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GENERAL STAToMENT.

The area discussed in the following revort
embracss one of the most rugged vportions of the Coast Hange
in British Columbis, 2 mountain mass which is almost entirely
comnosed of Plutonic rocks which range from granites to
gabhros in composition, Wumzrous marine passages and flords
intersect this district in = most lahyrinthine manner, and
from g study of their exceptionally stesp and rock-bound
shores the more important geclogical relations of the district
may bhe readily deduced. These natural and well exposed
sections, extending into the vsry heart of this mountain range,
afforded an excellent opportunity for gecloglical observations
whieh, it is hoped, will contribute to & more comrlete knowe
ledge oI certain problems that are of interest to pure science,
and of an indirect byt distinet sconcomic bearing.

Tthe study of details was linited chiefly to the

geological relations of those areas whers prospscts were



located, or wherse minin: devslopment hed heen carried on.
Since ths nineral dsrnosits of economic value within this
district are restricted to the stratified rocks and to their
contact with the intrusive igneous mass of ths CQoaczt ERange,
the geoloziczl map, which has been prepared on a scale of

4 miles to 1 inch, should prove an ald to prospactors.
Zxcellent stone for buildiny or ornemental surnoces, and
matsrials suitable For the mesnufacture of bricks ard cement,
occur in certein localitiss, and thess will be important
assets in the future development of the region.

The prssent revort ﬁust be coneidered as of s
preliminary naturs, since areazl mapping did not psrmit much
time to e devoted to detailsd study. Tuture field work
will unéoubt=2dly reveal many new ninor features vhich were
not seen, and devzlop many important onss which zre only
briefly referred to. Somgz of the main geologziczl problems
presented by thisz area and treatsd in this resport sre,-
the petrography of the ignsous rocks of the Coast Range,
the methods by which overlying strata are invaded by so vast
a mass of once molien rock, and ths regional and contagt

metamorphism of the stratified rocks. In addition to the



broad physiographic relations of the reygion, certazin interest-
ing types, such as fiords, hanging vslleys, etc., are
described snd their origin discussed.

The author wishes to gratefully acknowled(e his
indebtedness to W.F. Robertson and H. Garmichael of ﬁhe
British Columbia Hining 3ureau for information concerning
certain portions of the region, and Tor couriteous assistance
in procuring necessary maps. 1t would bhe difficult to
mention individually the prospzctors, mine owners and opers-
tors, and the men cngeged in lumbering, who facilitated either
[+)'2 1nfermation or ctherwise, the work in the fisld. ihenks
ars eapecially due to Jdessrs. A. srent and J. Raper of iMarble
3ay, iexads island; 4ie8srse. Jo.3. thompecon and J. Lpencer of
gopper Cliff; - J. Cameron and C. Lynn of Jranite Bay, veldez
Island; and Z.4. Wyliz of Reade is;ana.

the work outlined in this bulletin is & continua-
tion of that carrizd on, during the previous summer, in the
ad jacent sres to the south, by Mr. C.i. Leroy. The methods
of field work adoptad wers similar to thoss ilnaugurated by
him. The geological mapping was confined mainly to the

shore 1line, and thz suxiliary geasoline launch, " lhz Dawson”,



again froved most efficient. The fiords snd channels form
such an intricate network that by following ths coast closely

a good conception of the geology of the unexplored central
parts of ths islsnds and inter-fiord belts may reasonably be
conjectured., A wesk less than three months was spent, during
the summer of 1907, in actual Tield operations within this
ares. ¢tne thousand, five hundred and forty miles of cozast
ware examined, six hundred and eizhty of this being mainland,
end ths remaindsr representing the extent of shore line pre-
sented hy the numerous islands, Ghe zeolozical map accompany-
ing this report is hased upon the Admiralty cherts, which

were reduced to 2 scale of four rilss to the irch. The chaprts
proved to be accurate to scals in the dslinsstion of the shore
line and the téﬁcgraphy.

In the field, the writer had the adventage of the
able assistance of Mr. K.P.D. Graham, M¥.Sc¢., Lecturser on
Mineralogy in ¥ecGill yniversity, who most efficiently applied
himself to svsry phass of the work., The office work was
exscuted in the Petrographical Laboratory of Me3ill University,
and the author's most grateful thanks are due to Dr, F.D.Adams,

F.R.3,, Tfor his instruction and valuable advice.



GEOGRAPHICAL POSITION AKND AREA.

The most southern portion of the area brought
within this report is the mouth of Powell River, which enters
the Gulf of Jeorgia nearly opposite the northern end of
Texada Island and sixty-five miles north eof the eity of
Vancouver. From Powell Kiver, geologlczl mapping was
carried northward to the entrance of Kingcome Inlet. The
general trend of the coast is hers K 5°° W, corresponding to
8 line drawn betwsen these points, and along such 2 line the
distance travsrsed was 112 miles. the district, which was
examined, is enclosed by hesvy dotted lines cn the sketéh
map upon ine opposite page. The total land area thus
represented isg approximetely 2600 xkX¥es sduare miles, of
which the islands comprise about 850 éQuare milss.

The aresas of the following islsnds were measured

by using & planimcielr:-

Isiend, Squars Miles,
Gilferd 9s
South Veldes 70

{or Quadra)

Wést Redonda G4



Island.
North Valdes

Square Miles.

Islan

e et

FEast Vsldes

Square ‘iiles

(or Sonore) 42 (or #aurelle) 17
¢racrof't 38 Hardwicke 16
gortez 35 Resd 15
gast Redonda 28 Turnour 15
Bast Thurlow 25 Harbledown 10
Vest Thurlow 18
Istimeted area of other islands included 0.

The many waterwsys, sheltered from the swwlls

of the adjoinin; ocean, parmnit a ready zccess to this resion

by boat.

Steamars ply regulsrly from Vancouvsr, but their

course changes with the veriable develonmsnt of the logring

industry.

HITTORY.

Jeneral Historv.,

The earliest knowledge that Suropsan nations
vossessed of this portion of the coast of British Columbise
ijs associeted with the nsmz of a Grecian mariner, Apostelos

velerisnos or Jusn de Fucs, as hs was called by his comrades,



who was employed in exrloration under ths Spanish flag.
During the latter p2rt of the sixteenth century, he raenorted
that on the west coast of North America, hetween the 47th.
and 48th. parallels of latitude, hs had discovared s broad
arm of the sea extending into the continental mass. He
claimed to have sasiled within this 1n1ét for twenty dasys,
eventually coming forth into 2 broader sez, which he would
have a2=nlored but Por the ssvage nature of the Indians. udany
mythi cal tales wore abroad =2t that time, and nossibly this
story was a product of the hi hly imazinative mind of an old
sea~dog; but if 2 guess, it was a remarkable ons, since fronm
the description of his véyage he msy h=2ve followed the
cheltered passages which ssnarate Vencouver Island ©rom the
mainland.

This stetenent w2s snnounced nt 2 tine Then the
hope yet existed of di=scovaring 2 ch2rnsl which would connect
the Atlsntic and the Pacific, and thus esterblish a dirsct
route for trede with the Far Zast. Although, in the meentime,
the Hudson Bay Company had sxnlorsd much of thz west coast,
it was not until the latter rart of the eishtzenth century

that the interest of the f2ritish government wes sufficiently



aroused to coilect cerinite information for itself. Iin 1778,
vaptain James Cook 7was despatched to¢ sail along this coast
Trom the 45th. to the ILth. degrss of latitude, zrnd to exnlore
all inlets north of the latter parallel which appeared to
point towzrd Hudscn Bay. Cook searched fcr the 2rn of the
sea described by the Urcsk. dbut, failins to find it, gave

the name of Cane Flattery to the projecting headlend which
marks 1ts esnirance at 46°5' latitude, and s=ziled northward
alon; the west coast of vancouver Island. In the sccount of
nis voyage® he relsties that,- "In this latitude geographers
"have placed the pretended Strait of Jusn de Fuca, but nothing
"of that kind presented itself to our view, nor is it possible
*that any such thing sver existed.* iither the reékcniﬁg

of the Gresk was slishtly wrong, or his imaginetion was, by
ghance, almost correcti, for hse had stated that such a strait

existed between the 47th. and 48th. parallels.

Protlock's Voyeges, page 835, Chapter on "Ceptain gook'e
ihird and Last svoyage';
or, Gook's ¥Yoyages, Vel. II., nasse 1783.



In the years which followed this voyarse of
Captain Cook, several mercantile snterprises were directed
toward the wasst coast of North America. In 1787, Captain
3erkeley, an English seaman sailinr under the Portuguese
flag, discovered a passage immediately to the north of
Capre Flattery. In the follovin, year its existence was
verified by Captein John Mearss, who name& it after"its
orizinel discoverer, John de PFuca". One of his bobats
entered this Strait of Juan de Fucsa, and, sailing north-
eastward for thirty leaguses, took formal possession of ghe
surrounding lands in the name of the King of Znzlend. They
would havs proceeded farther, but the hostility of the
natives forced them to return. Meares reletes that he
communiceted his discovery to the cantain of "The Washington",
2 treder employed by & London firm, who completed thé:
voyage through this strait, and sailin: "through a ses that
extends upwards of elght degrees of latitude" returned to
the Pacific Ocean, probably to the north of the Queen
Charlotte Islands. Of this exploit Heares writes,-
"The track of this vessel is of great moment, 2s it is now

completely ascertained that Nootka Sound end the parts
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ad jacent are 1slande"”. ! This was the first authentic
voyege which demonstrated the existence of a2 Vancouver
Islend.

Difficulties soon arose between Zngland and
Spain concerning trade relations and the ownership of the
land upon this coast, In 179°, in order to settle the
dispute which had arisen, Captain Jeorge Vancouver, &
British navel officer, was commissioned to meet Spanish
repressntatives in thsese waters. He was 8lso instructed
to explore the coast between the 35th. and 60th. degrees
of latitude and to continue the search fbr an inlet which
would extend toward the Atlantic. The 8vanish relinauished
their claims to exclusive rights of trade, snd the terri-
torial dispute was amicably settled?ﬁ » Likewlise, after
repeated disappointments, Vancouver abandoned the hope of
ever finding o passage which would connect the Pacific ana
Atlantic oceans. It was Vancouver who made the first
examination of the greater part of the shore line presented

by the area considered in this report. He named and made

1 leares' Voyages - in © Volumes.

*2 The Nootka Sound @ontroversy, by W.R. Manning, University

of Chicago Press 1908K.
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preliminery surveys of meny of its more important channels,
inlets and islands?l

For sixty-five years after Vancouver made this
msmorable voyage, the fur trader continued to hold supreme
sway upon this coast, Sir George Simpson, Governor-in-
Chlief of the Hudson Bsy Company's territory, gives a short
description of his voyazes through these waters in the yeer
1841?9 No further surveys were made until 1Rf57, when &
commission was appointed to determine the boundary line
between Cenada and the United States smong the islands in
the Streit of Juan de Fuca. Between the years 1857 and
1862, Captein 8.H. Richards®°conducted surveys from the
entrance of Juan de Fucs strait to Bute inlet. From 1843
to 1865, Captain D. Pender surveyed the mainland coast from
Bute inlet to Quesn Charlotte Sound. The information
obteined from these early explorations hes been incorporated
with that derived from more recentoidmiralty surveys to

make a most trustworthy Pilot Book®%, in which a detailed

Vancouver's Voyages. Vol. Ii.

> "An Qverland Journey Round the World", during the years

1841 and 1842, by Sir Geo. Simpson. Dpp. 106-117; 136-145.
British Columbla and Vancouver Island, by Commander R.C.
Mayne. 186°2.
British Columbia Pilot. Third Edition. 190s5.



geographical description of the coast of British Columbia
and vancouver island mesy be found.

In 1793, the year after the voyage of Vancouver
and twelve years before the celebrated Lewls and Clarke
expedition in the United States, Sir Alexander WcKenzie¥l
coming from the eastward made the first recorded Journey
from ocean to ocean. Coming up the Peace River, he then
treversed the mountain barriers of the west, arriving on
the coast at Bella (Coola. In 1”06 cSimon Freser, while
under the impression that he was going down the Columbia
river, entered the waters of the Pacific by the river thet
now bears his name. Numerous expeditions followed, but
it was in the years succeeding 1867 that a diligent &earch
was made for passes which would be suitable for the construc-
tion of a railway.

iuch attention was directed at that time to the
edventeges of Jute inlet as a terminus for the road® and
later to the possibility of connecting Vencouver Islsnd and
the mainland by bridging the narrow and rapid waterways

#1 journal of & Voyage through the North-west Continent of
North America, by Sir Alexander McKenzie. FPFirst American
edition, 1R02; p. 248,

*¥” Qverland Route through British North America, by Alfred

waddington, 1868. (Longmen, Green,&c. fiondon.)
Revort of Surveys, Canadien Pacific Rallway. 1R77,pp.l188-173.



Thich separate them from the intervenins Valdes 1slands?1

Waddington gives & concise description of the valley of
the Hornalko River, which enters at the head of Bute inlet,
and which offers the most feesible route for passage through

that portion of the Coast Ranze included within this report.

“ining Devslopments,

¥ithin this region, mining has received dbut
little attsntion, except in a limiyed district about
Philipps Arm. In some localities near the shore numerous
claims have beer staked out, but in very few cases have they
been developed beyond the stage of prospects. In some
promising arees practically no development work has béen
carried on.

In the history of British Columbie, the year
1857 was signalized by the discovery of gold slon: the North
Thompson and Fraser river. It was in the following year
that the first prospecting within the area discussed by this
reovort was recorded. At that early date, Mr. William Downie

*¥1 Canadian Pacific Railway Routes, by W.F.Tolmie,M.P,P.,, 1R77,
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reported the presence of black sands in the alluvial dsposits
of the Hornslko river, and veins of pyrites from Bute inlet
and the vicinity of Desolation Sound?l
Previous to the year 1888 very little prospecting
had been done, but in that yeer the district about Philipps
and Prederick Arms end ad jacent portions of Z. Thurlow and
N. Veldes islands came into prominence. A shipment was
made to the Tacoma smelter which gave returns of §$31.20 per
ton’f2 During the following year, the absorbing attractions
offered by the discovery of gzold in the Klondike caused the
development of these claims to be postvoned. fany prospectors
passed by on their way northwards to the Yukon, while some
of the late arrivaels stopped to investigate the mineral
resources of more accessible arees alongz the coast. The
years 18968 and 1899 were marked by great mining excitement
in the Philipps Arm district, and a stimulus was given to
prospecting throughout the whole area. Many claims wsre
staked and actual mining operations were begun upon some of
then. The Dorathe dorton, situated west of Fanny’Bay on
1 "British Columbia and Vancouver Island", by R.C. rayne -
See Aprpendix, p. 447 - "keport of Mr. Downle to Governor

James Douglas.”

%2 British Columbia Minlster of iines Report 1896-98, p. 554.
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Philipps Arn received the most thorough development. gxten=-
sive preparations were mad: for treating the ore. A
Blzichsrt tramway, 1> miles long, was built to carry the ore
from the mine to & Blake crusher, 10 stamp Yorison High

Speed mill and Cyanide plant, which were sgrected on the

shore of PFanny Bay. From December 1798 to (Octobsr 17220,
twelve to fifteen thousand tons of ore were crushed and
trecated by the cyanide process, which gielded $£90,000 in

1 The mine was then closed, the

zold and silver bullion.
unfortunate resason being that the operators had "exhausted
"all the ore thsy could find, snd in doing so found that the
"nature of the dzsvosit was such as to preclude the possibility
"of its turning out & mine in the true ssnse of the véord."§2
Extensive work was done upon other claims, small
shipments being made from some of them; but when the Doratha
Morton shut down, operations were soon suspended upon the
larger number of the properties in the district, Work

progressed on the Blue Bells, which is situated on Prederick

Arm, and on the Golossus group of claims on Estero Basin.

"l British (olumbia Minister of Mines,Revort, 1799, pp. 200

and 808.

*®?2 British Columbia Minister of iines,Report 1899, pp.798-200,



on the former, a tramway to the shore was constructed, and
in 190? a trial shipment of ore was sent to Tacoma, which
returned $13.50 per ton in zold and silver. When the
writer visited this district in 1907 211 mining opsrations
had ceased. The extensive equipment of the Doratha Morton
and the tramway of Blue Bells were in a2 sadly dilapidated
state, shafts were full of water snd some of the tunnels
were impassable because of fallen rock.

In certain locelities, outside of the Philiops
Arm district, minin: on & small scale has been cerried on
within this erea. In 1892, the Elsie minerel clein weas
staked on the north shore of W. Redonda Island. In the
following yeer, 625 tons of excellent magnetite were shipped
to the Cswego Iron and Steel Company's furnece in Qregon;xl
but after this shipment work ceesed.

In 1906 development work begern upon a number of
copper claims on S. Veldes island; in the summer of 1907,
this islend was the centre of the only mining activity within
the whole area. Rapid progress was bein; made upon proper-

ties at Copper Cliff, Gowlland Harbour, and in the viecinity

¥1 British Columbia Minister of Mines - Revort 1901, p.1113.



~17-

of Granite Bay. From Coppsr {liff fe several small shipments
had been made which gave very satisfactory returns.

For a description of the nsturse and geological
relations of these and other mineral properties included by
this bullstin, the reader isg referred to the last chepter

which deals with the economic geology of the re-ion.

Previous Jueoclozicai Work.

Farlier geologzical investipgation of a systematic
nature, within this erea, is conflined to the reconnaissance
trip of Dr. G.d. Dawson in 1lRu5, zmoodied in his "Report
on the Norithern Part of Vancouver Islsznd and Adjacent Ccasts"?l
which is accompanied by a geological map on the scale of
eizght miles to the inch, is s descrintion of the geology of
rortiona of the mein coast end of many of the islands which
lie between Vancouver Island and the meinland. 1he shore
linega of the largsr number of the islands included by the
present report were examined by him, as well as the mainland
between Loughborough Inlet and €all Crsek, and in the vicinity

of Malaspina Inlst. In 1R768, Dawson made a hurried trip to

¥1 Am, Rep. Can. Geol. Surv. 1888, Part B, rp. 129.
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the head of Bute Inlet, and published & short description of

some of the geological features which he observed en route.*l

o
In the reports of the Frovinciasl Bureau of Mines*', occasional

brief references ere made to the gzeology of certain districts
in which minerel claims heve been located. ihe greeter

pert of the area, however, had not been investigated previous-

ly from e geological standpoint.

On the Superficial Geology of British Columbias,by G.i.Dawson
%l ¢.J.3.5. Vol. XXXIV. 1877, pp. 89 - 1°3.

*2 British Columbia Minister of Mines - Report 1808, pp.113R
and 1142,

British Golumbia Minister of Mines - Report 1901, pp.l105
- 1116.



The western border of the continent of North
America is justly renowned for its mountain ranges, which in
their length and bresadth, 2lthough not in altitude, represent
the largest mountainous area in the world. On the 49th.
parallel of latitude, thig "ses of mountains"‘has a width of
450 miles. In spite of the repested protests of zeologists,
the term "Rocky Mountaiqg" is even now occsesionslly apnlied
to the whole of this great complex of mounteain systems
which lies bstween the prairics on the east and the Pacific
Ocean on the wast. In reality mountains are included within
‘this belt which came 1nto existence at different geological
periods, which are not characterized by similarity in rock
composition nor uniformity of structures, and hence have
responded so differently to Nature's agents of erosion that

.

each range or group possesses charms of scenery peculiar to

itself. This wide mounteinous sresa should be called "the



North American Cordillera", or "the Cordilleran System" ' @
name which implies that they consiitute & femily of mountains
which are merely geographically related. From east to west
the members of this Cordilleran System ara*?-
1. The Rocky Mountsains.
?. 7The joid Ranvac,
3. ‘The Interior Plateau.
4. 1ne Coast Range.
5. 'The Vancouver System.
1the Rocky uountains provsr form the western
boundary of the prairie region, and near the 49th. parallel
of latitude have an average width of 80 miles. They are of
comparatively recent origln, having strate within their
structures which belong to the Laramic¢ period. The serrated
nature of their crest lines, the massive pyranidal and roughly
prismatic forms of certain isolated pesks, and the impressive
alternation ¢of the colours in their reistively thick component
strate distinguish them from the other western mountains,
¢én the west, the Rockiss are separated from the Jold Ranges
#1 The Nomenclature of the Korth American Qordillsra
Between the 47th. and 53rd. Parallels of Latitude, by

R.A. Daly. The Geographical Journal, June 1906,

#2 The Physical Geography and &eolcgy of Canada,by G. .
Dawson. Handbook of Caneda, (Toronto) 1897. pp. 48.



by "the Rocky Mountain Trench®", a narrow but most persistent
depression, 800 miles in lenzgth, which is occupied by the
headwaters of' the Kootenay, Columbia, PFraser, Finlay, Parsnip
and Kechika rivers.

The term "Gold Ranges™ as used by Dr, G.M. Dawson
includes the ad jacent and more complicated mountainous 2zone
on the west side of the Rocky HMountain trerch. They embrace
several range unite such es the Selkirk, Purecell, Columbis,
Cariboo and Omenica nmountains, which have common geological
structure and age and may be sepa2rated from one another by
distinct boundaries. These are the oldest mounteins in the
North American Cordillera and are essentislly composed of
altered Pre Cembrian sediments and granite, together with
thick formetions of the Qambrian 2nd Silurian periods, which
are frequently hi -hly metamorphosed and much contorted.
Representing, as they do, the most encient sxis of elevation
in the region, they have been subjected to 2nd modified by
the mountain~making stresses which have produced a1l of the
nore recent neighbouring mountain systems.

Stretching betwesen the Gold Ranges on the east

and the Coast Range on the west liss en area with an average



width of 100 miles, which also appzals to the traveller as
being mounteinous althou:h to a less de:ree. On climbing

to the top of one of thess mountains, it is found that no
sharp peaks occur but irregularly rounded, dome like, or
comparatively flat topped summits, which hsve so uniform an
elevation that a level sky line it prgsented to the sye.
Between the latitudes of 49° egnd 55°30', where the altitudes
ere higher, they have en averagse elevation of 3500 feet.
Northward towards the Yukon, the elevations are more
moderate, 2000 to 2200 feet. They are not true mountains

in the sense thst here has been & concentration of force in
the earth's crust producing elevation along a certain axis,
or by the formation of domes. O0On thas contrary, they are to
be explained by 2 broad and gentle uplift of & once level
eree to the present height, and since that uplift the streams
and rivers, aided gzreatly by Pleistocene slacial conditions,
have so deeply entrenched themselves into the old surface
that the interstream areess have become sufficiently prominent
to be celled mounteins. They may well be described as
mounteins of circum-denudation. This region is known as

the belt of Interior Plsteesus, and extends from the 49th.



parallel of latitude far northward into Alaska, being inter-
rupted only between the 55th. and 56th. degrees of latitude
by the Babine and associated mounteains. Although in certain
parts thes strata are flat, within this ares the dips range
through every degrec of inclination to the vertical. Almost
irrespective of rochk composition or structure the summit

levele are remarkebly accordant.

The Coast Range.

West of the Interior Plateaus the rugged ¢oast
Range borders the Pacific Ocean for & distancs of 900 miles,
extending in a2 fN.n,.W. direction from the Fraser river valley
on the south te the head of Lynn (anal. It continues north-
ward passing behind the St, klias range of Alaska, where it
gradually blends with the Interior Plateau at Lake Kluane in
longitude 138°30°', neer the boundary line between the Yukon
territory end Alackse. In southern British Columbis these
meuntains maintain & width of about 100 miles, which diminishes
to ebout 50 miles &t Lynn (Canal. It i8 not, however, essy
to essign definite boundary lines tc them, Tor they shade off

into Interior Platesu conditions on the east, and are closely



related in their geological and physiogrephic development to
many of the islands on the Pacific coast. The length and
breadth of this range is coincident with the main portion of
the great series of b;féoliths, composed of granites, dio}ites,
gabbros, etc., of remarkably uniform texture, which were
intruded probably during 1lhte Jurassic time.

These vast intrusions, althouzh very resistant
to the action of the various agents of erosion, have bheen
chiselled into most massive forms. It is impossible to
delineate any axis or axes of elevation*l for this mountainous
zone, since the range has been broken into irregular groups
of mountains by fiords and prominent transverse valleys. In
its central portion there 1s a striking uniformity in the
altitudes of the individual sunmits*g, the most of which are
about 8000 feet hizh in southern British Columbia and 5000

to 6000 feet in Alaska, whils some occur which reach 8000 or

10,000 feet, rising as jagged psaks above the gensral level.

®l The Geogravhy and ieoclogy of Alaska, by AiLH.Brooks.

Professional Paper U.S5.G.S. No.45, 1908. p. 28.
*?  An Expedition through the Yukon District, by C.W.Hayes.
Nat. Usog. HMag.., Vol IV. 18G2. p. 1°8.
Report on the Arsa of the Kamloops Map Sheet, by
J.il. Dawson. Am. Rep. Can. Ge0l. Surv., Vol. VII.1lRO4,
p. 10 B.
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On the shoreward margin of tiac range altitudes are more
irregular, it being common to sce certain peaks which are
5000 to 8000 feet high within an area where much lower alti-
tudes predominate. The sum&its of'ten have the appearance

or domes, or ara nearly flat on top with arching slopes which

usually bscome Eg?éhevﬁq§§§~en& stesper as they descend below
the upward limit of Pleistogenc glaciation.

Z
A considcrable portion of the drainage from the
Interior Plasteaus aealkss z comtlste treverse of this range,
and much of thiz excess of precipitation of the latter is thus
borne toward the Pacific. Anmong the more important of such
rivers may be mentionsd tng wornalko, Klena-slsne, Bella

Cocla, lsean, Skeena, thz Jalkrua. These
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rivers, while in the [ntecrior (’latseus, heve comparatively
broad valleys; Dut upon piercing ths Coast Range, they flow
in c¢canyons with precipitcus sides. Short trihutary streams
with courses corresponding in gsneral to the direction of the
range snter through narrow stscp-sided vellsys, which head
usually in a8 group of snow~clad mountzins or in & melting

glaclier. in addition to these, there is a host of short and



independent streams which flow directly down the western
slopss of the range, often snterin:z the sea with a final
plunge. Some of these streams flow throughout the whole
year, others only during wet weather and while the snow is
mz2lting in the sprin:.

Occasionally the rivers expand into long, narrow,
deep lakes which lie like troughs locked within steep, rock-
bound walls, Such lakes have, in common with the rivers and
streams, two general dirsctions - either parellel to the
continental margin and Coast Range, or at right angles to this
direction. Smaller lakes or tarns occupy the seats of former
glaciers at higher lsvels.

Numerous glaclers nestle in the heollows amoﬁg the
more lofty mountasins, while higher surnits are perpetually
snow-glad. In the southern part of the range, these summit
glaciers are very numerous; on the 5ist. parallel of latitude
they descend and 111 up valleys, while in Alaska some even
reach tide water. The gzlaclers of today are but the shrivelled
modern revresentatives of a widespread, mejestic sheet of ice
which filled 2ll depressions and velleys durin: th» Glsejial

Period. wverywhere the fesatures of the landscape are domin-



ated by evidences of most intense glaclal erosion. The
resistant plutonic rocks,of which this range is largely com-
posed, have preserved in remarkable freshness the most detailed
records of glacial sculpture.v Polished, striated and deeply
grooved surfaces, rochés noutonnées, cirques, hanging and
through valleys, etc., have been little altered by the action
of atmospheric egencies since an ameliorated climate caused
the ice to retraat?l in the southern portion of the range
glaciation to a heizht of 5000 faet?p and in Alaalﬂ:a*5 to
3200 feet, have been reported.
The mountzins usually present precipitous slopes

to the ssa, and the declivity of the shore is as steep below
gea level zs it 13 above it. Jgaches sare of rare occurrence.
The water is 30 deep that in very many places during celm
weather larze vess:ls could discharge their cargoes directly
upon the shore, should the slope of ths mountains be suf'fi-
ciently gentle to permit iv. Yor wany ulles at a stretch

%1 S8ee this Bupletin p.

®”  an. Gsol. Surv. Bull. N0.996, (i908),p.25,=Dy O.5.L6roy.

®3 Ue3eGoiss Professional Peper No. 1, (1902), p.33,- by
A.H. Brooks.
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1t is impossible to find suitable anchorage, owing to ths
depth of water, OGéasionally this difficulty mey be over-
come by enterins a narrow cove wherc the bow and stern may
be moored to the shore on either side.

Th2 most striking characteristics of this coast
are the multitude of ite off-shore islands end the great
irregularity of its watsrways. The fiords which deeply
dissect the Coast Range and lapger islands are in every wayg
similsr to the intricate series of channels which separate
the islands. Lawson in describing them writeg}- "The most
"remarkable features of the coast are its fiords and passages,
"which while quite analogous to those of Scotlasnd, HNorway eand
*"Greenland, probably surpesss those of any pari of the world
"{unless it be the lzst named country) ir dimensions and
"oomplexity. They also appear to differ from those of
"Scotland and Norway in their narrower and more parallel-
"sided forms, and in the heizht of the walls which bound them."

These Tiords and channels either follow dircctions parallel

#l Superficial Gzology of British Columbia, by .M. Dawson.
ReJeeS. Vol. XAxIv. {1878) p. 91l.
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or at right angles to the foast Range. The rost of them

o e

are straight; some are mors or less winding, and the view

aheed is obstructed by projecting points which when passed
aeldom fail to mark the entrance to scenes of increasing
grandeur, At the entrance of the inlets, the mountelns are
lower, but they become progressively higher until the fiord
regaches the heart of the Coast Range. The rugged mountain
walls often rise sharply from the water as sheer cliffs whteh
-are 3000 feet or more ir heisht,

The stzeper slopss zre bars or subport a few
stunted trees. With 2 lessening of the declivity, the forest
growth incrsssss until the gentlar slopaes and valleye are
densely covered. In tha scuthern Tiordz th3 upper limit of
thick timber is sbout 5070 fsct, which"descends northward
until nsar Lyna Canal it is ahout 3000 feat”?l Avalanches
have ocqcasionally l1aft zreat scars on 4$hs “orested slopes,
and in a 3w e¢ases the deav walsr nsar the shore has actually
be2an made shallow by large rock s3lideg.

At the hsad of e2ach of thz flords a brook or
river enters. T3 larysr inlets have 1at2ral arm-like

%1 The Geography and Geology of Alaska, by A.H. Brooks.
U.8.3.5. Professional Paper 45, (1908), p. 29.
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branches or small bays where the enclosing mountaln walls are
broken by the entrancevof a stream. At the mouths of these
rivers and streams there is more or less flat land, such iso-
lated ereas being the most fertile that are to be found on
the coast. These lowlands or deltas ars truly river-made
land, being composed of sand and mud brought down by the
streams which, when checked in their flow upon entering the
sea, deposit much of the silts which they carry in suspension.
The outer margin of these deltas is usually swampy end covered
with bracken and grasses. Dburing low tide wide mud flats
are laid bare at ths head of the larger inlets. For some
distance from the shore shallow water conditions exist, but
very suddenly thsse pass into the habitually deep water.

A few of the fiords terminate in so-celled lagoons
with which they are connected only during high tides. With
a falling tide the lagoch is really a salt lake from which a
turbulent streem enters the fiord until a rising tide produces
en equiliorium of surface betwsen the fliord and the lagoon.

In many placesg the channels and inlets are con-
stricted, giving rise to very strong tidal currents, which

produce dangerous whirlpools and overfalls. They are
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especially rapid on & falling tide, when the reservoir of
water within the upper part of the fiord is seeking to maintain

a level corresponding to that of the falling tide without.

The Ogfshore Islands.

The large number of islands upon this coast afford
an almost continuous sheltered passage from the entrance of
the Strait of Juean des Fuca tc Skagway at the head of Lynn
Cansal. Vancouver Island and the Queen Charlotte Islands,
which are the most prominent, {the former in size and altitude,
the latter because of their isolated position) are referred
to by Dawson as "forming portions of & single sxis of elevat?éne
and a8 "e partly submerged mountain chain”?? He called this
nost western member of the Qerdillsran System "the Vancouver
Range"?3 ¥ The mountain range forming the axis of these
islands lies in a north north-west, south scuth-east bearing,

and is the northerly continuation of the Olympian Mountains of

#1 The Queen Charlotte Islands, by (.li. Dawson.
Revort of fFrogrese. 3.8, of C., 1979-79, p. 3B.

¥? Vancouver Islend and Adjocernt Comeis, by C.i. Dawson.
Ann. Rept. G.S. of C., 1887, p. 7B.

¥3 {rens, Royal CLociety of Canada. Vol. VIiI., Sec. 4,
1290, p. 4.



the State of Washingtonf} This Vencouver range 1s continued
northward along the coast of Alaska ss a group of mountainous
islands, the western members of the Alexander Archipelago.

Of this archipelago Brooks writes,-~ "The mountains of the
"Alexander Archipelago arc properly an extension of the

"St. Elies Hange, but as they are separated from the meinland,

"and divided into different groups by broad tidal waterways,

n ¥2 These

"they can hardly be included under the same name.
islands are so arranged that lengthwise they are parallel to
"the trend lines" of the other members of the Cordilleran
System. They express the probable continuity of a range
which formerly breached all the gaps existing today betwesn
the Olympian mountains of Washington Stats and the St. Elias
Range of Alaska.

vancouver, which is the largest island on the
Pacific coast of America, hez a length of 280 miles, and an
averaze vidth of about 50 miles. Its northern and southern

extramities sre comparatively low, =nd on the east & border

]l emorandum on the Queen Charlotte Islands, by G.M.Dawson.
Canadian Tacific 12ilway Rooort, Appendix Mo.9,p.139.

®¥2 cegravhy and Jeoley of Alaskez, by Adi. Brogks.
Prof'esssional Paper U.E.G.8., No.48, 1708, p. °8.



of flat land, varying from two to ten miles in width, extends
a8 far north as the Seymour Nerrows, sbout 140 miles from
Victoria. With the exception of much smaller areas at the
mouths of rivers, and a few'open glades in cértain velleys,
- the rest of the island is mountainous, "7The highest
"mountain, Victoria Peak, attains an elevation of 74R4 feet,
"while there is a considersble mountainous area in the centre
"of the island which surpasses 2000 feet in average altitud:}”
On the west the c¢oast line is broken by fiords, which pene-
trate far into the rugged interior, On the east, although
& number of sheltered dbays do alford anchorage, the shore
presents e remarkebly smooth ocutline.

¢ne hundred and thirty niles north of Vancouver
Island, the Queen Cherlotte [slands forn a trianguler shaped
group with an acute apex poiniing southwairds.,. The group,
from north to south, consists of three large islands, Prevost,
Xoresby and Grahamf?ﬁssociated with these are many smgller
cnes., Their extreme length is 185 miles, and on Graham
Islend they heve & meximum width of fifty-two miles. "The
"highest end most ruggsed part of the mountainous sxis of the

¥} Superflcial Geology of British Columbie, hy G.M. Dswson.
QQJQG’.SQ V‘OIC X.XXIVQ, 1878, pc 920
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"iglands is found in latitude 52° 30*', where many peaks besar
*considerable patches of perennial snow, end rise to altitudes
"probably surpassing 5000 t‘eet."’E In contrast with Vancouver
Island, the eastern and northern as well as the western shores
are deeply dissected by fiords.

The Quesn Charlotte Islands are separated from
those that closely fringe the meinland by the open waters of
Hecate Strait, which varies from 3% to 80 miles in width.

The passage between Vencouver [sland and the main coast has =a
maximam width of 80 miles; but 2 multitude of‘islands are
situsted within this intervening svece. Those islands which
follow the meinlend ~ost closely are related in every way to
the Coast Range. Those which are farthest offshore combine
ceological and topograpnical satures of both the Vancouver
and Coast Ranges.

There is much variation in the size and altitude
of this vast archipelago. Some of them are tiny islets,
bearing & thin soll and clothed with & profuse fegetation;
others are merely rocks with a smooth and rounded aspovearence,
which do not rise more than a few feet above the water. The

¥ The Quecsn Charlette Islards, by 4.#M. Dawsone. Report of
Progress, .5. of C., 187R-79. p. 3B.
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majority, however, are mounteinous, with bold and rugged
shores, which frequently plunge into dsep water without eny
beach. A few of the islands reach elevations between 3000
and 5000 fect. There is no marked regulerity in their
distribution. North of Vencouver Island their longer axis
usually corresponds with the trend of the Coast Range; but
between Vancouver 1sland and the mainland their length often
lies directly transverse to thlc dirsction. The shore lines
of many of them are extremely irrcesulesr, bsing broken by
beyes and fiords.

