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CiÊ EHAL STATEMENT. 

The area discussed in the following report 

embraces one of the most rugged portions of the Coast Hange 

In British Columbia, a mountain mass which is almost entirely 

composed of Plutonic rocks which range from granites to 

gabbros in composition. Numerous marine passages and fiords 

intersect this district in a most labyrinthine manner, and 

from a study of their exceptionally steep and rock-bound 

shores the more important geological relations of the district 

may be readily deduced. These natural and well exposed 

sections, extending into the very heart of this mountain range, 

afforded an excellent opportunity for geological observations 

which, it is hoped, will contribute to a more complete know

ledge or certain problems that are of interest to pure science, 

and of an indirect b&t distinct economic bearing. 

The study of details was United chiefly to the 

geological relations of those areas where prospects were 
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located, or where mining development had been carried on. 

Since the mineral deposits of economic value within this 

district are restricted to the stratified rocks &nd to their 

contact with the intrusive igneous mass of the Coast Range, 

the geological map, which has he^n prepared on a scale of 

4 miles to 1 inch, should prove an aid to prospectors. 

Excellent stone for building or ornamental purposes, and 

materials suitable for the manufacture of bricks and cement, 

occur in certain localities, and these Trill be important 

assets in the future development of the region. 

The present report must be considered as of a 

preliminary nature, since areal mapping did not permit much 

time to be devoted to detailed study. Future field work 

will undoubtedly reveal many new ninor features -Thich *?ere 

not seen, and develop m^ny important ones which are only 

briefly referred to. Some of the main geological problems 

presented by this area and treated in thic report are,-

the petrography of the igneous rocks of the Coast Range, 

the methods by which overlying strata are invaaea oy so vast 

a mass of once molten rock* and the regional and contact 

metamorphism of the stratified rocks. in addition to the 



-3-

broad physiographic relations of the region, certain interest

ing types, such as fiords, hanging valleys, etc., are 

described and their origin discussed. 

The author wishes to gratefully acknowledge his 

indebtedness to W.F. Robertson and E. Garmichael of the 

British Columbia llining Bureau for information concerning 

certain portions of the region, and for courteous assistance 

in procuring necessary maps. it would be difficult to 

mention individually the prospectors, mine owners and opera

tors, and the men engaged in lumbering, who facilitated either 

hy information or otherwise, the work in the field. 1'hanks 

are especially due to Messrs. A. Grant and J. Raper of Garble 

Bay, lexada Island; Messrs. J«£« 'iho^pecn and J, Spencer of 

Hopper Oliff; J. Cameron and C. Lyrm of Granite Bay, Valdez 

Island; and 3.«V. Wylis of Heade Island. 

tne work outlined in this bulletin is a continua

tion of thai, carried on, during the previous summer, in the 

adjacent area to the south, hy Mr. 0«g« Leroy. The methods 

of field work adopted were similar to those inaugurated by 

him. Xhe geological mapping was confined mainly to the 

shore line, and tha auxiliary gasoline launch, "The Dawson**, 
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again proved most efficient. The fiords and channels form 

such an intricate network that by following the coast closely 

a good conception of the geology of the unexplored central 

parts of the islands and inter-fiord belts may reasonably be 

conjectured. A week less than three months was spent, during 

the summer of 1907, in actual field operations within this 

area,. One thousand, five hundred and forty miles of coast 

were examined, six hundred and eighty of this being mainland, 

and the remainder representing the extent of shore line pre

sented by the numerous Islands. The geological, map accompany

ing this report is based upon tha Admiralty charts, which 

were reduced to a scale of four miles to the inch. The charts 

proved to be accurate to scale in the dellnsation of the shore 

line and the typography. 

In the field, the writer had the advantage of the 

able assistance of Mr. E.P.B. graham, M.Sc, Lecturer on 

Mineralogy in McGill University, who most efficiently applied 

himself to every phase of the work* The office work was 

executed in the Petrographiea! Laboratory of MeSill University, 

and the author* s most grateful thanks are due to Pr, F.B.Adams, 

F.H*3#* for hie instruction and valuable advice. 



SEOGEAPHICAL POSITION AKJD AE&A. 

The most southern portion of the area brought 

within this report is the mouth of Powell Eiver, which enters 

the Gulf of Georgia nearly opposite the northern end of 

Texada Island and sixty~fit£6 miles north of the eity of 

Vancouver. From Powell River, geological mapping was 

carried northward to the entrance of Kingeome Inlet* The 

general trend of the coast is here & 52° w, corresponding to 

a line drawn between these points, and along such a line the 

distance traversed was US ssiles. The district, which was 

examined, is enclosed hy heavy dotted lines en the sketch 

map upon the opposite page. Ihe total land area thus 

represented is approximately 2600 mfc&gw square miles, of 

which the islands comprise about §50 square miles. 

The areas of the following islands were measured 

by using a planimeters-

Ifl&ftflfln, Square Miles. 

01Iford 9a 

South YaMes TO 
(or Quadra) 

feat Redonda 44 
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3̂  si and. 

North Valdes 
(or Sonora) 

Oracroft 

Oortez 

gast Redonda 

East Thurlow 

West Thurlow 

Square Miles. 

38 

Island^ Square _Ml,les 

63 

25 

IB 

East Valdes 
(or Mauralie) 

iiardwicke 

Read 

Tumour 

Harbledown 

17 

1G 

ir> 

15 

10 

Estimated area of other islands included 90. 

The many waterways, sheltered from the swells 

of the adjoining ocean, permit a ready access to this region 

by boat. Steamers ply regularly fro* Vancouver, but their 

course changes with the variable development of the log ring 

industry. 

HISTORY. 

general Jii story. 

The earliest knowledge that European nations 

possessed of this portion of the coast of British Columbia 

Is associated with the nsme of a. Grecian mariner, Apostolos 

Valerlanos or Juan de Fuea, as he was called by his comrades, 
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who was employed in exploration under the Spanish flag, 

During the latter part of the sixteenth century, he reported 

that on the west coast of North America, between the 47th. 

and 48th. parallels of latitude, he had discovered a broad 

arm of the sea extending into the continental mass* He 

claimed to have sailed within this inlet for twenty days, 

eventually coding forth into a broader sea, which he would 

havs explored but for the swage nature of the Indians, ^any 

mythical tales wore abroad at that time, and possibly this 

story was a product of the highly imaginative mind of an old 

sea-dog; but if a guess, it was a remarkable one, since from 

the description of his voysge ho raay h?v@ followed the 

sheltered pansagss which separate Vancouver island from the 

mainland. 

This ststalent WPS announced at & time when the 

hope yet existed of discovering s channel -rhich would connect 

the Atlantic and the Pacific, and thus establish a direct 

route for trade with the Far East. Although, in the meantime, 

the Hudson Bay Company had explored much of the wast coast, 

it was not until the latter part of the eighteenth century 

that the interest of the British government w«s sufficiently 
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aroused to coxlect definite information for itself. in 1778, 

Uaptain James Cook was despatched to sail along this coast 

frorri the 45th. to the' 6Dth. de^rse of latitude, and to explore 

all inlets north of the latter parallel which appeared to 

point toward Hudson Bay. Cook searched for the ?r-n of the 

sea described by the Greek, but. failing to find it, Rave 

ths name of Cap© Flattery to the projecting headland which 

marks its entrance at 46°5* latitude, and sailed northward 

alon^ the wsst coast of Vancouver island. in the account of 

his voyage5* he relates that,- !,In this latitude geographers 

"have placed the pratended Strait of Juan de Fuca, but nothing 

11 of that kind presented itself to our view, nor is it possible 

*that any such thing ever existed.* Either the reckoning 

of the Greek was slightly wrong, or his imagination was, by 

chance, almost correct, for he had stated that such a strait 

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

protlock's Voyages, page 535, Chapter on *Captain Cook*e 
Third and Last voyage**; 

or, Cook's Voyages, Vol. II., page 173. 
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In the years which followed this voyage of 

Captain Cook, several mercantile enterprises were directed 

toward the west coast of North America. in 1787, Captain 

Berkeley, an English seaman sailing under the Portuguese 

flag, discovered a passage Immediately to the north of 

Cape Flattery. In the following year its existence was 

verified by Captain John Meares, who named it after*its 

original discoverer, John de Fuca". One of his boats 

entered this Strait of Juan de Fuca, and, sailing north

eastward for thirty leagues, took formal possession of the 

surrounding lands in the name of the King of England. They 

would have proceeded farther, but the hostility of the 

natives forced them to return. Meares relates that he 

communicated his discovery to the captain of "The Washington", 

a trader employed by a London firm, who completed the? 

voyage through this strait, and sailing "through a sea that 

extends upwards of eight degrees of latitude" returned to 

the Pacific Ocean, probably to the north of the Queen 

Charlotte Islands. Of this exploit Meares writes,-

"The track of this vessel is of great moment, as it is now 

completely ascertained that Nootka Sound and the parts 
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ad jacent are islands".1 This was the first authentic 

voyage which demonstrated the existence of a Vancouver 

Island. 

Difficulties soon arose between England 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 George Vancouver, a 

British naval officer, was commissioned to meet Spanish 

representatives in these waters. He was also instructed 

to explore the coast between the 3Sth. and 60th* degrees 

of latitude and to continue the search for an inlet which 

would extend toward the Atlantic. The Spanish relinquished 

their claims to exclusive rights of trade, and the terri-

torial dispute was amicably settled. ' Likewise, after 

repeated disappointments, Vancouver abandoned the hope of 

ever finding 8 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 

f4earesf Voyages - In 2 Volumes. 

The Siootka Sound eontrovsrsy, by W.R. Wanning, University 
of Chicago Press 1905. 
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preliminary surveys of many of Its more Important channels, 

*1 
inlets and islands. 

For sixty-five years after Vancouver made this 

memorable voyage, the fur trader continued to hold supreme 

sway upon this coast. Sir George Simpson, Governor-in-

Chief of the Hudson Bay Company's territory, gives a short 

description of his voyages through these waters in the year 

1841. fete) further surveys were made until 1857, when a 

commission was appointed to determine the boundary line 

between Canada and the United States among the islands in 

the Strait of Juan de Fuca. Between the years 1857 and 

1863, Captain G.H. Richards*3conducted surveys from the 

entrance of Juan de Fuca strait to Bute inlet. From 1863 

to 1865, Captain D. Pender surveyed the mainland coast from 

Bute Inlet to Queen Charlotte Sound. The information 

obtained from these early explorations has been incorporated 

with that derived from more recentoAdmiralty surveys to 

make a most trustworthy Pilot Book*4, in which a detailed 

xl Vancouver's Voyages. Vol. II. 
*2 "An Overland Journey Round the World", during the years 

1841 and 1842, hy Sir Geo. Simpson, pp. 106-117; 136-145 
*3 British Columbia and Vancouver Island, by Commander R.C. 

Mayne. 1863. 
x4 British Columbia Pilot. Third Edition. 1905. 
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geographical description of the coast of British Columbia 

and Vancouver island may be found. 

In 1793, the year after the voyage of Vancouver 

and twelve years before the celebrated Lewis and Clarke 

expedition in the United states, Sir Alexander McKenzlef1 

coming from the eastward made the first recorded journey 

from ocean to ocean. Coming up the Peace River, he then 

traversed the mountain barriers of the west, arriving on 

the coast at Bella Coola. in 1806 Simon Fraser, while 

under the impression that he was going down the Columbia 

river, entered the waters of the Pacific l>y the river that 

now bears his name. Numerous expeditions followed, but 

It was in the years succeeding 1867 that a diligent Search 

was made for passes which would be suitable for the construc

tion of a railway. 

i4ueh attention was directed at that time to the 

advantages of *3ute inlet as a terminus for the road?*^ and 

later to the possibility of connecting Vancouver island and 

the mainland by bridging the narrow and rapid waterways 

** Journal of a Voyage through the North-west Continent of 
North America, by Sir Alexander McKenzie. First American 
edition, 1802; p. 246. 

x2 overland Route through British North America, by Alfred 
Haddington. 1868. (Longman, Green,dc. London.) 

Report of Surveys, Canadian Pacific Railway. 1877,pp.1$5-173. 
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which separate them from the intervening Valdes islands? 

Waddington gives a concise description of the valley of 

the Hornalko River, which enters at the head of Bute inlet, 

and which offers the most feasible route for passage through 

that portion of the Coast Range included within this report. 

Wining Developments. 

Within this region, mining has received but 

little attention, except in a limited district about 

Philipps Arm. in some localities near the shore numerous 

claims have heen staked out, but in very few cases have they 

been developed beyond the stage of prospects. in some 

promising areas practically no development work has been 

carried on. 

in the history of British Columbia, the year 

1858 was signalized \}y the discovery of gold along the North 

Thompson and Fraser river. it was in the following year 

that the first prospecting within the area discussed by this 

reDort was recorded. At that early date, Mr. William Downie 

xl Canadian Pacific Railway Routes, by W.F.Tolmie,M.P.P., 1877, 
pp. 8-9. fVictoria, B.C.) 
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reported the presence of black sands in the alluvial deposits 

of the Homalko river, and veins of pyrites from Bute inlet 

and the vicinity of Desolation Sound?1 

Previous to the year 1896 very little prospecting 

had l)een done, but in that year the district about Philipps 

and Frederick Arms and adjacent portions of E. Thurlow and 

H. Valdes islands cams Into prominence. A shipment was 

made to the Tacoma smelter which gave returns of $31.20 per 

ton. During the following year, the absorbing attractions 

offered by the discovery of gold in the Klondike caused the 

development of these claims to be postponed. Many prospectors 

passed by on their way northwards to the Yukon, while some 

of the late arrivals stopped to investigate the mineral 

resources of more accessible areas along the coast. The 

years 1898 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 were 

staked and actual mining operations were begun upon some of 

them. The Doratha Morton, situated west of Fanny Bay on 

*1 "British Columbia and Vancouver Island", oy R.C. iiayne -
See Appendix, p. 447 - "Report of Mr. Downie to Governor 
James 0ouglas." 

*2 British Columbia Minister of Mines Report 1895-96, p. 554. 
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philipps Arm received the most thorough development. Exten

sive preparations were mads for treating the ore. A 

Bleichert tramway, lir miles long, was built to carry the ore 

from the mine to a Blake crusher, 10 stamp wlorison High 

Speed mill and Cyanide plant, which were erected on the 

shore of Fanny Bay. From December 1^28 to October 1899, 

twelve to fifteen thousand tons of ore '.vere crushed and 

treated \>y the cyanide process, which gielded f.90,000 in 

gold and silver bullion. The mine was then closed, the 

unfortunate reason being that the operators had "exhausted 

"all the ore they could find, and in doing so found that the 

"nature of the daposit was such as to preclude the possibility 

"of its turning out a mine in the true sense of the word." 

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 Frederick 

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

British Columbia Minister of Mines,Report, 1899, pp. 800 
and 806. 

*S British Columbia Minister of Mines,Report 1899, pp.798-800. 
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On the former, a tramway to the shore was constructed, and 

in 1202 a trial shipment of ore was sent to Tacoma, which 

returned |13.50 per ton in gold and silver. When the 

writer visited this district in 1907 all mining operations 

had ceased. The extensive equipment of the Doratha Morton 

and the tramway of Blue Bells were in a sadly dilapidated 

state, shafts *~ere full of water and some of the tunnels 

were impassable because of fallen rock. 

In certain localities, outside of the Philipps 

Arm district, mining on a small scale has heen carried on 

within this area. In 1892, the Elsie mineral claim was 

staked on the north shore of W. Redonda Island. In the 

following year, 626 tons of excellent magnetite were shipped 

»1 
to the Oswego iron and Steel Companyfs furnace in Oregon; 

but after this shipment work ceased. 

In 1906 development work began upon a number of 

copper claims on S. Valdes Island; in the summer of 1907, 

this island was the centre of the only mining activity within 

the whole area. Rapid progress was being made upon proper

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

Ml British Columbia Minister of Klines - Report 1901, p.1113. 
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of Granite Bay. From Copper Cliff fca several small shipments 

had been made ?rhich gave very satisfactory returns. 

For a description of the nature and geological 

relations of these and other mineral properties included by 

this bulletin, the reader is referred to the last chapter 

which deals with the economic geology of the region. 

previous Geological Work. 

Earlier geological investigation of a systematic 

nature, within this area, is confined to the reconnaissance 

trip of Dr. G.*4. Dawson in 18^5. Embodied in his "Report 

on the Northern Part of Vancouver Island and Adjacent Coasts"f1 

which Is accompanied oy a geological map on the scale of 

eight miles to the inch, Is a description of the geology of 

portions of the main coast end of many of the islands which 

lie between Vancouver Island and the mainland. The shore 

lines of the larger number of the islands included by the 

present report were examined by him, as well as the mainland 

between Loughborough Inlet and Call Creek, and in the vicinity 

of Malaspina Inlet. In 1876, Dawson made a hurried trip to 

xl Am* Rep. Can. Geol. Surv. 1886. Part B, pp. 129. 
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the head of Bute inlet, and published a short description of 

*1 
some of the geological features which he observed en route. 
In the reports of the Provincial Bureau of Mines , occasional 

brief references are made to the geology of certain districts 

in which mineral claims have been located. The greater 

part of the area, however, had not been investigated previous

ly from a geological standpoint. 

On the Superficial Geology of British Columbia,by G.M.Dawson 
361 Q.J.G.S. Vol. XXXIV. 1877, pp. 89 - 183. 

*S British Columbia Minister of Mines - Report 1898, pp.1138 
and 1142. 

British Columbia Minister of Mines - Report 1901, pp.1105 
- 1118. 
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TiiE NORTH AFRICAN CORDILLERA^*- C^s-*^^^e^ 

The western border of the continent of North 

America is justly renowned for its mountain ranges, which in 

their length and breadth, although not in altitude, represent 

the largest mountainous area in the world. On the 49th. 

parallel of latitude, this "se5* of mountains" has a width of 

450 miles. in spite of the repeated protests of geologists, 

the term "Rocky Mountains" is even now occasionally applied 

to the whole of this great complex of mountain systems 

which lies between the prairies on the east and the Pacific 

Ocean on the west. In reality mountains are included within 

this belt which came Into existence at different geological 

periods, which are not characterized ^y 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 c&arms of scenery peculiar to 

itself. This wide mountainous area should be called "the 
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North American Cordillera", or "the Cordilleran System"* a 

name which implies that they constitute a family of mountains 

which are merely geographically related. from east to west 

the members of this Gordilleran System are :-

1. The Rocky Mountains. 

2. The Gold Ranges. 

3. The Interior Plateau. 

4. The Coast Range. 

5. The Vancouver System. 

The Rocky fountains proper form the western 

boundary of the prairie region, and near the 49th. parallel 

of latitude have an average width of 60 miles. They are of 

comparatively recent origin, having strata within their 

structures which belong to the Laramie period. The serrated 

nature of their crest lines, the massive pyramidal and roughly 

prismatic forms of certain isolated peaks, and the impressive 

alternation of the colours in their relatively thick component 

strata distinguish them from the other ?/estern mountains. 

On the west, the Rockies are separated from the Gold Ranges 

nl The Nomenclature of the North American Cordillera 
Between the 47th. and 53rd. Parallels of Latitude, lay 
R.A. Daly. The Geographical Journal, June 1906. 

x2 The Physical Geography and Geology of Canada,by G. M. 
Dawson. Handbook of Canada, (Toronto) 1897. pp. 48. 
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by "the Rocky Mountain Trench", a narrow but most persistent 

depression, 800 miles in length, which is occupied by the 

headwaters of the Kootenay, Columbia, Fraser, Finlay, parsnip 

and Kachika rivers. 

The term "Gold Ranges" as used by Dr, G.M. Dawson 

includes the adjacent and more complicated mountainous zone 

on the west side of the Rocky Mountain trench. They embrace 

several range units such as the Selkirk, Purcell, Columbia, 

Cariboo and Omenica mountains, which have common geological 

structure and age and may be separated from one another by 

distinct boundaries. These are the oldest mountains in the 

North American Cordillera and are essentially composed of 

altered Pre Cambrian sediments and granite, together with 

thick formations of the Cambrian and Silurian periods, which 

are frequently highly metamorphosed and much contorted. 

Representing, as they do, the most ancient axis of elevation 

in the region, they have been subjected to and modified by 

the mountain-making stresses which have produced all of the 

more recent neighbouring mountain systems. 

Stretching between the Gold Ranges on the east 

and the Coast Range on the west lies an area with an average 
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width of 100 miles, which also appeals to the traveller as 

being mountainous although to a less degree. On climbing 

to the top of one of these mountains, it is found that no 

sharp peaks occur but irregularly rounded, dome like, or 

comparatively flat topped summits, //hich have so uniform an 

elevation that a level sky line is presented to the eye. 

Between the latitudes of 49° and 55°30f, where the altitudes 

are higher, they have an average 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 that here has been a concentration of force in 

the earth's crust producing elevation along a certain axis, 

or by the formation of domes. On the contrary, they are to 

be explained by a broad and gentle uplift of a once level 

area to the present height, snd since that uplift the streams 

and rivers, aided greatly by Pleistocene glacial conditions, 

have so deeply entrenched themselves into the old surface 

that the interstream areas have become sufficiently prominent 

to be called mountains. They may well be described as 

mountains of circum-denudation. This region is known as 

the belt of Interior Plateaus, and extends from the 40th. 
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parallel of latitude far northward into Alaska, being inter

rupted only between the 55th. and 56th. degrees of latitude 

by the Babine and associated mountains. Although in certain 

parts the strata are flat, within this area the dips range 

through every degree of inclination to the vertical. Almost 

irrespective of rock composition or structure the submit 

levels are remarkably accordant. 

The Coast Range. 

West of the Interior Plateaus the rugged Coast 

Range borders the pacific Ocean for a distance of 900 miles, 

extending in a N.N.W. direction from the Fraser river valley 

on the south to the head of Lynn Canal. It continues north

ward passing behind the St, Llias range of Alaska, where it 

gradually blends with the Interior Plateau at Lake Kluane in 

longitude lSS^O1, near the boundary line between the Yukon 

territory and Alacka. in southern British Columbia these 

mountains maintain a ^idth of about 100 miles, which diminishes 

to about 50 miles at Lynn Canal. It is not, however, easy 

to assign definite boundary lines to them, for they shade off 

into interior Plateau conditions on the east, and are closely 
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related in their geological and physiographic 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 baltfoliths, composed of granites, dioMtes, 

gabbros, etc., of remarkably uniform texture, which were 

intruded probably during Ikte Jurassic time. 

These vast intrusions, although very resistant 

to the action of the various agents of erosion, have been 

chiselled into most massive forms. It is impossible to 

delineate any axis or axes of elevation 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 is a striking uniformity in the 

*2 
altitudes of the individual summits , the most of which are 

about 8000 feet high in southern British Columbia and 5000 

to 6000 feet in Alaska, while some occur which reach 9000 or 

10,000 feet, rising as jagged peaks above the general level. 

*l The Geography and Geology of Alaska, by ALH.Brooks. 
Professional Paper U.S.G.S. No.45, 1906. p. 28. 

2 An Expedition through the Yukon District, by C.W.Hayes. 
Hat. Geog. Mag., Vol IV. 1892. p. 1*8. 

Report on the Area of the Kamloops Map Sheet, by 
G.ul. Dawson. Am. Rep. Can. Gsol. Surv., Vol. VII.1894. 
p. 10 B. 
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On the shoreward margin of the range altitudes are more 

irregular, it being common to see certain peaks which are 

5000 to 6000 §eet high within an area where much lower alti

tudes predominate. The summits often have the appearance 

J 

\ or aomes, or are nearly flat on top with arching slopes which 

usually become wrii.1 l'ulkuQLjk «tnd steeper as they descend below 

i 

I the upward limit of Pleistocene glaciation. 

A considerable portion of the drainage from the 

Interior plateaus ;aak3s a complete traverse of this range, 

and much of the excess of precipitation of the latter is thus 

borne toward the Pacific. Among the more important of such 

rivers may be mentioned the **ornalko, Klena-Klane, Bella 

Coola, Dean, Skeena, Nass, stikine and the Taku. These 

rivers, while in the interior Plateaus, have comparatively 

broad valleys; but upon piercing th^ Coast Range, they flow 

in canyons with precipitous sidea. Short tributary streams 

with courses corresponding in general to the direction of the 

range enter through narrow ste^p-sidsd valleys, which head 

usually in a group of snow-clad mountains or in a melting 

glacier. In addition to these, there is a host of short and 



-8-

independent streams which flow directly down the western 

slopes of the range, often entering 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 

melting in the spring. 

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 directions - either parallel 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 levels. 

numerous glaciers nestle in the hollows among the 

more lofty mountains, while higher summits are perpetually 

snow-«lad. In the southern part of the range, these summit 

glaciers are very numerous; on the 5lst. parallel of latitude 

they descend and fill up valleys, while in Alaska some even 

reach tide water. The glaciers of today are but the shrivelled 

modern representatives of a widespread, majestic sheet of ice 

which filled all depressions and valleys during th^ Glacial 

Period. Lverywhere the features of the landscape are domin-



ated oy evidences of most intense glacial 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. Polished, striated and deeply 

grooved surfaces, roches raoutonnees, cirques, hanging and 

through valleys, etc., have been little altered by the action 

of atmospheric agencies since an ameliorated climate caused 

ml 
the ice to retreat. in the southern portion of the range 
«2 *3 
glaciation to a height of 5000 fc^t, and in Alaska to 
3200 feet, have been reported. 

The mountains usually present precipitous slopes 

to the sea, and the declivity of the shore is aa steep below 

sea level as it is above it. Baaches are of rare occurrence. 

The water is so deep that in very many places during calm 

weather large vessels could discharge their cargoes directly 

upon the shore, should the slope of the mountains be suffi

ciently gentle to permit it. For iaany miles at a stretch 

»1 See thia Bulletin p. 

*p' Can. Geol. Surv. Bull. No.996, (1903),p.25,-by O.E.Leroy. 

*3 U.S.G.3. Professional paper No. x, (1902), p.33,- "by 
A.H. Brooks. 
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it is impossible to find suitable anchorage, owing to the 

depth of water. Occasionally this difficulty may be over

come by entering a narrow cove where the bow and stem may 

be moored to the shore on either side. 

The most striking characteristics of this coast 

are the multitude of its off-shore islands and the great 

irregularity of its waterways. The fiords which deeply 

dissect the Coast Range and larger islands are in every wa# 

similar to the intricate series of channels which separate 

al 
the islands. Dawson in describing them writes:- "The most 

"remarkable features of the coast are its fiords and passages, 

"which while quite analogous to those of Scotland, Norway and 

"Greenland, probably surpass those of any part of the world 

"(unless it be the last named country) in dimensions and 

"complexity. They also appear to differ from those of 

"Scotland and Norway in their narrower and more parallel-

"sided forms, and in the height of the walls which bound them." 

These fiords and channels either follow directions parallel 

nl Superficial Geology of British Columbia, by a.11. Dawson. 
Q.J.G.S. Vol. XAAXV. (1878) p. 91. 
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or at rigjit angles to the Coast Range. ^„?_Ji?-at °** 5?e5 

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

ahead is obstructed hy projecting points which when passed 

seldom fail to mark the entrance to scenes of increasing 

grandeur. At the entrance of the inlets, the mountains are 

lower, but they become progressively higher until the fiord 

reaches the heart of the Coast Range. The rugged mountain 

walls often rise sharply from the water as sheer cliffs -whi-eh-

-a**e 3000 feet or more in height. 

The steeper slopes are bare or support a few 

stunted trees. With a lessening of the declivity, the forest 

growth increases until the gentler slopes and valleys are 

densely covered. In the southern fiords the upper limit of 

thick timber is about 5000 feet, which*descenda northward 

nl 
until near Lynn Canal it is about 3002 feet". Avalanches 

have occasionally left great scars on 4he forested slopes, 

and in a fsw cases the deep water near the shore has actually 

\>^^n made shallow by large rock slided. 

At the head of each of the fiords a brook or 

river enters. The largsr inlsts have lateral arm-like 

nl The aeography and geology of Alaska, by A.ft. irooks. 
U.S.G.G. Professional Paper 48, (1906), p. 29. 
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branches or small bays where the enclosing mountain walls are 

broken by the entrance of a stream. At the mouths of these 

rivers and streams there is more or less flat land, such Iso

lated areas being the most fertile that are to be found on 

the coast. These lowlands or deltas are 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 and covered 

with bracken and grasses. During low tide wide mud flats 

are laid bare at the head of the larger inlets. For some 

distance from the shore shallow water conditions exist, but 

very suddenly these pass into the habitually deep water. 

A few of the fiords terminate in so-*ealled lagoons 

with which they are connected only during high tides. With 

a falling tide the lagoon is really a salt lake from which a 

turbulent stream enters the fiord until a rising tide produces 

an equilibrium of surface between the fiord and the lagoon. 

In many places 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 a 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 Juan de Fuca to Skagway at the head of Lynn 

Canal. 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 
*1 

to by Dawson as "forming portions of a single axis of elevation*} 

and as "a partly submerged mountain chain". He called this 

most western member of the Cordilleran System "the Vancouver 

Range". "The mountain range forming the axis of these 

islands lies In a north north-west, south south-east bearing, 

and is the northerly continuation of the Olympian Mountains of 

»1 The Queen Charlotte islands, by G.M. Dawson. 
Report of f-ro<,reSc:. G.C. of C , l°78-79, p. 3B. 

*? Vancouver Island and Adjacent Goosts, by G.vl. Dawson. 
Ann* Rept. G.S. of C , 1887, p. 7B. 

x3 Trans, Royal Society of Canada. Vol. VIII., Sec. 4, 
1890, p. 4. 
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xl 
the State of Washington". This Vancouver range is continued 

northward along the coast of Alaska as a group of mountainous 

islands, the western members of the Alexander Archipelago. 

Of this archipelago Brooks writes,- "The mountains of the 

"Alexander Archipelago r*re properly an extension of the 

"St. Ellas Range, but as they are separated from the mainland, 

"and divided into different groups oy broad tidal waterways, 

K2 

"they can hardly be included under the same name." ' These 

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 between 

the Olympian mountains of Washington state and the St. Ellas 

Range of Alaska. 

Vancouver, which is the largest island on the 

Pacific coast of America, has a length of 280 miles, and an 

average width of about 50 miles. Its northern and southern 

extremities are comparatively low, *nd on the east a border 

Ml *4emorandua on the ^ueen Charlotte Islands? by G.M.Dawson. 
Canadian Pacific Ksilway Report, Appendix Mo.9,p.139. 

x2 Geography and : so logy of Alaska, by A.*i. Brooks* 
Professional Paper U.S.G.S.. Ho.46, 1206, p. 28. 
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of flat land, varying from two to ten miles in width, extends 

as far north as the Seymour Narrows, about 140 miles from 

Victoria. With the exception of much smaller areas at the 

mouths of rivers, and a few open glades in certain valleys, 

the rest of the island is mountainous. "The highest 

"mountain, Victoria Peak, attains an elevation of 7484 feet, 

"while there is a considerable mountainous area in the centre 
xl 

"of the Island which surpasses 8000 feet in average altitude." 

On the west the coast line is broken hy fiords, which pene

trate far into the rugged interior. On the east, although 

a number of sheltered bays do afford anchorage, the shore 

presents a remarkably smooth outline. 

One hundred and thirty miles north of Vancouver 

Island, the Queen Charlotte islands form a triangular shaped 

group with an acute apex pointing southwards. The group, 

from north to south, consists of three large islands, Prevost, 

Moresby and Graham,/associated with these are many smaller 

ones. Their extreme length is 155 miles, and on Graham 

Island they have a maximum width of fifty-two miles. "The 

"highest and most rugged part of the mountainous axis of the 

»i Superficial Geology of British Columbia, by G.M. Dawson. 
Q.J.G.S. Vol. XXXIV., 1878, p. 92. 
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"islands is found in latitude 52° 30*, where many peaks bear 

"considerable patches of perennial snow, and rise to altitudes 

"probably surpassing 5000 feet." In contrast with Vancouver 

Island, the eastern and northern as well as the western shores 

are deeply dissected by fiords. 

