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4.

- Forevword.

This thesis is Givideu into two parts. The first
deals with the entire area under consideration, while the
second describes the Atlin district. This division was deemed
necessary because of tihe greater familiarity of the author
with the Atlin district, where he spent'twa sunmers doing
geplogieal work for a mining company. Thus the atlin district
is described in &« greater detail than it was possible to des-
cribe the rest of the area, where the only sources of infor-
mation were reporis and the memoirs of the Geological Survey
of Canada, and the Hinister of }ines reports.

Thé:thesis, except the vart ﬁealing with the Atlin
Ruffner aine, does not represent original work, but is a cown-
nilation Qf,geoiogical data assemblea uuring.the last 20 or 30
years. The literature on the subject is so extensive, that a
areat deal of time and atteniion was required Lo separate the
geolqgically important from the insignifieant and unproven.

The conclusions are summarized ard briefly state. in
the Part I of the thesis. They represent thoughts which were
raised in the author's mind while reading and comparing facts
obtserved in different narts of the area. 7These conclusions
are by no means of equal value. Some are obviously true, some
are just sneculations. They were nut down not so auch for
their own value, but rather as notes for further reference
and study.

Not enough is yet known of the composite nature and

history of the great Coast Range Batholith, very little is
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known of the country to the east of it. Until more is known,
all generalizations are uangerous, but as Dr. Schofield said:
"1f well directed progress is to be made in thé future, gen-
eralizations are necessary.”

I wish to thank all those who helpeu me with the work
of writing this thesis, particularly Dr. S. J. 3chofield whose
detaileu and extensive knowledge of the subject made his ad-
vice excentionally valuadble; I &lso wish to thank I're C. L.
Hershman, manager of the Engineer and itlin Ruffner lines,
whose interest and knowledge of geology made 1t possible for
me to study the geology in the vicinity of the mines in far
greaster detail than would ordinarily been possible for & mine
geologist.

The general zeological map, included with the thesis,
was comnile. on the basis of reports of the Geological Survey
of Canada, issued during the last 10 years, and 80 renresentis
the latest and most accurate knowledge of the area. 1 believe
this is the first map, on which the eastern contact of the
Batholith, was plotteu along 1ts entire lengih, from field

observations.



PART I.

Introduction and

Summary.
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hlong the entire western coast of the American conti-
nent extends a long and rugged pystem of mountain chains and
rangea~~the Cordillera of Forth anda South america.

The westernmosi ranges in British Columbia, belonging
to the Cordillera, are the Coast Range and the Island Ranges.

The Coast Range is made of granitic intrusive rocks
and is flanked by olaer sedimentary and voleanic rocks, folded
and metamosphosed by crustal movements and heat of intrusion.

Along the margins of this granitic body, called the
Coast Range Batholith, are found numerous ore-deposits. It is
believed that these ore~deposits were formed by emanations
arising from the intruded granitic magma.

It is the object of this paper to summarize what is
known about the geology of the ore deposiis along the eastern
contact of tﬁe Patholith, not so much in the desire to bring
out original hypothesis on their origin, butl rather to bring
together geological information scaltered in the copious
literature on the subject.

In order to do this 1ntelligently it is necessary to
get acquainteu not only with the geology of the sevarate ore-~
denosits, but also with the general geology and physlography
of the district, and the various hypothesis brought forward

to exvnlain the observed facts.
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ggysiagraphy and Topogruphy.
| ‘(Summary)

The Coast Range extends along the western coast of
British Columbia; in the south it is separatea from the Cas-
cade Range by the valley of Fraser River, and in the north
connects With‘thé;mduntain‘systems of alaska.

To the east of the Coast Range lies the Interior Plat-
eau, made mostly of sedimentary and voleanie rocks. The CQaSt
Range itself is made almost entirely of grano-Giorite of Upper
“Jurassic age.

The Coast Range and the Interior plateau are the two
main physlographic provinces of the area under consideration.

The Coast Hange is rugged, with bold outlines and
irragular erosion features. It is also of a greater average
" height than the Plateau to the east,

The plgteau, a8 its name implies, is & more or less
flat surface, with deep valleys cut in it, with soft rounded
outlines, and 15 conslderably lower in elevation that the

Coast Range.

There is no sudden break between the Plateau ana the
Coast Range, as the Platéau gradually rises to the average
level of the Range. The general uniformity of elevation, and
the fact that streams cut through the Coast Ranze suggest the
idea that the Coast Range and the Plateau behind were pene-
planated and then gradually uplifteu.

Glaciation has played an iaportant role in the sculp-
turing of thevpraaent topozraphy, anG even now glaciers are

8till found in the Coast Range.
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General Geology.

The rocks of the Eastern side ofvthe Coast Range may
be éﬁbdiviﬁéd into three maih divisiona, These divisions are:
(1) Ere»&atholithic rocks. |
(2) The Coast Range Intrﬁsivea and satellites.

(3) The post-batholithic rocks.

The Pre-batholithic rocks form the great bulk of for-
mations to the east of the great Coast Range Baﬁhalith. They
are both sedimentary and voleanic rocks, and range in age fronm
Pre-Cambrian to Lower (retaceous. As the Batholith was not
intruded in the same time throughout its length it is impos-
sible to say definitely where the border between pre-batholi-
thic and vpost-batholithic rocks should be drawn. In some
areas the Lower Cretaceous is definitely nost-batholithie,
while in others, the intrusives cut the lower membters of the
. Lower Cretaceous, and so make it pre-batholithiec. The older
rocks, the Pre~Cambrian and the Palaeozoies are found in the
north; the Pre-Cambrian in thé Yukon and Atlin Districts, and
the Palaeozoics go as far gsouth as Stikine and Iskut Rivers.
Phey appear again in the south as the Cache Creek and Bridge
River series. ¥rom Stewart to Bridge Itiver Area in the south-
ern British Columbia the rocks are prevailingly Yesozoic. The
Triassic is represented in the Stikine and Iskut Rivers areaé
in the north, and in the Eridge River and Cun Creek areas in
the south. \

The Jurassic is well represented throuzhout, and there-

fore represents an imnortant period of sedimentation.
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The main geological feature of the district under ebn-
sideration is the Coast Range Batholith. The Batholith repre-
sents a large somewhat curved mass of grano-dioritic rocks
extend ing from the Fraser River in the south well into Yukon
territory, a distance of about 1000 miles. It is anywhere
from 60 to 100 milea wide. Apparently it does not represent a
single period of intrusion, but was intruded during several
periods; it also varies lithologically from point to point,
and theraﬁofevis composite both in age and in composition.

-~ The greater part of it, however, was intruded during the Upper
Jurassic time and this neriod therefore is considered to be

- the period of intrusion. The earliest intrusion, however,
probably occurred in Lower Jurassic or even Triassic age, and
thelseparate intrusions of parts of the maln Batholith, and
smaller satellitic Batholiths continued into Cretaceous and
possibly later.

The Batholith is made chiefly of light zray, gcrano-
diorite; but all gradations from galbro to true granite exist.
It is nossible that, as ithe changes from one rock to the other
are abrupt, the Jdifferent material represents different times
of intrusion.

The eastern and western contacts differ materially
from each other, the main difference being the dezree of weta-
morphism, and width of metamornhic zone; that on the eastern
contact being quite narrow and less affected than the one on
the western side. This difference had very pronounced effect

on ore deposition, and is treated in considerable detail
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farther down.

The post-batholithie rocks have no importance from the
view point of economic geology since the great majority of ore
deposits are connescteu with the intrusion of the Batholith.
But to make the Gesorintion complete it may be said that the
Uvper Cretaéeous is represented at several points, and that
the Tertiary is renresented m&inly by volcanice flows,‘soat-4
tered in the Interior Plateau region. The waternary deposits
consist mostly of glacial tills, clays and gravels, and soae

“dyke rocks and lavas.
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 Economic Geology.
Summary .
The ore’ﬂEgasita along the eastern side of the Coast
Range Batholith are invariably genetically connected with the
Coast Range Intrusives or the emaller~bathaliths in the inter-
ior plateau. It is quite possible that these smaller batho~
liths are &irgatlylcanmectedywith the main batholith, but there
is no evidéncé/fbr_this except the lithological similerity.
As is steted, in the chapter on the Coast Range Batholith, the
age of this intrusion is placed in the Upper Jurassic Time,
although certain parts of the Batholith seem to hgve been in-
truded in Lower Cretaceous and Tertiary time. The satellitic
batholiths in fhe interior are considered by some to be contem-
poraneous with the Coast Range Batholith, while others place
them as late as the laramide revolution. Probably there is
guite a variation 1n‘age among them, and the Batholiths were
intruded at various times from Jurassic to the Laramide and
maybe later,

It is therefore reasonable to consider that the ages
of different ore deposits also differ, within these limits. It
may be well at this point to consider the interesting possibil-
ity that the type of ore deposit, i.e, its mineral content, may
be influenced by its age, or rather by the age of the parent in-
trusive mass., There are indications that this may be the case,

Dr. S, J. Schofield has applied the zonal theory of
formation of ore déposits, and has shown that the prevailing

minerals on the eastern flank of the Coast Range Batholith are
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gold, silver, lead and zinc; and on the western flank--copper.
This generalization is very valuable because it explains in a
broad way the general conditions of ore deposition. But &t any
particular place the general law may be offset by local condi-
tions. These local conditions are: |
{a) The composition of granitic magma in this locality.
{(b) The character of country rock, |
{c) Distance of the deposit from the contact. |
It is a well estabiiahed fact, that the composition of
ihg gfaniﬁie wmagma varies considerably from place‘to placé in
the Coast Range Batholith. It is also well established that
ﬁherBathalith is campbsite, and that aiffereat portions of it
may be of different ageé. Dr. Schofield has distinguished three
phases, the Britannia, the Columbia, and the CaledGonia phase,
and there may be more. It is quite possible that these differ-
ent phases were characterised by different metallic minerals.
In the Whitehorse district, D.’D. Cairnes said that
the Contact’Metamnrphic Copper deposits are definitely older
than the silver--lead--gold deposita. It is not possible that .
copperVwas brought by the earlier phases of the intrusion,
which did hot reach the present surfaée, thus producing only
mesathérmalyand epithermal vein deposits? In some cases it is
definitely shown, that tﬁe older granite had to be fractured
before this second étage occeurred.
If in a certain locality the intrusions are of a latter
phase than the first, copper phase, the silver--gold--lead min-

erals would predominate.
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The second paint,_fhe character of the country rock,
does not seem to influence the deposits very much, as the same
general type of deposits occcur in different formations.

The third point,--distance from the contact is very
important, but it is parﬁly included in the first part--the
age of intrusive; however, besides that, its effect is very

simple, and results only in a local distortion of the main

zonal arrangement. Thus copper deposits extend in a narrow
belt almost all waﬁ along theAeastern'éDntéct of the Batholith,
élthough aceording‘to the general zonal arran;ement this

should have been a gol&—-ailver‘-lead side. | ,

But all this, as 1 sald before, has effect only local-
ly,.While the zonal arrancement deals with the Batholith as a
whole. And 1f we cchsidar the prodﬁeing mines, it will be
clearly seen that'the;mineslaﬁ the western flank are copper
producers, while the ones in the east are producers of gold,
gilver, lead and zinc.

Another variation in mineralization is indicated in
north-south direction. Thus the deposits in the north are
prevallingly silver-lead or antimony-gold type, while to the
south the gold guartz veins predominate in importance.

To sum up the peculiarities of the ecornomic geology

of the eastern side of the Batholith it is best to tabulate

the different facts.
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Conelusions,

By studying the ore deposits on the eastern side of
the Coast Range Batholith the fullowing poihts were noted.
{1) The ore deposits are genetically connected with the Coast
Range Intrusives which apparently’range from Upper Jurassic to
Tertiary in age.‘ No ore deposits are found in the interior

region, far away from the intrusives.

(2) The presence of mineralizing body, like the Batholith, is
not sufficient in itself to produce commercial ore deposits.
‘It.is neeessar& in conjunction with it to have structurasl con-
ditions which would tend to concentrate thé available minerals
at 'a point.

In connection with this shear zones and fissures

appear to be especially important,

(3) lo commercial deposits have been found close %o the

contact with the Coast Range Batholith.

(4) Satellitic batholiths are important, several deposits are
found right in the batholiths, and other deposits often differ-

ing from the conventional types are found near the satellites.

'(5)' Deposits may'be found in different farmations, but certain
gradation of "favourability"® ﬁay be observed. Schofield grades
the rocks as follows:; l. limestones, 2. granitie rocks,

Se diorite~gabbro fémily, 4. volcanic tuff, 5. guartzites,

6. glates,

The age of the formation, provided it is pre-batholi-
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thic, does not seem to play any part.

(6) The 6re deposits of the Eastern contact nay be divided
into two mein groups, (1) High temperéture deposits, mostiy
contact metamorphic copper deposits, (2) Intermediate and Low
temperature/deyasits, forming veins, with galena, lead, zinc,
gold, silver, stibnit@ and iron as important metallic elements.
There are indications that these two graups belong to two per-
iods of mineralization, one immedistely following the intrus-
ion,-~-producing the copper deposits; and the other some time
later, may be connected with the next movement of the magma,
which did not reach the present surface, and so produced only
deposits of intermediate or low temperature. The second stage
might hsve‘oecnrred only after the core of the already consoli-
dated magme was fractured by latter movements. D. D, Cairnes
says: "From the evidence go far accumulated the age of the
vein deposits cannot be definitely determined, That they are
of considerably later age than the cOntaét metamorphic deposits
seems to be in little doubt. They are later than the period

of consolidation of at least a part of the granitic magma.”

In Takn diatrict Dr, Handy considers that two periods of miner-
aiization are indicated, It is also indirectly supported by
the following words of Dr, Schofield: "The closing stages of
the Coast Range Igneous sctivity has been most important in the

formation of mineral deposits inm B. C,.”

(7) The copper deposits of the eastern contact are confined

to & narrow belt near the contact, mostly in limestones and in



16,

the granite itself. They oceur all along the contact from

Whitehorse, through Atlin, Gun Creek, and Bridge River Areas
to Coguihalla Area, mostly as contact metamorphic, but some-
times as vein deposits. None of them have been worked with

any success,

(8) It seems that gold is more important mineral in the south-
ern part of the area under consideration, and that silver-lead
is more abundant to the north. This sgain brings out the pos-
sibility that intrusions of various age are likely to %ring’
Aéiffe:ent~minerals; and that difference in mineralization is
brought about not only by zomal arrangement bul by differences

in the parent magma itself,

(9) Secondary enrichment played en important role in formation

of workable ore deposits.

(10) From the commercial standpoint the Zastern side of the
Batholith is essentially a belt of gold, silver, lead anfl zine
minerals, The occurrence of copper is interesting only geolo-

(11) an1 important ore deposits of the eastern flanks are

true vein type occurring either in fissures or shear zones.

(12) 1In several ceses the mineralized fissures have a very
constant strike and'dip, which in connection with their great
length, indicates that these fissures were formed by compres-

sional stresses. The N.E., or N.W. strike sugsgsest that the

ppessure was comine from the west.
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{13) Dr. S. J. Schof ield says:#

"The fissures striking north-
westerly are generally characterized by the presence of copper
ninerals, while those striking ﬁarth—easterly are known for

their gold, or silver-lead content.”

#

S. J. Schofield, "Fissures Systems in B. C." Bull. Can.

Inst. Mining & Wet. July, 1925,
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PART 1I.

Ore Deposits of the Bastern gige
of the
" Coast Range Batholith.
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General T@ogmp@ and Thysiography.

British Columbia lies in the Cordilleran belt of NWorth
America. The Cansdian Cordillera are part of a great mountain
system which exlends along the Pacific Coast and is continuous
- from the northern part of North America to Cape Horn of South
America.

The Canadian Cordillera are classified as follows:
Nomenclature of Mountains in Western Canada, 1918.

Western Belt.

(a}:Paeifie System - (Cascade Range
| %cbast Range.
{b) Insular Sysﬁem: | (vancouver Island Range
- | (Queen Charlotte Island Range

(St. Elias Range.

Central Belt,

{a) Columbia System {Selkirk Range
~ {Gold Ranges) %Cariboa Range
{éanasbee Range
(b) Interior System (Fraser Plateau
{Eechako Plateau
{c) Cassiar System . {Babine Range
| %Stiokeen Ranre.

(a) Yukon System (Yukon Plateau.
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Eastern Belt.

(a) Rockies System (Rocky ¥t. Range
o | gMacKenzie Range

éFranklin»Range
%Foothills Range.

{(b) Arctic System {Richardson Range.

‘This classification can be simplified considerably for
the purpose of this paper, since only the Eastern side of the
écast Range 1s considered. 4@3 may therefbre make’a’general
subdivision as follows:

(a) The Coast Range.
(b) The Interior Plateau.

The Interior Plateau will include all the region
inmediately east of the Coast Range proper, and such plateau
regions as the Yukon, Nechako and Fraser Plateaus. That such
general division is justifisble will be seen from further

discussion,
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The Coast Range,

The Caaat‘ﬂange is made of several parallel ranges,
trending northwest and southeast. |

In general the Coast Range is very rugged, presenting
a complex of needle like peaks, saw-toothed ridges, and deep
eanyon like gorges. In places the outlines are more rounded,
or even flat, but as & whole the most characﬁeriatie feature
of the Range is the irregularity and sharpness of its forms.
This can be partly explained by the fact that the Coast Range
is made almost entirely of the granitic rocks of the Coast
Range Batholith, and as no bedding planes are present the
weathering and erosion produces most fantastic forma.

- The elevation of the Coast Range varies from South to
ﬁbrth. in the south the Range is higher, and separate pesks
reach the elevation of 12,000 feet, while in the north the
elevations are around 5,000 feet. |

This change in altitude, though great, is so zradual
that it does not breask the apparent uniformity of summit level,
which, hawéver bears no relation to structural features., This
terrane has thus been considered by a number of geologists who
have studied it topographiceally, to represent a peneplanated,
or at least a mature to old surface of erosion, subsequently

~

elevated.
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Interior Plateau System.

To the east of the Coast Range lies a wide upland
region, which in various parts of the province is glven 4if-
ferent names such as Fraser Platesu, Nechakp Plateau, Vukon
Plateau, but is essentially the same physiographic province
throughout, and ean be best named as the Interior Flateau.

It is an undulating and in places hilly region about‘
3,500 to 4,000 feet in elevation.

In places some wéll defined ranges lie within this
’regian and many single peaks and minor ranges vise above the
.platsau lével. :

' Into this‘uéLaha surfﬁéé the main drainage courses
have incised channels varying fﬁﬁm 5,000 to 4,000 feet in
depth, thus producing a very irregular topography. The sum-
mite of unreduced hills and ridges, lying between the water-
ways, mark a gently ralling'glaiﬁ?Which slopes toward the
north and northwest.

When viewed from one of the adjacent peaks of the Coast
Range the steep, narrow valleys are entirely lost ﬁa view and
the intervening areas appear as a comparatively level plain
hrokeg only in a few places by low, rolling hills or an occas-
ional sharp volcaniec cone of recent origin.

) In some areas the Interior plateau is more then ordin-
ar&%&evel owing to the widespresd flat lying Tertiary lava
flows uéﬁn which lies a mantle of glacial till of surprisingly
ungiform thickness.

Cockfield, describing the plateau between Atlin and
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Telegraph Creek says: "Well rounded or flst-topped hills, and
wide, deep valleys are the characteristic forms. The plateaun
continues to the northwest where 1% 1s known as the Yukon
plateau, but the southern part of the area is a vast lava
‘plateau dissected to some extent, age of which relative to
that of the plateau to the north is unknown; 1t may be con-
siderably youﬁger."

Alonz the aorthern portion of the Coast Raﬁge, the
general swamit level merges into that'af the Yukon plsteau,
in a manner suggesting the synchronous planation of these two
provinces, a view that is held by Brooks, Spencer,‘ﬁairnes
‘and others; but during the various vertical movemenis that
have affected these terranes, the uplift has been'greatest~
'along‘the axig of the Coast Range and least along that of the
Yukon plateaun pravihsa, which terrane is thus given the con-
tour of a huge flaring trough whose median line is, in &
general way marked bg the present position of the Yukon Hiver

from near its headwsters in northern British Columbia to

Bering Sesa.
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4 third physiographic feature is recognized by some
writers, notably V. Dolmage and J. Ha Marshall% to which they
“give the name "Transitionsl Zone." _

quoting Marshall, "Between the Coast Range and the
Interior Plateau there is a transition zone aharaate#ised’by
kronnded, flat-topped mountains whose elevations greduslly
change from 3,000 feet in the east to 6,000 and even 7,000
feet in the west. The axes of the ridges in‘tbis'transitional
zone all trend at right angles to the axes of the Coast Range,
ise., northeast and southwest, and the ridgeé appear to pro-
ject from the Coast Range as a series of spurs. The width of
this zone is approximately 15 miles, Fach ridge is a separate
massif separated from its neighbours by broad, steep sided
" shaped valleys, also running northeast and southwest, The
smooth, rounded outlines and géntle enst slopea of these
several blocks, together with their complete isolation, form

one of the striking topographic features of the distrioct.