In Puzct S:undf in the northernvpart of the
gulf of Georgis, arnd in Quecen Charlottz Scund there are a
few islande which are remsrkebly different from the types
just described. “hey gre compoced of estratified arnd un-
stretified clays, which rice from 100 tc 200 feet above ses
level, and, in striking contrest to theilr mounteinous neigh-
bours, their shores are surrocunded by deangerous shoals.

¥ The Drift Phenomena of Pu:et Cound, by Beiley Willis.
pull. Geol, Soc. of America, Vol. IX., 1898, pp.111-162
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JeNERAL: CHARAQITER 0% UHE DISTRICT.

Topography.

The preceding description fulfile a twolold
cbject., It makes plain the relationship between the various
members of the Cordilleran favily, thus slving & proper
setting to the aree desalt with by this report; and it por-
trays those topograrhic features which characterize this
areg in comzon éith 211 other raerts of the racific slope of
the Coast Range end the adjscent islands.

Fithin this distriet the Coest Range intrusions
have extended westiward, so thet they impirpe most closely
upon Vancouver Island, end, in conseqQuence, the mountainous
topography of the _reater number of the islands, as well es
the mainland,vhas been sculptured from mesecive plutonic
rocks. Fer this reason, the inletis or florde penstirate
farther into this mountainous mess than the position of

their entrances and their respasctive langths would at first

suggest. It a2lso explains why the mountains are higher at
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the entrarces of zome of these fiords than thcese in @&

correspondir,g positicn to the north or to the south. The
many inlets end pacsages, some of which are called srms,
creeks, sounds, harbours snd charnels, havé broken the
western slopes of the Cosst Range into a ragged fringe of
peninsules and islands which repeat the contours of the
mounteinous topogravhic unit from which they have becen

cerved.

Unon the mainland, the four most orominent inlets,
iobs, Bute, Lousnborouzh and Knight, have lenyths of
eichteen, forty, seventeen and sixty miles rsspectively,
the latter, in reslity, extending for twenty miles farther
westward throuvrh the islands. In ths grarndeur of their
scer.ery, Bute, “ni:zht and Toba inlsts surnsss sall the others
within this &res., and must rivel in their masnificence 211
exenplss of the fiord tyn3 in the world. These chasms,or
deep trenches, with widths varyins from three~fourths to
two miles, are hemmed ir by Drecinitous wells which culminate
in mountsins from 3000 to a0Ng feaet high. iToba 18 a short

inlet, but s0 much of the Coxst Range has been dissected
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into islands which lis directly in front of its entrance,
that ite course lies ermong mcuntains with altitudes almost
as high e&s those which characterize the heart of this range.
At the very entrance of Bute Inlet,altitudes of 3000 - 85000
feet prevail, while the quadrant-shaped outline of HEstero
Pesk attains to 8085 fest. As one ascenda to the head of
thie fiord, the scenery ever increases in grandeur, until
summite of 800C to m000 feet avpear or avery hand, One of
the eedle Pesks (9148 [t,) ie the highest 21titude which
has been determined in this distriet. 1In p2ssing up Xnight
Irlct,the 2levations of ths enclosinrg mountains are at first
lower, but veyond Glendale Cove 1ts winding course affords
ravidly changing sceres, which are even more impressive than
those 1n Bute. W¥ithin Loughborouzsh Inlei, the mountains are
lower, a few snow-clad summits béing visible at some distance
inlend from its head. From Powell inlet to heodosis Arm,
from Topaze derbcur inland toward (lendale Cove and along the
coast to beyond Port Neville, and in the vicinityAaf the
Wisharti Peninsule, the mountains, in general, sre the lowest
to be found along the main shore. ¥ith the excention of

those portions of Blinkinesop Bay, Topaze isrbour and Port



Neville which are bordered by sandy terraces, and the lowlands
which mark the entrance of streams, tie siopes are not less
steep, and occasionelly mountains rise to altitudes of two
to over three thousand feet. .= Bzld Wountain (2526 ft.) on
Simoom Sound ig e remarkeble isolated dome of grano-diorite, .
being so conspicuous that the Indians point to it as an
example of a smoke~mountein or volcano. A large valley
extends {rom Boughey Bay across the peninsula which seperates
it from Johnstone Strait, and & 1ow pecs alsc exists between
this bay and Port Nevilis. she water parliang is 2lso low
betwsen Lz strsams wiica enter jsa-xo-nu Qov: on Knignt
Inlet, and Cutter vresX °n Chaetnem Channsl. ‘tThe delte lands
at the heads o' the inlets and bays compriss the largest
flat areas in the mainland opelt, the delta of the Hornalko
river, at the head of 3ute inlet, and that of the Klena-~-fKlene,
2t the hsead of Knight,»are estimated {0 inciuds and
>acres reapectively, whilc farther up these rivers
rich bottom lands are reported, ~saverd, these areas of
river-made land extend as mud flais during low tide, end
their marging desecend z0 steeply into deep water that the bow

of 2 boat may bz resting upon tnin mud while the stern is
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afloat in several fathome.

within all the fiords, thes projectin: points or
spurs usually have the more gentle slopes, but generally the
ascent from the water's edge»is very steep. In some places
sheer cliffs rise for severel hundreds of fest, and some of
the most majestic peesks ars not more than two to three miles
from the shore. For cons;derable distences it is impossible
to geiln a foothold for a landing. Lendslides have been
Treguent, snd occasionelly have increesed the declivity of
slope, and at the same time have caused the dssp water near
shore to become shallow, the apices of the cones of fallen
rock fragments somstimes projeccting ebove sea level slong
the shore line. in a few instences turbulent strears, as
at Rubble Point near the head of Knight Inlet, have awept
down sufficient rock rubbish to build up slluviel cones,
which are similar in appearsnce to those produced by the
rock slides. On the northsrn side of Kinght Inlet near
Grave Pt., a large rockslide has taken place, in which a
portion of a mountsain from shore to summit has toppled over
into the water. The movement took place along joint plenes,

and has resulted in a precipice whieh wae sastimated to be



over 2,000 feet in height, & most imposing and almost perpen-
dicular cliff of massive zranits. Even now when the wind
blows hard, small jointed blocks are loosened from the
helghts and rattle down upon the pile of rubbish already
accumulated, S50 near are the high mountains to the shores
of the inlets,that within the larger fiords the lateral range
of vision is very limited. Qccesionally, however, there is
a2 breek in the steep walls, = smell arm of the sea extonds
inward, terminating in 2 few ecres of delta land; the
depression in the sky line persists inland, marking the
direction assumed by the valley of the stream which built

the delta; =snd then a vista is gained of those mountains in
the dkstaxe background which otherwise would heve bsen con-
cealed from view, Knigzht Inlet possesses six of these
lateral smbayments, of which Wah-shih-las Bay may be mentioned
as an example.

Perpetual snow bedecks the higher levels (usuelly
ebove 5,000 feet), or reposes in sheltered nooks where it has
often been cast to lower slopes by avalanches. In the upper
reaches of Bute and Knight Inlets, gleciers and patches of

i1ce occupy some of the hollows end valleys among the hi:her



-2

mountains. The largest ones were scen at the head of the
former, and in the higher valleys above Cascede Pt. and
Wah-shih-las Bay in the latter inlst, From Sear Bay on

Bute Inlet one may count seven small glaciers. The mounteins,
in generesl, present the spvearancs of having bz=en preofoundly
glaciated to altitudes renging betweesn 4,600 asnd 5,500 feet,
while the highest sumnits are rugged and often have very

sharp profilss. #ell developed ciriues of verious dimesnsions
are numecrous, these vacated homes of sumnit-;leciers occasion-
ally imperting sharpened summits to otherwise rounded mountain
forms. ¥ithin some of them, patches of ice, which are mere
remnants of the glaciers which once filled them, still remain.
A few side-valleys debouche into the fiords et varying
heights above ssa-lsvel, the three moest imposing examples

that wers noted occurring just beyond Boyd Point on the
northern shore of Bute Iﬁlet, just bsyond Protection Pt. and
at Cascade Pt. on Knizght Inlet. the general U shape of the
fiord valleys, the truncated spurs, through valleys, the
slope and cra. structure exhibited by soxe of the slopes and
the concave outlines of others, the cirgue-like heads of the

fiords and bays, roche moutonnées, and the flowing outlines



of the lower mountains may be enumerated as topographic
characteristics which have bsen bequeathed to this re;ion by

the former glaciel ice-sheet.

The torography of the islesnds resemblec in every
way thet of the maeinland. Most of ther ere mountainous with
bold shores which are in some places so stsep &s to be in-
gccesasible. £ few reach elevations between 3,000 and 5,000
feet. The highest point is en iast Redonda Islend, which
lies opposite to the entrance to Yobe Inlst, where ut. Adden~-
‘broke lies 5,120 fest above the sea. Raza, & neighbouring
islend with a s$riking nyramidal avpearance, has an area of
about five square ﬂileé and rises to 3,720 feet in mltitude.
3ilford Islend, with an zrea of ninetyéeight square miles, is
the largest member of the erchipelsgo, =2nd presents & moun-
tainous mass of very irregular ocutline. In the eastern part
of the island the mounteins are highest, the lofty i't. Read
being 4,270 Teet above ses-level, while Kt. Hulton, within
less than one nile end & half from the shore of ‘Iribune
Channel, is 3,980 feet high.

South of Nodales Channel, the islands are slongated
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in 2 direction trendin: north and south; north of this
chennel they sassume 2n esst szC west direction. It was once
believed that what ere now known to be the threse vVeldss
islands were but & single insular unit., they &0 nearly
close the passags between Vencouvzr lsland and the mainland
that only three narrow channels, having 2 totzal =ininum

width of about one mile eand three-fourths, intsrvenec. of
this group,. Valdes of Quadra Islsnd 1s the lzast rugged.
Several lakes occur inland which 1lie in low, irrsrulsr. rocky
basins. ¥Frov uranite Bay across to Open 3ay Juite a2 bhroad
tract of inhabitable land =zxtends parallel with 2 range of
mountaine immediately to the south. Sonora Island, in
contrast, is very ruzzed, risinz from Cardero Channel to
altitudee of over 3,000 feet. in 1t= momthzrn nart, Vcest
Redonda Island is alvost cut in two by a2 largs lake which
sxtends nearly from .arylebone inlet to s=fize Cove, sending
et least one arm to the norti. Cortez Island is likewius
nearly separated into three islands by Von Donop Creek and a
long shellow selt lagoon; the southern part is characteri{zed
by comparatively low elevations, while the lonr peninsuls

extendingz northward resemblcc =2 riag-mountain range.



dany of the islands north of Kodales Channel
have triengular outlines, with their most acute angzles trun-
cated and podnting westward. rlevations are highest upon
their eastern ends and graduelly descend westward. Cracroft
Island has two easy passes across it, one from Port iharvey
to Lagoon Cove, along s lins of small lagoons which the
Indians connected by constructing a small canal through which
they could float their canoes during a high tide; end a
sacond from Forward Say to a bay opposite Klaotsis Islend.
North of Harbledown and Turnour 1Islsnds, myriads of small
islands are congregated in Queen Charlotts Sound, protecting
the wastern shores of (3ilford Island from the Pacific Qcean
swells which roll into the Sound. %ithin az area of sixty-
three square niles, five hundred and scventy islands are
reacorded on the chart. The greatsr nunmber of then are
covered with tresa or more lowly vegetation. sorae of them
are bare rocks, so low that they are contlnually awash during
a storm; othars rise to remarkably high elevaetions when
their bassl area is considered. Wany of them display, to a
most surprising desgres, desp glacial groovings and stristions,

and some of thea Qulite perfect roche moutonnds outlines.



Although no snow fislds or glaciers are now to be found upon
any of the islands coversd by this report, eviderces of
former glaciation dominate every fsature.

in the northern part of ths Gulf of Gsorgia, four
islands, Harwood, Saveary, Hernsndo and #ary, and the scuthern
extremities of South valdes and Cortez islands are of a very
different character from the meounteainous and rocky islands
just described. ‘hey are composed eslmost entirely of drift
deposits, boulder clay with stratifisd sands and gravels,
which at no point rise to more than 200 feet asbove the sea.
ihe areas included in these comparatively flat lands are 1900,
1200, 2200, 2200, 2700 end 2300 acres respectively. The
scuthern shore of Savary is exceptionally steen, the exposed
bank showing most elearly the relation betwsen the boulder
clay and the well stratified deposits. The southsrn point
of Harwood Island, the extreme east end of Savary, snd Hidelgo
Point on Hernando Island exhihit the nature of the rocky bease
upon which these unconsclidated materials rest. when the
dense forest growth which covars the largsr part of these
islands is rsunoved, valuable land will be afforded for agri-

culture and pastursge. At present, sheep are pastured on



Hernando and #ary islands. After {ne limber is cut, care
nust be taken to provide the more sandy tracts with some

lowly for: of vegetetion, such a&s gracses, or the wind will
rapidly diminish the acreage by 2 slow yet steady removel of
the otherwiss loose send intoc the ses. ¥ith the exception

of thes rocky points mentioned, their shorss erz, as & rule,
low and dangerous to navigation, for on the shallow sza floor
surrounding these islands many lergs bouldsrs are irregularly
distributed. During low tide, some of these boulders are
exposed upon the wide sxpanses of beach which are uncovsred

in some placss; others project ebove the water %0 3 consider-
able distance as 8 warning which the mariner in these watsrs
seldom expscts, bDecause deap water conditions usually exist
close to the shores. A }ong narrow resf of boulders extends
southward from :ary lIlsleand for s distance of miles.
Conewhat analogous to theses islands are the low sendy terraces,
not médre than sixty feet high, which border Squirrel Cove on
Cortez Island, the south-~western shorse of Hardwicke Island,
the south=eastern shors of West Thurlow Island, and the
vicinity of Port leville and Blinkinsop Bay or: the m2inlend.

A terrace, 300 feet in height, may be seen at & short distance



from the mouth of POW?II River.

The bays and coves of the island shores correspond
to the lateral bays of the fiords on the mainland. he
eastern shorss of thoss i1slands which ars directly adjacent
to the main coast a2rz smooth in outline; Wa-ka-na Bay on
Gilford island being the only excsption to this rule. in
contrast, ths westsrn and most rointsd ends of somne of ths
islands have a Pfrayed saopearance, owing to the res=-entrant
nature of the shore linc. on Qortsz, Cracrofti, =nd thes west
side of 3ilford Islends, some of the bays head in shallow
salt lagoons.

ihe channels between the islands repeat the
characteristie featurss of ths mainlend fiords. They are
singularly free from shosals. The exgessive depth of watsr
near the shore makes 1t difficult to find =nchorage with a
reasonable length of cable. In o8t instances, the soundings
recorded on the ghart do not renrescent the total depth. Jhe
depths of the channels ordinarily used by traffic have besn
quite thoroughly explored; but froin the sntrance nearly to
the head of Bute Inlet, for example, they nsver reached

bottom with fortyn-seven fathome of line, except in Orford 3ay.



Sufficisnt soundings have bsen mede to demonstrate that the
bottom has many irregularities and that in czome of ths fiords,
at least, the water becomes shallower at the entrance. ¢Call
Cresk, Quite near its head, has a depth of over one hundrsd
fathoma; at its entrance, fifty fathoms; and the nesighbouring
channels lying immediately in front of its mouth have a dgepth
of twenty-two fathoms. As one would expect, the chert snows
many irregularities of that portion of the sea bottom which
bears the vast archipelago of small islands in Queen
Charlotte Sound, bul sven here Arrow Passage extends through
them, maintaining a psrsistent depth of ovsr forty fathons.
From Seymour Harrows, along Johnstone Strait, the lack of
uniformity among the soundings is most noticeable; those of
one hundred or more Tathoms predominating, with the deepest
ong reaching ié one hundred and seventy.

Where the channels are narrow, the tides flow
swif'tly, often developing heavy overfalls snd whirlpools.
ihe tide enters thes passage bstwsen ¥aﬁccuver island and the
mainland,both from the north through Qusen Charlotte Sound
and from the south through the strait of Juan de Fuca and

the Gulfl of leorgia. ihess tides meet in the northern
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part of the Gulf, between ¥ittlenatch Island and Cape *tudze,
producing strong tidal rips which, when & fresh wind is blowing,
are converted into a heevy choppy sea, in which the crest of
each wave is broken intoc & chaos of sharp pinnacles. ‘The
tide from the north has to vass through the constricted
channels, Seymour Narrows, Surge Narrows, the jicle-in-~the-Wall
and Kuklatew Rapidz, which isolate and dissect the wedge-
shaped Valdes Islands. 408t of the steancrs psass through
CZeymour Narrows on ths vancouver Island side, which in one
nlace is contracted to 700 yerds. the velocity of the
current which pzsses through this constriction is varieble
with the tide; usually it ranges betwecn seven and nine
¥nots, dut during some sprinc tides, when ths maximum rise of
fourtaen feet takss place, it atteins a rate of Brom ten tc
twelve knots?l In mid-channel, Ripnlc Lock rises to within
two fathoms of the surfaée, end over this 8pot the water
swirls in deep eddises. in watchingz ths tide rushing through
this nearrow channel "with such immense impestuosity as to

®?2
produce the appearance of falls conaslderably high", an

3
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vancouver's voyages, vol. Ii., p. 72°3.

o Simpson's Journey Round the World durin: the vears
1841~-42, p. 138,



observer can well eppreciate the menner in which a small
vessel of insufficient power would pess ®"reelin~ wildly out
into the gzulf, the mere sport of the whirlpools"?l In
secveral passsges north of these, somewhet similar phenomena
mey be seen, 2lthough the tidc dees not run with so gjrezt

velocity.

Lreinage.

Already mention has bcen nede of the fact that
the fiords head in low delte lands, the sands and muds of
wiiich have bDesn devosited by streams whose velleys extend far
inte the mountaine. “he walls of these vallcys display no
change in character, and the absence of sea water is the only
feature in which they differ from the fiords theﬁselvgs.
in general, the (oest kange forms an efficisnt watershed,
soparating the stireans which enter these arms of the sesa
from those which drain into the rivers of the Interior
Flateau. Wwithin this district, however, two rivers, the
Hornalko in Bute Inlesti and the Xlena-Klene in Knight Inlet,

have their headwaters in the Interior Platecau, and dpass

*l British Columbia Pilot, 1908, p.248.



completely through this wange. iwo rivers cdischarge into
the heads of some of thes fiords; into 3ute Inlet, the
Hornalko and the Southgats rivers, the latter flowing from
the south-east; into Loughborough Inlet, the Esst and est
rivers; and into Kni:ht Inlet, the Klena-Xlene =snd the
Ah-zsh-ma-~aki. All of these, in cownon with the cmaller
streams at the heads of the other fiords, flow from
U~-shaped valleys across low-prade deltas.

‘“h? Hornalko river, which is the longest, may be
considersd as tyonical. hils crossin: the outer part of
its d=lta, the width of I1ts valley is about two nilss. It
is = rapid, muddy strean, ~bout 300 fzet in width, but, in
rleces, it assumes a2 braided character, spraadin: ouil to
over 1000 fest,. 4 cand bar extsnds s=c¢ross its mouth, which
has from one to two fcet of water over it at low tide:
7ithin this obstructisn the water decmors 4o cne ard three
rathomafl A lon;, nerrow side-whesl =steamer, belongine to
2 lumber compeny, 18 now plyinz on tha river, whieh is nevi-
32ble for boats and small stsamers for = distance of about
thirty niles. Waddington writes as fsllsws:fg "The valley

*1 3ritish Columbia Pilot, 1908, n. ozn.

%7 pverland Route through British North America by Alfred
Waddington, 1848,



*of the Hornalko river presents a deep cut or fissure through
"the Coast Range, varying from three niles to less than a
*quarter of a mile in width; 1s R4 miles in lenszth, and
"rises imperceptibly to a height of 2400 feet or more, where
*it enters the plain beyond the mountains. For the first
"31 miles up to the canyo:n or defile, the bed of the valley
"is composed of diluvial soil, consistinr of & sandy clasy or
"loam, and forming a hard dry bottom. The canyon itself is
"exactly one mile and & quarter in length. 3eyond the
"canyon, the valley agein forms and opens for ebout six miles.
"The river after this is agein confined to & narrow bed for
*aix miles, when the valley once more opens and recovers its
"flat and level aspect, which it maintains up to the plain.
¥The rise in the valley though apparently unifornm
"presents considerable variations. Thus, ths canyon presents
"a rise in 304 ~niles of only 860 feset above the sea. ‘The
"river then becomes much more rapid, and gives for the next
"thirtesn miles an ascent probably of 780 feet, after which,
*for forty miles up to Fifth Lake, the rise diminishes to
"630 fest, beyond which there is a sharp ascent for e couple

"of miles more of say 1850 feet when the summit or watershed
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*is sttained. The above fi.urcs must, of course, be considered
"as only aporoximaste.”

The river receives many rapid tributariss which
flow from glaciers, some of which descend eslmost to the nain
river. "Some of these streams have brought down large
"gquentities of débris from the mountains, raising their beds
Tacross the Hornalko Valley considerably higher then the lend
"a few hundred feet from each side of the strzer." Thirty-
nine miles from its mouth the river divides into east and
west branches, of which Weddiniton followed the west. The
eastern branch extends for &5 nmiles from the Junction, at an
altitude of 3,500 feet, teking its rise in = chain of lakes.
The lergest of these lakes 18 [atlayaco, 1% miles long, “hose
outlet is 33 miles from the soures of the river, znd is 2,712
feet a2bove the ses. Upon leavin: this lske, the river is
one hundred feet wide, and for fifteen miles descends at a
rate of 1 foot in 100, when it flows rapidly through e nsrrow
defile to the junction.x

$he preceding description shows that the main

X information here derived from Report of Surveys,
Canadian Pacific kailway, 1877, pp. 135, 165, 169 - 170.



w27 -

streams have approximated to a stapge of maturity. The
extension of the valléy-tracts so far into the mountains and
the restriction of lakes and rapids to the upper reaches zre,
at least, indicative of e well-devalaped drainage.

‘The Klena-Klene river flows swiftly and seems to
carry more mud in suspension than the Hornalko. “hile
passing up Knight Inlet, the waters wsre first noticed to
be slightly turbid at a distance of 45 miles from its head,
and they obecame more nmilky in appearance as the head of the
inlet was approached. 1this river flows across its delta in
two main distributaries in which there are a few low islets,
composed, &8s are the beds of the river channels, of gravel
and coearse pebbles which have been swept down the valley.
The river flows swiftly, but it is reported that small boats
can pass up it for a distance of eight or nine miles. iwelve
miles from 1ts mouth it is said to fork, and a large zlacier,
which occupies the valley of the west branch, descends into
the main river. The Ahyeshyma-ski, the second river which
enters the head of KaLzsht Inlet, flows from the S.E., dig-
charging through a valliey which is about & milse in width.

In its lower course, it follows the left side of the valley;

it flows more swiftly and its waters ere rnot so muddy as
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those of the Klene-Klens.

The other rivers which debouche into the heads
of the fiords ars smaller, but present similar gradients, the
relative inland extension of the valley-tract being dependent
upon the gize of the stresanm. For exeample, the Vest river,
at the end of' Loughborough Inlet, is navigable for small boats
to a distancs of thre:z iles from its mouth, when it is
reported to bacomz more rapid and gshellow.

- At leest four types of lateral streams :nter
these fiords. those which discharge into the side bays are
auite similar to the larzer rivers already dsscribed. Their
mountain-tracts are not so far removed from thec sea and, in
some cases et least, they flow in V-shaped notches which have
beegn incised within U-shaped valleys. “he rivers which enter
Orford Bay on Bute Inlet, and Sglmon Bay on Toba Inlet, may
be cited as examples. Besides these, there is a ruch youngsr
series of streams occupying V-shaped valleys and descendin
the slopes in a succession of foaming rapids and cataracts;
these shade over into those possessing still less distinct
valleys and an intermittent flow. A faw streams enter from
valleys ths mouths of which ars situated at various lovsls

sbove the deep water in the fiords, s feature for which
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wilbert proposed the neme "hanging valley"™. From the mouths
of these high valleys, the water descends either in e series
of ravids, or by meking one grand final plunge of several
hundred feect directly into the fiord, ss at Cascade Point on
Knigzht Inlet. This coast is remarkably picturesque durin.
wet weather and espscially in the monthc of izy end Junec,
when the winter's snow on the higher levels is meltin:; then
myriads of boistsrous rivulets, “uite ofisn leaping & thousand
feet at a time, vie with ons another in their race for the
588, This fourth nssries of stiresms has no definite valleys,
but seeks tne most dirsct and easy routes, often following
the paths prepared by avalanchses. In the springtime, the
courges which they assume and their tsr of 1life are dependsnt
quite largely upon the position of the recedin. snow line.
£garly in the month of June, 1792, vancouver recorded the
followiny description of the Coast Range in the vicirnity of
Bute Inlet:- +++».. "the stupendous snowy berrier rising
"from the ssa abruptly to the clouds, from whose frizid
"summit the dissolving snow in foaring torrents rushed down
"the sides and chasms of its rugged surfeace, exhioviting alto-
"gether a sublime thoush gloomy srectacle which animated
"nature seemed to have deserted. Not 2 Dird nor a2 living

® vancouver's Voyages, Vol. 1l., pP. 19E.
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"crsature was to be seen and the roaring of the falling
"cetaracts in every direction precluded their being heard had
"any been in our neighbourhood."

Small lakes are fairly numerous, both upon the
mainland and on some of the lslsndes within this district. A
stream which enters ilendale Qove, on Knight Inlct, flows
ffrom 1om Browne Lake, which is about one mile distant. “his
1ake. which has never been surveyed, 1is renrorted to be shout
five miles long, extending; towsard the head of Topaze lHarbour;
it 1s narrow and long, being imprisoned between rocky shorss,
and nresenting an appesrance of what one i ht call a fresh-
watsr fiord. A T=2w hundred feet from its outlet, ths stresn

fells over a rocky sill sbout ten feet high.



“he Fiords and Islands.

The word "fjord" was first erplied by the
Norweglian: to the long, nerrow and deep inlsts or srms of the
seae Which impart a&n extrcne irregularity of outlirz to the
west coast of his native land. Then it was found that this
physiographic type repeats 1tsslf upon many other shorss (as
in New Zealand, Patagoniz, Britisn Columbia and southern
Alaska, Labrador, 3effin's Land, Zrecsnlard, Iceland and Scot-
land),tnis classic t2r:: was borrowzd frox sorvay and siven =2
position of zsneral significance. ihe orizin of the fioras
is a subject that has aroused considerabls discussion in
z20lozical literature, and has besn productive of divergencs
of opinion. Somz of the carlisr writers resorted to down-
warping or faultin: in order to exv»lain thes devression, "rents®
or splits which the fiords now occupy. jodern study hes led

to the belief that the rarifications of the fiords delinest

)
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with approximate exactitude the lines of drsinege w¥hich wer
developed uvon & pre==2xistin. land surface; that thess
depressions ars largely tiac rssult of the erosion of pre-

zlacial strzams, the courses of Whosz vzlleys Were determined

by the regional trend =2nd slops, variable reciztarce to esrosion



of rocks and thseir structures, prevaeiling joint systems,
lines of faulting or sags, in the initially uplifted land
arsa, dény Tiords ars known to follow lines of faulting,
but these faults mey be considered 2s those lines of weakness
sought by pre-glaciel strsems in the sculpture of their
valleys, and only indirectly explain the directions assumed
by the submergence which has formed the fiords. 1t iz the
presence of the sea within theée valleys that has crested

the major differences in opinion. Some writers sxplain the
fiords as a direct end natural result of 2 sunsidence of the
land margin, in which the lower portions of the valleys have
been drowned, and the hill 2nd mountain tops convertea into
g fringe of islands and peninsulas. ihe sexvonents of this
explanation admit that the slopes of the pre-glacial land
surf'ace have been smoothed and rounded by the ice-{lood of
the recent Glacial period; but they deny that ice has the
power to BCOOGD out rock basins. Other observers claim that
the prolonged scouring and grinding action of the glacial ice
which followed these velleys has profoundly altered nog only
the enclosing slopes, butvhas excavated rock-bacins in their

lower ends to depths below ssa-level; that,upon the recession
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of the ice, the sea followed the retreated mergins of the
glaciers in neighbouring valleys to a distance inland corres-
ponding to the variable lengths of such sroded basins.
Intimately connected with fiords ere the long and
narrow lakes in glaciated countries which occupy trough-like
depressions, some of which are rock-basins of great depth.
lhe for.: of the fiord basin is similar to that of thess
slacial lekes. in fact, the only difference which exists
between certain fiords and some of these lekes is to bs found
in the taste ol the water. It is & remarkable coinclidence
that the distribution of such lakes and shores fretted by
fiords is restricted to resgions which have been heavily
glaciated, dorzover, the gcological records along fiorded
shores almost always demonstrate at least post-glacial uplift,
although it must be remembered that subsidence, or "a positive
displecemsant of the strend line" as it has been calléd by
Sness®, usually leaves no immediate records. In discussing
both the origin of these lakses and fiords, a downward crustal
movsment is advanced as the cause by some, who base their
argument largely upon an analogy with recognized Ydrowned

* The Face of the iarth, by E. Sness (translated by
Solles), Vol. Il., p. 4.



coasts®, end glacial rslation by othsrs. The latter explena-
tion, which regards these lakes as glacially exceveted rock
basins, snd the fiords as similar besins which the sea has
entered after the ice melted away, is attrecting a constantly
increasing number of adhersnts. [t may be of interest to
record ths opinions of some of the ocbservers in other ficlds.
As & result of his study of the lsrger lakes of
Switzerland, Remsay, in 1852, concluded:- ..."they did not
exist as lakes till 2fter the disappearance of the glacier'.
% fhe lake basins could only, I believe, have been scooped out
"by true continentel ice like that of areenland."éél L,ubbock,¥9
in his "Scenery of Switzerland™ agsrees with Heim in his
sugzestion that:- "The mountalin mase thus concentrated on a
"comparatively small arse would, from its enorrous weicht,
"tend to sink somewhat into the scfter mazma beléw, which &f
"course would have had ir this respect the same effect as if
#the country had risen. The result would be to dam up the
"rivers and fill the valleys. In fact, sbesking genserally,
" the great Swiss lakes are drowned river valleys."™  Heim
%1 3lacial Erosion of Lakes by A.C. Ramsay, Q.U.i.S.}
Vol. XViII., 1862, pp. 192 and ~02.

%2 The Scenery of Switzerland, by Sir John Lubbock, 1198,
P. 183.
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sgems to have demonstrated, from & study of the terraces about
some of these lekes, that there has been considerzble vost-
glacial warving. Penck, on the other hand, follows and
mexee more convincing the contentions of Ramssay.

In “his "Scensry of Scotland®, Sir Archibald
Geikie contraste the origin of lskes and fiords as follows:-
ceee "to my vin mind the view that these lakes have Dsen
"mainly 2roded by land ice szems most in accord with the
"gvidence and to involve the smallest number of difficulties
"and contradictions."*1 ins fiords are "old lens that have
"besn submergasd beneath the sea. [hey prove that the west
"side of the island has subsided in a comparatively recent
*geolcgical period and that the tides now ebb and flow where
"of old thare was the murmur of brooks and ﬁaterfalls.““a

Helland®*S was an ardent supporter of the view
that fiords ére of glacial origin. Concerning Norway he says:=-
"lhe land is formed of rocks different in composition and
"origin, for which reason the country from the first has had
"a very unsven surface. on this thousands of rills and rivers

%1 The Scenery of Scotland, by CSir A. Gelkie, 1847, p.20%2.
*»2 Ibid, p. 1laZ2.

#3 On the Fiords, Lakes and Girques in Norway and ireenland,
by .A- Helland, %.JQUcS-; VOIO M)&llio, 1887, n-l'?q’o



"began their work, and, previous to the Glaciel Epoch, eroded
"valleys more or lees deep and broad. Buring it the glaciers
"followed, on the whole, the course of these, enlargin: and
"shaping them." fdansen,i""1 who agrees with him states that
"it is impossible to deny that such enormous qusantities of
"drift have been removed from Norway in Quaternery time that
"we must look for merks of denudation of quite as sreat
"degree as our lekes and fiords."

Of especial interest is the valuable contribution
made by Andrewsfg who had"not s0 much &8s scen a region of
former or present intense glaciation" until he made a study
of the Sew Zealend fiords. After describing existing topo-
graphic features and contrasting the land forms produced by
stream and ice-~flood erosion, he writes}- " Subsiidence has
"often been advanced to explain the depth of fiord waters.
"Against this the author would strongly protest unless sup-
"ported by observation. +.... Subaidence post-dating glécial
"times there has certainly been in New Zealand, but apparently
*nothing eppreoaching the depths required to sink these old
"jce-channel floors 2000 feet or mors below the sea-surfacs...

#1 The Glaclal Succession in Norway, by A.M. Hansen.
Journal of Geology, Vel. IlI., 1294, p. 193,

%2 The New Zealend Sound Basins, by .. Andrews.
Journal of Jeology, Vol. XIV., 1906 (pp. 22 = 54).



"Rock-basin excavation along old stream ehannels below base
"level during periods of naximum ice-flood, combined with
"slight later drowning, is a sufficient explanation."

In his recent report on the 3eclogy of the
Queenstown subdivision in Hew Zealand,=Park*§tateg that:-
"Lakes Luna, Hayes, WMoke and Johnson are only sxaggerated
"rock-tarns scooped out by ice in the floor of the valleys
"in which they lie. That somz of them lie in the track of
"faults is not the cause of their formation, although the
"faults doubtless played 2 part in determining the situstion
"and direction of the pree-glacial valleys in which these
"lekelets lie.”

In discussing the general subject of glacieal
erosion, Davis¥Z, who hes elaborated its possibilities more
than any other writer referred to, says:~ *If liberal
"measures of glacial erﬂsion snd glescial time are allowed,
"no depression of glacisted coests since pre-gzlacial time is
“needed to account for the peculiar festures of fiords." The
“glacial chennels may have been simply invaded by the see,
"as the ice melted away, without any true submergence." In

1 1he Ueology of the Queenstown subdivieion. 3ull. No. 7,
New Zealand Geol. Surv., 1909,
¥2 Clacial Erosion in Prance, Switzerland and Norway, by

W.¥. Davis, Proc. Bost. Nat. Hist., 1900, Vol. XXIX.,
Pe 304.



his excellent treatise on "The Sculpturs of Mountains by
Glaciers"“l he closes with the following sentence:- "ihe
"sculpture of mountains by glaciers is indeed now proved by
"so many facts, widely and yet systematically distributed,
®"that it savours of sxtreme conservatism4any longer to deny
"the efficacy of glacial erosion.” From sn znalytical study
off the topography of the Snowdon district in North Wales*?,
he shows that the theory of glacial erosion explains how a
once subdued mountsinous region has been remodelled and
transformed into the rugged and picturesque landscape of today.
He estimates that "the total deepening of the mein velleys
"hy glacial erosion in the Snowdon district may be from 200
"to 400 feet, and in some cases 500 or 200 feet", and that
the lateral serosion "may easily anount to 1000 or 1500 feet,
"both right and‘lsft, in some of the larger valleys where the
'downward erosion méasuresisoovcr 400 feet."

®3 Russell®?, Fairchild®® and many others

Becker
#l V.i.Davig, [he Scottish jeog. Mag., 190€¢, Feb. 1906.

%2 "Glacial Erosion in North Wales" by W.d.Devis. Q.J.G.C.,
Vol. LXV.y Aug. 1809, pp. 28@-344.