The Queen Charlotte Islands are separated from 

those that closely fringe the mainland by the open waters of 

Hecate Strait, which varies from 35 to 80 miles in width. 

The passage between Vancouver island and the main coast has a 

maximum width of 50 miles; but a multitude of islands are 

situated within this intervening space. Those islands which 

follow the mainland most closely are related in every way to 

the Coast Range. Those which are farthest offshore combine 

geological and topographical features 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 a thin soil and clothed with a profuse Vegetation; 

others are merely rocks with a smooth and rounded appearance, 

which do not rise more than a few feet above the water. The 

x The QMeen Charlotte islands, by C-.M. Dawson. Report of 
Progress, O.S. of C-, 1878-79-. p. 3B. 
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aajority, however, are mountainous, with bold and rugged 

shores, which frequently plunge into deep water without any 

beach. A few of the islands reach elevations between 3000 

and 5000 feet. There is no marked regularity in their 

distribution. North of Vancouver Island their longer axis 

usually corresponds with the trend of the Coast Range; but 

between Vancouver island and the mainland their length often 

lies directly transverse to this direction. The shore lines 

of many of them are extremely Irregular, being broken by 

bays and fiords. 

In Puget Sound, in the northern part of the 

Gulf of Georgia, and in Queen Charlotte Sound there are a 

few islands which are remarkably different from the types 

just described. They ere composed of stratified and un-

stratified clays, which rise from 100 to ?00 feet above sea 

level, and, in striking contrast to their mountainous neigh

bours, their shores are surrounded by dangerous shoals. 

* The Drift phenomena of puget Sound, l^y Bailey Willis. 
Bull. Geol. Soc. of America, Vol, IX., 1898, pp.111-162 
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iiiNiZRAL CHARACTER 0* THE DISTRICT. 

Topography. 

The preceding description fulfils a twofold 

object. It makes plain the relationship between the various 

members of the Cordillsran family, thus giving a proper 

setting to the area dealt with by this report; and it por

trays those topographic features which characterize this 

area in oomson with all other parts of the Pacific slope of 

the Coast Range and the adjacent islands. 

Within this district the Coast Range intrusions 

have extended westward, so that they impinge r^ost closely 

upon Vancouver island, and, in consequence, the mountainous 

topography of the greater number of the Islands, as well as 

the mainland, has been sculptured from massive plutonic 

rocks. For this reason, the inlets or fiords penetrate 

farther into this mountainous mass than the position of 

their entrances and their respactive lengths would at first 

suggest. It also explains f?hy the mountains are higher at 
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the entrances of some oP these fiords than these in a 

corresponding position to the north or to the south. The 

many inlets and pas eager:, some of which are called arms, 

creeks, sounds, harbours end channels, have broken the 

western slopes of the Coest Rang© into a ragged fringe of 

peninsulas and islands which repeat the contours of the 

mountainous topographic unit from which they have been 

carved• 

Upon the mainland, the four most prominent inlets, 

ioba, Bute, Lou?hborough and Knight, have lengths of 

eighteen, forty, seventeen and sixty miles respectively, 

the latter, in reality, extending for twenty miles farther 

westward through the islands. In the grandeur of their 

scenery, B^te, knight and fobs Inlets surpass all the others 

within this area, end must rival in their magnificence all 

examples of the fiord type in the world. These chasms,or 

deep trenches, with widths varying from three-fourths to 

two miles, are hw?r,®& i^ by precipitous walls which culminate 

in mountains fro^ 3000 to ̂ 000 feet high. Toba is a short 

inlet, but so much of the co*st Range has been dissected 
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into islands which lie directly in front of its entrance, 

that its course lies among mountains with altitudes almost 

as high as those which characterize the heart of this range. 

At the very entrance of Bute Inlet,altitudes of 3000 - 6000 

fset prevail, while the quadrant-shaped outline of Estero 

Peak attains to eogg feet. As one ascends to the head of 

this fiord, the scenery ever increases in grandeur, until 

summits of 6000 to 8000 feet appear on ®yery hand. One of 

the iieedle Peaks (8145 ft.) is the highest altitude which 

has been determined in this district. In passing up Knight 

Inlet,the elevations of the enclosing mountains are at first 

lower, but aeyond alendale Cove its winding course affords 

rabidly changing oceres, which are even more impressive than 

those In Bute. Within Loughborough Inlet-, the mountains are 

lower, a few snow-clad summits being visible at some distance 

inland from its head. prom Powell inlet to rheodosla Arm, 

from Topnze aarbour inland toward Olendale Cove and along the 

coast to beyond port Neville, and in the vicinity of the 

Wisharti Peninsula, the mountains, In general, are the lowest 

to be found along the main shore. With the exception of 

those portions of Blinkinsop Bay, Topaze Harbour and port 
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Neville which are bordered by sandy terraces, and the lowlands 

which mark the entrance of streams, the slopes are not less 

steep, and occasionally mountains rise to altitudes of two 

to over three thousand feet. 3ald Mountain (2925 ft.) on 

Simoom Sound is a remarkable isolated dome of grano-diorite, 

being so conspicuous that the Indians point to it as an 

example of a smoke-mountain or volcano. A large valley 

extends from Soughey Bay across the peninsula which separates 

it from Johnstone Strait, and a low pass also exists between 

this bay and port Seville. iho water parting is also low 

between tne streats ^iiicr; anlac laa-ko-nu Cove on Knight 

Inlet, and Cutter creek on Chatham Channel. The delta lands 

at the heads of the inlets and bays comprise the largest 

flat areas in the mainland oelt. The delta of the Mornalko 

river, at the head of Bute inlet, and that of the Klena-Klene, 

at the head of Knigho, are estimated to include and 

acres respectively, while farther up these rivers 

rich bottom lands are reported. u^a^ard, these areas of 

river-made land extend as mud flats during low tide, and 

their margins descend so steeply into deep water that the bow 

of a boat may ba resting upon thin mud while the stern is 



afloat in several fathoms. 

Within all the fiords, the projecting points or 

spurs usually have the more gentle slopes, but generally the 

ascent from the water1s edge is very steep. In some places 

sheer cliffs rise for several hundreds of feet, and some of 

the most majestic peaks are not more than two to three miles 

from the shore. For considerable distances it is impossible 

to gain a foothold for a landing. landslides have oven 

frequent, and occasionally have Increased the declivity of 

slope, and at the same time have caused the deep water near 

shore to become shallow, the apices of the cones of fallen 

rock fragments sometimes projecting above sea level along 

the shore line. in a few instances turbulent strear.s, as 

at Rubble point near the head of Knight Inlet, have swept 

down sufficient rock rubbish to build up alluvial cones, 

which are similar in appearance to those produced hy the 

rock slides. On the northern side of itinght Inlet near 

3rave Pt., a large rockslide has taken place, in which a 

portion of a mountain from shore to summit has toppled over 

into the water. The movement took place along joint planes, 

and has resulted in a precipice which was estimated to be 
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over 2,000 feet in height, a most imposing and almost perpen

dicular cliff of massive granite. Even now when the wind 

blows hard, small jointed blocks are loosened from the 

heights and rattle down upon the pile of rubbish already 

accumulated. So near are the high mountains to the shores 

of the inlets,that within the larger fiords the lateral range 

of vision is very limited. Occasionally, however, there is 

a break in the steep walls, a small arm of the sea extends 

inward, terminating in a few acres 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; and then a vista is gained of those mountains in 

the distasc background which otherwise would have been con

cealed from view. Knight Inlet possesses six of these 

lateral embayments, of which Wah-shih-las Bay may be mentioned 

as an example. 

Perpetual snow bedecks the higher levels (usually 

above 5,000 feet), or reposes in sheltered nooks where It has 

often been ca3t to lower slopes by avalanches. In the upper 

reaches of Bute and Knight Inlets, glaciers and patches of 

Ice occupy some of the hollows and valleys among the higher 
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mountains. The largest ones were seen at the head of the 

former, and in the higher valleys above Cascade Ft. and 

Wah-shih-las Bay in the latter inlet. From Bear Bay on 

Bute inlet one may count seven small glaciers. The mountains, 

in general, present the appearance of having been profoundly 

glaciated to altitudes ranging between 4,000 and 5,500 feet, 

while the highest summits are rugged and often have very 

sharp profiles. Well developed cirques of various dimensions 

are numerous, these vacated homes of summit-glaciers occasion

ally imparting sharpened summits to otherwise rounded mountain 

forms. Within some of them, patches of ice, which are mere 

remnants of the glaciers which once filled them, still remain. 

A few side-valleys debouch© into the fiords at varying 

heights above sea-level, the three most imposing examples 

that were noted occurring just beyond Boyd Point on th© 

northern shore of Bute Inlet, just beyond protection Ft. and 

at Cascade Ft. on Knight inlet. The general U shape of the 

fiord valleys, the truncated spurs, through valleys, the 

slope and crag structure exhibited ^y some of the slopes and 

the concave outlines of others, the cirque-like heads of the 

fiords and bays, roche moutonnees, and the flowing outlines 
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of the lower mountains may be enumerated as topographic 

characteristics which have been bequeathed to this region by 

the former glacial ice-sheet. 

Hie topography of the isiends resembles In every 

way that of the mainland. Most of them are mountainous with 

bold shores which are in some places so steep as to be in

accessible. A few reach elevations between 3,000 and 5,000 

feet. The highest point is on £ast Redonda Island, which 

lies opposite to the entrance to Tobe Inlet, where at. Adden-

broke lies 5,1?0 feet above the sea. Raza, a neighbouring 

island with a striking pyramidal appearance, has an area of 

about five square miles and rises to 3,020 feet in altitude. 

3ilford island, with an area of ninety-eight square miles, is 

the largest member of the archipelago, znd presents a moun

tainous mass of very irregular outline. In the eastern part 

of the island the mountains are hi^iest, the lofty wit. Read 

being 4,820 feet above sea-level, while Mt. Hulton, within 

less than one.nile and a half from the shore of Tribune 

Channel, is 3,980 feet high. 

South of Nodales Channel, the islands are elongated 
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in a direction trending north and south; north of this 

channel they assume an east and west direction. It was once 

believed that what are now known to be the three Valdes 

islands were but a single insular unit. They so nearly 

close the passage between Vancouver Island and the mainland 

that only three narrow channels, having a total mini-num 

width of about one mile and three-fourths, intervene. Of 

this group,E. Valdes ot quadra island is the least rugged. 

Several lakes occur inland which lie in low, irregular, rocky 

basins. Frcr, iranlte Bay across to Open 3ay quite a broad 

tract of inhabitable land extends parallel with a range of 

mountains- immediately to the south. Sonora island, in 

contrast* is very rugged, rising from Carderc Channel to 

altitudes of over 3,000 feet. In its southern part, West 

Redonda Island is alrost cut in two by a large lake which 

extends nearly from 4arylebone inlet to Refuge Cove, sending 

at least one arm to the north. Cortes island is likewise 

nearly separated into three islands by Von Donop Creek and a 

long shallow salt lagoon; the southern part is characterised 

by comparatively low elevations, while the long peninsula 

extending northward resembles a riae-mountain range. 
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Many of the islands north of Nodales Channel 

have triangular outlines, with their most acute angles trun

cated and pointing westward. Elevations are highest upon 

their eastern ends and gradually descend westward. Cracroft 

island has two easy passes across it, one from Port Harvey 

to Lagoon Cove, along a line of small lagoons which the 

Indians connected by constructing a small canal through which 

they could float their canoes during a high tide; and a 

second from Forward Say to a bay opposite Klaotsls island. 

North of Harbledown and Tumour islands, myriads of small 

Islands are congregated in Queen Charlotte Sound, protecting 

the western shores of Qilford island from the Pacific Ocean 

swells which roll into the Sound. Within an area of sixty-

three square miles, five hundred and seventy Islands are 

recorded on the chart. The greater number of them are 

covered with trees or more lowly vegetation. Some of them 

are bare rocks, so low that they are continually awash during 

a storms others rise to remarkably high elevations when 

their basal area is considered. Many of them display, to a 

most surprising degree, deep glacial groovings and striations, 

and some of theia quite perfect roche moutonnee outlines. 
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Although no snow fields or glaciers are now to be found upon 

any of the islands covered by this report, evidences of 

former glaciation dominate every feature. 

In the northern part of the Oulf of Georgia, four 

islands, Harwood, Savary, Hernando and Mary, and the southern 

extremities of South Valdes and Cortess islands are of a very 

different character from the mountainous and rocky islands 

just described. They are composed almost entirely of drift 

deposits, boulder clay with stratified sands and gravels, 

which at no point rise to more than 200 feet above the sea. 

The areas included in these comparatively flat lands are 1900, 

1200, 2200, 2200, 2700 and 2300 acres respectively. The 

southern shore of Savary is exceptionally steep, the exposed 

bank showing most clearly the relation between the boulder 

clay and the well stratified deposits. The southern point 

of Harwood Island, the extreme east end of Savary, and Hidalgo 

Point on Hernando Island exhibit the nature of the rocky base 

upon which these unconsolidated materials rest. When the 

dense forest growth which covers the larger part of these 

islands is removed, valuable land will be afforded for agri

culture and pasturage. At present, sheep are pastured on 
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Hernando and Mary islands. After the timber is cut, care 

must be taken to provide the more sandy tracts with some 

lowly forn of vegetation, such as grasses, or the wind will 

rapidly diminish the acreage by a slow yet steady removal of 

the otherwise loose sand into the sea. With the exception 

of the rocky points mentioned, their shores are, as a rule, 

low and dangerous to navigation, for on the shallow sea floor 

surrounding these islands many large boulders are Irregularly 

distributed. During low tide, some of these boulders are 

exposed upon the wide expanses of beach which are uncovered 

in some places; others project above the water to a consider

able distance as a warning which the mariner in these waters 

seldom expects, because deep water conditions usually exist 

close to the shores. A iong narrow reef of boulders extends 

southward from ^ary island for a distance of miles. 

Somewhat analogous to these islands are the low sandy terraces, 

not rafcrs than sixty feet high, which border Squirrel Cove on 

Gortez island, the south-western shore of Hardwicke island, 

the south-eastern shore of v*est Thurlow Island, and the 

vicinity of Port Seville and Biinkinsop Bay on the mainland. 

A terrace, 300 feet in height, may be seen at a short distance 
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from ths mouth of Powell River. 

The bays and coves of the island shores correspond 

to the lateral bays of the fiords on the mainland. The 

eastern shores of those Islands which are directly adjacent 

to the main coast are smooth in outline; fa~ka-na Bay on 

Gilford island being the only exception to this rule. in 

contrast, the western and most pointed ends of some of the 

islands have a frayed appearance, owing to the re-entrant 

nature of the shore line. On Cortex, Cracroft, end the west 

side of Gilford islands, son© of the bays head in shallow 

salt lagoons. 

The channels between the islands repeat the 

characteristic features of the mainland fiords. They are 

singularly free from shoals. The excessive depth of water 

near the shore makes it difficult to find anchorage with a 

reasonable length of cable. in lost instances, the soundings 

recorded on the chart do not represent the total depth. The 

depths of the channels ordinarily used by traffic have b^Qn 

quite thoroughly explored; but from the entrance nearly to 

the head of Bute Inlet, for example, they never reached 

bottom with fort^i-ceven fathoms of line, except in orford Bay. 
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Suffioient soundings have been made to demonstrate that the 

bottom has many irregularities and that In eome of tho fiords, 

at least, the water becomes shallower at the entrance. Call 

Creek, quite near its head, has a depth of over one hundred 

fathoms; at its entrance, fifty fathoms; and the neighbouring 

channels lying immediately in front of its mouth have a depth 

of twenty-two fathoms. As one would expect, the chart shows 

many irregularities of that portion of the sea bottom which 

bears the vast archipelago of small islands in '4u©en 

Charlotte Sound, but even here Arrow Passage extends through 

them, maintaining a persistent depth of over forty fathoms. 

From Seymour Harrows, along Johnstone Strait, the lack of 

uniformity among the soundings is most noticeable; those of 

one hundred or sore fathoms predominating, with the deepest 

one reaching to one hundred and seventy. 

Where the channels are narrow, the tidecs flow 

swiftly, often developing heavy overfalls and whirlpools. 

The tide enters the passage between Vancouver island and the 

mainland,both from the north through ^ueen Charlotte Sound 

and from the south through tho Strait of Juan de Fuca and 

the iulf of aeorgia. These tides meet in the northern 
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part of the Gulf, between Mittlenatch Island and Cape Mudge, 

producing strong tidal rips which, when a fresh wind is blowing, 

are converted into a heavy choppy sea, in which the crest of 

each wave is broken into a chaos of sharp pinnacles. The 

tide from the north has to pass through the constricted 

channels, Seymour Narrows, Surge Narrows, the nole-In-the-Wall 

and Euklataw Rapids, which isolate and dissect the wedge-

shaped Valdes islands. Most of the stealers pass through 

Seymour Narrows on the Vancouver island side, which in one 

place is contracted to 700 yards. The velocity of the 

current which passes through this constriction is variable 

with the tide; usually it ranges between seven and nine 

knots, but during some spring tides, vrhen the maximum rise of 

fourteen feet takes place, it attains a rate of -&£o& ten .tc 

wl 
twelve knots. In mid-channel, Ripple Rock rises to within 

two fathoms of the surface, and over this spot the water 

swirls in deep eddies. In watching the tide rushing through 

this narrow channel "with such Immense impetuosity as to 

&2 
produce the appearance of falls considerably high11, an 
2*1 

Vancouver's Voyages, Vol. il.,p. 2HD. 

Simpson's Journey Round the World durin : the Years 
1841-42, p. 138. 
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observer can well appreciate the manner in which a snail 

vessel of insufficient power would pass •'reeling wildly out 

into the gulf, the mere sport of the whirlpools1*. In 

several passages north of these, somewhat similar phenomena 

may be seen, although the tide does not run ^ith so great 

velocity. 

Drainage. 

Already mention has been made of the fact that 

the fiords head in low delta lands, the sands and muds of 

which have bQsn deposited by streams whose valleys extend far 

into the snountalne. The walls of these valleys display no 

change in character, and the absence of sea water is the only 

feature In which they differ from the fiords themselves. 

In general, the Coast Range forms an -efficient watershed, 

separating the streams which enter these arms of the sea 

from those which drain into the rivers of the interior 

Plateau. Within this district, however, two rivers, the 

Hornalko in Bute inlet and the xlena-Klene in Knight Inlet, 

have their headwaters in the interior Plateau, and pass 

xl 
British Columbia Pilot, 1905, p.248. 
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completely through this Kange. Two rivers discharge into 

the heads of some of the fiords; into Bute Inlet, the 

Homalko and the Southgate rivers, the latter flowing from 

the south-east; into Loughborough Inlet, the East and v*est 

rivers; and into Knight Inlet, the Klena-Klene and the 

Ah-ash-ma-aki. All of these, in con-ion with the smaller 

streams at the heads of the other fiords, flow from 

U-shaped valleys across low-grade deltas. 

The Homalko river, which is thr? longest, may be 

considered as typical. While crossing the outer part of 

its delta, the width of Its valley is about two miles. It 

is a rapid, muddy stream, about 300 feet in width, but, In 

places, it assumes a braided character, spreading out to 

over 1000 feet. A sand bar extends across its nouth, Which 

has fron one to two feet of water over it at low tide: 

within this obstruction the -rater daemons to one and three 

nl 
fathoms. A long, narrow side-wheel steamer, belonging to 

a lumber company, is now plying on the river, which is navi

gable for boats and small stealers for a distance of about 

thirty miles. Waddington writes as follows:-" "The valley 

*1 
British Columbia Pilot, 1905* t>. 258. 

*' Overland Bouts through British North America by Alfred 
Waddington, 1868* 
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"of the Homalko river presents a deep cut or fissure through 

"the Coast Range, varying from three rules to less than a 

"quarter of a raile in width; is R4 miles in length, 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 canyon or defile, the bed of the valley 

"is composed of diluvial soil, consisting of a sandy clay or 

"loam, and forming a hard dry bottom. The canyon itself is 

"exactly one mile and a quarter in length. Beyond the 

"canyon, the valley again forms and opens for about six miles. 

"The river after this is again confined to a narrow bed for 

"six 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 uniform 

"presents considerable variations. Thus, the canyon presents 

"a rise in 30i| miles of only 860 feet above the sea. The 

"river then becomes much more rapid, and gives for the next 

"thirteen miles an ascent probably of 780 feet, after which, 

"for forty miles up to Fifth Lake, the rise diminishes to 

"630 feet, beyond which there is a sharp ascent for a couple 

"of miles more of say 160 feet when the summit or watershed 
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"is attained. The above figures must, of course, be considered 

"as only approximate." 

The river receives many rapid tributaries which 

flow frora glaciers, some of which descend almost to the main 

river. "Some of these streams have brought down large 

"quantities of debris from the mountains, raising their beds 

"across the Homalko Valley considerably higher than the land 

"a few hundred feet from each side of the strear." Thirty-

nine miles frori its mouth the river divides into east and 

west branches, of which Waddington followed the west. The 

eastern branch extends for 55 miles from the junction, at an 

altitude of 3,500 feet, taking its rise in a chain of lakes. 

The largest of these lakes IS Tatlayaco, 15 miles long, -hose 

outlet is 33 miles from the source of the river, and is 2,712 

feet above the sea. Upon leaving this lake, 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 a narrow 

defile to the junction.' 

sghe preceding description shows that the main 

x information here derived from Report of Surveys, 
Canadian Pacific Railway, 1877, pp* 103, 165, 169 - 170. 
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streams have approximated to a stage of maturity. The 

extension of the valley-tracts so far Into the mountains and 

the restriction of lakes and rapids to the upper reaches are, 

at least, indicative of a well-developed drainage. 

The Klena-Klene river flows swiftly and seems to 

carry more mud in suspension than the Homalko. While 

passing up Knight Inlet, the waters were first noticed to 

be slightly turbid at a distance of 45 miles from its head, 

and they became more milky in appearance as the head of the 

inlet was approached. This river flows across its delta in 

two main distributaries in which there are a few low islets, 

composed, as are the beds of the river channels, of gravel 

and coarse 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. Twelve 

miles from its mouth it is said to fork, and a large glacier, 

which occupies the valley of the west branch, descends Into 

the main river. The Ahirashrma-aki, the second river which 

enters the head of K^tght Inlet, flows from the S.E., dis

charging through a valley which is about a mile in width. 

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

it flows more swiftly and its waters are not so muddy as 
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those of the Klena-Klene. 

The other rivers which debouche into the heads 

of the fiords are smaller, but present similar gradients, the 

relative inland extension of the valley-tract being dependent 

upon the size of the stream. For example, the West river, 

at the end of Loughborough Inlet, is navigable for small boats 

to a distance of three miles from its mouth, when it Is 

reported to become more rapid and shallow. 

At least four types of lateral streams inter 

these fiords. Those which discharge into the side bays are 

quite similar to the larger rivers already described. Their 

mountain-tracts are not so far removed from the sea and, in 

some cases at least, they flow in V-shaped notches which have 

been incised within U-shaped valleys. The rivers which enter 

Orford Bay on I3ute Inlet, and Salmon Bay on Toba Inlet, may 

be cited as examples. Besides these, there is a ruch younger 

series of streams occupying V-shaped valleys and descending 

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 few streams enter from 

valleys the mouths of which are situated at various levels 

above the deep water in the fiords, a feature for which 
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î ilbert proposed the name "hanging valley". From the mouths 

of these high valleys, the water descends either in a series 

of rapids, or by making one grand final plunge of several 

hundred feet directly into the fiord, as at Cascade Point on 

Knight Inlet. This coast is remarkably picturesque during 

wet weather and especially in the months of May and June, 

when the winter1s snow on the higher levels is melting; then 

myriads of boisterous rivulets, quite oftsn leaping a thousand 

feet at a time, vie with one another in their race for the 

sea. This fourth caries of streams has no definite valleys, 

but seeks the most direct and easy routes, often following 

the paths prepared by avalanches. In the springtime, the 

courses which they assume and their teri of life are dependent 

quite largely upon the position of the receding snow line. 

Early in the month of June, 1792, Vancouvererecorded the 

following description of the Coast Range in the vicinity of 

Bute Inlet:- ...... "the stupendous snowy barrier rising 

"from the sea abruptly to the clouds, from whose frigid 

"summit the dissolving snow in foaming torrents rushed down 

"the sides and chasms of Its rugged surface, exhibiting alto

gether a sublime though gloomy spectacle Tvhich animated 

"nature seemed to have deserted. Not a bird nor a living 

n Vancouver*s Voyages, Vol. II., p. 195. 
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"creature was to be seen and the roaring of the falling 

"cataracts 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 Islsnds within this district. A 

stream which enters aiendale Cove, on Knight Inlet, flows 

from ion Browne Lake, which is about one mile distant. This 

lake, which has never been surveyed, is reported to be about 

five miles long, extending toward the head of Topaz© Harbour; 

it is narrow and long, being imprisoned between rocky shores, 

and presenting an appearance of what one might call a fresh

water fiord, A few hundred feet from its outlet, ths stream 

falls over a rocky sill about ten feet high. 
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The Fiords and islands. 

The word "fjord" was first-applied by the 

Norwegian- to the long, narrow and deep inlets or ams of the 

sea which impart an extreme irregularity of outlira to the 

west coast of his native land. When it was found that this 

physiographic type repeats itself upon many other shores (as 

in New Zealand, Patagonia, British Columbia and southern 

Alaska, Labrador, Baffin*s Land, Greenland, Iceland and Scot

land), this classic teri was borrowed from Norway and given a 

position of gsneral significance. ihz origin of the floras 

is a subject that has aroused considerable discussion in 

geological literature, and has been productive of divergence 

of opinion. Some of the earlier writers resorted to down-

warping or faulting in order to explain the degression, "rents" 

or splits which the fiords now occupy. Modern study has led 

to the belief that the ratifications of the fiords delineate 

with approximate exactitude the lines of drainage which were 

developed upon a pre-existing land surface; that these 

depressions are largely the result of the erosion of pre-

glaclal strearas, the courses of whose valleys wore determined 

\yy the regional trend and slope, variable resistance to erosion 
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or rocks and their structures, prevailing joint systems, 

lines of faulting or sags, in the initially uplifted land 

area. Many fiords are known to follow lines of faulting, 

but these faults may be considered as those lines of weakness 

sought by pre-glacial streams in the sculpture of their 

valleys, and only Indirectly explain the directions assumed 

by the submergence ^hich has formed the fiords. it is the 

presence of the sea within these valleys that has created 

the major differences in opinion. Some writers explain the 

fiords as a direct and natural result of a suosidence of the 

land margin, In which the lower portions of the valleys have 

been drowned, and the hill and mountain tops convertea into 

a fringe of islands and peninsulas. The exponents of this 

explanation admit that the slopes of the pre-glacial land 

surface have been smoothed and rounded by the ice-flood of 

the recent Glacial period, but they deny that ice has the 

Power to scoop out rock basins. Other observers claim that 

the prolonged scouring and grinding action of the glacial ice 

which followed these valleys has profoundly altered no% only 

the enclosing slopes, but has excavated rock-basins in their 

lower ends to depths below sea-level; that,upon the recession 



J 

of the ice, the sea followed the retreated margins of the 

glaciers in neighbouring valleys to a distance inland corres

ponding to the variable lengths of such eroded basins. 

Intimately connected with fiords are the long and 

narrow lakes in glaciated countries which occupy trough-like 

depressions, some of which are rock-basins of great depth. 

The for i of the fiord basin is similar to that of these 

glacial lakes. In fact, the only difference which exists 

between certain fiords and some of these lakes Is to be found 

in the taste of the water. It is a remarkable coincidence 

that the distribution of such lakes and shores fretted by 

fiords is restricted to regions which have been heavily 

glaciated. Moreover, the geological records along fiorded 

shores almost always demonstrate at least post-glacial uplift, 

although it must be remembered that subsidence, or "a positive 

displacement of the strand line" as it has bs®n called by 

Snesss, usually leaves no immediate records, in discussing 

both the origin of these lakes and fiords, a downward crustal 

movement is advanced as the cause by some, who base their 

argument largely upon an analogy with recognized "drowned 

* The Face of the Earth, by K. Sness (translated by 
Sollas), Vol. II., p. 24. 
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coasts", and glacial relation by others. The latter explana

tion, which regards these lakes as glacially excavated rock 

basins, and the fiords as similar basins which the sea has 

entered after the ice melted away, is attracting a constantly 

increasing number of adherents. It may be of interest to 

record the opinions of some of the observers in other fields. 

As a result of his study of the larger lakes of 

Switzerland, Ramsay, in 1R52, concluded:- ..."they did not 

exist as lakes till after the disappearance of the glacier". 

"The lake basins could only, I believe, have been scooped out 

nby true continental ice like that of Greenland."*~ Lubbock,* 

in his "Scenery of Switzerland" agrees with Helm in his 

suggestion that:- "The mountain mass thus concentrated on a 

"comparatively small area would, from its enormous weight, 

"tend to sink somewhat into the softer magma below, which 6f 

"course would have had In 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, speaking generally, 

" the great Swiss lakes are drowned river valleys." Helm 

#1 Glacial Erosion of Lakes by A.C. Ramsay, ^.u.J.S.^t 
Vol. XVIII., IB62, pp. 192 and 202. 

*2 The Scenery of Switzerland, by Sir John Lubbock, 1R96, 
p. 163. 



seems to have demonstrated, from a study of the terraces about 

soma of these lakes, that there has been considerable post

glacial warping. Penck, on the other hand, follows and 

makes more convincing the contentions of Ramsay. 

In this "Scenery of Scotland", Sir Archibald 

£eikie contrasts the origin of lakes and fiords as follows:-

.... "to my own mind the view that these lakes have been 

"mainly eroded by land ice seems most in accord with the 

"evidence and to involve the smallest number of difficulties 

"and contradictions."^^ The fiords are "old glens that have 

"been submerged beneath the sea. Ihey prove that the west 

"side of the island has subsided in a comparatively recent 

"geological period and that the tides now ebb and flow where 

"of old there was the murmur of brooks and waterfalls."5* 

Helland*5 was an ardent supporter of the view 

that fiords are of glacial origin. Concerning Norway he says:-

HThe land is formed of rocks different in composition and 

"origin, for which reason the country from the first has had 

"a very uneven surface. On this thousands of rills and rivers 

*i The Scenery of Scotland, by Sir A. Geikie, 18M7, p.2o2. 
*2 ibid, p. 1B2. 
*3 On the Fiords, Lakes and Cirques in Norway and Greenland, 

by A. Helland, ii.J.ti.S., Vol. XXXIli., 18B7, p.174. 



"began their work, end, previous to the Glacial Epoch, eroded 

"valleys more or less deep and broad. Curing it the glaciers 

"followed, on the whole, the course of these, enlarging and 

i#l 

"shaping them." Hansen, who agrees with him states that 

"it is impossible to deny that such enormous quantities of 

"drift have been removed from Norway in Quaternary time that 

"we must look for marks of denudation of quite as great 

"degree as our lakes and fiords." 

Of especial interest is the valuable contribution 

3,0 

made by Andrews-, who had"not so much as saen a region of 

former or present intense glaciation" until he made a study 

of the New Zealand fiords. After describing existing topo

graphic features and contrasting the land forms produced by 

stream and ice~flood erosion, he writes:- "Subsidence has 

"often been advanced to explain the depth of fiord waters. 

"Against this the author would strongly protest unless sup-

"ported by observation. ..... Subsidence post-dating glacial 

"times there has certainly been in Mew Zealand, but apparently 

"nothing approaching the depths required to sink these old 

"ice-channel floors 2000 feet or more below the sea-surface... 

*1 The Glacial Succession in Norway, by A.M. Hansen. 
Journal of Geology, Vol. II., 1894, p. 123. 

»2 The New Zealand Sound Basins, by E.Q. Andrews. 
Journal of Geology, Vol. XIV., 1906 (pp. 22 - 54). 
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"Rock-basin excavation along old stream channels below base 

"level during periods of maximum ice-flood, combined with 

"slight later drowning, is a sufficient explanation." 