The ridges forming this transitional zone nndoubtediy
once formed part of the Coast Range and possessed feastures
gimilar to it, Following the partial retreast of the continen-
tal ice-~-sheet, which covered even ithe highest peaks in the

¢ Je Re ¥arshall. Sum. Rept., 19256. p. 144

V. Dolmage. Sum, Rept. 1924, p. 6l.
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area and left in its weke sore or less smoothly rounded sum-
mits, huge tongues of ice remsined on the higher summits, and
in the pre-existing valleys,

These coalesced to form an lce-sheet of lesser extent
than that of the continental ice-sheet at the time of its
maximum development., Well-defined glacial terraces and smo-
othly truncated slopes on almost all of these ridges at appro-
ximately 2,800 feet above the valley bottoms are evidences of
the effective action of these ice tongues in carving the
present topography.

Glaciation has been the dominant factor in moulding
the present topography throughout the area.”

Another interestiing feature of this zone is, that
numerous streams start in the Coast Range proper, flow east-
ward through the "Transition Zone," and then turn abruptly and
flow west cutting the Coast Pange, to the Pacific Ocean,

The fact that the main drainage channels cut through
the Coast Range is 2 good argument in favour of peneplanation,
and the graduasl uplift of the area,

The smaller streams flowing eastward are probably more
recent, and flow east because the Coast Range has higher ele-
vation that the Plateau region; this drainage was undoubtedly
developed after the uplift. The theory that the main drainage
system antecedes the uplift is further supported by the fact
that numerous of these east flowing secondary streams are
captured by the main stresms and thus made to flow westward.

The nisher elevation of the Transition Zone, can
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posaibly be explained by two factors.
{1) The rocka have been hardened by the heat during

the intrusion of the Batholith, and so withstood the erosion

beiter. L )
{2) The intrusiva of the Batholith uplifted the

se&imentary and voloanic rocks in its immediate vicinity.
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‘Geological Uistory of B. C.

Farther down a table of formations, compiled from
different places slong the eastern contact of the Batholith,
and a brief description of these férmatiaﬁs will be found.

From these it may be clearly seen that a fairly complete geo-

logic record exists in the’Plateau région of British Columbia,
The lower Palaeazoic is rather poorly subdivided, but
stafting with Devonian, every period is well represented.
| It is not tha‘object of this thesis to go into details

of the geélogieal history of the district, but a brief descri-

ption of the main points is necessary.

It was early recoznized Ey Ge. ¥, Dawson, that one of
| tthe main problems t0 be solved in British Columbia, is to
éstahlish the source from which fhe sediments came. G.k. Daw-
son then_broaght forward his hypothesis that the Shuswap ter-
rane represented the original source of’seéimeﬁts. Similar
views, in a general way, were later held by Daly. However,
the exylanation was not quite satisfactory, begause of the evi~
dence that the sediments came from the westi,

Then S. J. Schofield presented his hypothesis of the
Cascadisa Land in the Pacific, which agrees very well with the

field evidence,

The Geological Record of the Cordillera in Canada, by

S. J« Schofield.

Transactions of the Royal Soc. of Canada, vol. YVII.
ser. iii, 1923. r. 79.
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"This hypothesis supports the occurrence of a land mass,
Caaaéﬂi&, since Beltian time in an srea now occupied by the
waters of the Pacific QOcean.

{1) During Beltian times = narrow basin of sedimenta-
tion atrétched northwestwa rd through the eastern parf of Eri-
tish Columbia to the Yukon and Alasks as defined by:Daly.

{(2) A Palaeozoic and éarly Mesozoic basin of sedimen-
tation extended from this o0ld land of Cascadia eastwards to
the Canadian Shield. The eastern shore line of Cascadia dur-
ing these and later periods, stiretched in a northwesterly dir-
ection just west of the present coast line of Torth America.
The northern border of Caéc&dia extenied in a westerly direc-
tion Just south of the peninsuls of Llasks.

{3) During the Jurasside revolution, four great moun-

tain chains appeared in this basin,

(a) The Vancouver Island--Oueen Charlotte Island Range.

The Coast Range of British Columbia.

Ry S GO T g e
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(a) The Sierra Nevada Range.
(c) The Selkirks and their extension northwards ard south-
. wards--into the Bitterroot and Clearwater Ranges,

{d) Yhe Alaskides on the northern border of Cascadia.

(4) The granito Batholiths which accompanied the

Jurasside revolution were invaded during Upper Jurassic times,

[l
{5) Basins of Cretaceous sedimentation occucced on

both flanks of these Jurassic mountains,
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(6) These basins in Canada at least, were affected by
the Laramide revblution, vhich was asccompanied also by igneous

intrusions.

(7) Small Tertiary basins of sedimentation with local
Outﬁourings of volcanio matérial marked the Lower Tertiary
which was brought to a close by local mountain building and

igneous intrusion at the end of Oligocene,

(8) Down fanulting and down folding probably at the
close of the Miocene, have buried the ancienﬁ land mass of
Cascadia beneath the waters of the Pacific Ocean, Vast floods

of lava were oubpoured ia British Columbia and Oregon.

(9) The vulcenism of late Tertiary, Pleistocene, and
ﬁhe present periods is assoclated with the sinking of Cascadia,
which has caused and is causing a period of tension along the

Pacific Comst."

_ This covers all the 1mpbrtaﬁt phases of the geological

history'of‘British Columbia, and no more need be said about it.
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The Coast 2ance Batholith,

The dominant zeologic féature of the westefn part of
British Columbiz is the Coast Renge Batholith, Fof this rea-
son it 1s considered separately from‘the.bther formations. It

< of = paramount importance in relation to the ore deposits,

since the greét majority'of ore deposits along its western and
eastern contacts are in direct conmection with the intrusion
of this enormous granitié‘maSS. | | |

It ranges from the International boundary in the south
to the Yukon district in the aorth. It is about 100 miles
wide in the SOuﬁh:anﬁ graduvally taﬁers northward. The average
width may be taken as a;graximétely 60 miles.

In,eomposiﬁion ﬁhe Bathalith‘varies congiderably. The
variation is ﬁare pronsunc ed traﬁsveréely than longitudinaly.

| ’The eofé>is usually grﬁnamaiorite, but nearer the con-

tact true diorites, guarﬁz-diariﬁes, and guartz-monzonites
peour, In places true granites have been reported; but in
geneéal it may be said, that Qﬂéﬂfficient data is still avail-
able in regard to the petrology of the Batholith., It is now
considered by most geologists that the Betholith is composite,
and was intruded not &s a whole mass, but rather gradually;
the final result being & composite batholith, which may be
regarded as several smaller interlocking batholiths.

In Southeastern Alaska the éomposition varies from
guartz-diorite in the western part of the Batholith to a guartz-
monzonite on the eastern flank, the core being typically grano-

diorite, This indicates that successive rock beltis from west
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to east contain increasing amounts of alkali feldspars and

quartz, and decreasing amounts of basic constituents.

Also, aceoapanying this change, there is8 a marked in-
crease in silica content as the aassarn border is approached.
These changes are not at all gradasl hutytaké place rather.
abruptly. This feature would tend to suggest the existence of

a group of closely interlocking Batholiths.

In the Atlin Distriect Ca.irnes‘ﬁ£ reports that a typical
specimen from the eastern border is on the border-line between
& grano-&lorlfe and a quartz-monzonite.

Balmage‘ in describing about 150 miles of the Batholith
concluded that there was a tendency fbr the more acid types fo
lie along the central part of the Batholith.

Another feature exiibited by the rocks is that of Q
gneiasold character wnich is fairly common. This structqre, a
primary one, was probably formed before and during the process
of consolidation. Two important factorsg which give raise to
this gneissoid character are:
>(13 the parallel orientation of tne wineral particles, and
(2) the relative segregation of the lignt and dark minerals.

- In additién to this there are also the injectioh and reactiqn

gneisses.

#Gairnes Ds D. Geol. Surv. Can. Mem. 37, pe 57 - 59.

@V- Dalmage’ Geol. Surv. Zan. Sume. Reste 1922, Pe 16 4.

¢Buddingt0ﬂ, A FQ, He Se Geol. Bull. 800, P 258
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The Coast Range Hatholith is composite not only due to
its oouposition bat alsc due to different times of intrusions.
Fe A« Kerr Says: "The Batholith in the Stikine River 2rea ig
composite in that it was developed during several intrusive
periods rather than one."

By looking at table corelating the different formations
it is gquite clear that the Batholith, in its main portion at
least, was intruded during the Upper Jurassic time. and this
is the general opinion of 21l gseologiats who worked on the
eastern contact of the Batholith. However, there are indicat-
ions that some vportion of the Batholith may have been intruded
before and after this main pericd of intrusion. 50 P. A. Kerr#
says: "The ceomposite nature of the batholith clearly indicates
that its de?elopment to0k place over a long period of time.
Granitic masses cut Palaeozolce sediments and Triassic volcanies,
and dykes that may have originated with such masses penetrate
even uJpper Cretaceous sediments. “he basal member of the Jura-
asic seéries contsins an abundance of granitice boulders, clearly
indleating that part of the Batholith had been developed and
anroofed bvefore itnat period. 4lthough trhere may have been
intrusions of even Palagozoic age In this section, it is bel-
jeved that development of the Coast Range Batholith proper
began early in the ?riassic and sontinued throughout the greater
part of the Mesozoic era. Possibly dying phases of this igneous

aotivity may have contributed in some small way at even later

#

F. A. Xerr, Geol. Surv. Canadian Sum. Rept. 1928, p. 28.
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periods. In the map earea it has been possible to separate the
Batholith into sections that are clearly of markedly different
ages, but there does not appear to be any systematic arrange-
ment of these sections.” k

- It may be pointed out, however, that the occurrence of
granitic boulders and pebbles in the Lower Jurassic is not con-
elusive evidence in regard to the time of the intrusion of the
Batholith, as the boulders may have easily come from the old-
mountains of Cascadia. |

It may be well to remember here that D. D. Cairnes,

plaeéd on the same evidence the Laberge series, as post intrug-

“ive, which later Cockfield has definitely shown to be pre-
intrusive, and occupying Lower Jurassic.

Muoh better evidence is availahle,'that some portioas
of the Batholith were intruded in post Jurassic times.
v.,Dolmage# states: "The age of foast Range Batholith is not
definitely known. The Batholith has been found in several
localities to cut the Hazelton formation which contains Middle
Jurassic and possible Upper Jurassic fossils, thus indicating
the age of the Batholith to be not earlier than Upper Jurassice.
In the vieinity of Tatlayokoc Lake and in Bridge River map area,
gmall Batholiths, simlilar in composition to the Coast Range
Batholith and situated only a few miles from it, cut rocks con-

tainihg Lower Cretaceous fossils. In Taseko lLake district what
appears to be the main Coast Range Batholith cuts a thick

# | | |
V. Dolmage, G. S« Ce Summ. Rept. 1925, p. 161 A.




Bika
series of coarse, - fragmnental voleanic rocks in which the writer
found plant remains, determined by Prof. Edward /. Berry, of
Johns Hoékina University, to be of (retacecus age.

In the Bella Coola--Tatla area the main Batholith
intrudes, at many places, roeks containing fossils of Lower
Cretaceous age. Tnis avidehﬁe proves that this part, at least,
of the Batholith is~yaun§er«ﬁhan the lowest Cretaceous, and the
evidence found in Tatlayoko Lake, Taseko Lake and Bridge River
districets strongly suggests that much of the eastern part of
tﬁe Batholith is of post-basal Lower Crstaceous.”

| One interesting general feature with the Coast Range
Bath&liﬁh, is that as we go north, the Batholith cuts progres-~
sively older rocks.

Referring to the map, it 18 seen that in the south,
with the single exception of Coguihalla and Bridge River areas,
the Batholith cuts Hesozolce rocks, from Portland (Canal north-
war&a,gglaeozeics appear; and finally in the Atlin distriet and
in the Yukon the Batholith ceuts Pre-~{ambrian rocks.

- Phis is important both from physiographic and struc-
tural viewpoints.

"As has been mentioned before, the Coast Range Batholith
was greatly responsible for formation of ore deposits along its
contacts, and also for metamorpniam of the rocks with which it
came in contact. In regard to both these points it is best to

quote Dre Se J» Sahofieldg#

#

8. J+ Schofield. Ore Deposits of British Columbia,
Gesol. 3urv. Canada, Mem. 132, p. 63.
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"PThere are two maln mineral belts in British Columbia
\ae@arated from each other by an elongated and curved ares of
granite Batholiths, belonging mainly to the early part of
Mesozolc era. This mass includes the Coast Range Batholith and
the majority of the Batholiths occurring in the southern part
of British Columbia. The belt which follows along thekPacific
Coast, including the isliand fringe on the western side of the
QCoast Range Batholith, may be called the Pacific mineral belt;
that aldng the eastern side of the same Batholith, the Interior
mineral belt. I% will be remarked thas the two belts differ in
the éineralogical composition of their ore-bodies. The ore
deposits of the Pacific belt are sough®t mainly for their copper
content; those of the Interior bels are sought mainly for their
gold, silver and lead contenteseeea"”

"The reason for the separate aaearrénce ¢f copper on
the one border and of gold, silver, and iead on the other bor-
dex of the greal complex of igneous intrusions is not at once
apparent. A4 fact that may,throw some light on the subject is
that copper ore deposits are not confined to true TLissure veins,

but resemble impregnations of the country rock by minerals such

Y 4
as pyrite, pyrrhotite, chaléﬁprféita, which indicate conditions 7/

of high temperature and pressure, even bordering on thosg of
eontact deposits, whereas the gold-silver and silver~lead depo-
gits are usually, though not always, assoclated with fissure
veins fillea under conditlions of a moderate temperébure and
pressure, the gold-silver being characterized by the presence
of such minerals as gold, silver, argentite, pyrargyrite, étc.,

in akqaartz gangue and the silver~lead by galena, zine blende,
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tetrahedrite in a =ancue of suleite, siderite and sometimes
quartZevecses"”
"HKot only is there a contrast between the ore denos-
its on tﬁe twe sides of these Ratholitic masses, but also g

eontrast in the degree of metamorphism exhibited by the pre-

AY

batholitic rockSessesss”

Dr. Schofield offers the following explanstion for the

facts cited above:’

| "It is well known that the roof of a Batholith is al-
ways intensely metamorphosea by the asuvending not solutious
from the anderlying'moltenyéagma. on the obtner hand the deeper
and more vertical contacts do not show contact matsmorprism to
the same degree nct oaly as fegards intensity but also as
regards ureal ovxteant. If the Batholith and the intruded rocks
are e xposed In & plane aormal to the vertical plane of the
Eatnolitnh, the plage would consigt of a core of granite sur-
rounded by a contact zone of approximately the sume width.

On the other hand, if the Batholith and the intruded
rocks are cut obliquely, the roofl rocks will be preserved
higher up on the low slde, wheresas on the high gide the highly
metamorphosed roof rocks will be antirely repoved and the con-
tact will be undulating and fairly even. The contact metamor-
phic zone will be very narrow on the high side and very wide
and irregular on the low slde. In aﬂditioﬁ the low side will
be marked by many rocf pendants of éllysizes, wnereas the high
side will be alnmost free from them. Examination shows that the
two sides of the Coast Rénge Batnholith correspond to the above
distribution as can be see& by the following table:

v
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Rastern Flank. SR Jestern Flank.
1. 3Smooth Tlowing Gontact. ' '1. Yery irregzular contact.
2 Few roof pendanis. 8e ﬁaﬂy,rodf pendants.
3« Very narrow netamorsiic zons. S« Wide metamorphnic zone.
‘4. Slates, sandstones & tuffs 4. Sehiats and gneisses
characteristice. characteristioc.
D« Moderate temg; eénditiona. D« High tenp. conditions.
6. Gold-silvér and sil?er~lead , 6. Copper deposita‘af
u degosits ﬂf medium tempéfaw o nigh teﬁéerature and
ture an& pressure. | | VQressﬁre.

7: Iatruded rocks of roof type,
gkaisaes and schists reach the
same elevation as the unallered
rocks along the steeply pitceniug

contacts

"Thege facts show that erosion on the western side of

|

theJCGast Hange Batholith has not entirely removed the rcof
rocks, and that the contact between the Batholith and these
rocks is almost flate This conclusion is supported by the
presehee of a large number of rcof pendants and the‘very irrig-
ulasr contact between the granite and the intruded rocks. |

On the eastern Ilank, however, erosion has exposed a
deeper portion of the Batholith, the roof being entirely
removed, 80 that the margin of the Bathollth plunges very
steeply beneath the intruded rocks. Also, the contact is
smoothly undulating and the roof pendants are absent.

Tnis points either to greater uplift on the eastern
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Deucription o Tormaticnsg.
-t

Pre-~Ganbrian.

+3

dest rooks along the enstern contaect of the Coast

t.m)

ne ©
jﬂnﬂéé Batholith are founf in the alshihlk Lake, the Wnétehorse
digtrict and the 4tlin district.

These rocks fall into two groups, the Yukon group and
the Mount Stevens agroup, and were identified by Cairnaﬁf‘as
probably PreeCambrian in age.

- The Yukon group of the aAlshinik distriet includes both
sedimentarg and igneous types, and represent probably diZferent
ages within the Pre-Cambrian, but they have been so highly
metamerphosed that in many cases it is diffiecult to ascertain

the nature o0f the original rocks and conseguently, to detgrmine

thelir nistory. The group is represented by mica scinist, quartz-

mica schist, chlorite schist, franite gneligs, uand crystalline
limestone. This greup forms, for the greater part of the area,
the rocks Into which tue Coast ltange Batnolith was intruﬁgd,
and, therefore. the degree ol metamorphism is nighs

The Nount Gtevens group ilncludes a number ol meubers
widely different in appearance, eomposition,‘ana possibly in
age. Tney are, however, all oid and so extremely altered that
their mode of origin and succession are obscured. They consist
of sericite and chlorite schists, greenstone schists, sericitic
quartzites,‘gneissoid guartzites, hornblende gneisses, and

erystalline limestones.

Cairnes D. Do G. S. C. Mem. 67, p. 40 - 44.
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No feesils have been ecllected frowm aay of the mombers
of the Vount 3tevens group 4and there ls conaegueatly no direet
avidence ss to thelr age, but from the evidence afforded by

later lgneous rocks which caut them, they are in all probability
.the oldest rocks in the district. Cairnés# in his later work
alohg the international boundary, north of Yukon river, was
‘éhle to demonstrate that the schistose roeks of that region
were pre-middle Cambrisn and in all probability Pre-dambrian

in ages

# y
V*gairﬁﬁs;})i De Gs 3¢ Do Hem. 67, Pe 40 - 44.

Deyonian.

Two sroups of rocks, oceurring in the Whitehorse and
Atlin district, tne géli serics and the Taia group nave been
provisionally assirned %o the Devonian. The Gold zeries cceurs
in two relatively small areas in tne whitenorse distriet, the
dheaton district and on & ridge just aorth of Hount Michie.
?nié geries, wnlch is composed pfincipally of pyroxenite and
peridotite, has a trend parallal‘to that of the Batholith in
this distriot and is characterized by reddish-brown weathering
of its roecks wiien make it most conspicuous. The rocks of this
gseries also occur in thé Atlin district, and a deseription of
them is given in Part III, 6n Atlin districte | (

Cairnes# proposed the name Taku for a series of enghts,

alates and cherty quﬁrtzites,'which have been referred to the

#
Calrnes, De Do Ge S Ceo Mems 37, p. 52 - 55.
Gwillim, Je Ce Ge 3s C» Al Repts Vole XII.




Cache COreex group of the soubharn interlior of Britiash Columbia.

In Phe Tnitehorse distriot these rochks oaccur prineijpa-
11y In the vieinalby of Pagisn Lake. The nembers of the series
crade into one another, and, In places, are nuch Zolded and
3¢ aturbed.

These rocks underlie limeatonea which are probably
Carboniferous In age, and, therafore, nsve been consldered as
Devonian in aze.

Another sroup of roeks, wialca mignt be grouped as
Devonian, outerop in the Stikine River arez. PThis group is
considerably folded and mstamorphosed and consiats of a great
thickness of slutes, schicts, guartzites, and limestones.

{lerr in his description doez not definitely put in the

Devonian but mérely piaces it as older than Permian.

Sarboniferous.

he Carboniferous rocks occur in the northern section
of the area under conaslderation in the aishinik Lake district,
the Hhitehorse distriet, and in the atlin Districet. In the
goutn they occeur in the Bridge RHiver area and the Coguihalla
érea.

Cockfield in the Alshinik Lake districet and D.D.Cairnes
in the Atlin District and the Lewes und Nordensziold Rivers
Coal Pistrict found outcrops of corystslline limestone whieh can
pognibly be classed us Carboniferous in AL0 .

‘ An important member ol the Carbonirferous rocks has been
called the Braeburn Limestiones. This name wag first appllied in

the Braeburn-iynocks sarea by D. D.Cairnes,in mem.d of the Ge3.C.
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Theae lirestones occupy a lerge area in the vieinity
of Taku Arn, Yirdy Rirer, and Tagish Leke of the atlin and
Fhiterorpe districts.

