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CHIEF MINERAL DEPOSITS
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GEOLOGY, AND ECONOMIC MINERALS OF CANADA 5l

The iron ores in the neighbourhood of Londonderry lie in
Devonian slates and quartzites near the contact with the various
.AII\I Intrusives, granites, granite l'\\[l'.l\lll" ete, lorming the
central portion of the Cobequid hills I'he ores oceur within a
zone of fissuring, sometimes a hundred feet or more wide, that

dips steeply and has been traced on the surface for a number of

miles. The fissured zone is occupied by a complicated system of
veing of ankerite, siderite, ete., often enclosing and surrounding
large and small bodies of the country rocl Magnetite, hematite
and limonite are often very abundant, the relative amounts of
the iron-bearing minerals varying widely from spot to spot

In New Brunswick various ores of iron have been found at
widely separated points, and in some cases have heen worked at

intervals for nearly fifty vear Low grade hematite ores with

high contents of manganese occur at Jacksonville and elsewhere

near Woodstoek in Carleton county I'he beds are interstratified
with slates of Silurian age, and vary in thickness from 1 to
15 feet. Rece 2 large body of magnetite has been discovered
on the Nipisiguit river, about twenty miles south of Bathurst

I'he ore body is exposed in places for a width of 30 or 40

feet, and outerops over a length of nearly two miles,  While the
main body of the ore is nearly free of sulphides, iron pyrites is
very abundant in the country rock forming the foot wall I'he
deposit occurs in schistose-quartz porphyry of early Palwozoie or

pre-Cambrian age
ANTIMONY

Several veins of auriferous stibnite oceur in the gold-bearing
series at West Gore, Hants county, Nova Scotia.  From the time
of their discovery in 1880, until 1892, the deposit was worked solely
as an antimony mine, and nearly 3,000 tons of ore were shipped
T'hough it is estimated that the ore earried two to three ounces
of gold to the ton, the presence of the gold was long unsuspected
At present the annual shipments of ore average about 2,000 tons

The ore occurs in nearly vertical veins, one of which has been

traced at the surface for at least 1,200 feet, and followed down
wards for over 500 feet It consists of a gangue of slate, caleite
and quartz, cut by a number of quartz stringers,  Pyrite, mispickel

lid

stibnite, sometimes stibnite and quartz, varies in width from a

and galena are abundant in places. The ore, sometimes s



















GEOLOGY, AND ECONOMIC MINERALS OF CANADA
ind sinee then the production has steadily increased, until, in
1908, it has reached over 63.000 tons of ashestos, and above
25,000 tons of asbestie (pulverized rock containing short fibres

of asbestos)

I'he estos oceurs in certain serpentine es, usually of

mall area, that form part of a discontinuous belt of similar rocks

renching northeast from near the west side of Lake Memphre
magog nearly to the Chaudiére river, a distanece of about 150 miles
Most of the mines, however, are situated within a few miles ol
me another, in the vicinity of Black lake and Thetford. A

second centre, East Broughton, lies to the northeast, about twenty
ive miles away, while a third eentre is at Danville, about forty
five miles to the southwest I'he mines are worked as open pits
ind one of them, at Black lake. is over 700 feet long by 200 feet
broad, and in places 165 feet deep

Prate NIN

Dominion Asbestos Co’s Pit, Black Lake, Que

I'he serpentine with which the ashestos is associated usually
occurs in comparatively small bodies, and has been derived from
the alteration of peridotites that, with possibly one exeeption
ippear to be of Ordovician age, and lie between Ordovician sedi
ments on the east, and slates and schists of pre-Cambrian or

Cambrian age on the west Associated with the serpentine are
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Western end of Canadian Fall, Niagara Falls, before curtailment of 415 feet
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GEOLOGY, AND ECONOMIC MINERALS OF CANADA ‘i

subjected to earth movements, and eroded; but the deforming
effects of these forces were slight when compared with the earlier
deformation of the lower Huronian and Keewatin. After this
third marked period of uplift and erosion the Keweenawan series
wus formed. This series consists of a sedimentary portion of red
sundstones and conglomerates, caleareous shales, and dolomites,
well exposed on the Lake Superior shore east of Port Arthur and
about Lake Nipigon, and of a voleanie portion exhibited on
Michipicoten island as an assemblage, many hundreds of feet
thick, of tuffs and volcanie flows,

The Keweenawan is classed by some as of early Cambrian
age, perhaps representing desert conditions, but for present pu
poses it is most conveniently regarded as late pre-Cambrian, the
last of the sedimentary groups of that age Associated with the
Keweenawan beds about Lake Superior are immense sheets and
sills of diabase, ranging in thickness up to perhaps 1,000 feet
These igneous rocks are distinetly vounger than the Keweenawan
in places occurring in sills, or, more prominently displayved, as
immense sheets overlying the whole sedimentary group and some-
times extending bevond, over the older rocks

The account of the more striking features of pre-Cambrian
1
other lines of evidence, but the deductions drawn from these are

by the discussion of

history in Ontario may be supplemente

less certain. The lower Huronian measures already deseribed
are paralleled along the north shore of Lake Huron by a somewhat
similar assemblage containing a considerable volume of limestone
These beds are overlain unconformably, but not strikingly so, by
a second group of somewhat similar measures, known as the
middle Huronian, Possibly the middle Huronian beds we

deposited during a portion of the erosion interval that, elsewhere,
separated lower and upper Huronian times,

Along the Hudson Bay shores of the Ungava peninsula, also
in the central portions, and again towards the Atlantic side of
this territory, occur extensive areas occupied by a considerable
thickness of sandstones, slates, dolomites, and siliceous iron ore
beds. These measures, though faulted and tilted, are otherwise
little changed from their original state, and, with some degree
of definiteness, may be correlated with the unper Huronian of
the Lake Superior region. To the north, along Hudson strait,
are areas of apparently once similar beds, but now much dis-
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GEOLOGY, AND ECONOMIC MINERALS OF CANADA iy

The Nastapoka group, the probable equivalent of the upper
Huronian in the Ungava peninsula, has already been mentioned
Similar measures outerop over a limited area projecting through
[ the Palwozoie beds just south of Hudson bay Nearly identical

rocks oceur over large areas about G Bear and Great Slave

lakes. A large district bordering the southern shores of Lake
Athabaska is underlain by sandstones supposed to be the equiva
lents of the Keweenawan. Farther to the northeast are con
siderable volumes of acid and other voleanie rocks, probably also
of Keweenawan age. Possibly in the distriet extending from
Great Bear lake to the mouth of the Coppermine river, on the
Arctic ocean, both the upper Huronian and the Keweenawan
are represented.

Although sedimentary and voleanic rocks are so widely dis
tributed over the Laurentian plateau, vet their volume, as a whole,
is much less than that of the associated plutonies, which, though
not the oldest rocks, evervwhere form the foundation on which
the others rest. Frequently these bodies are typical granites,
svenites, ete., but often they are composed of, or insensibly merge
into gneisses, whose struetures in many cases appear to be original
In other cases the gneissic strueture is indisputably the result of
pressure and the resulting erushing. These granitie rocks show
an infinite number of varieties, ranging from very acid to very
basic forms. Pegmatite dikes are an almost constant feature
The

they often all seem to be approximately

s of the rocks must vary widely, though over large areas

f one period, post-
Keewatin, post-Huronian, ete., as the case may be. In eastern
Ontario a considerable area is characterized by the presence of
batholitic bodies of nepheline syenite, alkali syenites, and related
rocks.  Over the whole eastern portion of the Laurentian high-
lands, from the Great lakes to the Labrador coast, occur bodies
of anorthosite, sometimes 10,000 square miles in extent,
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N GEOLOGICAL SURVEY, CANADA

The pegmatite dikes so common throughout the Laurentian
plateau often hold splendidly developed erystals of various miner
als, such as tourmaline, idocrase, apatite, zircon, ete.  Many such

also in eastern Ontario, and, doubtless, these crystals eventually

alities are known in the districts bordering the lower Ottawa

will be found in many other districts. Garnets of gem quality
have been recovered from Charlevoix county, Quebec. Blue
sodalite from the nepheline syenites of eastern Ontario is used as
an ornamental stone, as is also perthite and other varieties of
feldspar

GOLD

The known oceurrences of gold within the Laurentian plateau
are almost entirely confined to the southern border of the region
in Ontario. There is, however, every reason to believe that
eventually, as prospecting progresses, the mineral will be found

throughout the pr

-Cambrian region Amongst the various gold
hearing distriets of Ontario may be mentioned the eastern Ontario
region in Hastings and neighbouring counties, Larder lake, Parry
Sound, Wanapitei lake, the distriet north of Lake Huron, Michi
picoten, Shebandowan lake, Sturgeon lake, and Lake of the

Woods

Though gold has been found and worked at many points in
Ontario, from the Lake of the Woods on the west to the Hastings
district in the east, a distance of roughly 650 miles, yet in spite
of often highly promising showings no permanent gold industry
has yvet been established. First discovered in 1866, in Hastings
county, the annual produetion of gold rose to a maximum in 1899
when 27,594 ounces were recovered, but in 1907 the amount was
only 3,810 ounces.

In eastern Ontario the auriferous deposits appear to be con-
fined to a belt of varving width and about seventy miles long, ex-
tending through Peterborough, Hastings, Addington, Frontenae,
and into Lanark county. This region is occupied by erystalline

limestones, various types of schists, and bodies of dark basie rocks,

all commonly grouped as the Hastings-Grenville series, and cut

by bodies of

granite.  The gold deposits oceur in the older rocks,
generally near granite intrusions and along lines of fissures con-
taining quartz veins or lenses, and, commonly, with abundantly

associated mispickel, sometimes mined for arsenic
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GEOLOGY, AND ECONOMIC MINERALS OF CANADA NS

The Deloro mine, near the village of that name, in Hastings
county, is situated on an area of schists, sometimes dolomitic

and quartzites cut by granitic dikes and surrounding a central

mass of intrusive granite. The ore occurs in a series of quartz
veins lying parallel to the foliation of the schist, and also
cutting the granit~ dikes, The veins consist of a series of lenses
lving along fissures and connected by eracks. The quartz veins
sometimes carry considerable dolomite, mispickel, lesser amounts
of iron pyrites, at times chalcopyrite or fluorite, and free gold. One
vein that may be considered a typical example is 7 to 10

feet wide, and dips at an angle of 30 It consists largely of

quartz, with mispickel and some dolomite. The mispickel is

sometimes coarsely ervstalline, with | adhering to the faces

but more commonly is fine and compact, and the associated g

invisible. The mine is worked both for arsenie and gold: assavs

of the ore have yielded $30 of goltl to the ton, while several analvses

of the mispickel showed that it earried gold at the rate of from
$300 to $3,000 per ton

At another locality in the eastern region, at the Star of the
East mine, in Frontenae county, two veins, about twenty vards
apart, lie in erystalline limestone.  Each vein consists of isolated
but nearly touching lenticular masses of quartz, 6" to 24
wide, and lying towards the centre of an altered zone S to 10
feet wide, With the auriferous quartz oceurs pyrite, magnetite
ealeite, a little galena, ete

At the Belmont mine, in the county of Peterborough, a series
of gold-bearing veins lie in a body of gabbro eut by a large number
of ramifying granitic dikes, varving in width from merely a thread
to several inches In the neighbourhood of the gold-bearing
quartz veins, the gabbro, sometimes over a zone fifty feet wide,
has been altered to a chlorite schist carrving introdueed quartz
caleite, and feldspar