In his recent report on the geology of the 

Queenstown subdivision in Hew Zealand, Park^itates that:-

"Lakes Luna, Hayes, Moke and Johnson are only exaggerated 

"rock-tarns scooped out by ice in the floor of the valleys 

"In which they lie. That soma of them lie in the track of 

"faults is not the cause of their formation, although the 

"faults doubtless played a part in determining the situation 

"and direction of the pre-glacial valleys in which these 

"lakelets lie." 

In discussing the general subject of glacial 

erosion, Bavis*^, who has elaborated its possibilities more 

than any other writer referred to, says:* "if liberal 

"measures of glacial erosion and glacial Urn* are allowed, 

"no depression of glaciated coasts since pre-glacial time is 

"needed to account for the peculiar features of fiords." The 

"glacial channels may have been simply invaded by the sea, 

"as the ice melted away, without any true submergence." in 

K1 The Geology of the Queenstown subdivision. Bull. No. 7, 
New Zealand Gaol. Surv*, 1909. 

x2 Glacial Erosion in France, Switzerland and Norway, by 
W.tf. Davis, Proc. Bost. Nat. Hist., 1900, Vol. XXIX., 
p# 304. 
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his excellent treatise on "The Sculpture of Slountains by 

Glaciers" he closes with the following sentence:- "The 

"sculpture of mountains by glaciers is indeed now proved by 

"so many facts, widely and yet systematically distributed, 

"that it savours of extreme conservatism any longer to deny 

"the efficacy of glacial erosion." From an analytical study 

of the topography of ths Snowdon district in North Wales**5, 

he shows that the theory of glacial erosion explains how a 

once subdued mountainous region has been remodelled and 

transformed into the rugged and picturesque landscape of today. 

He estimates that "the total deepening of the main valleys 

"by glacial erosion in the Snowdon district may be from 200 

*to 400 feet, and in some cases 500 or 600 feet", and that 

the lateral erosion "may easily amount to 1000 or 1500 feet, 

*both right and left, In some of the larger valleys where the 

*downward erosion measures 300 or 400 feet." 

Becker51^, Bussell*4, Fairchild*5 and many others 

ill Y/.M.Davis, The Scottish Geog. Mag., 1906, Feb. 1906. 

x2 "Glacial Erosion in North Wales" by W.H.Davis. Q.J.G.£., 
Vol. LXV.£ Aug. 1909, pp. 28§-344. 

*3 Bull. Geol. Soc. Am., Vol. 2, 1R91, pp. 42-74. 

*4 U.S.Geol. Surv., 8th. Ann. Rep/, 12^9, Part I., p. 3r3°. 

*5 Bull. Geol. Soc. Am., Vol. 16, 1904, pp. 13-74. 
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have expressed themselves as of the opinion that glaciers are 

not able to vigorously erode solid rock. Fairchlld assumes 

a strongly controversial attitude when he says:- "The advo-

"cates of ice erosion have never presented any proof from 

"living or extinct glaciers that ice has made or is making or 

"could possibly make a deep valley in hard unweathered rock. 

"The position is taken behind a bulwark of assumption and 

"analogy .... It is far more probable that some physio-

"graphic element has been overlooked, or that knowledge is 

"deficient, or interpretation in error, than that Norwegian 

"and Alaskan glaciers did an amount of work which glaciers 

"in general have not done, are not doing, and apparently can 

"not do." He does not, however, advance any satisfactory 

theory which may be substituted for that of glacial erosion 

in explanation of numerous abnormal physiographic types, which 

are only to be found in heavily glaciated mountainous districts. 

Too frequently, a sceptical attitude towards the belief that 

glaciers can profoundly modify pre-existing land surfaces has 

been based upon observations in areas which are characterized 

chiefly by glacial accumulation, or from a study of the thin 

margins of modern Alpine glaciers, which are mere pigmies in 
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contrast with the vast Pleistocene ice floods. 

It is not the intention of the writer to present 

in this report a complete discussion of the extensive litera

ture which bears upon this interesting general subject of 

glacial erosion; but it has seemed pertlnsnt to record the 

opinions of those workers in other fields, whose papers the 

present writer has had the advantage of reading. The 

following extracts should, likewise, oho clearly the conclu

sions #Meh havs been reached by sotm of those who havo made 

a study of portions of the fiorded shores of British Columbia 

and Alaska. 

As early as 1339, Brown*s observations lod to a. 

curious explanation which combined tho abrading action of 

glaciers and pre-glacial catastrophic disturbances, "gvory-

*where you sse marks on the sides of the British Columbian 

"fiords of Ice action; and there seems no reason to doubt 

"but that thsy were at ons time the beds of ancient glaciers 

"which, grinding their outward course to the sea, scooped 

"out these inlets of this great snd uniform depth. . . . I 

"am at one with those who believe that these rents were 

"chiefly due to the volcanic disturbances which thrs'.v up the 
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"mountain ranges, and that the glaciers merely took advantage 

"of the depression. However, by long abrasion, it hollowed 

*out the form we now see in the fiords under description."Ml 

In 1^78, i>awson^ recorded his opinion o* the 

origin of these fiords as follows:- "They are, no doubt, 

ttthe valleys of rivers worn out ^hen the coast stood et a 

"greater elevation* and are all continued inland by deep 

"gorges, in which streams still flow." Dawson, however, 

described with considerable detail the powerful erosive action 

of ice, and showed the breadth of mind which always charac

terized the Interpretation of his oo-ervetione by admitting 

the possibility of glacial ice having formed rock-basins 

mich today are *lon^ river-like lakes". 

Nordcnskjold * has written an elaborate and 

systematic treatise on the suojoct of fjords, based upon 

personal observations on the coasts of Norway, Patagonia and 

the north-wsst of North America. After showing clearly the 

inadequacy of the other theories which have b$®n advanced to 

sel On the Formation of Fiords, by aobert Brown. Journal of 
the Boyal Geog. Soc, Vol. xxxix., 1R-50, pp* 121*103. 

mZ Superficial Geology of British Columbia, by ̂ .M.Dawson. 
*.J.G.C, Vol. AAXIV., lr*?B, p. 91. 

»3 ropographisch-^eologische Studien in Pjoragebletsn, b. 
O.Nordenskjold, pp. 155-220. 
Bull.ieol.Institution of the Gniv. of Upsala,ie9^-99,$.^21 
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explain the origin of fiords, he writes:- *Consequently, 

"there only remains the possibility that the basins may have 

"been excavated directly by erosion &nd* in reality, by 

"glacial erosion, and it is remarkable how well this theory 

"explains the greatest number of the characteristic features 

"of fiords." 

Gilbert, who had an exceptional opportunity to 

study both modern and Pleistocene glaciation, while collecting 

data for his excellent memoir on "Glacisrs and Glaciation in 

Alaska", after describing the relationship which the hanging 

valleys bear to the fiords, conclude© that:- "For this 

*co*splicat3d system of troughs, I have not been able to 

"suggest an origin that does not involve an immense amount 

"of excavation by ice."*^ 

aannett, who, previous to visiting Alaska, had 

advanced most replete evidences in favour of potent glacial 

erosion from s study of Lake Chelan1* in the State of 

Washington, writes concerning the florded coast of Alaska:-

»1 Harriaan Alaska Expedition, 1904, Vol. III., p. If9. 

#2 Hat. Geog. Mag., Vol. IX., pp* 41?-4?a. 



"It Is a colossal exhibition of the eroding power of water 

"in solid form. Frô i Lynn Canal, a fiord ninety miles in 

"length, there have been carried off and dumped into the 

"Pacific more than two hundred cubic niles of rock, ̂ nd from 

"all the fiords of south-eastern Alaska, the amount removed 

"say be safely estimated at thousands of cubic miles.*36* 

Xarrx? estimates that:- "Along the Inside Passage 

"and in lakutat Bay, . . . . . the amount of erosion which 

"must be deduced from the evldenes is not loss than 2000 feat 

"vertically, and erosion of this magnitude has occurred 

"along hundreds of mi lea of fiords." 

*1 Harriman Alaska Expedition, Vol. II., 1904, p. 250, 

*2 Glacial Erosion lr Alaska, by K.C.Tarr. pop. Eci. 
Monthly, Vol. LXX., 1907, pp* 99-119. 
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Very many evidences have been advanced by 

Gilbert and Tarr, in writing upon the fiords of Alaska, to 

deduce that glacial erosion has been such a potent factor 

in their development that it constitutes In itself a suffi

cient explanation for the recent invasion of the pre-glacial 

valleys by the sea. It should likewise be of importance to 

present an analytical study of those features, large and 

small, which characterize the more southerly fiords described 

by this report in order to ascertain if they bear the same 

ear-marks as those In Alaska. 

Most of the data included in this description 

was obtained at low levels, but the few ascents which were 

made demonstrated that the ice-sheet exceeded Dawson*s*** 

estimate of 3000 feet, fclany of the slopes and summits, as 

seQn from the fiords, present a glaciated appearance to 

4500 feet, and it is difficult to estimate the amount of ice 

which must have stood above this level in order to impart 

characteristic glaciated forma to them. It is not improbable 

that the glaciers of adjacent mainland fiords varied somewhat 

in thickness. In the area to the south Leroy**" estimates 

si Trans. Roy. Soc. of Canada, Vol. VIII., Sect. IV., 
p. 34, 1890. 

x2 Can. Geol. Surv. Report No. 996, 1908, p. 25. 
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the Jervis inlet tributary to have been at least 5000 feet 

thick. A thickness of 5000 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 ice, acted as a power

ful abrasive to produce the forms which are today referred 

to as glaciated. 

A description will here be given of those 

features, large and snail, which may be attributed to the 

eroding action of glacial Ice within this region.-

1» Striations, Grooves and Lunoid furrows. The slowly 

creeping ice masses, which filled these fiords to an altitude 

of 4000 feet and more abovr the present sea-level, inscribed 

remarkably distinct records upon the walls and floors over 

which they moved. in some places the ice acted like sand 

paper, in others like a heavy plough. Over considerable 

areas its trails are faint, or have been effaced by exposure 

to the weather since the retreat of the ice; but upon many 

of the surfaces of the massive granite "the writing upon the 

wall" is as fresh as if it had been executed yesterday. 

Especially distinct are the striations and grooves in certain 
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patches along the zone which is laid bare during a low tide; 

while high up on some of the mountain slopes near the shore, 

grooves may be distinctly seen from the water. The polishing 

and smoothing effects of the ice are exceptionally clear 

upon some of the rounded surfaces, from which the ice has 

removed even granular asperities. iivery gradation may be 

found, from mere scratches to deep and broad grooves in 

which a man may effectually conceal himself fron e lateral 

view. The deepest trough-like grooves were noticed at the 

moufeh of the Southgate river at the head of Bute inlet, in 

many localities in Knight Inlet, but especially upon soma 

of the islands 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 Eden 

Island have deeply corrugated surfaces in certain parts, 

owing to the development of profound parallel grooves. 

On the walls of the fiords, the striae ana grooves 

are usually arranged horizontally, extending along the 

sides of the cliffs and slopes or wrapping about the 

rounded surfaces. Occasionally they curve upwards or down

wards, the deepest portion of the groove being along the 
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inner edge of the convex border. In a few esses, these were 

noticed where the glacisr 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 gouges may havs been caused by inequalities of its bed; 

by variations in width of the valley, which caused congestion 

and rising in tho narrows, and spread with consequent descent 

in the broader cross sections; possibly by the influx from 

some tributary glacier which would cause resultant readjust

ments within the plastic mass. The interiors of many of the 

grooves are polished or finely striated, and the writer has 

come to the conclusion that some of these furrows were formed 

not by a single gouging or plough-like action, but by persis

tently dirty streaks within the ice, whose abrasive action 

may have been as gradual as that which caused polishing upon 

other surfaces. A single boulder may have formed en initial 

groove which has been greatly deepened by finer material. 

In several places -mere the slopes were steep with 

a more or less rounded surface, peculiar "lunoid furrows" or 

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



by X3e Lask^, Packard^,Chamberlain*,Daly4and Gilbert5. 'They 

\7ere 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 lunes and smooth in others. The 

distance between their horns varies from three inches to a 

foot in width, and a few have a maximum depth of about two 

inches at that point through which their axis of symmetry 

passes. 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 that 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. 

Ihe ice in dragging a boulder across the edges of these 

lormant and invisible plates would exert shearing stresses, 

that would cause the outer portions of these layers to scale 

>ff with an inner lunoid fracture. 

1. Araer.Jour.Sci., 1864, Vol. XXXVIII., p. 337. 
2. The Labrador Coast, p. 29P. (New York and London, 1B91). 
3. U.S.Geol.Surv., 7th.Ann.Report, 18B5-P6, pp. 21ft-rv>3. 
4. Bull.Harvard Museum of Comparetive Zoology,190°, 

Vol. XXXViii, pp,237-?45. 
5. Crescentic uouges on Glaciated Surfaces, by G.K.Gilbert, 

c 26 pp. (Roch. 1905). 

file:///7ere
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2. Hoche Moutonnees. This glacial form is especially 

characteristic of the surface of many of the smaller islands. 

They appear as long swells or elongated hummocks, which are 

parallel and trend in the directions assumed by the ice-

flood. They have a broadly convex longitudinal outline, 

or a gentle slops on their stoss side, %n& a steep s.nd rough 

face on the lee side. Not only do they occur upon hori

zontal surfaces but upon slopes and occasionally they have 

been carved upon vertical cliffs. '7hen in the last position, 

they seem to be flatter and broader. A few of the mountain 

summits which were covered by the ice have the flowing out

line of the roche mcutonnee type. Snow Mountain, 3000 feet 

in altitude, as seen from a point near Indian Island in 

Havannah Channel, presents such an appearance. 
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3. Domed Surfaces. Many of ths eranits mountains have 

the form of domes, with which the name "Cone" is frequently 

associated on the map. A few of them 2re of a remarkably 

symmetrical bee-hive shape; others are irregular, but most 

frequently the dome outline is developed only on the side 

which faces the fiord, while back from the shore it merges 

with the general mountain assemblage. Their surfaces are 

usually quite smooth and firm, but often display a tendency 

to peel off In curved plates or scales. Some of the scales 

have dropped off, others adhere closely to the surface. 

The cause of this exfoliation is to be sought in 

external conditions which have produced or permitted expansion, 
since 

/it is not dependent upon any structure exhibited.by the 

granite. Where forest fires have raged within this district, 

as along Ramsay Arm, they have caused the granite to peel off 

to a surprising degree, giving emphasis to the well known fact 

that exfoliation is frequently associated with changes of 

temperature. Expansion with consequent exfoliation may also 

be produced by weathering, or, as Gilbert3* suggests, by the 

3% "Domes and Borne Structure of the High Sierra", by 
G.K.Gilbert. Bull. Geol. Soc. of Am., Vol. XV., 
1903, pp. 28-34, 
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removal of a thick covering under which the granite has cooled, 

and thus permitting expansion to operate where previously 

compression was the rule. 

The reason that these domes are discussed in this 

relationship lies in the fact that some of them have been 

scarred and rendered asymmetrical by ice erosion. ihe face 

nearest the ice stream has been cut across irrespective of 

exfoliation. An example of such P. scarred dome may be seen 

at the hsad of Call creek (See Plate ). In very many 

cases, however, the Ice has moved around them, stripping them 

of all scales, scoring and striating their surfaces in a hori

zontal direction, and yet preserving the symmetry of form. 

The occurrence of domes along the sides of the fjords should be 

en Important feature in th3 discussion of increase in valley 

width through glacial erosion. That such an alteration has 

taken place can hardly be doubted after a study of other 

characteristics of the topography. it may be suggested that 

the secular variations in climate, which, during the Glacial 

Period, attended the oscillations between inter-glacial and 

glacial conditions, may have accelerated the process of exfolia

tion. The ico in an advance removed the scales and plates, 

and, finding the rounded surface well adjusted to it^ movement, 

proceeded to scour it in a fairly uniform manner. 



a 

4* UrShaped Valleys. All of the fiords and larger lend 

valleys within this district have the habitual U-shaped cross 

section of a glacially eroded valley. 

A water stream erodes a V-shaped valley, in which 

the angle of declivity of the lateral slopes defends, in 

general, upon the amount of elevation of the land, and the 

stage which the river has reached in the development of its 

life history. A mature river is one which hac been at work 

for a sufficient length of time to cause the rapids, waterfalls 

and lakes to retire toward its headwatsrs. m a mountainous 

country, Its valley, which was canyon-like when young, has 

been widened in contrast with its depth, and the river sweeps 

In serpentine curves upon its flood plain. The view, either 

up or down stream, is limited by the presence of overlapping 

spurs, which alternate upon either side of the valley in 

positions dependent upon the winding character o^ the river. 

From the description already given cf the mainland 

fiords and of the rivers which enter at their heads, it is 

evident that they present many of the characteristics of mature 

ri ve r s in common wi th o the rs which emphs tically distin gui sh 

them from this type. The U-shaped valley, the truncation 

and alignment of spurs, hanging valleys, through valleys and 
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the present configuration of the floor of the fiords are not 

features that sre associated with the development of the mature 

type of stream valley. 

When young, a river may flow in the bottom of a 

deep canyon, occupying all of the floor space between the 

walls; during its later stages, it follows a channel which 

threads its way along an established flood plain. A glacier, 

on the other hand, occupies the whole valley, filling it with 

ice to a depth commensurate with the amount of precipitation 

and the prolonged frigidity of the climate. The viscous 

nature of a glacier does not permit it to readily adapt itself 

to a valley which has been eroded by the more agile movements 

of a river. The glacier proceeds to adjust the stream valley 

to a form mors suited to its own cumbersome advance. Valley 

glaciers must widen former stream valleys very considerably,in 

order to produce the initial change in the shape of a cross 

section from that of a V to that of e ii, Within this region 

they have not only made this change, but they have given width 

and depth to the U when once established. 
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**• The Truncation and Alignment of Spurs. In widening 

a stream valley, a glacier truncates and otherwise alters the 

overlapping spurs. 

Some of the spurs within these fiords have been 

shorn off completely; many o'thers h??ve been so vrorn back that 

today they present very steep lower slopes, and occasionally 

terminate In cliffs which are often several hundred feet high. 

This action on the part of the glaciers has given rise to long 

"reaches" along which the spurs are in almost perfect align

ment. Knight Inlet, from its mouth almost to Glendale Cove, 

presents such a reach, which is miles in length. The 

channels between the islands have had their spurs so closely 

shorn that for long distances the view is not obstructed by a 

single prominent spur. The bluntness of the ends of the 

islands on the east side of Johnstone Strait is a striking 

feature In this relationship. 

On the other hand, a good many overlapping spurs 

still remain, but the modifications in form which they have 

suffered make plain the methods used by the ice-flood in its 

attack. While the greater thickness of ice in the central 

portion of the valley was wearing back their faces, the lesser 

thickness of ice which passed over them profoundly altered 
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their original shape, and, in several instances, imparted a 

remarkable concavity of outline to them. The spurs on the 

right hand side of the Klena-Klene river are worn down to an 

almost common level. (Plate ). Occasionally the ice 

from lower depths seems to have arisen and passed over their 

outer ends, for the striae were noticed to curve obliquely 

upwards on the upstream side of a few spurs. Naturally 

glaciation was most intense on this stoss side of the spurs, 

which in many eases proved to bo such effective barriers that 

the ice literally flowed around them, as is evidenced by the 

steepened, rounded and horizontally scored surfaces. This is 

especially true where the fiords have a winding course, as 

toward the head of Knight Inlet. The glaciers have accentuated 

the receding embayments which in mature river valleys alternate 

with the spurs, nna in doing so have rendered more prominent 

the base of spurs themselves. 

The step-like outline, which characterizes a few 

spurs, has been produced by glacial plucking, where the ice 

has removed large blocks whose size and shape were previously 

determined by the jointed structure of the granite* It was 

this process of plucking, combined with what seems to be the 
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more important, slow-but-sure, grinding action of the ice, 

which has caused so many of the spurs to shrivel up, and which 

has otherwise altered the form of these valleys. 
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£• Cirques. These amphitheatre-shaped hollows, which 

have been sculptured by individual glaciers, are most numerous 

among the higher altitudes, but in a few instances thsy descend 

to within a few hundred feet of sea-level. :.sany of the higher 

summit cirques are still occupied by patches of ice or by 

glaciers, which seem to cling like limpets to the steep walls 

or are situated in hollows between the peaks. 

In the excavation of cirques, the ice must not 

only deepen the floor by its erosive power, but with a sapping 

action, which is not as yet thoroughly understood, it causes a 

recession of the rocky walls. This recession is supposed to 

be produced chiefly by the repeated freezing and thawing of 

the ("bergschrund") upper and steeper part of the wall, elong 

the line of the crevasse which develops at the head of the 

glacier? The debris, whieh is thus pryed off by the action 

of frost and glacial plucking, is removed by the glacier, which 

uses this material to scour the floor of the cirque. 

Some of the serrated and scalloped mountain crests, 

which impart variety to the widespread rounded summits, owe 

their irregularity of outline to the development of a series of 

n See "The profile of Maturity in Glacial Alpine Erosion" 
by W.D. Johnson. Jour, of Geol., Vol. XII., 1904, 
pp. 569-578. 



% £ 

small cirques which are almost adjacent to one another. 

Examples of such crest lines are especially numerous toward the 

heads of Bute and Knight Inlets. Many of these summit cirques 

are situated above the limit of glaciation. wot only have 

they been hollowed out by modern glaciers, but in the incipient 

stages of their development, they wore probably occupied by ice 

during Inter-glacial epochs, and for a time immediately pre

ceding the Glacial Period. The descent of the neve line, 

which accompanied the formation of confluent ice sheets, may 

have produced pauses in the history of their erosion by ice. 

Some of the summit cirques upon the lower mountains 

seem to have been formed since the period of maximum Ice-flood. 

For example, the cirques shown in Plate , Fig. 2, are 

situated at an altitude of a little less than 3,000 feet. 

Numerous large cirques are situated below the level of Pleisto

cene elevation. The largest of these old glacial reservoirs, 

which was seen within this area, occurs just beyond Cascade 

Point in Knight Inlet (Plate Fig. 1). Located in a corner 

which is shielded from the sun, its situation is an ideal one 

for the accumulation of ice. The fresh appearance of its 

splintery sky line, its steep, rocky walls, the low-lying, 

sheltered patches of snow and ice, &nd the bow shaped outline 
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of the terminal moraine impress the observer with the rapidity 

in the near past of vanishing glaciation. 
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7. Through Valleys. Kot only did the ice-flood impart 

smooth and graceful outlines to the summits over which it 

passed, but it earned out U-shaped passages across the divides. 

It does not seem possible to offer any other satisfactory 

explanation for the sky lines presented by certain ridges 

within this district. An elongated mountainous obstruction, 

situated in a position transverse or slightly oblique to the 

general direction of ice movement, would afford the most favour

able conditions for the formation of this glacial feature, 

since it would be analogous to a da> across a river. Where 

pre-glacially eroded notches or passages existed in such a 

barrier, there the largest volume of ice would flow across 

during the period of maximum flood. £ven if the ridge were 

then covered, the rising or subsiding ice-fiood would continue 

to move through the passes for a longer time than across the 

crest. Such pre-glacial passes would thus be altered to the 

form of a U-shaped through valley. 

A beautiful example of a valley or this type may 

be seen inland from the head of Topaze Harbour (plate ). 

A similar valley of even more remarkable diagrammatic outline 

extends across the peninsula between Boughey Bay and Johnstone 

Strait (Plate ). On either side of the valley, which 
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pierces the peninsula at a point where it is only one mile 

and a quarter in width, the mountains rise quite abruptly to 

altitudes of about 1500 feet. Some of the ice from Havannah 

Channel sawed its way across a pass in a divide which formerly 

separated Boughey Bay and Johnstone. Other less astounding 

examples of this topographic type were noticed in the 

district. 

These through valleys bear emphatic testimony 

in favour of most vigorous ice erosion, or, rather, of the 

great length of time during which the ice was flowing across 

certain divides. Jarr, who first described them under this 

x Pop. Sci. Monthly, Vol. LXX.» 1907, pp. 99-119. 



name, tells us that:- "In some plsces in Alaska, the ice is 

still pouring across the divides." Penck lies recorded their 

presence in the Alps, and Davis5*, under the heading of "31acial 

Overflows", has described the same topographic feature from 

the Snowdon district in Wales. 

# Quart. Journ. Geol. Soc.f Vol. &&?., 1909, p. 341. 



B* Han^lng Va 11 eys._ Several good examples of this 

prominent glacial feature occur within this region, some of 

which are displayed in the photographs accompanying this 

report. (Plates )* ?lhere they open along the sides 

of the fiords, their floors ere estimated to be from one or 

two to twelve hundred feet above sea level. This discordance 

in level between the tributary and m^in 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. 

dore than any other single physiographic feature, 

hanging valleys of this type have convinced many students of 

the potency and vigour of glacial erosion during Pleistocene 

time. It is recognized that, although under exceptional 

circumstances the tributaries of a river may assume a hanging 

position, such lateral valleys are very different from those 

which are met with so frequently in glaciated mountainous 

districts, in the very earliest stages of strsam development, 

the trunk may entrench itself reore quickly than its tribu

taries, but such hanging valleys are not a normal feature of 

a mature river system. During the stage of maturity, they 



can only be developed by a variety of possible accidents. For 

example, faulting may cause the main valley to drop down in 

the form of a graben, leaving the tributaries suspended along 

the face of the fault scarp; or, by rejuvenation through uplift, 

the parent stream, because it follows a rock formation or 

structure which is more easily eroded than that along which 

the lateral streams flow, m^y entrench itself more rapidly 

than its tributaries; or, while crossing an arid region, a 

river may receive tributaries, which are so spasmodic in their 

flow that they are unable to establish an accordant junction 

with the main stream. 

Other events, which are even as exceptional in the 

life history of a normal river system, may form hanging 

valleys; but their occurrence within this region apparently 

cannot be explained from comparison with these abnormal pro

ducts. Hence the suggestion, that they are modified hanging 

valleys which were eroded by pre-glacial streams, seems to be 

eliminated. 

It is believed that they are the result of differen

tial ice erosion; that the discordance in level expresses 

approximately the difference between the erosive power of the 
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volume and thickness of ice which occupied the msin velley end 

that which filled the tributary. The mathematical accuracy of 

this Implied proportion is modified, however, by the widening 

of the main valley, through which process not only the snurs 

were truncated, but the lower courses of soma of the tribu

taries were shorn off. Moreover, soma of the lateral valleys 

must have been occupied by ice for a considerable time after 

the ice had disappeared from the fiords. As the soundings on 

the charts show, a widespread and uniform elevation of this 

district would convert w&ny of the lateral bays and smaller 

fiords into hanging valleys. 

31 J or further information concerning hanging valleys, reference 
is made tos-
1. "Glaciers and Glaciation in Alaska", by G.K.Gilbert, 

Harriman Alaska Expedition, Vol. III., pp.114-119; 
pp9 142-150. 

2. "Glacial Erosion in France, Switzerland and Norway", by 
?*'.;*!. Davis, proc.Bost.ftat.Hist.,1900, Vol.XXIX., 
PP* 

3. "Hanging Valleys", by I.C.uussell. 3ull.Geol.Soc. of Am., 
1904, Vol. 1*, PP. 75-90. 

http://3ull.Geol.Soc
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9* He*ds of the Fiords. At the head of some of the 

smaller fiords, the deltas are as yet in the initial stages 

of their development, and an opportunity is thus afforded to 

examine bed rock conditions. Some of the fiords have a width 

at their head which, if their origin be attributed to stream 

erosion, is not in accord with the narrower valleys which 

extend inland. Wah-ka-na 3ay on the east side of Gilford 

Island, Kwatsl Arm, Gall Creek and Ramsay Arm, on the mainland, 

may be cited as examples of fiords in which deep water persists 

from the entrance al ost, if not quite, to the head. Except 

at the mouths of the streams where small deltas are forming, 

the shore at their heads is bounded by solid rock, which 

descends quite abruptly into the sea, presenting an appearance 

of a modified or overridden cirque, it would see™ that in 

some of the fiords, there has been a retreat of the head 

inland, produced by the sapping action of the ice in a manner 

analogous to that by which cirques have been formed, in those 

fiords which head in large deltas, similar conditions may 

prevail, but being masked by these alluvial deposits, the bed

rock relations are not so clear. The deltas have been formed 

since the last advance of the ice, and if it were not for the 
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probability that their rate of accumulation has varied greatly, 

they would afford a basis for calculating the length of post

glacial time. Luring the glacial period the heads of the 

fiords were characterized by retrogression; since then they 

have been the scene of aggradation. 
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*9» The islands. The maze of islands which fringe the 

coast are separated by a labyrinth of channels, many of which 

defy an attempt to relate them to pre-existing stream systems. 

While some of the channels are fairly uniform in width snd 

depth, others have a definite narrows, where the water Is 

shallower and away from which, in either direction, the 

breadth and depth of the water increases. This latter condi

tion implies the submergence of e divide. ir. some of these 

narrows, the water is so shallow that they are only navigable 

during high tide; in others, the divide is then barely 

covered; and a further stage produces ragged peninsular 

conditions. These gradations are well depicted in the accom

panying maps* 



Some of these islands have been formed by the 

simultaneous deepening of the strike and transverse valleys 

through the scouring and excavating action of the ice; but a 

larger number seem to owe their origin to the dissection of 

the inter-fiord belts through the headward recession of their 

branches. What were once lateral bays, situated more or less 

opposite to one another on adjacent fiords, receded headwards 

until their waters united. When the divide between two such 

branches had been sufficiently lowered, the ice would oass 

over it during the higher stages of flood, creating a through 

valley, the floor of which may have been 3roded to a depth 

more or less In harmony with that which prevailed at the mouths 

of the branches. It seems probable that if a sufficient length 

of time be granted, a channel of uniform depth and width might 

thus be established. 

Except In their seaward extension across those 

fiords which are parallel with the Coast Renge, the number of 

islands within the transverse fiords is small. The occurrence 

of islands within fiords has occasionally been cited as a 

feature which is inconsistent with a glacial origin. It would 

seem, rather, that their presence should be expected. While 

widening their valleys, the glaciers would not only encounter 



the differential resistance to erosion of rock structures and 

composition, but also pre-glacial irregularities in topography. 

Some of the islands are situated opposite retreating srmrs, 

and doubtless represent the position which the spur ends once 

occupied. Above sea level, a few spurs may be seen, which are 

so concave in profile that their outer portion is considerably 

higher than the inner. (See Plate ). A certain amount of 

submergence would convert the outer part of such a spur into 

an islet. 

Islands situated within a fiord may he regarded 

as a transient feature in its development. It seems impossible 

to conjecture as to how much their altitude has been lowered 

by that agent which blazed its trail with the striations and 

deep grooves which today appear BO fresh upon many of their 

surfaces. 

The sandy islands, Harwood, Savary, Hernando and 

Mary*, together with the similar ax*eas on the southern extremi

ties of Cortex and South Valdez, probably represent portions 

of a glaciel apron which was deposited in front of the Gulf of 

Georgia glacier during a period of hesitation in its retreat. 

n See pp* 



The most exposed portions of their sandy shores are being 

rapidly worn away by wave action and tidal currents. The 

position and form of their sand spits **re, likewise, a direct 

resultant of the directions assumed by the prevailing winds 

und the tides. 



Conclusions. 

In accord with the evidences presented, the writer 

believes that the fiords represent pre-glacial valleys which 

have been very much modified by the processes of glacial 

erosion which were active during a long period of time. 

During the pleistocene period, glaciers descended from snow-

fields on the western slopes of the Coast Range, filling 

these valleys, at the time of maximum glaciation, to a depth 

of between four and five thousand feet.fhrough certain gaps 

in the Coast ifiange, such as those afforded by the valleys of 

the Hornalko ana the Klena-Klene rivers, a certain amount of 

glacial ice may have emerged from the "Cordilleran ice sheet", 

which occupied the Interior Plateaus. Passing westward>these 

valley glaciers of tho mainland became confluent on those 

forelands whose altitudes were below the upward liirit of 

glaciation, end among the off-shore islands where the glacial 

mass also received tributaries fron the mountainous interior 

of Vancouver island. 