#3 Bull. Jeol. Soc. Am., Vol. 2, 1891, pp. 42«74,
#4 U.C.Geol. Surv., 8th. Ann. Rep., 1379, Part I., p. 357,

%5 Bull. Jeol. Soc. Am., Vol. 18, 1904, pp. 13=74.
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have expressed themselves as of the opinion that glaciers are
not able to vbgorously erode solid rock. Fairchild assumes

a strongly controversial attitude when he saysi- "The advo-
"cates of ice erosion have never presented any proof from
*livinz or extinct glaciers that ice has made or is making or
"eould vossibly meke a deep velley in hard unweathersed rock.
"The vosition is taken behind a bulwark of assumption and
"2analogy « « « o 1t ig far more probabls that some physio-
"gzraphic element has been overlooked, or that knowledge 18
"deficient, or interpretation in error, than that Norwegian
"and Alaskan glaciers did an smount of work which slecisrs

"in general have not done, are not doing, and apparently can
"not do.” He does not, howsver, advance any satisfactory
theory which may be substituted for that of glaciel erosion

in explenation of numerous‘abncrmal physiogrephic types, which
ara only to be found in heavily glaciated mountzinous districts.
Too frequently, 8 scepticel attitude towards the belief that
glaciers can profoundly modify pre-existing lend surfaces has
been based upon observatiuns 1n.areas which are charaeterized
chiefly by glacial accumulation, or from a study of the thin

marzins of modern Alpine ;laciers, which sre mere pigmies in



O

contrast ~ith the vast Pleistocenc ice floods.

it is not ths intention of tha writer to pressnt
in this raport 2 complst: discuscsion of the sxtensive litere-
ture which bears upon this interssting generel subjesct of
zlacial erosion; but it has sgemsd pertinznt *~ record the
opinions of thoss weorkars in other fial&s, whosze papers the
present writer has had the advantz:;cs of reading. ‘ha
followin; extrscts should, likewise, 5007 ¢lzarly the conclu-
sions xnich havs been raached by some of those was hav: made
e study of portions of ths fiordad shores of Zritish Uolumbia
and Alaske.

A8 eerly as 1958, Srown'e observations lud to 2
curious explanation #hich comblned thz abrading action of
slacizsrs and pre~glacial catastrophic disturbances. ® vory-
"where you Sse marxs on ths sides of the Iritish Columbien
*fiords of ice sction; =ond thers ssems no reason to dsunt
®"but thet thsy wsre at ons time the bads of sncient glacizrs
"which, zrinding their outwaerd courss to ths ssna, scaaﬁed
"out these inlets of this grsat =nd unifor: desth. « . « 1
"anm at one with those who bslisve thst thess rents were

"chiefly due to the volcenic disturbances which tarsy up the
b
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"mountain ranies, and that the ;laciers mcrely took adventsge
Yof the deprsssion. Howaver, by lon; abrasion, it hollowed
"out the form we now sce in the fiords under deecriptian."“l

in 1978, Dewson®” recorded his opinion o® the
origin of these fiords as follows:- "They =re, no dnubt,
"the valleys of rivers worn out when the coasst stood 2t 2
"greater elevation, &nd are all continued inland by decp
*gorges, in which streams still flow.” Dawson, howsaver,
described with considerable detail the vowerful serosive action
cf ice, and showed the preedth of mind #hich slways cherac-
terized the intsrpretstion of nig obscrvetions by sdnmitting
the possibility of glacial ice havin. formed rock-basins
+hich today are "long river-liks lekes®.

&ordenskjoldﬁo has written an zlaborste end
systematic treatise on ths cuoject of {jords, dased upon
personal observations on the c¢oasts of Lorwey, Pataccnia and
thz north-wast of North Amarica. After showing cleerly the
inadequacy of the other theoriss which hsve besn esdvenced to

#]1 On the PFormation of PFiords, by sobsrt Srown. Journal of
the Royal 5e0g. £0C., Vol. sxixiiX., 1743, pp. 171<173,

T auper91cial yeolopy of sritish Columbise., by C.id.Dawson.
Wedereiies VOl. 2iilVa, 11178, pe. 91,

#J lopographisch-.sologische Gtudlen in Fjordgeblieten, b.

O.Kordensk jold, pp. 135-°78,
Bull..col.institution of the Univ, of Upsala,ll$1-09,p.7°1
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explain the origin of fiords, he writes:- "ConseQuently,
"there only remeinas the possibility that the basins may have
*bheer excavated directly by erocion end, in rsslity, by
*3laciel eros&oh, end it 1s remarksble how w2ll this thsory
"explains the greastest number of the characteristic features
"of fiords.”

3ilbert, who hed en excsptional opportunity to
study doth modern and Pleistocene laciation, while collecting
date for his excellsnt nemoir on "Glaclars and ileciastion in
Aleska®, after describing the relationship which the han:ing
valleys bear to the fiords, concludes thet:- "#or this
"complicated system of troughs, I have not besn able to
"suggest an origin that does not involve an imrense amount
*of excavation by ice."¥!

Jannatt, who, previaus to visiting Alacka, hed
advenced most replete evidences in favour of potent glacial
erosion from 2 study of Lake chelan®” irn the State of

¥ashington, 7rites concerning the florded coast of Alaska:~

#1 Harriman Aleska Expedition, 1524, vol. IIl., p. 1590,

¥2 Kat. Geog. M8g., Vol. IX., pp. 417-479,
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"It is & colossal axhibition of the erodin: power of water
Tin solid form. From Lynn {enal, 8 fiord ninety milee in
"length, thers have been carried off end dumped into the
"Facific more than two hundred cubic rilss of rock, end from
"all the fiords of south-eastern Alasske, the smount removed
"may bes egefely cetimetsd at thousands of cubic riles."®l
Terr®’ astimates that:- "Along the Inside Passage
Tand in Yakutat 28¥, . « « . » the zmount of erosion which
"must be deduced fron ths evicdsnce i{s not loss than 2000 fsst
*vertically, and crosion of this magnitude hes occurred

"alonz hundrzds of niles of fiords.”

¥1 Harrimen Alasks xpedition, Vol. 1I., 1904, BH. 2BEC.

%2 Slaclial Erosion i Aleske, Dy k.l.lBrr. PPop. Eei.
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Very many evidenc&s have been advanced by
Gilbert and {arr, in writing upon the fliords of Alasksa, to
deduce that glacial erosion has been such a potent factor
in their development that it constitutes in itselfl 2 suffi-
cient explanation for the recent invasion of the pre-glacial
valleys by the sea. 1t should likewise bs of importance to
present an asnalytical study of those features, lar:e and
small, which characterize the more southerly fiords described
by this report in ordsr to ascertain if they bear the same
gar-marks as those in Alasks.

Jost of the deta included in this description
was obtained at low levels, but the few ascents which wers
made demonstrated that the ice-sheet cxceedsd Dawson's*l
estimate of 3000 fest. ilany of the slopes snd summits, ss
seen from the fiords, presaent a glacisted appearsncse to
4500 feet, and it is difficult to esﬁimate the amount of ice
which must have stood above this level in order to impart
characteristic glaciated forms to them. It is not improbable
that the glaciers of adjacent mainland fiords varied somewhat
in thickness. In the area to the south Laroy*g estimates

*1 Jfrans. Roy. Soc. of Canada, Vol. VIIl., SecCt. 1V.,

Pe 34, 1890. '
¥? Can. 3e0l. Surv. Report No. 996, 1308, p. 25.



the Jervis Inlet tributary to have besen at least 5000 feet
thick. A thickness of 85000 feet of ice would exert a
pressure of about 125 tons per square foot. It was under
this great pressure that the rock-fragments, which were
frozen within the lowsr surface of the ics, acted as a nower-
ful abrasive to producge the forms which are todey refsrred

to as glaclated.

A description will here be given of those
features, 1arge and srnall, which may be attributed to the
eroding action of glaciel ice within this region.-

1. Striations, Grooves and Lunoid furrows. ‘he slowly

creeping ice masses, which filled these fiords to an altitude
of 4000 feect and mors abovr the »dresent sea=level, incscribed
remarkably distinct records unon the walls and floors over
which they moved. In some places the ice acted like sand
peper, in others like a heavy plough. Over considerable
areas its trails are fesint, or have been affaced by exvosure
to the weather since the retreat of the ice; but upon many
of the surfsces of the massive srenite "the writing upor the
waell" is as fresh as if it had bsen executed yesterday.

Especially distinct are the striations and grooves in certain



patches alonz the zone which is laid bare during e low tide;
while high up on some of the nountain slopes near the shore,
grooves may be distinctly seen from the weter. <1he polishing
and smoothing; effects of the ice are excebPtionally clear
upon soms of the rounded surfaces, from which the ice has
removed evsn granular asperities. svery gradation msy De
found, from mere scratches to deep and broad grooves in
which & man mey effectualiy conceal himself from 2 lateral
view, ihe deepest trough-~like grooves were noticed at the
moulth of the Southgate river at the head of Bute Inlet, in
many localities in XKnizsht Inlet, but esvecially upon some
of the islends in Queen Charlotte Sound, Hanson Island,
some of the smaller islands in the channel of Knight Inlet
(near its entrance), and others in the vicinity of Lden
Island have deeply corrugated surfaces in csrisin parts,
owing to the development of profcund varallsl grooves.

On the walls of the fiords, the striae ana grooves
are usually arranged horizcntally, extending along the
sides of the c¢liffs and slopes or wrapping sbout the
rounded surfaces. Occasiconally they curve upwards or downe

wards, the deepest portion of the groove being along the
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inner edge of the convex border. In a few csses, these were
noticed where the glacier had overridden some of the spurs
which project into the fiord. Where not associated with
these spurs, the billow-like movement of the ice which formed
these 2ouges may havs bzsen caused by inequsalities of its bed;
by variations in width of the velley, which caused congestion
and rising in the narrcows, end spread with consequent descent
i the brecader cross sections; possibly by the influx from
somt tributery slacier which would cause resultent readjust-
ments within the plastic macss. The interiors of many of the
grooves are polished or finely stristed, and the writer has
come to the conclusion that some of these furrows were formed
not by 2 single gouging or plecugh-like eaction, but by rersis-
tently dirty streaks within the ice, whose sbrasive action
mey have been as ;radual s thet which caused polishin, upon
other surfaces. A sin:le boulder may heve formed an initial
groove which has bsen zreatly deepened by finer materiel.

In several places 'wnere the slopes were stsep with
& more or less roundad surface, peculiar "lunoid furrows" or

¥crescentic gouges"™ occur, which are similar to those described



by De Laski, Packardg,chamberlains,naly4and Gilbertg. They
were numerous and well-developed on the left side of the
entrance of Bond Sound. These crescent shaped depressions
are abrupt on the concave side, which is turned toward the
direction from which the ice came. The Steep concave edge
is rough in some of the lunss and smooth in others. The
distance between their horns varises from three inches to a
foot in width, and & few have & naximum depth of s&bout two
inches at that point through which their axis of symmetry
pasces. Sometimes only single lunes have developed, but
frequently they are arranged in a series, with a common axis,
which is coincident with the direction of the striae. It
would seem thet these peculiar tracks are undoubtedly the
result of glacial action, which, however, was assisted in
their formation by a tendency of the granite to exfoliate.
lhe ice in dragsing a boulder across the edges of these
lormant and invisible plates would exert sheearing stresses,
that would cause the ocuter portions of these layers to scale

»yff with an inner luncid fracture.

l. Amer.Jjour.Sci., 1884, vol. AXXViilI., p. 337.
2. The Labrador Coest, p. 76f. (New York and London, 1891).
3. UsSeGeol.Surv,, 7th.Ann.Report, 18RK-23, pp. 2PlA=""3,
4. Bull.Harvard iuseum of (Comparative Zoology,190°,
vol. XXXViii, PP, 37=245.
5. Crescentic uouges on Glaciated Surfaces, by G.K.Gilbert,
¢ P28 pp. (koch. 13338).
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2. Roche Moutonnées. This laciel form is especially
characteristic of the surface of many of the smaller islends.
ihey appear as long swalls or =longeted hummocks, which are
parallsl and trend in the directions assumed by the ice-
flood. They have a broadly convex longitudinal outline,
or a gentle slops en their stoss sids, and a stsep and rough
face on the lee side. Not only du they occur upon hori-
zontel surfaces but upon slopes and occasionally they have
been carved upon verticel cliffs. ““henn in the last position,
they seem tc be flatter and broazdsr. A few of the mountain
summits which wesre covared by the ice have the flowing ocut-
line of the roche mcutonnée typs. Snow Mountain, 3000 feet
in altitude, 25 sean from & noint nesr Indian Island in

Havannah Channel, presents such an appearance.
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3. Domed Surfages. HMany of the granite mountains have

the form of domes, with which the name "(Cone” is frequently
associated on the map. A fev of then 2re of a remarkably
symmetrical bse-hive shape; others are irrsgular, but most
frequently the doms outline is dsveloped onliy on the side
which faces the fiord, while back from the shore it merges
®ith the general mountain assemblaze. iheir surfzces are
asually quite smooth and firm, but often disnlay a tendsncy
to pesl off in curved plates or scalzs. Coms of ths‘scaias
have drovped off, others edhers closzsly to thz surfncee.

{he causs of this exfoliation is to be sought in
external conditions which have produced or psraitted exnsznsion,
since

/it is not dspendent upon any structure exhibited by the

granite. Where forest flres have ragsed within ihis district,

{r

as slong Ramsay Arm, they have caused thc granite to peel off
to a surprising degree, giving emphasis to the well known fact
that exfoliation 1s frequently associated with changes of
temperatures. pxpension with consejusnt exfoliation may also
be produced by weathering, or, as iilbsrt® suggests, by the

» "Domes and Dome Jtructure of the High Sierra", by

Geiteuilbert. Bull. Zeo0l. Soc. of Am., Vol. XV.,



removal of a thick covering under which the sranite has cooled,
and thus permitting expansion to operate where nreviously
compression was the rule,

The reason that theses domss ars discussed in this
ralationsiiip lies in the fact that some of them have becs
scarred and render=sd asymmetrical by ice erosion. tng face
nearest the ice stream has bzen cut across irrsspective of
gxfoliation. An =xampls of subh 2 scarred dome may be seen
at thes hsad of (all Cresk [See Plate ). In very many
casecs, however, the ice has roved arcund them, stripping them

of all scales, scoring and striating thelir surfaces in a hori-

p ]

zontel direction, &and yeot presarvirng the symrmstry of form.
The occurrance of domes slon: the sides of the Tiorde should be

gn important feature in ths discussion c¢f increasze in valley
width through :;lacial srosion. Thet such an 2lteration hac
taksn place caen hardly be doubted after a study of other
charactsristics of the topography. It may be suggested that
the seculer veriations in climate, which, duriny the lacjial
Period, attended the oscillations betwesen inter-glacial znd
glacial conditions, may have accelerated the process of exfolia-
tion. +vhz ice in an advance removed the sczlcs and plates,
and, finding the rounded surface well adjustsd to its movement,

proceeded to scour it in a fairly uniform manner.
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4. U-Shaped Valleys. All of the fiords and larger lznd

velleys within this district have the habitual U-shaped cross
section of & glecially erod=d valley.

A water stream erodes & Veshaped valley, in which
the angle of deglivity of the latsral slopes derends, in
general, upon the amount of elevation of the land, snd the
stage which the river has reeched in the developmsnt of its
life history. A mature river is one which hac been st work
for a sufficiznt lenzth of time to csusz the rarids, waterfalls
2and lakzs tec retire toward !ts headwat:ars. ln 2 mountsinous
country, its vallsy, which was canyon-liks whsa young, has
been widened in contrast with its denth, and the river swseps
in serpentine curves uron its flood rlain. The visw, either
up or down stream, iz limited by the nresence of overlapring
spurse, which alternate upor either side of the valley in
pogitions dependent upon the winding character of ths river,

From the description already ivern ¢ the msinlend
fiords and of the rivers which enter st their hesds, it is
avident that they oresent many of the characisrizctics of meture
rivers in common with others ~hich emphatically distinguish
them from this tyne. The U=shaped vsllsy, the truncation

and alignment of spurs, harnsings valleys, throush valleyes and
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the present confizuration of the floor of the fiords are not
features that =2re associsted with the developmant of th2 mature
type of stream velley.

When young, & river mey flow in the bottom of a
deep e¢anyon, occupying sll of ths floor spéce hetween the
walls; during its lat2r stapes, it follows a channel which
threads its way alon. an estzblished flood plein. A glacisr,
on the other hand, occunies the whole valley, filling 1% with
iée to 2 depth commensuratc 7ith the amount of vrecipitation
and the prolonged frigidity of the elimste. The viscous
nature of & zlacier does not permit it to readily adapt itself
to 2 valley which has been ercded by ths mors 2gile movements
of a river, The glacier procseds to adjust the stream valley
to 2 form more suited to its own cumbersome advancs. Velley
glaciers must widen former stream valleys vary considérably,in
order to produce the initial chsnzge in the shaps of & cross
section from that of 2 V to that of s L. “ithin this region
they have not only made this change, but they have ziven width

and depth to the U when once established.



5. The Truncetion and Ali-nment of Snours, In widening

8 stream valley, a glacicr truncates and otherwiss altasrs the
overlapping srurs.

Some of the spurs within these fiords have been
shorn off completaly; many others have besn so worn back that
today they present very steep lower clopes, and occeasionzlly
terminate in c¢liffs which are often szveral hundred feet high.
This eaction on the part of the zlaciers has given rise to long
"reaches" alonz which the spurs are in almost perfect aliine-
ment. Knight Inlet, from its mouth almost to Glendale Cove,
presents such a reach, which 18 miles in length. The
channels betlween the islands have had their sburs so closely
shorn that for long distences the view is not obstructed by a
single prominent spur. The bluntness of the snds of the
islands on the east side of Johnsteone Strait iz a striking
feature 1n this relationship.

On the ¢ther hand, a zood neny overleapping sours
still remain, but the modifications in forw which they hsave
suffered meke plain the methods used by the ice-Tlcood in its
attack. While the greater thickness of ice in the central
portion of the valiey waes wearing back thsir feces, the lesser

thickness of ice which passed over them profoundly altered
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their originallshape, and, in several instances, imparted a
remarkable concavity of'outline to then. The spurs on the
right hand side of the Klena-Klene river are worn down to an
almost common level. (rlate ). Oceasionally thc ice
from lower depths sesms to have arisen and passed over their
outer ends, Tor the striaes were noticed to curve obliguely
upwards on the upstream side of a ew spurs. Naturally
zlaciation was most intense on this stoss side of the spurs,
which in many eases proved to bhc such affsctive barrisrs that
the ice literally flowed arouﬁd themy, as 15 evidenced by the
steepened, rounded and horizontally scorad surfaces. this is
sspecially true where the {iords havs a winding course, as
toward the hea@ of inight Inlat. the glaciers have accentuated
the receding embayments which in mature river valleys alternate
with the spurs, and in doing sc have renderéd nore prominent
the base of spurs themselves.

The step-like outline, whicn characterizes a few
spurs, has been produced by gbecial plucking, whers the ice
has removed large blocks whose size and shepe were previously
determined by the jointed structure of the granite. It was

this process of plucking, combined with what sesems to he the
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more lmportant, slow-but-sure, grinding action of the ice,
which has caused so many of the spurs to shrivel up, and which

has otherwise altersd the form of these valleys.



6. @irques. These amphitheatre-~-shaped hollows, which
have been sculptured by individuel :zlaciers, asre most numerous
amongz the higher zltitudes, but in a2 few instances they descend
to within & few hundred feest of ssa-level. W“any of the higher
summit cirquss are still occupied by patches of ice or by
glaciers, which seem to c¢ling like limpets to the steesn wealls
or ares situated in hollows between the peaks.

In the exce2vation of cirgues, the ice must not
only deepen thz fldor by its srosive power, but with a sapping
agtion, which 1s not as yet thorocughly und:zrstoed, it causes a
recession of the rocky walls. his recession is sumnossd to
be produced chiefly by the repeated freezing and thawing of
the ("bergschrund®) uppsr and steeper part of the wall, elong
the line of the crevasse which dsvelops at the ﬁead of the
glacier? The debris, which 1s thus pryed off by the action
of frost and glaciel pluckinrg, is removed by the glacier, which
uses this msterial to scour the floor of the clriue.

- 8ome of the serrated and scalloped mountaln crests,
which impart variety to the widespreed rounded summits, owe
their irregularity of outline to the development of a series of

% Sz "The Profile of saturity in Llacial Alpine Erosion

by W.D. Johnson. Jour, of Geol., Vol. XIl., 1904,
Pp. BE69=E7°.



small cirques which are almost adjacent to one another,
Examples of such crest lines are agpecially numerous toward the
heads of Bute and Knizht Inlcts. Many of these sumniit cirques
are situated =adove the 1limit of zlaciation. ol only heve
they been hollowsd out by modérn ~iaciers, dut in the inciprisnt
stages of their development, they were proovably occupied by ice
during inter-glacial epochs, and for & time imuedietesly pre-
ceding the ilacial reriod. whe descent of the nevé liine,
which accompanied the formation of confluznt ice shestis, may
have produced pauses in the history of their erosion by ics.
Some of the sumnmit cirques upon the lower mountains
szem to have been formed since ths period of maximum ice-flood.
For example, the cirjues shown in Plate y Flg. 7, are
situated at an altitude of a 1little less than 5,000 feet.
Numerous lerge cirdques are situested below the level of Pleisto-
cene slevation. The largest of these old zlacial reéervoirs,
which was ssen within this area, occurs just beyond Cascade
Point in Knight Inlet (Plate Fiz. 1). Locatsd in a corner
which is shielded from the sun, its situation is an idsal one
for the asccunulation of ice. ithe fresh appesarance ol its
splintery sky line, its steep, rocky walls, the low-lying,

sheltered petches of snow and ice, and the bow shaped outline



of the terminal moraine imoress the obssrver with the respidity

in the nsar nast of vanishin: glaciation.
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7. Through Valleys. Not only did the ice-flood impart

spooth and greacef'ul cutlines to the_aummits over which 1t
passed, but it carved out U-shaped passa;es across the divides.
It does not scem possible to offer sny other satisfactory
explanation for the sky lines presented by certain ridyes
within this district. An elonzated rcuntainous obstruction,
situated»in a position transverse or sli:chtly oblijue to the
general direction of ice movement, would afford the most favour-
able conditions for the formation of this slacial Teaturs,
since it would be =snalogous to & dan across a river, where
pre-glacially eroded notches or passayges existed in such a
barrier, there the largest volume of ice would flow across
during the period of maximum flood. Evén if the ridge were
then covered, the risinz or subsiding ice-~f'lood would continue
to move through the passes for a longer time than scross the
crest. Such pre-glacial passes would thus be altered to the

form of & U=-shaped throush valley.

A besautiful example of a valley or" this tyve may
be seen inland from the head of opaze Harbour {Plate Y.
A similer valley of even more remarkable disgrammstic outline
extends across the peninsula between Boughey Bay and Johnstone

Strait (Plate ) On cither side of the vsllsy, which
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pierces the peninsule at a point where it is only one mile
and 2 quarter in width, the mountains rise guite abruptly to
altitudes of about 1500 feet. come of the ice from Havennah
Channel sawed its way across 2 pass in a divide which formerly
separated Boughey Bay and Johnstone.  uther less astounding
gxamples of this topographic type were noticed in the
district.

These thiough velleys bear smphatic testinony
in fevour of nost vigorous ice erosion, or, rather, of the
great length of time during which the ice was flowing scross

% .
certain divides. Jarr, who first described them under this

% Pop. Sci. konthly, Vol. LiX., 1807, pp. 99-1190.
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name, tells us that:- "In some places in Alaska, the ice is
8tl1ll pouring across the divides." Penck nes recorded their
presencgs in the Alps, and Davisﬁ, under the heading of "ilacial
Overflows", has descrihed fthe samne topographic feature {rom

the Snowdon district in ¥Wales.

% Quart, Journ. ueol. S0cC., Vol. LXV¥., 1909, p. 34l.



8. Hanging Valleys. Several pood examnles of this

prominent glacial Teature occur within this re-ion, some of
wnich are displaysd in the photogrephs accompanying this
revort. {Plates Y. VWhere they oven along the sides
of the fiords, thelr floors zre estimated to be from ons or
two to twelve hundred feet above ses level. Thic alscordance
in level between thé tribvutery and mein valleys constitutes
their most striking characteristic; but in addition to this,
they possess the same U-shaped cross section and truncated
spurs as the fiords themselves.,

#ors then any other zingzle physiographic feature,
hanging velleys of this typec have convinced many studente of
the potency end vigour of zlacial erosion durings Pleistocene
tinz. It is rsccgnized that, saithough under exceptionsal
circumetances the tributaries of & river may assume a hanging
position, such latersl valleys sre very different from thoss
which =r: met with so frequently in glaciated mcuntaino&s
districts. In the very earliest sitzzes of strean development,
the trunk may entrench itself rmore quickly than its tribu-
taries, but such hanging valleys a2rc not a normal feature of

a8 mature river system. Durln; the staze of meturity, they
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can only be developed by a veristy of poscsible asccidents. For
example, faulting may cause the main velley to drov do¥n in
the form of & greben, leaving the tributaries suspended elong
the face of the feult scarp; or, by rejuvenstion throuzh uplift,
the perent streanm, bscause it follows a8 rock formation or
structure which 1s nmorc easily eroded than that alonz which
the lateral streams flow, may entresnch itself more rapidly
than its tributaries; or, while crossing an arid region, &
river may receive tributaries, which are so spasmodic in their
flow that they ere unable to estseblish an sccordant junctlon
with the main streanm.

Other events, which are sven as exceptional in the
life history of a2 normal river system, may form hanging
valleys; but their occurrence within this resion avparently
cannot be explained from comparison with these abnormal pro-
ducts., Hence the suggestion, that they are modified hanging
valleys which were eroded by pre-glacisl streezms, scems to be
eliminated.

It is believed that they ars the result of differen-
tial ice erosion; that the discordence in lsvel cxpresses

approximetely the difference between the erosive power of the
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volume and thickness of ice which occupied the main vellay end
that which filled the tributary. the mathenmsatical accuracy of
this implied proportion is modified, howcver, by the widening
of the mein valley, throujgh which process not only the snurs
were truncated, but the lower courses of soma of the tribu-
taries were shorn off. ioreover, some of the lsteral valleys
must have been occupied by ice for = consideréble time &fter
the ice hed disappeared from the fiords. As the soundings on
the charts show, a widespread and uniform =levetion of tnis

district would convert nany of the lsteral bays and smeller

fiords into hanging valleys.x

# tor further informetion concerning hanging valleys, reference
is made to:-
l. "slaciers and Claciation in Alaska", by IZ.x.3ilbert,
Harrimen Alaske ixpedition, vol. IIl., pPp.114-119;
pp. 142-1%0.
®. "Glacial Erosion in France, Switzerlend and Korway", by
W.¥%. Davie, Proc.Bost.nat.nist.,1000, Vol.XXIX.,
DD
3. "Hanging valleys", by 1.C.uussell. 3ull.jdsol.loc. of Am,,
1904, vol. 14, op. 70-860.
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9. Herds of the Fiords. At the head of some of the

smaller flords, the deltes are as yet in the initisl steses

of their development, and an opnortunity ig thus afforded to
examine bed rock conditions._ Some of the fiords have & width
at their head which, if their origin be attributed to stream
erosion, is not in accord with the narrower valleys which
extend inlend. ¥sh-ka-na 3ay on the sast side of S 1ford
Island, Kwatsl Arm, Call Creek and Ramsay Arm, on the mainlend,
mey be cited as sxamples of fiords in which desep water psrsists
fron the entrancs sliost, if not Quite, to the head. ixcept
at the mouths of the streams whers small dsltas ars forming,
the shore &t th2ir heads is boundsd by solid rock, which
descsnds quite abruptly into the see, pressnting sn avppearance
of 2 modified or overridden cirqus. It would sce~ that in
some of the fiords, thers has been a retreat of the heed
inland, produced by the saoping ection of the ice in a2 manner
znalogous to that by w®hich cirguss have been forrmed. in those
fiords which heed in large deltas, si<ilar conditions may
prevail, but being mesked by these alluvieal derosits, the bed-
rock relstions are not so clear. 'he deltss hsve bcecen formed

since the last advance of the ice, end if it were not for the
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vrobability thet their rate of accurulation has varied ;greatly,
they would afford a basis for calculating the lencgth of post-
2lacial time. ODuring the zlecial period the heads of the
fiords were characterized by retrosression; since then they

have been the scene of eaggradation.
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10. the Islends. ‘ihe maze of islsnds which frinze the

coast are separated by =2 labyrinth of channels, many of which
defy an attempt to relate them to pre-existing stream systems.
While some of the channels srs fairly uniform in width 2nd
depth, others have a definite narrows, where the water 1is
shallower and away from which, in either direction, the
breadth and depth of the water increases. lthis latter condi-
tion implies the submergence of z divide. 1o some of these
narrows, the water i=s so shsllow that they are only navigsble
during hizh tide: in others, the divide 1s then barely
covered; and a furthar staege produces re;gged peninsular
conditions. ‘i(hese gradations src well deplicted in the acconm-

panyinz maps.
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Some of these islands have been Pormed by the
simultaneous deepening of the strike eand transverse valleys
through the scouring and excavating action of the ice; but e
;arger number seem to owe their orizin to the dissection of
the inter-fiord belts through the headward recession of their
branches. W¥hat were once lateral bays, situated mors or less
opposite to one another on ad jacent fiords, receded hzadwards
until their waters united. When the divide bstween two such
branches had been sufficiently lowered, the ice would vzss
over it during the higher stsigse of flood, creating a through
valley, the floor_of which may have bzen zrodad to 2 depth
more or less in hermony with that which prevailsd at the mouths
of the dranches. It ssems probsbl:z thet if 2 sufficient length
of time be granted, a channel of uniform depth and width might
thus be established.

Except in their seaward extsnsion across those
flords which are parzllel with the Coast Renge, the number of
islends within the trensverse fiords is smell. ‘he occurrence
of islands within fiords has occesionally been cited as a
feature which 1s inconsistent with s glaciel ortgin. It would
seem, rether, that their presence should be expsactsd. While

widening their velleys, the zlaciers would not only encounter



the differcntial resistance to erosion of rock structures and
composition, but also prs-glaciel irregulerities in topogrephy.
Some of the islends are situated opposite retrcating snurs,
ané doubtless represent the position which ths spur ends once
occuplied. Above ssa2 level, a few spurs mey be seen, which are
so concave in profile that their outer portion is considerably
higher than the innsr. (See Plate ). A certain anount of
submergence would convert the outer part of such 2 spur into
en islet.

Islands situated within a fiord mey be regarded
as 8 transient f23ature in its davalopment. It seemns impossible
to conjecture as to how much their altitude has been lowered
by that azent which blazed its treil with the striations and
deer grooves which today sappear so fresh upon many of their
surfaces,

?he sandy islsnds, harwood, Savary, Hernando and
Hary®, togsther with the siniler aress on the southern extremi-
ties of Cortez and South Veldez, provably represent rortions
of & zlaciel apron which was derositsed in front of the Gulf of

Jeorgia zlacier during e period of hesitation ir its retreat.

X See DD,



1the most exposed portions of their ssndy shores are being
rapidly worn away »y wave action and tidal currsnts. ihe
position and form of their sand srits =zrs, likewise, 8 direct
resultant of the directions assumed by the vreveiling winds

and the tidss.



Conclusions.

In accord with the evidences pressnted, the writer

belisves that the fiords revresent pre-glacial valleys ®hich

have been very much modified by the processes of glacial
grosion which were active during a long périod of tims.
During the Pleistocene period, glaciers descended from snow-
fislds on the western slopes of the Coast Range, filling
these vellasys, 2t the time of meximum glaciation, to s depth
of between four and fivs thousand feet.fThrough certain gsps
in the Qoes=zt Kange, such as those afforded by the vellesys of
the Hornalko &nc the Xlena-f{lene rivers, a certain asmount of
glacial ice meay have emer_ed from the "Cordillersn ice sheet",
wnich occupied the Interior Plateaus. Passing westward, these
valley glaciers of tho meinland became confluent cr those
forelands whose altitudés were beleow the upward lizit of
glacistion, snd among the off-shore islands where the glacial
mass &ls0 reccsived tributarics fror the mountalnous interior
of Vancouver Island.

ihe dete collectsd concerning the directions
toward which the ice moved corrcboretes the views which were

advanced by thz ls2te Dr. <.#. Dawson. Between Vancouver



lsland and the mainland, the ice flowed both to the morth-west
through Queen Charlotte Sound and to the south-east through
the Gulf of Georgia. ¥hile the major portion of the large
tributary glacier, which emerged from Bute Inlet, passed to
the Gulf of Georgia, a certain percentage of its ice seems to
have dischar:sed through Casrdsro (hannel toward Queen Charlotte
Sound. From & location near Plumper Bay in Discovery
Passage, the ice moved in these opposed directions.

in its movensnt the ig¢e was controlled largely by
the sinuosities of the valleys througnh which it passed.
#ithin those fiords wnere the nountains on sither side rise
adove the upward limit of jlacistion, this control of the ice
novsnent w33 shsolute; but, 25 ig to hHe exXpected, where the
ice sgread out upo:xn the lower forelands and islands, it moved
in different directions at different levsls within the ice-
sheet. The lowesti portion of the sheet followed the
channels, zt 8 less deplh the ice passed =zcrose the obstacles
in its path, but, in doing so, was inflﬁenced by the irregu-
larities of their topography. or example, the ice not only
passed through thc¢ channels about hsnscn 1sland, but it
apparently moved across it in a general north-west direction.

The evidences of the potency of glseial erosion in
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this district, as described 1n ths preceding pages, are 80
convincing that tha author is led to ths econclusion that by
its processes the valleys ware not only widened but their
depth wag increased by at least from one to two thousand
feet. This increased depth permitted the sea to occupy the
valleys upon the recession of the ics. Some subsidence may
also have taken place, but of this there seems to be no proof
within this region. on the other hand, the existence of
tarracas of sand and gravel, and of stratified shells bearing
marine shells, affords direc£ evidence that post-glacial

uplift® has taken place.

* See peze



Flora®and Fauna.

The coast of 3ritish Columble is remarkablc for
the density of its forest growth and the large size of 1its
individual trses; but the distribution of this timber wealth
is far from uniform. Along the mountainous shoregs of tihe
fiords and channels the greater proportion of the trees are
small and of inferior quality. “his is due to the lack of
s0il covering and exposure to the preveiling winds. in
some pleaces, barren and polished walls of gzrenite ere elrost
g2 destitute of vepgetation asiﬁhe dey, thousahds of' years ago,
when they were uncovered by the retreat of the glacisl ice
sheet. asranite Hountain on 3ute Inlet, which rises from
ses lz=vel to an sltitude of 4483 feet, is 8 most impressive
example of' thea manner in which such rocky slopes have resisted
the advance of vegetation. There sre no less than four

/Barﬁfmountains within this area, end snother with the name
of Mt. Baresldes, From such an axtreme as this, there is
every gradation to the vigorous growth which clothes the
slopes of easier inclinaiion, and the densse majestic forests
of the valleys/ and more level interior asreass which are
sheltered from the viclensge of thes wind. In many places,

* For more general information,- See Note on the Uistribu-
tion of some of the ‘lorc Important 7Trees in 3ritish

Columbia, by G...Dawson. The Canedian iaturelist,vol.l..,
No.s§s,



the f'orests clothe the slopes with such an impenetrable cover-
ing that the geologist has little opportunity of interpretingz
the rock structures which are so effectually covered.

lhe Douglas fir (Pseudotduge Douglesii), which is
in great demand on account of the lengtih, straightness and
strength of its tinbers, is abundant on the southern and
central parts of this district. North of = line extending
from the entrance of (Csll Creskx westward through iarbledown
Island, only a few representatives of this tree were sseen.

Other coniferous species, which in zreater or less
abundence contribute toc the markstable timber throughout the
whole of this region, are included in the followin: list:-
¥estern cedar (Thuja zigerntea), hemlock /Ysura mertensianal,
#enzies sprucs (Picea sitcheusis), yellow cypress [Thuja
exceléa), and the white pine {Pinus monticola). The scrub
pine {Pinus contorta) grows in a scattersd menner unon the
steep and more rocky slopes. Hemlock, cedar and sprucs
attain to magnificent size, and, north of the line previously
mentioned, constitute by far the nost important timber pro-
ducers. On Cell Creek a2 cedar, which had been recently

felled, was solid throughout and had a diameter of twelve

feet at the bess. ihe yellow cypress is usually found ir



the higher altitudes, bt in Queen Charlotte Sound descends
to tide level in a few places, as on Sargesunt Passage just
beck of the cannery site.

with the exception of the yew { Texus hrevifolia)
end alder (Alnus rubra), dsciduous trees ars not common.
South of & line from about Chathar Point on Vancouver 1sland,
eastward to the entrance of Yoba Inlet, a few shrubby forvs
of the evergreen arbutus {Arbutus Henziesii) occur. whe
aldsr in this district ic 2 small tree which is often twelve
to fifteen inches in diameter, Hear the coast the broad-
leaved maple {Acer mecropinyllum) iz sparingly found, a few
individuals of this speciec bein; noticed as far nortn es
the head of 3ute Inlet.

she dense nature of the forests rlong this coest

is due largely to a luxuriant thicket-like undergrowth which

1

i

is interspersed with fallen trees. ispecially is this trus
of favourable localities along the actuel shore lins to an
altitude of 2000 feet, cond in a2ll valleys =nd ravines. Often
g pedestrian may traverse a considsrable distance by choosing
a2 path along the larger trunks of fallen trees, which fre-
quently briduze the hollows and thus rais¢ him above the

tanzle of brush and fern. Ths alder, slder, dogwood, willows,



creb apple, salmon berry, blackbsrry, raspberry, ferns and
the prickly devil's club are the common msmbers of this
undergrowth familyg.

