulted.4 

It is probable that the boulders found scattered over the more prominent isolated 
plateaux on which little other trace of glacial deposits is found, as well as the highest 
erratics met with on the Sweet-Grass Hills and those stranded at great elevations on 
moraines along the base of the Rocky Mountains, are referable to the same final period of 
distribution. The remarkable group of large erratics composed of Huronian quartzite 
(and evidently derived from some occurTence of this rock in the eastern Laurentian high
lands,) which is found near the lower part of the Waterton River, at a distance of only 
thirty miles from the base of the Rocky Mountains and at a height of 3,200 to 3,300 feet, 
belongs to this later period of dispersion. One of these erratics is forty-two and anotheT 
forty feet in length. 5 The occurrence of a gToup of such large boulders of identical and 
exceptionallithological character, resting upon the surface of the prairie in a single locality 

1 'Annual Report Geol. Surv. Can.,' 1885, p. 74 C. 
2 It is further remarkable that some ofthe largest eastern erratics are found near the western limit of the 

drift. 'Report of Progress Geol. Surv. Can.,' 1882-84, p. 148 C. 
3 'Annual Report Geol. Surv. Can.,' 1885, p. 74 C. 
4 See particularly ''Geology and Resources of Forty-ninth Parallel/' pp. 218, 255; 'Quart. Journ. Geol. Soc.,' 

vol. xxxi, p. 611; 'Report of Progress Geol. Surv. Can.,' 1882-84, p. 145 C. 
5 

' Report of Progress Geol. Surv. Can.,' 1882-84, p. 149 C. 

Sec. IV, 1890. 9. 
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and at a distance so great from the nearest point of origin, is to me inexplicable except 
on the hypothesis that these erratics were brought here at one time by a single ice-raft 
or iceberg. Further to the north, and also not far from the base of the mountains, Doctor 

(now Sir J ames) Hector has described a line of very large red granite boulders at a height 

of 3,700 feet which it is probable may be attributed to the same time.1 

The condjtions implied by the existence of this latest drift of heavy boulders, while 

differing from those under which the boulder-clay was laid down, appear to require, as in 

the case of the boulder-clay, a continuous sheet of water extending from the ·westward 
front of the great Laurentide glacieT, wherever that may have been situated at the time, 
to the positions of the erratics found; or, in other words, the transport of rnaterial from 
the east or nor_th-east is not confined to the period of formation of the boulder-clay, but 
was continued and became even more pronounced at a later stage. It is impossible to satis
factorily explain the distribution of these erratics by systems of local post-glacial lakes. 
Dr . .A. Geikie refers to the ocGurrence of silnilar large scatteTed boulders in Great Britain as 
indicative of floating icc,2 and evidence of this kind is to be found everywhere on the 

Great Plains. 
In relation to the particular point heTe in review, is the occurrence in the glacial drift 

of the plains of numerous erratics and much gravelly material referable to the Silurian 
and Devonian limestones which outcrop along the western base of the Laurentian axis or 

plateau, but are not anywhere met with over the area of the plains further west. These 

limestone outcrops now occupy a relatively very low position (say between 700 and 800 
feet), but the abundance of their debTis found far to the west tends to confirm a belief in 
the low level of the western part of the plains during the greater part of the Glacial period, 

and possibly to strengthen the supposition that the Laurentian plateau, with its flanking 
regions, was during that period correlatively elevated. The great bulk of the drift from 
these limestones is, however, confined to the second prairie steppe at heights less than 
2,000 feet, while it runs out rapidly at higher levels, and is found in small quantity only 
above 3,000 feet.3 This circumstance seems to show that the distribution of the drift 

material was laTgely a matter of level, and is thus again more easily explicable by wateT 
transport than by that of a great ice-sheet, by which it ·would appear to be reasonable to 

suppose that included material might be carried in equal proportion to its terminus. The 

present height of the western edge of the gTeater part of the limestone drift, may thus 
eventually be found helpful in assisting in the determination of the respective levels, at 

the time of its deposition, of the Laurentian plateau and Great Plains. 
In earlier publications on the glaciation of the GTeat Plains, I have alluded to the 

general admixture in the drift of the plains of Laurentian and other eastern debris with 

material fTom the Rocky Mountains on the west, as a further evidence of the existence of 

a great sheet of water on which ice derived from different sources was borne in different 

directions. 4 The subsequent discovery by Messrs. McConnell and Tyrrell of local, and 

now isolated, patches of conglomerate, capping the Cypress and Hand-Hill Plateaux, 

composed of Rocky Mountain material and referable to the Miocene period, has since 

1 "Exploration of British North America," p. 221. 2 
'' Text Book of Geology," 2nd ed., p. 897. 