The date collected concerning the directions 

toward which the ice moved corroborates the views which neve 

advanced by the Iste Dr. G.M. Dawson. Between Vancouver 



Island and the mainland, the ice flowed both to the north-west 

through Queen Charlotte Sound and to the south-east through 

the Gulf of Qeorgia. While 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 discharged through Cardero Channel toward Queen Charlotte 

Sound. Prom a location near Plumper Bay in Discovery 

passage, the ice moved in these opposed directions. 

In its movement the ice was controlled largely by 

the sinuosities of the valleys through which it passed. 

Within those fiords where the mountains on either side rise 

above the upward limit of glaciation, this control of the ice 

movsiaent wa3 absolute; but, as is to be expected, inhere the 

ice spread out upon the lower forelands and islands, it moved 

in different directions at different levels within the ice-

sheet. The lowest portion of the sheet followed the 

channels, at a less depth the ice passed across the obstacles 

in its path, but, in doing so, was influenced by the irregu

larities of. their topography. Per example, the ice not only 

passed through the channels about Hansen Island, but It 

apparently moved across it in a general north-west direction. 

The evidences of the potency of glacial erosion in 
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this district, as described in the preceding pages, are so 

convincing that the author is led to the conclusion that by 

its processes the valleys were not only widened but their 

depth was 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 ice. 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 

terraces of sand and gravel, and of stratified shells bearing 

marine shells, affords direct evidence that post-glacial 

uplift* has taken place. 

K See pz&e 



Flora^and Fauna. 

The coast of British Columbia is remarkable for 

the density of its forest growth and the large size of its 

individual trees; but the distribution of this timber wealth 

Is far from uniform. Along the mountainous shores of the 

fiords and channels the greater proportion of the trees are 

small and of inferior quality. This is due to the lack of 

soil covering and exposure to the prevailing winds. In 

some places, barren and polished walls of granite are Almost 

as destitute of vegetation as/the day, thousands of years a^o, 

when they were uncovered by the retreat of the glacial ice 

sheet. uranite Mountain on Bute inlet, which rises from 

sea level to an altitude of 6653 feet, is a most impressive 

example of the manner in which such rocky slopes have resisted 

the advance of vegetation. There are no less than four 

Bare/mountains within this area, and another with the name 
f 

of St. Qaresi&es. From such an extreme as this, there is 

every gradation to the vigorous growth which clothes the 

slopes of easier inclination, and the dense majestic forests 

of the valleys/ and more level Interior areas which are 

sheltered from the violence of the wind. in many places, 

* For more general information,- See Mote on the Distribu
tion of some of the "lore Important Trees in British 
Columbia, by 0.?J.Dawson. The Canadian Naturalist,Vol.IA., 
No.6. 



% 

the forests clothe the slopes with such an impenetrable cover

ing that the geologist has little opportunity of interpreting 

the rock structures which are so effectually covered. 

The Douglas fir (pseudotduga Douglasii), which io 

in great demand on account of the length, straightness and 

strength of its timbers, is abundant on the southern and 

central parts of this district. North of a line extending 

from the entrance of Call Creek westward through .aarbledown 

island, only a few representatives of this tree were seen. 

Other coniferous species, which in greater or less 

abundance contribute to the marketable timber throughout the 

whole of this region, are included in the following list:-

Western cedar (Thuja gigantea), hemlock ?Tsuga mertensiana), 

Menzies spruce (picsa sitcheusis), yellow cypress fThuja 

excelsa), and the white pine (PInus monticola). The scrub 

pine (Pinus contorta) grows in a scattered manner upon the 

steep and more rocky slopes. Hemlock, cedar and spruce 

attain to magnificent size, and, north of the line previously 

mentioned, constitute by fat? the nost important timber pro

ducers. On Call Creek a cedar, which had been recently 

felled, was solid throughout and had a diameter of twelve 

feet at the base. The yellow cypress is usually found in 



the higher altitudes, blit In Queen Charlotte Sound descends 

to tide level in a fsw placec, as on Sargeaunt Passage just 

back of the cannery site. 

With the exception of the yew (laxus brevifolla^ 

and alder (Alnus rubra), deciduous trees are not common. 

South of a line from about Chatham Point on Vancouver Island, 

eastward to the entrance of Toba Inlet, a few shrubby forrrs 

of the evergreen arbutus (Arbutus Menrsiesii) occur. The 

alder in this district is a small tree which is often twelve 

to fifteen inches in diameter. Near the coast the broad-

leaved maple (Acer macrophyllum) is sparingly found, a few 

individuals of this species being noticed as far north as 

the head of 3ute Inlet. 

The dense nature of the forests along this coast 

is due largely to B luxuriant thicket-like undergrowth which 

is interspersed with fallen trees. Especially is this true 

of favourable localities along the actual shore line to an 

altitude of 2000 feet, and in all valleys *»nd ravines. Often 

a pedestrian may traverse a considerable distance by choosing 

a path along the larger trunks of fallen trees, which fre

quently bridge the hollows and thus raise him above the 

tangle of brush and fern. The alder, elder, dogwood, willow?, 
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crab apple, salmon berry, blackberry, raspberry, ferns and 

the prickly devilfs club are the common*members of this 

undergrowth family. 

In the interior of the islands, the forests are 

oftsn less Impenetrable, and one may walk along upon a thick 

carpet of moss among the gigantic trees. in certain inland 

parts of South Valdes island, there seems to exist good evi

dence of a great prehistoric forest fire. if the moss and 

vegetable mould be removed to a depth of a foot or slightly 

more, a thin layer of wood cinders is often exposed. No 

ancient charred stumps were noticed standing, while 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 eagles, hawks and crows, whose presence 

probably explains the almost complete absence of songsters. 

The large blue grouse, the ruff grouse and the spruce partridge 

inhabit the sunny spots where the forest is least dense. 

Aquatic birds, gulls and several varieties of duck are abundant, 

large colonies of the former using Mittlenatch island in the 

* For the names of other shrubs, flowering plants, mosses 
and lichens from parts of this district, see Ann. Kept. 
Geol. Surv. of Canada, 1BR3, Part B., Appendix n., 
pp. 115 - 120. 
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Gulf of Georgia and Deep sea Bluffs on Tribune Channel as 

nesting grounds. 

Black and cinnamon bears are common upon the main

land, especially along the upper reaches of Knight Inlet, from 

whieh locality a few griaalies have also been reported. The 

lower wooded slopes are often covered with a network of well-

trodden trails worn by the Columbian of coast deer, and on 

the mainland winding paths of the daring mountain goat extend 

upward to rougher and higher levels. Deer seemed to be 

especially abundant on Cortez, Valdes, Thurlow and C-ilford 

islands and in the vicinity of mainland streams. The mountain 

goat lives on the mainland, being most numerous on Bute and 

Knight Inlets. The big-horned mountain sheep is scarce, 

though it may still be found among the more elevated peaks. 

The otter, mink, marten end beaver, although once so plentiful, 

are now rarely seen. 

The more important fish in these waters are the 

salmon (five varieties), red- and rock-cod, herring, dogfish 

and oolachans. The hairy harbousr seal was frequently ssen. 

Whales were numerous, especially in the vicinity of Bute ana 

Toba inlets. A combat which was witnessed between two whiles 

and a swordfish served to reveal the presence of the latter. 
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Along the shore, betweentthe levels.of high and low tide, the 

rocks are widely covered by barnacles, which *re frequently 

so abundant that a uniformity of appearance is imparted to 

different rock varieties. m the limited areas where sandy 

beaches have been formed large clams are plentiful. On the 

north side of Savary island the largest clam flat is situated. 

This shell-fish forms an important element in the food of the 

Indian, the kitchen middies, which are of frequent occurrence, 

consisting chiefly of their shells. A large variety of star

fish of a rich purple hue, s few brilliantly coloured sea-

anemones, and numerous crabs are also prominent inhabitants 

of the littoral zone. in the rivers, streams and lakes, 

trout are most abundant. 
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Agriculture. 

The traveller who passes through the maze of 

waterways in this mountainous district may readily come to 

the conclusion that it offers no inducements to those who 

desire to carry on agricultural pursuits. Topographically 

it is not inviting, but the climate is so favourable that all 

land which is suitable for cultivation should be worked at 

some time in the future. Flat lands and gentle slopes 

covered with soil are of very rare occurrence, yet there are 

numerous small, isolated ersas of arable land, which in total 

acreage and fertility represent a considerable potential 

wealth of agricultural products. 

The lowlands at the mouths of the rivers and 

streams, composed of modern delta deposits, and the patches 

of bottom lands along some of the valleys, possess soils 

which are of great fertility and endurance. The rost exten

sive Individual areas of delta are those, already mentioned? 

at the heads of Toba, Bute and Knight Inlets. At the head 

of Knight Inlet, the Klena-Klsne river enters with sufficient 

swiftness to deposit coarse and barren gravel alons; the 

channel across its delta. As a rule, these flat lands are 

covered with grass and bracken, which shade into forests along 

x See p. 
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the margin. A large part of such alluvial plains are subject 

to floods from the sea during the highest tides, and/from the 

rising of the rivers, when the snow is melting upon the 

mountains during the spring and early summer. Not only 

might this difficulty be remedied, but possibly considerable 

areas of what today are mud flats at low tide might be re

claimed to form extremely fertile tracts by the construction 

of a system of dykes. The lateral embayments along the 

larger fiords head in similar smaller lowlands, which should 

afford an opportunity for the establishment of several happy 

homes with gardens. 

In Loughborough Inlet, the slopes of the enclosing 

mountains are relatively not so steep, and are locally 

covered with glacial drift or soil formed by the decay of 

vegetation. With 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 a few tracts of good land. Portions of the 

coast in the vicinity of Lund, Malaspena inlet, Theodosia 
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Arm, Blinkinsop Bay and port Seville may be noted as examples. 

in the northern part of the aulf of Georgia, the 

low-lying islands - Harwood, Savary, Hernando, Mary and the 

southern extremities of South Valdes/ and Cortes islands ks -

have li^it sandy soils, which are, in some places, mingled 

with clay. These islands embrace 19,500 acres of low land, 

much of which is suitable for cultivation, and the remainder 

for grazing purposes. A vigorous forest covers by far the 

greater part of these areas; but,in contrast with the other 

rocky and mountainous islands of the district, there are a 

few open glades which support a dense growth of grasses and 

small bushes. 

aaong the Islands of strong relief there are many 

small detached areas of excellent land, some of which, near 

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

of each stream is marked by the presence of a small delta; 

occasionally a gentle slope is cloaked with glacial drift; 

and In a few places, the shore is bordered by a low sandy 

terrace, as in squirrel Cove on Sortsz Island, end the south

west corner of Hardwicke islend. Portions of the interior 

of several of these islands lie at no great elevation above 

sea level. It is impossible to form an estimate of the total 
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amount of such land which will be suitable for the location 

of several small farras. Across South Valdes island, from 

Granite Bay eastward, there is an irregular belt covered by 

soil of marine origin, composed of modified glacial drift. 

It is sandy and light upon the higher levels, loam or clay 

on the lower, while vegetable mould of varying thickness forms 

the topsoii. A considerable part of the southern Interior 

of Cortes island will be suitable for pasturage. in the 

vicinity of Hoskyn Inlet on North Valdes (^aurelle) Island, 

certain parts of Reads, Cracroft, iiarbledown anu west Thurlow 

islands m&y be cited as further examples. With the exception 

of the delta and bottom lands, the axe will have to precede 

the plough, and although, owing to the cost of labour, such 

clearing of land is expensive, the fertility of the soil and 

the climatic conditions combine to offer an ample reward. 

Sheltered as this region is from the excessive 

rainfall of the west coast of Vancouver island, the possibility 

of large crops of cereals and vegetables, such as wheat, oats, 

barley, potatoes, etc., is only limited by the distribution 

of suitable land areas. All fruits of the temperate ^one,-

apples, pears, peaches, plums, cherries, grapes, berries -
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will grow luxuriantly. These facts have already been 

partially demonstrated by a few settlers on Cortez, Reade 

and South Valdes islands. Hop raising should be as remunera

tive as it already is in the valley of the Fraser river. 

With the increasing demands for agricultural and dairy 

products of the markets of Vancouver, Victoria and ii&naimo, 

it does not seem irrational to predict that agriculture will 

receive more attention in the future. It nrust be remembered, 

however, that the topography is such that mining, lumbering 

and fishing will ever be the natural industries of this 

portion of the Province. 



Lumbering. 

At present, lumbering is the most active industry 

within this area. The certainty of definite monetary returns, 

dependent almost entirely upon the market pricec alone, end 

the easy methods by which logs may be brought to sea level 

and transported have caused the staking and operation of 

timber limits to absorb attention almost to the exclusion of 

other possible industrial developments. Timber limits 

within the primeval forest are reported upon good authority* 

to yield from 20,000 to 500,000 feet per acre, while the 

average cut in eastern Canada ranges from 9,000 to 16,000 feet. 

Although the term "inexhaustible" has been applied 

to the timber resources of this coast, It is very evident 

that its application is not justifiable. The heavy timber 

growth is confined to limited areas. Even at the present 

rate of production, many timber claims once regarded as 

inaccessible and others once considered not worth acquiring 

have been taken up. in th*j year 1907, no less than 10,994 

square miles were staked as timber limits in British Columbia. 

On account of the vast areas applied for during that year, 

the Government has wisely declared a reserve of all timber 

* British Columbia, Its Resources and Possibilities, 
Victoria, 1893, p. 65. 



lands now undisposed of. Even within this area the day does 

not lie in the far and distant future when the existence of 

large trees will be a feature of a remarkable past. Smaller 

trees, which in the eastern part of this continent would be 

regarded as valuable, are often cut down and burnt, or left 

to decay as underbrush. Forest fires have ravaged wide 

areas, as in the vicinity of Bute inlet and Ramsay Arm, end 

their smoke creates a heavy ii&zf upon many of the summer days. 

If dnce the forest io cut down, reforesting will 

be a* difficult or impossible problem in many parts of this 

district, since the removal of the trees permits the scanty 

soil to be readily washed from the steeper slopes, thus 

changing portions of this wonderful landscape into a veritable 

rock desert. The naked rock appears everywhere in those 

areas where the forest has been destroyed by fire. Although 

this danger, upon a large scale, is not immediate, except 

through the lack of individual responsibility with respect to 

fires, the Government would do well to reserve one or two of 

the most picturesque fiords as parks, while they are yet in 

a state of almost primeval grandeur. 

Logging is today carried on near the shore upon 

the more heavily wooded slopes and at the entrance of many 
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of the valleys. A large tree may be felled at an altitude 

of a thousand feet or more; the bark is peeled from it, 

and,when one® started in movement, it frequently plunges 

directly into the sea. Donkey engines are quite universally 

used In dragging the logs to a chute which extends to tide 

water. The depth of water &ear shore in such eases facili

tates the limbering Industry. on South Valdes Island, a 

railway about four miles in length has been built, and this 

represents the farthest distance from the seashore at which 

operations were in progress during the summer of 1907. l^ien 

once the logs reach the sea, they are collected in booms of 

great size which are towed to the mills at Vancouver^ 
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Fishing. 

In 1907 a cannery was opened at Sargeaunt 

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 Knight Inlet. The proprietor seemed 

to be well pleased with his first season*s catch of salmon. 

In Heydon Bay, on Loughborough Inlet, six Japanese were 

engsged in fishing and curing salmon and cod. Within this 

area fishing as a business was limited to these ventures; 

but the inhabitants were frequently seen fishing for their 

own use. The Indians subsist largely upon salmon, catching 

sufficient during the summer for winter consumption. In 

the spring they resort to the head of Bute Inlet; or Knight 

Inlet where the oolachans appear in large shoals. This 

fish, which Is about as large as a herring, is their chief 

source of oil, the smoked and dried bodies afterwards being 

used for torches as well as for food. Fishing as an industry, 

and especially deep sea fishing in Queen Charlotte Sound and 

adjacent channels, undoubtedly deserves more systematic 

attention. Salmon seemed to be very numerous on the northern 

shores of iilford island, and especially in Viner Sound. 
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Other industrial Possibilities. 

The readily accessible raw materials, the cheap

ness of transportation, and the increasing demands of the 

markets of the western parts of North America, /Asia stnd 

Australia should make this coast an unrivalled centre for the 

production of pulp and paper. .--.'uch of the waste- connected 

with present lumbering operations might be utilised in the 

manufacture of these products. The large quantity of scrub 

pine, which is usually so inferior in quality that it is not 

suitable for lumber, suggests the successful manufacture of 

turpentine. Oil of cedar might also be distilled fro-r. the 

leaves and branches of the abundant cedar tree. 

The areas of stratified rocks deserve systematic 

and thorough prospecting, for present developments seen to 

demonstrate the existence of a number of what should be profit

able small mines, and the possibility of some feirly large 

low grade propositions. Materials for the manufacture of 

bricks and lime await demand and necessary capital for develop

ment. In several localities beautiful stone for building and 

ornamental purposes, traversed by sufficient joints to facili

tate quarrying, lies on the very water's edge. 



Water power. 

The streams within this district which will con

tribute to the possible development of an enormous amount of 

easily available water power are too numerous to mention. 

Mo attempt has ever been made to estimate the energy which 

they represent. Their volume fluctuates greatly, the en

closing olopes of their basins being so steep that they 

readily respond to the irregularities of precipitation. The 

most constant in flow originate among mountains which are 

perpetually snow-clad or fron glaciers. 

By damming the outlet of ilatero 3asin at the 

head of Frederick Arm, or the outlets of the lake at the 

head of ^arylebone Inlet on West Redonda island, considerable 

water powers may also be made accessible. When demands of 

modern commerce warrant the development of these sources of 

power, numerous factories may arise among these fiords, which 

enjoy such a delightful climate, and constitute veritable 

cradles for navigation. These water powers may also be 

called upon tb facilitate the development of the mining 

industry. 
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Transportation and Communication. 

The many trench-like waterways of this region 

are analogous to a vast system of canals; and they form such 

& network that no point in the area covered by this report 

is more than fifteen miles in a straight line from the sea

shore. Sheltered from the swells of the adjoining ocean, 

they provide an easy means of communication in a region which 

otherwise would be almost inaccessible. Products of the 

mine, forest and soil may be taken to market at a small cost 

upon these natural highways for commerce. Barge steamers 

ply regularly through Seymour Narrows and Johnstone Strait 

on their way to Alaska. Smaller steamers from Vancouver run 

two or three times a week, aajusting their points of call to 

the variable development of possible industries. 

Roads of any great length could only be constructed 

at such an expense that they would not be practical: but in 

certain localities, such as across a few of the islands and 

peninsulas, short roads might be easily built after the land 

has been cleared. The only waggon road in existence at 

present is on South Valdes islend, extending from Drew 

Harbour to Gowland harbour. upon the same island a railway, 

about four ^iles in length, has been built eastward from 



Granite Bay to bring logs to tide water. A fairly good trail 

passes tkB from the head of Bute Inlet through the Coast range 

to the headwaters of the ehilcotin river, thus furnishing 

communication with the Interior Plateau. 

Within this region lies the only possible route 

for establishing a railroad connection between Vancouver 

island and the mainland. in the direction of N *Q° E fron 

Seymour Narrows, two large islands so nearly occupy the whole 

passage that it is only necessary to cross three narrow 

channels, which have a total minimum width of less than two 

miles. rhe route through the mountains by means of the 

Yellowhead Pass, the headwat3rs of the Fraser, and the descent 

along the Homalko river to the head of Bute inlet is reported 

by several authorities to be thoroughly feasible. in order 

to construct a line from this point, along the side of Bute 

inlet to its entrance and thence across the intervening 

islands and waterways, numerous difficult but not insurmount

able engineering problems would be encountered. Almost 

continuous rock cutting *long the steep slooes, several 

tunnels, and the bridging of the narrow channels through 

which the tide flows rapidly would make it probably more 

expensive than any corresponding; length of mileage in Canada 



today. if once established the construction on Vancouver 

island of a line to Nanaimo (which is at present connected 

with Victoria) and to a true oceanic terminus at Alberoi is 

reported to be a comparatively simple proposition. 
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Inhabitants. 

The present distribution of the white population 

has been largely determined by the development of the logging 

industry. The largest groups live in logging camps, the 

labourers in which are so nomadic in nature that they cannot 

be regarded as settlers. Upon some of the islands, and on 

the southern side of Loughborough Inlet, a few families have 

taken up their residence in locations favourable for agri

culture; they usually supplement the produce of their garden 

by participating in fishing and logging, or by establishing 

a small shop. Hotels have been erected at Lund, Brew Harbour 

and Bold Point on Valdes island, aurdwood Bay on Beade Island, 

Shoal Bay on East Thurlow Island, Port Harvey on Cracroft 

Island and on Minstrel island. 

The Indians belong to the Selish and Kwakiutrt-

Nootka tribes. They speak many dialects, but the majority 

understand the Chinook language, and a few can converse in 

English. The environment in which they live forces them to 

spend much of their time in canoes, and to depend largely upon 

fish for subsistence. To fashion a canoe, they select a 

large cedar tree, cut o£f a log corresponding to the size of 
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craft they desire to make, and then skilfully scoop it out 

by using a small hoe-like axe. The life of these Indians is 

so closely associated with their canoes, that their upper 

limbs are strong and wall developed, while the lower are 

weakJ&nd frequently bow legged. Five Indian villages are 

situated within this area,- at Gape Sludge, mouth of Bute Inlet, 

Mjamaliliculla on Village Island, Karlukwees on Turnour Island, 

and a fifth near health Bay on Gilford island. The last 

three villages mentioned are very picturesque. The numerous 

gaily coloured and fantastically carved toter, poles, and the 

rude but substantially constructed one-story buildings are 

the characteristics which attract the attention most closely 

upon approaching. Upon the totem poles, the heraldic 

ancestry of the inmates is skilfully depicted, although the 

carving is rough; some single animal figures prominently upon* 

©ach pole, representing the crest adopted by the family group. 

The houses are usually large, some of them being forty feet 

square. They possess a frame of heavy timbers covered with 

broad cedar planks, which are usually placed in a vertical 

position. The upright logs in the framework, some of which 

are carved upon the inner side, are usually smaller than the 

cross rafters which frequently are four and five feet in 



diameter. in raising these heavy logs to their position, 

friends are invited to an entertainment in which feasting and 

dancing figure prominently. The rafters are at first placed 

upon a low stage, and at intervals during the dance each 

friend is given a small, round, hardwood stick; one end of 

each stick is placed beneath the heavy timber, and by concerted 

lifting, interspersed by further staging and dancing, it is 

raised into position. The size of these rafters is a matter 

of pride to the Indian, ana it would seem that one may gather 

at a glance upon entering one of these houses an idea of the 

united strength of those who Tare present at the raising . 

Several far.!lies live in each house, each family apparently 

having a definite space allotted. in winter fires burn on 

the floor, the smoke passing out through a hole in the roof, 

which is in some cases protected by e shield that may be 

adjusted to the direction of the prevailing wind, or entirely 

closed. During the dance, the participants dress up in 

weird costumes and masks. The Indian who %&vs the information 

concerning the erection of their buildings, also displayea 

the mask which he wears daring festivities. it was cleverly 

shaped of wood to represent the head of a horse, and bedecked 

witxh brilliant colours; putting the detachable ears in 



•14 

position, he placed it upon his head and pulled a string which 

caused the mouth to open? 

Once most savage and cruel in disposition, large 

numbers now desert their villages in the summer to work in 

the canneries, while a few disperse among the islands 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, have been abandoned. 

* For more extended information concerning the social 
customs, habits, etc., of tlies2 Indians - see 
Kwakiool People of the Northern Part of Vancouver 
island and Adjacent Coasts, by G.M. Dawson, Trans.Hoy. 
5oe. Can., 1887, Section II.p 
iritish Columbia and Vancouver island, by Commander 
H.C. Mayne, 1362, pp. ?48-3G4. 
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general Geology. 

The records of igneous activity within thie region 

constitute the dominating feature of its geology. Throughout 

that portion of geological time extending from the-early(?) 

palaeozoic to the middle Triassic, vulcanism was intermittent, 

becoming especially intense during the Triassic period, when 

it manifested itself by the extravasation of a great thickness 

of massive andesitic lava flows and volcanic breccias. Then 

followed the invasion of the composite batholith of the Coast 

Range which, in Upper (?) Jurassic time, disrupted enu meta

morphosed the sedimentary and volcanic rocks. The cycle of 

igneous action closed with the injection of a vast multitude 

of dikes which traverse both the plutonic and the stratified 

rocks. 

Through the activity of erosive processes, the 

roof beneath which the plutonic rocks cooled has been almost 

entirely removed and the batholiths themselves have bean 

denuded to various depths. Consequently, by far the greater 

portion of this area is characterized by the exposure of 

plutonic rocks at the surface. upon some of the islands 

between Vancouver Island and the mainland, a few patches of 

the roof remain, in which the stratified rocks, though faulted 
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and otherwise disturbed, are in a horizontal or have low angles 

of dip. For the most part, the stratified series occur in 

isolated areas, each of which comprises whet Daly has so 

appropriately called a * roof-pendant". Each roof-pendant 

represents some portion of the roof which foundered during the 

intrusion of the deep-seated bodies of magma. Their beds are 

either vertical or dip steeply to the north-east, the strike, 

in general, corresponding to the N.W.-£'.£. trend of the Coant 

Range. Owing to the absence of fossils p.nd the high degree 

of metamorphism to which these rocks neve o^-en subjected, it 

is impossible or difficult to determine the position in the 

stratigraphic column to which the component strata of a single 

roof-pendent belongs. In no single area "ithin the district 

is the complete stratigraphic record displayed, so that the 

sequence suggested in the following table has been compiled 

from data collected in widely separated localities. 



Age. 

Recent 

Pleistocene 

Upper (?) 
Jurassic 

Triassic 

GEOLOGICAL TABLE, 

Character of Rocks. A few Tgploal^Localitlee. 

Alluvial and "black deposits. 

_Un c on form i ty _ 

Terrace-gravels and sands. 
5* Stratified gravels and sands« 
4. Boulder olay. 
£>. Stratified sands, clays and 

gravels. 
2. Stratified clays, bearing 

marine shells. Large 
"boulders. 

1. Boulder clay. 
•Unc onf orrn I ty— — —• 

JDeltas at the heads of the 
fiords and bays, etc. 

rrr 

The intrusive Igneous rocks of 
the Coast Kan£re. 

Igne on & C ont act s — 

Dark shales containing fossils;-
gray impure limestones, fossill-
ferous, argillites, thin beds of 
quartzlte, conglomerate cherts, 
sheets of diabase and andesite. 

-Conformity-

Massive flows of andesite, 
volcanic "breccias, tuffs « the 
Valdes formation. 

Theodosia Arm, south-west part 
of Hardwiok 1# etc. 
Har*ood I., Savary I. 
Hernando I., ft&ry i. 
Hesf Point, Cape Mudge 

Exposed over greater part of 
this area. 

Western part of Bar!ledown I*, 
owanson I., Bush I., Hernando I, 
Twin Is., etc. 

-Conformity-

South Valdes I.,Mittlenatcb I., 
ivest Thtirlow I. , Helmohen I., 
Kardwickc I., Cracroft I.f 
Hanson I., Marbled own I. 

<-<i_* 



Permo-

Carbon-
iferousf?) 

ArgilliteB, quartsitcs, cherty 
beds, tuffs, schists, inter
calated sheets of diabase 
numerous in some localities. 

-C on form it y-

L-assive beds of limestone pro
bably sarj© as Marble Bay formatloi 

Much altered clastic beds with 
intrusive sheets of diabase. 

(?) 

(?) 

Arerillites, quarts it es, schists, 
intrusive sheets of diabase. • . « • » 

Conformity—• 

Crystalline limestones in thick 
beds. 

- — C on f o rm i t y 
Arpillitee, qnartzites, thin 
limestone laynrs, cherts. 

Hornblende and chlorite schists, 
crystalline limestones, slates, 
qtiartsiteR, Intrusive and extru
sive volcanics. 

Open Bay, Valdes I.; Elin>en-
sop Bay; Port Neville; Kden 
Pt. , West Thurlow I. 

Open Bay, 3* Valdes I. 

Interior of 3, Valdes I,.,west 
of Open Bay and Bold Point. 

A more or lean continuous 
"roof-pendant" exposedt-
on southern ahore Cardero 
Channel; Owen Bt., Fred arick 
Arm; Fanny Bay, Phillips 
Arm, etc. 

Fawn Bluffs, Bute Inlet; 
bead of Toba Inlet. 

• * > 



From the preceding tat:le it will be noted that 

the writer found no rocks belonging to the Cretaceous eoal-

bearing series within the refion included by this report. 

A drift boulder containing several specimens of Attcella 

, Tfnich determined it to be ef Cretaceous age, 

was riven to the writer by Jcr. M.̂ '. uylle, Bur&wood Bay, 

Keade Island. Re had received It fron a prospector who 

picked it up on the slope of a hill near this bay, but 

failed to find any mora than the one specimen. It seems 

improbable that there are any areas in this region underlain 

by rocks of this age; but should they occur, they would 

occupy tie low-lying areas, and would x̂ roh&bly be concealed 

by deposits of drift. 
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The Marble Bay Formation. 

This formation consists of limestones the beds of 

which are usually from on© to six feet in thickness. The 

name .jiven to this series of rocks was used by Leroy in 

describing what is undoubtedly the same formation in tne 

adjacent area to the south. owin^ to its distinctive litho-

logical character, it may be readily recognized in isolated 

exposures of the stratified rocks as marking a definite horizon 

in the stratigraphic sequence. Where most extensively 

developed these limestones are fine-grained, compact and bluish 

gray in colour, but in many places under the influence of 

metamorphic processes they have been altered to marbles or 

have become coarsely crystalline. 

They outcrop along the northern shore of Open Bay, 

on the east side of South Valdes Island, where,with an almost 

vertical dip, they strike N 36° W. From this locality they 

may be traced westward into the interior of the island where 

the dip becomes less and they occupy an area which attains a 

width of about half a mile. The northern boundary of this 

narrow bolt of limestones is defined by a very irregular 

contact with intrusive granite? the southern, at least in 
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part, by the passage of the limestone beds beneath the argill-

ites of the Qardero |£roup. The presence of numerous faults 

explains the great variation in the angle of dip, and the 

alternation of patches of argillites with those of limestone. 

On the same island, about three-quarters of a mile to the west 

of the hotel at Bold Point, there is a patch of limestones of 

undetermined area, which have a low angle of dip and are like

wise in contact with the granite. through the solution and 

erosion of the limestone by subterranean drainage, several 

small caves have been formed. TWO of these caves were 

entered through lateral openings; one of them being followed 

for a distance of'about•twenty-fiva yards, when the passage 

'became eonstr&eted and blocked by dark red clay, which also 

covers the floor. What is probably an extension of this 

passage was entered by descending about eight feet through an 

opening two feet in width, which had been formed by solution 

of the limestone along a vertical joint. 'xhe floor of this 

small cavern was strewn with bones which, were' mixed with clay, 

seven skulls of aeer with horns attached being counted a&ong 

the debris. Ihe roofs and walls of these caves are free 

from stalactitic growths, but h&ve been worn teery smooth, and 

encrusted, here and there, with small crystals of dogtooth 



spar. Occasionally the limestone has a variegated or mottled 

appearance, because of partial recrystallization into white 

marble. 

Upon the mainland, a short distance south of 

Dinner Hock, which is situated about eight miles north of 

Powell River, there is an exposure of marble, which is asso

ciated with metamorphosed argillites and greenstones. 'Ihe 

marble is 65 feet thick, striking N VK° W with an almost 

vertical dip. Slickensided surfaces of cracks, which traverse 

the stratified series, were formed by faulting that probably 

took place during the injection of the plutonic rocks. It 

is reported that this formation occupies a snell area which is 

situated three or four niles east of the head of Theodosie Arm. 