The gold oceurs in a free state in lenses of quartz lying along

fissures towards the centre the zone of chlorite schist, The
precious metal is also found in numerous quartz stringers in the
schist, and in the iron pyrites with which the roek is impregnated
The larger ore bodies occur at the intersections of two or more
fissures. Mispickel, though so characteristic of the eastern gold
belt in general, is not present. Galena and chalcopyrite occur
but apparently only towards the surface. Pyrrhotite is present
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Native copper is comparatively common, and native silver ha

been found. Bismuthinite indant in one vein; mispickel

1 Moss town hip carred some

rarely ltoun One vein |

nite, and another vein, in the Lake of the Woods distriet

ntained hessite

TINUM
Native platinu has been reported to in vold-bearing
eins in the Lake the Woods distriet.  In the Sudbur
nickel-copper ores, platinu present in the mineral sperrylite
pparent s large { not solel wted with the chal
i1 In 1906 the 1€ the platinu vith pallacium and
R y ered fi he S es, il nte
$5.652
COPPl
Most of the coppe n in the Laurentian plateau come
he nicke pper mine i Sudbur | wre deseribed under
¢ headin f nicke In 1907 these mines produced slightl
« 14,000,000 pound { copper while the production of the
¢ vorkin ine f the re n amounted to about 300 tons
¢ latter mines are situated in the district bordering the north
e of Lake
Outside « 10 important deposits of sulphide copper
res have so far been found at only a compa vy few localities
e Laurentian region. Native copper has been described by
explorers as occurring on the Coppermine ver, flowing into the
Aretie west of Hudson ba I'he copper-bearing rocks of this
northern region perhaps correspond to the Keweenawan of the
ke Superior distriet
In Ontario, the occurrence of copper ores at different local
ties about the shores of Lake Superior was known from a very
carly date, about 1767. Native copper has been found in

the diabases, probably of Keweenawan age, on the Lake Superion

f Sault Ste. Marie

hores not far nortl

Copper ores are widely displayed through the distriet border
ing the north shore of Lake Huron, and at Bruce mines mining
commenced as early as 1846, The Bruce and Wellington mines
the period from 1858 to

this neighbourhood produced, during \

INTS, over 8,000 tons of copper, but are now idle I'hese mines
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thirty-six miles, with a breadth of sixteen miles. This large igneous
body, with an estimated thickness of a mile and a quarter, rests in
a synclinal basin on upturned Huronian and Keewatin strata
penetrated by granitie, gneissic, and basic igneous bodies. The

central part of the norite-micropegmatite body wered by an

open, synelinal basin of stratified rocks, agglomerates, tuffs, shales,
and sandstones, so that the ore-bearing norite outerops as an
irregular, oval band, varying in width from a little over half
a mile to slightly more than four miles,

Around the inner margin of the ore-bearing, igneous rock,
that is, along the upper portion of the sheet-like body, the rock

is of an acid type, micropegmatite. Passing outwards, the miero-
pegmatite is found to gradually change to norite, while about
the outer margin, at the lower part of the body, occur the ore
bodies. There is a complete, though sometimes rather quick
gradation from norite to ore, so that in places the rock might be
termed « pyrrhotite novite.  While there seems to he very little
doubt that the ore bodies are primarily of igneous origin, directly
derived by some process of segregation from the norite body,
there is also evidence, at various places, of the former action of
a more or less active process of redistribution and concentration
of the metallic minerals.

The ore bodies occur only at the outer margin and in offsets
of the eruptive body, and for miles along the edge there is no
important break in the rusty hand marking the presence of sul-
phides. The presence of the gossan does not, however, always
indicate the presence of ore deposits of workable size, for, in

general, the ore bodies are confined to parts along the edge where
the norite projects outwards, either bay-like, or as a narrow, some-
times discontinuous, offset or dike.

The ore bodies in places reach an enormous size ; the Creighton

e body, for instance, situated on a bay-like projection, forms
a mass that, towards the surface, measured roughly 150 feet hy
200 feet, and was proved by drilling to extend for at least 400
feet beneath the surface. The deposits are usually sharply de-
fined against the outer edge, except where faulting, ete., may
have taken place, but on the inner side they gradually change to
norite.

The second class of deposits, those formed along offshoots

from the main norite mass, may be exemplified by the body of the

12
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the central part, or at one side I'he phlogopite frequently forms
large aggregates or ervstals, at times oceurring in pockets, or fol
lowing the contact of the vein, or lving in or next a zone of caleite

I'he ervstals of mica and apatite sometimes attain colossal dimen-

sions.  In the mine near Sydenham erystals of mica up to 9 feet
in diameter have been found.  The country rock adjoining the
vein is often pyroxeniz rming the so-called pyroxenite rock
characteristic of mam he occurrences

GRAPHITY

Mining for graphite in Canada commenced in 1847, near
Grenville, and has since been pursued with a varving degree of
success.  In 1907, the production of graphite in Canada was all
from distriets occupied by the Hastings-Grenville series in eastern
Ontario and adjoining portions of Quebee, and amounted to about
580 tons, while the production for 1908 was probably less than
half this amount

The most important  graphite-bearing  distriets lie in the
counties of Labelle, Argenteuil, and Ottawa, in Quebec: and in
Ontario in the counties of Lanark, Leeds, Frontenae, and Adding
f the
Hastings-Grenville series.  The graphite deposits are  largely

ton All these distriets are situated within the region ¢

confined to the bodies of ervstalline limestone and associated
quartzites and gneisses, the latter bheing often rusty weathering,
sillimanite gneisses.  Graphite deposits have also been found
within bodies of the various types of igneous rocks that are so
common throughout the region.  In many eases it has been noticed
that the graphite deposits are richer in the neighbourhood of such
intrusive bodies

The graphite occurs in three general ways, of which the first
to he mentioned is, from an economic standpoint, the most impor-
tant. The mineral frequently occurs in small, scaly particles
disseminated through bands or beds of gneiss, quartzite, ete

In such cases; the graphite is often largely confined to particular

bands, layers or veins, varying in thickness from 1 foot to
30 feet or more, and these bands alternate with others contain-
ing comparatively little of the mineral. Such bands or layers
of graphite-bearing rock, frequently carry ten to fifteen per cent
of the mineral, while the amount sometimes rises to thirty or forty
per cent, and the rock may appear quite black
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Corundum is now mined at several places, and i
tons were produced.  The Craig mine, in Renfrew ¢
of the chief producers At this locality, the corundu

foliated, nepheline sven

lavers varving in thickness from a few inches to more than twenty

feet, with intervening barven bands.  The corundum is irregularly

distributed through the individual ore-bearing ban

of all siz to sixty pounds in weight

APATITI

The apatite deposits of the districts bordering the lower

Ottawa on the Quebee side were, at one time, actively mined;
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CHAPTER \

THE ARCTIC ARCHIPELAGO.

GEOLOGY
The Arctic archipelago. with an area of above 500.00
miles, lies between the on the west, and Bafl
ind  Davis strait on the east It extends north fre he
north side of Hudson bay and Hudso rait to 83° N, latitude
distance of about 1,500 miles hile along the 70th parallel
it has a width of over 1,300 mile T'he archipelago includes
it least twenty islands having areas of over 500 square miles, of

which, Baffin island, 211,000 square miles, Ellesmere island, 76,600

square miles, and Vietoria island, 74,000 square miles, are the
largest
Though the interiors of the isla wre virtually unknowr

nd even their coast lines imperfectly ex) I, vet their broad
physical and geological features have hee ly definitely deter
mined In a general wav, the elevated v already deseribed
s forming an eastern rim to the Laure vghlands is continued
northward through the eastern lands.  The eastern
coast of Baffin island is generally e land rising quickly te
elevations of 1,000 feet or more which the upward slope
to the interior tableland is more gentle In the south, the general

3,000 feet

elevation of the tableland ranges from 2,000 feet t«
while northward, it inereases to about 5,000 feet, with hills rising
perhaps 1,000 or 2,000 feet higher.  Still farther north the general
elevation sinks to perhaps 3.000 feet, and so continues into
North Devon and on into Ellesmere island, where, however, peaks
sometimes rise as high as 5,000 feet

The western portion of Baffin island has a general elevation
of about 1,000 feet. In the islands lving west of Baffin island
and south of Barrow strait, Melville sound, and MeCiure strait
the same general elevation continues in the case of the more

easterly islands, but sinks to 500 feet or less on Vietoria island
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islands, to 1,000 feet
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nks island, the most westerly of the Aretie
. and there considerable areas have elevations

The islands lying north of Melville sound,
rup groups, are comparatively low, with gene-

ral elevations in the interior of 1,000 feet or less, though the

castern members of

ing Ellesmere islanc
The physical fe

the geology of the

eastern islands are l:

resembling those of

he Sverdrup islands are high, like the adjoin-

atures of the Aretie islands are reflected in
region,  The elevated districts of the large
irgely underlain by pre-Cambrian formations

the Ungava peninsula.  Pre-Cambrian strata

occupy the greater part of Baflin island and extend northward,

but not continuously
The lower, western |
west and northwest

through North Devon and Ellesmere islands.
ortion of Baflin island and the islands to the

are floored with usually flat-lving or gently

dipping Palwozoie measures, while the northward lying Sverdrup

islands and portions

strata of the Triassi

of Ellesmere island are oceupied by Mesozoie

¢ 'll'lllnl

The northwestern portion of Baffin island, and the islands

to the west, including Vietoria island and part of Banks island,

are occupied by Ord

and dolomites witl

ovieian and Silurian strata, chiefly limestones

1, sometimes, sandstones and shales. The

Ordovieian measures are largely confined to Hudson strait, and

the northern shores
are more fully deve
the Ordovician have
a formation found a
and in Manitoba,

¢ known to oceur

of Hudson bay, while the Silurian measures
loped farther north. The lower members of
been generally aseribed to the Galena-Trenton
Iso on the southeastern shores of Hudson bay
Palwozoie strata older than the Ordovician

at only one locality in the Aretie region, on

the east coast of Ellesmere island, fronting on Smith sound,

where Cambrian measures underlie the Ordovieian

The Silurian li

Devonian beds, in

On North 'Devon island, and in the southern portion of Ellesmere

island, the Silurian
strata; one section o1
8,000 feet, represent
to upper Devonian.,

The Devonian

aroup, although these islands are mainly occupied by Carbon-

mestones on Banks island are overlain by

their turn covered by Carboniferous strata.

beds are conformably overlain by Devonian
1 Ellesmere island indicating a volume of about

ing beds ranging in age from middle Silurian

measures extend westward into the Parry
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iferous measures conformably succeeding the Devonim 14

The lower portion of the Carboniferous consists largely of s

stones, with important seams of coal, while the upper part
composed of limestones, et I'he Sverdrup islands, to the north,
are chiefly occupied by Triassie sediments, with, in the interior,

voleanie rocks.  These measures also oceur on Ellesmere island

Lignite-bearing Tertiary beds have been found oceupying low
lving areas at a number of points in the Aretic region, on Baffin
and Ellesmere islands and elsewhere

I'he Palwozoic strata of the Aretic basin were evidentl

formed in a sea that, advancing southward, flooded a depresse

area, now marked by Hudson bay and the surrounding lowe

first confined to the far north, se

lands.  This sea, perhaps at

in mid-Ordovician times, to have heen greatly extended and 1o

have reached Manitoba. Possibly in Ordovician times, but more
probably in later Silurian or Devonian periods, the Palwozoi
basin may also have extended south of James bay, across t
Laurentian uplands, to the region of the Great lakes

Ihe southern extension of the Aretic Palwozoie sea is ind
cated by the meuasures of this syvstem oceupying the low-lving

country bordering Hudson and James bays, from the mouth of

the Churchill river in the west to the foot of James hav in the

east, a distance of about 750 miles. The area thus occupied
though generally comparatively narrow, reaches southwest of
James bay to within 125 miles of Lake Superio lFowards the

west, Ordovician limestones appear on the shore of Hudson ba
but farther east these are succeeded by Silurian limestones and

shales, that in places probably rest directly on the pre-Cambrian

South and west of James bay the Silurian is covered by Devonian
strata, limestones, dolomites, ete., with beds of gvpsum. Soutl

ward of the Devonian area the Silurian measures outerop in places,
while in others the Ordovician beds form the southern, outer

border of the Palwozoic basin
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CHAPTER VI

THE INTERIOR CONTINENTAL PLAIN.
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Its average elevation is about 800 feet above the sea, and to the

south of Lake Winnipeg it comprises some 7,000 square miles of

wrea south of the 54th parallel two lines of

lopes, which divide tl
I'he first, or lower prairie level

nd the Winnipeg system of lakes
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directly on the pre-Cambrian formation On the

of Luke Winnipeg, and to the south of this hody of

Ordovieian  measures  outerop. Westwards  these

Silurian beds, in turn covered by Devonian

n it nses to over 4,000 feet alor th ley

are

strata










FOLOK D ECONOMIC INERALS OF CANADA 109

that outerop to the f of the Manitoba escarpment, where the
Pal@wozo ¢ wes are overlapped by the much vounger Cre
ceous sediments that e westwanrd to the I:“‘V mout ur
wnd northwest rd for over 1,200 mile Overlving the Cret
ceous beds are othe of Tertiary age, occurring in the neighbour
wod of the International Boundar wnd oceupving, in Alberta
el e area ith of the 56th parallel
' I'he Ordovieian measure it Lake Winnipeg consist of
| tons erlain | ' estones. with } bed
| le and estone | he roc Py to 1 fron
1-Ord DI Ord I'he ( ) 1
ng width stretel northwai m the International Bowm
e Wi X nd thene hwe
| ny mile On the eastert le they rest dire on the pre
{ 1 } le e ten ol o i
formal OV ! Siluria tl erlapping  Devoniw
(N eou
I'he 8 n con vel il ing magnesian lime e
1 1 fossil f N nd Guelpl ( I"hesc
beds, for the most part, are overlain conformably by others of
dJevoni " con 1t lareel f limestone ndd hale It
not certain. however. that either the highest o est Devonia
’ , eser he easure el ppe
eneath the Manito ( rpment (‘retaceou trata that in
some place howeve ( e direc on the Si meealin
e Devonian from vie Farther northwest the Devonian bed
| wain emerge, resting along their eastern margin on the pre-Car
rian, and north of the latitude of Athabaska la eeupyving an
immense area stretehing northward to Great Be lake and vl
| the Mackenzie valley I'he measures of this great northern are
| Iving in gentle folds, consist of almost 2,000 feet of limestones and
; dolomites with some quartzites, suceeeded by several hundred feet
I of shales and aly limestone I'he lowest heds of this region are
| possibl NSilurian age hile the upper division corresponds t
the Hamilton, and perhaps to the highest Devonian of all
I'he flat-lving Paliwozoie measures outeropping from beneat!
the Cretaceous beds along their eastern border probably extend
evervwhere heneath the vounger rocks of the plains, for they again
ippear in the west amongst the faulted and folded strata of the
Rocky mountain I'his mountain range was not elevated until
I
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site of the Roeky mountains towards the south was at least 0t
wrain a region of deposition: first in Triassie times ; secondly inJura
sic times when the Fernie shale ere formed; and thirdl o1
in early Cretaceous times the o bearing, Kootanie group of
shale sandstones and conglomerate n places 5,000 feet thic
were laid down. It does not app t either the Fernie m
the Kootanie extends far east heneath the ( pping Cretaceou
beds, for, followed eastward to where the last ¢ Wil ¢ SOeT
they are found to continuously and rapidly decrease in thickne

it seems not unlikely that the Inte plain had emerge
from the sea before the close of the P ora I'he re r
was doubtless subjected to erosio | h veepl W
considerable volumes of strata, ve ¢ proce eems | «
been such to preserve the origh plain-like surface of depx
tion. In upper Cretaceous tine hen detrital beds again
formed in the region, they were received upon a nearly flat suface