3 " Geology and Resources of the Forty-ninth Parallel," pp. 246-247. 
4 "Geology and Resources of the Forty-ninth Parallel,'' p. 257. 'Quart. Journ. Geol. Soc.' vol. xxxi, p. 621. 

Compare also this paper, p. 14. 
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complicated this question, and has to some extent weakened the force of the evidence 
;referred to, by shewing that much of this Rocky Mountain material (which I had 
designated in a general way as Quartzite Drift) has probably been secondarily derived 
from the Miocene conglomerates. The earliest opportunity was en1braced of alluding to 
this new factor in the problem, 1 which, however, does not appear to me to be such as to 
invalidate the general argument derived from the mixture and overlapping of Laurentian 
and Rocky Mountain drift on the plains. The places above named are the only ones in 
which the Miocene conglomerates have been discovered, and their coarse character is 
such as to lead to the belief that they were formed in Miocene river-valleys or in the 
estuaries of rivers, and that the areas covered by them were never large. The existence 
of such conglomerate-covered areas appears in fact to have been sufficient to determine 
the existence of the plateaux mentioned and the limited size of these is probably connected 
with the actual small dimensions of the original deposit. 

The Cypress and Hand-Hills Plateaux are situated at distances of 230 and 120 miles 
respectively from the base of the Rocky Mountains, while the material found in the 
glacial deposits and derived from the same mountains, is recognizable in these deposits, 
near the forty-ninth parallel, eastward to the 101st. meridian, 580 miles from its source 
and only 200 miles from the nearest part of the base of the Laurentian plateau. 2 It may 
be added, that quartzite from the Rocky Mountains may occasionally be noted in the 
glacial deposits in the form of boulders of considerable size, such as are not found in the 
Miocene conglomerates, while, moreover, a similar mixture of Laurentian and Rocky 
Mountain drift occurs much further north in the Athabasca and Peace River basins, 
where no trace whatever of Miocene beds of any kind has yet been observed; the Rocky 
Mountain material being there likewise found at times as boulders of some size. 3 

While therefore I am not prepared to insist on the absolute character of this evid
ence, it would appear that no disco,,.eries which have yet been made, are such as to 
negative its general accuracy, the limited and local character of the Miocene conglo
merates bearing but a minute quantivalent proportion to the wide spread of the Quartzite 
Drift. 

Because of the absence in the area of the Great Plains of rocks capable of affording 
direct proof by their striation of the direction and character of the movement of the gla
ciating agent, I may be pardoned, before leaving this subject, for alluding to yet a further 
instance deriYed from the transport of material. The rocks forming the central part of 
the Three Buttes or Sweet-Grass Hills (which have already been mentioned), are of vol
canic origin and differ from all others met with in the glaciated area of the Great Plains. 
A detailed study of the distribution of fragments of these rocks might therefore possess 
considerable im portancc in connection with the direction and manner of transport of 
material generally. We are as yet able to refer only to incomplete observations on this 
point, but even these appear to have some importance. In the immediate vicinity of the 
Buttes, trappean rocks derived from their summits are freely mingled with erratics of 
eastern and western origin, but at some distance to the east, north and south such frag
ments are rarely found. A few specimens of these rocks were, however, discovered at a 

1 'Report of Progress Geol. Surv. Can.' 1882-84, pp. 142 C, 143 C. 
2 " Geology and Resources of the Forty-ninth Parallel," p. 225. ' Quart. J ourn. Geo1. Soc.,' vol. xxxi, p. 613. 
a 'Report of Progress Geol. Surv. Can.,' 1879-80, p. 140 B. 'Quart. Journ. Geol. Soc.,' vol. xxxvii, p. 277. 
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point sixty miles due east. Fragments are also moderately abundant in the drift seven
teen miles north of the East Butte and seven miles or more to the north of the West 
Butte. 1 The country to the south and south-west of the Buttes, being in the noTthern 
part of Montana, has not been examined by me, but it would appear to he in this direc
tion, that the main stream of debris fTom the Buttes must be looked for. 