“hepe limeatones are generally finely textured and
; range in colour from greyish blue to almost whlte.
¥r. Dawson collected Fuslilinae from the limestones
' which externd along the east side of Windy Arﬁ, snowing these
beds at lesast to be Carboniferous, so the wnole series is
thought nrobably %o belong to this age, although no other fos-
511 remains of a definite charscter have been discovered.

The Garbomiferﬁus members which occur in the southern
seotion of the area under consideration appear in the Sridge
iver and Coguihalla aresas.

The Bridgze River series comprises nearly seventy-five
percent of the rocks of the map area. This series estimated to
he anout 9,500 feet thick, is composed mainly of contorted,
tihin~bedded cherty guartzites separated Dy thin Jilms of argil-
1ite senist, dark, coloured altered agrillites, erystalline
lixeatone lenses, and arenaceous schists; flows of black znd
sreen metabazsalt. In the vieinity of the intrusive rocks the
/roeks have been metamorphosed to quartz mfca schist, asgueezed
conslomerate and sandsatone, pnyllite, talcose, serieitic and
ehlorite schists.

: E - ' * 5 e b
The Coguihalla is represeanted in the Carvoniferous by

the Cache Creek groaps. This group is represented by three dis-
tinet rock types which differ greatly in their mode of origin.

These tynpes are volcanic greenstones, cherts, and fine grained,

argillaceous and calecarsous sediments. The greenstones are
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composed,for the most part,‘of andesitic lava flows whnich con-
tain some pyroclastic deposlits. The cherts and sediments are
geﬁerally 80 intimately interbedded that a definite division
is not feasable. The,tﬂicknesa of these rocks by C. E. Cairnes%
is about 16,000 feet,‘li,OOO of whnich is compbsed‘of green-
étones, and the remainder of cherts and other sedimentary rocks.
A considerable portion of the area occupied by these rocks has

.been partly concealed by younger rockse.

Cairnes, Cs B, liem. 139.

‘Permian.

Kerr, in sammary'reports for 1928 and 1929, describes
limestones in the Stikine and Iskut Rivers areas, wnieh he
| places in the Permian. These are the only Permian rocks occur-

ring along the eastern contact of the CJoast Range Batholith.

Priagsic.

The Triassic i3 represented in the S5tikiane and Iskut
‘Rivers area, in the Cnilko Lake and the Bridge River districts
by the Cadwallader series and In the Joguihalla area by the
Tulameen group.

The rocks in the 3tikine apd Iskut Rivere area, accord-
ing to Xerr, are argilliites, slates, limestouss, coarse brecclas
and conglomerates, and volcanics. Tnis gseries is c¢at by the
Soust Ransge Ratholith.

The Jadwallader series occurs as a narrow belt along

the western part of the Bridge River man arai.
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It has a total thickness of 2,100 feet, and is com-
prised of great thickness of basaltic and andesitic egreenstone,
conglomerate,'sanﬁstOﬂe and shales with subordinate thin-bedded
limeatones and dolomite. A series of roaksy occur in the Chil-
ko Lake district are very similar to the Cadwallader series
and can be correlated to them.

The Tulameen group of the Coquihalla area comprise a

large part of the map area in the southeastern seection and also

a small portion in the extreme northern end. Primarily they

are comyosea of sediments and voleanie rocks. The former are
principally gray or black slates, which include a few thin limy
beds. The volcanic rocks form the bulk of the group and are
‘commonly dark green, and include schistose, as well as massive
varieties« Alteration has prozressed far in all the scanistose
yolcanie rocks, and, to & less extent; in the more massive

types. The gsecondary minerazls consist of chlorita; and edidote, F
zoisite, sreen amphibole, caleite. One of the members of tuis
series is a crushed pgranlite porphyry occurring as belts of

sills up to & several yards in width.

1

o

i ,
V. Dolnage, Chilko Lake and Vielnlty. Sume. Roept. 19&4.

Jurassic.

Juraggic was a very important period in British Colum-
bia. Oreat thicknesses ol selimentary rocks were depcsited in
a large hasin of sedimentation, that once cccupied the whole of

Britiah Columbia and Alberisz and extended at lesst as far east

as ¥Foosejaw.
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Volcanism was also active; but the most important event
from the wviewpoint of economic geology was tne intrusion of the
great Coast Range Batholith. As this event was of paramount
Vimportanee to formation of ore depositsyin Britiﬁh Columbis it
18 deseribed under a separate nealding.

In Alshihik Lake district the Jurassic is probably
‘repreaented by a group of rocks known as the older volcanics
‘whieh conslst of green to red andesitie rocks with associated
tuffs and breceias. Their age is rather indefinite but they
are found %o be yoanger’than the Yukon group of Whitehorse
district and, as they are cat by the granitie intrusives wher-~
ever the two come in contact they are probably early Jurassic
“in age ahd may even be olders.

Portions of the older volcanics are definitely intrus-
ive into shé Laberge beds, and nmay therefore be cdnsiﬁere&
younger. Cockiield conslders them to be Lower or Middle Jﬁrase
slc.

Tne Wultehorse and 4tlin districts are represented here
by the Lalberge series, the Tantalus cnnglomerates, and the
older veolicanics.

The Laberge seriez is the most extensive geologieal
terrane in Taku Area belt, and its members cuterop in a general
way througnhout the central, gOQShwestern and northwestern por-
tions df the district. The group of hills east’of Taka area
and south of Graham Inlet; the greater part or the area north
of Pantall Lake and south of Tutshi ILake, on the west side of
Taku area; and Sunday Mountain and the western portion of Taku

mountains, are all largely composed of these rocks.
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The Tantalus conglomerates are probably bvest included
with t he Labergze serles, because tney overlie the Labgrge rocks
eoﬁformably,‘

In wWheauton district, wnere the most detuailed work done
in the district was undertaken, and where the.hest exposures of
typleally murine éédimants t)em.w.',.'Caf:.z:ﬂztxeséé recogunized a tunree-
f0ld division of the lLaberge beds, as follows, or if, as in the
present case, the Tantalus conglomerate be included, a Tourfold
division:i~~ |

Pantalus Conglomerate:-- Thickness 1,800 ft.

Conglomerate, shale, sandstons, and coal.

Laberge Serlcg:i=-

Upper beds---thickness 1,500 It. sandstone

iiddle heds-- " 1,700 ft. ghales,s.s.,2rk0s€.
Lower bLedSw-- n 1,800 ft. arkose and tuffs.

total 6,800 %
Pollowing Sochfield:i=-
" "Posails have been collected from the Luberge beds in
Yneaton, Atlin, dnitehorsue and Tanbalus sreas. In ﬁhe collec-
tions from Tantalus area, three forms were speeilfically identi-
fied, viz., Trigonia dawsoni, Nerines maudenesis, and Rh{ﬂchon-
ella orthidioides. ™Mie specinens were regarded by JWnlteaves
ag Jurassic or Cretaceous bubt two if not all three ol these
speeics are now regarded as Jurassic forms
#Gairnes De Do, Wheaton Distr. G.S5.C. Mem. 351, p. 54‘- 56.
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Foasils collected by Gwillim in Atlin Distriet were
reported on by Stanton as follows: "These may possibly be
Triassie, but I think it more probable that they are early
Jurassic. They are certainly not as late as the Cretaceous."#

# 4rat the

"Phas it appears to be very well eatablished
Laberge beds range in age from ¥iddle Lower Jurassic to Lower
‘MiddlevJurasaic."

The older volcanics are falrly abundant in these dis-
triets along the margin of the (oast Range intrusives and are
gimilar in character to those found in the Alshihik District.

The Salmon River area 1is represented in this neriod by
three main formations. 7The Hear River formation, a volecanice
menmber whieh is over Z,000 feet in tnickuness and consists for
the most part of agelomerates and tulfs. The Salmon River for-
mation, which Ls aboat 300 feet tnick, consists mainly of fine
‘eonglomerate beuring pebbles of the underlyinz volcanic member
and lies conformably between the Bear River foruation and the
Rass formation. The ﬂ&ss‘formatian consists mainly of urgil-
lites whicen show a distinet slaty cleurage easpecially us the
contaet of the Coast Range Batholith is approuched. The thick-
neas of this formation is Sthought to be slightly more than
1,000 feat. |

Intruded along the hedding vlone of the tuffs of the

Bear River formation are sills of grano-diorite norpuyry,

Gwillim, T C» Ge Se Ca anns Rept. LII, pbe 3, pe 25 - 27.

T

Wa Be Cockfield & A. He B@ll, GaZello Yenm. 15(}, 3122-
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varylng in thickness, but in no case more than 500 feet tnick.
Schofield and Hanson#, in their report on the district say
Uhhe name Premier sills is given to a series of tabular igneocus
bodies that were intruded along the bedding planes of the tuffls
of the Bear River formation, when these tuifs were in horizon-
tal position. Later the sills and tuffs were tilted into their
’present position and were subsequently exposed by errosion.”
, .

The area between Skeena and Stewart and also the Butsak
Lakg district are represented in the Jurassic by the Hazelton
group. The rocks nere are chlefly tuffs, brececias, and {lows,
and nave been divided into four formations:

The lcwer volcanic division consists of fine grained, well-

stratified, red tuffs 500 feet thick lying conformably below
marine sediments. Beleow these red tuflfs there is about 4,000
feet of andesitic tuffa, brecelias and lava I1ows.

The ¥Middle gedimentary divislion consists of argillites, quartz-

ites, and argillaceous quartzi%es in beds usually a few feet
thicke Tnls division ils about 500 feet tnick and ahunéant fos~
ail evidence gathered from i1t places it in the middle Jurassic.

The Upper voleanic divisicn is chlefly composed of lava flows

and thick massive beds ol comrse breccis, all of an andesitic
nature, and varies in thickness from 2,000 - 3,020 feet.

The Upper sedimentary beds, whiech are about 1,000 feet thick,

are composed of argillite and lesser amcuntg of guartzite,

arzilluceong quartzite, and conglomerate.

4
5
Senofield 3. J. and Hanson, G. Mem. 132, p. Z1.

SR e
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Some of the middle strate hold several coal seams.

- Pre-batholitic rocks of Jurassic age are absent from
the Chileco Lake district but oecur usgain in the 3Bridge River
area and in the Coguihalla district.

The occurrence in the Bridge River area is in the form
of augite~diorite stock enclosed witnin tne Cadwallader series
and formsa the chief country rock ol the gold-guartz veins in
the region.

Phe Ladner group of rocks are thne dominant rocks of the
Jurasaice in the Cogﬁihalla area and they may be divided into
two groups. The lowef croup wnleh occuples over ninety perecent
of the area covered by the series, is composed chiefly of slaty
’rocks, and ia vnown in that distriet a "slate belt." The upper
group ig conrformable with the rocks of the sliste belt und is
composed of conzlomerates, tuflfaceous greywackes, and an equal

proportion of more slaty rocks.

The rocks which have been ander discussion and which
nave been classel as Juraassie inVage nave striking resemblances
to the lPorpuyrite group of Dawson, and as they contain tne rich
Z0ld and silver deposits of the szstern contact belt, a great
denl of work hags been done cn ccrrelating them to Dawson's
Porphyrite grcapﬁ which he defined in 1875 as follows:

"Inis name nay be oprovigionzlly employed to designate a
series of rocks, chiefly Feldspathic and often porphyritiec,
though 2ls0o includine diorites of varied texture, the reference
of which to amy of the groups formerly 3defined, ceems uncertain.

il

- Dawson, G. M« G.85.0. Dept. of Progress 1875-76, p. £00.
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fhey are besat seen about Tatlayoco Lake, where they overlie
uncomformably the Caseade Crystalline rocks, and appear to
underlie the beds of the Jackass lountain series. The whole
of the rocks of this group seems to be nade up of igneous
origin, though some of them may owe the srrangement oi their
material to water.”
‘Scho¥ield and E{,eai.r.u.»;tcm,*i in a summary of a aumber of Tacts con-
ecerning this correlation, bring out tne following Lacis.
{1) "The areas where the vossil evidence concerning the age of
the Porphyrite ercun is most ecmplete are toose described by
Dawson in tne vicinity of Tatlayoko lLake and by ¥alloen in tne
grouandhog aeoal field, and In both cases a Jurassic are 1s
indieanted.
(2) Ho evidence is submitted by any of tne workers of a struc-
ﬁural uneconrornity between the Porphyrite group and the over-
lying Skeena series, which is Kootenay in uge, although in many
places a heavy conzlonmerate containing pebbles of tne under-
lying Porphyrite group marsis the base of the 3keena ssries.
(3) The Jorpnyrite group in tue vieinity of tne Coast Range
Batholith containg a great thickness of andesitic and sandesite

»

¢ . N -,
braccia whienh in the =ast zZlves way to .uterlald sedimcats
consisting of sandstones and ghales with tuffs. The regional
strike of the lorpnyrite srouap ig uorthsest-soubhicast und is of

o a linvar spuarce of supply

<

Jordilleran trend. “his pointe
for the Porpayrite zroup in the area nocw cccupled by the Coust

Ranee Batholithe.

Scnofield, S. J. and Hansoa, G., Hem. 182, G.3.C. P. 20.
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(4) Dawson's conclusions of 1876 that the Porpuyrite zroup
bridges the gap ordinarily found between the Jurassic and the b
Cretaceous is substantiated to some extente.
{6) The grano-diorite of the Coast Range proper cuts the Por-
phyrite group, and pebbles of this grano-diorite are found in

#

" and in the Laberge series

of Northern British Columbia and the Yukonﬁ#,

the Lower Cretaceous of Fraser river

The presence oI these pebbles in the Lower Cretaceous

rocks supports the conelusion that the srano-diorites of the

Coast Range were intruded and sclidified before the Louer :

Cretaceous gtrats were denoglted. This dates the intrusion of
0
the Coast Range Batholith as past-Porphyrite group and pre-

Lower Cretaceous; therefore, in very late Upper Jurassic tinme.

1§ence\ths Porphyrite sroup must be ¢lder than the Lower Creta-
ceous beds exposed in Franser River and the Yuakond

This synopsis sums ap, very clearly, the relation of
i'*!;m'me gsedimentary and volecanic beds witn the Porpnyrite group

and alsc their relation to the Coast Range Batnolithe.

The 2Post Batholithic rocks are of comparatbively little
importaﬂae to econopic geologlst, since tne great majority of
ore deposits are couanected witbtn the intrusion of Coast Range
Batholith and its satellites. However, for the sake of com-
pleteness, 1t was deemed advisable to mention the Fost~B3atholi-

thic--Cretaceous and Tertiary deposits.

| | |
# ;

;"‘BQWQOQ,’ Gq, };{C, G25e0a Sk I‘e@t- Voie VII 1896, Doe 147 ~ 156.
"Tgairnes, D. De, G. 3. (o Hem. 61, 191Z.
faime
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Cretacedus.

Upper Cretaceous rocks occur in the Stikipe and Iskut
Rivars,area, these rocks are mostly conglomerate and sandstone
with s thin layer of volcecanics on top. In the Salwmon river
area, Lamprophyre dykes are considered to be lower Cretaceous
in age. |

An area of post-batholithic Cretaceous rocks ig found
near Skeena River, and Ig known as the Skeena formation. PThis
formation congists of argilllites, sandstones, shales and con=-
2lomerate with pebbles of granc-dilorite.

In the Tatla Baila Joola and Chilco Lake areas, the
Lewer Oretaceous sediments are congsidered by Dolmage to be
Pre-batholithic and consist ol sundstones, counglomerutes, arg-
111ites and brececia. Tarther south the Cretaceous roeks are
‘represented by volesanics, nostly pyroclactics and some andesite
and basalt. These volcanies ars eut#‘by Coust Hange Intrusives,
eonsisting of granite, cuartz monzonite, diorite, guartz-

diorite, etece The intruslives are placed as Upper Cretaceous.&

¥ema 130« (e Se 0. snnd Sume Repts for 1928..

&

Tertiarg.

The Tertiary ir British Columbia was a period of great
voeleanic wetivity. Tﬁ?oagﬁcat the Interior 2latean region are
extensive flows of thnese Tertiary voicanics. The volcanics are
both of the icid and Basic type; according to the present know-
ledze of the area bthe acld voleanles ure more laportant in the

north; in the socuth beginning with Zubsuk Lake and lursuer to

the aoutn the flows are cniefly baselilc and wundesitic. This
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faet can be well observed on the lncluded table of formations.

Quaternarz;

The Quaternary with the exception of a few dyke rocis,
and lavas 1s almost entirely represented by glaeial and
fluvial deposits of muds, tills, and gravels. The deposits

are seattered‘all over fAritishn Columbia, narticularly in river

valleys and Lake flats.
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Eoonomic Geology.

In describing the economic geology of the eustern con-
tact of the Coast Range Batholith it was considered best to
start from the north, and move southward along the coutact. The
Atlin disitrict is left out of this description, as it is deg-
eribed in greater detall in the second part ol this paper.

I% wus decided not to describe separate claims and
separate proyertiee; but rather compile the geology, and thus
present & more generalized description of the eastern contact.
‘Unfortuﬂately, in the available 1ite§atare, bhe geolozy is
troated only loeally, very often in relatico to & single group
of elaimsg, and so considerable amount of work was nececsary to
separates the geologieally interesting spd importact rfsets from
gaeh irrelevant facts sas number of elaims, cupitalization, etce.
It wzg also deglded to pay more attention to the producing, or
/praé&eing in the »ast, nroperties, asnd pass over the sumall
procpeet claime, so ag not to overlcad this essay wita apparent
snd not well estzblisned factae.

One of tine muab intsresting ore decposits in the north

- s . . ¥
that of Keno Hill, liayo District, Yukone.

’4‘
j#1]

™iayn district lies within bthe Yuxoca plabtsaa. The
rills are prevailingl, ©iat topped and separated by broad deep
valleys. <Lend 11l is 2 typical wedge-shaped ridge, lying
hetvesn Lighﬁning, Snristal, Palth, and Ladae Cresks.  The

graater part of Nayo diastriet is underlaln by sehlsts, winich

Geolozy and Depoalts of Xeno Zill, Kayo District, Yukon.

2!

§o e Cockfield, Sum. Rent. 1924, p. A
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are intruded by sills and laccoliths of greenatone, and by
dykes and sills of granite porphyry and guartz porphyry. 7he
sehist series conmists of gquartzite, quartz-mica schist,
graphito sehist, sericite and ehlorite schist.

The greenstones intruding this schist gseries are them-
gelves largely sheared and altered. The quartz and granite
porphyries are massive and fresh in appearance and are bellsved
to be ofrshocts from a granite mass which outerops aome miles
to the east, and which probably extends under a considerable
gart of ¥Wayo disitrict.

The quartzite, cuartz-mics schist, zad grapaite schist
are believed to belons to the Hacina series, described by
HeComnell in his report on Klondike digtricet. This series has
been referred by Cairnes to the Pre~Cambrian.

The ore denosits of Keno [ill area 4are practically all
flgsure veins, that is, they represent vein material deposited
in faalt fissures. 7The fawults which gave rise to these velus
ere all of normal tyne, and tnig:ag;lies 8ls0 to post-mineral
faalts.

Tba velns may be divided intoc two classes, wiiich may
be ﬁermed icazitadinal sad tr&asverse,ﬁ devendiag on wnsther
they follow the trend ol tne strata or cubt across the strata.
Theﬂé two Tault systews represeat bwo stuges o wuiserallzation,
_thg'lcﬂgiﬁaﬁiﬁal faults beluy tig earlier.

o
/

y

fi}oc}i::fiald,f¢ e Ge 3a 3a Silile Rept. li.%frlu, Fa 3 = 4

Stogkwell, C. 1. Oalena Hill, Hayo Distr. Sum. Aepte. 1925.
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The earlier mineralization consigsts of quartz, arseno-
pyrite and pyrite. ifter being filled, the longitudinal fiss-
uregs remained planes of weakness affected by subsegquent move-
nents. ihen the transverse .flssures were mineralized, they
probably aeted as the nmain circulation channels for the ore
bearing solutions and conslderable amounts of the ore minerals
were Jeposited in them. The chief minerals of the second stage
are siderite, frelbergite, /alena and sphalerite.

The following minerals were lLdentiricd from the Keno

Hill deposits.

Tative elenmentigd-~~-~-3ilver.
Sulpnidesn --Argentite, galena, sphalerite,

covellite, chaleopyrite, pyrite,
arsenonyrit
Julpho-salts -=2yrargyrite, freibergite,

polybasite, Jamssonite.

Oxides --guartz, limonibe, manganite.
Carbonates --Giderite, ©alcite, cerussite,

malachite, azurite

Sulphates ~~Barite.

Ganeslga
By far tne greater nuwber ol velns on weno Hill repre-
gent a sinmple filliug of fault Ifissures. .eplacement oL wall
.réek opérata& only to a sligont extent, except in tne sadie-
 Treadwell veln. The ore minerals in most cuses ure fastened to

the polisned walls of the fault lissares, bat do not project




into them. It is not believed, however, that at the time of
mineralization the faults existed as open fissures 4 %o 6, or
more, feed wide, but rather that the amall openings formed by
the faglts gzrew in width as the ore nminerals were deposited. It
nas been denonstrated that the force exerted by & erystal in
growing is equal to that recuired fo crush it when formed.
Thethner tnig force was active or whether the force exerted by
the nmineralizing solutions was sufficlient to open the fissures,
is unknowne.