=0 that now there is no marked structural unconformity betweer

the overlving and underlyving serie I'hough lower Cretaceou
strata are present in the west, in the east the oldest divisio {
this system is of upper Cretaceous age, and is represented by the
Dakota sandstone, that varies in thickness from a few feet to

several hundred, and outerops along the Manitoba escarpment

Farther north, in Alberta and elsewhere, the formation is repre
sented by the tar sands, consisting of rather homogeneous sand
cemented by a tarry substance I'hese beds are also paralleled

in the Rocky mountains, but by coarser material of greatly in

ereased thickness I'he Dakota sandstones seem to be largel

if not entirvely, of freshwater origin, and probably were deposited
mainly through the ageney of rivers.  Though only exposed about
the borders of the great Cretaceous basin, they doubtless extend

continuously beneath the younger beds of the plains region
During the succeeding, or Colorado period, the region

the plains was invaded by a sea reaching from the Aretie in the

north to the Gulf of Mexico in the south. In this mediterranean

sea were deposited dark shales, followed by ealeareous s
shaly limestone, that, along the Manitoba escarpment, increase
in thickness northwards to a maximum of about 700 feet. In
northern Alberta these measures seem to be represented by several
thousand feet of sandstones and shales that, traced westwards

into the mountaing, become coarser and more arenaceous as they
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CHAPTER VII, bl
3
THE CORDILLERAN REGION. 1
GEOLOGY
The Cordilleran region in Canada embraces the mountainous 2
country bordering the Pacific coast, and having an average width '
of over 400 miles. It is but a portion of a great mountain system
that, commencing in the south and extending northwesterly, 4
occupies nearly the whole of Mexico, and stretches along the §
Pacific border of the continent through the United States and

Canada into Alaska. In Canada, the region includes all of British
Columbia, parts of western Alberta, the whole of Yukon Territory,
wcent western portion of the North

and a large tract in the &
West Territories, an area in all of approximately 600,000 square
miles.

The western mountain region of Canada, when viewed in

detail, appears as a complex assemblage of mountain groups

and elevated tracts apparently prohibiting an orderly description.

But the presence of several broadly developed, though not always
clearly defined structural elements permits the drawing of a gene-
ralized picture. Along the eastern front of the Cordilleras, the
Rocky mountains, with many peaks in the south rising to heights
of about 11,000 feet or 1,000 feet, form a fairly definite range,
extending from the International Boundary northwestward to
the Liard river, a distance of about 850 miles. The range is bound-
ed on the west by a deep, nearly eontinuous depression, composed of
a series of valleys occupied in the south by the headwaters of the
Columbia and Fraser rivers, which empty into the Pacific, and in
the north by the tributaries of the eastward flowing Peace and
Liard rivers.

North of the Liard river, the mountainous country projects
eastwards for a hundred miles or so, and, designated as the Mac-
kenzie system, continues northwards, occupying a large, almost
unknown territory some three hundred miles wide between the




levs of the Mackenzie and Yukon river East of the Mackenzic
tem, whose highest peaks probably do not exeeed 7.000 feet
in height, a second projection of the mountains forms the Frankli

range, hordering the Mackenzie valley on the east between latitude

anklin mountain

wnd 66° N I'he highest points of t

v do not reach mueh above 5.000 fec nd the mounta

of plain that reaches to the Aretie ocean on hoth les of the

Mackenzie river

\long the Paecif ho the range for v definite
Ountam  rang ng eeply from the ocean to he
SO00 feet to 9000 fee tho hroker numerous, deey 11

1V nd the Queen Charlotte d lie ! 1 (
« led part n mer range sej ‘ rot he continer
Ihmerged (
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ied continuation e nd the ( nge o1 e west
the interior of British Columbia mav, broadl el z, be divided
into three portion In =outhern, central 31 h Cohu \
large ea lving ¢ of the Co range has been desig |
the Interior Plateau Near 1 Inten onal Boundm 1 T
nated so 8 oilescence of rather irregular mountain
1145 hile on the east it parated frot he R 1 tuir
wious groups of mountains « led from one anothe )
ong, often pronounced valley Mg these subordinate
roups m he mentioned the Selkirks ith peaks 1 v 1
heie of 9,000 feet to 11,000 fec imnd over
the Interior Plateau region is, strietl peaking
mountainous distriet, vet it is in marked contrast with the mor
lofty bordering mountain ranges.  The country ith a general

wverage elevation of perhaps 3,500 feet in the lower, northern part
is traversed by great vallevs, whose hottoms, in the case of those
occupied by the major streams, do not lie more than 1,000 feet

thove the sea.  Evervwhere the distriet is broken by ridges and

groups of mountains, but these seldom rise higher than 5,000 feet

above sea level
Northward, the Interior Plateau is bounded by an imperfectly

known country, oceupied by various groups of mountains lving
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between the Coast range and the Rocky mountains, This broken
more elevated belt continues north to the boundary between
British Columbia and the Yukon. There begins a second plateau
region, known as the Yukon plateau, that stretches down the
valley of the Yukon into Alaska, bounded on one side by the
Coast ranges, on the other by the Mackenzie Mountain system
The use of the term plateau as applied to this northern area is
much more appropriate than in the case of the southern area of
British Columbia. Though the country is broken by deep
valleys sunk 1,000 to 3,000 feet below the surrounding country
vet everywhere the uplands form broad, gently sloping areas
apparently remnants of a once continuous, plain-like region that
with a general elevation of 4,000 feet or more in the south
gradually decreases in height northward to 1,000 feet or less
The Cordilleran region, except in the far north, is largely a
forested country. In the southern interior, however, are wide

stretches of open, grass-covered hills and valleys, noted for their

fertility. Various districts have long been known to be rich in
mineral wealth, and new ones are constantly engaging attention

Large coal mines have been opened up at various points along
the Rocky Mountain front, where coal fields are known to oceur
at intervals for hundreds of miles north of the boundary. Coal
mines have long been in operation on Vancouver island. Other
coal fields are known to exist in the central interior of British
Columbia, and the Yukon Territory. The alluvial gold fields of

the Klondike are well known In southern British Columbia : re

the notable, immense, copper-bearing sulphide ore bodies of
of

Pheenix, the Rossland gold-copper mines, and the lead mines
Moyie. These are but a few of the better known mineral de-
posits, and whole districts may be said to be rich in mineral
wealth, including ores of platinum, gold, silver, copper, lead
zine, iron, ete,

The geological history of the Cordilleran region has been
complicated in the extreme. Various formations, ranging in age
from pre-Cambrian to recent, are widely displayed. At different
and often over extensive ars

periods, , huge deposits of voleanie

matter were poured forth, while at intervals, immense batholitic
bodies of igneous rocks invaded and altered the strata. The
region from very early geological times appears, during successive
epochs, to have been affected by great earth movements that
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folded and faulted the strata and elevated them into mountain
masses, afterwards subjected to intense erosion

The results of the action of the mountain building forces of
the various periods seem to have, in the main, given rise to ele
vated tracts, whose axes followed a general northwesterly course
like the mountains of the present day. The basins of deposition
also seem to have been extended parallel to the same direction
80 that now the same general assemblage of formations mav be
followed for long distances in a northwest or southeast direction
while along sections at right angles to the courses of the mountain
ranges a succession of formations is erossed

The Roeky mountains, and the ranges of the Mackenzic

ol sedimentary

system to the north, are almost entirely comp

great

measures, chiefly of Palwozoie age, but in places includin

thicknesses of stratified pre-Cambrian rocks; while in the Rockies
infolded and infaulted basins of Mesozoie strata are common. The
Coast range is essentially a complex batholite of granitic rocks of
Jurassie age, penetrating Triassic and older rocks such as form
Vancouver island In places along the coast and on the Queen
Charlotte islands are basins of Cretaceous and Tertiary beds
Between the Rocky mountains and the Coast range the coun
try is fundamentally underlain by Palwozoie and early Mesozoice
measures, often largely of voleanie origin, folded and faulted
and invaded by granitiec bodies frequently of great size, and
perhaps, chiefly of Mesozoie and Tertiary ages, Though Palio
ze.e and early Mesozoie strata are widely displayed throughout
the interior of British Columbia and the Yukon, vet over large
aled by later Mesozoie and Tertiary

tracts of country they are con
beds.  In the southern part of British Columbia, Tertiary strata
largely of voleanic origin, occupy whole distriets, while in the
northern half of the Provinee, Cretaceous, with, perhaps, late Ju
rassic beds, are equally prevalent.

The Franklin range is probably largely of younger Palwozoie
rocks. The upper Mackenzie valley is chiefly floored by Devonian
measures, with a few basins of Cretaceous or Tertiary beds
Farther north the level country on either side of the Mackenzie
is occupied by Cretaceous rocks extending a long distance west-
ward,

In southern British Columbia, in the Selkirks and neighbouring

ranges on the west, a very large area is occupied by various types
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of schists and gneisses with eryvstalline limestones and quartzite
all highly disturbed and intricately associated with large bodie
of granite, diorite, et I'his complex assemblage, known as the
Shuswap group, is probably, in part at least, of pre-Cambrian ag
but very likely also includes vounger formations. Somewhat
similar rocks oceur about the headwaters of the Peace river, inside
the Rocky Mountain range Formations presenting certa
points of resemblance to these occupy | €@ are in the Yukon
I'erritory, where, however, it is not at all certain that the ro
are as old a Cambrian, though they are generally clussed
as pre-Ordovician

I'he great thickness of shales, limestones, ete., of (‘m ian
age, and the underlying pre-Cambrian beds found along the sou
ern front of the Rockies have already been mentioned. Si
measures seem to be represented along the whole course of the
range, and Cambrian and later Palieozoie strata have been found
within the Mackenzie Mountain system. The largely caleareou

ind argillaceou

Cambrian measures of the front of the Roel

mountains, when followed westerly through the range along the

main line of the Canadian Pacifie railway, become less ealeareous
ind the sediments, on the whole, coarser. In the mountain
groups of southern British Columbia, west of the Selkirks, ocew
several great series of sediments, with an estimated thicknes

of about 40,000 feet, composed of a lower division largely of
caleareous shales with limestones and quartzites, overlain by an
upper portion of quartzite, conglomerates and various schist
Traced westwards, the upper division is found largely replaced
by voleanie rocks, often in a schistose condition I'hese extensive
assemblages of beds have been deseribed as of Cambrian age, but
it is not improbable that at least a considerable portion will vet
be found to belong to other series

Limestones and fossiliferous shales of Ordovician age have
been found at wide intervals along the course of the Rocky moun
tains, and also far north in the Mackenzie mountains. Beds
this

e probably also occur in the Yukon. A great series of
quartzites and mica schists, some

25,000 feet thick, occurs in
southern British Columbia west of the Selkirks and has been placed
in the Ordovician, but solely on stratigraphical grounds. As
vet, Silurian measures have been recognized at only one locality
in the Cordilleran re

ion, along the pass traversed by the main
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line of the Canadian Pacifie railway thro