In the interior of the islends, the forssts are
often less impenetrable, and one may walk along upon & thick
carpet of moss among the gigantic trees. In csrtain inlend
parts of South valdes Island, there seems to exist goed evi-
dence of & great rrehistoric forest fire. If the moss end
vegetable mould be removed to a depth of a foot or slizhtly
more, a thin layer of wood cinders is often exvosed. No
ancient charred stumps were noticed standing, whils conifers,
some of which are hundreds of years old, show no signs of fire
upon their bark.

The steep cliffs and lofty trees are a natural
habitat for numerous sagles, hawks snd crows, whose presence
probably explains the 2lmost complets ebsence of songsters.
ihe large blue grouse, the ruff grouse and the spruce partridge
lnhabit the sunny spots where the forest is least dense.
Aquetic birds, gulls and several varieties of duck are sbundant,
large colonies of the former using Hittlesnstch Island in the

* For the names of other shrubs, flowsrins plants, mosses
and licheng from parts of this district, see Ann. Rept.

feol. Surv. of (Canada, 18f73, Part 1., Appendix Il.,



Gulf of Georgia and Deep Sea Bluffs on iribune Channel &s
nesting grounds.

Black and cinnamon bears are common upon the main-
land, sspecially =2long the urper reaches of Xnicsht Inlet, from
#hich locality s few grisslies have alsoc been reported. The
lower wooded slopes are often covered with & network of well-
trodden trails worn by the Columbian of coast deer, and on
the mainland winding paths of the daring mountain soat extend
upward to rougher and higher levels. Deer s2emed to bhe
especially sbundant on Cortez, Valdes, Thurlow and Zilford
islands and in the vicinity of mainlard streams. The mountain
goat lives on the mainland, beingz most numerous on Butc and
Kniaght Inlets. The vig-~horned nountain sheep is scarce,
though it may still be fcund smong the more elevated peaks.
ihs otter, mink, marten snd beaver, elthough once so plentiful,
are now rarely ssen.

the mores important fish in these watsrs arzs the
salmon {(five varieties), red- and rock-cod, nerrinz, dogfish
and oolachans, The hairy harbou® seal was frequently szen.
Whales were numerous, sspecially in the vicinity of Bute and
loba inlets, A combat which was witinessed between two wheles

and & swordfish served to reveal the presence of the latter.



Along the shore, betweentthe l=vels of high and low tide, the
rocks are widely covered by barnacles, which =re frequently
80 mbundant that a uniformity of eppearance is imparted to
different rock varieties. In the limited nrees where sandy
beaches have been formed larse clems are plentiful. On the
nortn side of favary Island the largest clam flat is situated.
fhis shell~fish forms an importent elsment in the Pood of the
Indian, the xitchen middies, which arz of frajueni occurrencs,
consisting chief’ly of their shells. £ lar.e variety of star-
fish of a rich purrle hue, = few Dbrilliantly coloured sea-
anamones, and numerous crabs are 2lso prominent inhabliants
of ths littoral =zone. In the rivers, stresars and lazkes,

trout ars most sbundant.



Agriculture,

ihe traveller who passes through the maze of
waterways in this mountainous district mey readily come to
the conclusion that it offers no inducements to those who
desire to carry on agricultural pursuits. wopograpnically
it is not inviting, but the climets is so favourable that all
land which is sulteble for cultivation should be worked at
some time in the future. Flat lands and gentle slopes
covered with s0il arz of very rare occurrence, y=t thsre are
numerous small, isolated =rsass of arshble lend, whicn in totsl
acreage and fertility repressnt =z considerable potential
wealth of agricultural products.

the lowlands &t the mouths of the rivers eand
streanms, composed of modern deglts dsposits, and the patches
of bottom lands szlong zome of the vsalleys, possess scils
which are of great fertility end sndurancs. “hs rost sxten-
sive individuél arcas of dslte 2rs those, alrsady mentioned)
at the heads of Toba, Bute and Knight Inlets. At the head
of Knight inlet, the Klena-Klene river enters with sufficient
swif'tness to devosit c¢coarse and barren gravel alonyz the
channel across its delta. As‘a rule, these {lat lands ars

covered with grases asnd bracken, which shade into foressts along

¥ See p.



the mergin. A large part of such alluvial plains are subject
to floods from the sea during the highest tidss, an%{from the
rising of the rivers, when the snow ls melting upon the
mountains during the spring and early cummer, Kot only
might this difficulty be remedied, but possibly considereble
arcas of what today are mud flats at low tide might be re-
claimed to form extremely fertile tracts by the construction
of 8 system of dykes. The latsral embayments alonz the
largzer ficrds head in similar smallesr lowlands, which should
afford an ovportunity for the esteblishmsnt of seversl happy
homes with gardens.
in Loughborcggh Iinlet, the slopes of the enclosing
mountains are relatively not so stsep, snd are locally
covered with glacial drift or soil formed by the decay of
egetation. 71th this exception, farming and gardening
along the shores of the larger fiords must be restricted to
the areas of alluvial origin, which have just been described.
In a few cases, the outer margin of the penin-
sulas separating the fiords are sufficiently low to afford

pasturage, and 2 few tracts of gzood land. Portions of the

coest in the vieinity of Lund, #Malaspena Inlet, Theodosia



Arm, Blinkinsop Bay end Port iieville may be noted as:examples.

In the northern part of the Gulf of Georgias, the
low-lying islands - Herwood, Savary, Hdernando, Hary and the
scuthern extremities of" South valdeﬁ/gand Corteg islands RE -
have light sandy soils, which are, in some plsces, ningled
with clay. “hzse islands embrace 12,500 acres of low land,
much of which is suitable for cultivation, and the remsinder
for grazing purposes. A vigorous forest covers by far the
greater paft of these arees; but,in contrest with the other
rocky ard mountainous islande of the district, thers are a
faw epenrgladss which'support 2 dense growth of grasses end
small bushss.

Among the islends of strong relief there are many
small detached arees of excellent land, some of which, neer

the shors, are now occupied by thrifty settlers. ihe entrance

e pgi)

of each stream is merked by the presence of a small delte;
occasionally 2 gentle slope 1s cloeked with glacial drift;
end 1n a few plzcss, the shore is bordered byka low ssndy
terrace, as in Equirrel Cove or Cortez Islend, end the scuth-
waest corner of Hardwigke Islend. Fortions of the interior
of sevsral of these islends lie at no great elevetion sbove

sea level. It is pmpossible to form an estimate of the total
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amount of such land which will be sultable for the location
of sevsral small farus. Across South valdes [sland, from
sranite Bﬁy castward, there is an irregular belt covered by
soil of marine origin, composad of modified glacial drift.
It is sandy and light upon the higher levels, loam or clay
on the lower, while vegetable mould of verying thickness forms
the topsocil. A congiderabicz part of the southern interior
of Cortez Island will be sultable for pasturage. In the
vicinity of ioskyn inlzt on North Valdes (.aurslle) Islend,
certain parts of Resde, Cracroft, iiarblsdown ana West jhurlow
islands mzy be clted as further examplss. #ith ths exeception
of the delta and botton 1ands, tnhe axe will have {o precede
the picugh, and although, owing tec the cost of labour, such
clearing of' land is expensive, the fertility of the soil a&nd
the climatic cornditions combin: to offer an ample reward.
Sheltered as this region is from the excessive
rainfall o the west coast of vancouver [slend, the nossibility
of large crops of cereals and vzgetables, such as whest, oats,
barley, potatoes, etc., ic only lirited by the distribution
of suitable lasnd areas. All fruits of the temperate =zone,-~

epples, peers, peaches, pluus, cherries, grsnes, berries -



will grow luxuriantly. These facts heve already oveen
partially demonstrated by & few settlers on (Cortez, Reade

and South Valdes islands. Hop ralsing sheuld be a8 remunera-
tive &3 it alreedy is in the valley of the Fraser river.

With the increasing demands for agricultural and deiry
products of the markets of Vancouver, Victoria and :anzimo,

it does not seem irrational to predict that agriculture will
receive nore attention in the future. it must be remembered,
however, that the topograpvhy is such thati mining, lumbering
and fishing will ever be the natural industriss of this

portion off the Provincs.



Lumbering.

At present, lumbering is the most active industry
within this arsa. The certainty of definite monetary retumrns,
dependent almost entirely upon the market pricec slone, end
the easy methods by which loge may be brought to ses level
end transported have caused the staking and operation of
timber limits to absorb attention almost to the exclusion of
other possibie industrial devslopments. Timber limits
within ths primeval forest are reported upon good authority®
ta'yield from 20,000 to 500,000 fest per acre, while the
average cut in eastern Canada ranges fron Q,OOC to 15,000 feet.

Although the term "inexhsustible" has besn applied
to the timber resources of this coast, it is very evidant
thet its application is not justifiable. “he heavy‘timber
growth is confined to limited sreas. Lven at the present

rate of production, many timber claims once regarded as

inaccessible and others once considsred not worth acquiring
have besn taken up. in ths year 1207, no lass than 10,824
squars miles were staked as timber limits in British Columbia.
On account of the vast aress applied for during that year,

the Government has wiesly declarsed & reserve of all timber

% British Columbia, its Resources and Fossibilities,
Victoria, 1953, p. 68.



lands now undisposed of. Zver within this area the day does
not lie in the far sana distent future when the existence of
large tress will be 8 feature of a rsmarksble ﬁast. Cmaller
trees, which in the eastern part of this continent would be
regérded 85 valuable, are often cut down end burnt, or left
to decay as underbrush. Forest Tires have ravaged widse
areas, as in the vicinity of Bute inlet and Ramsay Arm, end
thelr smoke €restes a heavy hazé upon mzany of the summer days.

if once ths forest ic cut down, reforecting will
bs a @ Ificult or impossible problem in many pérts of this
district, csince the rsmoval 6? the trees permits the scanty
soll to be readily washed from the stseper slopses, thus
chaenging portions of this wonderful landscane intc 2 veriteble
rock desert. The naked rock appsars everywhere in those
ereas where the forest has been destroyed by fire. Although
this danger, upon a large scale, is not imnezdiate, sxcept
through the lack of 1ndividual'responsibility with respsct to
fi:es, the sovernment would do well torreserve one or two of
the most picturesque fiords as parks, while they are yvet in
a state of almost primeval grandeur.

Logglin; is today carried on near the shore upon

the more heavily wooded slopes and at the entrence of many
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of the valleys, A larze tres may be felled at an £l1ltiltude
of & thousand feet or more; the bark is peeled from it,
and,when once started in movement, it frsquently plun:zes
directly into the ses. Donkey engines are quite universally
used in dragzging the logs to a chute which extends to tide
water. the depth of water nesr :siore in such cases facili-
tetes the lambering lndustry. gn 3South vsldes isiand, =2
railway about four miles in length nhas been built, and this
represcnts ithe farthest distance from the sesashore at whicii
operations wers in progress during the summer of 1907. %hen
once the logs reach the sea, they are collected in booms of

great size which are towed to the mills at Vancouver.



Fishing.

In 1907 & cannery was opened at Sargesaunt
Passage, near the entrance of Knight Inlet, to supply which
a small fleet of fishing boats was distributed in the bays
of Tribune Channel and Xnight Inlet. The propristor seemed
to be well pleased with his first season's catch of salmon.
In Heydon Bay, on Loughborough Inlet, six Japansse were
engaged in fishing and curing salmon and cod. within this
area fishing &s a2 business was limited to these ventures;
but the inhabitants were frequsntly seen fishing for their
own use, The Indisns subsist largely upon salmon, catching
sufficient during the summer for winter consumption. In
the epring they resort to the haad of Bute Inlsg or Knight
Inlet where the oolachans appear in large shozls. This
fish, which 15 about as larzs 8s & herring, is their chief
gsource of o0il, the smoked =2nd dried bodies afterwards being
used for torches as well as for food. Pishing as an industry,
and especially deep sesa fishinz in Queen Charlotte Sound and
ad jacent channels, undoubtedly descrves more systema;ic
attention. Salmon sesmad to bz vary numerous on the northern

shores of ;ilford Islsnd, snd espacially in Viner Sound.



Other Industrial Possibilities.

The readily accessible rew materials, the cheap-
ness of transportation, 2and the increasing demends of the
markets of the west=rn parts of North America,gésia and
fAustralia should make this coasst an unrivallsed centre fTor the
production of puld and paver. wuch of the wesste connected
with present lumbering operations might be utilized in the
manufacture of these products. The larges quentity of scrub
pine, which is usually so inferior in quelity that it is not
suitable for lumber, suzsssts the successful manufactura of
turpentine. 011 of cedar night also bz distilled fro: the
lsaves and brenches of the sbundant cedar trec.

The areas of stratified rocks deserve systematic
and thorough prospecting, for present developments seen to
demonstrate the existence of a number of whet should be profit-
eble small mines, and the possibility of some feirly lerge
low grede propositions. Materizle for the manufecture of
bricks and lime esweit demand znd necescsary caritel for develop-
ment. In several localities bsautiful stone for bullding and

ornamental purroses, traversed by sufficient joints to facili-

tate quarrying, lies on the vary water's edge.
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water Power.

The streams within this district which will con-
tribute to the possible devslopment of an snormous amount of
vsasily avelilsble watsr power sre toc numerous to méntion.

No attempt has ever been made to estimate the ensrgy which
they represent. Their volums fluctuates zreatly, the en-
closing czlopes of their basins being sc stesp thai they
readily respond to the irrezgularities of prscipitetion. ihe
moget constant in flow originate among mountains which ore
perpetually snow-clad or from glaciers.

3y danming the outlet of iLstero 3asin at the
head of Frederick Arm, or the outlets of the lake at the
head of idarylebone Inlet on West Redonda Island, considerable
water powers may alsc be made accessibls,. when demends of
modern conmmsrce warrant the develcpment of these sources of
power, numerous factories may arise ancng these fiords, wnich
enjoy such a delightful climete, and constitute veriteble
cradles Tor navigation. these water powers may also be
called upon tb facilitate tiue dovelopment of the mining

industry.
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Transportation and Communication.

The many trench-like waterways of this rezion
are analogous to a vest system of canals; and they form such
2 network that no point in the area covered by this report
i3 more than fif'teen miles in a streight line from the sca-
shore. Sheltered from the swells of the ad joining ocean,
they providé an easy means of communication in a region which
otherwise would he almost inaccessibls. Producte of ths
mine, forest snd s01il may be tsken to merket at 2 small cost
upon these natursal highwéys ffor commerce. Barge steamers
ply regulariy throuzh Seymour jNarrows and Johnstone Strait
on their way to Alaska. Smaller stesmers from Yancouver run
two or three times & wesk, adjusting thzir points of call to
the varisasble devslopment of possible industries.

Roads of any 2areat length could only be constructed
at such an expense that they would not be practicsl: bdut in
certain localities, such as across 2 few of the islands and
peninsulas, short roads misht be easily bullt after the land
has bezen cleared. The only waggon road in sxistence at
present is on South valdes islend, extendin, from Drew
Harbour to Cowland harbour. Upon the same isliand a railwey,

about four niles in length, has bzen bullt eastward from



Granite Bay to brin: logs to tide water. A feirly zood treil
passes the from ths hsad of Butes Inlet through the Coast renge
to the headwaters of the Chilcotin river, thus furnishing
communication with the Interior Plateau.

Within this region liecs the only possible route
for establishing & railroad connection betwsen Vancouver
Island and the mainland. In the directior of & 209 E fro-
VSaymour Narrows, two large islands so nearly occunv tha whole
passsgse thatl it 1s only necessary to cross itinrse narrcw
channels, which have a totsl minimum width of less than two
miles. rhe routs through the mountains by mesns of the
¥ellowhead Pass, the headwatzrs of ths Fraser, and the descent
gslong the Hornalko river to the hsad of But= Inlet is revorted
by several authorities to be thorouszhly fsasible, in order
to construct & line from this noint, along the side of Bute
Inlet to its entrance and thence across the intervening
islands and waterways, numerous difficult but not insurmnount-
able engineerin: problams would be ancountsred. Almost
continuous rocs cutting r~lonz the steep sloves, several
tunnels, and the bridging of the narrow channels through
which the tide flows ranidly would make it pvrobahly more

expensive than any corresvonding l=rnith of mileage in Cenada
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today. If once established the consgruction on Vancouver
Island of 2 line to Naneimo {(which is et present connected
with Victoria) and to a trus ocesnic terminus at Alberni is

reported to be a comparatively simpls proposition.



Inhabitants.

The pdresent distribution of the whits ponulstion
has been largely dstermined by the development of the logging
industry. ihe largest groups live in logrging camps, the
labourers in which are so nomadic¢c in nature that they cannot
be regarded as settlers. Upon some of the islands, and on
the southern side of Loughborough inlst, z few families have
taken up their residence in locations favourable for azgri-
culture; they usually supplemant the produce of their garden
by participating in fishing and logging, or by establishing
a small shop. rlotels have been sracted at Lund, Drew liarbour
end Bold Point on veldes island, 3Burdwood Bay on Reade Island,
Shoal Say on Zast Thurlow Island, Port ilarvey on Cracroft
Island snd on kinstrel I[sland.

the Indians belong to the elish and Kwakiuti-~
Nootka tribes. They speak many dislects, but the mejority
understand the Chinock languags, ard a few can converss in
English. ihe environme;; ;nAwhich they 1live forces them to
spend much of their time in canoes, and to depend largely upon

fish for subsistance. {o fashion & canoe, they scslect a

L
large ceder trees, cut ggf‘a log correspondin; to the size of
A



craft they desire to make, and then skilfully scoop it ocut

by using & small hoe-like axe. the 1life of these Indians is
so clessly associated with their cenoes, that their upper
iimbs are strong and wesll developed, while the lower are

‘weak and frequently bow lepged. Five Indien villages ere
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situated within this area,- at Cape WMudge, mouth of Bute Inlet,
3E§§l£}19?11& on Village Island, Karlukwees on Turnour Island,
end & fifth near hesalth Bay on Lilford islsnd. ‘he last

three villages mentioned are very picturesgue. vhe rnumerous
gaily coloursd and fantastically carved toten poles, and the
rude but substantially constructed one-story buildings are

the characteristics which ettract the attzniion ucst closely
upon approaching. Upon the totem poles, the hersldic

ancestry of the inmates is skilfully depicted, although the

carving is rough; soms single animal figures prominently upon'-
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each pole, representing the crest adopted by the family group.
'hne houses sre usually largé; sonme of them being forty feet
square. They possess a frame of heavy timbers covered with
broad ¢sdar planks, which are usually placed in avvertical
position. The uprisht logs in the franework, socwe of which
are carved upon the inner side, are usually smaller than the

cross rafters whiceh frequently are four and Tive feet in
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diameter, In reising these heavy logs to their position,
friends sre invited to 2n entecrtainment in which feasting and
dancing figure prominently. ‘he rafters are at first placed
upon 2 low staxe, and at intervals during the dance each |
friend is given & small, round, hardwood stick; one end of
each stick is placed beneath the heavy timber, and by concserted
1ifting, intersperssed by further stagin: and dgncing; it is
raised into position. The size ol these reftcrs is a2 nattier
of' pride to the indien, and it would sserm that onz may zather
at & zlarce upon: entering one of these houses an idea of the
united strength of those who vsr: present =t the raising .
Several ferilies live in each house, each farily anparently
having a definite space allotted. in wintsr fires burn on
the floor, the smoke pecsing out through a2 hole in thes roof,
which is in some casgs protected by ¢ shield that may be

ad justed to the direction of the vreveilin. wind, or entirely
closed. During the dance, the participants dress up in
welrd costumes and masks. ihe Indian who zavs the information
conecsrrning the srection of their buildings, also displayea
the mask which he wears duarin festivitiss. | it waé cleverly
shaped of wood to revresent the head of & horse, and bedecked

with brilliant colours; putting the detachsblc ears in



position, ne placed it upon his head and pulled a string which
caused the mouth to open¥

gnce most savagge end cruel in disvosition, largze
numbers now desert their villagse in the summer to work in
;he canneriss, while a few disperse among the islends and
inlets to fish and hunt, in order that the winter may be
provided for. Some of their earlier customs, such as the

deformation of the head while in infancy, heve besn abandoned.

¥ For more extended information concasrning the social
customs, habits, stc., of thesz indiasns - secg
¥wakiool Peoples of the horthern Part of Vancouver
Island and idjacent Coasts, by 5.i. Lawson, lrans.Roy.
Soc. Can., 1887, Section Ll., '
Aritish Golumbia and Vancouvsr island, by Commander
ReC. HeYne, 1362, pp. ©42-3504.



seneral Geology.

ihe records of ignsous ectivity within thie resion
constitute the dominatin: fsature of its geolozy. JThroughout
that portion of geological tims extending from the early(?)
Palasozoic to thc middéle Triassic, vulcanism wes intermittent,
becoming especially intense durinévthe iWrisssic period, when
it menifested itself by the extravasation of & greet thickness
of massive andesitic lava flows and voleanic breccias. Yhen
followed the invasion of the compcsité batholith o the (oast
Renge which, in Upper (?) Jurassic time, disrupited znu nota-
morphosed the sedimentary and volcanic rocks. the cycle of
igneous action closed with the injection of a vasi sultitude
of dikes which‘traverse Doty Lhe plutonic snd iLhe siratified
rocks.

ihrough the activit; of erosive procesces, the
roof beneath which the plutonic rocks cooled has biasn almost
entirely removed and the batholiths thaemselves have bean
denuded to various depths. ¢onsequently, by far ths zresster
portion of this area is characterized by the exposure of
‘plutonic rocks at the surface. Jdpon somevof the islands
between Vencouver Island and the mainland, & few patches of

the roof rsmein, in which the stratified rocks, though faulted



and otherwise disturbed, sre in a horizontal or have 1lo%w angles
of dip. For the most part, the stratified series occur in
isolated areas, each of which comprises whet Laly has so
approoriately caslled a "roof-pendant®. Eech roof=-pendant
reopresents some portion o7 ths roéf which foundered durinz the
intrusion of the deep-seated bodies of magma. itheir b=ds =zrs
either vertical or dip steeply to ths north-sast, the strike,
in gencral, corresponding to the N.W.=F.o. trent of the Coesit
kanyge. owihg to the absence of fossils =2nd the hi:h dezree
of metamorohism to which these rocw¥s hsve Heer subjected, it
is imrossible or difficult to deternins the position in ihs
stratiravhic colum™n to which the comnonent Stfata of & sincle
roof-rcndant belsns. Invno sinsle area within the district
iz the complete stratigorachic record disrley=z=d, so thet the
sgqueance su;geéted in the followin.s table has boun compllied

f'rom date collected in widely seoarated localitics.
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Age. Character of Rocks. A few Tyrieal Localities.
Recent Alluvial and black deposits. | Teltas st the heads of the
™ ords and bays, ete.
Unconformity U " 4 -—
Terrace-gravels and sands., “heodonia Arm, south-west part
By Stratified gravels and sands. of Hardwick I. etc.
4. Boulder olay. ! Harwood I., Savary I,
Pleistocene He Dtratified sands, clays and | Hernando I., lary I.
gravelg. i Heef Point, Cape Mudge
2. Stratified clays, bearing
marine shells. large
i btoulders.
! 1, Xoulder clsy.
‘ Unconformity- — S o
Upper (7) The intrusive ismeouns rocks of rxrosed over greater rart of
Juragsie the Coast Tange. this ares.
Ignecus Contacts
Dark shales containing fossils; Vestern part of larviedown I.,
Triassic gray impure limestones, fossili- Swanson I., Bush I., Hernasrdo I,

fercus, argiliites, thin beds of
quartzite, conglomerante cherts,
shects of diabase and sndesite.

Twin Is., etc.

I

i Conformity

Conformity

Hassive flows of andesite,
volcanie treg-ias, tuflfe =
Valdes <formation.

the

South Valdes I.,wittlenateh I.,
vegt Thurlow 1., Felmchen I.,
Hardwicke I., Cracroft 1.,
Hanson I., Harbledown I.




Perno-

Carton-
iferous(?)

(7)

(7)

Argilliites, guartzites, cherty
beds, tuffs, schists, inter-
calated shects of diabase
nwrnerous in some loeanlities,

Conformity-- e
iagsive beds of limestone pro-
batly same as Marble Bay formatio

7

1

¥uch altered clastic teds with
intrusive sheets of diakase.

l?

L]

Argillites, quartzites, schists,
intrugive sheets of diatasey.....

Conformity-

Crystalline limestones in thiek
bedSo

Conformity

Argdllites, gnartzites, thin
limestone layore, cherts,

7
Hornblen€e and chlorite schists,
crystalline limeetones, clates,
quartzites, intrusive and extru-
sive wolcanics.,

PR

Open Bay, Valdes I.; Elinren-
sop Bay; Port Neville: i¢en
Pt., Veet Thurlow I,

0pen Ea}‘ig 3. Veldes I.

Interior of 3, Valdes T.. west
of Open Bay ond Told Foint.

A more or less continmous
"roof=pendant” exrosed:-

on southern shore Cardero
Chammel; Owen Pt., Fredarick
Arm; Fanny Pay, Yhillips
Arn, eto,

Fawvn Bluffs, bBute Inlet;
head of Toba Inlet.



Frorm the precedin: tgble it will te noted that
the writer found ne rocks belongins to the Cretaceouns coal-
tearing series within the region included by thic report.

4 @rif{ tonlder containing several specimens of sucells

, which determined it 4o be of Cretaceons age,
was riven {9 the writer Ty ir. L%, Vylie, Purdéwood Iay,
Feade Island. Ee had received it from a prospector who
nicked 1t ur on the slope of a hill near this hay, Put
Pailed to Mnd any more than the one specinen. It seoems
inmproltatle that there are any areas in this rersion underlain
by rocks of this sage; tut should they occur, they wonldéd
ccoupy e low=lying asreas, and would probably be concealed

by derosits of drift.



The .arble Bay Formation.

This formetion consiste of limestones the beds of
which are usually from one to six feet in thickness. ihe
name ziven to this series of rocks was used by Leroy in
describing what is undoubtedly the same formation in 1ine
ad jacent area to the south. Owin> to 1ts distinctive 1itho-
logical character, it mev be readily reco:nized in isolated
exposures of the stratified rocks as markingy 2 definite horizon
in the stratigzsravhic segquence. Where most extensively
developed these limestones =re fine-rrzined, comnact snd blujish-
gray in colour, but in many nlaces under the influence of
me tanorphic processes they have Deen slteread td marbles or
have become coarsely crystalline.

They outcrop along the northern shore of QOpen 3ay,
ocn the esast side of South Veldes Island, where,vith an slmost
vertical dip, they strike N 35° W. Prom this locelity they
may be treced westwerd into the interior of the island where
the dip bescomes less end they occupy &n area which attains s
width of ebout helf a mile. The northern boundary of this
narrow bclt of limestones is defined by 2 very irreguler

contect with intrusive :ranite; the southern, at least in



part, by the passes;e of the limestone beds beneath the ar;ill-
ites of the Cardero group. The presence of numerous fsults
explains the gresat variation in the snzle of dip, and the
elternation of patches of argillites with those of limecstone.
On the same island, about three-yuarters of & mile to the west
of the hotel at Bold Point, there is a vatch of liasstones of
undetermined area, which have a2 low angle of dip and 2re like-
wise in contact with the granite. ‘f{hrough the solution and
erosion of the limestcne‘by subterranesan drainage, ssversl
small caves have been formed. iwo of thsse caves were
entered through latsrel oveninszss; one of them bein; followed
for & distance of about twenty-~"ivs yaras, when ithe passage
beceme constriieted and blocked by dark red clay, wnich also
covers the floor. ¥hat is probably an eitension of this
N2assezs was entered by descending about eizht feet through an
opsninz two feet in width, whica had been formea by solution
of the limestone sion; & vertical joint. anc floof of" this
sriall cavern was strewn with bones wnich were mixea with clay,
seven skulls of aeer with horns sttacned bein: counted ahong
the dé&bris. The roofs and walls of these caves are free

from stalactitic growths, Sut have bzen worn ¥sry smooth, and

encrusted, here and there, with small crystels of dogtooth



spar. QOccasionally the limsstons has a variezated or mottled
appearance, because of partial recrystallization into white
marble.

upon the meinland, a short distsnce south of
Dinner Hock, which is situated about eight miles north of
Powell River, there is an exposure of merble, which is asso-
ciated with metamorphosed arziilites end greenstones. the
marble is 45 feet thick, striking N ®5° ¥ with sn almost
vertical dip. Slickensided surfaces of cracks, wihlch treverse
the stratified serigss, were formed by faulting that probably
took place auringz the injection of the plutcnic rocks. it
is reportsd that this formation occuvies z snell area which is
situated three or four miles esst of the head of Theodosis Arm.

On the Elsie mineral clainm®™, which is situated on
the northern sids of West Redonds Islend, about two niles east
of Connis Point, at an clevation of 400-700 fcet, there is a
small ares underlain D, marble in which 2 deposit of megnetite
occurs. Upon the msinland, almost dirsctly opposite to this
locelity, 1t is reported thet marble is exposed in the bed of
a stream which enters Pryce Channel about thres-guargers of g
mile west of Elizabeth Islsnd.

Near the entrance of Frederick Arm, on its northern

# See paze



shore, blue limestone, more or less alterec to marble, which
presumably balongs to this formation, outcrops for a distence
of one hundred yerds, (Strike N 45° ¥, dip 90°). V¥ithin
Philipps Arm, the same limsstons appears on the west side of
Fanny Bay, {(Strike i 49° W, din nzarly 90°), and ~bout one
quarter of a mile up the second stream which enters this Arm
beyond hichard Point, (Strike i 479 ¥, dip 90°). In Lough-
borough Inlet, it outeropms on the southern shore'about»one
mile beyond Campbell Point, (Strike N 222 %, din 81° ). fihese
occurrences of this formation are distributed s2long a Line
which probably delineates the trend of 2 nerrow band of lime-~
stones and srzillites, which is irregular in width, and here
end there :n2; De expscted to be broken ecross 0y the intrusive
plutonie rocks. ihe southward extension of this line inter-
sects tne ares of sedimentary rocss which occupics thse northern
corner ofIMaurelle tslend, where crystelline limestones are
interbeddsd with the (ardero group. ihese limestonses outcrop
elong the southern shors of ¢Cardero channel, a short distance
south~cast of uasll Point. It seems highly probeble that they
represent & portion of the %arhle 3sy formation, and, il such
be the cese, it is necessary to recognize the presence of an

older series of stratified rocks, upon which the limestonss
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rest conformably end which are very similar in character to
those which dirsctly overlie themn.

Toba, Bute and Kni_ht inlsts, vhica penetrate
farthest into the Coast Range, cut across ssveral "roofl
pendants” which include beds of merble smons their strata;
but it is'difficult to determine from these metamorphosed and
fragmentary occurrences of the stratified seri:zs whether the
marble Belongs to this formation or not. For exemnls, in
Knight's Inlet marble is exposed on the eastarn shore of
McDoneld Bay (Strike K 4%5° ¥, dip 85°-90°); rear the mouth of
the Matsin Valley where two beds of marblsz, one three fest and
'the other about two hundred feet thick, sre i%terstratified
with schistose argillites (Strike N 53° W, din 769 E)}; on
Adeane Pcint, wheéee it has & gneissoid svrpearance uporn a
weathered surfece, {(Striks N £0° W, di» variable); on the
inner side of 710il Point, marble, psnetratzd by avophyses of
grénite, strikes N 70° W with & steep dip toward the east;
and about a mile beyond Axe Point, two beds of marble with a
totel thickness of thirty feet are exposed upon the northern
shore,

Limestoncs, belonsing to the same stratigraphic

horizon, are known from many other localities on the coast of
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Britisn goiumbie. ¥lthin the region coveresd by this revort,
no fossils were found in this formation. At Marble Bay, on
Texada Island, where this formation is typically develoned,

the writer collected some obscure corels from & béd of crystal-
line limestone, which outcrops a few feet away from the front‘
of the house occupied by 4r. 4. Grent, the meanager of the
Marble Bay mine. ihey are eilicified, and standins out in
relief upon & weathered surface of the limestone tiney resemble
clcsély the stalks of crinoids, but upon cereful observation
they ars found to bifurcate. These corals were submitted to
Professor J. #elix of theVUniversity of Leipzig, who determined

them to be either Lithostrotion or Syrinsonors. iheir

presence demonstrates that the .arble Bav formation wes nnt
deposited later than the Carboniferous period, the Lithostrotion
having lived in the seas of the carboniferous, ﬁhile'the
Syringopora enjoyed a longer 1ife history, extending from the
Upper Silurian to the close of ths ¢arboniferous. At Slount
Mark*l, in the centre of vancouver Island, between qualicum and

Alberni, =nd uvon the Ballinac lslands*z, between iNensimo and

*#]1 Heport of Prosress, lJsol. furv. can,, 1872-73, p. B4.

*2  Revort of Progress, Cecl. Surv. éan., 1873-74, p. 98.



gomox, the late Mr. J. Richardson collected fossils from lime-
stones, aPparently belonging to the same horizon, which were
eonsidered by &r. L. Billings to be "either ¢arboniferous or
Permian, and probably the formesr®. From a series of lime-~
stones and calcereous slstes on the southsrn shorc of Cowichen
Lake®, on vancouver island, %r. C.H. {lapp obtesined fossils
which he provisionally refers to the Devonian period. These
dzta imply that the Merbls Bay formation pepresents a wide-
spresd deposition of limestone which took place durin; late
Palaeozoic time, being vrovisionally referred to the Levomras:

Cerboniferous.

®* gummary report, ueol. Surv. €en., 1908, p. B4.



The Veldes Pormation.

under this heading is described & series of
volcanic rocks which, ith & few intercaslated beds of lime-
stone and argsillites, play an important part in the geology
of many of the islends included by this report. In ths
northern waters of the cull of seorsie, wittlenatch Island is
composed of these rocks, &nd on that portion of South Valdes
Island which lics betwsen lines extending ecross from Lsily
Point and Quathiasca Covz to the southern shoress of (ven 32y
and Prew iarbour, respsctivszly, they ars typicaelly developea.
South of the latter line, they pass benesath, and probaily under
lie, the stratified sands and cleys of which the southern
extremity of this islznd is formed. Alonz the shores of
Johnstone Ctrait, they occupy the south-western portions of
West Thurlow and Hardwick islands, the wheole of tielmchen Island
end 8 narrow area upon the mainland extendinz northward from
rslinkinsoplaay for a distance of about ssven miles. in the
southern part of ueen Charlotte Sound they appsar upon many
islends, of which idanson, (recroft and Harbledown ars the
largest. A considerable part of the shore-line of vancouver
Island, northwerd from Seymour Narrows, as well as an extensive

&rea upon the northern end of this island, asre charsescterized
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by the prescnce of this formation.§

volcanic rocks comprise by far the greater part
of this formation, the intercalated sedimente beins present
in only a2 few localities. in fiyacinth Bay, on the west side
of South Valdes Islend, & few aassive layzsrs of blue crystal-
line limestone 2re interbedded with the volcanics. on the
eastern shore of Hanson Islsnd, a short distance south from
BRurnt Point, similar limestone, occupying an erea o oniy a
few square yards and abutting dirsctly sgeinst tne volcanics,
seams to oWwe its position #o feulting. in thes swall arese on
the mainland, mentionad in the last paragraph, some layers of
argillite, and on Harbledown Island, thin beds of limestone,
shale end argillite alternate with those of volcenic rock.
in tne former locelity, they occur near the base, and in the
latter, near the top of this formstion.

Thick flows of basz2lt and andesite comprise the
ma jor portion of the volcenic series, 2lthouzh, locally,
azgzlomsratss and tuffs ere interbedded with them. uhess rocks

have suffered so much slteration and their beds sre so messive

that it is difffcult to decipher the vosition of the planes of

¥ pawson,J.s. Rsport of seol. Surv. of Can., 1987, p. RB.



stratification,. Wher viswed from a short distancs offshors,
the exposed cliffs occasionally show traces of bedding, which,
upon closer investigation, bscomes less pronounced in charactzr.
sheir angle of dip is nenerelly less than 1589, and wes not
noticzd to excead 40°, ihe presence of slickensided surfaces,
the local devslopment of nerrow schistose bands wiih & strike
corresnondin: to that of such surfaces, and the repetition.of
beds possessing similar petrogradhicsl neculiarities, dsnon-
strate thet the formation is traversed by faults. Withirn the
individual aresas underlain by these rocks, thz throw of thesse
faults is usually small, probably scldom excseding ons hunared
fest. Upon 5. Veldes Island, that portion of the volcanic
series which is expossd has an =stimeted thickness of
feet, although the reduplication of the sirete by feulting was
not considerzd in maxin., the calculation.