In certain caseg tinere ig evidence of solution of wall-
roek. Thnis is shown In Ho. 9 vein of Keno iill, Limited, where
large, drusy cavities lined with crystals of siderite and gal-
ena cecur in the oot wall.

Replacement of wall-rock in the Ssdie-Treadwell velin,
nresents many oharachters not sxhibited In the other veins of
the area. Tnls vein, or rather "mineral zone,”" follows an old
line of weakzaess repnresented by quaruz arzenonyrite veinse.

It was nrobvubly re-opened by a Tsult waleh brazaches
freguently and re-unites, with crogg-Laults between the main
frectures. Thne country roek in the viecinity wes badly shattered
gnd the Jolntiny emphasized, 2ad the ore-bearing sclutions pene-
trated ezeh alnute ercern, widenlns 1%, and, in pleces, replaclng
the country ro ck. In nloses the minersl zone is a network of
tiny veinlets of siferite enclosing fragments of eountry rock.
48 a rule these fragments lie in their original pesitions, but
in certain instances the sarticles of rock were retated. These
veirlets represent on a small scale what has taken place on a

large seales. 7Teins of ors oreject out into the country Troex,
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in many cases at right angles to the main trend of the ore
zone. Bxamination of thin seetions has shown that these velns
grew by replacement of the country rock. Fragments of quart-
zite or residaal masses ol granulated quartz and feldspar are
included in slderite. In some cases, also, individaal grains
of quartz are seen with siderite projecting into Sthem.

It i9 consequently believed that the Sadie~Treadwell
ore zone represents a fault complex alons waleh she deposit
agrew by widening of f{issures as the minerals were deposited,

and by replacenent.

Source of Lineralizing Solutions.

The veing in Keno Hill area truverse guartzite schists
and greenstone alikes 7Thé greeanctones wmust, Liereiore, have

been eonsolidated sulficiently to permit ol iracturing at or

before the time of miaeralization. loreover, Lac sgreenstone

-

e would be uulixely to hold

4]
'n('
Iy

bodiea by reascon oi btnelr small
solutions for iong pericds, particularly alter tre development
ol the fmults. 7The acid dykes carry small amounts of galena,
pyrite, a:nd tetrahedrite. .8 these were uot injected until
long 1ftaf the greenstones weroe consolidated, and even sheared,
-1t is doubtful if the greenstones hud any effect on thelr win-

eralizatione.

) 4

The presence oif coertain of the ore ninerals i1n the

shat these rochs may
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have been the scurce ol the ore deposits. 1t is not thought,
however, that these smaull bodiss of acid Latruslves cuaused the

extensive mineralization of kKeno Hill, but ratvier tust they and
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the mineralizing solutions had their origin in a larger body
- of magma. 4 large mass of granite occurs to tne east of Keno
Hill, and other nasses oceur along a line running northwest and
soutﬁeast; It is probable that these represent the peaks of a
‘Bathelith wnich extends under much of Mayo area. The age of
these granitea has not been closely determined, owing to the
flaek of sedimentary rocks. They have usually been considered
contemporancous with the Joast Aunge intrusives wnich in Yukon‘
:range from'Jurassio to Upper Cretaceous. 7Tne ore deposits ure |

Jounger, but cannot be placed more definitely witn regard to age.

faitenorse Districte.

3

ALl kEnown cre deposits of Whltehorse district have
provably forued lubter than the intrusicn of the Ccast lange

This Intrusion prohably ol slace lu late Juragsic

&)
et

tine and possibly contianed trhroush a part of LoJer Jretaceous
ERP s I y e I NP, b e TR o movy ey s
binmee Two contrasting tyves of depisits ccour,-~conbuct

metanorphle wad nydrothormil.

&7

¥eConnell, R« Ge "Whitenorse Qogper Belt” Ueol.lurv.Caune. 1909.
Cairnes, DJe De, Ge€Cls LUlVe Jane, ilrme. S1, 1old.
Calrues, De Da, "heonomic Possinvilities ol YTuhon™)

. Y € aes g oy . “paye 3 ~ g TR
Cais 1asbe Mebe Trans. vols VIII, Pa 63, 1U10.)

We Te Coekfield and se fe Belle (eole curv. Cunuada, kem. 150)

)
)

"Wnitehorse District, Yukon."
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Clasgification of Depositse.

Deposites Oceurrence ‘ineral asssociatione.
Antimony In Coast Range Intrusive Gangue chiefly
Silver rocks and in Chieftain guartz; barite and
Eill sndesites and vol- caleite subordinate.
canic breccias. Stibnite, sphalerite,
jamesbnita, arseno-
pyrite, tetrauedrite.
Cnisfly in Coast Range JLartz, ealeite,
Intrusives, also in galena, »yrite,
Gold-3ilver 8chists of ount Stevens chnualeopyrive, gold
Jrouse Ceecur as fissure sylvanite.
£illings.
in Laberge rocks, as Quartz, calelits,
Silver- metasomatic replace~ galensa, arsenopyrite,
Lead ments, geodes and sphalerite, pyrite,
vazs eonmon. ehaleopyrite.
At ccntact of Coast Magnetite, specularite,
Contact- Range Intrusives #iﬁh chalcopyrite, quartz,
ﬁetamorpnié. country rock, enieily calecite, epidote,

limestones.

actinolite, garnet,
wollastonite, limonite,
azurite, malacnite
oceur in oxidized

ZGLEC .
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he eontact netamorphlc de noﬂifs are cniefly conilined
to 4 narrow belt about 15 miles long, parallel %o Lewes river in
the vicinity of Whitehorse. Phe larger aggreg atas of wetallic
minerals occur in limcstone or along the contact of linestone
and granitice rocks, bubt numerous small bodies and scattersd
graing are found wholly enclosed in granite and nany asre at a
considerable distance from the limestone. The development of

/5

non-metallic minerals il probably greater in thue granite thun
in the limestone, and the arcas affected are wider and more ex~-
tensive. In placses the original contact ig completely obsecured
cwing to the replocement of both rocks by similar nlnerals. The
extensive aud sglnuitansous nineralization of both the intruding
and iatruded rcek may be explained by agssuning that 1% was
gffected by hol so.utions noviag upward and taczt Lt took place
after magsme hod solidified tvo sone denth. The reouiccenent of
ore pnaterial of pruanitic dykes counected with the naln granite
grea is also glgnilicunt In this conneetion. |

Contaet metanorpihic¢ efieets such 48 Lie narmorization
and siliirfcation of ligestone were nobted by Dr. W. M. Coockfield
at various peints in the eastern haly of whitehorse dictrict,
but nowhere Were sgeociated deposits of wmelallic mincruls in
evidsnce. Phe only oither ore decposit of this type known in the
area ig that situsted con the Fleming clolm fn Jneaton district.
The ore materials cceur in hornblende gneisses of the Mount
Stevena group {(possibly of Pre~Cambrian age) near thelr contact
with the Coust Ranze Iantrasives.

It is clear from ﬁhe published date that there has been

P

a pericd of mineralization in Whitehorsce distriet c¢losely fol=-

¥
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lowing the intrusion of the {east Range grano-diorites. Ores
of resulting type are generully aap yogsed Lo have been intruded
under conditions of nigh temperature and nigh pressure snd in
this respeet contraet sirongly with other types of ore deposits
in the regiocn. The availuble evidence polnts to a late Jurss-
sic or eurly Cretaceous age for the intrusiocn of the grano-dio-
vrite, and hence it may be conciuded that this first metallo~
genle epochi alse belonge in the Upper Jurassic.

The ore deposits of Whltchorse district, other than the
gentact metamerynic deposits, hove been claossified by Cairnes
inte thnree &ivisions, reld-glliver, anticony-silver, and silver-
lezd veins. OF tuese, the firat clzzs is "of wide distribution
in southersz Yukon and constitutes the major porbticn of the ore
deposits, nob vnly of Jheaten districet bub alse ¢f iindy area

igstrict tc the southesst.”

jas

The penesis of these three types of veln deposits has
been dizcussed by Cairnes ian his memoir on the Jheaton distriet.
Yhe concluslons reached are:

{1} That tney nave 41l bsen denosited by ascending hjdrotﬁeﬁm&l
soiubticns emanatins Orom an ifatrasive nagma belowe

(2) Tnat they belons in the "asper veln zcoue,”" tihut is, they
rnave been depositsd uader aamditions oI relatively low tempera-
tare &ﬂﬁ‘prmcsaﬁw.

Miene eoncluaionsy are based on: (1) mineral assoeciat-
ions: and {2) tne faet that the wall-rock ls nliered only
%li@ntld.

From tne evilence so Tuir aceammlatsd LHae exact geolo=-

g of the fermation of thne thrce typee of veln deposits
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eannot be ﬁefinitelg datermiged. Tiat they are of considerudbly
later ape than the contact melamorphic deposlts seems Lo be in
little doubt. They are younger than the periocd ol sclidillca-
tion of at least a port of the granltic nmugma, and they ante-
date the erupticons grouped under the heud of Hewer volcailcse
This evidence tends to show « late Jurassiec to early Tertiary
age for these deposits, and depends upon the length of tigs re-
guired for the cooling and solidificuation of tiie Batholithe.
That the interiorkof she Bathelith romalned in 4 heated and Ter-
tile condition for n coasiderables periocd ol time ithere can be
little doubt. The thrce differert trpes may or nay nol be con-
temporanecus; o slmultunsous origin cun well be presuaed by as-
ariving thelr distributions in zones to differences in the par-
ent magnma, a ruse of pagnutic segregation.

The distribusion of ore deposite In Juitehorse distriet
snows the significant fzet that they are 211 clese %o the bor-
dars of areus 0f pranitic roeks. This fact should be borne in

I

mind ftn {uture vprogpocling work in Jnitenorse digitric

Farther south on tone other side oL une proviacial boun-
dary, lies bthe Atlin district. Jince its geology and mineral
deposits are treated in condiderable detail in Part III of this
péper, we will pass over it al present.

It nmay be well to say at this place though, bhat in
general tnere is nuen siamilurivy between tne deposlts of atlin

and dhitenorse diabricta. Tuis is no doubt due to the great

similarity of She general geology of the twe districts.
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Tojiw Hiver Areda

Kot very much geologlcul werk has been dene in Tuku
River irea, and what hus Leen done, was uostly in the way of
reconaissance werk. However, bthe more meort“wt features are
alreuady discernibles
.

The Coust ﬁange grano~diorite batnellitic recks consti-

ku River, from its mouih

o

tute the bulk ol the lower ureaz o0 7T

to within O wmiles west ol tue Interuuticual soaudary-llie.
Tuere tue conbict crosses tuce viver, strillnog la o nortuerly

directiocu, and apparcnitly Zollows this course wboul o alle
veat o tue Talucvu;n Diver. Tue roczhs east ol bthe coatact
consist muialy of ths olier igneous ,rouaps, prosuwbl, Iriasslic

or Jurassic, with acne limesbone uwud altered gedimeanturieg.

Tnis seriss is iatruded by yowirer rhyolive, ducite, wnd lel-
I i8N Ly sy IREVRRE S - LN I WA Y ] -
site dykes aad s311lls whnleh in Sarn are labtruled Uy bLusle rocks

of lamprophyre tynes

toiding and evidence of acube stress is obuserved near
the convtact west of the Inter ‘uational voundury. Sasterly this
condition is gzraduslly winimized, und the structure, »ell def-
ined in certuin locsliiies, sssumes the more stuble uud definite
ghardcter that would se conducive Lo the conlined circulation

3

of vilnsrsligziar solutivans and the deposition ol sustained ore-

bodiess

s}

Taku River District, 2. Ce e da RECD,

o ‘s ; L

Sue wUBplLe LTEU.

»

Puku River .rea, J. To Vandy, ¥ianilst. of Mlues, Hept. 1929

Pe Co 133
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injor frastorine, icoomnanied in blaces hy well-defined
ahearing, has oceurred alons hoth & north-easterly and a northe
westerly direction.
The mineralization of the ehiefl ore-~bodies, according
to Dr. Mandy is of two main types:--
| (1) Cooper, zine, lead, and iron sulphides carrying
annreciable gold'and asilver values ir 2 larite,
caleite, quariz gansue.
{2) intimony and iren sulpnides, with very minor
gquantitiens of copper, lead =znd zine, but earrying
deeided ~o0ld values, snd nractically uegligihle

gsilver contents in a cuartyz gangae.

Ore~Bodies of Tyoe l.

The Tuleegunh and ¥anville ore bodles helons to ﬁhis
tyvpe. These occurrences are characteristic repluacenent ore-
btodieg ir shear-zones. Ia places, enerally in the central
portions of the zones, the sulphides have totally replaced tne
sheared rock.

Two main direcetions of fracturing occur, one siriking
nérth»easterly and the other north-westerlye.

The shear-zones oecur in what appears to be sn inter-
formational sheet of altered pyritized rhyolite in an andesitie
codntry~roek of dense texturs. The formation has been subjected
to comnaratively gentle folding along north-south striking axes.

The ore bodies of this type are probably mediua to low
temperature 4dcposits, formed at an appreciable depth below the

01d surface from aluggishly elreulating solutions. Replacenment
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srebably enanated from the centre of the zones with lateral
temperature gsesremationa.  Minernl devosition ig »robably re-

vy -

1ated to tha cencloding neriod of the 3athelith intrusion.

vl

Ure-s0dies of Qgpe “e {oDblbalte golid)

Tus ore-uo&ee of tnis type ure characterised oy « nain
metallic content of stivanibe, with accompunying pyrite and very

M o 4 PR - . e B N 2 . Fe¥ g T A I EE e P e s
miner guanbivies ol galend, ln o Liag-gruluoed quaritizose gangue.

te

Mhis abibaiste veceurs in o nasslve granular Jorm in zetlicalated

structure in the vein anbter, wnd alse as o Tlue u* bviLduﬁiOﬂ

¢ winute necdle crystals in the gunouwe-natier.  The pyrite is
in Jine gralned seatlered dissenlantlon turough bhne gungue. The

bypiceudl cre-hedlen of thils 5y pe appowr to ne conrined Lo o dia-

bagle rocl, cut by npunerous felsite and suell canrta-rviyolite

The depcsitsc ocecur
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in well-delined regl-cenaent srerr-zones slon: the courge of fele

site dykese. These dyken howve prebubly Jormsed lines of wJeakness

R

+

in the surrcunding countery-rock =long whigh tus Iraeturlng and
shedaring nad been reualdlily carried aad sustolueds The tLypleald
depusits ure characiterised by o uizh zold cunsoent and uwbnormally
low silver values. aduiteration wibh arsealc wad Copoer 3cems
t0 be pracvically absents DThese ore~bodies are provobly of low
temperabare orlgln, Drmed comparatively near the surfaces. The
structure ilondicates that Shey werse Jorwed from rgapidly clireul-
long soverliy ot ieuslt Lwo luopaise perlods. .ilthough

tne deflinlte genesis of tuege deposits could act be esbablished

in toe field, tihuey ure prebably related vo tihs fluauwl thermal
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sotivities of the batholithic intrnsion and lster in

origin than the ore-bodies of lesd-zinc-silver type.

Stikine and Iskut River Area.

This larre and little studied area extends from Taku to
sbout Unuk River, @ distance of some 1BC « 200 miles. On the
west it 18 bordered by the Coast Range Batholith, to the esst
1% 1s underlain by unclassified Pslaeozoic and probably sore
Vesozoic rocks. It seems that 11 along the contact, and far-
ther frowm it, forming a belt atout 25 riles wide, metallic min-
erals have been found. Thig 18 to be expected. Fowever,
because of the relative insccoscibility of the resiorn, compara-
tively 1little prospecting and developneut weas done.

The work that h=s been done shows that the district is
mineralized, and that more work i3 warranied.

fe A, Kerr in his report on “tikipne River ares 8ays:
Phere are four differsnt kinds of deposits found in the srea:

(1) magnetite-pyrrhodite
{3) zinc

{3) lead

(4) cooper.

In soaupe nlaéeﬂ the variouws kinds are completsly isola-
ted, whercas in others two or wore kinde pay be present inter-

mingling or sradins into one another,”

Fo A. Xerr. Sum, Rept. 1926. p. 14 Co Se Ca
" " " " 1929, p. 11 G. 5, C.

"_ B E " 1929, Te 20 Ge ve Ca
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Neposlte of the masnetite-pyrrhotite type sppear to
lie directlf‘on the ignecus rock or in it, rather than in tre
sedimente, Altered sediments are renerslly found spsociated
with thece, thoush in sotme places tre minerglized messes ceem
to occur gg lensgen in the grerite itgelf.”

This 1o then & contact nmetarorphic type of deososit,

“Calens and sshalerits nsually oceur intermingled or
closely cssocisteleceesss
The miperslivation ic generslly in the sedimenis =t or near the
CoNntECtasonans

Some Qeposite sre clesrly replacements of the sedisments by
gangue and sulphides.”

ALl these depogits are very sumall, and vrobably have no
compercisl imQOfiaﬁae.

Tne g¢oprer type of degosit, repregenits a lens-like bvody
oi c¢haleopyrite in bedded limesione. It is also small and does
From what has beesrn sald 11 geems, that all these depo-
sits sre 190 wrall, wi oo vaitchy Lo be of any srest interest.

iswever theiz sosition along the enstarn coniact of the
Bathslith, indicabaes, that this portion of the contact is min-
‘orslized, #nd thrt tuerefore therc ls no repson why larcer de-
poalts should not exmist.

It seers glear thoush, thnt the prageice of wineraliz-
ing Lody, Like the Zeiholith, 1z not sufficient to produce
large sre deposlite. It 18 uvcesegary in coajunction with it to

hauve structural gonditions which would tand to concentrate the

i
available irinerals al & point.
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Salmon River Ares,

Tha Salmon River Area with the nai~thorin- Dear ?i?er
and Stewart River sres has received considershle arount of
‘attention. Thic io probebly due to the fact that the district.
is fa*r’w acocessible and that seversl prorising ore deposits
fhave been Ciscovered ,--such es Premier, Tig Missouvri, and
-Dolly Varden.

in nig report on the distrl in

é".)

Peune 132 01 the Ceol, Surv, of Canade thus sumnarises the
‘egonomic seology of the ares:;

*in the mineé 0 Salwmon Aiver area, the values up to
the preasent have been mainly in silver and cold, althouzh many.
of the deposits contzin seonosic cuantities of sslens, zine

tlende, chalcogyrite, and pyrite in & suariz go

The riaeralizetion of ihe district is szsocisted with
geg of the Gorast Hsuge igneous activity--that

period wirich has heen 80 lmportant in commercisl ore deposition

Ihe ore deyposiils are connected with thé Premier sills.”
Lhese are tabular msasses of quarits porphyry intruded vetween
the bedding planes of the tuffs ol the Zear ziver formetion.
Thelir maximum thickness is in tne neighbvorhood of 1,300 feet.
The rock is grey massive, and in hand specimens shows in some

cases phenocrysts of orthoclase and small, irresular masses of

guartz in a fine-grained bround NasSs,
A , ,
e Jo Schofield and G. Tencon, G. S. Ce kems 132,
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The 2ills were iniruled prior to the mountain-bhilding,
and, thererlore, while lhe wuifs were horizonial.

Since the time o1 intrusion, they have been subjecled
to folding along with the contalning rocks, ant now occuny
varying rositions which deviale from the horizontal.

| "The ore deposits are of three maln types:
(1) Base metal type
(2) Silver-zo0ld tyne

(3) Gold tyne.

base wetal Jype.

CWhe usual MOQQ of dGeurrence of tnis tyne is that of
repluaceuent and dissemination in cervain beds of tuffs and tuf-
faceous conglomerdies, astioush veins occur eontaining the base
meluls. Whe uepdsiius are roughiy tabular, since they corresnond
in strike und dip witnh Lhe Leus wilh which they are associated.

In Big Missouri ridge, there beds sirike along the ridge
and 4ip al & low angle 10 the wesl and since the slope of the
hillside down to the Salwmon nriver glacier is steeper than the
dip of the tuflfaceous beds, Lhe mineralized zones form long,
linear outcrops on Dig Missouri ridge. These weathered out-
orops, coloured brown by bhe presence of lironite, are a marked
feature of the ridge.

The minerals ovresent in chese bands are pyrite, chalco-

pyribe, sphalerite, and galena in a gangue of quartz. Fearly

all the examnles of this Uype occur on kig Hissouri ridgze. The
groupg of claims from south to north are as follows: Inaian,
Big Lissouri, Hercules, snd Forty-nie, all of which contain

mineral deposits sirilar Lo Lhe descrintion given alove.
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The alteration or me tamorphism of the rocks on Big

Missourli ridge makes ithelr uwelcrulnotion very difficult, if not

porphyry and the tufrs was ot cefinitely recognived, arnd it is
gertain thal over ihe grealer part of Tig kissourl ridge this

contact is buried unaerreath the tuffs and the tuifaceous

conglomerates.

Silver Gold Type.

The ores of this type occur in veins and vein-like
replacements in quariz-pornhyry ana at the contact of the por-
phyry and the tuffs. The large ore-chutes are lenticular. ‘?he
minerals present are pyrite, chalcopyrite, sphalerite, galena,
tetrahearite, freibergite, pyrargyrite and other sulpho-antimo-
nides and sulphoéarseﬂides, native silver, and gold. The gan-
gue is rather abundant and is almost entirely guartz, The ore-
bodies of the Premier mine belong to this type.