The unoxidised and un weatheTed character of the material of the bouldeT-clays of the 
plains, may be quoted as a further evidence in favoT of their sub-aqueous origin ; and 
wherever they have not been manifestly subjected to recent subacrial action, this character 
is always apparent. They frequently contain great numbers of more or less completely 
Tounded shaly fragments oT pebbles, deTived more particularly from the clay-shales of the 
PieTTe group of the Cretaceous, which so soon as they are subjected to the weatheT, split 
up and crumble to pieces. Boulder-shaped masses consisting of sand have also been 
found in Tail way cuttings near Medicine Hat, on the South Saskatchewan, which it is dif
ficult to account for except on the supposition that such sand, in a wet state, had been 
frozen into solid masses, which sank to the bottom of water and were immediately 
enclosed by earthy or clayey material there. 

The direct evidence of submergence of the plains afforded by terraces and analogous 
phenomena may next be briefly alluded to. TeTraces found along the river-valleys of the 
plains, with those met with in the valleys of the Rocky Mountains, may here be omitted 
.from consideration, as being for the most part due to local circumstances, such as post
glacial rh-er-erosion and the stoppage of mountain-valleys by local-glaciers. Terraces 
evidently free from suspicion in these respects are, however, found in considerable 
number and often well developed, in the higher part of the plains less than one hundred 
miles from the base of the mountains, and among the foot-hills. On this point I may 
quote as follows from my "Report on the Region in the vicinity of the Bow and Belly 
Rivers." "On appToaching the mountains, however, true terraces of a more significant 
character pTesent themselves in many places. Terraces in the entrance to the South 
Kootanie Pass at a height of about 4,400 feet have already been described in my Boundary 
Commission Report. In the valleys of Mill and Pincher Creeks, and those of the Forks 
of the Old Man, east of the actual base of the mountains, wide terraces and terrace-fiats 
are found, stretching out from the ridges of the foot-hills, and running up the valleys of 
the various streams. Actual gravelly beaches occasionally mark the junction of the ter
races with the bounding slopes, and they have no connection with the present streams, 
which cut through them. Their level varies in different localities, but the hio-hest 
observed as well characterized, attains an elevation of about 4,200 feet. In the Bow 
valley near MoTley (4,000) and thence to the foot of the mountains, similar terraces are 
found which are quite independent of the modern river ; and in the wide mouth of the 
Kananaskis Pass a series of terraces was seen from a distance, which must rise to an 
elevation of at least 4,500 feet." 2 

Many years ago Sir James Hector, wrote as follows of the higher western border 
region of the Great Plains:-" On approaching the Rocky Mountains, the extreme regu-

1 ''Geology and ReBources of the Forty-ninth Parallel," pp. 240, 241. Also MS. notes of 1883. 
2 'Report of Progress Geol. Surv. Can.,' 1882-84, p. 146 C; see also ''Geology and Resources of the Forty-ninth 

Parallel," p. 244; 'Quart. Journ. Geol. Soc.,' vol. xxxi, p. 618. 
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larity with ·which these deposits have been terraced by the retiring waters, at once attracts 
attention. * * * The terraces may be considered as ranging on the east side of the 
Rocky Mountains from 3,500 to 4,500 feet above the sea." 1 

To the east of this now more elevated part of the plains, evidences of water action of a 
similar charactPr are to be sought rather in the existence of extensive tracts of almost 
perfectly level prairie, which occur at various elevations, and which may be regarded as 
more or less perfect examples of " plains of marine denudation" impressed on the soft and 
originally not very unequal surface of deposition. From this category, level plains formed 
by the infilling of post-glacial lakes, are of course excluded. Some evidences of water 
action are, however, also to be found here along the flanks of projecting plateaux. One 
distinct terrace of this kind is noted by Mr. McConnell on the Cypress-Hills Plateau, at a 
height of 3, 700 feet, 2 w hHe the south-eastern front of the Rocky-Spring Plateau, a few miles 
south of the international boundary, is strewn with Laur0ntian and Huronian erratics in 
a manner highly suggestive of an ancient shore line,3 and the upper limit of the drift on 
the northern slope of the plateau, at the height noted on a former page, shows shingly 
materials resembling old beach deposits. 