1he neme "gresnstonss", which was :iven to these
rocks in tne fizld, proved to be & singalarly appropriaic one
for distinguiching then from otasr rock Pormsiions in this
district. sMost of them are dark grayish-green in colour,
elthouzh grsenish-black and purple tints are locally prssant.

their weathered surfaces are usually rounded and humnmocky,
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often having an appearance as il rouzhly varnished. Locally,
as on danscn iIsland, tney have nraeserved glecial scratches
ana furrows with 2 remarkabl: de:ree of freshness, but the
smooth surfaces esre frequently due to induretion caused by
weathering. In some places their surface is desnly pitted,
owlnyg to the differentisl etchins action of the weather upon
amygdaloidal beds. Geceasionally this scticon has progressed
8o far that the surface scsumes 2 slaggy appearance, which
somewhat resemblss that of 2 modern lave flow. Jpen tne
northern shore of nyacinth 8ay, on &. veldese Iszlsnd, the
pillow "structure” is beautifully dcveloped in ons of the flows,
In gzensrel, these rocks are compact &na finge
zrained to cryptocrystalline in texturs; but over wide aress
they are hishly amygdsloidsl, the amygdulss sonetimes compris-
inz one-~third of the roci. The numerous emygdules betiray the
former vesicular character of the rock, and imply thet some of
the lzva flows contsined & lerzec smount o zZas and vapour,
which bacame imprisoned uvon the crystallization of tihz rock.
Occasionally they ars clongsted in parallel planes, thus
exhibiting an excellent Tlow structure. ihe vesicles are

now filled with secondary minersls, such es quertz, chalcedony,



e

epidote, chlorite, celcite and zeolites. gcnalcocite, ‘chelco-
pyrite, bornite, native copper and azurite slso occur within
the amyzdules in many widely separated locszlities, as on
Se V&ides igland, ths sauth-aastsfn part of iianson Island, on
delmchen Island end in several pleces alonz 3sronet Pessage.™
cf the zsolite faonmily, prehnite and natrolite were the only
menmbers which were obssrved to be present. ihe former
mincral fills nmaany of tis vesicles in a sheet which ouicrops
at popper Cliff, and was eslso noticed in association with
natrolite at thic head of the southern arm of idyacinth 3ay.
%¥lthin a _iven bed, the minsrals which oc¢cur in
the amyudulces, or ths nethod of their arrangement, are fre-
quently charectsristic featurcs. ihus, in 2 sinzle bed on
the south-gcestern corner of pancon Island, the majority of the
amygdules are lined with chlorite, while their csntres are

form of

0

occupled by epidote wiiich has crystallized in th
beautiful rosettes. In another sheet, which is expossd in

irowler gove on (Cracroft Island, they are lined with chalcedony.
At the head of Hyacinth Bay a sin_ ls flow,or & portion thereof,

1s alstinguished by the presences of numerous resnish-black

® See page
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spneriecal bodies, about tne size of pness, which zre profusely
sprinkled throuzh its mass. ithese may be readily separated
from & decomposed surface of the rock, and a few were noticed
to De sceattered on the ground in the immediate vieinity of
this outeropo. They were found to be composed of chlorite
with a little ¢»idote, &nc froix their spherical fors and
beautiful raaial structure were at first bslisved to be
spnernlitic in character; but upon exarinstion under the
microscope,it was observed that the nmuch altered andesite
which contains them becomss more fine-grained about their
borders, as is frequently the case on the border of vesiclss
in lavas, and it was concluded that they are likewise of an
amy;zdaloidal character. un the northern shors of g@anson
Island, the subanzuler vesicles in certsain bedas sre {illed #ith
a dark meterial, which stands out prominently upon weathered
surfaces and vossesses a peculiar glazed crpearance. ithese
amyzdules are occaesionally as much as an inch across. and
thz2ir presence imparts a unigue cnaracter tc tie rock. jasir
mineral content consistg of quartz and chlorite, the lattier
minsral perneating the quartz in the form ol irrsrular fibrous

aggreates.
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In certeain localities, larss cavities, up to
several inches in diameter, once existed in thsse rocks, bhut
they ére likewise now occupiedé by secondary ninesrasls, which,
in their colour and manner of occurrence, form 2 striking
contrast to the fine-grained texture end sombre colour of this
formation. Zome of these cavities hsve been formed by the
expansion of penti-up zeses or vepours while the lavs was yet
in 2 viscous state; others ma2rk the pressnce of irrezularities
wnich developed slong planes of faulting ér stratification.

In such cavities as these, 2r uncommon arrangement of Quartz
crystals is of frequent occurrsnece alonsy the shore of &.veldes
I=sland, Just south of Seymour Narrows. Prismatic crystals

of milky qQuartz are grouped ir compect radial arsrezates,
which eattain 2 meximun diameter of about three inches. Within
a2 single cavity they have freGuently developed from seversal
centres. A smell amount of chalcocite often accompanies this
quartz, but its distribution within the cevity is deperndent
upon the redizl character of the latter minesral. Within the
amygdules, quartz frequently displays e tendency toward a
similar radiel growth, which,undsr the microscone, expresses
itsz1f by & progressive undulatory extinction thst might easily

be mistsken for strain shadows. Azzregates of epidote crystsls
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in quartz, up to three inches in dianster, occupy cavitiss in
the rock exvosed along the south-sestern shore of Hanson Island.

veins of secondsry minerals Traduently treverse the
rocks of this formeticn and are occasionslly present in suffi-
cient numbers to form a reticulating netwerk, wnich zives the
rock 2 streaked zppsarence. Rerely do these veins &xceed a
small frection of an inch in widthji although, in a few instances;,
they ere several feet wide, containing copper minerasls in e
sangue of calcite and quartz..

Aleng the northsrn shors of Hanson Isleand, on the
western end of Hardwick Islasnd, &nd in the smell srea occupied
by theses rocie on the meinlend to the north end south of Port
lieville, sgglcomerates or breccing 2re interbedded with the lava
I'lows. they eare largely composed of subancular fragments of
greenstone, many of which asre hishly amygdsloidal; dbut the
metrix which surrounds these fregments hes been so altered
that in the cnccimen which was sxemined itc tuffecsous
character has been s21lmost comnletely oblitersted.

Fron en exgrination under the microscope of thin

sections of rocks collectzd from the msssive leve flows, it is

¥ cee page



found thet they are nyroxene andesites and basalts which have
been vary much slteread. the mejority of them were originally
composed of plagioclese and 2uzite with s few crystals of
enatite and disseminsted zrsins of iron ore. In a few
specimens, a subordinate amount of hornblende snd a faw
anhedral grsins of titanite are alsoc nresant. zZnidote and
chlorite a2re the most widespread and abundent sacondary
minerals, thsir pressnce rzadily exvplaining the green colour
which is s0o characteristic of these rocks. Calcite, quartz,
chalcedeny, zeolites and lesucoxene complzste tha list of the
common products of decompqsition in these rocks. when present.
the leucoxene occurs in the immediate vicinity of grains of
iron ore from winich it has been derived. ihe otnsr sscondary
constituents occudy ahygdules, or grg distributed irregularly
throuzhout the compsct rock, often beinz geathered together in
nests or clusters, which in renlscing the primery minerals
gives rise to a pseudo-amydaloidel structure.

ihe varietion of texturz in these rocks is csuch
tha: in s0ms thin sections the comnonzant ninersls sre barely
discernible, while in others the ophitic etructure is beauti=-
fully displayed. thic varistion in texture is dependent upon

the different conditions under which successive flows heve



cooled, and upon the fact that the central portion of =z single
flow, while coolins slovly, has become most cosrsely crystal-
1ized. Phenoerysts of feldspar, either singly or gatherea
into irrezular grouns, are of frequent occurrence, while
idiomorphic crystals of augite, which are very pels green or
colourless in thin section, are occasionelly sprinkled through
the rocke. In three snzcimens the feldspar was found to be
andesine, occurring in lath-like forms which almost invariably
Glspley twirming according to the albite law. Onz of the
amygdeloidal rocks from danson Island possessss a groundmgss
of small crystals of plagioclase in 2 partielly devitrified
glassy base.

A few narrow bands of chlorite and hornblende
schlists traverse thesse rocks. Twc such bands were noticsad
in the field -~ one on Herdwick Island and another on the Ajax
claim, on the north side of Deep Water 3ey on S. valdes Island.
Under the influence of crushing movements, recrystallization
hes teken place, the new minersals renging themselves in
definite planes at right engles to the pressure, thus producing
a foliated of schistose stracture.

Contect ¥etamorphism. Upon approaching & contect




between these volcanic rocks and those of the Coast Range
batholithes, the former become darker in colour and assune 8
less eltsrad appearance. Fron & nicroscopical study of thin
sections, 1t is plein that this change is dus to recrystallizs-
tione. the rocx loses its smygdeloidel character, eand horn-
blsende replaces the augite. Inecimens were collected at
different distances from their contezct wWith the renite at
Kelly Point on S. Valdes Island. At the contact, the volcenics
display a slight tendency toward folistion, and are comnosed of
hornblende, plagioclase, a few ygrains of iron ors with sonme
chlorite end empidots. ine hornblcndes, which is the dominant
mineral, is stronsly plsochroic, the compact individuels of
this mineral being very irreguler in outline. About fifty
yards south of the contact, ths fdck consists of the same
minersls, but the hornblende is of 2 distinct secondary
character, since in s fibrous form it penstrates the plesio-
clases in 2all directions. ihe hornblende is paler in colour,
ard & greater number of greins of iron ore heve separated out.
About & quarter of a nmile from the contact, whers the flrst
indication of the presence of stiretification zppears, the rock

contains & little sugite which occurs within the crystels of



hornblende, and is so uralitized es to lsad one to conclude
that at lsast a l2r:z proportion of hornblende hes been
similarly derived from the alteration of zuzite. Sirilar
rocks, in which amphibolitization of the auzite has taken
nlace, were examined from the contact on thc north-western
corner of Hardwick Island. Professor J.%. Judd, in describing
the Tertiery gabbros of Scotland® end Irelend, assizne the
processes whereby sugite is converted into hornblende to the
action of atmospheric 2. ents; but a study of the volcenic
rocks in this rezion shows that this changse msy £lso be a
result of the infusion of heeted vapours and waters which

attend the invasion of batholiths.

* Quart. Jour. Jeol. Soc., Vol. sDe
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gorrelation. Undoubtedly this volcanic scsries is of the

.

same geological 22z 2z ths porphyritess, azzlonerates, eic.,
| - e s
of Eexada island. it llkewisc sczeng probable that they

s

corresbond to the volcanic mesbars of the vVicioria Series
on the southsrn part of Vancouvesir [sland. i1t is possible
that the Valdes fornation may belong to the latest Palaeozoic,

but in this report it is provision=21lly placed in tne (riassic.

cf more racent ags ihan the vaides formation ars
the carbonacecus shales, srzglliites, impure limestones, csal-
carecus sandstones end guartziives,which are lsasst netamorphosed
and rost typicalily developed upon tine western part of Harble-
down isianu in Qussa ghariotte sound. interbedded Tith
thess wsedimencvary rocks are a few layers of massive volcanic
greensitones which have itiie comvosition of araesites. Some of
these greenstones are trus leva "lov s; others sszm to bz of
intrusive character, anda their preserce shows that the volcanic
outburste which vroduced the valderz {orration :sracually became
less intenss. On a nprojectings point just to ins zast of Kelp

Hocks on the soutisrn side of wsrbledown islend, ncarly hori-

zontal beds of derk carbonaceous limcestone ares iargely conpossd



of fregments of chells. Amon thoge fresrmonts, thoso of

Besudomonotig gaveircularis and :slobis vers racocnized.

bizoese dikes of gresnish-gray colour initsrsscet the limestones,
end nay be rssvonsible for thelr iapregnetion with disczoninsted
srains of nyrite. Paroon Bay. on the vestern gids af‘this
islend, proved to be the most nioduetive locality in the whole
ares for the collection of fossils. Wnon tha wesiorn shore

of thies bay,lnsﬁt,itﬁ sntrance, thers 45 an axposurs of hluisghe-
cray srxillacecus linestonss, carbonaceous chales, 8Illiites
and quarizites which,with en almost vertical Gip,ers in contact
with intrusivs qusrta-nica dlorite. dron sxenlnetion in thin
segtion under the ~icrogcone, ths limestisnns pravad Lo D3 very
imnure, containing: a hich pasrcenta:s of duertz ia ninute

gfsins snd nuch carbenscesus materisl, g proaencs of minuts
cremilaiions in this limastén$ is beautifully denictad by ihn
arraagaweﬁt ef ths »articlec of cerbon. the szurfeces of some
¢f ths leninaec ol the shalss 2rs coversd with ths iznrints of

irculsris, whils aome of the cowneci lime-

Pseudomonotis sube
stons lavers yleldad beeutiful 5wa¢im&ﬁs éf ths sans {ossil
togethar with that of & snell gssteronod, ~hich, though poorly
sragervec, 1o Dallaved Lo Do 2 RaLigs. oo LD sastern shors

of thig bay, ther: i e orosigent peten 97 Gleck carbonscsous



shaleg »hich are nearly horizontal. From these shales

geveral casts of thec zmmornite, galtitss (?) vanccaversnsis
were collscted (sec Plate Fige ).  ihe specimenc are

mere imprescsions in whicn no trace of 2 suturel lime or
siphuncle has besn preserved. They have not only Deen

almost completely flettened out, but heve suffered fronm lateral
compression, with their longer axes corresponding to the
general regional strike. Cne specinen, which shows little
more tian one-half of =z cast, hes assumed the shanz of an
ellipse in whicn the major auxis must heve been inches in
length with & minor axis of inches=. ins late Dr. J.F.
*hiteaves has described this fossil =22 follows:-

"Shell, discoidel, comprsssed, whorlsz four to five,
"glender, genily convex at ine sides incresasing very slowly in
"size and very slisntly involute, so tnet ine whole of the
"sides of the inner ones ars s »posged to vizaw: uabilicus wide
"and extremely shallow, outer volution digtinetiy keeled at
"the periphery: cxterior of the whols test stronily ribbed,
"the ribs simple, transverse, jenerally straisht, broadening
"gutwards and interrupted on the kesled periphoery of the outer
"volutien. Sivphuncle and scptumn unknown.”

¥ithin this ares, the late Dr. J.¥. Dawson



collected specimens of the same fossil from Hidalgo Point on
Hernando Island in the Gulf of Georgis. In this locality
the stratifisd series, which comprises cherty argillites,
quartzites, numerous intercalated sheets of intrusive (?)
gresnstones and a laysr of blue limestone which is four inches
in thicknsss, are intersscted by numarous dark dikes. They
occupy a very small area, being intruded by grano-diorite and
olivine-gebbre which cutes thea off on svery cide zxcept the
northern. On Iron Point, on Trin Islands, avoul two miles
(N SOO W} from Hidalgo Point, a small patch of stratified
rocks occars in which thin limastone leyers ars numsrous,
elternating with argillitss and qusrtzitss, They fredquently
contein garnet, vyrile and occasidnelly = little nagnstite,
the presencs of the lost Lwo ninsrels causing them to weather
in brilliant rad ead in blsack coclaars. neir din is as0
toward the norin-zesi, while thzir striks is W =4° w. Some

linzd with esleite, th
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formation of which may have basn Jus Lo the presence of shalls
A very iaperfect cast of a nelceypod was found in a layesr of
impure iimestone, which, from its convex shape and the
character of its ribs end sar, is believed to he the right

valve of distorted pgendomonciie subecircularis.




Two excellent casts of this fossil, which are
slightly distorted, wers found in the smell ares of sedimentary
rocks on the west slde of Jumble I., which is situated in
Knight Inlet near its entrance amonz the archipelazo of Queen
€hariotte Sound. These rocks are very much altersd, as are
those of 2 small stratified mass which lie immediately to the
gast of Jumble 1. Brief reference will be made to other
lccalities in Jueen Charlottie Sound where small areas of
stretified rocks occur which ars believed to belonz to this
series. In generel their striks is about ¥ 50° W, end their
dip is ucuelly vertical or steep towerd the north-sast. On
Swenson Island, massive volcanic greenstones sre intercalated
with argillites, quartzites andé incurated shsles. On the
south-sastern cornsr of Hars Izland, on & small unmamed island
just north of Bonwick 1., on House Island, on the outer islet
of the Jedge Islends anc on the north-eastern portion of
Villase Islend, smell sreez of sedimentery rocks are exdosed,
They consist of arzillites, quartzites and limestone, the beds
of which usually range froz one to six inches in thickness.
Owingz to the differential weeathering of their layers, they
przeent & ribboned appearance. On House and Cedge Islends

they are intricat=aly rplded, w#hile on =2 esmeall island to the



west of Fire Island and in Heslth Bay on Gilford Island, what
seem to have been the same rocks have been partially changed
to hornblende schists. All of these smsll masses of strati-
fied rocks have experienced the effects of contact metamor-
phism, and the adjacent plutonic rocks ususlly contain & large
number of smeall detached fragments of the stratified series.
The presence of Pseudomonotis subcircularis determines these

rocks to be of Upper friassic sze.



Metamorphism of Sedimentary Hocks.

On the western part of Harbledown Island, and on
S. veldes Island, certain portions of the sedimentary series
of rocks approximate more closely to their original character
than those in any other localities within the regzion; but,
in general, the stratified rocks have been much altered under
the inf'lusnce of the processes of metamorphism. in many
lnstances, imvportant changes in their mineralogical composition
have been induced through contact with the intrusive plutonic
rocks, while in a molten state. 'The intrusion of the latter
was accompanied by the emission of heated zeses, vapours and
waters, some of which were undoubtsdly supersaturated solu-
tions that, passing ocutwsrd into the invaded rocks, caused
their partial or entire recrystallization, and often developed
new minerals within them. The contact aureol=s is very
narrow in some pnlaces, Whilé in others it attains a2 width of
from one to ahout threes thousand fset,

When influenced by contact metamorvhism, lime-
stones, in addition to recrystallization, are especislly

susceptible to the formation of new minsrsals. Within the

contact aureole the following non-metalliferous minerels have
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developed within the limestonss and calcareous rocks of this

region:-
Garnet Sphene Sillimanite
Wollastonite Vesuvianite Tourmaline
Tremolite Hornblende Serpentine
Epidote Muscovite Chlorite
[uartz Zoisite

The serpsntine and the chlorite are products of the alteration
of’ the pyroxene and hornblende respectively.

Of these minerels, the first five on the list are
of the most widespread occurrence. In some localities, as
on Mars Island in Quesn Charlotte Sound, very much indurated
argilliies end quartzites alternate with bands that are almost
entirely composed of garnets. Prior Lo mestamorphism, these
rocks were shecles and fine grained sandstones interbedded with
thin leyers of impure limestone. A specimen from onz of
these garnetiferocus bands on Mars Island, which macroscopically
eppears to be 2 closely packed agzrezate of tinnamon-bromn
garnet crystels with & 1little celcite and trémolite, was found,
when sxamined in thin sections, to contain also small amounts
of wollastonite, sphene, sillimenite and quartz. A specimen

from another band #he% displays small crystals of garnet in a



white, fine gresined matrix, which under the microscope proved
to be granular wollastonite with zoisite, quartz and vesuvian-
ite. On the Elsie minersl cleim, on the west side of

Redonds iIsland, a small patch of massive limecstones hsave
almost entirsiy lost their identity through replacement by
magnetite, wollastonits, evidote, Quartz and vesuvianite, with
secondary serpentine. A Tew narrow bands of limestione, sbout
one mile before Axe Pt. in Knisht Inlet, have bzen sltered to
a dark greenish-zray rock, which in thi» section is found to
congist of hormblende, evidote, snhene, quartz and calcite.
The hornblende is very strongly pleochrolc from very dark
brownish-green to 1lisht olive-green, and 1is thus distinct

from the pyrozenetic hornblende of the region. Other locali-
tiee, where excellesnt contact phenomena of & sinmilar nature
may be seen, are,- the iwin Is.; Bold Pt., on §. Valdes lsland;
south-east of Granite Bay in the interior of £. Vesldes Island;
upper tunnels of Cuba Silver vining Co. on Louzhborough Inlet.
In the last locelity, garnets of a light red colour 1lie in =
matrix of radiating fibres of tremolite. In some places, &8
in Panny Bay on Phillips Arm, or Adeane Point on Xnisht Inlet,
where crystellins limestone is in contsct with the plutonice

rocks, it contains siliceous concrstions with pyrite, #nd the



whole mass has been stirred about, resembling & marble cake
in appearance.

Of all the typicel contact minerals, garnet,
epidote and wollastonite seem to be the most sbundent. The
garnet is light red to brown in colour, occurring as single
crystals, ajigregates of crystals or in massive form. In thin
section, it is colourless or yellowish, and often exhibits
anomalous double refracticn which besrs a definite relation
tc the faces of the rhombic dodecehedron. The double refrac-
tion is variable and occasionally the crystals of zarnet
display triangular and diasmond-cshaped patterns, the latter
with angles corresponding to the face of a dodecahedrom. In
gacn figure, the extinction is progressive from the outside
towards the centire. Excellent specimens of zarnets possess-
ing these encmelous propsrtiees vere collected on Mars Island
end on the Twir Islends. The zarnets contain irregular
inclusicrs ¢f 211 of the other mincsrals which mey be present.
1% seems probable that here, =s in Alaske, "the greater per
_cent of the garnet assoclated with the contact metamorpvhic

deposits is sndradite, and not grossularite".*

# U.C. ueol. Surv,.,Bull. 347, p. 91.



The wollastonite is white or greyish-green in
the hand specimen, and usually occurs in greins of very
variabl:z: size. On the Elsie mineral claim, West Redonda
Island, it occasionally occurs in fibrous aggregates in which
the stout Tibres owe their origin to repeated twinning
parallel to (100).

Epidots is not restricted in its occurrence to
the metamorvhosed limestones, but =2l1so occurs in some of the
altered argillites, end is very abundant &s a product of
decomposition in the intercelated wolcanic rocks. A pals
grayish-green rock traversed by thread-like veins of calcite
and quariz, which, of frequent occurrence, is typically
developed near the marble on the mainland south of Dinner
rock, eand in Bird Cove, hKeade lsland, consicts of epidote,
chlorite, jusrtz, sphene and & liitle calcite. This rock
seesms to heve been a limestone which has been largely
changed to eridote through contact metamornhism.

iremolite occurs in the for: of radial aggregates
of white, silky fidbres, Tourmaline was only noticed to be
present in the form of sprays of black, needle-like crystals
upon a joint plane traversing crystalline limcstone on the

Geiler ninzral claim in the intericr of S. Valdes 1Islsnd. In



McDonald Bay, Knight Inlet, muscovite occurs in crystalline
limestone at its contact with granodiorite.

Within the =zone where the stratified rocks have
been affected by contact metamorphism, it is not uncommon to
find that they have been impregnated by dissemineted grains
or masges of pyrite, pyrrhotite, magnetite, chalcopyrite,
bornite and, less frequently, by small grains of gslena, zinc-
blende, arsenopyrits and zold.

The manner of their occurrencs clearly indicates
that these metaliferous minerals were devosited during the
cooling down of heated solutions which emanzted from the
plutonic magmas. There likewise seems to bPe no reason to
douht that at least a considerables rercentage of the none-
meteliferous minerals, cuch as zarnet, spidote, wollastonite,
etc., were similarly formed by denosition fromn magmatic
emanations. In support of this doctrine is the fact that
some of the limestones,which havs been impregnated by these
minerals, ars remarkably pure. A sample of limestone belong-
ing to the idarble 3ay formation, fron 8. valdes Islend, was
found to bentain a little more than one per cent of inscluble
residue in the form of excescively fine particles of quartz.

Within the contact aureole, the srgillites and



quartzites either become very compact with & highly indurated
ebpearance, or they develop a schistose structure. Ir a2 few
localitles they wzare noticed to contain visible epidote and
garnet. In thin section, their ori:insl clastic or granulsr
character is no longer discernible, but they are found to
consist of a mosaic of exceedin;ly small interlocking grains
of quartz, often accompanied by small =mounts of enidote and
irresular zrains of maznetite and pyrite. Zvery stage in
thelir transition to qQuarte-biotite schists and qQuartz-horn-
blends schists mey be observed in thz fizld. Ferro-magnesian
minerals, usually flakes of biotite, develop in psrfect
alignment within the marginal portions of a layer of argiliite.
These abpear as dark lines in ths rock =and, becoming more and
more numerous, 2 schist is finally produced. In only two
localities, et Fawn Bluff's in Bute Inlet a2nd et Wignell Point
in Loughborough Inlet, narrow bands of slaste occur, which are
also provably metsmorphic equivalents of the ergillites. Of
those minerals which are frequently developed in argillaceous
rocks through contect metemorphism, andslusite was observed in
a2 thin section of = quariz-biotite schist from Port Neville,
which also conteins augite, & little epidote and a few grains

cf magznetite. The homogencous texture and pure siliceous



o)

character of some of the cherty arzillites suzzests that they
may have been formed by netasomatic silification of thin
limestone layers.

The extrusive and intrusive volcznic rocks
apparently‘have baen altersd to schists more easily than the
other membsrs of the stratified series. As in Port Neville,
and in the vicinity of Hall Pt., on the north side of iaurelle
Island, they sre partially r=srresented by hornblende schists
which are interczlated with the less sltered asr:illites,

These schists,or emphibolites,consist chiefly of hornblende
and rlagioclase feldspar, wiihh such minerals as epidote,
chlorite, kaolin, quartz, sthsne and blsck iron ore. (Certain
roof-nandants compossed of hornblende~schists, such as the one
which occurs about 8 mile beyond Cascade Point in Knight
Inist, ars believed to be thes metamordhoszd equivalentis of
massive volcanics, probably beloning to the Valdes formation.
Schists of this type are similsr in their mineralozical
comnosition and zensrsel abnsarance to those which have been
formed by the local shearinz of the diorites in the rezion.
In gensral! it may b2 seid that the development of
typical contact minerals in the sedimentary rocks is dependent

unon the denth to which the roof-pendants have been exposed.
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The best exanles of the effects of contact metamorphism are
limited to some of the iclands ard lower forelands, where
denudetion has not been carried to such a zreat depth as in
those fiords of the msinland which are bordered by the highest
mounteins. Within the lattser, depths are exposed where
metamorvhism has been so intense as to almost completely zlter
the stratified rocks to schists with intsrcalated lense-~like
hodies of crystalline limestone. hvew minzrals havse bzen
developsd, but Lhec metenorphism hes baen more closely relsted
to that which takes place in the zone of flowage within the
crust of the earth. the m2zma, at this depth, was under
zreater pressure, ang the invaded rocks mors impermesable,

two conditions which are not conducive to ths release of
megmatic emsnatione. Cince, spart from the varisble character
of the solutions emitted by the cooling nagmas, the conditions
which wers suitz2dle for the formation of mineral deposits of
economic value ware identical with those necessary for the
development of the typicel non-netaliferous contact ninerals,
it may be sxpecited that within those portions of the district
where tne fiords have been ercded to grestest depth (viz.,

whers they ere bordered by the hizher mountains), if such
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aeposits occur, they will be found within the roof-pendants
of atratified or schistose rocks, but up toward the tops of

the mountains rather than at the lower levels.



Intrusive Igneous Rocks.

The intrusive igneous rocks of this region include
(1) the ebyssal or plutonic rocks,which hawve invaded the
stratified series in the form of immense batholiths, and
(11) the hypabyssal varieties, which, as dykes, traverse both
the plutonic and stratified rocks, coccasionally spreading out
along lines of stratification in the form of shsets.
Abyssal Rocks.

Bistribution.

More than three-fourths of the ares covered by
this revort is underlain by plutonic rocks, which are exposed
at the surfacc over widzs arcazs or ere locally coverad with =
thin mantle of glacial drift. ‘They not only comprise the
me jor portion of the Qoast Kange within this district, but
also the majority of the off-shore islands. The small arseas
of stratified rocks are mere remnants of the roof which once
universally covered thess batholiths, there beins no doubt
that they are resting upon plutonic rocks of the same petro-
zraphicel characler and geological sze as those about to be
dsscribed. The wells of the fiords, which penetrate far into
the central portion of the Coast Ranzse where mountains occa-

sionally rise to eight thousand feet in sltitude, nresent an



almost continuous outcrop of these rocks, which once existed
in a ligqueficd or molien state. Alonz the upper resches of
the fiords, the roof under which this masgma cooled and crys-
tallized must have been situsted many thousands of feet above
the summits of the loftiest mountains of today.

Litholos-ical Character.

The petrogrephicel character of these rocks
should be of especial interest because of their jzeological
importance Wiﬁhin this area. They are hsteroseneous in
character, including granites, ranodiorites, diorites,
gabbros and hornblendites anmong their number. cuch & close
petrographicel relationship exists between the differsnt types
that, withlin comparatively small areas, one varisty zradually
passes into another. ithe following; rock-tyres were examined: -

Biotite and hornblende zranite
Biotite-muscovite zranite
granodiorite

Diorite

Quartz diorite

Quartz-mice diorite
Quartz-auzite-dicrite
Quartz-norite

Hornblende Gabbro

Porvhyritic Olivine-Hornblende Gabbro
Hornblendite

In respect to areel distribution they vary widely

in relative importance. quartz diorite is the most preval:zsnt



typs, although the grenites end granodioritzs, if considered
together, are nprobably es asbundant. Gabbros and hornblendites
occupy reletively small areas.

As & rule, these rocks possess & remarkably uniform
granitoid texture, usually beinpg of an evenly coerse-grained
cheracter. The basic varieties are subject to & more frequent
change in texture than the acidic, medium-srained species
being common among them, while thz hornblendites are the most
coersely crystallized of the series. Porphyritic facies have
been devsloped in some of the small intrusive rock-bodies (es
in the vicinity of Deep Bay), along zones of irregular width
at the margin of some of the batholiths, snd over limited areas
where srosion has removed the roof but apparently hes not
reduced the surface of the batholith to any zreat depth. The
majority of the phenocrysts are placioclase, although those of
orthoclase and quartz are locally developed among the acidic
rocks, and, less often, thoss of hornblende anong the basic.

A miarolitic structure wes noticed within these rocks in but
two places - in granite, on the south shore of Ranmsay Arm
about three miles from its entrance; snd in diorite, on the
west shors of East Redonda Island at a point nearly onposite
to #Marylebone Inlet. In the former locality, a few drusy

cavities, up to four inches across, are lined with small, well-



formed crystals of orthoclase, oligoclase and quartz; in the
latter, crystals of hornblende protrude into small hollow
spaces. These cumulative facts seen to imply that the condi-
tions under whici the greater vortion of these rocks crystal-
lized were unususlly uniform in chsaracter.

In general, they ere some shade of gray in colour,
the most acid varieties being almost white, and with increasing
basicity becoming darker, until the hornblendites are quits
black. 1In & few locslities, the granites and greanodiorites
are of & pink or red hue, owing to the colour of their feld-

pars, whils gresnish tints characterize some of the darker
rocks, chiefly because of the development of chlorite or
epidote or both of these secondary ninsrasls. Occasionelly
minate veinlets of epidote and chlorite traverse these rocks.
Upon weathered surfaces the shsdes of green and white have
frequently been accentuated, the blending and alternstion of
rocks of sombre colours with those which are 1lishter consti-
tuting one of the most pleasiny features of the scenery.

The minsralogical composition of these rocks may
be conveniently shown by arranging the component minerals in

a tebhulated list, s follows:-



Essential Accessory Secondary
Plagioclase Plazioclase Hornblsnde
Orthoclase Quartz Chlérite
Quartz Soda-iicrocline Epidote
Hornblende Hornblende Zoisite
Biotite ifuscovite Kaolin
Auzite Sphene Calcite
Hypersthene Apatlte Muscovite
Olivine Mazgnetite Sericite

1Titaniferous) Bastite
iron Ore )

Zircon lale

Epidote Li.eucoxene

Orthite vagnetite

Pleonaste

A comparison of thls taeble with 2 similar one

which was compiled by Leroyl, in order to denict the composi-

tion of these plutonic rocks as they occur in the adjacent

area to the south, 7ill show that only five mircrals have been
added to hies list, viz., microcline, olivine, telc, pleonaste
and orthite. these minerals ere of rare occurrence within
this district, the mineralogical composition and petrographical

character of the rocks besing essentielly the same as in the

1 Geol. surv. of Canada, Bull. No.996, 190f, p. 19.



arca described by him.

Five minerasls constitute more than ninety per cent
of the total mass of plutonic rocks in this re:ion, and apper-
ently their relative asbundance may be expressed by the
formula - nlazioclase hornblends biotite quartz
orthoclase. Of the remaining primary minerals, those of
frequent occurrence are sphene, muscovite, zpatite and the
iron ores.

These rocks possgsess numerous femily traits in
common, one type passings into another, sugzesting that they
were 211 derived from & magms which wes, at least approximstely,
homogencsous in character. Considering them as a whole, the
following minerslo-ical characteristics may be noted:-

(1) The soda-lime fsldspars are far in excess of the potash
varieties, ths latter beins most abundant in the acidic rocks,
although in some of the rocks possessing the largest percentage
of f'ree gquertz, plezioclase is more abundant than orthoclsse.
¥rom determinations of the plazioclase feldspars in & larze
number of the rocks, it would seem that their aversize composi-
tion is that of a slightly acid andesine. 0Oligoclese and
andesine are the most abundant varietiss, although albite is
quite ofter present in the scidic and lebradorite in the basic

rocks. Bytownite and anorthite eare rarely met with, occurrin:
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in only a few of the most besic rock-types. Zonal structures
ars very often displayed in the individual crystals of feld-
spar, especially by those of andesins and oligoclase. The
boundaries between the successive zones sre commonly very
distinct, showing a repeated and sharply defined alternation
in the growth of sodi¢ and calcic varisties; but frequently a
progreséive extinction, shading from the interior of e crystal
outwards, or vice verss, suzzsests that the change im molecular
constitution has been as gradual as the growth of the crystal.
Albite twinning is almost invariably present, and is very often
associated with twinning according to the carlsbad asnd pericline
laws, The width of the twinninzg lamellae generally is greater
amon;, the more basic feldspars, which are often of a very dark
grey colour because of the multitude of minute inclusions of
black iron ore which they contain. Among the specimens which
were examinsed microsconicaelly, sode-microcline was only noticed
to be present in the granite from Uranite Hountain on Bute
Inlst. Eridote, zoiéite, calcite, kaolin and sericite are
very common products of th: decomposition of the feldspars.

{?) Quartz 1s present in nearly all of these rocks, being
absent from only e few of the most basic varieties.

(3) The amphiboles are represented by common green hornblende,

whose pleochroism ranges from a pale yellowish-~-green to dark



green, This mineral usually occcurz in the farz of smell
greanish-black prisme, upon which erystal feces are scldom seen
but, possesszing an gxcellent cleevaze, smooth glistenin: sur-
feces are =wuch in evidsnes. In the harnblendltssi. blade-iike
eryatals of hornblende sonetizes attain 2 lznsth of two or
thregs inchee. Boms Praseents of these larse crystals of
hornblande ware carefully selescted from & epescimen of horn=
blendite, which wes collactad about two miloes bevond the
5§§ﬁ&ati valley on the north shore of xni.ht Inlet, end «r.¥W.8.
campbell, 3.Sc., whils @ fourth yeer ctudant in ths course of
Ghemical ingincerins in Hciill University, ueds sn enslysis of

this minersl with the following: results:-

% A
810, 41.0 e O 11.v
Pe, 0, 4.1 K,0 G.f;
¥s 0 10.5 Ha, ¢ 2.7
e, 2.7 fotal 109.8

Anong some of the derk-coloured rocks, the horn-
blende assumes both conmvact end fibrous forme, having the
epnsarance of "grean diellage®. Such hornblende is actinoliul
or smars;xitic in character, or, when compact, has & mottled
sppearsnce under the nicroscope, becsuae the 1hteﬁ$rty of the’

green colour varies not only in differsnt crystsls but often

Seo page



s
¥
3

within & single individuel. The lines of cleesvage are closer
together than in ordinary hornblende, and ninute perticies of
black iron ore are profuscly sprinkled along them. Fibres of
hoernblends, singly or metted in ag:iregates, pierce the feldspars
in every direction. In many specimens containing hornblende
of this character, no diallsge is present; but a few rocks were
examined in which 2 small amount of this mineral occurs in such
relstionship to the hornblende as to mske it plain that pro-
cesses of uralitlszstion heve been at work.