On the Elsie mineral claim*, which is situated on 

the northern side of Ivest Redonda Island, about two nules east 

of Gonnis Point, at an slevation of 400-700 feet, there is a 

small area underlain by marble in which a deposit of magnetite 

occurs. Upon the mainland, almost directly opposite to this 

locality, it is reported that marble is exposed in the bed of 

a stream which enters Pryce Channel about three-quarters of a 

mile west of Elizabeth Island. 

#ear the entrance of Frederick Arm, on its northern 

* See page 
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shore, blue limestone, more or less altered to marble, which 

presumably belongs to this formation, outcrops for a distance 

of one hundred yards, (Strike N 4^° W, dip 90°). Within 

Philipps Arm, the same limestons appears on the ^est side of 

Fanny Bay, (Strike tt 40° W, dip nearly 90°), and nbout one 

quarter of a mile up the second stream which enters this Arm 

beyond Richard Point, (strike K 48° W, dip 90°). In Lough

borough Inlet, it outcrops on the southern shore about one 

mile beyond Campbell Point, (Strike N ?°° W, dip 60° E). These 

occurrences of this formation are distributed along a line 

which probably delineates the trend of a narrow band of lime

stones and ergillites, which is irregular in width, and here 

and there may be expected to be broken across by the intrusive 

plutonic rocks. ihe southward extension of this line inter

sects the area of sedimentary rocks which occupies the northern 

corner of Maurelle island, where crystalline limestones are 

interbedded with the Cardsro group. These limestones outcrop 

along the southern shore of Oardero channel, a short distance 

south-east of kail Point. It seems highly probable that they 

represent a portion of the Garble Bay formation, and, if such 

be the case, it is necessary to recognise the presence of an 

older series of stratified rocks, upon which the limestones 



rest conformably and which are very similar in character to 

those which directly overlie them. 

QToba, Bute and Knight inlets, Thich penetrate 

farthest into the Coast Range, cut across several "roof 

pendants1* which include beds of marble among their strata; 

but it is difficult to determine from these metamorphosed and 

fragmentary occurrences of the stratified series whether the 

marble belongs to this formation or not. For example, in 

Knight's inlet marble is exposed on the eastern shore of 

McDonald Bay (strike 8 45° W, dip 55°-90°); near the mouth of 

the ^atsln Valley where two beds of marble, one three feet and 

the other about two hundred feet thick, *re interstratified 

with schistose argillites (Strike n ^3° W, dip 76° E); on 

Adeane Point, where it has a gneissoid appearance upon a 

weathered surface, (Strike I* *-0° W, dip variable); on the 

inner side of Toil point, marble, penetrated by apophyses of 

granite, strikes n 70° W with a steep dip toward the east; 

and about a mile beyond Axe Point, two beds of marble with a 

total thickness of thirty feet are exposed upon the northern 

shore. 

Limestonss, belonging to the same stratigraphic 

horizon, are known from many other localities on the coast of 
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arltisn goiuraoie. Within the region covered by this renort, 

no fossils were found in this formation. At Garble Bay, on 

Texada Island, where this formation is typically developed, 

the writer collected some obscure corals from a bed of crystal

line limestone, which outcrops a few feet away from tne front 

of the house occupied by sir. A. Grant, the manager of the 

Marble Bay mine. They are silicified, and standing out in 

relief upon a weathered Surface of the limestone they resemble 

closely the stalks of crinoids, but upon careful observation 

they are found to bifurcate. These corals were submitted to 

Professor J. Felix of the University of Leipzig, who determined 

them to be either Uthostrotion or gyrlngooora. Their 

presence demonstrates that the marble Bay formation was not 

deposited later than the Carboniferous period, the Lithostrotion 

having lived in the seas of the Carboniferous, while the 

Syringopora enjoyed a longer life history, extending from the 

Upper Silurian to the close of the Carboniferous. At Mount 

*1 
Mark , in the centre of Vancouver Island, between ^ualicum and 

Alberni, and upon the Ballinac Islands1*2, between Nanaimo "and 

*1 Report of Progress, Jeol. Lurv, Can., 1875-73, p. 54. 

*? Renort of Progress, Ceol. Surv. Can., 1873-74, p. 93. 



Gomox, the late Mr. J. Eichardson collected fossils from lime

stones, apparently belonging to the same horizon, which were 

considered by Mr. £. Billings to be weither Carboniferous or 

Permian, and probably the former1*. From a series of lime-* 

stones and calcareous slates on the southern shore of Cowlchan 

Lake*, on Vancouver island, &r. G.H. Clapp obtained fossils 

which he provisionally refers to the Devonian period. These 

data imply that the Marble Bay formation ^©presents a wide

spread deposition of limestone which took place during late 

Palaeozoic time, being provisionally referred to the Levon&an 

Carboniferous. 

* Summary Report, Geol. Surv. Can., 190R, p. 54. 
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The Valdes Formation. 

under tnis heading is described a series of 

volcanic rocks which, «nth a few intercalated beds of lime

stone and argillites, play an important part in the geology 

of many of the islands included by this report. In the 

northern waters of the 3ulf of Georgia, eiittlenatch Island is 

composed of these rocks, and on that portion of South Valdes 

Island which lies between lines extending across from Aeixy 

Point and Quathiasca Cove to the southern shores of Open- 3&y 

and Drew aarbour, respectively, they are typically developed. 

South of the latter line, they pass beneath, and probably under

lie, the stratified sands and clays of which the southern 

extremity of this island is formed. Along the shores of 

Johnstone Strait, they occupy the south-western portions of 

West Thurlow and Hardwick islands, the whole of tielmchen Island 

and a narrow area upon the mainland extending northward from 

Blinkinsop Bay for a distance of about seven miles. in the 

southern part of Queen Charlotte Sound they appear upon many 

islands, of which Hanson, cracroft and Harbledown are the 

largest. A considerable part of the shore-line of Vancouver 

Island, northward from Seymour Narrows, as well as an extensive 

area upon the northern end of this island, are characterized 



by the presence of this formation.3* 

Volcanic rocks compi'ise by far the greater part 

of this formation, the intercalated sediments being present 

in only a few localities. in Hyacinth Bay, on the west side 

of South Valdes Island, a few massive layers of blue crystal

line limestone are interbedded with the volcanics. On the 

eastern shore of Hanson Island, a short distance south from 

Burnt Point, similar limestone, occupying an area of only a 

few square yards and abutting directly against the volcanics, 

seems to owe its position %o faulting. In the small - area on 

the mainland, mentioned in the last paragraph, some layers of 

argilllte, and on Harbledown Island, thin beds of limestone, 

shale and argillite alternate with those of volcanic rock. 

In the former locality, they occur near the base, and in the 

latter, near the top of this formation. 

Thick flows of basalt end andesite comprise tne 

major portion of the volcanic series, although, locally, 

agglomerates and tuffs are Interbedded with them. These rocks 

h^ve suffered so much alteration and their beds are so massive 

that it is difficult to decipher the position of the planes of 

* Dawson,3.*il. Report of ^eol. Surv. of Can., 18B7, p. 8B. 
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stratification. When viewed from a short distance offshore, 

the exposed cliffs occasionally show traces of bedding, whlen, 

upon closer investigation, become less pronounced in character. 

Their angle of dip is generally less than 15°, &nd was not 

not!cod to exceed 40°. The presence of slickensided surfaces, 

the local development of narrow schistose bands with a strike 

corresponding to that of such surfaces, and the repetitio.ri.aOf 

beds possessing similar petrographies! peculiarities, •'.demon

strate that the formation is traversed by faults. Within the 

individual areas underlain by these rocks, the throw of these 

faults is usually small, probably seldom exceeding on& hunarea 

feet. Upon S. Valdes Island, that oortion of the volcanic 

series which is exposed has an estimated thickness of 

feet, although the reduplication of the strata by faulting was 

not considered in making the calculation. 

ihe name "greenstones", which was given to these 

rocks in the fiald, proved to be a singularly appropriate one 

for distinguishing them from other rock formations in this 

district. &ost of them are dark grayish-green in colour, 

although greenish-black and purple tints are locally present. 

Their weathered surfaces are usually rounded and hunimocky, 

http://repetitio.ri.aOf
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often having an appearance as if roughly varnished. Locally, 

as on Hanson island, tney have preserved glacial scratches 

and furrows with a remarkable degree of freshness, but the 

smooth surfaces are frequently due to induration caused by 

weathering. In some places their surface is deeply pitted, 

owing to the differential etching action of the weather upon 

amygdaloidal beds. Occasionally this action has progressed 

lo far that the surface assumes a slaggy appearance, which 

somewhat resembles that of a modern lava flow. Upon the 

northern shore of hyacinth Say, on s. Valdes island, the 

pillow "structure* Is beautifully developed in one of the flows, 

In general, these rocks are compact and fine

grained to cryptocrystallino in texture; but over wide areas 

they are highly amygdaloidal, the amygdulss sometimes compris

ing one-third of the rock. The numerous amygdules betray the 

former vesicular character of the rock, and imply that some of 

the lava flows contained a large amount of gas and vapour, 

which became imprisoned upon the crystallization of trie rock. 

Occasionally they ars elongated in parallel planes, thus 

exhibiting an excellent flow structure. ihe vesicles are 

now filled with secondary minerals, such as quartz, chalcedony, 



epidote, chlorite, calcite and zeolites. Chalcocite, 'chalcb-

pyrite, bornite, native copper and azurite also occur within 

the amygaules in many widely separated localities, as on 

S. Valdes island, the south-eastern part of Hanson Island, on 

Helmchen Island end in several places along 3aronet passage.* 

Of the zeolite ferally, prehnite and natrolite were the only 

members which were observed to be present. The former 

mineral fills men./ of the vesicles in a sheet which outcrops 

at Copper Cliff, and was also noticed in association: with 

natrolite at the head of the southern-arm .of Hyacinth 3ay. 

Within a given bed, the minerals which occur in 

the amygdul&s, or the method of their arrangement, are fre

quently characteristic features. Thus, in a single bed on 

the south-eastern corner of hanoon Island, the majority of the 

amygdules are lined with chlorite, while their centres are 

occupied by epidote which has crystallized in the form of 

beautiful rosettes. In another sheet, which is exposed in 

Growler Cove on Cracroft Island, they are lined with chalcedony. 

At the head of Hyacinth Bay a single flow,or & portion thereof, 

is distinguished by the presence of numerous greenish-black 

* See page 
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spherical bodies, about the size of peas, which ere profusely 

sprinkled through its mass. These may be readily separated 

from a decomposed surface of the rock, and a few were noticed 

to be scattered on- the ground in the immediate-vicinity.of 

this outcrop. They were found to be composed of chlorite 

with a little epidote, ana fron their spherical fors and 

beautiful radial structure were at first believed to-be 

sphernlitic in character; but upon examination under the 

microscope,it was observed that the much altered ande.slte 

which contains them becomes more fine-grained about their 

borders, as is frequently the case on the border of vesicles 

in lavas, and it was concluded that they are likewise of en 

amygdaloidal character. On the northern shora of Hanson 

Island, the subangular vesicles in certain beds are filled with 

a dark material, which stands out prominently upon weathered 

surfaces &nd possesses a peculiar glazed appearance. These 

amygdules are occasionally as much as an inch across, and 

their presence imparts a unique character to the rock. Their 

mineral content consists of quartz and chlorite, the latter 

mineral permeating the quartz in the form of irregular fibrous 

aggregates. 
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In certain localities, large cavities, up to 

several inches in diameter, once existed in these rocks, but 

they are likewise now occupied by secondary minerals, which, 

in their colour a&d manner of occurrence, form a striking 

contrast to the fine-grained texture end sombre colour of this 

formation. Some of these cavities have been formed by the 

expansion of pent-up gases or vapours while the lava was yet 

In a viscous state; others mark the presence of irregularities 

which developed along planes of faulting or stratification. 

In such cavities as these, en uncommon arrangement of quartz 

crystals is of frequent occurrence along the shore of S.Valdes 

Island, just south of Seymour Narrows. Prismatic crystals 

of milky quarts are grouped in comoect radial an -rebates, 

which attain a maximum diameter of about three inches. Within 

a single cavity they have frequently developed from several 

centres. A small amount of chalcocite often accompanies this 

quartz, but its distribution within the cavity is dependent 

upon the radial character of the letter mineral. Within the 

amygdules, quartz frequently displays e tendency toward a 

similar radial growth, which,under the microscope, expresses 

itsslf by a progressive undulatory extinction that might easily 

be mistaken for strain shadows. Aggregates of epidote crystals 



in quartz, up to three inches in diameter, occupy cavities in 

the rock exposed along the south-eastern shore of Hanson Island. 

veins of secondary minerals frequently traverse the 

rocks of this formation and are occasionally present in suffi

cient numbers to form a reticulating network, which fives' the 

rock a streaked appearance. Rarely do these veins exceed a 

small fraction of an inch in widtlife although, in a few instances, 

they are several feet wide, containing copper minerals ir. a 

gangue of calcite and quartz.s 

Along the northern shore of Hanson Islana, on tne 

western end of Hardwick Island, and in the small area occupied 

by these rocks on the mainland to the north and south of Port 

Seville, agglomerates or breccias ere interbedded with the lava 

flows. They sre largely composed of subangular fragments of 

greenstone, many of which sre highly amygdaloidal; but the 

matrix which surrounds these fragments has been so altered 

that in the specimen which was examined its tuffaceous 

character has been almost completely obliterated. 

Fron an examination under the microscope of thin 

sections of rocks collected from the massive 1PV& flows, it is 

* See i>a*re 
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found that they are pyroxene andesites and basalts which have 

been very much altered- Tho majority of them were originally 

composed of plagioclase nnd augite with a few crystals of 

aoatlte end disseminated grains of iron ore. In a few 

specimens, a subordinate amount of hornblende and a few 

anhedral grains of titanite. are also present. Epidote and 

chlorite are the most widespread and abundant secondary 

minerals, their presence readily explaining the green colour 

which is so characteristic of these rocks, Celeite, quartz, 

chalcedony, zeolites and leucoxene complete the list of the 

common products of decomposition in these rocks. When present 

the leucoxene occurs in the immediate vicinity of grains of 

iron ore from which it has been derived. ihe other secondary 

constituents occupy amygdules, or are distributed irregularly. 

throughout the compact rock, often being gathered together in 

nests or clusters, which in replacing the primary minerals 

gives rise to a pseudo-amygdaloidal structure. 

The variation of texture in these rocks is such 

that In some thin sections the component minerals are barelv 

discernible, while in others the ophitlc structure is beauti

fully displayed. This variation in texture is dependent upon 

the different conditions under which successive flows have 
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cooled, and upon the fact that the central portion of a single 

flow, while cooling slowly, has become most coarsely crystal

lized. Phenocrysts of feldspar, either singly or gatherea 

into irregular groups, are of frequent occurrence, while 

idiomorphic crystals of augite, which are very pale green or 

colourless in thin section, mre occasionally sprinkled through 

the rock. In three sosclmens the feldspar was found to be 

andesine, occurring in lath-like forms which almost Invariably 

display twinning according to the albite law. Qnz of the 

amygdaloidal rocks from Hanson Island possesses a groundmass 

of small crystals of plagioclase in a partially devitrified 

glassy base. 

A few narrow bands of chlorite and hornblende 

schists traverse these rocks. Two such bands were noticed 

in the field - one on Hardwick Island and another on the Ajax 

claim, on the north side of Deep Water Bay on £. Valdes Island. 

Dnder the influence of crushing movements, recrystallization 

has taken place, the new minerals ranging themselves in 

definite planes at right angles to the pressure, thus producing 

a foliated of schistose structure. 

gontact Metamorphjsm. Upon approaenmg a contact 
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between these volcanic rocks and those of the Coast Range 

batholithc, the former become darker in colour and assume a 

less altered appearance. Fron a microscopical study of thin 

sections, it is plain that this change is duo to recrystall!za-

tion. The rock loses its amygdaloidal character, and horn

blende replaces the augite. Specimens were collected at 

different distances from their contact with the granite at 

Kelly Point on S. Valdes Island. At the contact, the volcanics 

display a slight tendency toward foliation, and are composed of 

hornblende, plagioclase, a few grains of iron ors with some 

chlorite and epidote. Tne hornblende, which is the dominant 

mineral, is strongly pleochroic, the compact individuals of 

this mineral being very irregular in outline. About fifty 

yards south of the contact, the rock consists of the same 

minerals, but the hornblende is of a distinct secondary 

character, since in a fibrous form it penetrates the plagio

clase in all directions. The hornblende is paler in colour, 

and a greater number of grains of iron ore hpve separated out. 

About a quarter of a mile from the contact, where the first 

indication of the presence of stratification appears, the rock 

contains a little augite which occurs within the crystals of 
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hornblende, and is so uralltized as to lead one to conclude 

that at least a large proportion of hornblende has been 

similarly derived from the alteration of augite. Similar 

rocks, in which amnhibolitization of the augite has taken 

place, were examined from the contact on the north-western 

corner of Hardwick Island. Professor J.W. Judd, in describing 

the Tertiary gabbros of Scotland* and Irelend, assigns the 

processes whereby augite is converted into hornblende to the 

action of atmospheric agents; but a study of the volcanic 

rocks in this region shows that this change ma.y also be a 

result of the infusion of heated vapours and waters which 

attend the invasion of batholiths. 

Quart. Jour. Geol. Soc, Vol. ,p. 



Correlation. Undoubtedly this volcanic series is of the 

same geological agi as thri porphyrites, agglomerates, etc., 

of fexada island.' it -likewise sterns probable that they 

correspond to the volcanic members of the Victoria Series 

on the southern part of Vancouver island. It is possible 

that tha Valdes formation may belong to the- latest Palaeozoic, 

but in this report it is provisionally placed in the iriassic. 

Of more recent ags than the valdes formation are 

the carbonaceous shales, argillites, impure limestones, cal

careous sandstones and quartzites,which are least metamorphosed 

and most typically developed upon the western part of Harble

down isiana in '^ueen Charlotte Sound. Interbedded ^ith 

these sedimentary rocks are a few layers of massive volcanic 

greenstones which have the composition of andesites. Some of 

these greenstones are true lava flowsi others seem to bo of 

intrusive character, ana their presence shows that the volcanic 

outbursts which produced ihe Valdes formation gradually became 

less intense. On a projecting point just to ins east of Kelp 

Hocks on the soutusrn side of uarbledown lelend, nearly hori

zontal beds of dark carbonaceous limestone are largely composed 
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of fragments of shells. Among these fragrant©, those of 

gflfqflffiQftgfrkg ^bcircularis and imlobls vers recognized. 

Mabaee uiiccs of greenieh-gray colour intersect the limestones, 

and may be responsible for their impregnation with disseminated 

grain© of wyrite. Parson Bay* on the western side of this 

island, proved to be the most Productive locality in the whole 

area for the collection of fossils. upon the western shore 

of this bay.,- near it.*? entrance, there is sn OXDOUUTB of bluish-

gray argillaceous limestones* 'carbonaceous shales, srgilll.tes 

and quartzitss which,frith an aliaost vertical' ciip,arsi. ir."co:htact 

with intrusive quart*-nlca diorlte. Upon examination in thin 

section under the nicroseope, the Hussions proved to b-3 ^ery 

impure, containing a hi.$h psreenta^e of quarts In ninute 

grains and aucfr carbonaceous material. i;h-3 presence of minute 

cremilations in this 2 Iras* tone- is beautifully denicted by the 

arrangement of the psrtiel&c of carbon. Ihe surf scae of some 

of ths Isninao of the shales are covered srith the imprints of 

Peeudof^>notis subcircul&ris-, while sosie of the connect li^e-
II H I Ml n.i II II m nil H X . H . I I . I n . — » » — mill il—lill|IIH»».»iiliiii i i i) l||' * ^ ^* »•..«., « > - . 7 > j . . - W W <••».& I~.VI' 

stone layers yielded beautiful s^cci^sna of the same fossil 

together with that of a £;*ail gssteropod, >?hich* though poorly 

preserved, is halieved to be s &atl„Cf_. UA ihu eastern shore 

of this bay, there is s prominent patch of black carbonaceous 



shales which are nearly horizontal. From these shales 

several casts of tho ammonite, Ceitites (?) Vanceuveronals 

were collected (ses Plate Fig. ). Ihe specimens are 

mere impressions in which no trace of a sutural lizae or 

siphuncle has been preserved. They have.not only been 

almost completely flattened out, but have suffered fron lateral 

compression, with their longer axes corresponding to the 

general regional strike. One speciaen, which shows little 

more than one-half of a cast, hss assumed the shape of an 

ellipse in wnicn the saior axis must have been inches in 

length with a minor axis of inches. ihe late Dr. J.F. 

Whiteaves has described this fossil as follows:-

"Shell, discoidal, compressed, whorls four to five, 

Mslender, gently convex at the sides increasing very slowly in 

"size and very slightly involute, so that the whole of the 

"sides of the Inner ones are exposed to .view; umbilicus wide 

*and extremely shallow, outer volution distinctly keeled at 

"the periphery; exterior or the wholo test strongly ribbed, 

* the ribs simple, transverse, generally straight, broadening 

"outwards and interrupted on the keeled periphery of the outer 

"volution. Siphuncle and septuain, unknown." 

Within this ares, the late Br. 3.M. Dawson 



collected specimens of the same fossil from Hidalgo Point on 

Hernando island in the Gulf of Georgia. in this locality 

the stratified series, which comprises cherty argillites, 

quartzites, numerous intercalated sheets of intrusive (?) 

greenstones and a layer of blue limestone which is four inches 

in thickness, are intersected by numerous dark dikes. They 

occupy a very small area, being intruded by grano-diorite and 

olivine-gshbrc which cuts thoa off on o-very aide except the 

northern. On iron Point, on T?in islands, about two miles 

('# 80° W) from Hidalgo Point, a small patch of stratified 

rocks occurs In which thin limestone layers are numerous, 

alternating with argillites and quartettes. They frequently 

contain garnet, pyrite and occasionally 2 little magnetite, 

the presence of the lsst two minerals causing them to weather 

in brilliant red and in bleck colours. Their dip is ^5° 

toward the north-a est, while their strike is tX 54° W. Some 

of the limestone beds contain ^eodes linsd -vith cslcits, the 

formation of which Bjay have been due to the presence of shells 

A very imperfect caat of a pelecypod was found in a layer of 

Impure limestone, which, from its convex shape and the 

character of its ribs and ear, is believed to be the right 

valve of distorted pseufloraonctie subcircularia. 



Two excellent casts of this fossil, which are 

slightly distorted, were found in the small area of sedimentsry 

rocks on the west side of Jumble I., which is situated in 

Knight Inlet near its entrance among the archipelago of Queen 

Charlotte Sound. These rocks are very much altered, as are 

those of a small stratified mass which lie immediately to the 

east of Jumble 1. Brief reference will be made to other 

localities in Queen Charlotte Sound where sjr*all areas of 

stratified rocks occur which are believed to belong to this 

series. In general their strike is about N 50° W, and their 

dip is usually vertical or steep toward the north-east. On 

Swanson Island, massive volcanic greenstones are intercalated 

with argillites, quarts!tes and indurated shales. On the 

south-eastern corner of Mars Island, on a small unearned island 

just north of Sonwick I., on House island, on the outer islet 

of the Sedge Islands ana on the north-eastern portion of 

Village Island, small areas of sedimentary rocks are exposed. 

They consist of argillites, q.uartzites and limestone, the beds 

of which usually range from one to six inches in thickness. 

Owing to the differential weathering of their layers, they 

present a ribboned appearance. On House and sedge Islands 

they are intricately ffelied, ^hile on a small island to the 
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west of Fire island and in Health Bay on Gilford Island, what 

seem to have been the same rocks have been partially changed 

to hornblende schists. All of these small masses of strati

fied rocks have experienced the effects of contact metamor-

phism, and the adjacent plutonic rocks usually contain a large 

number of small detached fragments of the stratified series. 

The presence of Pseudoraonotis subcircularis determines these 

rocks to be of Upper Triassic age. 
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Metamorphism of Sedimentary iiocks. 

On the western part of Harbledown Island, and on 

S. Valdes island, certain portions of the sedimentary series 

of rocks approximate more closely to their original character 

than those in any other localities within the region; but, 

in general, the stratified rocks have been much altered under 

the influence of the processes of metamorphism. In many 

instances, Important 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 gases, vapours and 

waters, some of which were undoubtedly supersaturated solu

tions that, passing outward into the invaded rocks, caused 

their partial or entire recrystalligation, and often developed 

new minerals within them. The contact aureola is very 

narrow in some places, while in others it attains a width of 

from one to about three thousand feet. 

When influenced by contact metamorphism, lime

stones, in addition to reerystallization, are especially 

susceptible to the formation of new minerals. Within the 

contact aureole the following non-metalliferous minerals have 
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developed within the limestones and calcareous rocks of this 

region:-

Garnet Sphene Sillimanite 

Wollastonite 

Tremoli te 

Epidote 

Vesuvianite 

Hornblende 

[uscovits 

Tourmaline 

Serpentine 

Chlorite 

Quartz Eoisite 

The serpentine and the chlorite are products of the alteration 

of the pyroxene and hornblende respectively. 

Of these minerals, the first five on the list are 

of the most widespread occurrence. In some localities, as 

on &ars Island in Queen Charlotte Sound, very much indurated 

argillites and quarts!tes alternate i?ith bands that are almost 

entirely composed of garnets. Prior to metamorphism, these 

rocks were shales and fine grained sandstones interbedded with 

thin layers of impure limestone. A specimen from one of 

these gametiferous bands on liars Island, which macroscopically 

appears to be a closely packed aggregate of fcinnamon-broim 

garnet crystals with a little calcite and tremolite, was found, 

when examined in thin sections, to contain also small amounts 

of wollastonlte, sphene, sillimanite and quartz. A specimen 

from another band fcfc&fc displays small crystals of garnet in a 
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white, fine grained matrix, Thich under the microscope proved 

to be granular wollastonite with zoisite, quartz and vesuvian-

Ite. On the Elsie mineral claim, on the west side of 

Redonda Island, a small patch of massive limestones have 

almost entirely lost their identity through replacement by 

magnetite, wollastonite, eoidote, quartz and vesuvianite, with 

secondary serpentine. A few narrow bands of limestone, about 

one mile before Axe Pt. in Knight Inlet, have been altered to 

a dark greenish-gray rock, which in thin section is found to 

consist of hornblende, epidote, sphene, quartz and calcite. 

The Hornblende is very strongly pleochroic from very dark 

brownish-green to light olive-green, and is thus distinct 

from the pyrogenetic hornblende of the region. Other locali

ties, where excellent contact phenomena of a similar nature 

may be seen, are,- the Twin Is.; Bold Pt., on S. Valdes Island; 

south-east of Granite Bay in the interior of S. Valdes Island; 

upper tunnels of Cuba Silver Mining Co. on Loughborough Inlet. 

In the last locality, garnets of a light red colour lie in a 

matrix of radiating fibres of tremolite. In some places, as 

in Fanny Bay on Phillips Arm, or Adeane Point on Knight Inlet, 

where crystalline limestone is in contact with the plutonic 

rocks, it contains siliceous concretions with pyrite, and the 



whole mass has been stirred about, resembling a marble cake 

in appearance. 

Of all the typical contact minerals, garnet, 

epidote and wollastonite seem to be the most abundant. The 

garnet is light red to brown in colour, occurring as single 

crystals, aggregates of crystals or in massive form. In thin 

section, it is colourless or yellowish, and often exhibits 

anomalous double refraction which bears a definite relation 

to the faces of the rhombic dodecahedron. The double refrac

tion is variable and occasionally the crystals of garnet 

display triangular and diamond-shaped patterns, the latter 

with angles corresponding to the gace of a dodecahedron. In 

each figure, the extinction is progressive fron the outside 

towards the centre. Excellent specimens of garnets possess

ing these anomalous propsrties were collected on Mars Island 

and on the Twin islands. The garnets contain irregular 

inclusions of all of the other minerals which may be present. 

It seems probable that here, as in Alaska, *the greater per 

cent of the garnet associated with the contact metamorphic 

deposits is andradite, and not grossularite*. 

* U.S. Geol. Surv.Bull. 347, p. 91. 



The wollastonite is white or grey!#h-green in 

the hand specimen, and usually occurs in grains of very 

variable size. On the Elsie mineral claim, West Redonda 

Island, it occasionally occurs in fibrous aggregates in which 

the stout fibres owe their origin to repeated twinning 

parallel to (100). 

Epidote is not restricted in its occurrence to 

the metamorphosed linostones, but also occurs in some of the 

altered argillites, and is very abundant as a product of 

decomposition in the intercalated volcanic rocks. A pale 

grayish-green rock traversed by thread-like veins of calcite 

and quartz, which, of frequent occurrence, is typically 

developed near the marble on the mainland south of Dinner 

rock, and in Bird Cove, Keade Island, consists of epidote, 

chlorite, quartz, sphene and a little calcite. This rock 

seems to hsve been a limestone which has been largely 

changed to epidote through contact metamorphism. 

Tremoli te occurs in the for?n of radial aggregates 

of white, silky fibres. Tourmaline was only noticed to be 

present in the form of sprays of black, needle-like crystals 

upon a joint plane traversing crystalline limestone on the 

Geiler mineral claim in the interior of S. Valdes Island, in 
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McDonald Bay, Knight Inlet, muscovite occurs in crystalline 

limestone at its contact with granodiorite. 

vathin the tone where the stratified rocks have 

been affected by contact metamorphism, it is not uncommon to 

find that they have been impregnated by disseminated grains 

or masses of pyrite, pyrrhotite, magnetite, chalcopyrite, 

bornite and, less frequently, by small grains of galena, zinc-

blende, arsenopyrite and gold. 

The manner of their occurrence clearly indicates 

that these metaliferous minerals were deposited during the 

cooling down of heated solutions which emanated from the 

plutonic magmas. There likewise seems to be no reason to 

doubt that at least a considerable Percentage of the non-

metaliferous minerals, such as garnet, epidote, wollastonite, 

etc., were similarly formed by deposition fro>n magraatic 

emanations. In support of this doctrine is the fact that 

some of the limestones,which have been impregnated by these 

minerals, are remarkably pure. A sample of limestone belong

ing to the Marble Say formation, fror.i S. Valdes Island, was 

found to bentain a little more than one per cent of insoluble 

residue in the form of excessively fine particles of quartz. 

Within the contact aureole, the argillites and 
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quartz!tes either become very compact with a highly indurated 

appearance, or they develop a schistose structure. In a few 

localities they were noticed to contain visible epidote and 

garnet. In thin section, their original clastic or granular 

character is no longer discernible, but they are found to 

consist of a mosaic of exceedingly small interlocking grains 

of quartz, often accompanied by small amounts of epidote and 

irregular grains of magnetite and pyrite. Every stage in 

their transition to quarta-biotite schists and quartz-horn

blende schists may be observed in ths field. Ferro-matmesian 

minerals, usually flakes of biotite, develop in perfect 

alignment within the marginal portions of a layer of argillite. 

These appear as dark lines in the rock and, becoming more and 

more numerous, a schist is finally produced. In only two 

localities, at Fawn Bluffs in Bute Inlet and at WIgnell Point 

in Loughborough Inlet, narrow bands of slate occur, which are 

also probably metamorphic equivalents of the argillites. of 

those minerals vrhich are frequently developed in argillaceous 

rocks through contact metamorphism, andalusite was observed in 

a thin section of a quartz-biotite schist from Port Seville, 

which also contains augite, a little epidote and a few grains 

of magnetite. The homogeneous texture and pure siliceous 
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character of some of the cherty argillites suggests that they 

may have been formed by netasomatic silification of thin 

limestone layers. 

The extrusive and intrusive volcanic rocks 

apparently have been altered to schists more easily than the 

other members of the stratified series. As in Port Neville, 

and in the vicinity of Hall Pt., on the north side of Maurelle 

Island, they sre partially represented by hornblende schists 

which are intercalated with the less altered argillites. 