In order to explain the covering of the Great Plains with boulder-clay and other 
glacial deposits in conformity with the theory of the deposit of these from a great ice
sheet, we must adrnit that a great confluent glacier spread continuously across these plains 
from a gathering-ground situated on or beyond the corresponding portion of the Lauren
tian plateau. It has been suggested by some authors that such a glacier extended across 
the plains only as far as the line of the Missouri Coteau, and that a great lake, held in on 
one side by the front of the glacier, stretched thence to the western margin of the drift, a 
further distance of 300 miles. Such an explanation, howev-er, appears to me to be inad
missible on account of the practical identity of the phenomena and deposits met with to 
the east and west of the Coteau, and more particularly because of the homogeneous 
character of the boulder-clay deposit of the two areas.4 Others ;) have advanced the con
sistent, though bolder view, that the supposed great confluent glacier reached quite to the 
weBtern limit of the drift, or at least as far as the margin of the recognized boulder-clay, 
which does not fall far short of this limit. Holding this view, Mr. Tyrrell, in the light of 
facts still requiring the action of water in that part of the plains near the base of the Rocky 
Mountains, supposes that here at least lakes may have occurred in front of a great ice
sheet.6 

On either of these forms of the hypothesis, we n1ust ndmit that the plains were 
extensively covered by water at the inception of the Glacial period, (when the Saskat-

1 "Exploration of British North America," p. 222. 
2 'Annual Report Geol. Surv. Can.,' 1885,p. ';'4 C. 
a 'Report of Progress Geol. Surv. Can.,' 1882-84, p. 148 C. 
4 There is no such general diflerence as between the drift deposits to the east and west of the Missouri Ct>teau, 

in this region, as to admit of the separation of the latter from the former and their inclusion aR a whole under the 
designation of attenuated border deposits (Chamberlin) or fringing deposits (Lewis and Wright.) My earlier 
examinations of the plains near the forty-ninth parallel, being, to the west of the Missouri COteau, principally confined 
to the higher parts of the region, appeared to afford some indication that a general difference might be established, 
but subsequent more extended observations have not borne this out. 

5 Particularly Messrs. Upham, Wright and Tyrrell in publications already referred to. 
6 ' Bull., Geol. Soc. Am.,' vol. i, p. 401. 
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chewan gravels, vvere laid down); again in the interglacial episode the deposits of 
which separate the tvvo boulder-clays; yet again during the principal period of glaciation, 
(when the supposed glacier-dammed lakes were formed); and finally, we are called on to 
suppose that large parts of the surface were covered by post-glacial lakes, of w hi eh the 
latest and lowest in level was that which Mr. U ph am has named Lake Agassiz. 

It is thus to account for the boulder-clays alone that we are on any hypothesis asked 
to admit the passage of a great glacier over the plains, and in view of the circumstance 
that no positively definite distinction in regard to physical characteristics has as yet been 
established as between boulder-clays of supposed sub-glacier origin and similar deposits 
produced by ice-laden water/ I cannot but think that the assumption of such a glacier 
invasion as that supposed is scarcely V\rarranted or required by the observed facts. 