Rocky mountains

Devonian limestones, shales, et sometimes forming sections
thousands of feet thick, appear to oceur everywhere along the
Rocl Mountain ¢ I'hey are present in the Mackenzie
tem ol n ntains, and in the northern portion of the Yukor
Fossiliferous Devonian beds have also been found

n Vancouver island.  Elsewhere e for the presence of mi
es bly of late nian age, the beds of this svstem have

not been recognized in the Cordilleran region

In the Rocky mountain the Devonian is conformabl
neceeded by Carboniferous beds largely limestones, and (
n o place H000 to 7.000 feet From the palaconto
cal evidenee ble, these bed eem to represent o the
lower part of the Carboniferou st Carboniferous strat
th, perhaps, conformably underlving Devonian beds, are exten
ely developed throughout central British (' i, and con
tinue into the Yukon territor I'he bed ometimes consist
largely of true sediments, but, more commonly, are represented
by great thicknesses ometimes 5,000 feet or more, of tuffs and

various effusive voleanie rocks often overlain by great voluni

of limestones, in places 3,000 feet or more thick

In the Rocky mountains the Carboniferous beds usually are

directly overlain by Cretaceous strata, thougl ometimes hed
possibly of Triassic age also occu In the interior of British
Columbia, the Carboniferous strata are often surmounted by
immense thicknesses of voleanie material of Triassic age. In
the neighbourhood of Kamloops lake these measures, apparently

Carboniferous

the products of submarine voleanoes as many «
times appear to have been, have a thickness of 10,000 to
15,000 feet. Similar beds have been found all through central

British Columbia, and, separated by the granite bodies of the

Coast appear along the Pacific coast and on Vancouver
island.  Everywhere the Triassic strata, so largely of voleanic
origin » closely folded, and on the coast, as well as elsewhere,
e dly associated with older measures of Carboniferous

Possiblv in manv distriets the voleanoes of Carboniferous times

may have continued in action with but slight interruptions until
the Triassic period
In a few localities in southern British Columbia, the Triassie

voleanoes seem to have remained active into Jurassic times
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With the exception of the deposits so formed, no formations
definitely determined as belonging to the earlier Jurassic epochs
are known to oc

ir in the Cordilleran belt, where sedimentation
does not appear to have again commenced until late Jurassic
times

During the Jurassic interval, the Triassic and older measures
oceurring west of the site of the Rocky mountains were faulted
and folded, and probably elevated into mountainous masses. At
about the same time took place the invasion of the great hatho-
litie bodies forming nearly the whole of the Coast range, extending
along the border of the continent for nearly 1,000 miles. The
granitie rocks of this range are doubtless not all of the same age,
and vary mueh in composition from hasie gabbros to acid granites,
Possibly it was also at this time that many of the large plutonic
bodies of southern British Columbia formed: though the evidence
to the south, in the United States, points to a Cretaceous age for
them. They are chiefly of granites, grano-diorites and allied types,
portion of British Columbia,
south of the main line of the Canadian Pacific railway. Probably

and are largely confined to the centr:

they continue much farther north, concealed beneath Cretaceous
and Tertiary measures, for they seem to be represented in the
northern part of the Province, and in the Yukon Territory.

Before the close of Jurassic times, the deposition of material
had again commenced in the Cordilleran region, and continued,
over increasing areas, into Cretaceous times, In the southern
part of the Rocky mountains the Fernie shales, of late Jurassie
age, have a maximum thickness of 1,500 feet, rapidly decreasing
eastward.  They rest directly on Carboniferous strata, and are
overlain by early Cretaceous beds, the coal-hearing, non-marine
Kootanie series, in places composed of 5,000 feet of shales and
sandstones, In the Queen Charlotte islands a section of over
9,000 feet of strata, representing both the upper Jurassic and
lower Cretaceous, rests unconformably on folded Triassic heds.
The section consists largely of sandstones and shales, holding coul
seams towards the top, and with a thick, intermediate, voleanie
group.

Lower Cretaceous rocks also appear in southern British
Columbia, largely along the lower course of the Fraser river, east
of the Coast range. They sometimes attain a volume of 5,000

feet or more, but show rather wide variations in thickness ana
16
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character.  They seem to be Logely littoral deposits, shales,
sandstones, and conglomerates,  In the central interior of British
Columbia, about the headwaters of the Skeena and Nass rivers,

early

oceurs a thiek voleanie series, possibly of late Jurassic o
Cretaceous age, overlain |») i 4'nl||]l:|l‘:l|\\l'|\ thin series of shales
and sandstones holding seams of coal.  In northern British Co-
lumbia, and the southern portions of Yukon Territory, oceur vol-
canic and conl-bearing sedimentary beds of late Jurassie and
probably, early Cretaceous age.

At the close of lower Cretaceous times the Canadian Cordil-
leran region appears to have been withdrawn from the sea, eroded,
and doubtless subjected to mountain building forces.  Certain
plutonie bodies in the interior seem to be of this period.  Along
the Pacific coast, however, sedimentation continued, and the
lower Cretaceous heds of Queen Charlotte islands are there followed
by about 3,500 feet of conglomerates, sandstones, and shales,
At the same time portions of the coast of Vancouver and adjacent
islands were submerged, and a series of conl-bearing sandstones
and shales, over 5,000 feet thick, were formed

Towards the close of the Cretaceous period, or in very early
Tertiary times, the formation of the Rocky Mountain range took
place.  The hitherto flat-lving Palwozoie and  Mesozoie beds of
the western border of the Interior Continental plain were upturned
in long, anticlinal folds, whose axes ran in a general northwest
and southeast divection.  The forees continuing to aet, the folds
were overturned, the western limbs thrust over the eastern, In
places, segments of the measures were displaced horizontally for
as much as seven miles, and the strata have been folded and
faulted to such an extent that it has been estimated that they
now oceupy but half their original width,

The effect of the forces causing the uplift of the Roeky moun-
tains doubtless extended through the whole of the Cordilleran
region, but with varving degrees of intensity.,  During late Cre-
taceous, and the opening periods of the Tertiary, the region, as a
whole, appears to have been undergoing erosion, and during this
time the topographie features of the present day were outlined.

During Oligoeene, and probably Miocene times, freshwater
~||'|ul~||~ of shales, sandstones, ete., were |||-|m-ill-|| in \':|||l‘}~ and
luke basins over much of southern, eentral British Columbia. In
places these deposits are of but slight extent, but in others they
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occupy large areas, The sediments vary greatly in thickness, at
times yielding sections of 5,000 feet or more, and with them some-
times occur beds of lignite.  Following the time of sedimentation
came a period of voleanie activity, with the formation of beds
of tuffs and great sheets and flows of rhyolite, basalt, ete. In
places these voleanie beds are 5,000 feet or more thick. Frequently

they appear overlving the Tertiary sediments and extending
beyond them, filling in old inequalities of the ancient land surface.
Similar Tertiary beds occupy an extensive region in central
British Columbia, north of the main line of the Canadian Pacifie
railway, and extend to the Cretaceous basin commeneing about
the headwaters of the Skeena river.

Though some voleanoes remained active during the Pliocene
period and until a very recent date, the Tertiary and more recent
epochs appear to have been, in the main, times of active erosion
of the land., During the periods from Miocene times onwards,
the Cordilleran region apparently was subjected to regional up-

lifts and depressions, and mountain building processes may still be
expected in the Cordillera, In places the Tertiary strata have
been folded, and in certain districts in southern British Columbia,
oceur large bodies of plutoniec rocks of Tertiary age.
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FABULATED DESCRIPTION OF SOME OF THE CHI MINERAL

DEPOSITS OF THE CORDILLERAN RE!

ELemesT Cuaracrer axp Mope oF OceURRENCE
ok MiNer oF Derosit E
AL SOUGHT
Gold Alluvial gold in pre-glacial sands and gravels, and Klondike, Y.l
in more recent deposits derived from these Atlin, Cari
boo, B.C

Auriferous mispickel with varying amounts of

copper and iron pyrite ur in bodies replac

ing country roc ong or near contact of

igneous rocks of dioritie affinities and in a gan

gue of garnet, epidote, ealeite, ete Hedley, B(
Free gold with a little pyrite and some ga 1 and

zine blende, in quartz fissure veins cutting Lardeau dis

carbonaceous phyllites triet, B.(
Free gold, argentiferous tetrahedrite, galena, zine

blende, iron and copper sulphide in quartz veins Lardeau di

cutting earbonaceous phyllites trict, B
Free gold in schistose pyritiferous diabase, and in

quartz veins holding mispickel, galena, and Poplar Creek
distriet, B.(

pyri
In copper-gold deposits.  See under copper-gold
Platinum . . Native platinum oceurring sparingly in gold Klondike, Y.l
placer deposits Tulameen riv

er,

Mereury Cinnabar in irregular veins of ealeite and quartz
cutting Tertiary voleanies and also impregna- Near Kamloops

ting sandstones lake, B.C
Copper Magnetite, chaleopyrite and pyrrhotite in varying
gold proportions oceur in large bodies replacing
Pa sie tuffs and limestone, in a gangue of

garnet, hormblende, caleite, quartz, ete, in

neighbourhood of bodies of granodiorite and Boundary di

Fertiary syenite triet, B
Chaleopyrite and pyrrhotite with some pyrite and

mispickel, oceur in veins or in large bodies

replacing augite porphyrite near eontact with

monzonite and in neighbourhood of bodies of

granodiorite and Tertiary syenite Rossland, BJ(
Chaleopyrite, bornite, pyrite, and pyrrhotite with "olvlwrlm ,neat

a little ealeite in a fissured zone on or near con >rinceton

tact of sediments and monzonite ;
Chaleopyrite, pyrite, mispickel, and umgm-nn-""l'l"'”'" near

with caleite in Zones of fissuring in monzonite ‘rinceton

and sediments BC
Chaleopyrite and pyrite with a little galena and

zine blende in small veins and lenses within a Britannia mine

mineralized zone in a quartz sericite schist cut.  Howe sound

by granitic body of Coast Range batholith BC
Chaleopyrite and pyrite with galena and zine .

blende in a gangue of barite with quartz and Tyee mine, Van

caleite, forming flattened lenses in schist couver island
Bornite with subordinate chalcopyrite, a little

pyrite and pyrrhotite replacing limestone in a

gangue of pyroxene, garnet, and caleite, near Texada island

granite contact BC
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TABULAR DESCRIPTION OF SOME OF THE CHIEF MINERAL

Frevest
o Miver

DEPOSITS OF THE CORDILLERAN REGION

Continued,

Cuanacter Ao Mobe oF (et grescs
oF Drrosin Exavres

Silver-Leaa Argentiferous galena with some zine blende and

Iron

Coal

little pyrite forming irvegalar lenses in a fiasired St Eagene ming
zone within pre Cambrian quart zite Moyie, B
Argentiferous galena, argentiferous tetrahedrite

native silver and gold, argentite, zine blende
|-.|,A|ul i iron pyrites, inoaogangue of quartz
siderite and ealeite in veins eutting sediments. Slocan, B (
Galena, zine blende, pyrite, and pyrrhotite in va
rying proportions, replacing ervstalline lime- Kootenay  lake
stone alonga zone of shearing Bt
Native silver, argentite, pyrarg
galena, pyrite. copper minerals, ete, in quartzz Windy Arm
fissure veins eutting porphyrites
Veindike bodies largely of hematite with some
magnetite eutting pre-Cambrian quartzites Kitchener, B
Magnetite in o gangue of ealeite, feldspar, and Cherry hluff,
epidote in veins traversing a plutonie rock Kamloops
luke, BC. |

gyrite, argentiferous

Magnetite in places with copper and iron sulphides
in irregular vein-like bodies, replacing country
rock, usually limestone, and commonly along Texada  island
contact with intrusive granites

Anthracite, in Kootanie formation dower Cre

' I8 Bankhead, Alta
Bituminous coal in Kootanie formation Fernie, Blair-
more, Frank
Bituminous coal approaching lignite, in Belly
River formation  (upper Cretaceous), and in Foothills  of
Edmonton formation (Tertiary Rocky mits
Bituminons in upper Cretaccous Nanaimo, Co-
moyx, Van
couver island
Lignite, in Tertiary beds Princeton, Bulk
ley valley,
B Tantal-
us, Y.T

The discovery, between 1855 and 1857, of placer gold on the

Fraser, Thompson, and Columbia vivers, and the ensuing rush

in INGS, was o primary eause in attracting the attention of the

mining world to British Columbia.  In 1860 the extraordinarily rich

placer deposits of Williams and Lightning ereeks in the Cariboo

were discovered, and in 1862, the yvear of maximum
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The depression was followed by an uplift approximately