These schists,or araphibolites,consist chiefly of hornblende 

and plagioclase feldspar, with such minerals as epidote, 

chlorite, kaolin, quartz, sphene and black iron ore. Certain 

roof-pendants composed of hornblende-schists, such as the one 

which occurs about a mile beyond Cascade Point in Knight 

Inlet, are believed to be the metamorphosed equivalents of 

massive volcanics, probabl/ belonging to the Valdes formation. 

Schists of this type are similar in their mineralogical 

composition and general appearance to those which have been 

formed by the local shearing of the diorites in the region. 

In general it may be said that the development of 

typical contact minerals in the sedimentary rocks is dependent 

upon the depth to which the roof-pendants have been exposed. 
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The best examples of the effects of contact metamorphism are 

limited to some of the islands and lower forelands, where 

denudation has not been carried to such a great depth as in 

those fiords of the mainland which are bordered by the highest 

mountains. Within the latter, depths are exposed where 

metamorphism has been so intense as to almost completely alter 

the stratified rocks to schists with intercalated lense-like 

bodies of crystalline limestone. New minerals have baen 

developed, but the metamorphism has been more closely related 

to that which takes place in the zone of flowage within the 

crust of the earth. The magma, at this depth, was under 

greater pressure, and the invaded rocks more impermeable, 

two conditions which are not conducive to the release of 

magmatic emanations. Since, apart from the variable character 

of the solutions emitted by the cooling magmas, the conditions 

which were suitable for the formation of mineral deposits of 

economic value were identical with those necessary for the 

development of the typical non-metaliferous contact minerals, 

it may be expected that within those portions of the district 

where tne fiords have been eroded to greatest depth fviz., 

where they are bordered by the higher mountains), if such 



aeposits occur, they will be found within the roof-pendants 

of stratified or schistose rocks, but up toward the tops of 

the mountains rather than at the lower levels. 
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Intrusive Igneous Hocks. 

The Intrusive igneous rocks of this region Include 

(i) the abyssal or plutonic rocks,which ha«e invaded the 

stratified series in the form of Immense batholiths, and 

(ii) the hypabyssal varieties, which, as dykes, traverse both 

the plutonic and stratified rocks, occasionally spreading out 

along lines of stratification in the form, of sheets. 

Abyssal Rocks. 

Distribution. 

More than three-fourths of the area covered by 

this renort is underlain by plutonic rocks, which are exposed 

at the surface over wide areas or are locally covered with a 

thin mantle of glacial drift. They not only comprise the 

major portion of the Coast -Mange within this district, but 

also the majority of the off-shore islands. The small areas 

of stratified rocks are mere remnants of the roof which once 

universally covered these batholiths, there being no doubt 

that they are resting upon plutonic rocks of the same petro-

graphical character and geological age as those about to be 

described. The walls of the fiords, which penetrate far into 

the central portion of the Coast Bangs where mountains occa

sionally rise to eight thousand feet in altitude, nresent an 
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almost continuous outcrop of these rocks, which once existed 

in a liquefied or molten state. Along the upper reaches of 

the fiords, the roof under which this magma cooled and crys

tallized must have been situated many thousands of feet above 

the summits of the loftiest mountains of today. 

Lithological Character. 

The petrographical character of these rocks 

should be of especial interest because of their geological 

importance within this area. They are heterogeneous in 

character, including granites, granodiorites, diorites, 

gabbros and hornblendites among their number. Such a close 

petrographical relationship exists between the different types 

that, within comparatively small areas, one variety gradually 

passes into another. The following rock-types were examined:-

Biotite and hornblende granite 
Biotite-muscovite granite 
Granodiorite 
Diorite 
Quartz diorite 
Quartz-mica diorite 
Quartz-augi te-diori te 
Quartz-norite 
Hornblende Gabbro 
Porphyritic Oilvine-Hornblende aabbro 
Hornblendite 

In respect to areal distribution they vary widely 

in relative importance. Quartz diorite is the most prevalent 
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type, although the granites and granodiorites, if considered 

together, are probably as abundant. Gabbros and hornblendites 

occupy relatively small areas. 

As a rule, these rocks possess a remarkably uniform 

granitoid texture, usually being of an evenly coarse-grained 

character. The basic varieties are subject to a more frequent 

change in texture than the acidic, medium-grained species 

being common among them, while the hornblendites are the most 

coarsely crystallized of the series. Porphyritic facies have 

been developed in some of the small intrusive rock-bodies (as 

in the vicinity of Deep Bay), along zones of irregular width 

at the margin of some of the batholiths, end over limited areas 

where erosion has removed the roof but apparently has not 

reduced the surface of the batholith to any great depth. The 

majority of the phenocrysts are plagioclase, although those of 

orthoclase and quartz are locally developed among the acidic 

rocks, and, less often, those of hornblende among the basic. 

A miarolltic structure was noticed within these rocks in but 

two places - in granite, on the south shore of Ramsay Arm 

about three miles from its entrance; and In diorite, on the 

west shore of East Redonda Island at a point nearly opposite 

to Marylebone inlet. in the former locality, a few drusy 

cavities, up to four inches across, are lined with small, well-
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formed crystals of orthoclase, oligoclase and quartz; In the 

latter, crystals of hornblende protrude into small hollow 

spaces. These cumulative facts seem to imply that the condi

tions under which the greater portion of these rocks crystal

lized were unusually uniform in character. 

In general, they are some shade of gray in colour, 

the most acid varieties being almost white, and with increasing 

basicity becoming darker, until the hornblendites are quite 

black. in a few localities, the granites and granodiorites 

are of a pink or red hue, owing to the colour of their feld

spars, while greenish tints characterize some of the darker 

rocks, chiefly because of the development of chlorite or 

epidote or both of these secondary minerals. Occasionally 

minute veinlets of epidote and chlorite traverse these rocks. 

Upon weathered surfaces the shades of green and white have 

frequently been accentuated, the blending and alternation of 

rocks of sombre colours with those which are lighter consti

tuting one of the most pleasing features of the scenery. 

The mineralogical composition of these rocks may 

be conveniently shown by arranging the component minerals in 

a tabulated list, as follows:-
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Essential Accessory Secondary 

plagioclase 

Orthoclase 

Quartz 

Hornblende 

Biotite 

Augi te 

Hypersthene 

Olivine 

Plagioclase 

Quartz 

Soda-Mi cro cli ne 

Hornblende 

Muscovi te 

Sphene 

Apati te 

Magnetite 

Titaniferous) 
Iron Ore ) 

Zi rcon 

Epidote 

Orthite 

Pleonaste 

Hornblende 

Chlorite 

Epidote 

Zoisite 

Kaolin 

Calcite 

Muscovite 

Sericite 

Bastite 

Talc 

Leucoxene 

Magnetite 

A comparison of this table with a similar one 

which was compiled by Leroy1, in order to denict the composi

tion of these plutonic rocks as they occur in the adjacent 

area to the south, will show that only five minerals have been 

added to his list, viz., microcline, olivine, talc, pleonaste 

and orthite. These minerals are of rare occurrence within 

this district, the mineralogical composition and petrographical 

character of the rocks being essentially the same as in the 

1 Geol. Surv. of Canada, Bull. No.996, 190P, p. 19. 
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area described by him. 

Five minerals constitute more than ninety per cent 

of the total mass of plutonic rocks in this region, and appar

ently their relative abundance may be expressed by the 

formula - plagioclase hornblende biotite quartz 

orthoclase. Of the remaining primary minerals, those of 

frequent occurrence are sphene, muscovite, apatite and the 

iron ores. 

These rocks possess numerous family traits in 

common, one type passing into another, suggesting that they 

were all derived from a magma which was, at least approximately, 

homogeneous in character. Considering thorn as a whole, the 

following mineralogical characteristics may be noted:-

(1) The soda-lime feldspars are far in excess of the potash 

varieties, the latter being most abundant in the acidic rocks, 

although in some of the rocks possessing the largest percentage 

of free quartz, plagioclase is more abundant than orthoclase. 

From determinations of the plagioclase feldspars in a large 

number of the rocks, it would see^n that their average composi

tion is that of a slightly acid andesine. Oligoclase and 

andesine are the most abundant varieties, although albite is 

quite often present in the acidic and labradorite in the basic 

rocks. Bytown!te and anorthite are rarely met with, occurring 
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in only a few of the most besic rock-types. Zonal structures 

are very often displayed in the individual crystals of feld

spar, especially by those of andesine and oligoclase. The 

boundaries between the successive zones are commonly very 

distinct, showing a repeated and sharply defined alternation 

in the growth of sodic and calcic varieties; but frequently a 

progressive extinction, shading from the interior of a crystal 

outwards, or vice versa, suggests that the change in 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 and pericline 

laws. The width of the twinning lamellae generally is greater 

among 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 examined microscopically, soda-nicroeline was only noticed 

to be present in the granite from Granite Mountain on Bute 

inlet. Epidote, zoisite, calcite, kaolin and sericite are 

very common products of the decomposition of the feldspars. 

(2) Quartz is present in nearly all of these rocks, being 

absent from only a 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 



freen. Thin mineral usually occurs in the form of sptell' 

greenish-black ^rlssts, upon which crystal faces are seldom seen 

but* possessing an excellent cleavage, asooth glistening sur-

faces are wet* in evidence. In th® hornblendites , blade-iiite 

eryatals of hornblende sometimes attain a length of two or 

three Inehaa. Some fragments of these large crystals of 

hornblende were carefully selected froa a specimen of horn-

blendlte, which was collected about two wiles beyond the 

Slrfaati Valley on the north shore of Knight inlet, end yrvHUB* 

Oampbell, ;i.Sc, while s fourth year student in the course of 

Ohesiical Engineering in McUtll University, iaede an analysis of 

this mineral with the following rerults;-

Si 0% <U.O GS Q 11,6 
Al^#3 14.0 Hg 0 12.? 
Fex0, 4.1 R z 0 0.4 
i* 0 10.B mto , ?»£_ 
Ti 0^ *>.7 joial 100.9 

Aoong sotae of the dark-coloured rocks, the nom-

blende assurses both compact and fibrous forma, having the 

appearance of *gresn diella^e". Such hornblende Is actinolitl 

or smragdl ii c in character, or, when compact, has a mottled 

appearance under the microscope, because the intensity of the 

green colour varies not only in different crystal.* but often 

1 
See page 



within a single individual. The lines of cleavage are closer 

together than in ordinary hornblende, and minute particles of 

black iron ore are profusely sprinkled along them. Fibres of 

hornblende, singly or matted in aggregates, pierce the feldspars 

In every direction. In many specimens containing hornblende 

of this character, no diallage is present; but a few rocks were 

examined in which a small amount of this mineral occurs in such 

relationship to the hornblende as to make it plain that pro

cesses of uralitization have been at work. 

Biotite and hornblende very frequently occur 

together, often being mutually intergrown. 

(4) Biotite occurs more commonly in the light-coloured, 

acidic rock-types than in the dark basic varieties. When 

present in the latter, it is usually subordinate in amount to 

hornblende. Along the upper reaches of Knight and Loughborough 

Inlets, biotite seems to be more abundant than the other ferro-

magnesian minerals. Macroscopically its flakes are dark brown 

to black in colour and occasionally have perfect hexagonal 

outlines. Under the microscope, they are very strongly pleo-

chroic, from dark brown to light yellowish-brown. Hexagonal 

flakes of this mineral, of an almost equal size, are dissemin

ated through the granite from a point about two miles before 

Matsin Valley in passing up Knight Inlet, imparting an unusual 



f 0 

appearance to this rock. Chlorite is the common product of 

decomposition of both the biotite and hornblende. When altera

tion to chlorite has taken place, small grains of secondary 

magnetite have often separated out. 

(5) In a discussion of the general mineralogical composition 

of these rocks, the pyroxenes are of minor importance when 

compared with hornblende or biotite, since their occurrence 

seems to be restricted to a few of the basic varieties. The 

diallage is colourless or pale yellow in thin sections, and is 

generally found to be largely altered to uralitic varieties of 

hornblende. It is believed by the writer that this mineral 

was once of more widespread occurrence in these dark rocks, 

but today its former presence is recorded by that of secondary 

hornblende. Probably this change of diallage 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 batholiths1. Hypersthene was 

only noticed to be present in the quartznorite from Baker 

island, which is described in detail on page 

(6) Sphene is apparently present in the majority of these 

rocks. It occurs either in the form of irregular grains or 

in small crystals with the characteristic wedge-shaped outline. 

See page 



// 

It is surprising how often its bright little yellowish-brown 

crystals are discernible to the naked eye. 

Microscopic crystals of zircon are disseminated 

through some of the granites, granodiorites and quartz-diorites. 

Apatite is almost universally present in the form of small 

hexagonal crystals or irregular grains of microscopical dimen

sions. Small grains of black iron-ore are sprinkled through 

all of these rocks, but their number is exceedingly variable. 

They are occasionally surrounded by a thin border of leucoxene. 

The presence of pyrite is frequently 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 between older and younger bodies of intrusive plutonic 

rocks, the older are often impregnated with more or less pyrite. 

In the specimens examined, the occurrence of 

olivine is limited to the dolerite from Hernando Island, "srhich 

is fully describe^ U D O n a later page. Allanlte is abundant 

in the pink granite from Bean Point on West Hedonda island. 

It is brownish-green in colour, strongly pleochroic, and is 

associated with epidote. This latter mineral is present in 

many of these rocks, usually being derived from the decomposi

tion of the feldspars, although in a few granites it seems to 
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j&comraon Types,,, 

A fe?/ verities of plutonic rock, which are not 

typical of this district as a whole, but are interesting 

because of certain peculiarities of structure, composition or 

occurrence, seemed worthy of a more careful study. They 

illustrate either some exceptional order in the separation of 

the rock-forming minerals from a cooling magma, or some extreme 

products of differentiation which are not of common occurrence 

within the batholiths of the Coast Range. 

1- Quartz-aiorite. This type of rock occurs along Indian 

Passage on the northern shore of Baker Island in Queen Char

lotte Sound. it Is of interest in connection 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 remarkable for the unaltered condition of its component 

minerals, the dark colour and opaque character of its feldspar, 

and for the intergrowth of its hypersthene and augite. 

It is a coarse-grained rock with a uniform grayish-

black colour and a hypldiomorphic structure. Macroscopically, 

it is difficult to distinguish between the plagioclase and the 

pyroxene, because of their striking similarity in colour, but 

the plagioclase assumes the form of narrow laths, up to cm. 



in length, possessing glancing cleavage surfaces upon which 

twinning striations may often be observed, while the pyroxene 

occurs in small irregular grains with less perfect cleavage. 

By the method already described, a photograph 

was made in which the thin section was magnified diameters. 

By lines drawn one-tenth of an inch apart, this photograph was 

divided into squares, and by counting the squares it was deter

mined that approximately two-thirds of the rock is composed 

of plagioclase. 

The constituents revealed by the microscope are 

(l) feldspar, (?) faintly pleoehroic rhombic pyroxene (hyper-

sthene), (3) monoclinic pyroxene (diallage), (4) biotite, 

(5) hornblende, (6) quartz and (7) iron ore. The feldspar Is 

chiefly andesine {Ab An) with a small amount of labradorite 

(Ab An). Its cloudy appearance in thin section is due to the 

presence of innumerable duet-like particles, or a matted 

sagenite-llke network of fine rods or plates ^hich represent, 

in all probability, titaniferous iron ore (ilmenite). The 

rods always have a definite arrangement, most frequently 

following the direction of the double twinning after the 

pericline and albite laws. 

The amount of diallage is less than that of the 

See page 



faintly pleoehroic hypersthene. These two minerals are inti

mately intergrown with each other, and sometimes the non-

pleochroic diallage forms a partial border about the hypersthene 

The incipient alteration of the hypersthene is marked by the 

development of a small amount of bastite. Hornblende is a 

constituent of insubordinate importance, its presence probably 

being due to uralitization. It chiefly occurs as flecks 

which are sprinftled through the augite. Iron ore is quite 

abundant in the form of irregular trains, which are surrounded 

by an irregular fringe of dark brown biotite. A small amount 

of quartz is present in the angular interstices between the 

xenomorphic crystals of feldspar. The constituents of this 

rock crystallized in the following order,- iron ore, biotite, 

the feldspars, the pyroxenes, hornblende and quartz. 

2» Quartz Diorite. Specimens of this rock ?/ere collected 

on a snail stream, called Gold Greek, at a distance of about 

one hundred yards from where it debouches into the sea on the 

northern shore of Gall Greek. The intrusive rock-body from 

Which these specimens were taken has the form of an irregular 

sheet-like apophysis which, dipping gently to the east, pene

trates other plutonic rocks, Megascopically this rock is 

characterized by the presence of numerous subhedral crystals of 

hornblende, up to an inch in length and three-tenths of an inch 
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in width, scattered through a matrix which in appearance 

resembles a mixture of salt v/ith a small amount of pepper. 

The black hornblende crystals, which in vertical sections dis

play a tendency to assume a bi-convex form, are sprinkled with 

many white specks which are visible to the nsked eye. 

Under the microscope, the rock proves itself to be 

worthy of especial mention on account of (1) the remarkable 

porkilitic structure exhibited by the hornblende, and (°) the 

progressive undulatory extinction of the greater number of the 

individuals of plagioclase, (plate Fig. A). In thin 

section, the hornblende is strongly pleoehroic from a deep 

olive-green to a light yellowish-green. It encloses a vast 

multitude of lath shaped crystals.of plagioclase, which are of 

a smaller size but of a similar composition to those of which 

the matrix is largely composed. The hornblende also contains 

grains of iron ore, the latter mineral occasionally occurring 

as very minute particles which are arranged in patterns similar 

in nature to those produced by dendritic growth. The horn

blende is undoubtedly a primary constituent, and It is slightly 

altered to chlorite. 

The matrix is essentially composed of plagioclase 

with smaller amounts of titanic iron ore, quartz, sphene, 

apatite and secondary epidote, zoisite and leucoxene. The 



plagioclase is chiefly oligoclase (Ab An) with which is 

associated a certain amount of albite. It occurs in the 

form of Stubby laths which display zonal structures and, with 

exceptional frequency, a twinning according to the Carlsbad 

as well as the albite law. The undulatory extinction, fron 

outside inwards, may bo due to a zonary growth which is so 

fine that it is not revealed by the microscope. The central 

portions of some of these crystals of plagioclase have been 

altered to epidote and zoisite. 

The iron ore occurs in considerable quantity as 

large grains, which are disseminated through the light-

coloured minerals and produce the pepper-and-salt appearance 

in the hand specimens. The quartz crystallized last, and is 

very irregularly distributed. Thick prisms of apatite and 

small anhedral crystals of sphene are sparingly present. 

During the crystallization of this rock, the 

feldspar erystals first began to form, but their growth was 

interrupted at certain centres by the development of horn

blende. There does not seem to have been two generations of 

the plagioclase, but e progressive growth of the crystals of 

this mineral took place in the matrix, while some individuals 

which were not full-grown became enclosed within the hornblende. 
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3. Porohyritlc Hornblende-oilvine Gabbro. At Hidalgo 

Point, on the north-eastern corner of Hernando island, a small 

area of the bed-rock emerges frora beneath the sands of which 

the greater part of the island is composed. Here a contact 

between quartz diorite and a small patch of stratified rocks 

has been exposed. Near the most southern extension of this 

contact, a later intrusion has given rise to a rock type which, 

from a petrographical standpoint, is one of the most interesting 

of those observed within this region. This intrusive body of 

rock assumed the form either of a very wide dike, or of a 

small stock, the margin of which is laid bare. 

At the immediate contact, this rock is fine

grained, but at a distance of a few inches within the mass 

large phenocrysts of hornblende, which occasionally exceed an 

inch in length and width, and smaller ones of plagioclase, 

augite and olivine, sre abundant in a fine-grained groundmass. 

A foot from the contact the groundmass becomes quite coarsely 

crystallized, and of a distinctly gabbroid character. On a 

fresh surface the rock is very dark gray in colour and the 

bright cleavage surfaces of the phenocrysts impart to it a 

striking appearance. 

The specimen examined in the laboratory was 

collected at the contact of this porphyritic rock with the 
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diorite. As a hand specimen it should be called a porphyritic 

hornblende-oilvine diabase, but the author has deemed it advis

able to Substitute the terra gabbro Instead of diabase vhen 

referring to the large and more coarsely crystallized mass of 

which this fragment merely represents a marginal facias. 

The phenocrysts are more or less angular or 

rounded in form* Their appearance strongly suggests that at 

least some of them were developed as idiomorphic crystals, 

which were then breed ated (plate Fig. A) by internal 

movements within the magma. Their rounded forms and deeply 

embayed borders imply that, owing to some chemical or physical 

change in the magma which gave them birth, thsy have been 

partially dissolved. 

Olivino is abundant, but is very much decomposed, 

the alteration products being talc, serpentine and an unusual 

sjsounc of magnetite, together with some pyrite. The crystals 

of olivine are surrounded by a narrow kelyphite-like rim of 

talc, the laminae of this secondary mineral being developed 

normal to the exterior surface of each crystal. When the 

olivine adjoins the faldspar this zone is wider, and in a few 

instances a double fringe of talc has b-een formed. The interior 

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

which traverse the grayish-green olivine are lined with 
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fibrous or lamellar seroentlne. In a few instances, the 

olivine has been entirely replaced by these products of decom

position, a core of bright green serpentine, traversed by 

sreiniets or magnetite and pyrite, being surrounded by a border 

3f colourless tale in which very small grains of magnetite 

are disseminated, (Plate Figs. A and B). 

Under the microscope, the phenocrysts of green 

hornblende often display a porkilitic structure owing to the 

inclusion of stubby laths of feldspar, They are bordered by 

a narrow absorption rim. The individuals of pale-green augite 

are numerous though not so large as those of hornblende. 

Occasionally thsy assume the form of idiomorphic crystals and 

are frequently surrounded by a zone of uralitic hornblende. 

The abundant phenocrysts of feldspar assume either 

anhedral or subhedral forms. xney approximate very closely 

to labradorite in composition, the majority of them being of a 

3lightly more acidic character. This labradorite is remarkable 

for its unaltered condition and for the various habits of 

twinning which it exhibits. In a single thin section, 

twinning has developed, within the individuals present, accord

ing to the Carlsbad, albite, pericline and Baveno laws IPiate 

M g . B). In some phenocrysts the twinning lamellae are very 



narrow, while in others thsy are far apart. Strain shadows 

are not uncommon. idany of the crystals are traversed by 

irregular cracks, some of which have been formed by an increase 

in the volume of the rock consequent upon the hydration of 

the olivine, but others were undoubtedly broken before the 

magma had solidified,- probably while being transported from 

a lower level. 

The texture of the rock as a whole is porphyrito-

granular, but the groundmass shows a tendency to develop the 

ophitic structure. This groundmass is composed of plagio

clase and augite with a large amount of iron ore, a few needles 

of apatite as accessory constituents and some secondary horn

blende and pyrite. The plagioclase occurs in the form of 

equi-dimensional grains or short laths, which occasionally 

display a zonal growth. In composition they correspond to 

a basic oligoclase. 

4. Orbicular jiornhlende-Gabbro., In his report for 1BB7, 
j | - .II.. > • urn . m i JI .1 i. • i. i -i i • i r •-* T i " ~ * r r - - — . - -.- ^-

while describing the geology of the islands in Queen Charlotte 

Sound, Dawson writes as follows:- "Bark highly hornblende 

"rocks, of granitoid texture, also appear in several places, 

"and these might appropriately be classed as diorite from their 

"external appearance. On one of the small islets west of the 
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"end of Midsummer island, a dark rock assumes a beautiful 

"spheroidal concretionary structure which is well 3hown on 

"glaciated surfaces. The spheroidal masses are closely 

"crowded together, their diameter being fror two to four 

"inches." A more detailed description of this rock is now 

given, because (i) it displays an exceptionally perfect develop

ment of the orbicular or spheroidal structure, and (ii)certain 

pec&liar features attend its occurrence, which, in so far as 

the writer gas been able to ascertain, have not been found in 

other localities where spheroidal structures are known to be 

developed among plutonic rocks. 

The greater part of this islet and of the immediate

ly adjacent islands is composed of dark basic rocks, ?rhich 

vary both in their composition and texture and are frequently 

penetrated by apophyses and dikes of granite. These basic 

plutonic rocks seem to be a differentiated marginal facies of 

the batholith of granite from which very many of the islands 

in Queen Charlotte Sound have been carved by the activity of 

the long-enduring processes of erosion. On the north-western 

corner of the small island where this orbicular gabbro occurs, 

a small patch of argillites, with an areal extent of only a 

few square yards but with the ribboned appearance and vertical 
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dip which characterizes a roof curtain of these rocks in this 

region, is situated at a distance of about one hundred yards 

from the place where the plutonic rock exhibits the spheroidal 

structures. Ths location of this small area of sedimentary 

rocks makes it plain that the conditions necessary for the 

crystallization of the magma into spheroidal aggregates of 

rock-making minerals existed at a short distance, in a hori

zontal direction, from an actual contact. ktoreover, it seems 

probable that in this locality the batholith has not been 

deeply denuded, and, hence, the roof, or some pendent from it, 

may have been removed not far above the present surface. 

The smoothly glaciated surface of the outcrop of 

this spheroidal rock has been exposed for a sufficient length 

of time to permit the action of the weather to etch those 

minerals mos$$ readily decomposed, and to thus bring into 

relief macroscopic structures which are not easily discernible 

upon a freshly fractured surface. A heavy fog was slowly 

lifting at the time the writer visited this locality, and the 

wet surface of this outcrop presented an exceedingly striking 

appearance. That portion of the intrusive body of rock, 

which is distinguished by the development of the orbicular 

structure, has a length,in a north and south direction, of 
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fifty-fJUve feet. Its maximum width is fifteen feet, the 

western and southern boundaries being comoletely exposed, 

while to the east and north it is partially masked by a thin 

covering of soil which bears a lowly growth of shrubbery. 

Within the area thus outlined the orbules are so closely 

congregated that they are contiguous v*ith each other. Within 

a distance of twelve feet from the southern end of this colony 

of spheroids, the gabbro passes gradually into e. normal state 

of crystallization. The transitional type of rock is 

characterized by a tendency on the part of the feldspar to 

gather itself into rounded aggregates, about an inch in 

diameter, while the dark ferro-magnesian minerals are arranged 

in an irregular manner around these embryonic light-coloured 

spheroids. Some orbules of a larger size, which are ellip

soidal in shape, are scattered through the rock, even where it 

has assumed a coarsely crystallized gsranitoid texture. They 

are few in number, being widely separated grom each other. 

One of these flattened ellipsoids was noticed to have a 

maximum diameter of nine inches. ihe western margin of the 

orbicular facies of the gabbro is sharply outlined by a black 

streak or band of ferro-nagnesian minerals, which is more or 

less continuous with a width of about an inch. 

In so far as «an be determined from an examination 



13 

of hand specimens, the normal facies of this rock consists of 

a coarsely crystallized aggregate of dark-gray plagioclase 

feldspar, a greenish-black hornblende, some black iron ore and 

pyrite. The rock possesses a hypidiomorphic structure, but 

it displays abrupt variations in the size of the grains and 

the relative abundance of its component minerals. In general, 

the feldspar is the predominant mineral, but in some specimens 

the hornblende is more abundant. The cleavage faces of both 

the feldspar and the hornblende are occasionally an inch and 

very frequently half an inch across. Some of the plagioclase 

has a striated appearance, owing to the excellent twinning of 

this mineral according to the albite law. The specific 

gravity of this rock is 3. 

When examined in thin sections under the microscope 

no other primary minersIs than those already mentioned are 

found to be present in the normal facies of this rock. ihe 

hornblende has every appearance of having been formed by the 

alteration of diallage. When compact, the hornblende contains 

a multitude of minute grains of black iron ore. The presence 

of these dust-like inclusions imparts to it a highly schiller-

ized appearance. Neighbouring crystals differ in the amount 

of dust they contain, while & single crystal is often mottled 
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or blotched because of the irregular distribution of these 

inclusions. Occasionally the hornblende possesses the leaf-

like structure parallel to a pinacoidal plane and the schiller-

ization along this plane, which are characteristic properties 

of diallage. Much of the hornblende occurs in the form of 

actinolite and smaragdite, the more compact variety being 

occasionally bordered by a fringe of this latter mineral. 

The actinolite ranges from bright green to colourleas varieties, 

its formation being associated by the separation of a consider

able amount of iron ore. The fibrous hornblende pierces the 

feldspar in every direction. Within a single crystal of feld

spar, either the fibres are matted together or small bundles 

of them persist in following a certain direction, or they are 

scattered separately in an irregular manner through the 

crystal. The most of the hornblende is strongly pleoehroic 

in various shades of green, the smaragdite changing from a 

light yellowish to a beautiful bluish green. ihe maximum 

extinction angle of the hornblende is 1B°. Lecomposition of 

this mineral accounts for the presence of * small amount of 

chlorite. The black iron ore is present in fairly large 

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

presence of a thin border of leucoxene around 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 display a tendency to assume 

idiomorphic forms. They are very fresh, though occasionally 

clouded by the presence of a vast number of excessively srnall 

particles of black iron ore. All of then show twinning 

according to the albite law, the pericline twinning often 

accompanying it. The high extinction angles of the twinned 

lamellae, with a maximum of about 40°, determine this feldspar 

to a very basic plagioclase. By using Wright*s method for 

the determination of feldspars, it was found that the dominant 

variety is bytownite (Ab An) with a less amount of labradorite 

(Ab An). Some of the crystals are traversed by cracks, and 

are slightly granulated on their borders. The minute frag

ments are either cemented together by meonhytic feldspar or 

they are surrounded by actinolite. Many 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 wock which were 

examined, unaltered diallage was only found to be present in 

one which passed through the central portion of an orbule 

(Plate ). Each rounded crystal of this mineral is 



bordered by smaragditic hornblende. Although the mineral 

constitution of this rock might lead one to call it a diorite, 

the secondary nature of the hornblende and the presence of 

even this small amount of diallage, which is partially 

uralltized, suggest that the term hornblende-gabbro may be an 

appropriate name for it. 

In thin sections of the above mentioned transitional 

type of rock, over which one passes upon approaching the 

orbicular facies of the gabbro from the south, it is found 

that the small li.^ht-coloured nodules are composed of basic 

plagioclase with some pale-green, fibrous hornblende. The 

close mineralogical resemblance which they bear to the central 

parts of the large orbules, and the tendency of their component 

minerals to arrange themselves in a radial menner give emphasis 

to the conclusion that they represent an early stage in the 

development of the orbules. These orbicular nuclei are 

usually separated from each other by a distance of at least 

one inch. The remainder of the rock is largely composed of 

hornblende, similar to that which occurs in its normal facies, 

accompanied by a few small crystals of highly pleoehroic 

biotite, iron ore sn& some feldspar. Here end there, chlorite 

has been formed by the decomposition of these ferro-magnesian 



minerals, and during the process a little titanite has 

crystallized out. The dark border, which so sharply defines 

the western boundary of the orbicular facies of the gabbros 

and seems to be a unique feature about this occurrence, 

consists chiefly of hornblende and Iron ore ^ith a very small 

amount of plagioclase. 

Differential weathering of the light and dark 

constituents, the strong contrast in their colour and a 

regularly srranged variation in the texture contribute to the 

prominent appearance of the orbicular structure upon the 

weathered surface of the gabbro. Upon an artificially 

polished surface, the details of this structure are also 

beautifully displayed. The orbules generally have the form 

of perfect spheres, but a few of them have a tendency to 

assume an ellipsoidal shape. They very from two to four 

inches in diameter, although within an area of two or three 

square feet they are usually of a uniform size. Their 

outline is sharply defined because they possess a coating, 

about half an inch thick, which is much finer in grain than 

the remainder of the rock. Upon P weathered surface these 

dark-gray fine-grained borders rise in cameo-like relief, 

thus depicting clearly the exact boundary of each orbule. 
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It is, however, impossible to separate a whole nodule from the 

rest of the rock, as may be done in several well-known occur

rences of orbicular rocks, such as those of Pine Lake in 

Ontario, Wirvik and Kortfors in Finland, because the crystals 

upon the margin of these outer envelopes are intergrown with 

those which occupy the interorbicular spaces. Within these 

rims, the orbules become lighter in colour snd more coarsely 

crystallized toward the centre. They display a tendency 

toward both concentric and radial structures, dependent upon 

the arrangement of the light and dark minerals. in some of 

the larger orbules there is a well-defined zone, at a distance 

of about an inch from the centre, which is marked by the 

presence of a higher percentage of the dark ferro-magnesian 

minerals. 

ihe interorbicular spaces are dark in colour, in 

the larger spaces the rock possesses e texture which is similar 

to that of the normal facies, being largely composed of horn

blende with small amounts of plagioclase and iron ore. The 

smaller ones are characterized by the presence of feldspar 

crystals, up to half an inch in length, which, in section on 

a polished surface, are arranged, like cogs on a wheel, upon 

the margin of the orbules, while the remainder of the space is 
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occupied by hornblende and large grains of black iron ore. 