Admitting for the moment the existence of a glacier co-extensive with the boulder
clay deposits of the Great Plains, we may note the required dimensions and movement of 
such a glacier. The main direction implied by the abundant Laurentian and IIuronian 
drift of all parts of the glaciated area may be stated as from north-east to south-west. 
While it is possible that the principal direction of transport was more directly from the 
east or north, it must have lain between these bearings, and its precise direction is not 
important in the presPnt connection. Whether the supposed great glacier originated on 
the Laurentian plateau or crossed it from some further point, it must at least be assurned 
to have moyed continuously from the south-V\restern edge of the Laurentian area to the 
furthest point at which material attributed to its action is found ; or in other words, 
each identical transverse section of the glacier, charged or covered with Laurentian 
debris, must have been bodily pushed forward at least to the western edge of the boulder
clay deposits. This involves the conception that the glacier was thrust forward for a 
distance of over 500 miles from the margin of the Laurentian as a minimum, for no 
glacier-mass produced upon the surface of the plains and merely reinforced by accessions 
of ice from the Laurentian plateau will account for the carriage of the material from the 
latter. 

In earlier discussions of this subject, I have assumed that a great glacier-mass thus 
moving across the plains would have to ascend their present gradual upward slope to the 
south-westward,2 but if I am correct in the belief now entertained that the actual 
inclination of the plains was produced at a time subsequent to the 1nain period of glacia
tion, we have to suppose only that the glacier was thus pushed forward over a nearly 
level surface, and we may admit that it was possibly assisted in its motion by a greater 
contemporaneous elevation of the Laurentian plateau. Even under such conditions, 
however, the glacier must have met with serious impedirnents, not the least of which 
is the escarpment of the Porcupine, Duck, Riding and Pembina "Mountains,3 " composed 
of the cut-off edges of the Cretaceous strata, which faces the Laurentian plateau at 
an average distance of 130 miles from its rnargin and rises to a height in places of 
more than 1,000 feet above the intervening low tract. It is true that Mr. Tyrrell, while 
accepting the existence of an almost universal glacier such as that above indicated, quotes 
observations in favour of the belief that the flow of the ice descending from that part of 

1 Cf. Wright, "Ice Age in North America," p. 116. 
2 ''Geology and Resources of the Forty-ninth Parallel," p. 261; 'Quart. Journ. Geol. Soc.,' vol. xxxi, p. 620. 
a ' Geological Magazine,' Dec. ii, vol. v. p. 211. 
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the Laurentian plateau which is more or less continuously screened from the plains by 
this escarpment, on reaching the intervening hollow turned to a southward or south
eastward direction.1 These observations of direction of strire, however, render it only the 
more difficult to account for the flow of the supposed great mer de glace across the plains, 
for if the ice from this nearest and most obvious source was thus largely or altogether 
turned aside, for a width of about 300 miles measured along the base of the Laurentian 
feeding-ground, the deficiency thus produced must obyiously have been made up by a 
greater accession of glacier-ice to the plains from the north, which ice, crossing the fifty
third parallel with a width of about 500 miles, succeeded in attaining the forty-ninth 
parallel with a width of 600 miles and still with a very great thickness. 

The local contributions to such a glacier by precipitation over the area of the southern 
part of the Canadian plains would be insignificant, while the loss by melting must be 
supposed to ha,~e been great, as the region in question is in the central part of the 
continent, and mu::::t then as now have been one of small rain or snow-fall.2 The hypothesis 
of such a vast mid-continental glacier and the effects attributed to it appear to be particu
larly opposed by this circumstance. 

In addition to these more general aspects of the conditions implied by the theory 
of a mer-de-glace extending over the area of the Great Plains, reference may now be 
made to still another circumstance which to me appears in itself to be destructive of 
the hypothesis, this being dependent on the effect which such an ice-mass 1nust have 
produced on materials over which it passed. Doubt has been felt and expressed by 
competent authorities as to the possibility of the fonnation to any considerable extent 
of till or boulder-clay beneath the mass of an ice-sheet in motion.:3 It is obvious on a 

priori grounds as well as on reference to known instances of glaciation on a large 
scale, that the principal effect of a moving ice-sheet or glacier is in the direction of 
the removal of all incoherent deposits and the baring of the underlying and more resistant 
rock-surface, the face of which is striated and smoothed, or even abraded and channelled, 
when the ice-covering has been heavy or its action long continued. It is thus only under 
somevvhat exceptional circumstances and locally that till can be proved to have originated 
beneath a glacier-mass, or that antecedent deposits of a non-indurated character can be 
shown to have maintained their position below such a mass. Such instances have, how
ever, been made the basis for an almost general theory of the origin of till or boulder-day, 
as a bottom-moraine, and in some instances this has been carried so faT as to practically Tele
gate the whole of such deposits to this origin. The extension of such a theory to the vast 
area of the plains appears to subject it to a strain greater than it is capable of bearing, and 
such an extension can in fact be mentally approached only by a hypothetical series of 
increasing approximations, beginning with the minor observed instances which have 
been referred to and leaving other circumstances out of consideration. 