Biotite and hornblende very frequently occur
together, often being mutuelly intergrown.

(4) Biotite occurs more commonly in the light-coloured,
acidic rock-types than in thz dark basic varieties. When
nregsent in the latter, it is usually subordinate in amount to
hornblende. Alon: the upper reaches of Knight and Loughborough
inlets, blotite seems to be more sbundant than the other ferro-
magnesian minerals. iscroscoricelly its flekes are dark brown
to black in colour and occasionelly have perfect hexagonal
outlines. Under the microscone, they esre very strongly Dpleo-
chroic, from dark brown to light yellowish-~brown. Hexagonal
flakes of this mineral, of an almost equal size, are dissemin-
sted through the granite from a point about two miles before

Matsin Velley in passing up Knight Inlet, imperting an unusual
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eppearance to this rock. Chlorite is the common product of
decomnhosition of both the biotite and hornblende. ¥hen alteras-
tion to chlorite has taken place, small srzins of secondary
magnetite have often separsted out.

{8} In a discussion of the zenersl minsralogical composition
of these rocks, the pyroxenes are of minor importasnce when
compared with hornblende or biotite, since thelr occurrence
seems to be restricted to a few of the basic varieties. The
diallage is colourless or pale yellow in thin sections, 2and 1s
generally found to be lergely altered to uralitic varieties of
hornblende. it is belisved by the writer that this mineral
was once of mors widespread occurrence in these dark rocks,
but today its former presence is recorded by thet of secondary
hornblende. Probzbly this chence of diallzge into hornblende
has been produced by the hydrothermal action of mineralizing
gases and vapours which were liberated during the cooling down
of the intrusive magma of the batholithst. Hypersthene was
only noticed to be present in the quartznorite from Baker
Island, which is described in deteil on page

(6) Sphene is avparently present in the majority of these
rocks. It occurs either in the form of irregular grains or
in smell crystaels with the characteristic wedge-sheped outline.

1
See page
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it 1s surprising how often its brisht 1little yellowish-brown
crystals are discernible to the naked eye.

Microscopic crystals of zircon are disseminated
through some of the granites, granodiorites and quartz-diorites.
Apetite is a2lmost universsally present in the form of small
hexagonal crystals or irregular grains of microscopical dimen-
sions. Small greins of bleck iron-ore are sprinkled through
2ll of theseg rocks, but their number is exceedingly variablc.
They are occasionally surrounded by & thin border of lesucoxene.
The presence of pyrite is fresquently betrayed by the develop-
ment of rusty patches or zones, which have been produced by
its oxidation on surfaces of weathering. In the vicinity of
contacts batween older and younger bodies of intrusive plutonic
rocks, the older arc often impregnated with more or less pyrite.

In the specimens examined, ths occurrence of
olivine is limited to the dolerite from Hernendo Islsnd,vhich

is fully describeg upon a later page. Allenite is sbundant

in the pink granite from Dean Point on West Kadonds [slend.

It is brownish-green in colour, strongly pleochroic, 2nd is
agssocisted with epidote. 1his latter minerel is present in
many of thess rocks, usually being derived from the decomposl-

tion of the feldspars, slthough in & few zranites it scems to



Uncommon I1Ypesg,

A few varities of plutonic rock, which sre not
typical of this district as a whole, but ars interesting
because of certein peculiarities of structure, composition or
occurrence, sgemed worthy of z more careful study. ihey
illustrate eithsr some excedtional order in the separation of
the rock-forming minerals from a cooling mz2zma, or some extrsme
products of differentistion which are not of common occurrence

within the batholiths of the {oast Ran,

¥
S

1. gQuartz-jiorite. 1this type of rock occurs aslong Indian

Passage on the northern shore of Baker Island in Quesn Char-
iotte Sound. it is of interest in conneéction with a descrip-
tion of this area, because it is the only locality in which the
presence of a rhombic pyroxene was detected. In itself the
rock is ramarkable for the unaliered condition of its component
minérals, the dark colour and opagque character of its feldspar,
and for tha intergrowth of its hypersthene and augite.

It is a coarse-grained rock with a uniform graylsh-
black colour and a hypidiomorphic structure. kecroscopically,
it is difficult to distinguish between the plagioclase and the
pyroxene, bhecauss of their striking similarity in colour, but

the plagioelase assumez the form of narrow laths, up to cm.
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in length, possessing glancing clesavage surfsces upon which
twinning striations may often be observed, while the pyroxene
occurs in smell irrsgular grains with less perfect cleavage.

By the msthod already described? a nhotograrh
wes made in which the thin section was maznified diameters.
By lines drawn one-tenth of en inch apart, this photograph was
divided into squares, end by counting the squarss it was deter=
mined that approximately two-thirds of the rock is composed
of plagiocless.

The constituents revesled by the microscops are
(1) feldspar, (?) faintly pleochroic_rhombic pyroxsne (hyper-
sthene), (3) monoclinic pyroxene (diallage); (4) biotite,
(5) hornblende, (6) quartz and (7) iron ore. The feldsvar is
chiefly sndesins (Ab An) with a small amount of labradorite
(AbD An). its cloudy appsarance in thin section is dus to the
presence of innumeranle duct-llke particles, or a matted
sagenite~like network of fins rodé or plates which rerressnt,
in all probability, titaniferous iron ors {(ilmenite). The
rods alwzys have a definite arrangement, most fredusntly
following the direction of the double twinning after the
pericline and aldits laws,

The amount of diellage is less than that of the

*
See page
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faintly pleochroic hypersthene. These two minserals are inti-
mately intergrown with each other, and sometimes the non-
pleochroic dlallege forms 2 partial border ebout the hypersthene.
The inecipisnt alteration of the hypersthene is marked by the
development of a small amount of bastite. Hornblende is s
constituent of insubordinste impertancsa, its presence nrobably
being due to uralitization. It chiefly occurs as flecks
which are sprinkled through the 2ugite. Iron ore is quitsa
abundant in the form of irrezuler greins, which are surroundesd
by en irragular fringe of dark brown bDioiite. A small amcunt
of guartz is present in the angular interstices between the
xenomorphic crystals of feldsnar, the constituents of this
rock crystallized in the following order,- iron ore, blotite,
the feldspars, ths pyroxenss, hornblende and Juartz.

2. guartz Diorite. Spvecimens of this rock wsre collected

on & small stresm, called uold Creek, at a distance of about
ons hundred yards from whers it debouches into the sez on the
northern shore of Gall (resk. The intrusive rock-~-body from
which thess specimens were teken has thc form of en irregular
shest~like apophysis which, dipping gently to the east, pene-~
trates other plutonic rocks. Megescopically this rock is
characterized by the presence of numerous subhedrel crystals of

hornblende, up to anéinch in length and three-tenths of an inch



in width, scattered through 2 matrix which in appearance
resembles a mixture of sglt with e sm=2ll amount of peppser.

The black hornblende crystals, which in vertical sections dis=-
play & tendency to assume a bi-convex form, are sprinkled with
many white specks which are visible toc the nzked eye.

Under the microscope, the rock proves itself to be
worthy of especial mention on asccount of (1) the remarkable
porkilitic structure exhihited by the hornblende, and (?) the
progressive undulatory extinction of the greater nurber of the
individuals of plagioclase, (Plate Fig. &). In thin
section, the hornblende is sirongly pleochroic from a dzep
olive-grezn to a li:ht yellowishegreen. It encloses a vast
nmultitude of lath shaped c¢crystals of plagioclase, wnich are of
a smaller size but of e similar composition to those of which
the matrix is largely composed. the hornblerde also contains
grains of iron org, the lstter mineral occasionally occurring
as very minute particles which are arranged in patterns similer
in nature to those produced by dendritic growth. the horn-
blende is undoubtedly & primary constituent, srnc it 1s slightly
altered to chlorite.

The metrix is essentially composed of nlegioclase
with smaller amounts of titanic iron ore, quertz, sphene,

apatite and secondary epidote, zolsite snd lsucoxene. The



plaegiocless 18 chiefly oligoclase (Ab An) with which is
gssociz2ted 2 certain smcunt of albitz. It occurs in the
form of stubby leths which display zonal structures and, with
exceptional frecuency, & twinning accordin: to the Carlsbad
eg well as the albite law, the unduletory extinction, from
outside inwards, may be due to & zonary growth which is so
Tine that it is not revealsd by the microscone. The central
portions of some of these crystals of plazioclisse have been
sltered to ¢nidote and zoisite.

The iron ore occurs in considerabvle Quesntity as
large grains, which are disseminated through the light-
coloured minerals and produce the pepper-end-sslt anpearzsnce
in the hand specimens. The Quartz crystallized lest, z2nd is
very irregularly distributed. Thick prisms of apatits and
small anhedral crystals of sphene ere sparingly'present.

During the crystallization of this rock, the
feldspar srystals first began to form, but their growth wss
interrupted at certein centres by the development of horn-
blends. There does nct seem to have been two generstions of
the plegicclass, but e progressive growth of the crystsls of
this mineral took place in the matrix, while some individuals

which were not full-grcwn became enclosed within the hornblende,



5. Porphyritiec Hornblende-olivine Gabbro. At Hidalgo

Point, on the north~castern corner of Hernando Islend, & smell
area of the bed-rock emerges fron beneeth the sands of which
the greeter part of the island is composed. Here & contact
betwsen Quertz diorite and & small patch of stratified rocks
has been exposed. Near the most southern extension of this
contact, & later intrusion hes given rise to a rock type which,
from & petrographicel standpoint, is one of the most interestin:
of those observed within this rezion. this intrusive body of
rock essumed the form =sither of & very wide dike, or of =
small stock, the margin of which is laid bhars.

At ths immedizte contact, this rock is fine-
Zgrained, but 2t & distance of a2 few inches within ths mess
large phenccrysts of hornblende, which occasionally exceed an
inch in length end width, and smaller ones of plagioclase,
augite and olivire, sre =zbundant in 2 fine-grainesd groundmess.
A foot from the contact the groundmass becomes quite coersely
crystallized, and of a distinctly zabhroid character. Oon s
fresh surface the rock is very dark gray in colour and the
bright clesvaze surfaces of the phenocrysts impert to it a
striking appearance,

The specimen exarined in ths laboratory was

collected 2t the cehtact off this porphyritic rock with the



diorite. As a hand specimen it should be celled & porphyritic
hornblende~clivine disbasse, but the author hes dsemed it advis-
able to substitute the term gebbro instead of diebase when
referrin,; to the larsc and more coarsely crystallized mass of
which this fragment mcrely represents a2 margzinal faciass.

The phenocrysts are mor2 or less angulsr or
rounded in Torm. Their appearance strongly suszests that at
least some of them wsre developed as idiomorphic crystals,
which were then brecciated (Plate 7ig. A) by intarnal
movements wiilnin the magna. their rounded forms and desply
gnbaysd borders imply that, owinz to some chemicel or phyosical
chanze in the magma w®hich gave them birth, thsy have been
partially discolvad.

Olivine is abundant, dut is very much deconmposed,
the alteration products being tale, serpentine and an unusual
amounc of magnstite, toigether with some pyrite. ille crystals
of olivine are surrounded by a narrow kelyphite-like rim of
talc, the laminss of tnis secondary nirersl being developed
normal to the exterior surfece of each crystel. ¥hen the
olivine adjoins the feldspar this zone is wider, and in s few
instances a double frings ol' tele has been formed. The interior

of some of the phenocrysts is fresh, but usually the cracks

which trevserse the grayishe-green olivine are lined with



fibrous or lamellar serpentine. In 8 few instances, the
‘olivine has been entirely replaced by these products of décom-
nosition, 2 core of bricht green serpentine, traversed by
veinliets of magnetite and pyrite, being surrounded by a dborder
>f colourless tale in which very small grsins of magnetite

are aisseminated, {Plate Figs. A and B).

under the microscope, the phenocrysts of grsen

hornblends often display 2 porkilitic structurs owing to the
inclusion of stubdby laths of feldspar, They ars berderad by

a narrow absorption rin. The individuals of pele-green augite
are numérous though not so large as those of hornblendse. |
Ocecesionally thsyv assume the form of idiomorphic crystals and
are frequently surroundsed by a zone of uralitic hornblends.

The sbundant phenocrysts of feldspar assume either

anhedral or subhedral forms. Tney approximate very closely

to labradorite in compasition, the majority of them being of a
3lightly nore acidic character. This lsbradorite is remarkeble
for its unaltered condition and for the various habits of
twinning which it exhibits. In 2 single thin section,
twinning has devslopsed, within the individusls present, eccord-
ing-to the Carlshad, albite, pericline a2nd Baveno laws (Plate

Fig. B). In some phencecrysts the t¥inning lamelias are very
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narrow, ¥hile in others thzy erz far apart. Strain shadows
are not uncommon. deny of the crystels are treversed by
irregular cracks, somc of which have been formed hy an increase
in the volume of the rock consequent upon the hydration of

the olivins, but others were undoubtedly broken before the
magma had solidified,- probably while beinz transported from

2 lower level.

The tsxture of the rock a&s a whole is porphyrito-
granular, but the groundmass shoWs & tendency to dsvelop the
ophitic structure. This groundmess is composed of plagio-
clese and augite with a large amount of iron ore, a few needles
of epatite as accessory constituents and some secondary horn-
blende and nyrite. ‘the plagioclase occurs in the form of
equi-dimensicnal grains or short laths, which occasionally
display a zonal growth. In composition they correspond to

a basic oligoclase.

4. QOrbicular Hornblende-sabbro. In his report for 1887,
while describing the geology of the islands in Queen Charlotte
Sound, Dawson writes as follows:- "Dark highly hornblende
"rocks, of granitoid texture, also appear in several places,
"and these might eppropriately be classsa as dibrite from their

"external appearance. On one of the small islets west of the



"end of Midsumnmer Island, a dark rock assumes e beautiful
" spheroidal concretionary structure which is well shown on
»”glaciated surfeces. The svheroidal masses are closely
"crowded together, their dismeter being frorm two to four
"inches." A more detailed descrintion of this rock is now
given, because (i) it disvlays an exceptionally vperfect develop-
ment of the orbicular or spheroidsl structure, and (ii)certein
pechliar features attend its occurrence, which, in so far as
the writer Hes been &bls to ascsrtzin, have not been found in
other locelities whers spheroidal structures =ire known to be
developad'among nlutonicec rocks.

ime sreater part of this islet and of the immediate-
ly ad jacent islends is composed of dark basic rocks, which
vary both in their composition and texturs end are frequently
nenetrated by anonhyses and dikes of jranite. These basic
plutonic rocks scem to be a differentiated marsinal facies of
the batholith of granite from which very many of the islands
in Queen Charlotte Sound have been carvad by the activity of
the long-enduring processes of erosion. On the north-western
corner of the small island where this orbiculer gabbro occurs,
a small patch of ar:illites, with an areal extent of only e

few square yards but with the ribboned appearance and verticsl
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dip which characterizes a roof curtein of these rocks in this
rezion, is situated at a distance of about one hundred yards
from the place where the plutonic rock exhibits the spheroideal
structures, 'Ths locationrn of this smell areas of sedimentary
rocks makes it plain that the conditions necessary for the
crystallizatibn of the magma into spheroidal =z zregates of
rock~making minerals existed at a2 short distance, in 2 hori-
zontel direction, from an actual contact. moreover, it seems
probable thet in this locality the vatholith has not been
deeply denuded, and, hence, the roof, or some pendent from it,
may have been removed not Tar szbove the pressnt surface.

The smoothly glaciated surfece of the outcrop of
this spheroidal rock has been exvosed for a sufficient length
of time to permit the action of the weather to etch those
minerels mos§ readily decomposed, and to thus bring into
relief macroscopic structures which are not easily d#scernible
upon & freshly fractured surface; A heavy fog was slowly
lifting at the time the writer visited this locality, and the
wet surface of this ocutcrop presented an exceedingly striking
appearance. That portion of the intrusive body of rock,
which is distinguished by the development of the orbicular

structure, hes a length,in & north and south direction, of



fifty-filve feect. Its maximum width is fifteen fect, the
western and southern boundaries being comvletely exposed,
while to the east and north it is partislly masked bv 2 thin
covering of soil which bears e lowly growth of shrubherv.
vWithin the area thus outlined the orbules are so closely
congregated that they afe contiguous with each other. Y%ithin
a distance of twelve feet from the southern end of this colony
of spheroids, the gebbro passes gradually into & rnormal state
of crystellization. The trensitional type of roc« is
characterized by a tendency on the part of the feldspar to
gather itself into rounded s regestes, avbout an inch irn
diameter, while the dark ferro-nagnesian minerals are arranged
in an irregular manner around these embryonic light-coloured
spheroids. Some orbules of a lerzer size, which are ellip-
soidal in shape, are scattered through the rock, even where it
has assumed a coarsely crystallized geanitoid texture. They
eare few in number, being widely separated from each other.
One of these flattehed ellipsoids wes noticed to have a
maximum diameter of nine inches. the western nmargin of the
orbicular facies of the gabbro is sharply outlined by a black
streak or band of ferro-nagnesizn minerals, which is more or
less continuous with & width of about an inch.

In sc far as wan be deternined from an sxamination
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of hand specimens, the normal racies of this rock consists of
a coarsely crystallized aggregate of derk-gray plazioclase
feldspar, 2 greenish-black hornblende, some black iron ore and
pyrite. ithe rock possesses & hypidiomorphic structure, but
it displays abrupt variations in the size of the grains and
the relative abundance of its component minerals. In genersal,
the feldspar is the predominant mineral, but in some specimens
the hornblende i1s more abundant. The cleavags faces of both
the feldsrar snd the hornblende are occasionally an inch z2nd
very frequently half an inch across. some of the vlagziocless
has a striated appearance, owing to the excellent twinning of
this minersl eccording to the albite law.  The specific
gravity of this rock is 3.

When exemined in thin sections under the microscope
no other vrimary minersls than those already mentioned are
found to be present in the normal facies of this rock. ihe
hornblenas has every appearance of having been formed by the
alteration of diallage. When compact, the hornblende coniains
a multitude of minute grains of black iron ore. Tlhe presence
of these dust-like inclusions imparts to it & highly schiller-
ized appserance. Nelghbouring crystals differ in the amount

of dust they contein, while & single crystal is often mottled
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or blotched because of the irreguiar distribution of these
inclusions. Uccasionally the hornblende possesscs the leaf-
like structurs psrasllel to & pinacoidel plans and the schiller-
ization along this plene, which are characteristic properties
of diallage. Much of the hornblende occurs in the form of
ectinolite and smaragdite, the more compact variety being
occasionally bordered by a fringe of this latter mineral,

The actinolite ranges from bright green to colourless varieties,

its formation bein; associzted by the separation of a consider-

able amount of iron orse. The fibrous hornblende pierces the
feldsper in svery direction. Within 2 single crystal of feld-
spar, either the fibres are matted togethér or sm=2ll bundles
of them versisi{ in following a certein direction, or they are
scattered separ=tely in 2n irregular menner through the
crystal. ihe most of the hornblende is strorgly pleochroic
in various shades of green, the smaragdite chen;ing from e
lizht yellowish to a beaatiful bluish green. the maximum
extinction esnzlc of the hornblends is 189, Decomposition of
thts mineral szccounts for the presence of = small amount of
chlorite. fhe black iron ore is present in fairly large

grains, some of which have been s8ltered to pyrite. The

presence of a thin border of leucoxene arcund some of the
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grains implies that the iron ore is titaniferous.

The majority of the grains of plagioclase are
anhedral, but occasionally they disnlay a tendency to assume
idiomorrhic forms. They are very fresh, though occasionslly
clouded by the presence of a vast number of excessively snell
particles of black iron ore. All of themn show tvinning
according to the aloite law, ths pericline twinning often
accompanying it. The hipgh extinction angles of the twinned
1ame11ae, with 2 maximum of about 40°, determine this feldspar
to 8 very basic nlagioclase. By usinz Wright's method for
the determination of feldspars, it was found that the dominant
variety is bytownite (Ab An) with & less amount of labradorite
(Ab An). Some of the crystals are traversed by cracks, and
are slightly grenulated on their borders. the minute frag-
ments are either csmented together by meoovhytic feldspar or
they are surrounded by actinolite. deny of the larger grains
possess an undulatory extinction, imposed upon them by the
conditions of strain which produced the cataclastic structure.

In the nine thin sections of this work which were
examined, unaltered diellage was only found to be present in
one which passed through the central portion of 2n orbule

(Plate Y. ILach rounded crystal of this mineral is



bordered by smarssditic hornblende. Althougzh the mineral
constitution of this rock mi:ht lead one to cell it a diorite,
the secondary neture of the hornblende and the presence of
even this small smount of diallage, which is partially
urzlitized, sugzest that the term hornblende-zabbro may be an
appropriets name for it.

In thin sections of the &bove mentioned transitional
type of rock, over which one passes upon approachinz the
orbicular facies of thc gabbro from the south, it is found
that the small lisht~coloured nodules are comnosed of basic
plagioclase with some pele-green, fibrous hornblende. The
close mingralogical resemblance which they besar to the central
parts of the lar;e orbules, and the tendency of their conponent
minerals to arrange themselves in a radial merner _ive enphasis
to the conclusion that they represent an carly stage in the
development of the orbules. These orbicular nuclei ere
usuelly scsperated from esach othér by & dicstance of at least
one inch. The remainder of the rock is lergely composed of
hornblsnde, similer to that which occurs irn itis normal facies,
accompanied by 2 few small crystals of hizhly pleochroic
biotite, iron ore ancd some feldspar. Hdere srd there, chlorite

hes been formed by the decomposition of these ferro-magnesian



minerals, and during the procsess 2 little titanite has
crystellized out. The dark border, which so sharply defines
the western boundary of the orbicular facies of the sgbbros
and seems to be 2 unique feature shout this occurrence,
consists chiefly of hornblende and iron ore with a very small
amount of plagioclase.

Differential weathering of the 1light and dark
constituents, the strong contrast in their colour and @
regularly srranged variation in the texture contribute to the
prominent svnsarance of the orbicular structure upon the
weathered surface of the gabbro. Upon an ertificially
polished surface, the det2ils of this structure are also
hesautifully disvlayed. The orbules generally have the form
of perfect spheres, but =2 few of them have a tendency to
assume an sllipsocidal shane. They very from two to four
inches in diameter, elthough within sn area of two or three
square feet they are usuelly of & uniform size. Their
outline is sharply defined because they possess a coating,
ehout half en inch thick, which is much finer in grain than
the remainder of the rock. Upon 2 weathered surface thsse
dark-srey fine-grsined borders rise in cameo-like reliefl,

thus depicting cleerly the exact boundary of each orbule.
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i1t is, however, impcesible to sepsrate a whole nodule from the
rest of the rock, a2s may be done in severasl well-known occul-
rences of orbiculer rocks, such 2s those of Pine Lake in
ontario, Wirvik and Kortfors in Pinland, becsuse the crystals
upon the margin of these outer snvelopes are intergrown with
those which occupy the interorbicular speces. within thesc
rims, the orbules become lighter in colour end more coarsely
crystallized toward the centre. They display a tendency
toward both concentric and eadisl structures, dependent upon
the arrangemcnt of the 1i-ht and dark ainerals. In some of
the larger orbules thsre is a well-defined zone, &t a distance
of about an inch from the centre, wnich is merked by the
presence of a higher pércentase of the dark ferro-magnesian
minerals,

1he interorbiculesr snaces are dark in colour, in
the larger spaces the rock possesses & texture which is similar
to that of the normal faciss, veing largely composed off horn-
blende with esmall emounts of plagioclase and iron ore. The
smaller onrnes are characterized by the presence of feldspar
crystals, up to helf an inch in length, which, in section on
a8 polished surface, are arranged, like COgS OO a'wheel, upon

the margzin of the orbules, while the remainder of' the space is



Bt

occupled by hornblende and large zZrains of black iron ore.
From & microscopicel examination of thin sections,
it is found that the component minesrals of the orbiculsar
facies ars similar in adpsarance to those of the normal rock.
The distinct chsracter of the spheroidal structure is larzgely
dependent not only upon the disposition but the character of
the hornblende. The core of an orbule contains a small
amount of this minersl, which is more or less fibrous, being
pale green in colour and accompanied by very little, if e&ny,
iron ore. A stri%in: feature is that which may be referred
to as the ;lobuler form cf these hornblends crystals, the
interior of which is less nleochroic than the surrounding
fringe of smaragditoc. In one orbule examined, the central
part of these glohulzr srains proved to be diallage{Plate Y.
In pascsin; outwerd from the centrs of =2 snheroid,the hornblende
becomes mors comnact end darker in colour, being irregularly
©i1led with inclucions of the titeniferous iron ore. In some
orbules, this mineral is arranzad both radially and in con-
centric zones, which are ja;zed in outline but nossess more
rezularity than would be susnected Trom 8 mascroscoric examinsz-
tion. The farther from the centre, the darker is the colour

of thzs hormhlzande and the more irorn ore there ic present until



the fine-grained envelope is reached. In these envelopes

the hornblende is very intimately intergrown with the plegio-
clase and is similer in character to that in the centre of

the obbules. In the interorbiculsar spaces it becomes dark
green in colour, hsving & much higher iron content, ana is
sssociated with numerous large grains of iron ore. Fibres
of hornblende, either sevarately or in irregular bundles,

enetrate the feldspar in every direction. Subsequent to
consolidation, the rock hes besen traversed by small cracks,
which are seldom more than two inches long and a millimetre in
width. These cracks are filled with fibrous hornblende,
(Plate Y. From its eppeazraence csome of the hornblende
may ha#e been & primary constituent of this rock, but undoubted-
ly the most of it is secondary,nprobably being formed by the
alteration of diallzage.

1hzs core of sach orbule is largely compesed of

basic plazioclase, the crystals»of which are occasionally
grouved in radial aggrezates. this feldspar has the composi-
tion of4bytownite {Ab An), although a2 few grains are present
which have the indices of refraction corresvonding to both
anorthite (Ab An) and labradotise (Ab An).  Toward the

periphery of the orbules, the labradorite becomes the dominant
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variety. iwinning sccording to the albite and pericline
laws 18 beautifully developed, and occasionally Carlsbad
twinning may be dstscted. In those zones where the horn-
blende is rich in iron, the feldspar is filled with fine
inclusions of iron ors. Some of the crystals of feldspar
show an incipient alteration to calcite. Thet the rock has
experienced strain is evidenced Dy the undulatory extinction
of some feldspar grains and the zranulated borders ofvothers.
Ir his comprehensive treatise on certain rocks
which possess the orbicular structure, von Chronstschoff™
shows that such shperoidal crystallizations may orizinate
under vary different conditions. They may be ¢ither primary

sture of segzreg,ations, which have developed
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structlurcs, of th
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duriaz the crystallization of & hcmogenesous maj;ma, or fragments

of rock which, baing =nclosed hy the magma, have been melted,

recrystallized and pasrtially ebsorbed. Such inclusions may

1¢))

bz detached Tragments of the invaded rock, or products of an
early crystallization of the ma:ima itsclf.
w0 sxplanations may bve offered for the presence

of the orbicular structurs in the rock dsscribed in this
#* Chronstschoff, K. von, Uber Holocrystalline Mskrovario-

litische 5csteine®. ‘%em.Acad.Imp.Sol. St. Petersburg,
VOIQ 43, Pto 3, 1ﬂ94! pp' 1"'94‘5-



peapser. Either the shperoids were formed during ths primary
crystellizstion of the magma under the metastable conditions
which existed at its contact with the invaded rocks, or they
were produced by the partisl re-fusion e&nd re-crystallization
of a marginal gabbroid facies of the granite. Although
there are features of the occurrence which suggest the possi~
pility of the latter msthod of origin, the writer 1s strongly
inclined towsrd the belist that the former explanation is the
correct one. In the growth of eech orbule, crystallization
of feldspsr scems to have teken plece almost xé,the comnlete
exclusion of the ferromagnesian constituents, until through
a fall of the temperzture or an "increase in the gas content
chenged the saturation of the solution® with resvect to the
latter. Fluctuation in the temperasture seems to have been
an important faector, since in the concentric zones, and
especially in the fine-grained periphsral zone, an entectic
point was resched at which both the feldspar and ferromagne-
sian minerals crystallized simultaneously. The changes in
temperature may have been caused by the liberation of heat
consequent upon ranid crystallizetion, which impeded further

crystal growth Yuntil diffusion of the hesat permitted



saturation to riss again.”*

* lddings, J.P.; Lgnsous locks, vol. 1., p. 234.
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Structural Relatlons.

These plutonic rocks are the crystallized equiva-
lents of vast bodies of deep-seatéd magmas, called bathollths,
which invaded the stratified rocks of this region. 7lhey wers
not formea during a single incursion of mesna Lo a definite
lsvel; but, on the contrary, this igneous complex has been
produced by repeated advances of the lijuefied rock. In 8
few locelitiss, the batholiths are psrtially separasted from
each other by rartitions of the stratified rocks or their
schistose ejuivalents, “ore fredusntly, ons batholith is
found to breszk across and send fortnh irrezulsr apophysss into
neighdourinrs batheliths.

Lnon the wsstern vortions of the inter-fiord
neninsules, =nd on zexny of tha islends, tht intrusive bodies
sre smaller, and the contacts bDetwesn them are nore sharply
defined than towsard the,interior'of tnhz Coast Hsnge, Where
the fiords dissect thé re;ion to = much irester depth. 7he
intricsete relstionship betwssn the successive intrusions is
disvleyed in an especially elaborate wanner in such aresass as
Gilford, Midsumrer and Canoe Island:z in Quecsn Charlotte Sound;

Reads, Cortez and th: redonda Islends in tas 3ulf of Georgla,

along the mainlend frow: Powell Rilver to Forbes say, on the



northern shore of Call {resk, etc., etc. There azre at least
three periods of intrusion recorded in the plutonic rocks of
West Redonda Island. ¥ithin such esreas, there are many
leccalitlas where the roof has been little more than removsd,
the plutonic rocks exposed at the surface being laden with
fragnents of the stratilfied series as truly &s when they are
in lateral contact with a roof-remnsent. In sailing up the
larger fiords of the mainland, the mzaxnificent sections
afforded by their esncloesing walls disnlay nrogressively
greater depths within the plutonic masses. Toward the heads
of these ficrds, the mountains fregquently rise from the shore
to altitudes of from 200 to over aNND feet, =nd even the
hizhest peaks have bsen profoundly unroofed, so that st sea-
level the rocks exposed must have crystallized st 8 great
depth within these former reserveirs of negna. Here the
batholiths ere very large and the boundaries between them are
often vague; but even at these depths, there is no evidence of
a floor, and the largeszt batholiths expand in width as thelr
boundaries are traced downwards. Thz2ge ohsservations seem to
constitute unequivocal proof that in those arsass where the
intrusive bodies ere numerous snd small, erosien has not

reached a sufficient depth to reveal the largze plutonic masses
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from which the smaller ones emanate. It likewise seems
probable that the batholiths emerged from a zone within the
earth’s crust where distinct boundaries cease to exist.

The close minerslo:sical relationship which thess
rocks bear to each other suggests that the different intrusive
bodies were produced by the differentistion of a magma that
must have been at least approximetsly of a homogsneous char-
acter. In general, the sequence of the intrusions has been
marked by an increasing ascidity of the magma with a corres-
ponding decrease in its svscific gzravity. the hornblendites
and some of the larger bodies of dark basic rocks are the
oldest, whilc the light-coloured gquartz-~diorites, granodiorites
and granites are the youngest. As 2 ruls differentiation hes
likewise taken place in the individuzl batholiths in such a
manner as to form a2 neripheral zone of rslatively basic rocks,
such as dark diorites and ga2bbros, which shade graduslly into
an interior of more acid and homogeneous character. For
exemple, near Kwalate Point in Knight Inlet, the hornblendites,
which sesm to be an ultre-=basic marginal modification of the
oldest batholiths within this area, pass gracdually intc a dark
diorite. In some locslities, these basic modifications are

wanting, and the batholiths are light in colour at their



margins. For exsmrnle, at Kelly Point on Veldes Island,
granite ie 1n immediate contact with messive volcanic rocks,
and near Campbzll Point in Loughborough, the ferromagnesian
minsrals are =21lmost entirely wanting where granite is in
conjunction with limestone.

The stratigraphic record within this district is
so destitute of fossils, and different Broups of strate occupy-
ing diffsrent positions in the stratigrsphic column are so
similar =nd frazmental in their distribution, thet without a
mors detailed study, it is imrossible to sssign a definite
Zeolozical age to the successive intrusions. In fact, it
does not seen improbable that they all belonz to one programme
of izneous activity, which was continuous in the region as a
whole, but intermittent in a sivsn locslity, with intervals
sufficiently lon: for succssszivs cooling and solidification.

Since the batholiths intersect all of the stratified
rocks, it is certain that the last and greatest invasion of
magma took place later then the Triassic, and possibly leter
than the esrly Jurassic. Froa analoyy with the areas described
by Daly and Leroy, this widespread invasion of magma must have
occurred a2t a time prior te thz devocition of (Cretaceous

strata. The vect mejority of these intrusive bodies may thus



safely be regarded as of Jurassic age, probably beinz injected
during the latter part of that zeologicsl period. It would
seen that at that time this area was floating on a deep-
seated magme which, by its intrusion in one locality and then
in another, relieved the accumulating stresses. A number of
batholiths of more basic megmas were the first to invade the
region. They may be looked upon =s ithe introduction to the
chapter of igneous activity which followed. Although within
a given locality periods of duiescence scsen to have alternated
with periods of renewsd advance on the part of the magma, such
periods of quiescence in one locality may have correspcﬁded to
veriods of activity in ancther. The upward procoress of some
of the individual batholiths seems to‘have been of this
pericdic character. A single batholith must have advanced

to a certain level and remained stationary for a sufficient
length of time to permit the accumulation of mors basic magma
at its margins, and solidification through crystallization to
s certain depth. Tthen following a renewed demand for relief
of stress in this immediate locality, ths still molten and
more acid magma of the interior rupiured the mores basic end
solidified peripheral portions of ihe batholiths end proceeded

upward once more. ror example, it seems difficult to other-



wise explsain how, in =one localities, the ~ranite batholith,
which comprises the majority of the islands in Queen Charlotte
Sound, merges sraduslly vith its basic marginal modifications,
and in other places, ths cranite is in sharp contact with the
same basic rocks. ihis intermittent intrusion of at least

some of the batholiths mill alsc explain the fact that in some
cases the massive type of rock in the interior of such an
intrusive body bascomes graduslly schictose towerd the periphery,
while, in oihaers, the messsive facies breaks across such schists
and sends forth small dikes into them.

When in contact with the lster intrusions, the
older plutoric rocks hsve been imprezneted with disseminated
greins of pyrite. For this reesson some of these contacts are
distinguished by an irregular rusty zocne,which has been pro-
duced by the oxidetion of the ryrite throush weathering.
Occesionslly very small emounte of chalcopyrite sccompanied
the pyrite, and then the characteristic greer colour, popularly
known 2o 'copper steinings', appeers upon waegthered surfeaces.
These sulphides were deposited by the heated Zascss and vapours
which were acsociated with the more recent invasion of magma.
The presence of so much secondary hornblende in many of the

more basic rocks, in which augite once seems tO have becen an



abundant constituent, may also be explained as a result of
ihe pneumatolytic and hydrothsrmzl processes attending the
intermittient or successive intrusion. that this urslitiza-
tion has been produced by the bathing of these older rocks
with the heated gases and vapours of later invading magmas,
rather than by weathering, scems certein from a mieroscopicel
study of tihses rocks at different distances from their con-
tacts with the morc scid plutonic bodiss.

The shape of the individual batholith is very
irregular, but, as a rule, its longest sxis is approximately
parallel to the structural trend of the region. Owing te this
tendency on the part of the batholitas to zssume elongated
slliptical outlines, the typs of plutonic roclk changes more
frequsntly when crossing the (oeast Range than when a traverse
is made parallel to its general .W.-J.ite direction. 1In this
respect, the form of each batholith is an expression of the
persistency with which the stresses havs come from the south-
west, or north-east, and presumably {rom the former direction.