The native silver is found almosl entirely associated

with faulis and shear zones and was noi seen in the unfractured
vein material. 1In aadaition the fraciures show a gtrong down-
ward movement of water and contain consideruablie anounts of
limonite. 7The silver occurs as thin leaves or plates filling
small cracks in the ore. Some occurs in halir like forms {wire

silver) and nuggets in small gquartz drusses. The loculization

of the silver to the imme.iate vicinity of the fractures points

to a seeondary origin for the native silver, or, in other words,

the native silver is due 1o secondary enrichment.
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fuertzs and »yrite wrc the nrevomirnating sminerals. Small guans-

[-ad

tities of chaleoonyrite, snhalerite, and zalena are nresent.

Pors
i

m

Lgsays show high values In gold, but nractically ro silver,”

Origin of tihe Ores.

ir. Schofield considers that the ore bearing solutions
'emanating from the granite during the final slages of cooling
enterea the fi:ssures and shear zones and at favourable locali-

~ties formed ore~bodies of comaercial size.

The ore-bearing solubtions which foraed the ore vodies
on Eig higsourl riage eviaentily spread laterally along favour-
able norizons In tne tuffs and tufl conglomerates. In other
cuses, as &t the Prenier iine, lhe ore-veariag sclutions found
the sheareu contaclt between the guartz porphyry sills and the
tuffs a favourable nlace [or ore Asnosivion,

The evidence avallable poinis oul, thai Lhkis occurreu

probably in Upper Jurassic time.
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Alice Arm District.

The area 1is on the easitern border of the (Coast Range
Batholith and the minersal Geposiis are part of the great miner-
elized belt which extenus with few interruptions along ihe
eastern contact. 4n hiatus occurs in the belt at Nass River
where no mineral deposits are known.

Alice Arm is at the southern ena of that part of the
belt that extends uworthward and thal inclules ithe alncral de=-
poeils of Portland Canal, Unuk and Stikine rivers, and atlin.

The mineral deposiis of slice arm district can Le
classifieud under fivs‘heauiﬁgs:

(

(2) Iigh grade silves-bearing veins in argillite.

o

Kolybdenite deposits.

o

’

R

Silver lead aeposits in volcanic roc¢kse

FoaN

{4) Sohalsrite uevnoslts.

~

() Chalcopyrite denosils.

-~

-The high grade silver bearing veinz in argillite are
guartz veing © fsel or less in wiath, which ave nlneralized
with prirnary silver minerals. 7The gillver-lead Genosils in vol=-
éanie rocks are vein like, ususlly much wider than o fect, con=-
sist of gquartz, barite, and couniry rock, and wre mineralized
viuz silver-bearing galena and betraheurite. Owing Lo secon-

dary enrichument some of the deposits of this type contain rich

&Llver ore.

{George Hunson. "Mineral Deposils of alice Arm District.”

Geol. bur. Canausa, Suti. Hept. 1928, pn. £7.)
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The éphalerite deposits are vein-like and consist of
quartz, ealcile, couutry rock, and resin colourez sphalerite.
Yoe ueposlile vary oconsiderably in size and are usually in
gevimentary rvocks.

re vein~like and consist of

jAY]

The chulcopyrits denosits
quarts, country rock, ard chaleopyrite. The deposits are ﬁastly
in voleanic rocks. 1In many respects they closely resenble the
sphalerite devnosits and may be closely related to them in
origin,.

Hanson concludes, thal the deposits hauve nol been
studied sufficiently yet, to be able to formulate any satis-
factory thecry to account for the various distinct tynes of
minsral depogiis.

The deposits are very numnerous, and considerable work
hes been spent on Gevelonment, bul so Far the Dolly Varden
Mine is the only one which nroduced an unpreclable gquantity of

] metal (1,300,000 oz. of silver).

But some as Hanson says, have oulstanding notentiali-

ties,
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The Skeens and Feighboring Districtis.

A large body of nyrite with associalted chaleonyrlte,
oceurs some Alstarnce upy Testall River, but czcept for this
ocourrsnce very few mineral deposits of importance zre known
vetween Irince Tuncrt and Terrace.

¥orth and south of Terracs along the eastern horaer ofz
' the main body of the Cosust Range Batholith, mineral bearing
veins are numerous. T¥To large ore bodies are known, dbut tue
veins though narrow are commonly very rich. They are cuartz-
,sulphiae'veins cortaining free gold, and the value in nost

instances 1s almost entirely in gold.

L short distance east of Terrace, bornite-free gold
guartz veins occur, as well as otlhrer deposits of o more com-
plex nature. Hust-and weet of Skeens River, in the nelighbour-
hood of Fiddler and Lorne Creekes, gold guartz veins are again
the rule. In the vieinity of Hazelton are nunsrous small to
modierate~sized veins containing a great variety of nainerals,
among which may be mentioned gold, Jamesonite, walfranmite,
scheelite, molybdenite, safflorite and the common miﬁerals of
copner, lead, zinc¢, silver, iron, and arseric.

On Hudson Bay mounisin the veins wre mostly small, and
are nainly of the silver-~lead tyne. Veins containing arsenic
arnd gold cre also nresent.

fangon also mentions a velin near Trancois Ilake which

containg hituwen and vhosvhate minerals, but as little is

(G. Hanson. "Prince Rupert to burns Lake, B. C."

G'. 80 Co SL\,’“’UQ» Rentl 1924, Ve 38-)




76.

known about it, nothing more has to be said.

Fesr Tazelton occurs an interestin~ depogit of Turigsten,

desoribed by M. N. Yuret, ir . 8. C. Summ. Rent. for 1924.

This depogit, together with these 0f arsenic, copner;
“lead, etc., ocour iIn Rocher Detoule mountains, southezst of
Fazelton. The denogit occcurs along a shear 2zone, in the arano=-
diorite. Presence of such minerals as wolframite and scheelite

indicates high temperature ard »ressure corditiors.

farther from the main Coust Ranre Betholith, in gonnection with

the satellitic bvatholithe, end tha: therefors the satellites

arrant nore attemtion than has teen hsretofore gilven thenm.
snother mireral deposit, described by Langh is also

- eonnectes with a small satellitic baztholith.

The Geposits constituting the Owen Jake mine, are veins
fillihg‘shear zones and froctures In the micro-dlorite and in
included blocks of anferite.

A single vein, and replacement devnosits in the matrix
of conglomerate, are exposed on a vrospect on Tsa-lit mountain.
Becaﬁse of its nroximity to the azranite atock on Hount "adina,

this mineralization is helicved tn be zssociated with the

granitic intrusion.

The veins are rousghly narallel, f£filling shear-zones and

figsurcs in micro-dioriti. They wary from mere stringers to

1
r
A. H. Tang. "Dwen Take Mining Campn." 0G. 5. C. Sunm.

Rent. 1929. D. Hs D. 62
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irregularly mineralized shear zones of 5 to 6 feet wide.

There are two senara Ltypes 0f miverslization:
chalccpyrite~sbhalerite and sphalerite-gulensa, butl sradations
between the two types occur, and ws yet no zonary arranzement
has been observed.

The chalcopyrite~sphalerite veing rave hizh silver

o

angue minerala

content, and & moderate gold content. The

n

2

are: rhodschrosite, ¢uartz, chalcedony, ard barite.
The sphalerite-galena type contuin moderate silver
valueé and a low gold content.
“he veins sre of the enithermal origin, whieh is
sunported bty the following eviderce:
(1) Pronylitization ig a tynical alteratinn accom-
ranvinge enithermal Geposits.
(&) Chaleedony is a characteristic rungue mirersal
of epithernal veins.
{3) tetalllic and zangue minerals are of epithermal
tyne.
The sge of the aicro-diorite stock, with which the

deposits =nve asgonciatew, is considered by Tancs to be post-

ILover Jursssic.
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Quoting Marshall:=--

"As yet very little prospecting has teon done in this

region, and only zlong parts of the trunk streams. The dis-

coveries 0 far made prove that mineral deposita occur and
that tanere exists at least one well-defined mineralized zone g
of considerable extent. |

Gold, silver, leaa, zinc, and copper have teen found
in veins on Chikamin ridge, sbuth cf “hitesall Take, and on

Sweeney mountain norith of Tautsa river.

The silver-leau~zine deposits on (nlkamin anu Sweeney
mountains are tne loportant discoveries so far mude.

&€n0sits on Chikanin ridge are in beas

=

o

She silver-lead
of altered and sheared waterlain tuffs whnich OULCIOD Usalr &
nunber. of small intrusive nacses.

Those of aweenayrmounzain aécur voth in toe sesimsntary
and voleanic nmembers. 1ne most interesiling showing, that in
the Emerald group of claims deserves more detaileu deseription.

Sweeney countain is formed of rocks of the Huzellon
groun, lithologically similar ﬁc rocks of the same grbap on
Chikamin Ridge. VYesl of the westernmoal peuk 2L the mounbain,

P

the Coagst Ranze intrusives invad

&

the nembers »f tne Fazelton
groun. The mineral depozit osceurs in beds of sueaved and

altered tuffs and argillites.

Quartz fills fractures in the tultfs, foraning veins up

10 18 inches wide., ‘he guartz is fractured in all Girections,

Jde Ro irshall, Vihitesall-Tahiss Lakes Ares
2 &

te 3s Ce Sumine Hepts. 1924, p. S22 4.
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and these fractures are filled with cubical and steel galena,‘;f

and subordinate amounts of pyrite, chalcopyriie and sphalerite.

The total length of the deposit froam wdlit portal 1o

the erest of the ridge is at least 2,000 feel, ant the differ-~

ence in elevation about 900 feet.

From Butsuk TLake to Chileo Iake.

The extensive, several hundred miles long, traect of

" land from Butsuk Lake to Chileo Iake has been very poorly

prospected, and no rreat discoveries have been made. There are

only three nroperties that deserve some attention. These are:

(1) A& deponit of suriferous arsenopyrite, situated

 about £ miles north of Perkins Deak.

{2) £ denosit of Hematite 1 mile south of Perkins
Peak, and

(3) The Morris mine or the Tatlayoko Lake Gold

Min@ 8 Iﬁtd -

The gold-arsenle denosit ig situatel at an elevation

of 7,500 feet neoar the irow of the steen, northward-facing

siderof the deen vallesy immedistely north of Perking Peak.

(J. KRe i2rshall, Zutsuk ILake area, k. C. G. 3. C.

Summ., Rept. 1985, p. 144 L.)

(V. Dolmage. Tatla~Rella Coola Area, F. C. G. 5. C.

Summ. Rent. 1985, p. 155 h.)

(VeDolmage. Chilcoo Iake, B.C. G.5.C. Summ.Rent. 1324, p.70

A)
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The deposit is reacheu by a branch trail leading from One Eye
Lake to Perkins Peak. The ore bearing veins occur in a series
of sedimentary rocks composed of black argillites, dark brown
argillaceous sandstones, and fine, cherty conglomerates over-
}lain conformably by thick beds of coarse volcanic breceia which
form the summit of Perkins Peak. The strata strike north 60
to 70 degrees east and dip southeast 40 to 45 degrees. Fossils
found in the near vicinity of the voins are reported to be of
Lower Cretaceous age. The rocks are cut by the Coast [lange
Batholith, the contact of which makes a U shaped bend around
the southwest side of Perkins Peak and is 2 miles soulheast,
4% miles southwest, and 1% amiles northwest of the deposits.
A small diorite stock, less tunan one-fifth of a mile ip diame-
ter, similar to and proovably & part of the Datholith, outcrops
in a small cirque £ mile soutieast of the Jdeposil.

fhe mineral 1s in large yuartz veins or silicified
zones which strike norih and are nearly vertical and, therefore,
extend up the stecp valley wall.

Arsenopyrite is disseainsted in guartz,. Thevéhewings
are quite large, tutl the amount of containeu gold unforuunétely

is small.

A deposii of exceptionally pure Hematite occurs in a
large cirque on the soutneast side of Perkins mountain. It is
gituated near tne boltom of the cirgue on the north side at an
elevation of 7,500 feet. It is reached by a good Lrall from

One Sye Lake or Klina Lkin flabls, botn on nella Coola trail.
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The Hematite occurs in a bed of tuff, which, with other types
of volcanic rock, is interbedded with Lower Cretaceous sedi-
ments, The tuff bed is 10 %o 30 feet thick and is, in places,
completely replaced by Hematite. 3Small veins of quartz and
specularite ocut it and adjoining beds. The beds strike south
}70 degrees east and dip 20 degrees south. The sedimentary an&'
‘volcanic beds lyinc between the Hemstite deposit and the con-
tact of the Batholith, which is about 1 mile to the south, are
ithsraughly inpregnated with pyrite, and along certsin well
developed shear-zones near the iroun-bearing tuli the rocks are

completely altered to talc and sericite schist contalining a

large amount of uyrite,

The rost iinportant deposit near Chilco Take is the

oy

AP O N s A S k3 Ao d o
«atlayoke Teke Jolkd Vine, Letler

‘7 o

7 ot i R r o 2 desgan B e &% EYCEL Vo A > e
hae dasszit is eituated 3 miles sovtleast of the ssuth

end of Tatlaryoko Take, 2t 18 sl an elevyalicon

T

just above tinber line, and 2,300 feet siove the lsle,

- 3 I ey s T P Pognd 4
on the aides of & sbteep racky gulche. The veing cut Triassic
gediments, chielly ar-iliiles sod Tine sandsicpes, but with
one thia bed of {ine cherby conolcocrerate. 4 onorc Glotance

1

aorthesst of the veins ig & gstoch of querts diorite probably

e is

o

releted %o Lhe Loast Yance Hatnolitih, tre ecce 0l ub

situsted g favw piles to the south, Lany drkes sul fne sedi-

B

ments and rence in composition from diorvite o basali, the

pajority veins bLassgltic, faoy, If sot all, sre younger than
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the veins, |
The veins cénsisz of quartz, through which is
disseminsted fairly evenly aréenopyrita, pyrite, stibnite,
and two or three undetermined minerals visible only under the

mieroscope, but Which, Judging from the assays are probably

silver bearing.
| These minerals are closely associated with the

stibnite which ftends %o ocecur in the central parts of ihe

veins, whersas lhe gold, uarsencpyrite and pyriie are more
plentiful along the margins. The rock adjoining the veins

has heen altered to 2 very dense greyish green material

resembling chert,
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Taseko Valle
Limonite is faund‘iﬁ’the Taseko Valley. The deposits
are situated in the upper portion of the valley and in the
valleys‘of several tributaries, the total area in which the

beds of limonite are found being about 50 square miles,

The rocks underlying the limonite deposits are an
assemblage of basaltic flows and pyroclastics with some qaartz

diorite porphyrite dykes and sills, the whole known ss the

"Taseko formation.!
This voleanic formation of Tertismy ama, overlies

unconformably the previously eroded surface of the «reat Coast

Range Batholith.

The deposits known ss bog-iron ore, are situsied in
seven éifferent localities. They conaiat of sheets of brown
limonite of ver ring shape, size, and thickness, built up of
thin layers of brown, cellnlar, and renerslly loogse-textured
linonite lyine narsllel %o the surface of ihe sround on which
they mest. The limonite when dup forpme a larpe peLuJ;:rce of
iines; ot of 1t bresking irto vieces 0f less then half aﬁ
Inch, ond much of it tresking to ithe (ineness of sand.

The iron is derived fron finely Jivided pyrite which

irpresnates creatly silicified and sericitized tuffs of the
>

e solatlions forwel by the

hins o8 this prrlite trickle down the mountsin
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slopes and deposit at the finst favuourable loaniion, viilding

up a bea of llmonite.
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J. D, Vac¥enzia, be limonile deposits
G’. 5@ C. Sll m' .?&ept. 1‘32«0, p; “.’:2 aii.
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Gun Crssk Area.

- There =re no producin~ pineg in the Gun Creek ares a2t
present, hut several interenting coprer and =014 deposite necur.

Tre vnet dpvortert depoeite of Gun Creek srea, s2re four low-

2

grede coppor-01C0 funesite, situnted in the Conat Tance Tethoe

1ith alors its conlact with the (retaceous voleanics,
The nmiueralizmed zart of the Batholith is ¢ normal sranc-

-

Giorite cormpus of
oriboclase, and rnasnetite,

The serregation of the ore wminsrale in this perticular
peet 0l the Sntibolith rpeems W be dependent oo the development

o
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geculliax or
potuales  or
well formed, swuooth surflecew, bul no vigitle internel radial

. SRy 2 . R 253 7 B oy de e s e [ sl . . - L
Gir conceniric toxiure. The interiors of lie nodules conaist

are made up of miarolitic grs
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chalcopyrite. The miarolitic cavities are lined with well-
{ormed crystels of guartz, orthoclese, lsumontite, snd chalco-
pyrite. In rlaces there is cansider&ble chalcopyrite dissem-
innted in the qusrtz, and occessionally blebs or this copper
mineral up to & inches in dianmeter, C(halcopyrite is also
aparsely dissemirnated in the merginal portions of the nodules,
Sinell amounts of pyrite are associsted with the chalcopyrite.
(V. Dolmage. 7Cun Creek Area, B. L7 CG. S. Ca

Summe Hepte 1928. pe 78 4.)




85.
No gold or silver minerals huve been observed in the sulphides,
though ssssys show these metals 0 ve present in smell amounts.

The deposit 1ls exceedingly 1low grade averaging 1% in copper.

‘The Bridge River Area.

"The most important ore deposits of the Bridge River
area, and in fact the entire Lillooet mining division of Brit-
ish Columbia, are the gold-guaritz deposite.”

But this is not the only type of deposlis and the
deposits may be classified as fallaws}~~

(1) Gold yuartz deposits,

{2} Placer gold deposits,

{3) Silver copper deposits.

(4) Antimony depouits.

{8) Chromite deposits.

{6) Hickel-iron deposits.

{7) lon-metallifarous deposiis.

In this paper we are aﬁly goncerned with the metalli-
ferous depoaits of the lode type, and so will disresard the
plaeér depoeite and the non-netallics,

The pold~opuertz deposite 0f the Cadwsllader Creck belt,

oceur as veln £illinze in well Cefined flicgures in an sugite-

(¥, 9. ¥cCann, “"Seology end Mineral Depositz of the Sridge

River Fap-area, B. C," G, 5, C. kemoir 130, 1%22.)
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Many of the important fissures of the district show
sheeted stiuclure iu vuui thw walils 01 Lhe velns conlain paral-
iel Joiunving planes wiidh aie thewselves perallel to the main

X ABEUL IS B,

e Y s

Yhg compreasive iorces aclting ivom the west, waich were
'resyansible for the folding and crumpling of the (adwallader
series on the western limb 0f the Bridge Hiver enticline, conld
have produced iissurlung similar 4o that noted in the sugite-
diorite,.

The veins are iillings of well developed fauli {issures
in the augite-diorite., The) &re charscierised by freguent
pinches end swelle along their entire lensth, Those of great-
est sconomic importance display a b&n@ing cr ribbon structure
du& %0 subsequent movement along the plane of the veins, and
the sheeting of the guartz veing along what may have been lines
of ariginal sulphide deposition. The hydrothermal solutions
have had a profound effect upon the wall-rock close to the fis-
sure, havin:s altered 1t 1o a light coloured, gressy-feeling
rock containing nyrite and ayaenopyrite in cryatals,

The vapgue minerals are: guaritz, lcite, sericite,
gldevite and dolowite. The metallic miverals sre: gold, which
tercd throush the ¢nrartz of ihe veihs,
anl soretimes in richly <oacef brated ore shoots or pockets,
sceurs as
toin plates or coating on slikerncided partings in sheclted or

ribtvoned veing., It alsd ocours dinely distribuled throughout

tre sulphides in pinute {ilms and perticles. Iree milling gold
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is found associated with pyrita, arseno~-pyrite, chalcopyrite,
tellurium minerals, and stibnite, and all these minerals are
found to be usueally indicative of the presence of high vslues
of gold in the veins,

The presence of tellurium indicates that the deposits
ray be classed as gold-tellurium type of deposits, and it would
be interesting to compare them with the similar GegnsitS'farther’
north, 1like, for instence, the Encineer Vine,in Atlin district.

The veins are oxidized %to oo depth of ahout 100 feet,

Thare hasz teen movomant alone the vlanes o7 1he veins
since thoy vere {formed, Lut the dimenslons of thieg novement

The solutions irom whicn ths veln saterials were preci-

pitated ars believed to bz menetlsally

relzted 1o the augite-

te Initrusion

&

dior 2 veling eonstitnting the resnlt ol the

kN

lagt phase ol napgmetic differentlotion within the mrona Lrom

.

1o heve perrdited of the solicitvication of Lhe in-
Lrusive to such an extept that 10U would yield to delforving
sLresses by fracturlig.