Prof. J ames Geikie, in offering an explanation of the preservation of certain deposits 
under till on the hypothesis that the latter was itself formed beneath a great glacier, 
writes:-" In the open lowlands and in the broad valleys, where the ice-sheet would 

1 'Bull., Geol. Soc. Am.,' vol. i, p. 401. 
2 Cf. W. J. McGee, "On Maximum Synchronous Glaciation." 'Proc. Am. Assoc. Adv. Sci.,' Boston, 1880, 

p. 447. Also V on \Vreickoff, 'Proceedings Geol. Soc., Berlin,' 1881. 
3 Cf. ' American Journal Science,' iii, vol. xxxi v, p. 52, where 1\Ir. 0. P. Hay attempts to explain such formation. 
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advance with diminished but more equable motion, we come upon widespread and often 
deep glacial deposits, and now and again with interglacial beds; while over regions 
where the gradually decreasing ice-sheet crawled slowly to its termination, we discover 
considerable accumulations of till, often resting upon apparently undisturbed beds of 
gravel, sand and clav.1 It is not, hoV\rever, alone with an ice-sheet in this moribund 
state that ·we are required to deal in the region here in question. The ice-sheet, if it was 
at any time co-extensive with the boulder-clay, must, as already stated, be supposed to 
have moved bodily across the Great Plains for a distance of over 500 miles. If it be 
admitted that only one length of 500 miles of exceedingly thick ice traversed the eastern 
part of the plains in its south-westward passage, we might expect to find some very 
remarkable traces of its progress impressed on the underlying soft Cretaceous rocks. As, 
however, the Glacial period was of considerable duration, it is necessary to suppose rather 
that the eastern part of the plains must have been subjected to the passage over them of 
at least several thousand miles of such ice, which was not in a decaying condition, but 
after leaying the Laurentian plateau was about to begin its long journey across the 
plains. The composition of the boulder-clay throughout the plains implies the incorpor
ation of a large proportion of relatively local material into its mass, so that it cannot be 
argued that the eroding power of the ice was insignificant; yet no such continuous or 
extensive ploughing- up and channelling out of the su~jacent rocks as might be supposed 
to result from the passage of such an ice-sheet has been observed. On the hypothesis of 
the production of the glacial deposits of the plains by floating ice, the local material may 
be supposed to have been supplied by the occasional impact upon the bottom of the 
grounding bergs, by the disintegration of prominences :which stood at times above the 
surface, and by the action of field ice upon these. 

It is, however, in the western part of the plains that the gravest difficulties occur in 
connection with the theory of a Yast ice-sheet moving over subjacent deposits. As noted 
in former pages, we find there the immediately pre-glacial and generally quite uncon
solidated Saskatchewan gravels, with associated bedded sands and silts, spread pretty 
generally and in thin layers over considerable areas of a country of very loV\r relief. 
These lie beneath the lower boulder-clay and are at a distance in places of nearly 200 
miles from the V\restern margin of the glacial deposits. The thickness of the ice-sheet 
which would, according to theory, be supposed to have been pushed ·westward for about 
200 miles over these beds (estimating this from the height of the upper edge of the glacial 
deposits on the neighbouring Cypress Hills plateau) must have been from 1,500 to 2,000 
feet! Above the lower boulder-clay are the sandy and silty interglacial beds with peat, 
which though not observed to be more than about thirty feet in thickness, and often much 
less, can be traced in nearly continuous sections for forty-five miles or further along the 
Belly River. Above these lies the upper boulder-clay, which, if it in turn be attributed 
to a second advance of a great ice-sheet, involves a belief that a thickness of ice similar to 
that above noted traversed these interglacial deposits, part of which lie about one hundred 
miles within the edge of the glacial drift. Though locally wanting, neither the pre-