The large nuwaber of isolated areas of stratified
rocks afford many opportunities for the examination of well-
sxposed contacts batween then and the intruslve plutonic

masses. The varying depths to which srosion has reached in



carving out the trench-like fiords grants the more exceptional
opportunity of examining "roof-pendants®™ of the stratified and
schistose rocks es they descend to different lcvels in the
batheliths. In each instance, the invading mazma has sifted
off & greatsr or smeller number of thess roof rocks.
Leboratory investigation is not necsssary to demonstrate the
abgorption of these fragments. In many inctances s complete
sequence may be obtained in which, with increased distance
from an immediate contact, sngular fregments, becoming more
and more rounded, pass into weird forms drawn out with their
longest exis in the direction of magmatic advence, &nd fineslly,
losing their individuality, appear as dark streaks or smears
which, becoming in turn less and less distinct, are character-
ized by a higher percentaze of ferromgznecian minerals. This
sequence is especially well defined wheras ths plutonic rocks
are in contact with the schists. dere the gifting processes
and thelr results are often displayed in a most spectacular
manner, for the megma hag so charzed itselfl with blocks of
schigt that it is difficult to determine within & distence of
a mile or so, where the boundery line bestween the two rock-
verieties should be located on the map.

The magme effected ihe separation of these blocks



from the "roof-psndakits™ by the injection of a complex network
of dikes. In some places its sction seems to heve been
especlially violent and aggressive, as at Lhe remarkable contact
between the massive volcanics of the valdes Tormation, which
is exposad on the northern shore of Johnstone Strailt, about
five milss north of Port Neville. Here the magma raptured
ths andesites into s vast essemdlajze of angular fragments of
all sizes. Ir other places, the mors liquid megma has
advanced in @& remarkebly tranquil manner, injecting numerous
dikes parallsl to the planses of schistosity or stratification,
so that mere parting layers or wedzes of schist and argillites
alternate wiith thin bands of the intrusivs rock. Such dlkes
vary in width from small fractions of sn inch to hundreds of
feet. ne wau,ses of schist msy be a hundred feet or more in
width with similer thicknessec of nlutonic rocks intervening
between them, £s alony the northern shore of Thompsor Sound;
or they mey hev: 2 width of an inch or less, aiternating with
dikes of the same order of magnitude, a5 in the patches of
schistose argillitcs in Health 3ay on Jilfcra Island, near
Eden Point on Vest Thurlow [cland, snd at FPawn 31luffs in Bute
Inlet. When smsall, these nersllel injections usually possess

a gnelssoid structure, which has been induced by continued
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motion while in 2 viscous state. A specimen from such &
dike, two inches in width, which is interbanded with the
argiliites in Heslth Bay, 8ilford Island, is gneissoid with
a tendency toward an sugen structurs. Under the microscope
in thin section, this rock was found to have the composition
of a quartz diorite, the component minerals of which show no
evidence of dynamical metamorphism. Such dikes are not to
be confounded with layers, retasining the original width and
lemination of arziliitic beds, which,whsn traced along their
strike, have locally absorbed so much of the constituents of
the magme thet thzy have besn altered to smphibolites, or
biotite~hornhlende :rneissaes.

I{n many locelities, denudation nss extended to such
denths thet the tatter=d ané frayved ends of the "roof-pendansgs”
ara exdosed,. In such instences, the atratilied or schistose
rocks are frejuently traversed by an intricate network of
irregulsr granitic dikes. In somz of the areas designated
upon the map es patches ol stre=tified rocks, as on the eastern
shore of #cbhonald Bsy, and at Adeane Point on Knight Inlet,
huge fragments of crystslline limestones and schistose argill-
ites reelly lle ig a natrix of the invading plutoﬁic rocks.

Quite frequently, at a distance of severel miles from any
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compact areas of schist, the plutonic rocks will assume g
banded appearance, owing to the pressnce of layers of schist,
from mere films up to & foot in thickness, whigh westher out
upeon the surfacs in parallel position. Typical occurrences
of such banded structurss are exhibited on the northern shore
of Enight Inlet, about & mile west of Lull Bay, &nd on the
eastern shore of Loughborough inlet, about threoc miles from
Grismond Point. In the formsr locality they extend for a
distance of 2 mile or so along the shore, occasionally merging
into a homogzsneous diorite. The following aiagrammstic
sketch shows the relationship betiween tniz schistose bands andg

the jrenodiorite:-

rary of the bands of schist exhidit definite evidences of
ebsorption by the mazna, for th=ir edses have z corroded
apnearance, and while of & dar% . r=y colour 2t the centre they
shade into 2 1li~ht -ray at the margin wherse they bRend with

the interbonded reznodioritz. The 1i:hter colour is due to
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an enrichment of feldsper, anhedral crystals of which minersail,
almost half an inch across, are sometimes developed in the
outer portions of the schistose bands. The magma has been
arrested, by cooling, in the very act of absorbing the schist
by dissolving it.

The most remerkable feature in connection with
such parallel injections is that even the most isoclated bands
of schist have a similar strike, and where the connection can
be traced they retein the same strike as the compact parent
magses from which th=2y have Deen separated. Lrosion in laying
bare the lower limits of the roof-nerndants hes 21so demonstrated
that, a1t 1eegt in many instances, these detached areas of
stratified rocks arc not trus »a2rtitions hetwsen batholiths;

of the magma
but that the same body/has welled up on cither side of a
pendant, reducins its width and lzungth by the proéesses which
have just bsezn described. Nevertnesless, such pendasnts have
afforded cooclinz surfaces toward which differentistion has
conducted the nore basic portions of the mazmsa.

Where the older dark-coloured nlutonic rocks have
been invaded by thc batholiths of morz acidic composition, the

contacts between them are often marked by the presence of vast

numbers of fragments of the former within the letter, Such
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8 contect occurs on the northern shore of West kedonda Island,
st & short distance from (onnis Point. in some locaelities,
as at Cascade Point in Knight inlet, the newer magmas seem 10O
heve advenced oefore the older had conszolidated, long dark
strcaks of a basic character, simulating the tails of comsis
in outline, appearing within the liginter rock.

In many localities, far from lateral contacts with
the invaded rocks, tha worse recent'batholiths are sprinkled
through Witb & multitude o' dark rounded inclusions, the
majority of whicn ars legs than a oot rcross. Prequently
standing ocut in high relief unon weathered surfaces, they
differ fron tne including rock in that they contain less
quartz, a higher ncreenta e of ferronagnesian zincrals, and
their feldspars are usually of & nmore basic character. &ome
of these may be portions of tns altiered stratified series,
but ths great majority of then are presunebly fragments of the
older plutonic rocks, which have fallen froim a roof shattered
by the more recent advance of magna, that they are not basic
segregations sexzms clear fron analogy with the oft-repeated
endomornphic contact phenomena already cited. this 1s further
svidenced by th: fact that some largs blocks of dark plutonic
rock of varieties, whosc normal structural relations within

the district have been determined, are occesionally surrounded
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by light granite or granodiorite in positions which must bs at
a considersble distance, either laterally or verticslly, from
the larger nesses of which they wers once 2 part. The inclu-
sions may be seen in svery stage of dissolution consedquent
upon their gradual assimilation by the magme.

The phenomena observed in the field corroborate
the theory advenced by Daly concerning the processes by which
the magme in a batholith graduelly works its way upward. +Theat
the advance of the main portion o a datholith is preceded by
or colncident with the intrusinon of sheest-like apophyses,
small stocks ena dikes, which nsnetrate the fissures in the
shattzred roof, is wall-exsmplifisd in those portions of the
region where erosiocn hez not cxtsnded dzerly into the plutonice
masses. By mesns of tacse «inor intrusiong, aided by stresses
induced by uneqQual sxpansion and the movsment of ths magma,
sepecially when plestic, a2l the immediate contact with the
inveded rock, dlocks of all sizec are ®ifted off from the roof,
Upon being detachad, these frajments of the roof are gradually
melted end dissolved 23 they sink in the magma.

It seems hi:hly probsbls that the stratifisd rocks
of this region were folded elther before or during the invagion
of the batholiths. the mas;ma ascended on elther side of each

1imb of the folds, 'snich wcre reduced in size by the removal of
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fragments, as described, their remnants remaining es "roof-
pendants”. It likewise seems gertain that those portions of
the schistose roof-pendants which extended to the greatest
depths in.the magma, although not impregnated with typical
contact minerals, were diminished by direct assimilation at
their margins by the megma acting as 2 solvent. By these
processes the magma enlarged its chambers for & period of time,
which, in a given locality, depended upon its fluidity, the
resistance offered to iys advance by the roof, and the inter-
mittent character of the stresses relieved by the intrusion.

¥ithin this region, two main sets of joints
traverse the rocks, ons of which trends approximately N.W.=S.8.,
the other being at right angles to this direction. The joint-
ing planes are either vertical or dip steeply to the eastward.
on S. valdes Island where they intersect the VvValdes formation,
the most pronounced set trends N . Amon;z the plutonic
rocks, they are often very wide apart, beiniy almost entirely
absent in some of the massif's, such &s that of Granite it. on
Bute Inlst.

That this reziorn is traversed by faults, which
assume the same general direction as the joints, is the bellef

of the author. It will require e more detailed study than
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was afforded by this reconnaissance survey to aemonsirate tne
presence of a regional systen of faults, Slickensiding and
minor faulting are,of common occurrence slong the joint planes
traversing the most massive membeis of the stratifiied series.
That thess rocks are intersected by fzults with a very con=-
siderable thoow is exhibited on Herbledown and South Valdes
Island. Baronet Passege must follow the line of & fault with
the downthrow side to ths north. It ssems certain thet this
faulting was caused by the differential adjustment of portions
of the roof during the intrusion of the plutonic rocks. Where
the stratified rocks arz in thin beds which are much retamor-
phosed and steeply inclined, as they so frequently sre in this
area, it is elmost impossible to determine the location of
feaults even if they do exist.

h2 occurrence of rrominent roof-vendants on one
side of ¢ Piord and their ahbsence or offsettin: on the opposite
shore, wncr considered in connecticn with the straigntncas of
somz o the fiords, such as 3ute [nlet, mekes cnec very suspicious
thet a faull ig nresent; but this cannot e rerarded as delinite
proof of post-bathclithic faultingz, cince the lack of contin-

uity of thz rcof-psndants may be du:z to thelr havings been cut

of'f or broker zcrose Gurings the period of ma:metic invasion.



'7

The Alexandria and Dorotha ilorton mines on Phillins Arm ars
situeted on a fault which assumes a direction of N 4% - 59° %,
intersscting the biotite-muscovite granite of that district,
probably extending southward alon: the channsl which sepatares
West Thurlow Island from the mainland. Slickensiding wes
noticed on joint planes traversin: nlutonic rocks in several
tunnels within the Phillips Arm district. ihs sranite is
locally shesared into sericite schists whose strike corresvonds
with this dirsction. ithe fine-grained siliceous rock of
lizht srey colour, which wes collected at ths face of the
Alexandria tunnsl, proved upon examination in thin ssction
undervthe microscovne to be of thes nature of 2 fault bresccie,
bein: composed of finzly tuturated plazioclase snd orthoclase
feldeners with nmuch secondery quartz and a little muscovite.
Dikes were noted to be fsulted in a number of localities
within the rz-ion, ©lsc showinz thet some disnlacemsnt has
taken place at a later date then the mosil recsnt intrusion of

igznecus rocks.



Hypabyssal Rocks.

Likes are so numerous that the total extent of
their exposed surfaces constitutes a very striking and impor-
tant feature of the bed-rock geology. They treaverse all of
the rock formations, and,glthough they belong to different
periods of intrusion, the greater number of them must be
regarded as the youngest rocks within the district. Thelir
number is legion, it being unususl to make a iraverse of a
quarter of 2 mile withoul encountering one or meny of them.
Within the heart of the Coest Range (viz., toward the heads
of the longest fiorde), they arc not so frequent in their
occurrence as 8loryg its margin and upon the meny islanas,
Although tiese dikes have & wide pstrographical range, they
may be divided into two ma&in grouos,- the leucocratic or
light-colcurea #nlites, peimatites, syenite vorphyrites,
grenophyrce, €tc., oa the one hand, and the melsnocratic or
dark diorite »orphysites, disbace, melchites, eic., on the
other, Certain porvnyritic dikes of & composition which 1is
intermediate between these ygroups ars pregent, but they aere

few in number.



groun I.

irosion has hesn carried to a sufficient depth in
the fiords to demonstrate thet the intrusion of the first zroup
of dikes was directly associated with or closely followed that
of the batholiths of pgranite and gzranodiorite. They are most
axtensively developed in those arsas underlain by plutoric
rocks or near their immediate contacta. Thay, howevzr, do not
appear within the c¢sntrel mortions of the individual batholdths,
but intersect thelr marginal verts,- Gaisplaying the most clearly
defined walls where they intereect the a2rzillites, schists end
the moest hasic of the nlutonic rocks, such =2s the hornblendites,
zahbros znd diorites. rspeclally is this gencralizetion truse
for the distribution of the aplites and nematites.

1. Aplites. tThese dikes ordinarily vary in width from a
frection of an inch to five or six feet. In a2 few instances
they =re rmuch wider, as on the southern side of (ilford Islend,
whsre there are numerous jrrezuler evophyses of eprlitic
grenite, which have & breadth of severel yards and from which
true splite dikes emsnate. 1n certeain localitiec, they ere
extremely irregsuler in width and direction and through repeated
intersection for- a comnlex network of dikes, e&s on the castern

side of East thurlow Islend, just within the entrance of



lialaspine Inlet, in severel prominent sexposures on Bute Inlet,
etc. {helr intersection ie of so definite & character that

one 18 led to the conclusion that thers has been & series of
intrusions of these Gikes during different stezes in the advance
or cooling down of an individual betholith. iwhere the contact
18 exposed between the older hornblendites and gebbwcs end the
grenite, aplite cikes cut the former, but in tracing them into
the granite they rapidly blend with it and lose their individu-
ality. sSome of the aplites branch, sending off irre.ular

arms, which taper into stringlets that are highly quertzose in
composition. At least some of the¢ numerous Guartz veins on

the eastern side of ijaurelle and kEast jhurlow [cland seen to
bear e sinilarly close relziionship o this nature to the

aplite dikes that ar: pressnt. In those areas underlein by
hornblsrde schists, narroad tongues of aplite, often less than
an inch in width, havec sometimes oeen injected perallel to the
planes of schistoeity. Apert from thos® aresas where the
aplites have been developsd in groups, the morc widsly separated
1ndividual occurrences frsQuently possecs e (airly persistent
strike, whichi corresponds approximately to the trend of the
Coast HKange. raulting of these dikes wes occasionally noticed,

as in Doclor 3sy on ¥Westy ~edonde f(slend, where the throw has



produced a2 horizontal displacement of ten’feat in one orf them.
The aplites are usually white, grey or slightly
reddish in colour. They are very fine grained, rarely
possessing & texture which is coarser than that of loaf sugar.
In a few cases their texture is the chief feature which dis-
tinguishes them from the granite itself, but, in general, they
ere composed of quartz and feldspar with minute flakes of
biotite eppearing as mare spscks which are often widely
sevarated. Qrthociass is & common constituent, but they are
gsnerally characterized by the presance of conslderabls plagio-
clasa, which ranges Trom albitc to cligoclass in composition.
In & dike neer Salmon Point on Bute inlct, the feldsper is
ocligoclase, and tpns Flscks of biotite sre errengsd parallel to
the walls, imparting 8 wealkly gneicsscld ehpearance to the rock,
which must be considered &5 & primery festure in its crystalliz-
ation. *ron tna centre of another aplite dike, near this
locelity, a nerfact octaheadron of megnetite wso collected,
which was slightly morc than halfl an inch‘across. An aplite
dike near Brettell Point, &t the cntrsnce of Tobe Inlet, Las
a blotehed oc¢ nottlsd avpearence, oving to the irregulayr

development of szcondary epidot:z.
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o Pennatlitds. LUikes of Lhis type arc not of freguent




occurrence within this srea, yet they ars not unconmon. They
are essentislly comnoused of quartz, orthoclase, rlagioclase
biotite, end occasionelly muscovite znd me_netite arc present.
There 1g = strikin: sbsence of those minerals, such a&s tourme-
line, fluorite, lithionite, etc., which are so often associated
#%#1th pneuratolytic action. Plazioclese, in the form of albite
or oligsoclase, is often the donminant feldsnar, and is sometimes
prescent to ths exclusion of the orthoclease. +.rarhic inter-
arowths of quartz snd fsldsper, and perthitic intsrgrowths of
the feldspars arc Quite common. the pezmati tes on the south
side of Ramsaey Arm, about three —iles from its sntrance, con-
sist of quartz, milk-white oligoclase and crystels of 2 1li:ht
brown biotite, somz of which are twve inches in length and an
inch in width. A specimen was teken from 2 pegmatite dike on
the mainlsnd opposite the southerrn e2nd of Regged Islands, in
which & reddish crystal of orthoclase about two inches 17 ng
displeys the graphic structure produced by intergrowth =ith
quartz.

3. uranophyre. %1 th the exception of the anlitzs and

pegmatites, thers ars very fev dikes within thic rezion in
which quertz is visiblz to the naked eye. A dike which cuts

srenodiorite at the head of Carrinston Harbour, on (ortez



island, displays 2 fewv phenocrysts ol greanish-black hornblende,
sorte of Which ere an inch in length and e quarter of an inch

in @idth, widely scattered throush a grey, medium- to fine-
grained matrix composed chiefly of feldspar with s small amount
of visible quartz, biotite, hornblsnde and magnetite. under
the microscope iLnes groundmass is scen to consist of numerous
phenocrysts of plagloclase, which rsnge from oligoclase to
andesine {Ab An - Ab An), and 2 smaller number of Juartz and
orthoclase in a :sranular matrix, which possesses &an slmost
universal microgrephic structure produced by & remarkable
threadlike interg;rowth of ths feldspars end quartz. Lihe plagio-
clase is the predoninsnt constituent, and in the lath-shaped
phenocrysts frequently has & zonal structure, the centre of the
crystal beins andesine and the outer zZone oll:oclase. [he
biotite is occasionally intzrgrown with the hornblende, but it
occurs chiefly in dense¢ clusters of small crystals which have
diverse orientation. A fcw needlss of apatite, and small
anounts of chlorite end epidots, formasd fromn the decomposition
of the bilotite and plasioclase respectively, are present.

4. gcyenite Porphyries. The dikes to which this name is

applied are so numsrous that they constitute an important type.

They are frequently cut across by the fine-grained dark dikes



which are described under Group II. On the shors of Gilford
Islend, opposite ths eastern end of Kumlah Island, an inter-
section of one of these syenite vornhyries by e derk diks mey
be easily seen.

Hacroscopically, they exhibit abundant phenocrysts
of feldspar in & lisht greenish-gray cryptocrystalline ground-
mass. The phenocrysts heve a8 more or less rounded appearance,
and slthough s=ldom, if ever, more than one~"ifth of an inch
across, they are occasionally so numerous 2s to comprise fully
one half of the rock.

A specimen from one of these dikes, which traverses
granodiorite neer the middle of the southern shore of QOtter
Island in Lesolstion Sound, wess selccted for microsconical
examination. In the hend specimen forty phenocrysts of feld-
spar, few of which exceed ons-tenth of an inch across, avpear
unon & square inch of surface. In the thin section, it is
found that the phenocrysts are oligoclese (Ab An), some of
them being quite turbid through incipient alteration to keolin,
end that the groundmess consists sssentially of orthoclase,
oligoclase, & small amount of biotite and hornblende with
accessory quartz, both pyrogsnstic and secondary spifote,

orthite, 2 few grains of magnetite and long slender neadles of
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avatite. 4 considerebls part of the groundmess is character-
ized by a microsphernlitic structurs, in which the pseudo-
sphernlites consist of a cryptographic intergrowth of feldsnar
and very subordinate amounts of quartz, biotite and hornblende.
The phenocrysts have frsQuently bceern the nuclsi ebout which the
radiel growth took place. The pale zreen hornblende and the
brown flakes of biotite are not ebundent, occurring in the
form of shreds, wnich are arranged in radiate or spray-like
forms according to the shape which the sphernlites assume.

The sphernlites hav: ill-defined boundaries, mer:;ing into ths
granular groundmaés which exists between them. ihe orthite
is sparingly present, being interzrown with the epidote, which
occasionally is crystalliized in the form of smeall fsn- or
sector-shaped ag:irezates,

5. Felsites. shese dikes are few in number, and were only

noticed cutting granite rocks. ihey e&rs gray to brown in
colour, and so finzly crystelline and dense in texture that
their fracture is conchoidsal. fhey are essentieslly comnhosed

of plagioclase feldspar, some crystels of which appeer as
microscopic phenocrysts in & groundmass in which the same
minereal appears in the form of extremaly fine grains of the same
order of magnitude. A littls magnetite, titanite, and secondary

epidote are present in disseminated grains.
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Previous to the invasion of this region by the
batholiths of the Upper Jursassic, ﬁha scdimentary rocks were
traversed by a few dark dik=ss and intfusive sheets, which
probably bear a genstic relationship to the extrusive andesites,
dacites, etc., of the Valdes Series. soreover, it secms
probable that a few of the dikes, such as the diorite porphyrite
described below, were injected st the seme time as those
belonging to Lroup I.

Of more widespread distribution are the vast numbsr
of dark dikes, vhose intrusion marked the close of igneous
action within this region. From e comparison with the adjacent
area to the south, it is evident that this last series was
injected at some time during the period which elapsed betwesn
the invasion of the batholiths and the deposition of the creta-
ceous coal measures, They cut the ore vodies 6f the district,
and, elthough in 2 few instances they have a thin selvaze of
pyrite along their contacts, thsy have played a very subordinsete
pert, if any, in minsrslization.

From Adeane Point to the head of Knight Inlet, e
distence of miles, very few dikes ere present. in

some localities, on the contrary, thsy hesve been developed in



swarms, 88 on the northern shore of East kedonda Island, Clipper
Point on Bute Inlet, Henrietta Point on Ztuart Islasnd, the
nortn shore of Arren Revids, the southern shors of Frederick
Arm, etc. On the northern shore of Pryce Chennsl, and eest of
Double Island, twenty-one of these dikes occur within e distance
of one hundred yards.,

they usually very from one to ten feet in width,
but occasionally attain to seventy feet or diminish to & few
inches in b?eadth. shey ere frequently irregular in their
strike, but the greater number of them either asssume a direction
which is parallel or transverse to the trend of the Coest Range,
thus corresponding to the regional system of joints. Where
the walle of the fiord are devoid of vezetetion, these dikes
often anpear as dark, ribbon-like besnds of a remarkebly constant
width, extending from the shore-line to the summit of mountains
several thousand fest high. In general, the dikes ere sas
durable as the rocks which they intersect; but many of the minor
irregulariticss in the shore-line ere duc to the fact that they
have proved to be relatively more susceptible to the processes
of erosion than the adjacent rock, while, on the other heand,
when more resistant, they stand up as low walls. nespective

examples of the forms produced by such differential erosion may



be seen on the southern end of Harwood Island and near Connis
Polnt on VWest Redonde Island.

uenerally their contacts are very sharp, but frag-
ments of the wall rock are often scattered through their mass.
Thies seems to be most commonly the case where the dikes traverse
the limestones. In some instances a schistoss structure hes
been develoved within the dikes to quite a distence from their
marginse.

The dikss belonging to this group are lamprophyriic
in eppearance, yet ple.:;ioclase snters into their composition to
a greeter extent than in those dikes to which Rosenbusch eapplies
the term "lamprophyrecs®. Their colour varies from & 4reyish-
gZreen to bleck. Yiacroscovicelly, those possessing & fine-
graeined to cryptocrystalline texture may be distingulshed from
those which exhibit = vorphyritic structure. The uniformly
fine-grained varisties are the most abundant.

The vhenocrysts, which sre seldom more than helf an
inch in length or breadth, are usualiy plagioclase, and less
frequently orthoclase, greenish-black hornblende or augite.

No specimens were examined in which the phenocrysts of ortho-
clase predominete over those of plegioclase, Bhe nlagloclase

occure in the form of rounded, prismoid or lath-shaped indivi-



duals, which are clther irregularly scettered through the
groundmass or, as wes noticed in exceptional ceses, show a
tendency to arrange themselves in stellar or irregular aggre-
gates. Anhedral forms are more common than enhedral, and in
general the porphyritic dikes may be seid to have & seriate
porphyritic fabric, since there is a wide range in the size

and number of phenoccrysts. 3y using the collection of olls
of different indices of refraction, which have been prevered
by Dr. F.Z. Wright of the Geophysical Laborstory in Washingzton,
DeCe., for the purpose of determining the feldspars, it was
found that, although the phenocrysts of plagioclasse range in
their composition from oligoclese (Ab An) to lebradorite (AbAn),
the mejority of them sre andesine (Ab An) of a slightly ecidic
character. In rare occurrences, hornblende is present in the
forn of vhsnocrysts which assume the form of short but narrow
prisms,. Phenocrysts of auglte are barely visible in a Tew of
the dike-rocks.

A nmicroscopical study of thin sections demonstrates
the fact that these dikes comprise a wide variety of clossly
related types. Diebase is the most common and widely distri-
buted type; but, in addition, melchites, odinites, spessartites

end a few diorite porphyrites are present. A Qualitative
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classification of these rocks is rendered more difficult by
the uralitization of the sugite, which causes the term horn-
blende diabass to becoms an approoriate one for describing the
nature of some of these rocks. Uralitization hes eliminated
the augite from many of those diabases which cut the sedimen-
taries, and which are older than the plutonic rocks of the
Coast Range.

the individual minerals corresovond in their
appearence, as 2 rule, to those varieties of the same minerals
which occur in the plutonic rocks of the rzsgion. Biotite is
of' very rars occurrence in these dikss, and, when present,
occupies & less important position then the hornblende which
accompanics it. in some ceses, the biotite is interzrown
with the hornblende. The augite is colourless or pale yellow
in thin section, and shows every stege in the process of
uralitizetion. Hydrothermal action seemns to have been
resronsible for the alteration of the esugite to urslite,
Frequently the phenocrysis of zugite have a corroded appearance,
the embeyments being filled end the crystals surrounded by
uralite and magnetite which have been formed together. 1t
seems probeble in some cases that the augite has been changed

to the more stabls hornblende et a period previous to the final
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consolidetion of the rock. The primary hornblende belongs, in
general, either to the common or basaltic varieties, and when
in phenocrysts this mineral often displays twinnings.

Plagioclase 1s the doninant feldspar, the ortho-
clase being present in relstively smell amounts or is entirely
absant. ihe plagioclese usually occurs in the form of long
narro¥ lath-shaped individuals, which are remarkable for their
twinning and for the =zonal structure, which is often developed
not only in the nhenccrysts but also in the smeller individuels,
which usually form a2 high percentace of the uniformly fine-
grained rocks and of the groundmass of the porphyrites. In
the pornphyritic dikes, it is clear thet, in some cases,
different genzsrations of feldspars havs been formed, since the
phenocrysts have been broken ziid the cracks are filled with the
assemblaze of minerals of which the groundmass is composed.
Guartz s=ems to be slways present in small quentitiss. wsagns-
tite, titasnite and needles of anatite arc widely disseminated
eccessory constituents.

Secondery minerals are numerous and often comprise

a large percentage of the minerals present. the widespread
occurrence of epidote and chlorite, separately or together,

explains the various shades of green which characterize the



Quaternary Danosits.

Pleistocens,

The oceanic waters of the continentel shelf must
conceal by far the larger pert of the debris formed during
the glacial denudation of this district. Yhile some of the
detritus wes irrsgulsrly deposited on the bottom of the fiords,
or contributed to the fishing banks of the ulf of jsorgie
end Quean Cherlotts Sound, =z considerabls portion ci” it wes
nrobadly consi red to zreater c¢=pths, boing distributed over
e much wider asree of th= oce=nic floor through the szdiunm of
icebergs as transnerting gigente.

the zlacial ceposits which occur above sea level
constitute only s very smell fraction of the products of such
erosion. Although superficisl dovositc are sbsent over wide
ereag, slaciel drift 1s very irregularly dspoxited over por-
tione of the surfacge of the forelsnds, =snd of the least
mountainous portions of the rocky islands; but the most
extensive devosits are those which comprise the islsnds of
Herwood, Savary, lisrnsnéo, Mary srd the southern exiremitles
of corte= end South valdez islands. these islands, hich

renge up to an =ltitude of 730 feet at Cape Wuwdge, are
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cituated in the northern part of the Julf of lecrgle, being
arrenged along 8 line which haes & direction of sbout N 70° w.
They are composed chiefly of horizontelly stratified sanrds,
which vary in colour from yellow to» greay 2nd white.

In soms places the shores rise as ¢liffs from the
sandy beach; in others, the sscent is vesry jgradual. Ths
frequent occurrence of false-bedding, the varistion in the
size of gcrein in successive lesyers, and the pebbles vhich are
deposited emongs sone of the finest siltis, show that they wers
deposited by currents which fluctueted in strensth and direc-
tion. <n the northern shore of Savary island, near the
castern end, a ncrsistent layer of fins grained black sends
(magnetite) occurs, which is inches in thicknecs., 1In
the ¢liffs on the scuthern side of both Harwood and Savary
i{slands, lerge irregular bodies of boulder clay are exposed,
which rest in hollows upon the more fine-greained stratified
silts, and in the latter locality are covered by much coarser
sands and gravels. ihe huge boulders which 2re scattered along
the shores, or ere congregated to form the reefs which extend
gsouthward from Capc :fudge, “ary L., heel Point ard lernando l.,

su.zest the presence of e lower boulder clay fron which the
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largsr number of thess rocks has been washed by the sca, On
the north side of Sevary Island, sbout two miles from its
saatern extramity, boulder c¢clsy occurs 2t = much lowsr level
than on the odnosite side of the islend. Sines 1t is covered
by the finer silts, it must bz older, but the assnd whlich had
fellen down so mesked its dcwn%ard gxtensnion that it was
innosslible st that 20int to dotermine whether it constitutes
8 portion of =z #widesoread basal deposit or not.

2ecaust the bouldzsr clay is more impsrumcable than
the ovarlying sands, water finds i1i1s way alons its surface to
the face of i%ts slope sither as ssepage or, ag was noticed in
one instance, in sufficient volume to form sprinis. That
thsse unconsolidated sediments and boulder clays rest upon
glaciceted bed-rock surfaces was demonstrated from obLservations
on S. valdes, (ortcz, the north-eest corner of idernando and
the esastern zrd of Seavary islsnds. The scundings recorded on
the chart show thet the wster betwgen Herwood, Savary and
Hernandc islends is shallow, while depths of at least 300 feet
exist in the channels between (ene Yudge, ilery 1., aeef Point
end Hernando Island.

it is highly probable thet thé ine slong which

thege islands are distributed repdresents eithsr the position



at which the narsin of the Gulf of Seorzie slacier tarried for
2 sufficient length of time, during its retreat, to bulld a
tsarminal moraine, or, the position of four medial moraines
which were formed between glacial tongues which occupied the
deeper channels, During the latter part of the Glaclal
period, the land was at least 350 fcet lower than at presant,
as is shown by the terraces which occur at this altitude. at
the mouth of Povell River, on Desclstion Sound and on ;exada
Island. Subsequent to tne dencsition of the boulasr clay,
sedinzsnt cherged waters laid down the stratified silts. A
second advance of ths slacier, which was by no means s0
vigorous as the first, furrowed these sediments, and its
recession left bshind +hat is probably & second boulder clay,
which, in turn, was covered by the coarser sands and gravels.
Some of the nore striking irrsgularities in ths beddirn: of the
latter may be explasined by the melting of entancled ice blocks.
unmodified drift occurg irn remarkebly few end
widely separated localities within this region. sactward fron
Jranite Bay on vValdes island boulder cleay is very irregularly
strewn over the surface, and near the bay it 1s covered by
stratified sands and gravels. Ueposits of till, whicn were

comparatively free from boulders, were notlced in 3Zear 3ay on



Bute inlet, in slacier 3ay on ¥ni:ht inlet, in th2 vicinity
of Roy P.0. on Loughborough inlet, end Bold Pt. on the east
side of S, valdes Island. Erratics are scattersd upon low
summits and slopes of =zasy gradiesnt. ‘They occur in such
numbers a2t the head of Remsey Arm, near Haeys Sound on Knight
inlet and alonsg the southern portion of Chatham Chennel es to
warrent the mention of these localities.

Along this coast, terraces ars few in number and
limited in area; Dbut they ere of sbout as frsquent occurrencs
as modern sandy beach depcsits within thc ssme aree. ‘lheir
positian suspeste that they were formed ac socket beaches, oOr
dsrosited upon the csurfece of thz lowsst foreland areas, at a
time when the lend stood at e former level then at present.
It 1c hi:hly v»robable that some o tham are kame terrsaces
whi ch have been ®orked over by the waves, VWithin Bute and
Kni:ht inlets their presence wes not noted, and it seems
probabls that glaciers persicted within the larger mainland
fiords during the time that terraces were being forred along
sxposed shoroes. (hay most fraquently occur at sltitudes of
from about furty toc seventy-five fcet above sea level.
Remnants of such terraces, composed of sandes snd grevels, are

nrominently sltuated in the followlny localities:- on ths



southern slde of the entrance of Theodosia Arm, snuthward from
Squirrel Cove on Cortez Island, from Read sy to Hensem Pt.
within Topaze :arbour, in the vicinity of Port Neville snd
Blinkinsop Bay, southéaastarn shora or Hardvicke [slesnd, on
eastern end of %. Thurlow Island near Zreen Rapids and in the
vicinity of Sidney 3ay and Beaver (reek within Loushborough
Inlet.

Deposits of stratified clays wzore obssrved at the
head of ssveral smaell hays, or in the baeds of streams. Iin
general, they are characterizecd by a dluish colour, conmpact
texture snd a icnacious hebit whsr wet. ¥hen dry, they may
be readily crushed into a powder #hich is slishtly zritty or
izmpalpabile. ueccurrences of thesss clays which werz noted are
situated near the shores aof some of the bays or heede I., in
the bads of a stresm which enters (Open Bay on §. valdes 1.,
orn the sputh side of Maurells I., sgbout a mile and = half from
Surge Nerrows, in the ded of & stream Jjust west of woy P.0. on
Loughborough Inlet and in & cove on the south shore of the
harbour of Port iflizabeth on Zilford i.

The above mentioned occurrsncs of clay on Maurelle

1sland is capped in soms places by = few feet of sand which



occupy & position sbout twenty fest =zbove sea level. The
transition beds are of a buff shade and quite shaly in nsture.
The clay its=1f contsins 2 considerable percentage of s=2rd,
the microscons revealing the presence of small fresh greins
of quartz, feldspar and hornblends distributed throush = bese

of keolin.

QD

The only locelity wher: marine shells were sczen

among the unconsolidsted sediments hsed been nraviously dis-
covered by ir. J. Camcron of LHranite Pt. Cemp, whaers the clay
is exposed in ths bed of s stream “hiich enters (pen 3ay on

S. vabdes Islend. ¥hile nmzking & traverse in the interior

of this islend, this sirean wae ¢roussed &t 2n estimated
alstence of a uile from its mcuth where tne shelle occur.

They usually occuny 1life-like vnositions, many of the velves
not boing sepsrsted and only Tartially Tilied with clay, which
1s occasionally dszrk in colour bDeceruase of the decay of the
sof't parts. Srecimens were collscted of Ceudum islendicum,
Leda perfunda (var. buccste), Hucula snd e fregment of &
dactralf ?). The brown cuticlz still sdheres to the surfeoce
of the Leda, one of the shells of which was vored through,
prasunably by a sponge, since broken spicules of 8 sponge were

demonctrated to be present by a microscopic examination of



the clay. snder ths microscope the clay is seen to contein

a2 considsrable number of one of the Radiolesrie.

odern.

Since the emelioretion of the clinmeste, which
attended the recession of the ice, the accunulation of delta,
2lluviel enc beach derocsits has taken place, toczther with th
formation of & considersable thicinass of vegsteble mould in

favoursdle locslities.



COoOrNoONIC GEOLOGTY.

Althour) a considerable amount of work was bHeing con-
ducted upon certain wmineral claims within tlis region during
the period at whick this peoloricul investirction was in rro-
gress, none wers “eveloped to such a stage tlct reguler ship-
ments of ore were being made from tlere. The gold mines in.
the vicinity of Shoal Bay, Phillips Armw, and Frederick Arm
had been clhut down for a number of years, and very many of
them were filled with vater, or were in such a deiapidatéd
condition that it was impossible to ezanine them.