The augite-diorits has been iairuded by Lighi-coloured
albitite porphyry (ykes wrich are congidered t¢ be a later
differsatiate of the augite-diorite magma, ant the veins them-

selves, which cut across these dykes, sre believed to have been

i

the last manifestation of igneous activity of the intrusive,
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and therefore, of the sare :eneral age as the augite-diorite

Ply youpper tron i,

bvﬂsliphmh ] , N
: > iz @y metanorphogsd thoan the

The anritz-dis ,
Teador quarin-Clorite which 1 only 2% wiles avay, and ihe
guarts-adloriie docn 6ot conmtain pold-qusrtle velns., SLs susite-
Intruded Tormations younger ithan

L8 ApT Raovwa w0 lave

Cloxiue Lo
the Cadwalindsr series
sd ety of known Lower
sceount of

snd 1ts

Bhe Bendor uus
refore, on

t‘

tonoephdan,

£ i
FSE R IRET

velolicon ve ilotruded ig considered to be older than
the Dender batholilhic yumriz-diorite, wilk ils age is pleaced

a8 late Jurassic.

Silver-Coprer Deposits,
In view of difficulties of trangnortation, climatic

eisht, the coprer-

ol the ore in ¢

and the low %enor of
v setively develoned,

f& .,v,
on the

3
B
<

g

2.

ailver deposits heave not

gost seraistent veln ol

traced Tor over

REie

side of TeGilliveay mountein, whernce 1% mav b

a8 nile rarthwesiward,
nleys banded stmicture due to

!.'{‘4

t digs
have heen

=

fissure by crnstificetion. The reitallic minerals
bardaed sorvesaten psrellel to the wells,

dervsited in thin, ©
rnder the veln

;{
herety ceousing

nermeable

Gomb Structure” and drmeyr o
. 1.

sntors, which b
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the oxidation of the tetraheirite. The resuliing carbonates

~ A

oL copper, aguritc, & wossoenile, have siua
¥ ¥ b4

(s

nsd the guasritz 1o
& LECKed dogres,
Lie gangue mineral lg ensirely quariz, and ceontaing
telrshedrive, agurite, mulacnite and galena in swall avouris.
sroim the nineralizatlon of the vein and Lo Qicld re-

lations, 1% ia probable that il wes formed at intermediaie

bt

o
(48

Gepths and genetically velauved Lo the intrusion of tie
Bemdor guartz-dioriie, the vein waterials being the expression
of the last phase oi igneous activiiy.

ihe silver is contained in the galena, which, as far

as is known, ocecurs in but small snount.

“Antimony Deposits, '

The antimony deposits are closely related to the intru~
gion of diorite-porphyry dykes, The ore oceurs in a guariz
gangne in ghesr zones ba?ﬁoriﬁg the dykes and g distributed
for the nost part in irre-ular lens-chaped masses throuch the
uaartz,

Ther appsur to be confliired to a narrow bvelt on the

wegtern limb of the Treidse Hiver anticline, aand have been
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Chromite Deposits.

A sprll Jdevosit of chromiam ove oceurs on the northorn

glope of Tavlor basin in the northwestern corner 9f the

area, It ia agancisted with a amall ounternp of serpsntine

=
o

#oek, Oceurrin~ sg films alony the fracture planes, aa
£illinazs

i ey -
a white, compuct

hydrated

“ %

The clome =z3socliation of the chronite with the serpen-
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onship. It undoubtedly
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in the molten vaomea,
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Cogquihalle Area, B. C.

'Strietiy speaking, the Guquipalla area should not be
inciuvaed in this thesis, since it lé?é outside tine Coast fHange,
anG belongs Lo the Cuscude hunge. 3ub as it shows the sume
properties &s tne other ueposils of British Columbia,viﬁ was
Gecideu to give & briefl deacription of the eoohomic geology of
thig area. Following Ce E. Uairpnes;--

"rire eccnemlc winerslo cwl vebtnls in Lhelr gresent
decresaging order of leporionse include: gold, silver, sopper,

%

- R ; 3o T N [T T S
molybdenite, arcenic, platinum, lesd, weuguocese, and iron.

o

Iiey ocenr ixn both detrital and lode deposite. In the former

; - e A S e e - N g e b PR P P L S
sold and platinum 2ra the caly niserals of lnportance.
"y £» b

. YD 7 oy ey o Y A &£ w b E s e S cpe T 4 . Ty ~ =
Tae Lodo 4 BUOE it of comnercicol va ~ue include: gﬁld.
silver,

S A ~ ~ -0 - Ll I T S P e, PP B PR
Tola ores are bthe ogth Inaoritonl srd chirecieriotic of

3 A ENETE T yvr 2151 5y v I TP T T :
the district. They ccour in two disbirctly peprrete sections
oy & - L oy Ko * o S it e P . 3 " 4 e . £ 2

of the orex ¢nd in oulte 43fferent seclosicnl seeocistions.

veing in the Lroner plate belt snd the uncerlying sndesite
greenstone rember o2 Lho Coche Creer series. Their origin in
the vieirity of the zicte conbicb ig obivibuted S0 a luorge
diorite intrusive which c¢losely followe thils gontacte Uther

Zold quaris velins seen, acvever, Lo be senetlcolly reloted to

e3]

mnller ond nore zeld porphyritic dykes and gille, intruding

(Ca Ba Crnirnes. % Coquihslla “res, Briticsh Colwnbia.”

Go 8. Co Memoir 139. 1924.)




8.
the slates. The‘quartz veirs oeour as combindtions filled gng

replacement voln.trpas,  They src comwonly bedded with the sistes

~ . 2 oy I : ¥ I -~
8T SCoupy irvesular fisscrsy in sitiner slaves or o roenslongy.

“hey alao vcour 1o snatier sdaes in elther of Lhese rocks and
apersar as a nebtyork ol Linked velnlets loraing o zone many
rfyards wids and peraistenl over many hundred aad poasluly thau—:
3and feet. In all these types, zolu values are very irr@ga-
aten, Lat are cumronly pirrest wharse arsenopyrite,

and 13 8 leas extenl o yrite o chaleopyrite, sre most sbundant.
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shite cuerty, wiikh in

1L 11 sneller proporiion of

. , o W tens 3 .
ing sraing or in lercer individupl crvg?

- L Py s g e o A0 N S . N L I Nr YOS G Sy A 3
never in sgolid osezes, Lnesr relade VTPEOLVLLE, L yVITY, arsei-
e » B - ~ 73 P . Pl
oo TALG, S CRnioDn 2, DREQC L Jroer o LN LLUE andé
B ey R S RN T3 gt de 3 e, LI S s S PSS . Ay N A
CQeROBLiiTilld, S mEROTLITe L5, advevelr, noct s cbumon in the

guariz volas themselves ag in the sdjolning wall-rock. Very
srall propovilons of saleua, tlesds, azd stibnite are
eacountered. Lold is chiefly associated wiith the arsesopyrite
aid ogours eivher ian the free state or so finely mixed or
invergrown with {tnis or other sulphides as to be even microg-
coplcally invieible.‘

3914 ores also occur al the sufeas mine where the ore
mineralg are massive auriferous arsenopyrite. Chalcopyrite
and vyrite are assoclated in varying amounts in a quariz gangue.
The minerals occur in well-defined veins occupying shear zones

in a moderately coarse-grained, basic plutonic rock that varies
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from quartz-diorite to diorite and is regarded as of Upper

duragsic age. Qhe velnos cie ol iuLexmwu;&LG characler as
regasds GOoln temperalure end depbi of iormsbion. Arsencpyrite
ig sulficiently avundaab snd wassive in characier o Justity
its separate ireatlment ior srsenic. The origin oi these ore
deposits is referreu to batnolithic intrusions which intersect

the older plutonic rocks.

at the Trreke Vicstoris mines on Gilver peslb, Ther decur as

voin desssits o inteinmediate and low temneratures in Iracture

rones Followic~ Joint Tiagares 1a o cagsive (rotgceons conglo-
rarate. The menmas iaciadeos 2iderite)
i thia 20 desrenving 8.
alnernl i eroanbilerous tetral odrid

X

Sacondary concectration of the vein material by surface

viaters hos resalied in tre differentisl enrichrert of the sile

ver acl leed at the erpense of the other metallic and rancue

s o . F P S ’ < B RPN e L U S
minerals, Values wu 1o 2700 & ton heve heepn obialined from

kS . 3 [P e in o T s P K N
these enrichad shodts ov ore nocketls, Average 21laes 1in the

1 2o T e b wy g eir T T T S T . s
orimery veln deoosite very up Lu sbour 060, tul are sz 2 rule

g%

o
LESE,

Calrnes, C. e lam, 1209. 1924,
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The only copper ores of economic value occcur at the
Independence mine. They form veins and replacement deposiis
in fractures or fissures in a large granite porphyry dyke cut-
ting the Zagle granodiorite and rocks of the Tulameen group.
This property was examined by Camsell who regarded the ore
deposity aé strongly resembling the Butte type. The gangue
includes altered granite porpvhyry and secondsry guartz, cal-
cite, and sericite. The nprincipal ore mineral is cheslcopyrite,

bat pyrrhotite snd nyrite ave abundsnt ard some chalcocite,

cuprite, blende, and molybdenite were shzerved. Tetrahadrite

is also rveported Lo occur here.

One important molrbdenite desnait has heen digcovered

o>

on the Dominion Uireral Group in the (retmceous rcranite on the

gummit weet of Taro, The guvlphide vocure in a higsh tenmpersture
quartz lera of vecvatitic origin and is also lumorerneted hgough
Ve sdjolnlie ronite,  The molyhdenite ocours in larre flakes
asrd lumoo din tho qunrts and in disseriielted esrmller flskes in

FE - -, - < . g N g e e o Y o N . - ~T e gl
L CDULNY) TOGH.  wome coecontery oxidatlon Lo rellow nolybdite

by ¢ S | BT o g b < » S S ,_ e - 2 M1
has oeouvzed, o ofier ore mingcrals vwaere obhasrveld,”
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Atlin Distreict, Physiography,

dhe Avdin diserdat pavsviibes W0 wisLluciiy dilierent
paysiograpnic provinees, vas is wat oi the Coast zange, snd
tne obher the fukou plailseau,

P

ifte Comsl dange Lls exbremely ruagged, aansiatiﬁg waialy
éf knife like ridges, needle sumuils, and abrupily incised
‘valleys, and everywhere counsiderasble ice and snow are to be
seen throughout the entire year,

‘The Yukon Flatesu ig a zeatly undolatine undond which
is best viewed from a sumnit at or neear the elevation of the
plateau surfrce. Tron such a point thoe obmerver isg struck by
Lhe negrly level character of the upland sweeping awery in all
tirestiong 10 the horizon and hf@ken only here and there by
ionlated vesidunl wassen thel 1 ise ghove the zareral level,
his hworizontal sorfone iskt din olaces he taken for a surface
S congteiction, hut it isg readily zeen thei it truncstes
deprees of rogislonce. The upe

- 3 Ay e S 4 < I ATET ad u
art average olevatlon of 5,000 reet.

o>

land stends g
ihe tranaision frowm tie plateau to the Coast jonge
wouptain cystem lg very grewual, g5 wuch g0, what it ig, in

Flaceg, difficult 10 deternine where one ends and the other

b‘(’f
gn

b eg ins.
The wide difference between the topozraphy of the Coasst
Zance and that of the 7ukon plateau seems to be due mainly to

thres causes. In the firet place, the Coast Zange is composed

largely of massive grenitic rocks which do not possess bedding
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planes, nor alternating hard and zoft layers to be emphasized
by eroaion, ©0 Lhal bub-zelisi gooucies have hat no regular
contrel and have thus produced very erratic foras. The irregu-
ler jointing planeg ;p tnese rocks have aliso in places gssisted
in the production of beld irregular topographic forms. Secon-
'dly the granitic rocks are harder and eroGe less vapiuly than
the rocks of the plateau and, therefore, have caused the Cosst
Range in thile distriet to retsin a rreater general elevation

than the re~ion to the sast,

tial erogsion and wplifi, the Coant lanre is anow hisher thar the
Sletesn region, it 8till contsins glacial ice, althoush the gla-

clers have long 82:0 vanished fvor the nlatesy recion, Thus once

A Lline of demarcation was eslallished Ustween these two terranes,
their festureca heve steadily bvecone more end wore contrasted,

ig believed thzt tihe resion has sulfersd several

aycleg of unlift and erosion, Durins Jursseic, the Coast Hange

[N . s — " £ 3 .- [ N . S o - K
Hasholith wes intruded and tio (omel zasve sinow hish. Cretace-

ging 32w a verlod of eronsion, taotlins “oholield:
I -3 O Py E e . By e BTN T -
?,L;,/i!":)&h HIDUL Vi LIDLAaALssgn s CACRE L our Jl (GRS Iée\;mﬁalﬂ

R ER F)

coglng, Varceouwver Island, Cueen Chariotte Igslsnd Hdange, the
Coast sange of British Colwnbis, ike _icrra jevada lange, the
Columpia-deliirk daage anG the flaskides, as well as Cascadia,

were areas o1 erogion, supplying sediments on both Ilanks of

o

o

#

.J.oc wfield, The geolorical record of the Cordillera in

Cansda. Transasctions of the loyal Soc. of Cane. Vole XVII,
1923, Sec. IV.




98.
these highland masses....... 2he granite pebbles which ocour
in Cretacsous rormaLiOM Ui 3. Lo prove bLhael llie granitic cores
vy Ltne greau curassic nountaia chalns were ai ihat time‘uﬂraoted.
LT08L0MH Auua sedimdnimbion wivk a livele voleanisy cone
Laauel finost wiothout iatoerruptlion uontil the Lerawnlice revolu
tion ia sorly Terticryy UillCesses

trne preasgreg 9f Uretacecus ¥ogks in the valleys in the

T yey st They e ew S R I N el - T I (A i R R SO E S, S PP O T S N P N m
(,v A B LB "l}) Y woaL s i Wi I S AR S| 0341 Litiil 8ILG AN Lt“_udflllu.ﬁ;
wiver, shwws tuabl the Vozsl ~ange ooy weve been in part sube

be ¢cofie

oF

merget by the cloce of the CroilactOus. rrom this 1% may
cluded Lhov Lhe 1our great Jurassic pountain chalus were reé-
aucec L0 a condlition approximaling peneplapation by the close
vl the (retaceous pering,”

"In early Tertairy time, 08 cﬂeﬂic movements of »rimary

inportance "the Taramide revolution”™ affected the whole region

0f tre Cordillers snd the Orert Pleing, The peneplaned surfsce

o S ot g e A ki TP S - o £+ . - [N | = N . . B g mn
of the grest Jurassic nountaline wag uplifted, thus stsriing a
PR o . 2 - 1o 3 Iy oge [ -l 2t k3 ~  ws
new crele of evogion while the Tegirne of melinerntetllion were
‘f"‘\'{_"" 70 in I T g ! vy A e e o oy o i
ioviget &l Q% Moun va LL Crilo Loy AR RECRVR D S | Junte lis
for the Divetl bine In Lhose certs o8 wre T Lo Pleteona and

e

[ N O LT T T e Y ST N S S N DT T = SR T oY £ o™ T o )
tao ooy Ponantain resion g ol eacnned Lhe fpld LIV UL the

JdVer gonuidaralle porltioas tne digtreict, the plateau
guriace has Leen wlwosl LI n0v quite Gesiroyeu by later erosion,

’

apd in such pleces the Lopograyly wouwlste ol lrresularly dige

vel, rouuued nillls, wa.y ol them gentll; contoured and with

susnits tlat are in wany ceses remarksbly aniform in elevation,
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ITwo main valleys o1 «h3 district are occupisd by Taku

(581
i

arm of Tagish Lalke, el allel Luode  Jwiee0lls GULHES vaLleys
401 the maln valleys. Very oilten ibheusv crosz valleys sre slso
guomerged or have smwall e opsiale lukes, or vomnsnts Ll lakes,

sireaus and cersheg.
Tanese valleys were appareatly old stream cnaaacls,

- »

which were later accoanvumted by glaclation.
e asln lec-uasses ocoupled the wacter deprownsions

Ty
Hul

guch as 4Atlin Lakce, and woth ightened and plaanned their

slopes, and widened ang lowered their floors., fThe veaileys thus

produced wers wide, deap and steep siced. 7The ice also, in

places filled the floor of the valleys with glacisl silts,

sands and

he formetiosn of such

5

o o o . LI irhe 4 pa ir A Ia g
Inzes as Uaku whiich now odeeupy the

[P SR »

tions ogolupled

~laciers, iz owir> to thne ract thst the ice retrea te v the
valleye so rayldly thet oaly the lover portions were £illed

A Ay

With glecial debrip, cmusing reverued slopes sud effectually

impounding the water cbove,

Follawing J. Je Cairues,: 'vhe 'UT shaped, steep-walled

character of all the main valleys, and Lhe revorsed slopes of

many, causing lakes to form in Lherm, are due, meinly at least,

to zlacial action,

th r

Ea

g1 atreams raenewed

(&

the

The upwarpy of

life and energy, and they

i

E. I}; {i?ll‘nuu’ 1'9!3- 2’7,

gtrict, gave

inmediately began vigorously sinking i

Al «o
LFa xig
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thelr channels in the upiiffeﬁ aurface. Throughout the ares

€eep V shened fncisions wers rornidly mede, 2rd threrse in

] L) N S s a S SR & - S ay g AT a1 . 5 e 2 e
Jleflstocene tine, vere invaded bWy olaociers from 4he nountaiecs
4ol A Coadd L P b A b S P . Faad

SRR SR S A TSR S , Soutnvest snd vesh, vhich have pof ountly effeg-

S BTN L W L ST O ) S B R A
Lted the Lopoprpply 0L the Cl3trict.

den oa oroad lasesheald covora a Glstrlet, i3 .woderates

- F] N bR AR g ey S gl PR . . N o i Yy PN -
vie Topographic lentures ond eavces the reliel, bWy eroding

was bhe case over the gresier part of Atlin Listrict pich grea=
Ley resulls sve seen and 03 a Cifferent rinG; Luhe inlersiream
»aréaﬁ mainieln thelr even cuorocler unafileciew vy lve, wnile
Lhe valleys arc wileaed and usepined, lhe .azluun silect being
- produced iu areas which have besn previously preparew Lo ree-
eive the lce by having deep valleys slrecdy neae in which the
ice can operate. Yaku arm belt 1s belisved to have besn go
prepared, arnd in it V-sheped valleys have been transforumed into
wide, deep "U" shaped depresgions, and hancine valleys, cir-
gues, roches montownees and other well-known rlecial forms

kS

hnwe Leen praauﬁed,"
Hengioe valleys fove s very conspicuous feature of the

entire district, Deauntifv) avarples arze found on £41in moun-

»

tein, and irn all valleys.

w

Y oy A2 -, - 4 b ] g e . £
sare ol these hanzli valls:s sre ot least 2,000 feet
Tyt b WG E R AT L T Y e e
avove the Lottom of the waln velle g,

Cliryues are also juite fre. even in the lower and
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gofter contoured .lsteau region numerous ciryues of various

size are found on almost all mountrins sterting with 5,000
feet elevation.

in some of them the snow does not ielt the whole sum-
mer, while some become sources of smwall streszme and in a few
cases infinitely besutiful lakes appesr at the end of the

summer,

Of particular interest are terraces which are found in
almost &ll the valleys of the disirict. |

Various reasons were advanced for their occurrence.
Cairnes explaing them by damins of the Yakon by retresting ice;
but‘Caekfielé denies this because the terraces do not azsem to
have corresponding elevetions in different parts of the
country, and tries to explain ﬁhe formetion of terraces by the

action of the ice itmelfl,

Atlin District.

General Ceology.

A grent varisty of rocks, both sedimentary and igneoas
and ranging in s,e from Pre-Cambrian to 3ecent, oputcerop in the
Atlin district, snd districts sorth of it in ithe Vukon.

As the same rocks outcerop both in the Yukon and the
Atlin district it wes considered best to adopt the clasgifica-
tian’proposeﬁ by Cockfield, as belng based on more recent &nd
detailed work;

(W. Z. Cockfield ami A. 1/, Bell--Whitehorse District, Yukon.

Geological Survey; of Canada, l'em. 150.}
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Table of Formations.

Era. Period. Formation. Lithological Characters.
Guaternary Superficial Cravel, sand, boulder
deposits. clay, silt, much morainal
materials, volcanic ash,
soil.
Acid Vol- Rhyolite, granite por-
canics phyry, related volcanies,
with aasociated’tuffs &
brecciaé
Tertiary Newer vol- Andesite, basalt, & re-
canics. lated dyke rocks, Chanme-
prophyre ) with assoc-
iated tuifs & breccias.
Upper Jur- Coast Range Granitic rocks ranging
agsic or Intrusives; in composition from gra-
Later, nite to diorite, with
associated porphyritic
phases,
Older vol- Andesite, diabase, basalt,
canics & related volcanics with
asgociated tulfs and
Mesozoic deef and breccias,
liddle Tantalus Conglomerate, with sand-
conglomer-  stone, shale & seams of
Jurassic ate coal.

Laberge series...Argillite, shale,

sandstone, arkose, zgrey-
wacke, tuflf, conrlomerate,

I ann
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Table of Formetions. {(contd,}

Era,  Period. Formmtion,. Litholozical Characters,
Triassie Limestone Limestone more or less
(or, and) dolomitic
Carbonifer-
ous(?)
Palaeozoic | Taku zroup Slates, cherty quartzite,
Devonian(?%) ete.