From a microscopical examination of thin sections, 

it is found that the component minerals ofi the orbicular 

facies are similar in appearance to those of the normal rock. 

The distinct character of the spheroidal structure is largely 

dependent not only upon the disposition but the character of 

the hornblende. The core of an orbule contains a snail 

amount of this mineral, which is more or less fibrous, being 

pale green in colour and accompanied by very little, if any, 

iron ore. A striking feature is that which may be referred 

to as the globular form of these hornblende crystals, the 

interior of which is less pleoehroic than the surrounding 

fringe of smaragdite. In one orbule examined, the central 

part of these globular grains proved to be diallagefplate ). 

In passing outward from the centre of a spheroid,the hornblende 

becomes more compact and darker in colour, being irregularly 

^illed with inclusions of the titaniferous iron ore. In some 

orbules, this mineral is arranged both radially and in con

centric zones, which are jagged in outline but possess more 

regularity than would be suspected from a macroscopic examina

tion. The farther from the centre, the darker is the colour 

of the hornblende and the more iron ore there is present until 
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the fine-grained envelope is reached. In these envelopes 

the hornblende is very intimately intergrown with the plagio

clase and is similar in character to that in the centre of 

the ofebules. in the interorbicular spaces it becomes dark 

green in colour, having a much higher iron content, and is 

associated with numerous large grains of iron ore. Fibres 

of hornblende, either separately or in irregular bundles, 

penetrate the feldspar in every direction. Subsequent to 

consolidation, the rock has been 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 ). From its appearance some of the hornblende 

may have been a primary constituent of this rock, but undoubted

ly the most of it is secondary, probably being formed by the 

alteration of diallage. 

The core of each orbule is largely composed of 

basic plagioclase, the crystals of which are occasionally 

grouped in radial aggregates. This feldspar has the composi

tion of bytownite (Ab An), although a few grains are present 

which have the indices of refraction corresponding to both 

anorthite (Ab An) and labradotriee (Ab An). Toward the 

periphery of the orbules, the labradorite becomes the dominant 
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variety. iwinning according to the albite and pericline 

laws is beautifully developed, and occasionally Carlsbad 

twinning may be detected. in those zones where the horn

blende is rich in iron, the feldspar is filled with fine 

inclusions of iron ore. Some of the crystals of feldspar 

show an incipient alteration to calcite. That the rock has 

experienced strain is evidenced by the undulatory extinction 

of some feldspar grains and the granulated borders of others. 

In his comprehensive treatise on certain rocks 

which possess the orbicular structure, von Ohronstschoff* 

shows that such shperoidal crystallizations may originate 

under very different conditions. They may be either primary 

structures, of the nature of segregations, which have developed 

during the crystallization of a. homogeneous magma, or fragments 

of rock which, being enclosed by the magma, have been melted, 

recrystall!zed and partially absorbed. Such inclusions may 

be detached fragments of the invaded rock, or products' of an 

early crystallization of the magna itself. 

Two explanations may ha offered for the presence 

of the orbicular structurs in the rock described in this 

* Ohronstschoff, K- von, Uber Holocrystalline Makrovario-
litische 3esteine". Mem.Acad.Imp.Sol. St. Petersburg, 
Vol. 43, Pt. 3, 1R94, pp. 1-P45. 
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paper. Either the shperoids were formed during the primary 

crystallization of the magma under the metastable conditions 

which existed at its contact with the invaded rocks, or they 

vere produced by the partial re-fusion and re-crystallization 

of a marginal gabbroid facies of the granite. Although 

there are features of the occurrence which suggest the possi

bility of the latter method of origin, the writer is strongly 

inclined toward the belief that the former explanation is the 

correct one. In the growth of each orbule, crystallization 

of feldspar seems to have taken place almost to the complete 

exclusion of the ferromagnesian constituents, until through 

a fall of the tampersture or an "increase in the gas content 

changed the saturation of the solution* with respect to the 

latter. Fluctuation in the temperature seems to have been 

an important factor, since In the concentric zones, and 

especially in the fine-grained peripheral zone, an entectic 

point was reached at which both the feldspar and ferromagne

sian minerals crystallized simultaneously. The changes in 

temperature may have been caused by tha liberation of heat 

consequent upon rapid crystallization, which impeded further 

crystal growth "until diffusion of the heat permitted 



saturation to rise again." 

* Iddings, J.P.; Igneous kocks, Vol. I., p. 234. 
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gtractural Relations. 

These plutonic rocks are the crystallized equiva

lents of vast bodies of deep-seated magmas, called batholiths, 

which Invaded the stratified rocks of this region. They were 

not formed during a single Incursion of magma to a definite 

level; but, on the contrary, this igneous complex has been 

produced by repeated advances of the liquefied rock. in a 

few localities, the batholiths are partially separated from 

each other by partitions of the stratified rocks or their 

schistose equivalents. .tore frequently, one bathollth is 

found to break across and send forth irregular apophyses into 

ne i ghb ouri ng b atho1i th s. 

Upon the western portions of the inter-fiord 

peninsulas, »nd on mny of the islands, the intrusive bodies 

are smaller, and the contacts between them are more sharply 

defined than toward the interior of the Coast Range, where 

the fiords dissect the region to a much greater depth. The 

Intricate relationship between the successive intrusions is 

displayed in an especially elaborate manner in such areas as 

Gilford, MidsuMner and Canoe Islands in Queen Charlotte Sound; 

Reade, Cortez and the Redonda Islands in the Gulf of Georgia, 

alonp- the mainland fro:;* Powell Ktover to Forbes Bay, on the 
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northern shore of Call Creek, etc., etc. There are at least 

three periods of intrusion recorded in the plutonic rocks of 

West Redonda Island. Within such areas, there are many 

localities where the roof has been little more than removed, 

the plutonic rocks exposed at the surface being laden with 

fragments of the stratified series as truly as when they are 

in lateral contact with a roof-remnant. In sailing up the 

larger fiords of the mainland, the magnificent sections 

afforded by their enclosing walls display progressively 

greater depths within the plutonic masses. Toward the heads 

of these fiords, the mountains frequently rise from the shore 

to altitudes of from 6000 to over 9000 feet, end even the 

highest peaks have been profoundly unroofed, so that at sea-

level the rocks exposed must have crystallized at a great 

depth within these former reservoirs of magma. Here the 

batholiths are very large and the boundaries between then are 

often vague; but even at these depths, there is no evidence of 

a floor, and the largest batholiths expand in width as their 

boundaries are traced downwards. These observations seem to 

constitute unequivocal proof that in those areas where the 

intrusive bodies ere numerous and small, erosion has not 

reached a sufficient depth to reveal the large plutonic masses 



from which the smaller ones emanate. It likewise seems 

probable that the batholiths emerged froia a zone within the 

earth's crust where distinct boundaries cease to exist. 

The close mineralogical relationship which these 

rocks bear to each other suggests that the different intrusive 

bodies were produced by the differentiation of a magma that 

must have been at least approximately of a homogeneous char

acter. In general, the sequence of the intrusions has been 

marked by an increasing acidity of the magma with a corres

ponding decrease in its specific gravity. The hornblendites 

and some of the larger bodies of dark basic rocks are the 

oldest, while the light-coloured quartz-diorites, granodiorites 

and granites are the youngest. As a rule differentiation has 

likewise taken place in the individual batholiths in such a 

manner as to form a peripheral zone of relatively basic rocks, 

such as dark diorites and gabbros, which shade gradually into 

an interior of more acid and homogeneous character. For 

example, near Kwalate Point in Knight Inlet, the hornblendites, 

which seem to be an ultra-basic marginal modification of the 

oldest batholiths within this area, pass gradually into a dark 

diorite. In some localities, these basic modifications are 

wanting, and the batholiths are light in colour at their 
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margins. For example, at Kelly Point on Valdes Island, 

granite is In immediate contact with massive volcanic rocks, 

and near Campbell Point in Loughborough, the ferromagnesian 

minerals are almost entirely wanting where granite is in 

conjunction with limestone. 

The stratigraphic record witnin this district is 

so destitute of fossils, and different groups of strata occupy

ing different positions in the stratigrsphic column are so 

similar and fragmental in their distribution, that without a 

more detailed study, it is impossible to assign a definite 

geological age to the successive intrusions- In fact, it 

does not seen improbable that they all belong to one programme 

of igneous activity, which was continuous in the region as a 

whole, but Intermittent in a ,uver. locality, with intervals 

sufficiently loni for successive 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 later 

than the early Jurassic. From analogy with the areas described 

by Daly and Leroy, this widespread invasion of magma must have 

occurred at a time prior to the deposition of Cretaceous 

strata. The vast majority of these intrusive bodies may thus 
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safely be regarded as of Jurassic age, probably being injected 

during the latter part of that geologies 1 period. It would 

seeni that at that time this area was floating on a deep-

seated magma which, by its intrusion in one locality and then 

in another, relieved the accumulating stresses. A number of 

batholiths of more basic magmas were the first to invade the 

region. They may be looked upon ss the introduction to the 

chapter of igneous activity which followed. Although within 

a given locality periods of quiescence see a to have alternated 

with periods of renewed advance on the part of the magma, such 

periods of quiescence in one locality may have corresponded to 

periods of activity in another. The upward progress of some 

of the individual batholiths seems to have been of this 

periodic 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 more basic magma 

at its margins, and solidification through crystallization to 

s certain depth. Then following a renewed demand for relief 

of stress in this immediate locality, the still molten and 

more acid magma of the interior ruptured the more basic and 

solidified peripheral portions of the batholiths and proceeded 

upward once more. For example, it seems difficult to other-
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^Ise explain how, in oorae localities, the granite batholith, 

which comprises the majority of the islands in Queen Charlotte 

Sound, merges gradually with its basic marginal modifications, 

and in other places, the granite is in sharp contact with the 

same basic rocks. This intermittent intrusion of at least 

some of the batholiths will also explain the fact that in some 

cases the massive type of rock in the interior of such an 

intrusive body becomes gradually schistose toward tfee periphery, 

while, in others, the massive facies breaks across such schists 

and sends forth small dikes into them. 

When in contact with the later intrusions, the 

older plutonic rocks have been impregnated with disseminated 

trains of pyrite. For this reason some of these contacts are 

distinguished by an irregular rusty zone,which has been pro

duced by the oxidation of the pyrite tnrou:;h weathering. 

Occasionally very small amounts of chalcopyrite sccompanied 

the pyrite, and then the characteristic green colour, popularly 

known as 'copper staining*, appeers upon weathered surfaces. 

These sulphides ^ere deposited by the heated gases and vapours 

which were associated 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 been an 



abundant constituent, may also be explained as a result of 

the pneuiaatolytic and hydrothermal processes attending the 

intermittent or successive intrusion. That this uralitiza-

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, seems certain from a microscopical 

study of these rocks at different distances from their con

tacts with the ^ors acid plutonic bodies. 

The shape of the individual batholith is very 

irregular, but, as a rule, its longest axis is approximately 

parallel to the structural trend of the region. Owing to this 

tendency on the part of the batholiths to assume elongated 

elliptical outlines, the type of plutonic rock changes more 

frequently when crossing the Coast Ran^e than when a traverse 

is made parallel to its general i*.W.-s.i£. direction. In this 

respect, the form of each batholith is an expression of the 

persistency with which the stresses have come from the south

west, or north-east, and presumably frora the former direction. 

The large number of isolated areas of stratified 

rocks afford many opportunities for the examination of well-

exposed contacts between them and the intrusive plutonic 

masses. The varying depths to which erosion has reached in 



carving out the trench-like fiords grants the more exceptional 

opportunity of examining "roof-pendants** of the stratified and 

schistose rocks as they descend to different levels in the 

batholiths. in each Instance, the invading magma has sifted 

off a greater or smaller number of these roof rocks. 

Laboratory investigation is not necessary to demonstrate the 

absorption of these fragments. in many instances a complete 

sequence may be obtained in which, with increased distance 

from an immediate contact, angular fragments, becoming more 

and more rounded, pass into weird forms drawn out with their 

longest axie in the direction of magmatic advance, and finally, 

losing their individuality, appear as dark streaks or smears 

which, becoming in turn less and less distinct, are character

ized by a higher percentage of ferromagnesian minerals. This 

sequence is especially well defined where the plutonic rocks 

are in contact with the schists. ilere the sifting processes 

and their results are often displayed in a most spectacular 

manner, for the magma has. so charged itself with blocks of 

schist that it is difficult to determine within a distance of 

a mile or so, where the boundary line between the two rock-

varieties should be located on the map. 

The magma effected the separation of these blocks 



? 

from the * roof-pendants* by the injection of a complex network 

of dikes. In some places its action seems to have been 

especially violent and aggressive, as at the remarkable contact 

between the massive volcanics of the Valdes formation, which 

is exposed on the northern shore of Johnstone Strait, about 

five miles north of Port Seville. Here the magma ruptured 

the andesites into a vast assemblage of angular fragments of 

all sizes. In other places, the more liquid magma has 

advanced in a remarkably tranquil manner, injecting numerous 

dikes parallel to the planes of schistosity or stratification, 

so that mere parting layers or wedges of schist and argillites 

alternate with thin bands of the intrusive rock. Such dikes 

vary in width from snail fractions of an inch to hundreds of 

feet. The weuges of schist may be a hundred feet or more in 

width with similar thicknesses of plutonic rocks intervening 

between them, as alon^ the northern shore of Thompson Sound; 

or they may have a width of an Inch or less, alternating with 

dikes of the same order of magnitude, as in the patches of 

schistose argillites in Health day on Jilforu island, near 

Eden Point on West Thurlow I Gland, and at Fawn fluffs in Bute 

Inlet. When small, these parallel injections usually possess 

a gneissoid structure, which has been induced by continued 



10 

isotion while in a viscous state. A specimen from such a 

dike, two inches in width, which is interbanded with the 

argillites in Health Bay, Gilford island, is gnelssoid with 

a tendency toward an augen structure. Under the microscope 

in thin section, this rock was found to have the composition 

of a quartz diorite, the component minerals of which snow no 

evidence of dynamical metamorphism. Such dikes are not to 

be confounded with layers, retaining the original width and 

lamination of argillitic beds, which,when traced along their 

strike, have locally absorbed so much of the constituents of 

the magma that they have been altered to araphibolites, or 

biotite-hornblende gneisses. 

In nan/ localities, denudation has extended to such 

denths thet the tattered and frayed ends of the wroof-pendants* 

are exposed. In such instances, the stratified or schistose 

rocks are frequently traversed by an intricate network of 

irregular granitic dikes. In some of the areas designated 

upon the map as patches of stratified rocks, as on the eastern 

shore of McDonald Bay, and at Adeane Point on Knight Inlet, 

huge fragments of crystalline limestones and schistose argill-

ites really lie in a matrix of the Invading plutonic rocks. 

Quite frequently, at a distance of several miles from any 
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c©&pact areas of schist, the plutonic rocks will assume a 

banded appearance, owing to the presence of layers of schist, 

from mere films up to a foot in thickness, which weather out 

upon the surface in parallel position. Typical occurrences 

of such banded structures are ©xhibited on the northern shore 

of Enight Inlet, about a mile west of Lull Bay, and on the 

eastern shore of Loughborough inlet, about three miles from 

Grisniond Point. In the former locality they extend for a 

distance of a mile or so along the shore, occasionally merging 

into a homogeneous diorite. The following diagrammatic 

sketch shows the relationship between the schistose bands and 

the granodioriter

nary of the bf?nds of schist exhibit definite evidences of 

absorption by the magma, for th?ir edges havs a corroded 

appearance, and while of a dark gray colour at the centre they 

shade into a light gray at the margin where they blend with 

the interbonded granodiorite. The lighter colour is due to 
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an enrichment of feldspar, anhedral crystals of which Mineral, 

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 roost remarkable feature in connection with 

such parallel injections is that even the most Isolated bands 

of schist have a similar strike, and where the connection can 

be traced they retain the same strike as the compact parent 

masses fro-n ^hich they have been separated. Erosion in laying 

bare the lower limits of the roof-pendants has also demonstrated 

that, at least in many instances, these detached areas of 

stratified rocks arc not true partitions between batholiths; 
of the magma 

but that the same body/has welled up on either side of a 

pendant, reducing its width and l^n^th by the processes which 

have just been described. Nevertheless, such pendants have 

afforded cooling surfaces toward which differentiation has 

conducted the more basic portions of the magma. 

Where the older dark-coloured Plutonic rocks have 

been invaded by tho batholiths of mora acidic composition, the 

contacts between thera are often marked by the presence of vast 

numbers of fragments of the former within the latter. Such 
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a contact occurs on the northern shore of West Eedonda Island, 

at a short distance from Qonnis point. In some localities, 

as at Cascade Point in Knight inlet, the newer magmas seem to 

have advanced before the older had consolidated, long dark 

streaks of a basic character, simulating the tails of comets 

in outline, appearing within the lighter rock. 

In many localities, far from lateral contacts with 

the invaded rocks, the more recent batholiths are sprinkled 

through with a multitude of dark rounded inclusions, the 

majority of which are less than a foot across. Frequently 

standing out in high relief uoon weathered surfaces, they 

differ from the including rock in that they contain less 

quartz, a higher percentage of ferronagnesian ::iin^rals, and 

their feldspars are usually of a more basic character. Some 

of these may be portions of tns altered stratified series, 

but the great majority of then are presunably fragments of the 

older plutonic rocks, which have fallen fron a roof shattered 

by the more recent advance of magma. That they are not basic 

segregations ses-is clear fron analogy with the oft-repeated 

endomorphic contact phenomena already cited. This is further 

evidenced by the fact that some large blocks of dark plutonic 

rock of varieties, whose normal structural relations within 

the district have been determined, are occasionally surrounded 
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by light granite or granodibrite in positions which must be at 

a considerable distance, either laterally or vertically, fro® 

the larger ©asses of which they were once a part. The inclu

sions may be seen in every stage of dissolution consequent 

upon their gradual assimilation by the magma. 

The phenomena observed in the field corroborate 

the theory advanced by Baly concerning the processes by which 

the magma in a batholith gradually works its way upward. That 

the advance of the main portion of a batholith is preceded by 

or coincident with the intrusion of sheet-like apophyses, 

small stocks ana dikes, *vhich penetrate the fissures in the 

shattered roof, is well-exemplified in those portions of the 

region where erosion has not extended deeply into the plutonic 

masses. By mesns of tnese minor intrusions, aided by stresses 

induced by unequal expansion and the movement of the magma, 

especially when plrstic, at the immediate contact with the 

invaded rock, clocks of all sizes are rifted off from the roof. 

Upon being detachad, these fragments of the roof are gradually 

melted end dissolved as they sink in the magma. 

It seems highly probable that the stratified rocks 

of this region were folded either before or during the Invasion 

of the batholiths. The magma ascended on either side of each 

limb of the folds, which were reduced in size by the removal of 
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fragments, as described, their remnants remaining as wroof-

pendantsB. It likewise seems eertain that those portions of 

the schistose roof-pendants whieh 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 magma acting as a solvent. By these 

processes the magma enlarged its chambers for a 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. 

Within this region, two main sets of joints 

traverse the rocks, one of which trends approximately ft.ff.-S.S., 

the other being at right angles to this direction. The joint

ing planes are either vertical or dip steejrly to the eastward. 

On S. Valdes Island where they intersect the Valdes formation, 

the most pronounced set trends H . Among the plutonic 

rocks, they are often very wide apart, being almost entirely 

absent in some of the massifs, such as that of Granite Mt. on 

Bute inlet. 

That this region is traversed by faults, srhich 

assume the same general direction as the joints, is the belief 

of the author. It will require a more detailed study than 



was afforded by this reconnaissance survey to demonstrate the 

presence of a regional system of faults. Slickenslding and 

ninor faulting are,of common occurrence along the joint planes 

traversing the most massive members of the stratified series. 

That these rocks are intersected by faults with a very con

siderable throw is exhibited on Harbledown and South Valdes 

Island. Baronet Passage must follow the line of a fault with 

the downthrow side to the north. It seems certain that this 

faulting was caused by the differential adjustment of portions 

of the roof during the intrusion of the plutonic rocks. Where 

the stratified rocks are in thin beds which are much metamor

phosed and steeply inclined, as they so frequently are in this 

area, it is almost impossible to determine the location of 

faults even if they do exist. 

The occurrence of prominent roof-pendants on one 

side of a fiord and their absence or offsetting on the opposite 

shore, when considered in connection with the straightness of 

some of the fiords, such as 3ute inlet, mckes one very suspicious 

that a fault is present; but this cannot be regarded as definite 

proof of post-bathclithic faulting, since the leek of contin

uity of the roof-pendants taay be dua to their having been cut 

off or broken across during the period of mar-ma tic invasion. 
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The Alexandria and Dorotha Morton mines on Phillips Arm are 

situated on a fault which assumes a direction of h 45 - 59° W, 

intersecting the biotite-muscovite granite of that district, 

probably extending southward along the channel which sepatares 

West Thurlow island from the mainland. Slickenslding was 

noticed on joint planes traversing plutonic rocks in several 

tunnels within the Phillips Arm district. The granite is 

locally sheared into sericite schists whose strike corresponds 

?:ith this direction. The fine-grained siliceous rock of 

light r?ray colour, which was collected at the face of the 

Alexandria tunnel, proved upon examination in thin section 

under the microscope to be of the nature of a fault breccia, 

being composed of finely tuturated plagioclase and orthoclase 

feldspars with much secondary quartz and a little muscovite. 

Dikes were noted to be faulted in a number of localities 

within the rsgion, also showing that some displacement has 

taken place at a later date than the most recent intrusion of 

igneous rocks. 
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Hypabyssal Rocks. 

Dikes 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 traverse all of 

the rock formations, and,although they belong to different 

periods of intrusion, the greater number of thera must be 

regarded as the youngest rocks within the district. Their 

number is legion, it being unusual to make a traverse of a 

quarter of a mile without encountering one or msny of them. 

Within the heart of the Coast Kange fviz., toward the heads 

of the longest fiords), they are not so frequent in their 

occurrence as along its margin and upon the many islands. 

Although t:;ese dikes have a -vide petrographical range, they 

may be divided into two main groups,- the leucocratic or 

light-coloured eolites, pegmatites, syenite porphyrites, 

granophyroi;, etc., on the one hand, and the melanocratic or 

dark diorite porphyrites, diabase, malchites, etc., on the 

other. Certain porphyrinic dikes of a composition which is 

intermediate between these groups are present, but they are 

few in number. 



X 

3**oup j. 

Erosion has been carried to a sufficient depth in 

the fiords to demonstrate that the intrusion of the first grouP 

of dikes was directly associated with or closely followed that 

of the batholiths of granite and granodiorite. They are most 

extensively developed in those areas underlain by plutonic 

rocks or near their immediate contacts. They, however, do not 

appear within the central Portions of the individual batholiths, 

but intersect their marginal parts,- displaying the most clearly 

defined walls Tvhere they intersect the argillites, schists and 

the most basic of the nlutonic rocks, such es the hornblendites, 

gabbros and dioritea. Especially is this generalization true 

for the distribution of the aplltes and pegmatites. 

*• Aplites. These dikes ordinarily vary in width from a 

fraction of an inch to five or six feet. In a few instances 

they *re much wider, as on the southern side of Gilford Island, 

where there are numerous irregular apophyses of aplitic 

granite, which have a breadth of several yards and frorr. which-

true apllte dikes emanate. in certain localities, they are 

extremely irregular in width and direction and through repeated 

intersection for- a comnlex network of dikes, as on the eastern 

side of East Thurlow Island, just within the entrance of 
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Ualaspina Inlet, in several prominent exposures on Bute Inlet, 

etc. Their intersection is of so definite a character that 

one is led to the conclusion that there has been a series of 

intrusions of these dikes during different stages in the advance 

or cooling down of an individual batholith. Where the contact 

is exposed between the older hornblendites and gabbarcs and the 

granite, aplite dikes cut the former, but in tracing them into 

the granite they rapidly blend with it and lose their individu

ality. Some of the aplites branch, sending off irregular 

arms, which taper into etringlets that are highly quartzose in 

composition. At least some of the numerous quartz veins on 

the eastern side of 'iaureile and East Thurlow island seem to 

bear a similarly close relationship of this nature to the 

aplite dikes that ars present. In those areas underlain by 

hornblende schists, narrow tongues of aplite, often less than 

an inch in width, have sometimes been injected parallel to the 

planes of schistosity. Apart from those areas where the 

aplites have been developed in groups, the moro widely separated 

individual occurrences frequently possess a fairly persistent 

strike, which corresponds approximately to Lhe trend of the 

Coast Kange. Faulting of these dikes was occasionally noticed, 

as in Doctor Bay on West eedonda Island, where the throw has 
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produced a horizontal displacement of ten feet in one of them. 

The aplites are usually white, grey or slightly 

reddish in colour. They are very fine grained, rarely 

possessing a texture which is coarser than that of loaf sugar. 

In a few cases their texture is the chief feature which dis

tinguishes thero from the granite itself, but, in general, they 

are composed of quartz and feldspar with minute flakes of 

biotite appearing as mere specks which are often widely 

separated. Orthoclase is a common constituent, but they are 

generally characterised by the presence of considerable plagio

clase, which ranges from albito to oligoclase in composition. 

In a dike near Salmon Point on Bute inlet, the feldspar is 

oligoclase, and the flecks of biotite are arranged parallel to 

the walls, imparting a weakly gneissoid appearance to the rock, 

which must be considered as a primary feature in its crystalliz

ation. From the centre of another aplite dike, near this 

locality, a perfect octahedron of magnetite warj collected, 

which was slightly mora than half an inch across. An aplite 

dike near Brett-all Point, at the entrance of Toba inlet, JJas 

a blotched QC mottled appearance, owing to the irregular 

development of secondary epidoto. 

2. Pegmatites. Dikes of this type are not of frequent 



occurrence within this area, yet they are not uncommon. They 

are essentially composed of quartz, orthoclase, plagioclase 

biotite, and occasionally Muscovite and magnetite aro present. 

There Is a striking absence of those minerals, such as tourma

line, fluorite, lithionlte, etc., which ere so often associated 

with pneumatolytic action. plagioclase, in the forra of albite 

or oligoclase, is often the dominant feldsoar, and is sometimes 

present to the exclusion of the orthoclase. graphic inter-

growths of quartz and feldspar, and perthitic intsrgrowths of 

the feldspars are quite common. The pegmatites on the south 

side of Ramsay Arm, about three --lies from its entrance, con

sist of quartz, -niIk-white oligoclase and crystals of a light 

brown biotite, some of which are two inches in length and an 

Inch In width. A specimen was taken from a pegmatite dike on 

the mainland opposite the southern end of Ragged Islands, in 

which a reddish crystal of orthoclase about two inches 1 "*ng 

displays the graphic structure produced by intergrowth with 

quartz. 

3» Granophyre. With the exception of the aplites and 

pegmatites, there are very few dikes within this region in 

which quartz is visiblo to the naked eye. A dike which cuts 

-ranodiorite at the head of earrington Harbour, on Cortez 
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Island, displays a few phenocrysts of greanish-black hornblende, 

some of which are an inch in length and e quarter of an inch 

in $idth, widely scattered through a gray, medium- to fine

grained matrix composed chiefly of feldspar with a small amount 

of visible quartz, biotite, hornblende and magnetite. Under 

tho microscope the groundmass is seen to consist of numerous 

phenocrysts of plagioclase, which range from oligoclase to 

andesine (Ab An - Ab An), and a smaller number of quartz and 

orthoclase in a granular matrix, which possesses an almost 

universal mlorographic structure produced by a remarkable 

threadlike Intergrowth of the feldspars and quartz. The plagio

clase is the predominant constituent, and in the lath-shaped 

phenocrysts frequently has a zonal structure, the centre of the 

crystal being andesine and the outer zone oligoclase. The 

biotite is occasionally intergrown with the hornblende, but it 

occurs chiefly in dense clusters of small crystals which have 

diverse orientation. A few needles of apatite, and small 

amounts of chlorite and epidote, formed fron the decomposition 

of the biotite and plagioclase respectively, are present. 

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

applied are so numerous that they constitute an important type. 

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



7 

which are described under Group II. on the shore of 3ilford 

island, opposite the eastern end of Kuinlah Island, an inter

section of one of these syenite porphyries by R dark dike may 

be easily seen. 

Macroscopically, they exhibit abundant phenocrysts 

of feldspar in a light greenish-gray cryptocrystalline ground-

mass. The phenocrysts have a more or less rounded appearance, 

and although seldom, if ever, more than one-fifth of an inch 

across, they are occasionally so numerous as to comprise fully 

one half of the rock. 

A specimen from one of these dikes, which traverses 

granodiorite near the middle of the southern shore of Otter 

Island in Desolation Sound, wss selected for microscopical 

examination. in the hand specimen forty phenocrysts of feld

spar, few of which exceed one-tenth of an inch across, appear 

upon a square inch of surface. In the thin section, it is 

found that the phenocrysts are oligoclase (Ab An), some of 

them being quite turbid through incipient alteration to kaolin, 

and that the groundmass consists essentially of orthoclase, 

oligoclase, a small amount of biotite and hornblende with 

accessory quartz, both pyrogenetic and secondary epidote, 

orthite, a few grains of magnetite and long slender needles of 



apatite. A considerable part of the groundmass is character

ized by a microsphernlitic structure, in which the pseudo-

sphemlitss consist of a cryptographic intergrowth of feldspar 

and very subordinate amounts of quartz, biotite and hornblende. 

The phenocrysts have frequently been the nuclei about which the 

radial growth took place. The pals green hornblende and the 

brown flakes of biotite are not abundant, occurring in the 

form of shreds, which are arranged in radiate or spray-like 

forms according to the shape which the sphernlites assume. 

The sphernlites havt ill-defined boundaries, merging into the 

granular groundmass which exists between thero. The orthite 

is sparingly present, being; intergrown v?ith the epidote, which 

occasionally is crystallized in the form of small fan- or 

sector-shaped aggregates. 

5. Pelsites. These dikes are few in number, and were only 

noticed cutting granite rocks. They are gray to brown in 

colour, and so finely crystalline and dense in texture that 

their fracture is conchoidal. They are essentially composed 

of plagioclase feldspar, some crystals of which appear as 

microscopic phenocrysts in a groundmass in which the same 

mineral appears in the form of extremely fine grains of the same 

order of magnitude. A little magnetite, titan!te, and secondary 

epidote are present in disseminated grains. 
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Group II. 

Previous to the invasion of this region by the 

batholiths of the Upper Jurassic, the sedimentary rocks were 

traversed by a few dark dikes and intrusive sheets, which 

probably bear a genetic relationship to the extrusive andesites, 

dacites, etc., of the Valdes Series. Moreover, it seems 

probable that a few of the dikes, such as the diorite porphyrite 

described below, were injected at the same time as those 

belonging to Group I. 

Of more widespread distribution are the vast number 

of dark dikes, Trtiose intrusion marked the close of igneous 

action within this region. From a 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 between 

the invasion of the batholiths and the deposition of the creta

ceous coal measures. They cut the ore bodies of the district, 

and, although in a few instances they have a thin selvage of 

pyrite along their contacts, they have played a very subordinate 

part, if any, in mineralization. 