700 feet, that affected the whole region bordering the Yukon

from the Stewart river northward to the Alaska boundary and
bevond.  The upraising of the distriet gave new life to the streams,
causing them to deepen their channels, usually along the course
of the old vallevs, until now they have cut through not only the
older gravels, but down into bed-roek to a depth of from 150 feet
to 300 feet.  During the carving of the present valleys, the process
was, at times, arrested, and rock Denches eut and floored with
gold-heariug gravels; in places these are still partially preserved
The more recent lower ereek gravels are also auriferous, and it
was in them that many of the fabulously rich elaims were staked

The White Channel gravels, standing at higher levels than the
recent stream deposits, are still largely preserved.  They are
composed chiefly of rounded boulders and pebbles of quartz,
embeddedin o matrix essentially of sevicite seales, and fine, angular
quartz grains.  The gold they bear, and the quartz they are
so largely composed of, were probably all derived from the breaking
up of the slightly auriferous quartz veins so abundant in the
distriet.  The gravels of the present stream beds, and of the
terraces, are largely mlnlur-wl of fragments of schists, ete., de-
rived from the country rocks, while their gold contents have
been obtained from the older, White Channel gravels, whose age
must date back at least to the Pliocene.  The gold in all the
gravels is irregularly distributed and often largely concentrated
in pay streaks. It always occurs on or near bed-roek, either in
the lower five to six feet of gravel, or sunk for some distance in
the bed-roek itself.  The gold is commonly coarse and the grains
quite often angular and sometimes erystalline

The placer deposits of the Atlin and Cariboo districts are,
in a way, analogous to those of the Klondike, since the gold-
bearing gravels are of two periods, and the present streams, in

general, lie in the broad valleys carved by the older waterways,

il in
»and ‘are sometimes heavily buried by glacial drift.  The gold

In both distriets the older auriferous gravels are pre-g

contents of the younger, post-glacial deposits seem to have

been derived from the older gravels.  Gold-bearing quartz veins
oceur in both districts, thus furnishing a possible explanation of
the origin of the placer gold. Other placer districts continue
to furnish a small supply of gold, and new diggings will no doubt
from time to time be discovered, especially in old pre-glacial valleys.
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Gold fields, Atlin, B Claim 2 and 3 below Discovery
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but afterwards was found to ecarry high gold value
dong nearly perpendicular and parallel
| s

consists of two veins lying
{ carbonaceous phyllite belongi

fault planes, cutting a band of
to a series of highly altered sediments of Paliwozoi possihil
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free gold, both visible and invisible I'he gold torms masse
fibres, and plates, both in the country roc the sulphides, and
the gangue
1 \TINUM GOLD
Platinum oecurs with gold in many of the placer deposits
of the Cordilleran region, as in the Klondike distriet, and on the

I'ulameen river, in southern British Columbia
MERCURY

Cinnabar has been foundinirregular veins of ealeite and guart

traversing Tertiary voleanies and impregnating sandstone, o

Copper ereek, flowing into Kamloops lake
COPPER

The production of copper in 1907, in the Cordilleran region
imounted to nearly 41,000,000 pounds, of which the Bound

Poplar Bluff, town of Poplar, Poplar Creek valley (a

transverse valley) and Lardeauvalley.
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ary distriet furnished about three-quarters.  The mines of Ross
land accounted for about one-eighth of the total produet, while
the bulk of the remaining eighth eame from Vancouver island
In almost all the distriets it is the associated gold, and, to a

lesser extent, silver values that allow of the profitable working

of the deposits,  Besides the copper deposits mentioned in the
following paragraphs, many others are known, and not a few are
being worked or devels in the southern portion of British

Columbia, along the Pacific coast, in the Skeena River distriet

on the Queen Charlotte islands, and near Whitehorse, Yuk

Territory Most of the deposits of commercial importance are
of the contact metamorphie type, formed in the older roeks near

the contact of an intrusive body by the gases and mineralizers

given off during the formation of the igneous rocks

In the Boundary distriet it was not until 1891 that the first
of the distinetive ore bodies was located, though previously
several less characteristic properties had been found. The de
posits, which are of the contact metamorphie type, oceur within
a series of Palwozoie sediments cut by dikes and comparatively
small bodies of svenite of Tertiary age, and near a batholite of
granodiorite,  The ore bodies are mainly confined to beds of
limestone and tuff, that in the mineralized areas are largely
changed to aggregates of garnet, hornblende, caleite, and quartz

The ores consist of magnetite, chalcopyrite, pyrrhotite, and small

sociated with the

quantities of pyrite and hematite, They are
secondary rock minerals and oeur in fissured zones, replacing
the country rock

The ore bodies as a rule have no well defined walls, but in-
stead, gradually give way to country rock, They are of all sizes
and in certain ¢
the larger bodies, magnetite is not evenly distributed, but segre

s have exceptionally great dimensions. In

gated, though in the ease of the Emma mine, the deposit from
the surface to the greatest depth vet obtained, about 250 feet,
metite,

has proved to be practically a continuous hody of
but earrying low copper and gold values. In the more typical
Is, in bands or

mines, the distribution of the various ore miner
masses in which one or more of the minerals largely predom-
inates, gives rise to magnetitic ore, caleareous ore, and siliceous
ore, that are mixed in suitable proportions to form a self-fluxing
ore for smelting.  As a rule, magnetite and pyrrhotice are not hoth
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e |

I'he Boundar o] re generally ¢ Wi ed | the
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Copper creek, oxidation and secondary concentration have

taken place, and at the face, hematite and limonite oe
with malachite, azurite, cuprite, native copper, ete., while deep

1 and within 1 « ippear chalcopyrite and bornite, and
below these the unoxidized deposits

I'he main mines of the Rossland « unp, which during it
comparatively short active history of about fifteen vears ha

produced about %40,000,000, are situated near the contact of

a body of monzonite and a wide band of augite porphyrite intruded

into a group of Carboniferous sediments I'he deposits of the Le
{oi, and War |

main ores consist of pyrrhotite and chalcopyrite, with small

zle, lie within the augite porphyrite body I'he

quantities of pynte and arsenopyrite, and oceasionally a little
magnetite. Free gold oceurs and may constitute as much a
fifty per cent of the total gold value

Typical ore consists of country rock more or less altered,
containing secondary biotite, ete., with quartz and, in some places,

caleite, and cut by reticulating veins, irregular masses and im

pregnations of the sulphides. There are transitions from typical
ore to solid sulphides, or to rock matter, or to gangue with little
apparent mineralization but carrying values. In the early day

|

the ore averaged 3 per cent copper, 1} ozs. of gold, and 2 ozs. of

silver per ton; but now the values on an a

ge from 0-7 per

cent to 3+6 per cent copper, 0+4 oz. to 1-2 0zs. of gold, and 0-3

0z. 1o 2+3 ozs. of silver per ton

The 6re oceurs in (1) fissure veins without any accompanying
replacement of the country rock; (2) in zones of shearing in which
the ore oceurs in a network of veinlets eating into and replacing
the country rock; (3) in irregular impregnations of the country
rock The last class is the least important. The transition
from pay ore to waste is usually rapid, and pay ore is generally

localized in shoots varying in width up to, in exceptional cases,

LXNVITN
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edimentar nd igne roe) e t orand s i :
planes, that " € contae e filled with caleit 1
ear it, are oecupied by chaleopyrite ite, pyrrhotite, bornite
mdd a hittle ealeit
In the case of the second class of dey is o —
the ore oceun dong zones ol fracturin hoth in the ieneous bod
id in the sediments.  In these zones, the country rock is often
reccinted and re-cemented by caleite, or is traversed by a networ
of caleite veins ometimes individual veins measuring two feet
wross, but more generally only an ineh or two I'he veins

esides ealeite, carry pyrite, chalecopvrite, mispickel and magnetite
and sometimes the magnetite entively replaces the caleite and
then forms the gangue of the vein

A noted copper deposit i< that of the Britannia mine situated

on tl d on the Pacifie coast I'he

highly disturbed and metamor

mediate distriet s oceupred
phosed sediments, possibly of Palieozoie age, with intercalated

sills and masses of porphyrites and porphyries, intruded by bodies

of granite, ete., belonging to the immense Coast Range batholite
The deposits oceur in a quartz sericite schist, in part, at least

derived from earbonaceons s

while in other places it may
represent some of the intercalated intrusives I'he ores oceur
in a mineralized zone that is at least four miles long, and towards
its central portion has a variable width of from 300 feet to 600 feet

The iron and copper sulphides of the ore bodies, with at
least part of the quartz, appear to have been deposited during
the development of the schistose structure in the quartz schist,
during an interval following the period of the granitic intrusions
At a later date, concentration took place in parts of the zone,
and lenses of chaleopyrite with quartz were formed in a parallel
arrangement along the strike of the schist  The lenses range

in width from an inch to several feet.  The ore consists of finely




W
eminate (
( hornite
wle it bheside
er e (
Ma ¢ o]
l L I'he
( ed i (
e«
eatly elor '
I |
150 feet e
| |
imd zine bler
caleite In the case
contents were: 45 pe

ilver, and 0+14 oz

Other copper depo

those on Sooke inlet

Al Ul Al
deop e in I ma
ne blende At the surfu

nd ellite | I
copper carries several
I ¢ Kl I Ll 1
noted that
( ) |
I ) | M 1
ed lense the

I'he « wlie e

mut Ith of

i 20 feet | l¢

( p
« | «
220,008 ton
I o 7

ol

I'he

within a gneissie dionte

s

nt copper, 7 per cent

gold per ton

oceur on Vancouver
re the ore occeurs alor

In the case of o

L wid { 200 feet and traceable for at least 4,000
roek traversed by innumerable quartz stringer
nd copper, usually in small patches b

eins and lenses

Another class of e

ch as that occurr

n and copper, with

F |
et minerals in lin

of granitie rocks. Sin

con

er deposits found

it Mount Mal

siderable magne

estone near the cor

ls
Har

deposits ocenr on Te

are desertbed under the heading of iron

Near Van-Anda

on

I'exada island, there

copper deposits, such as that of the Marble Bay

mine the dre body lies
semi-erystalline limest
level, the ore occurs
down to the 771 foot
in length from 70 feet

15 feet

m

one

From the surface

island

feet. the

wiver island
sulphide

I with vanous

likes and bodies

xada island, and

are con

mine

to the

sulphides

siderable

At this

a zone of brecciation in erystalline and

260 foot

in subordinate shoots, but from that level

leve

to

| it forms a continuous body, varving

205 feet, and in widtl

1 Trom

o leet 1o

I.XNIX







g e A

GEOLOGY, AND ECONOMIC MINERALS OF CANADA 137

The ore is bornite with subordinate chalcopyrite and a little
pyrite, pyrrhotite, molybdenite enclosed in a gangue of pyroxene,
garnet, and caleite.  The ore is finely disseminated through the
pyroxene or oceurs in rather large, pure masses with caleite.  The
deposit is believed to be of pneumatolytic origin, and probably
formed during the period of intrusion of the Coast Range
batholite. The ore is high grade, the shipping ores averaging
N per cent copper and $10 gold per ton,

SILVER-LEAD.

Since silver and lead, as found in the Cordilleran region, are
usually closely associated with one another, it has seemed hest
to combine the descriptions of the deposits of these two metals,
The sume deposits also have afforded a certain amount of zne,
the amount produced varying with market conditions.  Almost
all the silver and lead produced in the Cordilleran region comes
from southern British Columbia, mainly from the southeastern
part of the Province. In 1907 the total production of lead in
British Columbia was 47,738,703 pounds, and above three-quarters
of this amount came from the Fort Steele distriet, in East Koote-
nay. In the same year the amount of silver recovered in British
Columbia was 2,745,448 ounces.

By far the largest single producer of lead is the St. Eugene
mine, discovered in 1805 near Moyie. The ore hodies lie in a
nearly vertical fissure zone, outcropping for a vertical distance of
above 2,000 feet on the side of a steep hill.  The country rock
is a quartzite of Cambrian or pre-Cambrian age. The fissure zone
consists of two main, roughly parallel, fissures, two to three hun-
dred feet apart and connected by cross veins. The ore cons
chiefly of argentiferous galena with some zine blende and a little
pyrite.  During a considerable period of time the ore averaged
about 18 per cent lead and carried about 6 ounces of silver.  The
gangue is usually country rock with some quartz.