Gold series Pyroxenite, peridotite
(2)

Pre- Mount Stevans Sericite and chlorite
Cambrian(?) group sehist, mashed basic to
| semi basic volecanics,
gneissoid yuartzites,
“hornblende gneiss, and

limestone.
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Atlin Distr, Geology.

Description of Formations,

Yount Stevens Group. |

The lount Stevens group includes a number of members
widely different in appearance, composition, and possibly in
age. They are, however, all old and so extremely altered that
their mode of origin and succeSsion are obscured. They consist
of sericite and chlorite sehists, greenstone schists, sericitic
guartzites, gneissoid quartzites, hornblende gneigses, and cry-
stalline limestiones,

Wo fossils have been collecied from any of the members
of the Mount Stevens group and there is consequently no direct
evidence as to their age, but from the evidence aiforded by
later igneous rocks which cut them, they sre in all probabil-
ity the oldest rocks in the district. Cairnes/® in his later
work along the international boundary, north of Yukon River,
was able to demonstrste thet the schistose rocks of that re-
gion were pre-middle Cambrian end in all probability rre-

- Cambrian in age.

The rocks of the group occur in the westermost part of
the district, close to the contsct of the main (Coast Range
Batholith., They outcrop around Iantail Lake, then cross Taku

arm below (Golden Gate and extend in & narrow belt along Ndgar
and Melson Lakea to the end of Torres channel, and beyond where
they finally dissppear under the Llewellyn Glacier,

# cairnes, D. D. "Yukon Aléska Internstional Boundary.”

‘Geol. Surv. Canada, Yem, 67, p. 40-44.
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Golﬁ Series.
Pyroxenite and Peridotite.

The pyroxenites and peridotites are found in the
central part of the district, grouped in general around the
town of Atlin., The msin body extends from the shore of Atlin
Lake up the valley of Pine Creek and then northward, till it
meets the old limestones at heed waters of Fourth of July and
Canéciation Creeks. On one side the formstion is cut by
granite of the Teonerd mountain Batholith,

Smaller masses of these rocks are scaitered over the
district. The more important are found on Atlin Yountain snd
Chikoida Kountain,

The rock as a whole is very massive and no major

- structural festures were noted except jointing and fsulting,

~neither of which is very prominent.
' Fresh surfaces in some cases appear granular, and in
botheré no granuler texture'ia visible., The rock is dark green
to black in colour.

The weathered surface is coarsely pitted and has a

bright-reddish brown colour due %0 presence of iron oxide.
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Taku Group.

The name Taka group was proposgsed by Cairnes, for a
series ef cherts, slates and cherty quartzites, which have been
referred to the Cache Creek group of the soutﬁern interior of
Rritish Columbis.

These rocks occupy a large portion of the district.
They are bounded by the B. C. Yukon boundary in the north,
Atlin Lake in the west, Vekina River in the south and Teslin
Lake in the east. |

In the central part the series is ocut by gatellitic

batholiths, and snall aress of limestones, volcanics, and the
Gold series,

Harrow belts ocour on the west sgide of Atlin Lake.

The members of the Taku group are mainly cherts, and
slates. The cherts range in colour {rom dark grey to black,
but in places they =re reddish on weathered surfsces, due to
oxidetion of swall amounts of contained iron ore. The rocks

are massive, hard, ond brittle sand break into sharp edged,

irregularly shaped fregments.

The rocks of the Taku group anderlie the Carboniferous
(?)} Braiburn limestones and appear to correspond with the
menmbers of Lower Cache series, of more southerly portions of
British Columbia; they have therefore been considered to be

probably of Devonian ave,
(Cairnes, D. D., Geol, Surv. of (enada, l'em., 37, p. 52-53)

(Gwillim, J. C. "Report on Atlin lining District.”
G.S‘C. Aﬂn. Rept. VOl« }(lll ptﬁ 32" p. 17)
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Braeburn Linestones,

*"RBraeburn limestones ocoupy the entire northeastern
corner of Taku Arm belt and sre extenszively developed thence
to the nporth and esst.. |

They thus extend up Tsku arm to the mouth of Tutshil
river on the we:zt shore, ond contipnue southessterly to include
the northesstern part of Peninsula mountain, end the hills
immedirtely to the east of Sundey peak,

Thesze limestones are generslly finely textured and
range in colour from greyish blue to elsnost white. The name
TBraeburn 1imestones“ wasg first applied in the Braehurh-
Kynocks areé, 4 fiom where these rocks have bLeen treced contine
uously to Teku Arm belt. These limestones are also the saue &8
those included under the Upper Cache (reek series of Conrsd
mining division,.

Dr, Dawson c¢ollected Fusilinae {rom the limestones
which extend along the esst sice of Windy arm, showing these
beds at least to be Carboniferous, 35 the whole gcries is
thought probebly to belons to this are, although no other

fozsail rewmsins of 2 definite charmcter hesve been discovered,

{D. D. Cairnes, Yem. 37, G. S. C. P.H3.
2 -
¥ Cairnes, D. D. "Preliuinsry semoir on the Lawes end "or-

denskiold Rivers coal district, Yukon Territory." Geol.

Surv., Dept. of l'ines, Can. Mem. 10.5, 1910, p. 28-30.
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Laberge Series.

The Laberge ssries is the most extensive geolosical
terrane in Taku Arm belt, and its members outerop in s senersl
way throaghout the certral, southwestern ami northwestern
portions of the district.

The group of hills east of Taku srm and south of “raham
Inlet; the creater part of the szrea north of Fenitzil Lake and
south of Tutshi Lazke, on the west side of Taku arm; and Sunday
mountain and the western portion of Taku mounteins, sre sll
largely cowmposed of these rocks,

The Tantalus conglomerstes are prabably’best included
with the Laberge series, becsuse they overlie the Laberge rocks
conformably. In “heaton district, where the most detsiled work
done in the district was undertsken, snd where the best expos-

]

ures of typicelly merine sediments occur, Ceirnes’ recognized
a threefold division of the Labrrge beds, es follows, or if, as
in the present cese, the Tantalus conglomerstie ro included, =

fourfold division:
Tantalus conglomerate: thickness 1,300 fset,

Conglomerate, shale, sandstone, and coal,

Laberge Series:

Upper beds: thickaess 1,500 ([t. sandstone

Middle * 4 1,700 ft, shales, s.s., arkose,
Lower ™t " 1,800 ft. arkoses & tuffs with
shales & conglomerates,
total 6,800 ft.

7 Cairnes, D. D. "Wheaton District® G.3.C. Lem. 31, p. 54-56.
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Following Cockfield ;mm

- "Fossils have been callected from the Laberge beds in
Wheaton, Atlin, %hitehorse and Tantelus rreas. In the collec-
tions from Tantalus ares, three forms were specifically iden-
tified, viz. Trigonia Dawsoni, Verines randensis, and
Rhynchonella Orthidioides. The specinens were regarded by
Whiteaves as Jurassis or Cretaceous but twb if not all three
of these species are now regarded 23 Jurassic forms,

Fossils collected by Gwillim in Atlin district were

reported on by Stanton as follows: "These may possibly be

Triassie, but I think it more probably thnat they sre eérly

A

Jurassic. They are certainly not as late as the Cretaceous™.’

"Thus it appears to be very well established thet the
Laberge beds raﬁge in aze from middle Lower Jurassic to lower

Middle Juressic."’

# Gwillim, J. C.; G. S. C. Ann. Rept. Vol. X11, pt. 3
» H ‘ 4

. 2327 (1899).

¢ w. . Cockfield and A, F. Bell. "Whitehorse District, Yukon."
G. S. C‘, Bvaem' 150. p‘ 22’
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Qlder Volcanics,

These rocks are typically compact, finely textured,
and derk green, but red, brown and blue types also occur. They
are prevailingly porphyritic, with feldspur crystals 1/8 inch
or more in length, in sn aphenitic ground nass,

The older volcanics extend as a velt from Peninsula
¥t. on the shores of Taku Arm to Table lountsin, opposite
Taku Landing on Greham Inlet,

At first they were subdivided by Cairnes into the
Perkins zroup, and Chiefiain Fill group, but later {(in 1915)
this subdivision was dropped, and the rocks were correlested
with the older volcenics of White River district.

Portions of the older volcanics are definitel§ in-
trusive into the Laberge beds, and may therefore be considered
younger. |

Cockfield cénsiders them to be Lower or !'iddle

Jurassic..

Cairnes, D. D.v *Upper VWhite River District.

G‘Q S.. Q‘ Bﬁ.em‘ 50, ‘p. 87"’93.

Cairnes, D, D, G.5.C, Sum. Rept. 1915,
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Coast Renge Intrusives.

The western portion of the diatrictvis ocouplied uy the
Coast Renge intrusives. BRBesides the larger aress a number of
smeller exposures occur in various localities through the dis-
trict. Apparentily all these granitic messes are a part of the
same Coast Range Batholith.

The Coast Range intrusives are for the most part fresh
and unaltered in appesrance, are predominantly greyish in col=
our, and have the general appearsnce of typical, medium to
coarsely textured granites,

The orthoclase is loeally sufficiently prominent to
give these rocks a pinkish colour, but this is exceptionsl. In
places these intrusives bLecome porphyritic in structure and
contain numerous large felspar phenocrysts as much as 1} to 2
inches in length, |

Another type is much finer grained, and contains no
quarté, approaching true diorite in composition. Fornblende,
biotite and =mugite are generally present and are in most cases
readily visible %o the uns ided eye.

As found by latter work of D. D, Cairnes and . T.

Cockfield the intrusives cut Laberge series snd even Tenislus
conglomera te;

Cairnes at first was mislead by the fact ithat the
Laberge beds contain dioritic pebbles similar to the Coast

Range Batholith material, but since rocks of lower Palaeozoic

age containing dioritic pebbles have been found on the Alaskan
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coast, t-is is no longer an argument to suppose that the
Batholith was intruded in pre Laberge time. It is much gafer,
concludes Cockfield, to consider the Coust Range intrusives
with respect only fto the rocks which they cut.
From this it seems that the intrusives are not earlier
than thé lower part of the l'iddle Jursssic. %he Sstholith may

be regarded ss Upper Jurassic or lster.

Hewer Voleanics.

Small areas nesr the town Df‘gtlin, in the valleys of
Ruby Creek and other creeks draining into Surprise Inske, and
farther north in the valley of Silver Creek are covered with
very recent lavas. OSome of these overlie gold ?eéring gravels,

The lavas are Tertiary ang Juaternsry in age.

In general the volcanic action must have been very
recent,'as rot springs and mineral sprincs are found in several
plaees~in the vicinity of 2tlin., These evidently indicste

after volcanic sction.

Recent Sediments,
Those are mostiy found in the valleys, and are made of
coarse sands of grenitic oricin, and‘grévels of glaciai ahﬁ
post glaeiai'arigin‘ In the valleys of some of the creeks the -

gravels are underlain by "hard pan" made of fairly well consoii-
dated tillite. In places tillite overlies older gravels which
are also sometimes zold bearing. The gravels in Pine Creek

Valley cover the peridotites and pyroxenites of the gold

series,
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fieonomic Geology.

Atlin District.

For quite a while after its estublisument in 1696 as a
’gold produeing canmp, atlin did not pay much attention to any-
‘thing but placer gold deposits. But it is eusy to cnénge from
placer gold prospecting and starst looking for tne origin of the
metal, and so turn to guartz prospecting.

Prospecting and gzeologlcal work done in tne district
by Prof. Gwillim in 1901, have snown thut the district is
unusually favourably locuted, for occurrences of ore deposits.

several t&pes of deposits are found, and are elassiried

by De De Cairnes in G. 3. Co Lemoir o7 as follows:

Ore Depositse.

(a) Gold-tellurium quartz veins.
(b) Gold-silver veins
(¢} Cupriferous silver gold veins
(d) silver lead veins
(e) copper veins
(£f) antimony wveins.
(g) contact metamorphic dej ositse.

It is clearly seen Ifrom tre list, that to produce such
a difference in types of ore deposits, consideravle difierence
in geological conditions must exist. This is quite true, und
tne Atlin District is very ricech indeed, in exumples of various
structures and rocks.

e nave the effect oi tuhe Coast Range Butholith, the
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smaller satellitic batholitns, aad the varying iniluences of
sedimentaries and voleanics. It is therefore cleur that a
varietybof chemical and physical conditions wus available for
the Iormation of these different types of deposits.

It seems almost imposzsible to gseneralize for the dis-
trict as 4 wnhole, except may be, that majority or deposits seem
to be connected with the imtruéion 0f the Coast Range Batholith,
and the smaller Batholiths in tne Plateau region. The smaller
Batholiths may or may not be of the sume age us the Jain Batho-
liths are similar, and that tnerefore it is provuble tiuut they
are of the séme agee |

In describing the deposits of the Distriet I iutend to
follow in general way Cairne's plan, l1.e., describe them by
'typea, but adding new information, udded since Calrues has
written nis report on the District. These changes will apply
particularly to the Engineer Gold Mines, und the .tlin Rulfner
¥ine, since these properties received consideradle umount of
attention during the last years, wnile very little WOrK was

done on the rest.

One notuble exception among the minersl deposits of
4tlin District is the atlin Huffner Liine. Phis deposit is
definitely post Jurassic, and possloly Tertiusry in age.

ﬁore detuiled description or tne property will be
found farther down, but it might be well to state the geﬁerul
reasons for Qlaeing the formution ol tre deposit us Poat

Jurassic.
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The country rock, is the typical gquartz diorite or
granodiorite of Jurassic age. This grunodiorite was fissured
by compressional gtresses, apparently acting during the
Laramide Revolution. fThe Tissures were thnen [illed with
-Lamprophyre and quartz porphyry. .fter consolidation these
dykes were fissured ugaim,‘and mineralized. This ninerulizing
period could hsve occurred oaly after Larumide revolution,

i.e. during Tertiary.




Atlin Digtricts.

&sce Geology.

aits.

Generul.
pype of Deposit. Ogcourrence. Age?  Mineral sssoclation.
: ' Jurassie , ‘ ,
Gold Tellurium Laberge series, Jurassic Quartz,caleite,
Engineer line. ~argillites, grey- batholith mariposite '
Wacke}s gold
Gold Silver Vein  in norablende L wuartz,caleite,
2 :
Happy Sullivan diorite galens,pyrite
- ) ehalcopyrite
Cupriferous in andesite of Juragsic wartz,cualelite,
. Silver Gold Veins Jurassle .agee. giulena, chalco-
The Petty Group pyrite,pyrite,
malacnite.
Silver Lead Dykes in uartz Post Jur- gtz,calcite,
Veins. Diorite and assic.pos- gulena,sphaler-
Atlin uffner iline Diorite sibly Ter~ ite,pyrite,
tiary pyrruotite,ar-
senopyrite,
ruby silver
Copper Velns Olivine basalts Jurassic galcite,native
copper,malachite,
cuprite.
Antimony Velins Ghales of La- Probaobly quurtz,stibnite,
berge series. Jurassic TalGNde
Contact Heta- - Kte. Stevens Jurassio magnetite ,nema-
tite,chalcopyrite
morpnic Depo- Pre Cambrian tetranedrite,
erythrite,yellow

garnet,biotitee.
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Gold-Tellurium Veins.

Gold-tellurium quartz veins huve been’discovered in
Atlin distriet in only one locality which is situated on the
east side of Taku arm above Golden Gate. The greater number
df the veins oecur at the Zngineer mines where the bulk of the
ﬂrich ore in this type 6f depoéits nuve been found. Veins
;eahtaining pockets of good ore, however, have =lso been dis-

covered on the adjoining claims.

The Engineer kines.

# taken from confidential report to the xine Manager by
Dr. s He Jockfield. The autnor visited the mine und

rechecked all the observations & yeur luter.
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The Ergineer liine. by we. BE. CockTield.

The Engineer line is situaxted on Tagish Luaze, approxi-
mitely 12 miles south of Golden Gute, where thie route to atlin
turns to the easte. This property has been Kmdwu fLor Q long
time and has frequently aroused interest on sccount of its
gpectucular #old showings.

There has, however, been comparatively little written
with regard to the geology of the property in recent yeurs.

The earlier developments are described by Cairnesf and des-
eriptions of the property have 2180 been given in the .nnual
‘repérts of the B. C. linister of Kines. 4 few yeurs ago the
first attempt was made to mine tnis property on « luarge scale
and a great deal of money was spent on the developmeut of the
mine and in improvements to tne'c&mp, but the veins containing
the high srade ore 4id not Furnish sufficient tonnage to Jjus-
tify operations on the scale on which tuey vere attempted und
the venture ended in failure. Since tiszt time a small crew hag
been’working to explore certain Qossibilities ofbdeveloping |
large tonnace of low srade ore wnich has been indicuted by some
of the development carried out on the nigh Zrade veins. Lately
the property nas been closed down due to {inaneial troubles,
but it is anticiputed tnat it will.be re-opened at an early date.

The country roek in the vicinity of the Engineer liine

consists of Jurassic argillites, /reywackes, etc., belonging to

#

Cairnes, Ds De Geol. Surv. Canadu, demas 87, ps 75 - 89.
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the Laberge series. These are plerced some distance buck . of

the property by a stogk of granodiorite which forms Engineer

Ht. On the propefty itself and towards its southern end are
two small outerops of aranodiofite, &pparently part of toe
gsame stoek which has been barely deroofed.

The vein system is intricate and it is largely because
of the amount of developmént work whiceh has been done by Engi-
neer lines Ltd. that the relations show us clearly as they do.
In the central part of the property are two Hubs of quartz;

one of these belng situated 200 ft. east from the shore of the

lake, and the other about 1,400 ft. eust of the rirst. These
are known as Hubé "A" and "B" respectively. Hub "4i" is the
larger of the two and is approximately 240 ft. long by 160 ft.
wide, agd is compoged of a numoer of veins of guartz of country
roek and included country rock; the wnole forming a4 stockwork.

ub "B"™ is upproximately 120 x 80 ft., and is similar
in character to Hub "i". There zones n.ve been extensively
tested, but so far have not been proved to carry commercial
values. |

There are azlso a nuamber of veins which were originally
thought to radiate out Irom tnese nubs but nore recent work
tends to throw some doubt on this theory. The principal veins
are tne Double Decker, Zngineer, Jersey Lily, “oulder, .ndy,
and Blue veins. In addition there are a number o others wiieh
have been more or less neglected in the recent developments.

Running Srom tne sranodiorite outcrops aeur the south

end of the vroperty towards Hab "A", tihere is 4 sheur zone wulch

is marked on the surfuce by a pronounced topogr.pule depression
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and which is well ghown in tne underground workings. Instead
of the weins radiating out from the Hubs of quartz previously
mentioned, 1t Wéulﬂ appear that they are conunected with tuis
jzcne of shearing from which ﬁhey appear to be given orff at 4if-
ferent angles. This shear zone divides the veins into two
groups--the Double Decker, Englneer and Jersey Lily veins lying
to the west, and the boulder, indy and Blue veins lying to tne
east of this zone. Its relation to the veins is not quite
apparent; none of the veins have been truced into the sheur or
aciass it. They all apparently start a snort distance from
thiavzone.

There are two sets of dykes on the. property. One of
these is roughly parallel to the direetion of the shear zone
and the other roughly parallel to the Zngineer and Double Decker
veins. These dykes are believed to be satellitic to the gran-
ite and the two sets are believed to be essentiully contempor-
aneouse. On acecount of the lack of outerops near tneir points of
intersection this could not be definitely determined but neitner
set of dykes sppurently offsets the other. Both seti of dykes
are older than the vein systems. This is easily seen from the
underground workings where the dykes are.cut and offset by the
veins. In places the dykes are heavily inmpregnuted with pyrite.

The veins are characteristically narrow and range from
mere stringers up to two feet or more in thickness. The better
mineralized parts of the veins are in many cases only 6" to g"
thicks. Most of the wveins are filled with guartze. The Engineer
vein, however, has a calcite~-mariposite filling.

The workings above the fifth level are largely stoped
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out and were not visited. Tne main workings at the present
time conslst of the’fifth, sixth, seveantn and elghth levelse.

The rifth level forms the main entry to the aine.

This level has been driven Irom a point somewhat over 100 feet
above the lake level, and was at the time of the writer's visit
1450 feet long. This adit encounters the Double Decker vein.at
625 ft., and the Engineer Vein at 1185 ft. and was being con-
tinued to intersect the shéar zone. From the polint where the
adit encounters the Double Decker vein, a drirt hus been run on
this vein 640 ft. in southwesterly direction and 360 feet in a
northeasterly direction, and is continued in this direction to
erogscut the shesr zone. Throuaghout this distance tne vein
varias from a narrow stringer to about 2 feet, and consists of
quartz carrying values in free gold. Occasional spectacular
valuea ére encountered. The gold appurently follows cracks

and erevices in the quartz.

The Engineer Vein has been drirfted on 1100 feet south-
west Irom the adit and 220 feet northeast. This latter driit
is continued as a crosscut through the Jersey Lily véin, the
shear zone, and to the andy, Boulder and Blue veins with a
considerable total of drifting on the latter three veins. From
the southwest drift a shaft hos been sunk to the 800 foot level.
with intermediate levels at 600 and 700 feet.