1 'Geological Maga~ine,' Dec. ii, vo1. v, p. 75. 
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glacial nor the interglacial deposits referred to have been observed to be disturbed or 
con torted.1 

From what has already been said with respect to the Oordilleran region, and more 
particularly in connection with the meaning which the White Silt formation appears to 
have in that region, it seems probable that the water by which the northern part of the 
Great Plains is supposed to have been flooded, was in connection with that of the sea.2 In 
discussing the results of my earlier investigations of the superficial deposits of this part of 
the plains, in reference to a theory of their submergence, I have stated, that after a certain 
stage the waters entering from the north and south must have fonned an open strait 
between the Arctic Ocean and the ocean to the south.3 This was written, however, under 
an assumed limitation implying an equal subsidence of the continent, and at the time no 
satisfactory information was available respecting the position of the margin of the glacial 
deposits in the corresponding western part of the United States, such as has since been 
supplied by the work of Ohamberlin, Salisbury, Todd, Wright, McGee, Upham and others. 
The result of these new facts appears to show that instead of opening broadly southward 
as well as to the north, any body of water covering the northern part of the Great Plains 
could have had only a tortuous and comparatively narrow communication with the sea to 
the eastward, round the front of the great confluent Laurentide glacier, and that e,~en this 
communication was probably formed only at the time during which the plains stood at the 
lowest level indicated by the greatest spread of the drift deposits. If such conditions may 
be assumed as probably representing the facts at the time, they go far toward explaining 
one of the greatest difficulties against the acceptance of the hypothesis that the waters 
by which the plains were flooded were in communication with those of the sea. 
The difficulty alluded to is the complete absence, so far as yet ascertained, of the 
remains of marine organisms from the glacial deposits. While prolonged weathering 
and the action of sub-aerial waters might result in the removal of calca,reous organic 
remains from certain parts of these deposits, the condition of much of the boulder
clay, together with the occasional actual occurrence in it of fragments of Cretaceous or 
Laramie shells, is such as to show that any contemporaneous molluscs 1night have been 
preserved. If, however, the body of water in question, though communicating with the 
sea to the north ward, was almost throughout closed to the south and in receipt of largo 
quantities of Iluvial water, it may well have been in great part brackish, if not almost 
entirely fresh. Adding to this the conception of its frigid temperature due to the great 
abundance of ice with which it must have been laden, and the vast amount of fine 
sediment which must have been carried into it by sub-glacier streams, it will be apparent 
that the conditions were singularly inimical to the existence of life of any kind, whether 
that characteristic of salt or fresh water. Somewhat similar conditions, though on a much 

1 
Prof. J. W. Spencer has lately adduced much additional evidence to show that modern glaciers, near their 

terminations, produce little effect even on loose material beneath them, ( 'Trans. Roy. Soc. Can.,' vol. v, sec. iv, 
p. 89.) but the mode of action of a glacier at its deraying extremity and when in contact with materials in a position 
to acquire more or less beat from the atmosphere, and by radiation and conduction from neigh boring warmer bodies, 
must be very different from that which would be found far back beneath the mass of even a small glacier. 

2 
It may still, however, be admitted as possible, that a great lake was in some manner produced, in the region 

of the plains, with a height somewhat exceeding that of the sea. 
3 

" Geology and Resources of the Forty-ninth Parallel," p. 255 

Sec. IV, 1890. 10. 
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smaller scale and without the adjunct of glacial waters or glaciers, are found to-day In 

the southern extremity of Hudson Bay, where, as Mr. A. P. Low informs me, marine life 
is almost entirely absent, the water being nearly fresh and clouded with mud derived 
from the large entering rivers and from the action of the waves upon the shoal, earthy 
shores. 