From Adeane Point to the head of Knight Inlet, a 

distance of miles, very few dikes are present. in 

some localities, on the contrary, they have been developed in 



swarms, as on the northern shore of East Redonda Island, Clipper 

Point on Bute Inlet, Henrietta Point on utuart Island, the 

north shore of Arran Rapids, the southern shore of Frederick 

Arm, etc. On the northern shore of Pryce Channel, and east of 

Double island, twenty-one of these dikes occur within a distance 

of one hundred yards. 

They usually vary from one to ten feet in width, 

but occasionally attain to seventy feet or diminish to a few 

inches in breadth. They are frequently irregular in their 

strike, but the greater number of them either assume a direction 

which is parallel or transverse to the trend of the Coast Range, 

thus corresponding to the regional system of joints. inhere 

the walls of the fiord are devoid of vegetation, these dikes 

often appear as dark, ribbon-like bands of a remarkably constant 

width, extending from the shore-line to the summit of mountains 

several thousand feet high. In general, the dikes are as 

durable as the rocks which they intersect; but many of the minor 

irregularities in the shore-line are due 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 hand, 

when more resistant, they stand up as low walls. Respective 

examples of the forms produced by such differential erosion may 
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be seen on the southern end of Harwood island and near Connis 

Point on West Redonda island. 

Generally their contacts are very sharp, but frag

ments of the wall rock are often scattered through their mass. 

This seems to be most commonly the case where the dikes traverse 

the limestones. in some instances a schistose structure has 

been developed within the dikes to quite a distance from their 

margins. 

The dikes belonging to this group are lamprophyr&c 

in appearance, yet plagioclase enters into their composition to 

a greater extent than in those dikes to which Rosenbusch applies 

the term ttlamprophyres*. Their colour varies from a grayish-

green to black. Macroscopically, those possessing a fine

grained to cryptocrystalline texture may be distinguished from 

those which exhibit a porphyritic structure. The uniformly 

fine-grained varieties are the most abundant. 

The phenocrysts, which are seldom more than half an 

inch in length or breadth, are usually plagioclase, and less 

frequently orthoclase, greenish-black hornblende or augite. 

No specimens were examined in which the phenocrysts of ortho

clase predominate over those of plagioclase. the plagioclase 

occurs in the form of rounded, prismoid or lath-shaped indivi-
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duals, which are either irregularly scattered through the 

groundmass or, as was noticed in exceptional cases, 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 said to have a seriate 

porphyritic fabric, since there is a wide range in the size 

and number of phenocrysts. 3y using the collection of oils 

of different indices of refraction, which have been prepared 

by Dr. F.£. Wright of the Geophysical laboratory in Washington, 

D.G., for the purpose of determining the feldspars, it was 

found that, although the phenocrysts of plagioclase range in 

their composition from oligoclase (Ab An) to labradorite (AbAn), 

the majority of them ore andesine (Ab An) of a slightly acidic 

character. In rare occurrences, hornblende is present in the 

form of phenocrysts which assume the form of short but narrow 

prisms. Phenocrysts of augite are barely visible in a few of 

the dike-rocks. 

A microscopical study of thin sections demonstrates 

the fact that these dikes comprise a wide variety of closely 

related types. Diabase is the most common and widely distri

buted type; but, in addition, malchites, odinites, spessartites 

and 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 augite, which causes the term horn

blende diabase to become an appropriate one for describing the 

nature of some of these rocks. Uralitization has 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 correspond in their 

appearance, as a rule, to those varieties of the same minerals 

which occur in the plutonic rocks of the region. Siotite is 

of very rare occurrence in these dikes, and, when present, 

occupies a less important position than the hornblende which 

accompanies it. in some cases, the biotite is intergrown 

with the hornblende. The augite is colourless or pale yellow 

in thin section, and shows every stage in the process of 

uralitization. Hydrothermal action seems to have been 

responsible for the alteration of the augite to uralite. 

Frequently the phenocrysts of augite have a corroded appearance, 

the embayments being filled and the crystals surrounded by 

uralite and magnetite which have been formed together. it 

seems probable in some cases that the augite has been changed 

to the more stable hornblende at a period previous to the final 
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consolidation of the rock. The primary hornblende belongs, in 

general, either to the common or basaltic varieties, and when 

in phenocrysts this mineral often displays twinning. 

Plagioclase Is the dominant feldspar, the ortho

clase being present in relatively small amounts or is entirely 

absent. The plagioclase usually occurs In the form of long 

narrow lath-shaped individuals, which are remarkable for their 

twinning and for the zonal structure, which is often developed 

not only in the phenocrysts but also in the smaller individuals, 

which usually form a high percentage of the uniformly fine

grained rock3 and of the groundmass of the porphyrites. In 

the porphyritic dikes, it is clear that, in some cases, 

different generations of feldspars have been formed, since the 

phenocrysts have been broken and the cracks are filled with the 

assemblage of minerals of which the groundmass is composed. 

Quartz seems to be always present in small quantities. Magne

tite, titanite and needles of apatite aro widely disseminated 

accessory constituents. 

Secondary 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 
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Quaternary Deposits. 

Pleistocene. 

The oceanic waters of the continental shelf must 

conceal by far the larger part of the debris formed during 

the glacial denudation of this district. While some of the 

detritus was irregularly deposited on the bottom of the fiords, 

or contributed to the fishing banks of the Gulf of 3eorgla 

and Queen Charlotte Sound, 2 considerable portion of it was 

probably consigned to greater depths, boing distributed over 

a much wider eree of the oceanic floor through the medium of 

icebergs as transporting agents. 

The glacial deposits which occur above sea level 

constitute only a very small fraction of the products of such 

erosion. Although superficial deposits are absent over wide 

areas, glacial drift is very Irregularly deposited over por

tions of the surface of the forelands, and of the least 

mountainous portions of the rocky islands; but tho most 

extensive deposits are those which comprise the islands of 

Harwood, Savary, Hernando, Mary sr.d the southern extremities 

of Cortex end South Valdez islands. These islands, which 

range up to an altitude of 230 feet at Cape tiudge, are 
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eituated in the northern part of the Gulf of jecr^ia, being 

arranged along a line which has a direction of about N 70° W. 

They are composed chiefly of horizontally stratified eande, 

which vary in colour from yellow to gray and white. 

In some places the shores rise as cliffs fro^i the 

sandy beach; in others, the ascent is very gradual. The 

frequent occurrence of false-bedding, the variation in the 

size of grain in successive layers, and the pebbles vhich are 

deposited among sone of the finest silts, show that they w<-re 

deposited by currents which fluctuated in strength and direc

tion. On the northern shore of Savary island, near the 

eastern end, a persistent layer of fine grained black sends 

(magnetite) occurs, which is inches in thickness. In 

the cliffs on the southern side of both Harwood and Savary 

Islands, large irregular bodies of boulder clay are exposed, 

which rest in hollows upon the more fine-grained stratified 

silts, and in the latter locality are covered by much coarser 

sands and gravels. The huge boulders which are scattered along 

the shores, or are congregated to form the reefs which extend 

southward from Capo Mudge, tfary I., Keef Point and Hernando I., 

suggest tho presence of a lower boulder clay fron which the 



larger number of these rocks has been cashed by the r,ca, On 

the north side of Sevary island, about two miles from its 

eastern extremity, boulder cl&y occurs at a much lower level 

than on the opposite side of the island. Since it is covered 

by the finer silts, it must be older, but the sand which had 

fallen do^n so masked its downward extension that it was 

impossible at that point to'da terrains whether it constitutes 

a portion of a widespread basal deposit or not. 

because the boulder clay is more impermeable than 

the overlying sands, water finds its way along its surface to 

the face of its slope either as seepage or, as was noticed in 

one instance, in sufficient volume to form springs. That 

these unconsolidated sediments and boulder clays rest upon 

glaciated bed-rock surfaces was demonstrated from observations 

on S. Valdes, cortoz, the north-east corner of Hernando and 

the eastern zn& of Savary islands. The soundings recorded on 

the chart show that the water between Harwood, Savary and 

Kernando islands is shallow, while depth© of at least 300 feet 

exist in the channels between Cape midge, Mary I., *leef Point 

and Hernando island. 

It is highly probable that the line along which 

these islands are distributed represents either the position 
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at which the margin of the Gulf of Georgia glacier tarried for 

a sufficient length of time, during its retreat, to build a 

terminal 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 Glacial 

period, the land was at least 350 feet lower than at present, 

as Is show by the terraces which occur at this altitudew at 

the mouth of Powell River, on Desolation Sound and on xexada 

Island. Subsequent to the deposition of the boulaer clay, 

sediment charged waters laid down the stratified silts. H 

second advance of the glacier, which was by no means so 

vigorous as the first, furrowed these sediments, and its 

recession loft behind ^hat it- probably a second boulder clay, 

which, in turn, was covered by the coarser sand?? and gravels. 

Some of the more striking irregularities in the bedding o^* the 

latter may be explained by the melting of entangled ice blocks. 

Unmodified drift occurs in remarkably few and 

widely separated localities within this region. Eastward from 

Granite Bay on Valdes island boulder clay is very irregularly 

strewn over the surface, and near the bay it is covered by 

8tratified sands and gravels. Deposits of till, which were 

comparatively free from boulders, were noticed in 3ear Bay on 
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Bute inlet, in Glacier Say on Knight inlet, in th3 vicinity 

of Roy P.O. on Loughborough inlet, end Bold Pt. on the east 

side of s. Valdes Island. Erratics are scattered upon low 

summits and slopes of easy gradient. They occur in such 

numbers at the head of Ramsay Arm, near Haeya Sound on Knight 

inlet and along the southern portion of Chatham Channel as to 

warrant the mention of these localities. 

Along this coast, terraces are few in number and 

limited in area; but they are of about as frequent occurrence 

as modern sandy beach deposits within tho same area. Their 

position suggests that they were formed ac pocket beaches, or 

deposited upon the surface of the lowest foreland areas, at a 

time vhon the land stood at a former level than at present. 

It is highly probable that some of them axe kame terraces 

which have been worked over by the waves. Within Bute and 

Knight inlets their presence was not noted, and it seems 

probable that glaciers persisted within the larger mainland 

fiords during the time that terraces were being forced along 

exposed shores. Thsy most frequently occur at altitudes of 

from about forty to seventy-five feet above sea level. 

Remnants of such terraces, composed of sands and gravels, are 

prominently situated in the following localities:- on the 
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southern side of the entrance of Theodosia Arm, southward from 

Squirrel Cove on Cortez island, from Read 3ay to Hansen* Pt. 

within Topazo Harbour, in the vicinity of Port Neville and 

Blinkinsop Bay, south-eastarn shors or Hardwicke Island, on 

eastern end of ft. Thurlow island near Green Rapids and In the 

vicinity of Sidney 3ay and Beaver Creek within Loughborough 

Inlet. 

Deposits of stratified clays were observed at the 

head of severs! small bays, or in the beds of streams. In 

general, they are characterized by a oluish colour, compact 

texture and a tenacious habit when wet. When dry, they may 

be readily crushed into a powder which is slightly gritty or 

impalpable. occurrences of these clays which were noted are 

situated near the shores of some of the bays on keade I., in 

the oeds of a stream which enters Open Bay on s. Valdes 1., 

on the south side of Maurells 1., about a rrile and a half from 

Surge Narrows, in the bed of a stream just west of txoy P.O. on 

Loughborough inlet and in a cove on the south shore of the 

harbour of Port Elizabeth on Gilford I. 

The above mentioned occurrence of clay on Maurelle 

Island Is capped in soma places by a few feet of sand which 
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occupy a position about twenty fest above sea level. The 

transition beds are of a buff shade and quite sh*ly in nature. 

The clay itsslf contains a considerable percentage of sand, 

the microscope revealing the presence of email fresh grains 

of quartz, feldspar and hornblende distributed through •? base 

of kaolin. 

The only locality where marine shells were seen 

among tho unconsolidated sediments had been previously dis

covered by Mr. J. Cameron of Granite Pt. Camp, ?here the clay 

is exposed in the bed of a stream ^hlch enters Open Bay on 

S. Vaides Island. While making a traverse in the interior 

of this island, this strean was crossed at an estimated 

distance of a mile from its mouth where the shells occur. 

They usually occupy life-like positions, many of the velves 

not being separated and only partially filled with clay, which 

is occasionally dark in colour because of the decay of the 

soft parts. Specimens were collected of caudum Island!cum, 

Leda perfunda fvar. buccste), Nueula and a fragment of a 

MactralfT). Ihs brown cuticle still adheres to the surface 

of the Leda, one of the shells of which was bored through, 

presumably by a sponge, since broken spicules of a sponge were 

demonstrated to be present by a microscopic examination of 
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the clay. Under the microscope the clay is seen to contain 

a considerable number of one of the Radiolarie. 

Modern. 

Since the amelioration of the climete, which 

attended the recession of the ice, the accumulation of delta, 

alluvial and beach deposits has taken place, together with th 

formation of a considerable thickness of vegetable mould in 

favourable localities. 
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Although a considerable amount of work was "being con

ducted upon certain mineral claims within this region during 

the period at which this geological investigation was in pro

gress, none wcr--) developed to such a sta^e thct regular ship

ments of ore were being made from there. The gold mines in, 

the vicinity of Shoal Bay, Phillips Arm, and Frederick Arm 

had been, shut down for a number of years, and very many of 

them were filled with water, or were in euch a delapidated 

condition that it 'was impossible to examine them. 

Effective prospecting is attended with many difficulties 

owing, to the rugged character of the topography, and 'the dense 

vegetation which clothes the slopes. The disconnected areas 

which are underlain by. stratified rocks are worthy of very 

careful attention, while prospecting,for it is these rocks 

which carry the ore deposits. The character and amount of 

mineralization depends very largely upon the nature of the 

stratified rocks which contain them. In general, the ores 

found within this 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 Kange have been the chief 

source of the mineralization. Within those areas where the 

volcanic rocks of the Valdes formation are exposed, certain de

posits of copper ore seem to have beeii formed "by the 
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concentration of sulphides of this metal which oririnally ex

isted locally within fresher portions of these rocks as widely 

disseminated particles of minute size. The multitude of dikes 

which traverse all other rocks within the district hear no re

lation to the deposition of economic minerals. 

Copper Deposits in the Valdes Formation. 

The deposits of copper ore which are associated with the 

volcanic rocks of the Valdes formation occur chiefly in the 

zone of chalcocite, chalcopyrite, bornite and native copper. 

TJithin this region chalcocite was only noticed to be present in 

this Valdes formation. In addition to these minerals which 

have been mentioned in what is the apparent order of their ab

undance, malachite, azmite, and the black and red oxides of 

copper are occasionally present in small quantities near the 

surface of the deposits. These ores occur along joint planes 

and shear zones, often irregularly impregnating the rock on 

either side; in veins and veinlets associated with calcite, 

quartz and epidote; or as grains disseminated throughout the 

more amygdaloidal and highly epidotized and chloritized por

tions of the basalt. Occasionally,while walking over the sur

face of such an altered amygdaloidal bed, irregular patches may 

be met with which are characterized by the presence of small 

quantities of native copper, chalcocite, or both, which seem to 

bear no connection to existing fissures. Calcite, quartz, 

chlorite, epidote and prebnite are often-associated with these 
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copper minerals in fillinr the amve-dules. 

Two theories may be advanced to explain the oririn of 

these ores. I'iiFt, that the copper bearing solutions emanat

ing from the batholiths of the Coast Ransre while they were 

cooling down, ascended along certain shear zones and joint 

planes in the Yaldes formation, impregnating the adjacent rock 

with the sulphides of copper, especially 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 volcanic rocks, the cop

per in which originally existed as minute particles of some of 

the copper sulphides, probably chalcopyrite. Sufficient de

velopment work has not been done to indisputably determine as 

to which theory 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 inclined strongly in fa

vor, of the second theory. It is a well-recognized fact that 

such volcanic rocks frequently contain 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 the more amygdaloidal horizons, 

these waters have not only largely altered the original miner

als of the igneous rock to such secondary minerals as epidote, 

calcite, quartz and zeolites, but. have concentrated the origin

al small copper content. 
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It is, however, not beyond expectation that within the 

neighborhood of contacts between the volcanics and the intrus

ive batholiths, or along pronounced shear zones in the former 

rocks, th&t mineralization took place as outlined by the first 

theory. 

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

lies between lines extending across from Kelly Point, and Qua-

thiasca Cove on the west, to the southern shores of Open Bay 

and Drew Harbour, <on the east, is underlain by a typical de

velopment of the Valdes formation. In the south-western part 

of this area, in the vicinity of Copper Cliffs, Gowland Har

bour and Quathiasca Cove, some pf the beds of basalt and augite-

andesite are very amygdaloidal and, locally, are mineralized in 

the manner outlined in the immediately preceding paragraphs. 

The volcanic rocks within this area are traversed 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 he 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 he valuable low-

grade copper propositions. The following description of mineral 
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properties within this area will serve to illustrate the 

character 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 volcanic 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 solid portions of the altered rock. In so 

far as could he determined, the strike of the beds in this lo

cality, is U 40° W with a 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 planes of fracture, until the 

interior portions of the larger joint blocks are barren. A 

Tunnel, running S. 60° W had been driven into the cliff for a 

distance of about 100 feet, along a very amygdaloidal horizon 

in a thick bed of augite andesite. The face of the tunnel dis

played a number of slipping planes, quite close together, with 

particles of chalcocite 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 be readily loaded 

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 and east of those included within the property 

of Copper Cliffs. Certain beds and horizons of very irregu

lar thickness within these ancient lava flows are amygdaloi

dal. 

In so far as distribution is concerned, the mineralization 

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 chalcocite,-ohaloopyrite, bornite 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 done to demonstrate 

that these low-grade ores can be mined profitably on a 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 ohaloopyrite, at a depth of 

about seven feet. Two small open cuts, and two tunnels, thir

ty kjc 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 a 

cliff where the amygdaloidal rook 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 and open cutting had been car

ried on in a thick amygdaloidal bed, which was traversed by 

many 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 a raise of 15 feet, had been made. The workings 

followed a zone along 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 also 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 d-one to show the amount 

of the impregnation. 

The Ingersoll mineral claim is situated on the southern 

slope of a hill at a distance of about one mile and a half 

north of east from Copper Cliffs. The volcanics 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 a distance of 375 feet, the ad

jacent rock is very irregularly impregnated with chalcocite, 

which 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 calcite and quartz which locally 

contain chalcocite. On either side of the narrow zone So 

characterized, the rock is irregularly impregnated with small 

particles of chalcocite for a maximum width of 34 feet. At 

that point, where a 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 lbs. 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 about 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 claim, 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 

staked because of the presence of an irregularly 

vein of quartz which has a maximum width of six inches. The 

quartz is arranged in radiating crystal 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 eastern side of S.Valdes Island,small 

particles of native copper were noticed to be present in amy

gdaloidal greenstone, the amygdules of which were otherwise 

filled with calcite, quartz and epidote. 

The Ajax mineral claim is situated a little more than a 

mile inland from the northern shore of Deep Water Bay, on the 

west side of South Valdes Island, at an altitude of about 900 

o o 
feet. The main tunnel follows a shear zone running B" 75u 80 

which is traversed by irregular veinlets of chalcocite in a 

gangue of calcite and a little quartz. The rook in the 



immediate neighborhood of these small veins likewise carries 

a few scattered grains of chalcocite. At the time of examina

tion the face of the tunnel displayed an almost 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 a 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 volcanic 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 a shear 
o 

zone in the volcanics, which apparently runs B. 30 W; and 

along which the rock upon the surface of the cliff is impreg

nated with ehalcopyrite for a maximum width of about 18 inches. 

Small pieces of solid ehalcopyrite can be removed by hammer

ing. Upon the surface the blue sulphate of copper appears as 

a thin, irregular 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 vicinity of the eastern entrance of Baronet Passage 

the amygdaloidal greenstones, on the northern shore of this 

island, were noticed to contain a few specks of bomite, pyrite 
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and native copper within the amygdules. 

On the western shore of a small bay, about two miles 

westward from the last mentioned locality, a shaft 10 feet 

deep has been sunk in the volcanic greenstones where they are 

traversed by stringers of quartz and chest carrying a very 

little ehalcopyrite, bomite, and azurite. These minerals are, 

to a limited extent, diffused through the much decomposed amy

gdaloidal rooks. 

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

land, the volcanic greenstones of the Valdes formation have 

been very mueh altered. Epidote and quartz, both of which 

frequently occur in the form of knots or bunches of radiating 

crystals are abundant, together with calcite, chlorite and the 

zeolites. A few small grains of bomite and native copper were 

noticed within the more .amygdaloidal and weathered portions of 

the rock, at a point about 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

tance 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 ehalcopyrite 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 ehalcopyrite were noticed within the sheared portions of 

the rock, but good samples of solid ohaloopyrite 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. Mineralization has 

been restricted almost entirely to the roof-pendants of alter

ed stratified rocks, or much less frequently they are enclosed 

in the immediately adjacent plutonic rooks, the peripheral por

tions of the batholiths, apparently in some cases having been 

bathed by mineralizing solutions emanating from the cooling 

interior parts. 

The ore deposits either occur along the- contacts between 

the plutonic and stratified rocks, replacing the latter, and 

beiilg associated with such minerals 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 a oontact de

posit. Or the deposits are situated at some distance from the 

immediate oontact where ascending mineralizing solutions have 

found an easy passage, as along lines of fissures, shear zones, 
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or where bedding planes are close together. The shear zones 

and fissuring may have originated from the adjustment of the 

stratified roof and peripheral portions of the batholiths dur

ing the shrinkage consequent upon the crystallization of the 

molten magma beneath. Along the same line of weakness, ehal

copyrite, pyerbotite, pyrite and magnetite have been deposited, 

as on the Lucky Jim claim in the mineralized area to the south

east of Granite Point Camp on South Valdes I 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 detailed description of mineral properties 

will serve to illustrate the character of the mineralization 

which seems to have been produced in the manner just outlined. 



West Redonda Island. The Redonda iron mine is situated 

on the northern shore of this island, at a point which is about 

S. 35° W. from Hepburn Point and S. 11° W. from Elizabeth Is

land in Pryce Channel. It was staked as "the Elsie mineral 

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 porphyritic granodio-

site which shades off into a light grey hornblende, granite, 

both of which include patches of massive darker rocks which are 

very rich in hornblende and which undoubtedly represent highly-

altered portions of the roof beneath which these batholiths 

cooled. Upon the shore line of this property there is a patch 

of dark rock which extends for a distance of about 120 feet and 

contains 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 outcrops, is a difficult one. At this altitude 

the slope becomes more gentle up to about 600 feet, owing to 

the presence of a much altered crystalline 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 main mass of 

the ore as exposed, is situated at the well-defined oontact 

between the altered limestone and a light gray hornblende 

granite. The ore body is a 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. In part the ore is solid 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 malaoolite. 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 quite massive, or, by twinning, has been arranged 

in radiating aggregates with fibres up to two inches in length. 

Some of the pyroxene has been altered to bastite, which change 

is rarely visible in hand specimens, but in thin sections is 

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

magnetite seems to have been crystallized somewhat later than 

the pyroxene. (See Plate ) Irregularly distributed through

out the solid ore are a few small cavities in which the 
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magnetite has assumed the form of small crystals, up to a 

half inch across, some of which are remarkably perfect in their 

development. The most common crystal form is the rhombic do

decahedron, less frequently a combination of the dodecahedron 

and octahedron. The following is an analysis of some of these 

crystals, which was made by Mr A. 0. Hayes, M.Sc, while a se

nior student in Chemistry at McGill University:-

Pec 0 - 69.34$, Pe 0 - 29.33$, Si 0^ 0.89% 
* 3 * 

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 taken out and shipped to the Oswego 

Iron & Steel Company's furnace in Oregon. Slnoe 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 statement concerning the quantity of ore. The ore in sight 

is excellent in quality and in distribution occupies a larger 

area than that which as yet has been exposed to view. About 

fifty yards 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 a diamond drill, the depth to which the ore 

body and altered limestone descend into the granite might easily 

be determined. 

South Valdes Island. Along a belt extending from Open Bay 



on the east, toward Granite Point Camp, a series of stratified 

rocks outcrop, which pass beneath the massive Valdes formation 

toward the south-west, and are cut off towards the north and 

east by the irregular intrusive oontact of the Coast Range batho 

liths. These rocks include quartzites, the typical argillites 

in ribboned layers, up to six inches in width, with intercalated 

sheets of dark volcanic 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 Marble Bay formation. The whole 

series is traversed by dark dikes which seem to fall into two 

distinct sets, the older antedating the intrusion of the batho

liths and probably related to the period of intense volcanic 

activity during which the valdes 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 

variable, but in general it is H.W. - S.E., and most frequent

ly U. 45° W. to N. 60° W. The dip also varies, generally 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. 
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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 accuracy 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 character of 

the mineralization. 

Upon the Geiler two shafts had been sunk to depths of 26 

and 14 feet respectively, and some trenching had been done. The 

first shaft is sitaated near a contact between limestone and 

highly altered argillaceous rocks. The second, in a shattered 

zone between two dikes which apparently belong to the older 

series, since mineralization has been of later occurrence than 

the dikes themselves. Pyrite, Pyrrhotite and ehalcopyrite 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 solid ore. One of the trenches has exposed chlorite 

schist, representing metamorphosed intrusives or extrusives, 
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which is impregnated with pyrite and ehalcopyrite. Kr J. 

Cameron, the owner of the property, informed me that the assay 

of a picked sample showed the presence of 18?o 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 a small exposure of altered 

o ° 
limestone, striking S. 40 E. and dipping 25 M., containing 
small amounts of ehalcopyrite and pyrite. A specimen selected 

from the surface is reported to have assayed $17.60 per ton in 

copper with a little gold. 

On the Triangle a few grains of ehalcopyrite, 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 tourmaline, which 

were arranged in sheaf-like aggregates 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 pneumatolytio 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 district which were 

visited. Along narrow zone running U. 15° W., irregular lenti

cular bodies of limestone occur at intervals, intercalated be^ 

tween rocks of the volcanic series. Within a distance of 340 
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feet along this zone fere were two small open cuts, a shaft 

12 feet deep, and a considerable amount of trenching had been 

carried on. The most northerly open cut displayed limestone 

containing a relatively small number of disseminated grains of 

ehalcopyrite and pyrite. The next open cut, 100 feet removed 

shows a moss of pyrrhotite containing a little ehalcopyrite 

and pyrite, with a maximum width of 17 inches, lying between 

the volcanics. A little 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 a narrow margin of 

ehalcopyrite, 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 a few grains of ehal

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,containing some pyrite and ehalco

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 containing the four 

minerals named, in different degrees of abundance, are arranged 

in a linear manner somewhat after the manner of peas in a pod. 

The pressure of the limestone, a rock very susceptible 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. 
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Loughborougn Inlet. On the northern shore of Heyden Bay, 

and about a mile from its entrance, the "Heyden Bay" olaim 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 ehalcopyrite, emanates from a pegmatite dike in which crys

tals of muscovite, up to an inch across, are abundant. At its 

oontact this dike has altered the diorite to a chlorite schist, 

a thin zone of the schist separating the quartz vein from the 

pegmatite. The vein, which has been stripped for a distance of 

30 feet, has a maximum width of 17 inches. It 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 H. 45 

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 olaim. 
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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 

a 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 direct contact with the argillites. 

At the immediate contact 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. 

Uear 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 a length of about 20 feet 

and a maximum width of 3 feet. A winze has been sunk on the 
that 

ore body, which shows/the ore 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 analysis of a typical sample of the 

massive pyrite which was made by Dr F.M.G.Johnson, Lecturer in 

Chemistry at MoGill University:-

The greater portion of the tunnelling (165 feet) was di

rected towards Iff. 55° 3. with the hope of meeting a mineraliz

ed zone in the argillites, which outcrop at an altitude of a 

few hundred feet above sea-level. For a width of 6 feet the 

argillites are very irregularly impregnated with pyrite, and a 

very little ehalcopyrite. Previous to the attempt to meet 

this mineralized zone at a lower level a tunnel had been driven 

along it for a distance of 90 feet. 

A few hundred yards northward, around a projecting point, 

a elaim called the "Shamrock" has been located. Two short tun

nels, one of which is visible from 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 

Huirtado Point. On the Full Moon mineral claim on Hurts do 

Point, near Lund, at the contact between the plutonic rocks and 
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a small roof-curtain of argillites and greenstones, the latter 

are sufficiently impregnated with pyrite and a little ehalcopy

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 which they contain. 

Theodosia Arm. In the vicinity of the entrance to Mala-

spina Inlet, and in Theodosia Arm, the plutonic 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. Bet?/een Martin Point and El

len Point, such greenstones, argillites and quartzites outcrop 
o o 

along the shore. The dip varies from 30 to 70 , while the 

strike is correspondingly variable. 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 containing magnetite, 

pyrite and a little ehalcopyrite. 
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At a distance of about three miles inland from the head 

of Uheodosia Arm there is reported to be a small area of crys

talline limestone, upon which have been located certain mineral 

claims with showings of ehalcopyrite. 

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. Upon entering Toba Inlet, on the southern 

shore the number of dark inclusions which the granite contains 

increases until at a point which is I. 49° W. to the point 

marking the entrance of Salmon Bay, the plutonic rock is in 

actual contact with a patch 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. Small dikes of the granite frequent

ly enclose large inclusions of these latter rocks. In some 

places granite borders the shore line, while the cliff above 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. 



Fanny Bay. On the northern shore of Fanny Bay, on ITorth 

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 quartz. One small vein 

with maximum width of 3 inches, carries a little molybdenite 

and ehalcopyrite; 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 claim, which had been 

staked in April, 1907 and upon which no traces of development 

work could be found. 

Village Island. On the north-eastern corner of Village 

Island, near the entrance of Knight Inlet, some of the beds of 

the stratified series contain a few grains of bomite, ehalcopy

rite, pyrite and galena. 

Mass Island. On the south-eastern shore of Mass Island, 

in the archipelago of Queen Charlotte Sound, there is a small 

patch 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 ehalcopyrite. 

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. 
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Building and Ornamental Stones. 

Within this region there are numerous excellent oppor

tunities for establishing quarries in granite which is emin

ently suitable for building and ornamental purposes. Even 

though the demand at present is supplied from quarries which 

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 planes 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 a chlorite which polarizes 



3» 

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 *sf which are so dis

tinctly pleoehroic 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 external appearances is similar to 

that from Walsh 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, almost 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 examination 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 crystals of the former are twinned according to the 

Carlsbad law, some of the plagioclase in addition'to excellent 

polysynthetic 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 a faint undu

latory extinction. Magnetite occurs in minute well-formed 

crystals, or in aggregates of small irregular grains. A little 

epidote, a few small needles of apatite and numbrous small cry

stals of zircon complete the mineralogical composition of this 

rock. 

A pink granite on the southern shore of Squirrel Cove, on 

the east side of Cortez Island, a somewhat similar granite 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 

situated that they may be quarried with moderate ease. 

The orbicular hornblende-gabbro, from a small island to the 

west of Midsummer Island and to the north of Fire Island in 
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Queen Charlotte Sound, which has been fully described on 

PP- of this report, would furnish a unique and very 

beautiful building stone. 
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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 Island, 

on the south side of Maurelle Island about a mile and a half 

from Surge Harrows, in the bed of a stream just west of Hoy, 

P.O. on Loughborough Inlet and in a cove on the south shore of 

Port Elizabeth on Gilford Island, should be of economic value 

in the manufacture of bricks, tiles, etc. In 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. Mr E. W. Wylie of Burdwood Bay, Reade Island, in

formed the writer that he used such clay, 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. 0. Hayes while a senior student in Chemistry at 

MoGill University:-

Si 0 2 60.86 K 0 ... 2.73 

A1203 16.64 HagO ... 3.55 

Feg03 7.34 Hg 0 (hygroscopicj 0.34 

CaO 5.72 Ho 0 (combined) 2.01 
99.49 

Mg 0 ..... 3.30 
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Iflany 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. 

If at any time limestone be required as a flux in smelt

ing ores, this rock may be readily obtained from the localit

ies mentioned. It 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. 