The ore bodies are irregular in distribution and shape, hut
have a general lenticular habit. They lie along the courses of
the main and cross veins, and more particularly at the junction
of the two sets, where masses of ore up to 60 feet in width
oceur.  In one instance solid ore continued along a drift for a
length of 1,000 feet. In height some of the lense-like bodies
reach 50 feet to 150 feet.
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In the same district the North Star mine, near Kimberley,
1, felds

pathic sandstone, and the contact of rock and ore bodies i gen

is of an unusual type. The country rock is an alte

smtiferons galena

erally sharp.  The ore consists of nearly pure arg

associated with some lead carbonates.  The ore bodies lie close

to the surface, being merely covered by drift; in form they are
basin-shaped, nearly flat-lving, and ave of considerable size, one
having measured 400 feet in length, 70 feet in width, and 50 feet
in depth

Many silver-lead deposits have been found in the region
bhetween IS

enay and Arrow lakes.  The deposits oceur in fis
sure veins having gangues of guartz, caleite, and siderite.  The
ores consist of argentiferous galena, blende, argentiferous tetra-
hedrite, copper, and iron pyrites, arsenopyrites, argentite, native

silver, and gold The pay ores are generally localized in chutes,

and are often concentrated around inclusions of carbonaceons
country rock or along the wall-roek, and sometimes in it I'he
larger ore bodies are generally situated at points of intersection
ol veins

The Slocan Star, near Sandon, is a mine of the above elass
The deposit oceurs along a vein varving in width from 4 to
40 feet and ecutting slates.  The vein dips at moderately high
angles, and the gangue is mainly of quartz, siderite, and caleite
with a little barite.  The ore is largely galena, with considerable
zine blende and a little tetrahedrite;  all these earry silver, and
picked specimens of tetrahedrite have been said to carry silver
at the

ite of several thousand ounces to the ton

On the east shore of Kootenay lake, opposite Ainsworth, are
examples of silver-lead deposits in limestone.  The country rocks
are various gneisses, quartzites, and erystalline limestones, ap-
parently flat-lying at this locality. They have been classed with
the Shuswap group.  The ores occur replacing the limestone along
certain beds or bands within a zone of shearing some 800 feet
wide. The ores consist of pyrite, pyrrhotite, blende, and galena,
forming bodies of considerable size, in which sometimes the iron
sulphides, sometimes the lead and zine minerals predominate
The ores are silver-bearing, and sometimes the zine content is high,

Rich silver-bes

fing veins oceur in the Yukon Territory, on
the shores of Windy Arm, Lake Tagish. The veins occupy fissures
usually lying in basic porphyrites. They generally are compara-
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tively narrow, though sometimies they attain widths of 8 or
10 feet. They are fairly persistent along the strike, one having
been traced for over 1,500 feet. The gangue is largely quartz,
containing, besides native silver, a variety of silver-bearing
minerals such as argentite, stephanite, and pyrargyrite, all of
which are generally present.  Pyrite and argentiferous galena
always oceur in the veins, generally accompanied by small quan
tities of zine blende.  Various copper minerals are also associnted
with the above minerals

IRON,

Though large bodies of iron ore are known at various
points in the Cordilleran region, they have, on the whole, heen left
unworked. Considerable deposits of iron ore in the form of
vein-like bodies lying in quartzite have heen deseribed from near
Kitchener, some twenty miles east of Kootenay luke. The
deposits consist of very pure ores, largely hematite, with some

magnetite, and vary in width from 5 to 20 feet. They lie

allel with one another in nearly vertical positions, and
outerop at intervals for several miles along a comparatively
narrow zone

A deposit at Cherry bluff, on the south shore of Kamloops
lake, at one time produced a considerable amount of iron ore
The deposit consists of magnetite in a gangue of caleite, feldspar
and epidote, occurring veinlike, with distinet walls and traversing
a plutonie rock.

Considerable deposits of magnetite oceur on Texada island
and from them some 20,000 tons have been mined.  The ore hodies
vary in shape from rounded, irvegular or lense-shaped masses,
to long, vein-like bodies evidently deposited along a zone of shear-
ing.  The deposits occur along the contact of limestone with gra-
nite or porphyrites, or, apparently isolated, within any one of
these three classes of rock. It is believed by some, that in all
cases the ore bodies were formed as replacements of limestone
and where the deposits now appear entirely separated from any
limestone that the limestone was originally present, and was
either completely replaced by the ore or else the remaining por
tions swept away by erosion. At one locality, a series of lense-
like bodies rather closely follows the winding contact of limestone
and igneous rocks for a distance of about two miles. Some of
the bodies are over 200 feet in length.
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I'he ore is a coarse, ervstalline magnetite, locally impur
from impregnations of copper and iron sulphides. Some of the
ores have carried as high as 3 per cent copper.  Quartz, actinolite
caleite, epidote, and garmet are present in small amounts in par

of the ore bodies

The coal produced in the Cordilleran region is almost entirel
bituminous, and by far the greater part is of Cretaceous ag
Coals of Tertiary age are known at a number of localities
the Nicola valley and near Princeton I'he Tertiary
lignites, and sometimes form thick seams
Princeton area, where un 18 foot seam outerops on the |
of the Similkameen river, The total coal produced in 1907 w
in the neighbourhood of 3,000,000 tons I'hough Cretaceou
coals oceur in the Yukon, on some of the islands of the Queer
Charlotte group, within the basin of the Skeena river, and elsc
vhere, the main development of coal mining has, as vet, take
place on Vancouver island, and within the Rocky mountains

nd the foothill districts to the east

On Vancouver island, the coal seams occur in the upper part
of the Cretaceous Coal mining is concentrated in two areas
on the east coast of the island, known as the Cor and the
Nanaimo coal fields. The Comox field has an est
of about 300 square mile At one mine, within a ve
tion of 122 feet, there are ten seams, with an aggregate thickness
of about 29 feet, the thickest seam measuring 10 feet. In the
Nanaimo field, two seams, one varying in thickness from 5 feet
to 20 feet, and the other from 3 feet to 5 feet, are being mined
The coals are all bituminous

In the Rocky mountains and the foothills, the Cretaceous
coal measures occur as basins amongst the folded and faulted
Palozoie and Mesozoic strata. The basins, generally stretching
northwestward and southeastward, and sometimes for very long
distances, are known to occur at intervals from the International
Boundary to the Athabaska river, a distance of over 200 miles
The coals within the Rocky 1 tains are bituminous varieties

in places passing into anthraci at the Bankhead and Anthra

cite mines in the Bow valley stwards, in the foothills, as

the plains are approached and the regions of disturbance left
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behind, the lignite coals of the higher members of the Cretaceous
are gradually encountered

Within the wmountains and the adjacent foothills, there
are three conl horizons,  The lowest oceurs within the Kootenay
formation belonging to the hase of the Cretaceous, possibly the
summit of the Jurassic I'he seams of the Elk River and Crowsnest
basins lie within this horizon.  The next group of productive
measures is the Belly viver, situated towards the top of the upper
Cretaceous column.  The highest group of coal measures lies i

the Edmonton of early Terting

Some of the major coal bhasins, commencing with the mon
southerly, are as follows.  The southern Elk River | with
i area of about 300 square miles, and containing the mines at

Prare LNXXNII

Coke Ovens, Fernie, B.C

Fernie and Michel,  In this basin there are at least twentyv-two
workable coal seams, having an aggregate thickness of 216 feet

all lying within the Kootenay formation.  The northern portion

of the Elk River hasin, separated from the southern division hy a
short gap, has approximately the same area and extends as a
narrow band far to the north

\ short distance east of the Elk River basin lies

seres

of narrow basins known collectively as the Crowsnest basin,
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which, with certain breaks, extend far to the north to join the
Cascade basin that runs north of the Bow river, The Crows
nest and Cascade basins lie in the Kootenay horizon, and in the
south include the mines at Blairmore and Frank. In the southern
basin twentv-one workable seams oceur, with a total
of 125 feet of coal

thickness

The Cascade basin, erossing the Bow river at Banff, contains
the Bankhead mine, at present the only anthracite producing
mine in Canada. In the vieinity of Bow river, the Kootenuay
measures of the basin contain ten to fourteen workable seams
with from 75 to 100 feet of coal. Northward are other

On the Red Deer river, the Kootenay measures hold at least

basins

fifteen workable coal seams. with a combined thickness of 114
feet. Other coal basins of Kootenay age lie still farther north
continuing at least as far as the Brazeau river and perhaps
farther,

Within the foothills, to the east of the Roecky mountains
proper, the Kootenay beds sometimes outerop, as in the Moose
Mountain area. The main basins there, however, lie in the
Belly River, that outerops over bands sometimes hundreds of

miles long
BUILDING AND ORNAMENTAL STONES, ETC,
Excellent building stones of various kinds are found through

out the Cordilleran region. Marble of a high quality is quarried
near Lardo, also on the Pacific coast
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CHAPTER VI
THE GLACIAL PERIOD IN CANADA.

Preceding the glacial period, Canada, as a whole, had long

heen uplifted and subjected to erosion. The deep, submerged

seaward continuations of many of the larger drainage channe

has been held to show that during parts of Ter

continent had been elevated several thousand feet or more

the sea, Possibly, however, the formation of these, now drowned
vallevs, may have been due t her eauses than the uplift of
the continent a whole

Before the heginning of the glacial period the long continued
Tertiary erosion had produced the main land features of the

present day But the erust of the earth, then

18 now, was sul
jected to differentinl movements, resulting in the warping of lurge
\reas It was by movements such as these, guiding and controlling

the ancient drainage, that the depressions now oceupied by the
Great lakes are believed to have formed

During the glacial period nearly one-half of the North Amer

can continent was, at one time or another, buried in ice that
virtually occupied the whole of the Canadian portion of the
continental land, and, in the region of the great lakes, extende
into the United Stat

|
to about the 37th parallel, an area in all
of above 4,000,000 square miles, The Arctie islands, however
during this period do not appear to have supported glaciers any
larger or more important than the local ones at present oceurring
on portions of Baffin and Ellesmere islands.  Nor was the Klondike
region, in the Yukon Territory, glaciated, and the same is true
of the larger part of Alaska, save about the mountains

During the glacial period there appears to have been at least
three great centres of glacial radiation—the Labradorean, on the
Hudson Bay side of the centre of the Ungava peninsula; the
Keewatin, occupying a corresponding position to the northwest
of Hudson bay; and the Cordilleran, lving within the mountain
svstem of the west. From these three centres, as indicated by
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the lly transported material and the markings on the often
polished and grooved rock surfaces, the ice sheets moved outwards
in all directions, scouring from the surface of the country its
disintegrated material, and wearing down the exposed rock sur-
faces.  But, though the general movement was always outwards
from the glacial eentres, locally it was often guided by outstanding
physical features, excepting, perhaps, during the periods of
greatest ice development,  Whether all these glacial sheets were
contemporaneous is, perhaps, not definitely determined, but it
at least is eertain that they reached their maximum development
at different times,  Thus there is evidence to show that the Kee-
watin glacier once occupied territory afterwards covered by the
Labradorean, and that the ice tongues from the Cordilleran had
retreated from the plains before the Keewatin glacier reached
the foothills

The results of glacial action in Canada are everywhere shown
by the presence of boulder elay, moraines, eskers, ete, These
deposits, though frequently containing material drawn from far
distant sources, are often largely of local composition. In the
southeastern portion of Canada, where the relief of the country
is low, and the energy of the glaciers was taxed with its load of
debris, the evidence goes to show that the erosive power of the
glacial sheets was largely confined to the removal and redistri-
bution of the previously existing soil, and the outer. more weuth-
ered portions of the rock surfaces.  In the mountainous distriets
of the west, on the other hand, the destructive action of the
glacial ice appears to have heen incomparably greater. There
the presence of “ hanging valleys " indicates that the ice sheets
wore down many of the main valleys for depths of many hundreds
of feet.  In the more northerly portions of eastern Canada, where
the energy of the ice sheets would be greater than in the south
erosion is also likely to have been important.

The glacial epoch did not consist of one general advance,
followed by a simple retreat and disappearance of the ice sheet.
Instead, thiere appears to have been a number of invasions separ-
ated by considerable intervals, and as many as six such invasions

have been recognized. The evidence of these distinet invasions
is furnished by the unconformable superposition of sheets of drift
on one another, by the effects of weathering visible on the tops
of different layers, and by the presence, hetween till-sheets, of
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soil, sand, gravel, ete., containing plant remains, In some cases
the plant remains of the interglacial deposits, such as those near
Toronto, indicate that during the interval the elimate of the region
was milder than that of the present day, and this has led to the
conclusion that during some of the interglacial intervals the ice

sheet may have largely or completely disap ed

Though the whole of eastern Canada seems to have been
buried beneath ice sheets, it is not certain that the Labradorean
glacier ever occupied the whole of the country east of the St
Lawrence, The evidence, indeed, seems to indicate that parts
of eastern Quebee and the Maritime provinees were occupied by
distinet g

acial sheets extending from one or more loeal centres

The results of the action of the ice of the glacial period in
many ways profoundly modified the pre-existing drainage fea
tures,  Great de its of glacial debris in many instances filled
up the older drainage courses, ponded back the waters, and eaused
the development of new water courses and the formation of lakes
In many distriets a mature drainage svstem was partly or largely
changed to a juvenile one, now expressed by lakes, rapids, and
falls

Preceding, or during the glacial epoch. there seems to have
oceurred a widespread, downward warping of the northern country
of central and eastern Canada,  The older, general southward
slope of the land was changed to a northward one.  Consequently
as the margin of the last ice sheet retreated northward, it acted
as o dam on the northward sloping country, impounding the
waters with the consequent temporary formation of large and
small lakes, in which were sometimes formed thick, lacustrine
deposits,  Some of the glacial lakes were very extensive. Such
a one was Lake Agassiz, occupying the low plain of Manitoha
east of the Manitoha escarpment and extending southward into
the United States, with a maximum area in the neighbourhood of
100,000 square miles,

A long succession of glacial lakes formed in the Great Lakes
region, at first draining southward, but gradually finding lower
and lower outlets to the eastward along the northward retreating
ice front.  Finally the ice retreated so far as to allow of the
advance of the sea up the St. Lawrence valley, at least as far as
the foot of Lake Ontario, and up the Ottawa valley some
distance beyvond Ottawa. During the submergence heds were
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deposited containing marine shells, ete., and similar deposits have
been found in the low country south of James bay, and in the
Maritime provinees, all pointing to the onece lower level of the
land.