Zffective prospecting is attended with man,s difficulties
owing to the rugged character of the topography, and the dense
vegetation which clothes the slopes. The disconnected arees
which are underlein by stratified rocks are worthy of very
careful attention, while prospecting,for it is these rocks
which carry the ore déposits. The character and amount of
minerzlization depends very largely upon the nature of the
sﬁratified rocks which contain them. In general, the ores
found within thie region are either magnetite or the sulphides
of copper and iron, which sometimes carry small amounts of
gold and silver. The heated waters and vapours emanating from
the vast Batholiths of the Coast Range have been the chief
gource of the mineralization. Within those areas where the

volecanic rocks of the Valdes formation are exposed, certain de-

posits of copper ore seem to have beem formed Py the



concentration of sulvhides of this metal vrich orisinally ex-
isted locally vwithin freshsr portions of these rocis as videly
disseminated particles of rminute size. The multitude of dikes
which treverse all other rocks vitlhin the district bear no re-
lation to the deposition of economiec mineréls.

Correr Deposits in the Valdes Formation.

The deposits of correr ore whicl sre éssociated with the
volcanic rocks of the Valdes formotion occur chiefly in the
zone of chalcocite, chalcopyrite, bomite and native copper.
Tithin this region chalcocite was only noticed to he zresent in
tiis Valdes formetion. In addition to these minerals which
have been mentioned in what is the svparent order of their ab-
~undance, malachite, azmite, and the black and red oxides of
coprrer are occasionally yresent in small gqusntities mear the
surface of the deposits. Tlhiese ores occur along Jjoint rlanes
and shéar zones, often irregularly impregnating the rock on
either side; in veins and veinlets associated with calcite,
guartz and epidote; or as grains disseminated throughoﬁt the
more amygdaloidal and highly epidotized and chloritized nor-
tions of the btasalt. Occasionally,while walking over the sur-
face of such an zltered amygdaloidal bed, irregular patches may
be met with whiclk are characterized by the présence of small
guantities of native copper, chalcocite, or both, which seem %0
bear no connection to existing fissures. Calecite, gquartsz,

chlorite, epidote and prebnite are often-associated with these



copper minersls in {illinc the arvedules.

Two theories may hHe advanced to expluain the oricin of
these ores. TI'iset, that the coprer bearing solutions emanat-
ing from the batholiths of the Coast Range while ticy viere
cooling down; ascended along certein shear zones snd joint
planes in the Valdes formation, impregnating the adjacent rock
with the sulphides of copper, esryecially along those horizons
where the beds are highly amygdaloidal. Second, that these de-
posits were formed by the concentration in favorable localit-
ies of copper-bearing portions of the voleasnic rocks, the cop-
per in vhkich originally existéd as minute partiéles of some of
the coy:er sulvnnides, probably chelcopyrite. Sufficient de-
velovrment work has not been done to indisputably'determine as
to which thieory is correct, but because of the manner of oc-
currence and the character of the mineralization of at least
the majority of cases, the writer is incelined strongly in fa-
vor of the second theory. It is a well-recognized fact that
sueh volecanic rocks frequently contein small amounts of copper.
In those localities where downward percolating waters have en-
joyed an easy passage, as along shear zones or where joint
planes are close together, or in thé more amygdaloidal horizons,
these waters have not only largely altered the original miner-
als of the igneous rock to such sécondary minerals as epidote,

caleite, guartz and zeolites, but have concentrated the origin-

al small copper content.



It is, however, not beyond exrectation that within the
neighborhood of contacts hetween the volcanices and the intrus-
ive batholiths, or along pronounced shear zones in the former
rocks, thet mineralization took place as outlined by the first
theory.

South Valdes Island. Thet portion of S. Valdes Island which

lies between lines extending across from Kelly foint, and Qua-
thiasca Cove on the west, to the southern shores of Open Bay

and Drew Harbour, on the east, is underlain by a tyrical de-
velopment of the Valdes formation. In the south-western part

of this area, in the vicinity of Copper Cliffs, Gowland Har-
bour and (uathiasca Cove, some of the beds of besalt and augite-
andesite are very amygdaloidal and, locally, are mineralized in
the menner outlined in the immedistely preceding paragraphsf

The voleanic rocks within this area are treversed by Joint
planes, the most prominent and persistent of which run almost
due east and west, along many of which movement has taken place,
as is evidenced by the frequent presence of Slickensided sur-
faces. There seems to be no evidence of faulting with throws
of more than a few feet. The distance between these joints,and
the variable amygdaloidal character of the beds have largely
controlled the extent of the mineralization. It will be sur-
prising if within this area, some of these deposits of copper

sulphides, chiefly chalcocite, do not prove to be valuabke low-

grade copper propositions. The following description of mineral
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properties within this area will serve to illustrate the
charscter of these deposits in detail.

The Copper Cliff mine is situated on the face of copper
cliffs which rise steeply from the waters of Discovery Passage
on the west side of this island. Here and there the cliffs
are stained with the green carbonate of copper, malachite, and
upon closer examination the volecanic rocks are found to be im-
pregnated in a very irregular manner with small grains of chal-
cocite which usually occur within the amygdules, and to a much
less degree in the s0lid portions of the altered rock. In so
far as could be determined, the strike of the beds in this lo-
cality, is § 40° W with & dip of 30° to the south-east. Along
some of the joints the rock contains many of the small bril-
liant grains of chalcocite which become less numerous at a
greater distance away from the plenes of fracture, until the
interior portions of the larger joint blocks are barren. A
Tunnel, running S. 60° W had been driven into the c¢liff for a
distance of about 100 feet, along a very amygdaloidal horizon
in a thick bed of sugite andesite. The face of the tunnel dis-
played a number of slipping planes, quite close together, with
particles of chalococite being distributed through a zone in the
rock which was seven feet wide. The mouth of the tunnel is at
such a level above the sea that the ore may bé readily losded

into vessels from a bunker which holds 150 tons. Two small



shipments of hand picked ore had been sent to the Tyee
Smelter. An assay.of a specimen which was selected to re-
present the average character of the ore in the bunker gave

the following result.

The Commodore group embraces five claims which are situat-

ed to the north snd east of those included within the property
of Copper Cliffs. Certsin beds and horizons of very irregu-
lar thickness within these ancient lava flows sare amygdaloi—
dal.

In so far as distribution is concerned, the minerzlization
bears a similar relationship to the amygdaloidal beds and an
east-to-west set of joint planes, along some of which movement
has taken place, as on the property just previously described,
but in addition to chalcoecite,-chalcopyrite, bomite and native
copper were locally present. As in the case of the Copper
Cliffs property, the mineralization has been widely distri-
buted, but sufficient work had not been dona to demonstrate
that these low-grade ores cen be mined profitably on & large
scale. The chief difficulty to be encountered is the irregu-
lar character of the mineralization. At a point where a shaft
was sunk to a depth of twenty feet, grains of the chalcocite
were found to give way to those of chalcopyrite, at a depth of
about seven feet. Two small open cuts, and two tunnels, thir-

ty By and thirty-eight feet long, had been made at different



points where surface indications seemed to offer the best
promise. The longer tunnel was driven into the face of o
cliff where the amygdaloidal rock was more or less impregnat-
ed with chalcocite, for a maximum width of forty feet.

On the southern end of Steep Island in Gowland Harbour,

a certain amount of trenching sand open cutting had been car-
ried on in 8 thick amygdeloidal bed, which was traversed by
meny Joints, some of which were in reality minor faults. Mi-
neralization seemed to be fairly uniform in character, and
about sixty tons of ore were in the dump ready for shipment.

On Gowland Island, a property was visited upon which a

tunnel had been driven for 120 feet, within which a shaft 20
feet deep and = raise»of 15 feet, had been made. The workings
followed a zone slong which the volcanics are sheared into a
chlorite schist which contains a few scattered grains of chal-
cocite.

The Carl Goody Claim in Gowland Harbour, but on S.Valdes

Island, was 8lso visited. A shear zone,along which chalcocite
occurs within the amygdules of the adjacent rock, had been ex-
posed but sufficient work had not been done to show the amount

of the impregnation.

The Ingersoll mineral cleim is situated on the southern

slope of a hill at a distence of about one mile and & half

north of east from Copper Cliffs. The volcanies are traversed
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by a fault zone which, striking almost due east and west, ap-
parently has a downthrow towards the south. Along this zone
which had been stripped for & distance of 375 feet, the ad-
Jacent rock is very irregulsrly impregnated with chalcocite,
whick through weathering at the surface has given rise to
traces of malachite, and the red and black oxides of copper.
The position of the fault zone is marked by slickensided sur-
faces and by gash veins of calecite and quartz which locally
contain chalcocite. On either side of the narrow zone $o
characterized, the rock is irregulsrly impregneted with smell
particles of chalcocite for & maximum width of 34 feet. At
that point, where & shaft had been sunk to a depth of 16 feet,
the mineralized zone is reported to have been found of less
width than at the surface. A trench, 80 feet long, had been
driven into the side of the hill, which upon reaching the fault
zone likewise demonstrated the decrease in width of the mineral-
ized zone at about the same depth. Mr W. T. Sauls, who owns
the property, informed me that a nugget of native copper weigh-
ing 108 1bs. had been taken from the shaft, and that an assay
of a specimen of the vein material showed the presence of 8%
of copper and traces of gold and silver.

The Dominion and Wide Awake mineral claims, situated to the

north-east of the Ingersoll and sbout 1,500 feet from the bound-

ary line of the latter, showed exposures of the greenstones,



within the amygdules of which were scattered grains of chal-
cocite, azusite, and malachite.

On the Skookum Chuck mineral clsim, opposite Seymour

Narrows, two shafts, 9 and 20 feet deep respectively, have
been sunk in the amygdaloidal greenstones. A few specks of
chalcocite and chalcopyrite were noticed in samples lying
about the mouths of the shafts which contained water.

The Hugo claim, just south of Seymour Narrows, has been
staeked because of the presence of an irrégularly
vein of gquartz which has & maximum width of six inches. The
guartz is arranged in radisting crystsl aggregates between
the crystals of which are small grains of chalcocite and bo-
mite.

On the north-western corner of Heriot Island in the bay
of the same name, on the esstern side of S.Valdes Island,small
particles of native copper were noticed to be present in amy-
gdsloidal greenstone, the amygdules of which were otherwise
filled with calecite, quartz and epidote.

The Ajax minerasl claim is situated = little more than &
mile inlsnd from the northern shore of Deep Water Bay, on the
west side of South Valdes Island, at an altitude of about 900

feet. The main tunnel follows & sheer zone running ¥ 75° 80

which is traversed by irregular veinlets of chalcocite in &

gangue of calcite and & 1ittle quartz. The rock in the



immediate neighborhood of these small veins likewise carries

a few scattered grains of chalcoecite. At the time of examina-
tion the face of the tunnel displayed an slmost vertical fault
plane, the position of which was distinctly marked by a nar-
row seam of dark tenacious clay gouge, on either side of which
the rock held a few particles of chalcocite. Samples selected
from the dump showed that some of the veinlets encountered
while following this zone must have had & width of from six to
eight inches. A cross-cut was being driven to intersect a paral-
lel zone of shearing which appeared at the surface as a band of
chlorite schist traversing the volecanic rocks, and locally im-
pregnated with small grains of chalcocite.

Cracroft Island. In Boat Harbour, on the sourthern shore

of this island, a tunnel has been driven,to intersect s shear
zone in the volcanics, which apparently runs K. 300 W; and
along which the rock upon the surface of the cliff is impreg-
nated with chalcopyrite for a maximum width of about 18 inches.
Small pieces of so0lid chalcopyrite can be removed by hammer-
ing. Upon the surface the blue sulphate of copper appears as
& thin, irreguler encrustation. The tunnel does not seem to

have met with this zone before being abandoned. This mineral

claim is called the Copper Queen.

In the viecinity of the eastern entrance of Baronet Passage
the amygdaloidal greenstones, on the northern shore of this

island, were noticed to contain & few specks of bomite, pyrite



and native copper within the amygdules.

On the western shore of a smell bay, about two miles
westward from the last mentioned locality, s shaft 10 feet
deep has been sunk in the voleanic greenstones where they are
traversed by stringers of quartz and chest carrying a very
little chalcopyrite, bomite, and azurite. Thése minersals are,
to a limited extent, diffused through the much decomposed amy-
gdaloidal rocks.

Hanson Island. Along the south-eastern shore of this is-

lsnd, the volecanic greenstones of the Valdes formstion have
been very mueh altered. Epidote and gqusrtz, both of which
frequently occur in the form of knots or bunches of radisting
crystals are gbundant, together with calcite, chlorite and the
zeolites. A few small grains of bomite and native copper were
noticed within the more gmygdsloidel and weathered portions of
the rock, at a point sbout two hundred yeards east of the en-

trance of the tunnel of the Hanson Island mine. This tunnel

was driven along a shattered zone in the greenstones for a dis-
tence of 165 yards, in an almost due north and south direction.
During low tides, where this zone is exposed along the shore,
the rock is locally impregnated with chalcopyrite for a width
of four feet. At an altitude of about 125 feet above sea level,
an excellently constructed shaft has been sunk, apparently to
connect with the tunnel. Within the tunnel only a few specks
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of chalcopyrite were noticed within the sheared portions of
the rock, but good samples of solid chalcopyrite were lying
on the surface about the mouth of the shaft, access to which
was not feasible.

Mineralization within the Contact Aureoles of the Batholiths

Few of the areas of stratified rocks are of such extent
that they have not, more or less, suffered the effects of me--
tamorphism induced by the heated waters and gases whose escape
attended the intrusion of the batholiths. Mineralizstion has
been restricted almost entirely to the roof-pendants of alter-
ed stratified rocks, or much less frequently they are enclosed
in the immedistely adjacent plutonic rocks, the peripheral por-
tions of the batholiths, apparently in some cases having been
bathed by mineralizing solutions emenating from the cooling
interior parts.

The ore deposits either occur along the contacts between
the plutonic and stratified rocks, replacing the latter, anad
beidg associsted with such minerasls as epidote, wollastonite,
garnet, vesuvianite, etc. Limestone is especially susceptible
to such replacement. The magnetite on the north shore of West
Redonda Island is an excellent example of such & contect de-
posit. Or the deposits are situated at some distance from the
immediate contact where ascending mineralizing solutions have

found an easy pessage, as along lines of fissures, shear zones,



or where bedding planes are close together. The shear zones
and fissuring may have originated from the sdjustment of the
stratified roof and periphersl portions of the batholiths dur-
ing the shrinkage consequent upon the crystellization of the
molten magma beneath. Along the same line of weskness, Chal-
Qopyrite, pyerbotite, pyrite and magnetite héve been deposited,
as on the Lucky Jim cleim in the minerslized area to the south-
east of Granite Point Cemp on South Valdes (Quadra ) Island.

On account of the small amount of development work which
has been done within the region, it is impossible to formulate
a general rule concerning the persistence of these deposits.

It would seem that owing to the very irregular character of the
mineralization, too much stress should not be laid upon sur-
face showings without further development.

The following deteiled description of mineral properties
will serve to illustrate the charscter of the mineralization

which seems t0 have been produced in the manner Just outlined.
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West Redonda Island. The Redonda iron mine is situatead

on the northern shore of this island, at a point which is about
S. 35° W. from Hepburn FPoint and S. 11° W. from Elizsbeth Is-
land in 2ryce Channel. It was stsked as "the Elsie minersl
claim in 1892 and Crown-granted by De Wolf and Munroe of Van-
couver in 1895."*

The north shore of West Redonda Island rises very steeply
from the sea to a height of over 3,000 feet. The rocks expos-
ed along this bold shore line comprise a porphyritie gresnodio-
site which shades off into a light grey hornblende, granite,
both of which ineclude patches of massive darker rocks which are
very rich in hornblende and which undoubtedly represent highly-
altered portions of the roof benesth which these batholiths
cooled. Upon the shore line of this property there is & pstch
of dark rock which extends for a distance of about 120 feet and
conteins a few fragments of what is recognizable as crystalline
limestone.

Where this property is situated, the water is very deep at
the shore, and the ascent to an altitude of about 450 feet
where the ore outerops, is & difficult one. At this altitude
the slope becomes more gentle up to about 600 feet, owing to

the presence of a much altered erystalline limestone which

* Report of the Minister of Mines in British Columbia, 1901,
p. 1113.
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occupies the position of a roof-remnant or curtain with re-
ference to the surrounding plutonic rock. The mein mess of

the ore as exposed, is situated at the well-defined contact
between the altered limestone and & light gray hornblende
granite. The ore body is & typical contact deposit which has
been formed by those heated solutions which, emanating from

the plutonic magma, while cooling altered the limestone to

its present condition. An open cut has been made which is

54 feet long and extends into the body of magnetite for a dis-
tance of about 20 feet. 1In part the ore is s0lid magnetite,
but in general it occurs in nests, granules or reticulating
veins through the limestone, which has been almost completely
altered to a pale green pyroxene, probably malacolite. Smaller
amounts of quartz, epidote, chlorite and calcite are also pre-
sent in much of the ore, and in thin sections under the micro-
scope the presence of a few granules of sphene is revealed. The
pyroxene is usually of a fine, granular nature, but occasional-
ly becomes guite massive, or, by twinning, has been arranged
in rediating aggregates with fibres up to two inches in length.
Some of the pyroxene has beenh altered to bastite, which change
is rarely visible in hand specimens, but in thin sections is

displayed in every stage of its development. 1In general, the

magnetite seems to have been crystallized somewhat later than
the pyroxene. (See Plate ) Irregulerly distributed through-

out the solid ore are 8 few small cavities in which the



magnetite has assumed the form of small crystels, up to a

half inch across, some of which are remarkably perfect in their
development. The most common erystal form is the rhombie do-
decahedron, less frequently a combination of the dodecahedron
and octahedron. The following is an analysis of some of these
ocrystals, which was made by Br A. 0. Hayes, M.Se., while & se-
nior student in Chemistry at NcGill University:-

Fe, 03 - 69.34%, Fe O - 29.33%, Si 0, 0.89%

A much delapidated chute extends to the beach, the de-
scent of the ore along which was arrested by two bunkers. In
1893, 626 tons of ore were tsken out and shipped to the Oswego
Iron & Steel Company's furnace in Oregon. Since then, a smaller
shipment is reported to have been made. Because of the small
amount of work done upon this property it is impossible to make
a stetement concerning the gquantity of ore. The ore in sight
is excellent in quaelity and in distritrution occupies a larger
ares than that which as yet has been exposed to view. About
fifty yerds eastward from the open cut, the writer removed some
of the thick blanket of moss which covers the hillside, and
found magnetite which apparently had never been uncovered pre-

viously. By using & dismond drill, the depth to which the ore
body and altered limestone descend into the grenite might easily

be determined.

South Valdes Island. Along & belt extending from Open Bay
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on the east, toward Granite Foint Camp, a series of stratified
rocks outerop, which pass beneath the massive Valdes formation
toward the south-west, and are cut off towards the nmorth and
east by the irregular intrusive contsct of the Coast Range batho
liths. These rocks include quartzites, the typicel argillites
in ribboned layers, up to six inches in width, with intercalated
sheets of dark volecasnic rocks, some of which are porphyritic
and some similar to the more massive portions of the Valdes
formation itself. Some of these sheets are distinctly intrus-
ive, others may be extrusive. At the base of this series, mas-
sive limestone layers predominate, these being regarded by the
writer as belonging to the Merble Bay formation. The whole
series is traversed by dark dikes which seem to fsll into two
distinect sets, the older antedating the intrusion of the batho-
liths and probably relatéd to the period of intense volcanic
activity during which the Veldes formation was formed, the
younger belonging to that group which are younger than any
other rocks in the region. The strike of the series locally is
varisble, but in general it is N.W. - S.E., and most frequent-
ly T. 45° W. to N. 60° W. The dip also varies, generelly ap-
proaching the vertical. That the region is traversed by faults
is very.evident, along certain zones some of the rocks being

sheared into schists, and along many of the Joint planes slick-

ensiding is displayed.



This area was not visited until the close of the season’s
work, and it was possible to spend only portions of two days
upon it. The geological boundaries represented upon the map
have no claim for acocurscy but are delineated to emphasize the
presence of a belt of country which is worthy of the most care-
ful prospecting, while certain properties already known should
be more thoroughly tested by more development work. The region
is easily accessible from Granite Point Camp, from which a
short railway, about four miles in length, has been built to
bring logs to tide water. The following description of a few
properties examined will illustrate the general charascter of
the mineralization.

Upon the Geiler two shafts had been sunk to depths of 20
and 14 feet respectively, and some trenching had been done. The
first shaft is situated nesr a contsct between limestone and
highly altered argillaceous rocks. The second, in a shattered
zone between two dikes which apparently belong to the older
series, since mineraslization has been of later occurrence than
the dikes themselves. DPyrite, Pyrrhotite and chalcopyrite are
present, either in the form of disseminated grains in the count-
ry rock or in irregular bodies of very small size composed of
almost so0lid ore. One of the trenches has exposed chlorite

schist, representing metamorphosed intrusives or extrusives,
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which is impregnated with pyrite and chalcopyrite. Nr J.
Cameron, the owner of the property, informed me that the assay
of & picked sample showed the presence of 18% Copper, $3.72 in
Silver and $5.60 in gold. One of the specimens from Shaft No.
1 contained a small particle of gold.

Upon the White Swan there is & small exposure of altered

limestone, striking S. 40° K. and dirping 250 N., contsining
small amounts of chalcopyrite and pyrite. A specimen selected
from the surface is reported to have assayed $17.60 per ton in
copper with a little golad.

On the Trisngle a few greins of chalcopyrite, galena, ar-

senopyrite and pyrite are scattered along a narrow zone of
shearing where it traverses crystalline limestone. The pre-
sence of small black, needle-like crystals of tourmsline, which
were arranged in sheaf-like aggregetes upon the surface of a
joint plane in this limestone, is corroborative evidence for
the belief that the origin of these ores has been closely as-
sociated with the pneumatolytic action attending the cooling

down of the batholiths.
The Lucky Jim mineral claim displayed the maximum of minera-

lization of any of the claims within this distriet which werse
visited. Along narrow zone running K. 15° W., irregular lenti-
cular bodies of limestone occur at intervals, intercalasted bex

tween rocks of the volcanic series. Within s distance of 340



feet along this zone fere were two small open cuts, a shaft

12 feet deep, and a considersble amount of trenching had been
carried on. The most northerly open cut displayed limestone
containing a relatively small number of disseminated greins of
chalcopyrite and pyrite. The next open cut, 100 feet removed
shows a moss of pyrrhotite containing a 1ittle chalcopyrite

and pyrite, with a maximum width of 17 inches, lying between
the volecanies. A 1ittle farther southward the same minerals
associated with quartz and having a maximum width of four feet.
Forty feet from this point, 10 feet in thickness of limestone
is exposed, on one side of which there is s narrow margin of
chalcopyrite, pyrite and pyrrhotite 5 feet long, while on the
other side there is a small body of magnetite, 5 feet long with
maximum width of 30 inches, which contains s few grains of chal-
copyrite. In the shaft, which represented the most southerly
point on the property at which work had been attempted, an ir-
regular body of pyrrhotite,conteining some pyrite and chalco-
pyrite, is exposed with a maximum width of 4 feet.

It will be noted from this short description that mineral-
ization has not been continuous along this zone, but rather
small, more or less lenticular ore bodies conteining the four
minerals named,in different degrees of abundance, are arranged
in a linear manner somewhet after the manner of peas in a pod.

The pressure of the limestone, & rock very susceptidle to
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replacement, together with fissuring, has permitted the pas-

sage of mineral-bearing solutions which gave rise to these ore

bodies.



Loughborough Inlet. On the northern shore of Heyden Bay,

and about a mile from its entrance, the "Heyden Bay" claim has
been staked. The country rock is a dark diorite which is tra-
versed by dikes, the majority of which are aplites. A quartz
vein carrying a small amount of pyrite and a few scattered grains
of chalcopyrite, emanates from a pegmatite dike in which crys-
tals of muscovite, up to an inch across, are abﬁndant. At its
contact this dike has altered the diorite to a chlorite schist,
& thin zone of the schist separating the quertz vein from the
pegnatite. The vein, which has been stripped for a distance of
30 feet, has a maximum width of 17 inches. 1%t is traversed by
two narrow dikes of diabase, showing that its age is prior to
the invasion of the region by basic dikes. At the surface the
quartz is more or less honeycombed, owing to the removal of the
sulphides by weathering.

On Aigillite Point, about miles farther within the in-
let, quartzites, argillites, and a few thin bands of limestone
are exposed along the shore. Their general strike is N. a5°
W. while the dip varies from 40° to 90°. The argillites, and
especially the quartzites, have been impregnated with irregu-
larly disseminated grains of pyrite and pyrrhotite, the pre-
sence of which imparts a misty appearance to the weathered sur-

face and has led to the staking of a mineral claim.



On the opposite shore of this inlet, and about miles
towards the south from Towry Head, the hills adjacent to the
inlet are capped by highly altered argillites, and limestones
which have been penetrated by dark dikes. Along the shore line
the presence of these stratified rocks can only be detected by
a small exposure of limestone, and by the general appearance of
& dark diorite which occurs for a distance of about 700 feet.
The diorite contains numerous inclusions and is similar in
character to that at many other localities where plutonic rocks
are in direet contact with the argillites.

At the immediate contect with the limestone, the plutonic
rock is a light coloured augite-syenite which seems to be of
more recent age than the diorite, and which is very variable
in the size of its component mineral grains shading from a fine-
grained aplite at contact to a medium coarse-grained rock with-
in a short distance. Here quite extensive prospecting opera-
tions have been carried on by the Cuba Silver Mining Company.
Near sea-level tunnels have been driven with a total length of
280 feet. A tunnel follows the contact for 75 feet, (see plate

) and has exposed a body of pyrite which is apparently of
an irregular lenticular shape with & length of about 20 feet
and & maximum width of 3 feet. A winze has been sunk on the
ore body, which shows/:gitore almost entirely pinches out with

depth.
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The pyrite has a peculiar, uniform, silvery-white ap-
pearance, is massive and it is reported that some assays made
from samples collected near the surface ran $17 of gold per
ton. The following is an asnalysis of a typical sample of the
messive pyrite which was made by Dr F.M.G.Johnson, Lecturer in

Chemistry at MeGill University:-

The greater portion of the tunnelling (165 feet) was 4di-
rected towards N. 55° Z. with the hope of meeting & mineraliz-
ed zone in the argillites, which outcrop at an altitude of =
few hundred feet above sea-level. Yor a width of 6 feet the
argillites are very irregularly impregnated with pyrite, and a
very little chalcopyrite. Previous to the attempt to meet
this mineralized zone at a lower level & tunnel had been driven
along it for a distance of 90 feet. |

A few hundred yards northward, around a projecting point,
a ¢laim called the "Shamrock™ has been located. Two short tun-
nels, one of which is visible fiom the shore, have been driven
into the stratified series, where the latter contain scattered
grains of pyrite. One thin layer of limestone which is exposed
near the mouth of the tunnel, has been almost completely alter-
ed to garnet, tremolite pyroxene

Huttado Point. On the Full Noon mineral c¢lsim on Hurtsdo

Point, near Lund, at the contact between the plutonic rocks and




a small roof-curtein of argillites and greenstones, the latter
are sufficiently impregnated with pyrite and a 1little chalcopy-
rite to become very rusty on weathered surfaces. Numerous dark
dikes of diabase traverse the other rocks. Two shafts have been
sunk, one of which is 35 feet and the other 20 feet deep. The
first shaft is situated at the immediate contact. The widely
disseminated mineralization is of such a character that nothing
approaching an ore body seems to exist here. Along the shore
this small patch of stratified rocks weather in many shades of
brown, red and yellow, owing to the weathering of the small
particles of sulphides whichk they contain.

Theodosia Arm. In the vicinity of the entrance to lMala-

spina Inlet, and in Theodosia Arm, the plutonié rocks locally
have the appearance of barely having their roof removed. Small
dark patches which are skirted by the granitic rocks on every
side, though highly altered, have preserved within them traces
of their original stratification. Between Martin Point &nd El-
len Point, such greenstones, argillites and quartzites outcrop
along the shore. The dip varies from 300 to 700, while +the
strike is correspondingly varisble. Locally these rocks con-
tain disseminated particles of pyrite, and at one point a small
hole, which is visible from the shore, has been made in what
seems to have been a small pocket of ore conteining megnetite,

pyrite and a little chalcopyrite.
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At a distance of about three miles inland from the head
of Theodosia Arm there is reported to be a small area of crys-
talline limestone, upon which have been located certain mineral
claims with showings of chalcopyrite.

At Iron Point on the Southern island of the Twin Islands

which are situated immediately south of Cortes Island in the
Gulf of Georgia, a small patch of argillites and limestones
locally weather in blacks and reds because of the presence of
small amounts of magnetite and pyrite which occur as disseminat-
ed grains through these rocks.

Toba Inlet. TUpon entering Toba Inlet, on the southern

shore the number of dark inclusions which the granite contains
increases until at a point which is N. 49° W. to the point
marking the entrance of Salmon Bay, the plutonic rock is in
actual contact with a pateh of the altered stratified series.
The latter consist of volcanic greenstones and porphyrites, ar-
gillites and quartzites, all of which have been locally altered
to a schistose condition. OSmall dikes of the granite fregquent-
ly enclose large inclusions of these latter rocks. In some
places granite borders the shore line, while the cliff sbove is
composed of the metamorphosed stratified rocks. Sometimes the
mere difference of tide-level covers up the exact contact.About
two hundred yards along the shore from the point located, two
tunnels, 15 and 50 feet long respectively, penetrate zones along

which the rock contains a few scattered grains of pyrite.
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Fanny Bay. On the northern shore of Fanny Bay, on North

Passage, at a point near its entrance, irregular patches upon
the steep cliffs of granite are conspicuously stained with the
green carbonate of copper. The granite is traversed by narrow
veins, the most of which contain only gquertz. Cne small vein
with ma;;ﬁum width of 3 inches, carries a little molybdenite
and chalcopyrite; another, with greatest width of six inches,

contains a small amount of galena. Near these veins was the

corner post of the Blue Bird mineral c¢laim, which had been

staked in April, 1907 and upon which no traces of development
work could be found.

Village Island. On the north-eastern cormer of Village

Island, near the entrance of Knight Inlet, some of the beds of
the stratified series contain a few grains of bomite, cheslcopy-
rite, pyrite and galena.

Mass Island. On the mouth-eastern shore of Mass Island,

in the archipelago of Queen Charlotte Sound, there is a small
pateh of stratified rocks consisting of thin-bedded quartzites
and limestones. The latter are very generally altered to gar-
net, epidote, sphene and vesuvianite, the garnets displaying
remarkable optical anomalies. These rocks are in a vertical
position, being the remnant of the lowest portion of a small
roof-curtain. A few scattered grains of galena were noticed in

one of the beds of altered limestone. Some of the quartzites
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are impregnated with pyrite, a little bomite and chalcopyrite.
Two small particles of free gold were adhering to the face of
a joint plane traversing one of the quartzite beds, but an
assay of a portion of the adjacent rock,containing a little

pyrite and bomite, did not reveal the presence of a trace of

gold.



Building and Ornamental Stones.

Within this region there are numerous excellent oppor-
tunities for establishing quarries in granite which is emin-
ently suitaeble for building and ornamental purposes. Even
though the demand at present is supplied from quarries whiech
are nearer the markets, some of these localities seem worthy
of investigation by those engaged in this business, because
of the superior quality of the stone, and the ease with which
it may be transported by water.

In the Walsh Cove, on the eastern shore of West Redonda
Island, there is an exposure of beautiful pink granite, which
is so traversed by joint plenes that quarrying should be re-
latively easy. The harbour facilities are good, the water
remaining deep quite near the shore. It is a coarse=grained
biotite granite, containing two feldspars. This granite is
somewhat similar to the celebrated Baveno granite from the
vicinity of Lago de Maggiore, in Italy, but the shade of pink
is more delicate and its general appearance even more pleas-
ing. The orthoclase, which is more abundant than the plagio-
clase, is of a rich pink colour; the plagioclase, ranging from
albite to oligoclase in composition, is greyish-white. In thin
section under the microscope the orthoclase is very turbid be-
cause of Kaolinization, while the plagioclase, which is much
fresher, partially altered to sericite and epidote. The bio-

tite is quite generally altered to & chlorite which polarizes
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in a deep blue colour, the chloritization having been associat-
ed by the separation of a little secondary magnetite. Quartz
is abundant and there has been a slight tendency for this mi-
neral to enter into micrographic intergrowth with the ortho-
clase. Crystals of sphene, a few of which are of such size
that they are visible to the naked eye, are relatively abundant,
usually approximating closely to their habitual wedge-shaped
outlines. A few grains of epidote, some wf which are so dis-
tinctly pleochroic that it seems probable that they approach
allanite in composition, are also present. Two small crystals
of zircon, a few small short prisms of apatite and a small
grain of pyrite were noticed within a single thin section.

A granite which to all extérnal appearances is similar to
that from Wesh Cove,but which does not occur under such favour-
able circumstances for quarrying, occurs near the head of Pen-
drell Sound on East Redonda Island and also in the vicinity of
Dean Point on the north-eastern corner of West Redonda Island.

At a distance of about miles within Bute Inlet, the
massive Granite Mountain rises, slmost devoid of vegetation
from the water's edge to an altitude of feet. It is com-
posed chiefly of a medium—grained biotite granite of a greyish-
white colour, which would be a very serviceable and satisfactory

building stone. In hand specimen, the rock displays a faint



269

gneissoid structure. Upon examinstion under the microscope,
the rock is remarkably fresh. Orthoclase and an acid plagio-
clase are present in about equal amount. Several of the in-
dividual cerystals of the former are twinned according to the
Carlsbad law, some of the plagioclase in addition-to excellent
rolysynthetic twinning display good zonal structures. A small
amount of microcline is also present. The biotite is very
fresh, its pleochroism ranging from very dark brown to a light
straw-yellow. The quartz frequently possesses & faint undu-
latory extinction. Magnetite occurs in minute well-formed
crystals, or in aggregates of small irregular grains. A little
epidote, & few small needles of apatite and numbrousé small cry-
stals of zircon complete the mineralogical composition of this
Tock.

A pink grenite on the southern shore of Squirrel Cove, on
the east side of Cortez Island, a somewhat similar grenite in
Bones Bay on the northern shore of Cracroft, and grey hornblende
granites on the west shore of Port Harvey, and at a point on the
southern shore of Kwatsi Bay on Thompson Sound, are of such good
quality that they would make attractive building stones and so
Ssituated that they may be quarried with moderste esse.

The orbicular hornblende-gabbro, from a small island to the

west of Midsummer lsland and to the north of ¥ire Islend 4in
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Queen Charlotte Sound, which has been fully deseribed on

PY. of this report, would furnish a unigue and very

beautiful building stone.



Clays, Lime and Cement.

Some of the post-glacial, marine clays which were observ-
ed near the shores of some of the bays on Reade Island, in the
bed of a stream which enters Open Bay on South Valdes lsland,
on the south side of Maurelle lsland about & mile and a half
from Surge Narrows, in the bed of a stream Just west of Koy,
P.0. on Loughborough lnlet and in a cove on the south shore of
Port HElizabeth on Gilford 1sland, should be of economic value
in the manufacture of bricks, tiles, etec. 1n general, these
clays are characterized by a bluish colour, a compact texture
and a tenacious habit when wet. Some of them are so nearly im-
palpable that they might well be used for an abrasive or polish-
ing powder. UMir E. V. Wylie of Burdwood Bay, Reade Island, in-
formed the writer that he used such c¢lay, taken from a deposit
immediately back of his house, for lining his cooking-stove and
that it proved to be satisfactory in every way. The following
analysis of a typical sample of the clay from this deposit was
made by Mr A. O. Hayes while a senior student in Chemistry at

MeGill University:-

Si 02 ceees 60.86 K2 O ... 2.73
A1203 ¢ o v 0 0 16064 l“ago o & » 5055
Feg0p co-ee 7.24 Ho O (hygroscopic) 0.34

g§049
Mg O  ...... 3.30



llany of the limestones of the Marble Bay formation are
particularly pure and upon burning should furnish excellent
lime. The localities where the limestones belonging to this
formation occur have been discussed up pages in this
report.

1f at any time limestone be reguired as a flux in smelt-
ing ores, this rock may be readily obtained from the localit-
ies mentioned. 1t seems highly probable that a judicious mix-
ture of powdered limestone with the post-glacial clays, de-
scribed in the preceding paragraph, would produce a satisfact-

ory cement.
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