In regard to the position which the front of the Laurentide glacier or confluent ice· 
cap of the Laurentian plateau may have occupied when at its maximum, I need here say 
only, that information lately obtained by Mr. Tyrrell/ as I read it, appears to show that 
this ice-front reached the escarpment of the Riding and Duck Mountains with a thickness 
of about 2,000 feet; while the occurrence in some places in the Red River valley of a 
peculiar indurated "hard-pan" as the basal member of the glauial deposits (as in the 
boring at Rosenfeldt) which has much the appearance of a sub-glacier deposit or true till, 
leads to the belief that the great glacier may at one time ha·v·e occupied a considerable 
part or the whole of that valley to the north of the international boundary. 

When the study of the superficial deposits of different parts of Europe and America 
was for the first time seriously begun it was endeavoured to explain the phenomena 
entirely by dilu vial action, and when the evidence of ice-action became insuperable, ice
bergs and floating ice only were at first admitted as factors. Since that time the pendulum 
of opinion appears to have swung to an opposite extreine, and the energies of the 1najority 
of investigators have been expended in endeavouring to account for the varied facts of 
what has become definitely known as the Glacial period, almost exclusiyely by the action 
of great confluent glaciers. From this extreme point, the pendulum may now be 
supposed to have returned so far, as to leave the hypothetical North Polar Ice-cap almost 
without an advocate, but at what position it may eventually come to rest time and the 
further progress of research alone can decide. I am aware that some of those who have 
accepted what I may perhaps be pardoned for characterizing as extTeme views as to 
glacier action, have more or less completely, and to their own satisfaction at lea~t, solved 
all difficulties opposed to the action of glacier-ice, such as those presented by the facts 
met with over the Great Plains, by the application to these of their single universal 
menstruum. For myself I need only say that I have endeavoured to approach the 
subjeet of the glaciation of the north-western part of the continent, here reviewed, 
untrammeled by a priori theories, and with some personal familiarity in the field with 
nearly all parts of the region dealt with. 

Little reference has been made to the mass of literature which exists on the glacial 
phenomena of the eastern part of the continent, as the western region here particularly 
referred to, appears to be sufficiently vast to be considered on its own merits, while the 
conditions met with in it are in many respects different from those found in the east. 

1 'Annual Report Geol. Surv. Can.,' 1887-88, p. 13 E; 'Bull., Geol. Soc. Am.,' vol. i, p. 399. 



EXPLANATION OF MAPS Nos. 1 To 4. 

No. 1. 

Sketch-Map, shewmg approximately the extent of the main area of the 
Earlier Cretaceous sea.-Queen-Charlotte-Islands and Kootanie Period. 

No. 2. 

Sketch-Map, shewing approximately the extent of the main area of the 
Cretaceous sea during the Dakota Period. The regions unsubmerged in the 
Cordillera were probably much larger than in the Earlier Cretaceous, but 
few of them can as yet be defined. In the Benton and Pierre Periods the 
Cordilleran region formed a more nearly complete land-barrier between the 
submerged areas of the Great Plains and the Pacific, and in the intervening 
Belly-River Period, the condition of the part of the Great Plains included 
in the map, appears to have approached that found in the Laramie. 

No. 3. 

Sketch-Map, shewing approximately the principal submerged areas 
during the Laramie Period. 

No. 4. 
Sketch-Map, indicating in a general way the portion of the Cordilleran 

Region, which is supposed to have been more or less continuously ice
covered during the first maximum of glaciation. The principal directions of 
flow of the Cordilleran Glacier, are indicated by the curved blue lines. The 
red line shews the maximum westward spread (at a later epoch) of material 
derived from the Laurentide Glacier. 
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To illustrate Dr. G. M. Dawson's Paper on the Rocky Mountain Region of Canada. 
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To illustrate Dr. G. M. Dawson's Paper on the Rocky Mountain Region of Canada. 
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MAP SHEWING THE EARLY PLIOCENE VALLEY OF OLD CACHE CREEK . 

Together with the Intercepting Streams tributary to the Thompson, which have robbed it of its waters, and are due to eroswn 
consequent on the Later Pliocene epoch of elevation. 

(The course of the Old Cache Creek Valley is shown by the pink line. Topography based on map in course of compilation 

by J. McEvoy, B. Ap. Se .• by permission of the Director ofthe Geological Survey.) 
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