With the final disappearance of the continental ice sheet, u
general upward movement of the north country was inaugurated,
and now the marine beds, in places, are found at elevations of
over 500 feet.  The upward rise is also indicated by the tilted

position of the older beaches and wave-cut terraces of the glacial

lukes, onee horizontal, but now rising to the north along in-
ereasing gradients,  The eastern country thus appears, in general,
to he re-assuming an earlier condition when the main  drain-

age of Canada was southward,
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GEOLOGY, AND ECONOMIC MINERALS OF CANADA 03
thirty-six miles, with a breadth of sixteen miles. This large igneous
body, with an estimated thickness of a mile and a quarter, rests in
a synelinal basin on upturned Huronian and Keewatin strata,
penetrated by granitie, gneissic, and basic igneous bodies. The
central part of the norite-micropegmatite body is covered by an
open, synelinal basin of stratified rocks, agglomerates, tuffs, shales
and sandstones, so that the ore-bearing norite outcrops as an
irregular, oval band, varying in width from a little over half
a mile to slightly more than four miles

Around the inner margin of the ore-hearing, igneous rock
that is, along the upper portion of the sheet-like body, the rock
is of an acid type, micropegmatite. Passing outwards, the micro
pegmatite is found to gradually change to norite, while about
the outer margin, at the lower part of the body, oceur the ore
bodies. There is a complete, though sometimes rather quick
gradation from norite to ore, so that in places the rock might be
termed . pyrrhotite norite.  While there seems to he very litth
doubt that the ore bodies are primarily of igneous origin, directly
derived by some process of segregation from the norite body
there is also evidence, at various places, of the former action of
a more or less active process of redistribution and concentration
of the metallic minerals

The ore bodies oceur only at the outer margin and in offsets
of the eruptive body, and for miles along the edge there is no
important break in the rusty band marking the presence of sul
phides. The presence of the gossan does not, however, always
indicate the presence of ore deposits of workable size, for, in
general, the ore bodies are confined to parts along the edge where
the norite projects outwards, either hay-like, or as a narrow, some
times discontinuous, offset or dike

I'he ore bodies in places reach an enormous size ; the Creighton
we body, for instance, situated on a bay-like projection, forms
a mass that, towards the surface, measured roughly 150 feet by
200 feet, and was proved by drilling to extend for at least 400
feet beneath the surface. The deposits are usually sharply de
fined against the outer edge, except where faulting, ete., may
have taken place, but on the inner side they gradually change to
norite

The second class of deposits, those formed along offshoots
from the main norite mass, may be exemplified by the body of the
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CHAPTER VII.
THE CORDILLERAN REGION.

GEOLOGY

The Cordilleran region in Canada embraces the mountainous

country bordering the Pacific coast, and having an average width
of over 400 miles. It is but a portion of a great mountain system
that, commencing in the south and extending northwesterly
occupies nearly the whole of Mexico, and stretches along the
Pacifie border of the continent through the United States and
Canada into Alaska In Canada, the region includes all of British
Columbia, parts of western Alberta, the whole of Yukon Territory
and a large tract in the adjacent western portion of the North
West Territories, an area in all of approximately 600,000 square
miles

The western mountain region of Canada, when viewed in
detail, appears as a complex assemblage of mountain groups
and elevated tracts apparently prohibiting an orderly description
But the presence of several broadly developed, though not always
clearly defined structural elements permits the drawing of a gene
ralized picture. Along the eastern front of the Cordilleras, the
Roeky mountains, with many peaks in the south rising to heights
of about 11,000 feet or 12,000 feet, form a fairly definite range,
extending from the International Boundary northwestward to
the Liard river, a distance of avout 850 miles. The range is bound
ed on the west by a deep, nearly eontinuous depression, composed of
a series of valleys oceupied in the south by the headwaters of the
Columbia and Fraser rivers, which empty into the Pacific, and in
the north by the tributaries of the eastward flowing Peace and
Liard rivers.

North of the Liard river, the mountainous country projects
eastwards for a hundred miles or so, and, designated as the Mac-
kenzie system, continues northwards, occupying a large, almost
unknown territory some three hundred miles wide between the
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between the Coast range and the Rocky mountains. This broken
more elevated belt continues north to the boundary bhetween
British Columbia and the Yukon. There begins a second plateau
region, known as the Yukon plateau, that stretches down the
! valley of the Yukon into Alaska, bounded on one side by the
Coast ranges, on the other by the Mackenzie Mountain system
The use of the term plateau as applied to this northern area is
much more appropriate than in the case of the southern area of
British Columbia. Though the country is broken by deep
vallevs sunk 1,000 to 3,000 feet below the surrounding country
vet evervwhere the uplands form broad, gently sloping areas
apparently remnants of a once continuous, plain-like region that
with a general elevation of 4.000 feet or more in the south

gradually deereases in height northward to 1,000 feet or less

The Cordilleran region, exeept in the far north, is largely a

forested country. In the southern interior, however, are wide
stretches of open, grass-covered hills and valleys, noted for their
fertility Various distriets have long been known to be rich in
mineral wealth, and new ones are constantly engaging attention
Large coal mines have been opened up at various points along
the Rocky Mountain front, where coal fields are known to occur
at intervals for hundreds of miles north of the boundary. Coal
mines have long been in operation on Vancouver island,  Other
coal fields are known to exist in the central interior of British
Columbia, and the Yukon Territory. The alluvial gold fields of
the Klondike are well known In southern British Columbia . re
the notable, immense, copper-bearing sulphide ore bodies of
Pheenix, the Rossland gold-copper mines, and the lead mines of
Moyie. These are but a few of the better known mineral de
posits, and whole distriets may be said to be rich in mineral
wealth, including ores of platinum, gold, silver, copper, lead
zine, 1ron, ete

The geological history of the Cordilleran region has been
complicated in the extreme. Various formations, ranging in age
from pre-Cambrian to recent, are widely displayed. At different
periods, and often over extensive areas, huge deposits of voleanie

matter were poured forth, while at intervals, immense batholitic
bodies of igneous rocks invaded and altered the strata. The
region from very early geological times appears, during successive

epochs, to have been affected by great earth movements that
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With the exception of the deposits so formed, no formation
lefinitely determined as belonging to the earlier Jurassic epochs
e known to oceur in the Cordilleran belt, where sedimentation
does not appear to have again commenced until late Jurassic

times

During the Jurassic interval, the Triassic and older messures
oceurring west of the site of the Rocky mountains were faulted
s At

eat hatho

and folded, and probably elevated into mountainous ma

whout the same time ok place the invasion of the

litie bodies forming nearly the whole of the Coast range, extending
dong the border of the continent for nearly 1,000 miles e

granmitic rocks of this range are doubtless not all of the same a

and vary muach in composition from hasie gabbros to acid granite

Possibly it was also at this time that many of the large plutonie
bodies of southern British Columbia formed ; though the evidenes
to the south, in the United States points to a Cretaceous age
ther I'hey are chiefly of granites, grano-d es and allied typw
nd arve largely confined to the central portion of British Columbia,
sottth of the main line of the Canadian Pacifie railway Probabl

they continue much farther north, concealed beneath Cretaceon
ind Tertiary measures, for they seem to be represented in the

northern part of the Provinee, and in the Yukon Territory

Before the close of Jurassic times, the deposition of material
had again commenced in the Cordilleran region, and continued
over inereasing areas, into Cretaceous times, In the southern
part of the Roeky mountains the Fernie shales, of late Jurassic
age, have a maximum thickness of 1,500 feet rapidly decreasing
eastward.  They rest directly on Carboniferous strata, and are
overlain by early Cretaceous beds, the coal-bearing, non-marine
Kootanie series, in places composed of 5,000 feet of shales and
sandstones.  In the Queen Charlotte islands a section of over
9,000 feet of stra

a, representing both the upper Jurassic and
lower Cretaceous, rests unconformably on folded Triassic heds
The section consists largely of sandstones and shales, holding coal
seams towards the top, and with a thick, intermediate, voleanic
group

Lower Cretaceous rocks also appear in southern British
Columbia, largely along the lower course of the Fraser river, east
of the Coast range. They sometimes attain a volume of 5,000

feet or more, but show rather wide variations in thickness and
16
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oceupy large areas. The sediments vary greatly in thickness, at
times vielding sections of 5,000 feet or more, and with them some

times occur beds of lignite,  Following the time of sedimentation :
came a period of voleanie activity, with the formation of beds
of tuffs and great sheets and flows of rhyolite, basalt, ete. In
places these voleanie beds are 5,000 feet or more thick, Frequently

they appear overlving the Tertiary sediments and extending

beyond them, filling in old inequalities of the ancient land surface '

Similar Tertiary beds occupy an extensive region in central

British Columbia, north of the main line of the Canadian Pacific

railway, and extend to the Cretaceous basin ecommencing about :

the headwaters of the Skeena river ‘
Though some voleanoes remained active during the Pliocene

period and until a very recent date, the Tertiary and more recent

epochs appear to have been, in the main, times of active erosion

of the land. During the periods from Miocene times onwards {

the Cordilleran region apparently was subjected to regional up
liftx and depressions, and mountain building processes may still be
expected in the Cordillera. In places the Tertiary strata have
been folded, and in certain districts in southern British Columbia

oceur large bodies of plutonie rocks of Tertiary age
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FABULATED DESCRIPTION OF SOME OF THE CHIEF MINERAI
DEPOSITS OF THE CORDILLERAN REGION

ELemEeNt CHARACTER AND MODE 0F O0oURRENCE
or Miner or Derosit Examrie
AL SOUGHT
Gold Alluvial gold in pre-glacial sands and gravels, and Klondike, Y .1
in more recent deposits derived from these Atlin, Cari
boo, BC

Auriferous mispickel with varying smounts of
copper and iron L.) rites occur in bodies replac
ing country roc along or near econtact of
igneous rocks of dioritic affinities and in a gan
gue of garnet, epidote, caleite, et Hedley, B o
Free gold with a little pyrite and some galena and
gine blende, in quartz fissure veins cutting Lardeau dis
earbonaceous phyllites triet, B.(
Free gold, argentiferous tetrabhedrite, galena, zine
blende, iron and eopper sulphide in quartz veins Lardeau di
cutting earbonaceous phyllites trict, B(
Free gold in sehistose pyritiferous diabase, and in
quartz veins holding mispickel, galena, and Poplar Creek
pyrite distriet, B¢
In copper-gold deposits.  See under copper-gold
Platinum . Native platinum occurring sparingly in  gold Klondike, Y1

placer deposits Pulameen riv
er, BA
Mereury Cinnabar in irvegular veins of ealeite and quartz
cutting Tertiary voleanies and also impregna- Near Kamloops
ting sandstones lake
Copper Magnetite, chaleopyrite und pyrrhotite in varying
gold woportions oceur in large bodies  replacing
'l' ogoie tuffs and limestone, in o gangue of

arnet, homblende, ealeite, quartz, ete, in
dghbourhood of bodies of granodiorite and Boundary di
Tertiary syenite triet, B.C
Chaleopyrite and pyrehotite with some pyrite and
mispickel, oecur in veing or in large bodies
replacing augite porphyrite near eontaet with
monzonite and in neighbourhood of bodies of
granodiorite and Tertiary syenite Rosslund, B
Chaleopyrite, bornite, pyrite, and pyrrhotite with “T'” mt., neat
a little ealeite in a fissured zone on or near con rinceton
t of sediments and monzonite
Chaleopyrite, pyrite, mispickel, and Illiluln‘llll'""l’l"”"' near
with ealeite in gones of fissuring in monzonite. Prineeton
and sediments 3.C
Chaleopyrite and pyrite with a little galena and
zine blende in small veins and lenses within a Britannia mine
mineralized zone in a quartz sericite sehist eut. Howe sound
by granitic body of Coust Range batholith BC
Chaleopyrite and pyrite with gal and zine
blende in a gangue of barite with quartz and Tyee mine, Van
caleite, forming flattened lenses in schist couver island
Bornite with subordinate chaleopyrite, a little
pyrite and pyrrhotite replacing limestone in a
gangue of pyroxene, gamet, and caleite, near Texada island
granite contact BC
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The depression was followed by an uplift of approximately
700 feet, that affected the whole region bordering the Yukon
from the Stewart river northward to the Alaska bhoundary and
bevond.  The upraising of the distriet gave new life to the streams,
causing them to deepen their channels, usually along the course
of the old valleys, until now they have eut through not enly the
older gravels, but down into bed-rock to a depth of from 150 feet
1o 300 feet.  During the carving of the present vallevs, the process
was, ot times, arvested, and roek benches eut and floored with
gold-hearing gravels; in pl
The more recent lower ereek gravels are also auriferous, and it

w these are still partially preserved.

was in them that many of the fabulously rich elaims were staked

The White Channel gravels, standing at higher levels than the
recent stream deposits, are still largely preserved. They are
composed chiefly of rounded boulders and pebbles of quartz,
embeddedin a matvix essentially of sevicite seales, and fine, angular
quartz grains.  The gold they bear, and the quartz they are
so largely composed of, were probably all derived from the breaking
up of the slightly auriferous quartz veins so abundant in the
distriet.  The gravels of the present stream beds, and of the

terraces, arve largely composed of fragments of s, ote., de-
vived from the country rocks, while their gold contents have
heen obtained from the older, White Channel gravels, whose age
must date back at least to the Pliocene.  The gold in all the
gravels is irvegularly distributed and often largely concentrated
in pay streaks. It always oceurs on or near bed-roek, either in
the lower five to six feet of gravel, or sunk for some distance in
the bed-rock itself.  The gold is commonly coarse and the grains
quite often angular and sometimes ervstalline

The placer deposits of the Atlin and Cariboo districts are,
in a way, analogous to those of the Klondike, since the gold-
bearing gravels are of two periods, and the present streams, in
general, lie in the hroad valleys earved by the older waterways,
In both distriets the older auriferous gravels are pre-glacial in
age and are sometimes heavily buried by glacial drift.  The gold
contents of the younger, post-glacial deposits seem to have
been derived from the older gravels.  Gold-hearing quartz veins
oceur in both distriets, thus furnishing a possible explanation of
the origin of the placer gold.  Other placer districts continue
to furnish a small supply of gold, and new diggings will no doubt
from time to time be discovered, especially in old pre-glacial valleys.
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abundant at the same time.  The chalcopyrite is usually disse
minated in points and small stringers, but also ocenrs in masses
of considerable size. In 1908, the average values contained
in the 855432 tons of ore produced by the Granby company
were: caopper, 1171 per cent; gold, 00503 ozs., and silver, 0+ 2865
OZs., per ton

The Boundary deposits ave generally characterized by their
lack of secondary concentration.  In places, however, as at the
head of Copper ereek, oxidation and secondary concentration have
taken place, and at the sudace, hematite and limonite oeewr
with malachite, nzurite, cuprite, native copper, ete., while deeper
down and within masses, appear chaleopyrite and bornite, and
below these the unoxidized deposits

The muin mines of the Rossland camp, which during its
comparatively short active history of about fifteen years has
produced about 840,000,000, are situated near the contact of
a body of monzonite and & wide band of augite porphyrite intruded
into a group of Carboniferous sediments.  The deposits of the Le
Roi, and War Eagle, lie within the augite porphyrite body. The
main ores consist of pyrrhotite and chaleopyrite, with small
quantities of pyrite and arsenopyrite, and oceasionally a little

magnetite.  Free gold occurs and may constitute as much as
fifty per cent of the total gold value,

Typical ore consists of country roek more or less altered,
containing seconds

biotite, ete., with quartz and, in some places,
caleite, and cut by reticulating veins, irregular masses and im-
pregnations of the sulphides. There are transitions from typical
ore to solid sulphides, or to rock matter, or to gangue with little
apparent mineralization but carrying values. In the early day
the ore averaged 3 per cent copper, 1} ozs.

of gold, and 2 ozs. of
rage range from 07 per
cent 1o 3-6 per cent copper, 0-4 oz to 1-20zs. of gold, and 03
oz, to 2+3 ozs. of silver per ton.

silver per ton; but now the values on an ave

The ore occurs in (1) fissure veins without any accompanying
replacement of the country rock; (2) in zones of shearing in which
the ore oceurs in a network of veinlets eating into and replacing
the country rock; (3) in irregular impregnations of the country
rock.  The last class is the least important. The transition
from pay ore to waste is usually rapid, and pay orve is generally
localized in shoots varying in width up to, in exceptional cases,
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disseminated pyrite, chaleopyrite in small masses and lenses,
and a little galena and zine blende. At the surfuce small amounts
of secondary bornite and covellite oceur. The ore is essentially
low grade, but besides copper ecarvies several dollars gold and
silver to the ton,

Many copper deposits are known at various places on Van-
couver island.  The most noted is that of the Tyee mine now
largely worked out.  The country rock is a schist representing
a metamorphosed sediment possibly of Mesozoie age.  The depo-
sits oceurred in fattened lenses following the strike of the foliation
of the enclosing schists.  The ore bodies appear to have been
greatly elongated: one had a maximum width of 50 feet of cles
ore, and a mean width of 20 feet for a depth of at least
150 feet. The ore consisted of chaleopyrite, pyrite, galena,
and zine blende, in o gangue of barite with some quartz and
caleite.  In the case of about 220,000 tons of ore, the average

contents were: 4+5 per cent copper, 7 per cent zine, and 3 ozs

of silver, and 0«14 oz, of gold per ton.

Other copper deposits oceur on Vancouver island, such as
those on Sooke inlet.  There the ore oceurs along zones of shearing
within a gneissic diorite.  In the case of one such zone, having
a width of 200 feet and tr ble for at least 4,000 feet, the country
rock is traversed by innumerable quartz stringers with sulphic
of iron and copper, usually in small patehes, s occasionally in

small veins and lenses.

Another elass of copper deposits found o Vaneouver island
is such as that oceurring at Mount Mala! where sulphides of
iron and copper, with considerable mag e, oceur with various

contact minerals in limestone near the contaet of dikes and bodies
of granitic rocks,  Similar deposits oceur on Texada island, and
are deseribed under the heading of iron.

Near Van-Anda, on Texada island, there are considerable
copper deposits, such as that of the Marble Bay mine. At this
wine the dre body lies in a zone of breceiation in erystalline and
semi-erystalline limestone,  From the surface to the 260 foot
level, the ore oceurs in subordinate shoots, but from that level
down to the 771 foot level it forms a continuous body, varving
in length from 70 feet to 205 feet, and in width from 5 feet to
45 feet.
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The ore is bornite with subordinate chaleopyrite and a little
pyrite, pyvrrhotite, molybdenite enclosed & gangue of pyroxene,
garnet, and caleite.  The ore is finely disseminated through the

pyroxene or oceurs in rather large, pure masses with caleite. The
deposit is believed to be of pneumatolytic origin, and probably
formed during the period of intrusion of the Coast Range
hatholite. The ore is high grade, the shipping ores averaging
N per cent copper and $10 gold per ton

SILVER-LEAD.

Since silver and lead, as found in the Cordilleran vegion, are
usually closely associated with one another, it has seemed hest
to combine the deseriptions of the deposits of these two metals
The same deposits also have afforded a certain amount of zine,
the amount produced varying with market conditions.  Almost
all the silver and lead produced in the Cordilleran region comes
from southern British Columbia, mainly from the southeastern
part of the Provinee. In 1907 the total production of lead in
British Columbia was 47,738,703 pounds, and above three-quarters
of this amount came from the Fort Steele district, in East Koote
nay. In the same year the amount of silver recovered in British
745,448 ounces

By far the largest single producer of lead is the St. K
mine, discovered in 1895 near Moyie. The ore bodies lie in o

Columbia was 2

nearly vertical fissure zone, outeropping for a vertical distance of
above 2,000 feet on the side of a steep hill.  The country rock
is 0 quartzite of Cambrian or pre-Cambrian age.  The fissure zone
consists of two main, roughly parallel, fissures, two to three hun-
dred feet apart and connected by cross veins. The ore consists
chiefly of argentiferous galena with some zine blende and a little
pyrite.  During a considerable period of time the ore averaged
about I8 per cent lead and earried about 6 ounces of silver.  The
gangue is usually country rock with some quartz,

The ore bodies are irregular in distribution and shape, but
have a general lenticular habit. They lie along the courses of
the main and cross veins, and more particularly at the junction
of the two sets, where masses of ore up to 60 feet in width
oceur.  In one instance solid ore continued along a drift for ¢
length of 1,000 feet. In height some of the lense-like bodies
reach 50 feet to 150 feet,
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THE GLACIAL PERIOD IN CANADA
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the glacially transported material and the markings on the often
polished and grooved rock surfaces, the ice sheets moved outwards
in all directions, scouring from the surface of the country its
disintegrated material, and wearing down the exposed rock sur-
faces.  But, though the general movement was always outwards
from the glacial centres, locally it was often guided by outstanding
physical features, excepting, perhaps, during the periods of
greatest ice development,  Whether all these glacial sheets were
contemporaneous s, perhaps, not definitely determined, but it
at least is certain that they reached their maximum development
at different times. Thus there is evidence to show that the Kee-
watin glacier once oceupied tervitory afterwards covered by the
Labradorean, and that the ice tongues from the Cordilleran had
retreated from the plains before the Keewatin glacier reached
the foothills,

The results of glacial action in Camada are evervwhere shown
by the presence of boulder clay. moraines, eskers, ete. These
deposits, though frequently containing material drawn from far
distant sources, are often largely of local composition. In the
southeastern portion of Canada, where the relief of the country
is low, and the energy of the glaciers was taxed with its load of
debris, the evidence goes to show that the erosive power of the
glacial sheets was largely confined to the removal and redistri-
bution of the previously existing soil, and the outer, more weuth-
ered portions of the rock surfaces.  In the mountainous distriets
of the west, on the other hand, the destructive aetion of the
glacial ice appears to have been incomparably greater, There
the presence of ** hanging valleys ™ indicates that the ice sheets
wore down many of the main valleys for depths of many hundreds
of feet,  In the more northerly portions of eastern Canada, where
the energy of the ice sheets would be greater than in the south,
erosion is also likely to have been important.

The glacial epoch did not consist of one general advance,
followed by a simple retreat and disappearance of the ice sheet,
Instead, there appears to have bheen a number of invasions separ-
ated by considerable intervals, and as many as six such invasions
have been recognized. The evidence of these distinet invasions
is furnished by the unconformable superposition of sheets of drift
on one another, by the effects of weathering visible on the tops
of different layers, and by the presence, between till-sheets, of
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soil, sand, gravel, ete., containing plant remains,  In some cases
the plant remains of the interglacial deposits, such as those near
Toronto, indicate that during the interval the elimate of the region
was milder than that of the present day, and this has led to the
conclusion that during some of the interglacial intervals the ice
sheet may have largely or completely disappeared

Though the whole of eastern Canada seems to have heen
buried beneath ice sheets, it is not certain that the Labradorean

glacier ever oecupied the whole of the country east of the St

awrence,  The evidence, indeed, seems to indicate that parts
of eastern Quebee and the Maritime provinees were oecupied by
distinet glacial sheets extending from one or more loeal eentres
The results of the aetion of the iee of the glacial period in
many ways profoundly modified the pre-existing drainage fea
tures.  Great deposits of glacial debris in many instances filled
up the older drainage courses, ponded back the waters, and cansed
the developient of new water courses and the formation of lukes
In many districts a mature drainage system was partly or largel
changed to a juvenile one, now expressed by lakes, rapids

Preceding, or during the glacial epoch, there seems to have

anld

oecurred a widespread, downward warping of the northern countn

central and eastern Canada.  The older, general southwand

ipe of the land was changed to a northward one Consequent|
as the margin of the last jee sheet retreated northward, it acted
as a dam on the northward sloping country, impounding the
waters with the consequent temporary formation of large and
small lakes, in which were sometimes formed thick, lacustrine
deposits,  Some of the glacial lakes were very extensive, Such
a one was Lake Agassiz, oceupyving the low plain of Manitoha
east of the Manitoba escarpment and extending southward into
the United States, with a maximum area in the neighbourhood of
100,000 square miles

A long succession of glacial lakes formed in the Great Lakes
region, at first draining southward, but gradually finding lower
and lower outlets to the eastward along the northward retreating
ice front.  Finally the ice retreated so far as to allow of the
advance of the se

up the St. Lawrence valley, at least as far as
the foot of Lake Ontario, and up the Ottawa valley some

distance bevond Ottawa.  During the submergence heds were
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