' The Engineer Vein ranges in width from a seai to nearly
two feet. It differs from the otner veins of tne property in
being mineralized with calcite, mariposite (chrome micaq
allemontite {(a compound of native arsenic and native antimony)

and free gold. The gold is associated with the mariposite.
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The Boulder vein where cut by the 500 foot level is
4 feet wide and has been drifted on for 600 ft. It muintains
~this width over a considerable part of tnié distance. 1t con-
-sists of quartz, with 1ncluded‘fragmenta of country rock and
carries in spots high wvalues in gold. It lies on eastern side
of the fault zone and trands away from it at an angle of
30 degrees. | |

Phe Andy and Blue veins are somewhat similar to Double
Decker vein. The latter has an indicated length on the surfuce
of 400 ft., but was not visited in the underground workings
owing to ventilation difficulties. These veina do not, so far
a8 ;a known, contain the spectacular values found in some of
the other veins.

The Jersey Lily vein rfrom surface and undergrouand
workings has an'indicaﬁed length of 1400 ft. but it has not been
traced continuously over this distance. It is ianclined to the
fault zone at 300 towards the southwest. It also does not, so
far as known, contain spectaculur values in gold.

The workings below'the 500 1eve1 are full of @ater and
consequently could not be examined. The following inlormation,
however, kindly made available by Mr. Hershman, gives an out-
line of the work done.

On the 600 level the Engineer veln has been drifted on
for 160 ft. S.i. from the shaft und for 80 ft. H.E. from the
shaft. On the 700 foot level the Hngineer Vein has been drifted
on for 260 ft. S.W. from the shaft and 320 Tt. .E. On the
800 foot level the kngineer Veiln has been driited on 320 feet

Se We from the shaft and for 280 ft. northeast {rom the shaite.
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In these workings tﬁis vein shows essentially the same charace-
teristics as to width and mineralizution as in the upper levels.
On the 800 foot level there is a erosscut 380 ft. long
to the Double Decker vein with a drift on tae latter 400 ft.
long; the gresater part of this distance lying to the northeast
of the crosscut. The Double Decker vein shows a definite
widening on the 800 level where it has an averuge width of
2 feet and a maximum of about four reet. This drift continues
antil it cuts the shear zone and from it the shear zone has
been drifted on for 330 ft. to the northwest und for 500 ft.
to the southeast, the drift being only partly in the shear zone
;ani largely in the dyke waich accompanies ite
o The shear zone is one of the most important ileatures of
ﬁ the property. s indicated by the topogruphy it is quite per-
sistent and underground it has been opened at several points.
On the 500 foot level it is crossed by tne Double Decker and
Engineer drifts and on the 800 level by the Double Decker drift.
At eaeh point where cut by the underground workings it is well
mineralized with quartz heavily impregnated with pyriﬁe and
carries values in gold. The width of tnis zone varies; buat
ineluding the dyke, which in many cases accompanies it, is as
much as 65 feet wide. OF tnis 20 to 28 feet is well minerale
ized with quartz and pyrite. Good values nave been indicated

over widths of 6 to 14 feet with lower values over the whole

Z0nes.
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The property nas interesting possibilities, wnile it
may be definitely sbtated that there is not sufficient ore in the
vein system to maintain a large operation, yet there is suffic-
ient to permit the property to be worked in a small Wisye The
delinite widening of the Double Decker vein on the 800 level
and the widening of the doulder vein on the 500 level indicate
~that there may be a poaaibility of the veins increasing in
width with depth. The increase in width so noted have not been
ageompanied by a definite trend toward lowsr vulues. Further
the Double Decher and Ingineer veins are inclined so that 1f
‘this altitude be continued they will intersect.

| The most interesting possibility, nowever, is the chance
that within the shear zone u conceantration of workable grade
and width of ore will be encountered. . large part of this
shear zone has not been explored. It has an indieatgd leagth
of about 4000 feet and may be nuch longer and as this shear
zone was likely the main circulating chiunel for the mineraiiz-
ing solutions there is a possibility o2 concentrations of ore
along 1t which might supply the necessary tonnage to'make the
property a successs The values indicated in places are encour-
aging and further work on this zone is justiried by the results
alreandy obtained.

any further work which is done on this property will
be watched with interest for it is unlikely that such shear
zones would occur singly. A8 there are several properties in
the vicinity which exnibit seams of uigh grade gold ores, there
is a possibility that these occur in coanection with siuilar

zones of shearing.




If the zone on the Engineer cun be proved to curry ore
bodies of commercial size und grade wmuch more work would be
Justiried on these outlyine deposits than has been the cuse

in the paste.
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Gold=Silver Type.

Several ore deposits in the district belong to this

type, and have been found at a number of points, the most im-

portant of whieh are: White Yoose, Rupert andlﬁappy Sullivan
groups on the Taku arm, the Lawson group on Eighorn Creek; at

the Feavis lire near the Town of Atlin; the Imperial line on

¥Munrae Mountain east of Atlin; and on the Brothon and Alvine
claims on Haboe Creek near the Lead of Torres Channel, an arnm
of Atlin Lske,

Generally these veins consi-t mainly of quartz, but
some also contsin calecite as an associanted cangue minersal.
Galena and pyrite are the most common metallic minerals but in
addition Chalcopyrite ana Tetrahedrite freguently ocour, and
native £old and native silver ¢ re occasionelly fousnd., The
ores are generclly of value mainly for their gold content, but
they always contain more or leas silver which in places even
exceeds £o0ld in value,

The Imperial ﬁines.ﬁ

The Imperial Yines ere located on the Munro Yountain,
some 5 miles from the town of Atlin. A good automobile road is

followed for 4 miles to Half-way House or Pine Creek, and from
there a trail to the foot of Munro Eountein. The suthor visit-
ed the mine in 1931, but es the workings were half caved in no

~ # Robertson,W.F., Report of the Minister of Vines, B.C. 1900-04.
Gwillim,J.C. "Report on the Atlin Lining District,B.C.” G.S.C.

Cairnes, D. Da G.S.C. Mem, NOo. 37.
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attempi was made to examine them in deteil. large yuantities
of milky white guartz were noted on the dump., D. D. Ceirnes
describes the mine as fellows:

--:Eggﬁentrance to the lower tunnel is 1030 feet in
elevetion above Atliﬂ wh&rf--——~-“

"A11 work at these mines has been expended in develop-
ing a single quartz lode Which ocours in a finely—textureﬁ rock
that renges f£rom bornhlende-diorite ta a harnblende»dlorite

ﬁofphyrite. The lode astrikes N, 70° E. and dlps st angles of
g to 60° to the southeast. ‘

This deposit imcludes two or three close, parallel,
jmine:alized fissures which contain an acoregate thickness of
. 8 to 3 feet of vein material consizting mainly of guartz,
sparsely distributed through wgich are particles of galena,
chalcopyrite, pyrite, malachite, and occasionally, native gdld.'
4 considerable portion of the gusrtz is thought to contain from
#10 to $30 per ton in gold and silver, the &ilver being re-
latively small in amount. Two cross-cut tunnels have been
driven, which tapped the vein at 25 and 112 feet respectively,
and from these over 400 feet of drifis have been driven.

The formation st the Imperial Kines appears to be
chiefly a dark greenish to brownish green, dense, finely tex-
”tureﬁ, rock that is either megascopically entirely aphanitic or
contains visible hornblende phenocrysts in an aphanitic ground-
mags, and rangés from 2 hornblende diorite to & hornblende-

diorite porphyrite. Under the microscope a typical sample
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proved to be composed largely of plagloclase and pale brownish
hornblende, with some accessory iron ore, the hornblende occur-
ring in shreds anﬂ’irregular,priamatic forms imperfectly ter-

minated and constituting nearly half of the rock mess.

Desoription of Veins.--All the work on these claims has been

- expended in developing one main vein or lode which strikes
approximately K. 70° E., dips from 50  to 60  to the SeE.,
contains where it has been exposed, from 1 to 7 feet of vein-
material, and has beecn traced for a distance of over 500 feét.
The vein is not simple in form but includes, in moat places,
the guartz and associated minersls which have been deposited in
several cloue gmrallel fissures, and have also replaced more or
less of the original intervening wall rock. The vein is thus
& compound vein, or since replacement has been effective to a
considerable dégree in altering the intervening and intercal-
eted rock portions, the term lode is probably most appropriste.

On account of its compound nature this vein ﬁaturally
varies considerably in thickness and is also irre;ular in
strike and dip. The msin mineralized feult zone which consti-
‘tutes this lode is fairly persisient:; but the various seall
included members are quite erratic and in most places the lode
is divisible into two or more distinct parts,

The vein material sppears to have an average thickness
of from 2 to 3 feet and consists mainly of guartz which is

often iron stained or rose coloured, and freguently exhibits
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erustification and comdb structures, but is also in places

quite massive in appearance,
Sparsely distributed throush the quartz asre particles

of galena, chalcopyrite, pyrite, malachite and free #0ld.

Pockets or shoots occur, however, in vhich these metallic

minerals occur plentifully,”

The contact of the intrusive batholith, is only a

short distance back 0f the mine in a Horthern direction.

Another Gold silver property is the Happy Sullivan

¥ine -

liinister of Kines Report, 1930,
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Kinister of Nines Report, 1930,

Happy Sullivan line.

Gold-Silver Type,

This property, owned by Clarence Sands and associstes,
of Atlin is situsted about 3 miles north of the Engineer and
‘about 2 miles from the south end of Taku Arm, Tagish Lake.

The claims are at altitude 3700 feet on the north side of
Sheep Creek and about 2 miles from the shore of the lake,

The ore oceurrence is a large pyritized shear zone
containing gold values in guariz stringers, oceurring in bed-
ded sandstone of the lLaberge series of Lower or Middle
Jurassic age. Surface trenching and a limited amount of
tuﬂﬂelliﬂg carried out under former option sre not conclusive

regarding the potentialities of the property.
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Atlin Distriect. Heonomice Geologx.

Cupriferous Silver Gold Veins.

Ge
General.

The veins considered under tnis heading have been found
in itlin District on Table mountain which 18 situated on the
north shore of Graham Inlet opposite Taka Landing. The only
two deposits on this mountain that have been at all developed
occur on the Petty and Dundee groups respectively, and ocecur
in granite-porphyry which is intrusive in Chieftain Hill ande-~
sites and andesitic tuffs. The veins consist pmainly of quartz;
ealeite, gzalena, chalcopyrite, pyrite, malachite, and azurite,
wiiceh minerals oecur also to some extent disseminated through
the wall rocks. The Petty vein where exposed is from 6 inches
to 2 feet in tnickness and has been truced for over 100 feetb;
the Dundee vein has a maximum known thlckness of 2.5 feet, but

has‘pot been followed more than 50 leete.

The Petty Groupe.

The Petty group consists of’two claims which are sit-
unted on the southeastern corner of Pable liountuin, overlooking
Graham Inlet, and are about 3 miles in aorth-vesterly direc=
tion from Takn Landinge

The tock formation in this vicinity consists mainly of
‘the Chieftain Hill voleanies which are here prevailingly green-
ish andesites and andesitic turfs. These nave been extensively
invaded by dykes of granite=porpnyry, belonging to the &}qsha

intrusives.
(DO De Cairnes, G.S-CO, Hene 37, De 106)0
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Only one main vein nas been so Zar explolited on the
Petty group, and tnis occurs in the grunite-porphyry, strikes
He 300 Ee and has an average din of avout 40a o the nortuwsst.
The vein consists malnly of quartzscalcite, galena, chalcopy-
rite, pyrite, malachite, and azurite, und one small cavity was
found to be lined with small erystals of the rare mineral
linarite (a basic sulphate of lead and copper).

The quartz is generally rust stained and oceurs a4ssoa-
fated with varying émounts of culcite which in places even
exceeds quartz in amount. Galena and chalcecopyrite are tine most
abundant ore minerals present, and occur in approximately equal
anounts and 1n sufficient quantity in places to constitute the
‘greater portion ol the vein-material. This vein has a thick-
ness, at the widest point so far discovered, of about 2 feet,
but rapidly diminishes to 6 inches or less witnin a distance of
50 feet in each direction, and has not been followed for over
100 feet.

It is possible, however, that fartner development may
show the vein to extend a somewhat greater distance.‘ In addit-
ion, several otner minerulized fissures occur in pluces on both.
gides of this main fissure, and within distances of 1 to 2 feet
from each wall; and the rock between these is to some extent
replaced and Impregnated with various ore-materiuls; so that
at tne maln shaft the ore might be considered to have a total
thickness of 5 feet at the surface, but towards the bottom of
the shaft its thiekneas is much less. The ore is clalmed to

contain four or five dollars per ton in gold, witn the main
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values in silver and copper; but so few tests have been nmade,

that 1t is uncertain what average anounts of these metuls the

- ore carries.”

The Dundee group consists of & adjacent cluims to the

Petty group and its geology is very similar to the above.
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Atlin District.

Silver Lead Veius.

A8 an example of the silver lead type of deposit in the
Atlin District, the atlin Rurfner lline, previously known as the
Atlin Silver Lead Mine has been chosen. The author spent two
sunmners on the property, cnd it was therefore deemed best to
incorporate in this essay his report on tne mine, as presented
to the mine manager.

But as the report deals only with the geology of the
mine proper, a few words have to be added in repgard to loocat-
ion, and general zeoclogy.

The Atlin Ruffner liine is located on Leonard Heantain,

better known locally as the Vanghan Mountain.

Surface Geology.

The Vaughuan Lountain is one of & series of peaks, conm-
prising a range running in a general H. or 3. direction; This
range gradually loses height towards atlin Lakee.

Tne Range is sepurated from other parallel Ranges by
the Valley of 4th of July Creek towards . and Valley of Silver
Creek to the Kast. The nmain portion ol the Vaughan or Leonard
mountain is &ade of coarse guartz-diorite, the summit from
about elev. 6000 ft. up of fine~grained diorites

Both the quartz~diorite and the Diorite are cut by a
series of parallel lamprophyre dykes and another series of

smaller aplite dykes. The dykes strike about Ho. 40 H. and dip




135.

trom 65° = 70° N. West.

The basle dykes vary cousidernbly in glze, frqm a few
inches to about 40" in width. As far as is known they run con-
tinuously for a distance of several miles. The dykes, espec~
lially the larger ones, can eusily be traced, because of abundant
float, frequent outcrops, and trougns wnich were formed by a
more rapid serosion of the softer dyke material.

The erosion of the mountain in general has been consid-

erable, and it represents an old and partly eroded glacial
cirque.

The mountain was step faulted at u compuratively recent

date, and in some places very good rault escarpments can be
-obzerved. This 1is true of nearby country as well, and is
probably best shown on the neighboring Steamboat Mnt. whnere
‘the a¢arps are very well preserved.T

The surface of the mountuin is covered with a great
quantity of loose boulders, which hide tne rock underneath.
This made it impossible to determine accaiately the quartze
diorite~diorite contaet, and it was only possible to draw an

~arbitrary line, within 100' of the true contact.
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The distunce by automobile road from itlin L9 about
17 miles. Tnis road follows the valley of the 4th of July

Creek, following alternately its OppOSite bunkse.

(V. J. Okuliten. 71931 Geology of .tlin Ruffner line."

report of the kine Geologist.)
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GEOLOGY.

General Geology. The exsmination of the mine, the [100

and 4300 workings, and the surfece geology from 4100 M.X.C.
to beyond the Crater Creek hes shown thsti:

1) The country rock is a coarse grained hornblende guartze
diorite., This rock is the seme in 4100‘E,E.C. in the 4300

level, the 4500 level, and the surfsce from the maln cross-

cut 10 beyond Cratler Creek,

The size of grain varies somewhat but is essentially
the same throughout, The rock seems to be composed of plagio-
claese, Hornblende, qusrtz, and Biotite in subordinate guanti-
ties, Orthoclase if present, can not be sepsreted iIrom the

other felspsr by examimstion of hand specimens. Therefore it is

possible that the rock mey be (in case orthoclase is present)
& granite or a grano-diorite. But my opinion, and 1t was i
suggggggaqbyfnr; Je. T Mandy, that the rock is & guartz-diorite

rich in hornblende. This type of rock is fairly common in the

Coast Range batholith.
Throughout the couatry rock are patches of darker and

finer grained material representing the more basic phases,

At about 6000 feet elevation the country rock‘changes

from quartz-diorite to true hornblende diorite. This rock is

much finer grained. It was impossible due to gravel and
boulder cover to determine the contact exactly, but careful
"interpolation™ has narrowed the possible contact zone to fﬁ

ebout 100 feet each way. The contect appsrently passes Just
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gbove 2C Shaft and runs southward, passes just bLelow 444

tunnel snd continues south, crossing the Fourth of July Valley
gomewhere in the vicinity of the First Canyon of tﬁe Creek,

The other granite rock, the true porphyritic granite,
mentioﬁed in reports of the Canadian Geological Burvey has not
been found anywhere in plece and must have been brought to the
Vaughan lountain by lce.

It should be noticed that a change in country rock,
from quartz-dliorite to diorite may or may not have an effect on
ore deposits. %hat information weé have from the 4A4 tunnel
seems to polnt that galena is more massive, and there is less
sphalerite and arsenopyrite. But this point hes not.been prove
en definitely yet., ¥No information is available which wsy the
contact dips.

2) DYKES. The granitic rock (quartz-diorite and diorite) is
cut hy numerous parsllel basic dykes striking northesst. The
dykes are hornblende-lamproPhyre. They range in width from a
few irches to about 40 feet. Some of the dykes are mineralized,
others, especially ihé smaller ones are ehtirely barren., It
seems that there is no difference in the dykes themselves, and
that the mineralization of the larger dykes is éue to longitu-
dinal faulting and ZIZissures, which aevélaped, because the lar-
ger dykes were less compe tent then the small ones,

It has been siown by the 4100 level that at depth the
lamprophyre dyke may shange into & quertz-porphyry. This
change does not affect the entire dyke. In caze of the #2

Dyke the gquartz-porphyry is on the hanging well side of the
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dyke, while the normal basiac maierial is on the foot-wall side.

This change in compositlon apparently represents fur-
ther differentiation of the dyke material, and does not seem to
affect the mineralizetion., The smeller dykes at ths same horie
zoﬁ do not show this festure. More informstion about this |
change in dyke composition will be gainéd, efter raising from
4100 to 4300 level. The cortact of guartz-porphyry dyke and
lamprophyre dyke should be watched for very closely ss it is

likely that the chonge will be gradual.
The dykes have been faulted both longitudinally and

transversélyQ in addition slight movements have taken place
longitudinally without ceusing displacement. All these movew
ments have crushed énd ground the dyke, =nd subseguent seepage
of water has oxidizeé and decam@osed the dyke to a great depth,
resulting in ban@s of gauge. The longitudinal movemsnts appar-
ently preceded the mineralizetioﬁ, while the transverse were

 post mineralization. The longitudinal fissures pravided'the

- path for minerslizine solutions to come upwsrd, and iater pro-

vided channels for water to percolate dovn and ceuse secondary

enrichment néar the surfece. .
The dykes are not uniform in width, but pitch end
swell. In some cases off-shoots are given out at low angles
to the main dyke. Granite horses are freguently inclosed with-
- in the dykes, |
Begsides the basic dykes, the country rock is cut by a
set of Aplitic dykes. These dykes are mostly narrow, not over

2 feet in width, and in no case hzve been observed to be miner-
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alized., They are eutting the basic dykes ut s fairly high angle,

and are loter than the lamprophyre dykes. Frobably these dykes
represent the scid end phase of the guartz-diorite,

ORE DEPOSITS,

The ore, wfth exceptio:n of the Granite Vein, occurs in
veins within the dykes. 1Tn senersl the veins are well defined
though they are bordered by some replacement of the dyke rock
and in some places, of the granite itself. In width they vary
from a few inches up to five feet and in & few cases are even
wider, Although sometimes occurin: in the interior of the
- dykes, they show a preference for the wolls and for the margins
0f sleb-like inclusions or horses of granite,

The chief sulphides are arsenopyrite, sphalerite,
galené, pyrite, chalcopyrite and pyrrhotite. Tetrahedrite
oceurs sparingly, while covéllite,/chalcocite, prougtite and
probably some other cilver sulphiﬁes énd ergenides are pro=
bably secondary. The predominent fangue mineral is quartz,
glassy in appeasrance. The veins sre usuelly ti-ht, but
~Occasionally quartiz lines vugs or shows comb structure. %he
mine e lizetion veries from filling of pure guertz end coarse
grained sulphides to replacement of the dyke rock by guartz
carrying fine grained sarsenopyrite end pyrite with grains of
other sulphides. ) '

Conﬁrary to the implication of the term "minsrslized
Gykes™ the ore is confined larzely to true veins within the

dykes and the silicified dyke rock ~redes into entirely un=-
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mingeralized dyke material,

The silver appears to be entirely with the i7alena,
this holds true of upper and lower levels &s has been shown by
numerous assays. Gold is either free in the sangue, or assoc-
- iated with arsenopyrite. There is no definite ratib of gold
to silver, The silver to lesd rstio commonly is 1 oz. per 17
Ph.

Examination of several polished sections 'inder micro-
scope, and corelsting the sequences of minerslization indicates
several periods of mineralization in the following nanner:

1) Crystalline guartz

2) Gelena

3) Sphalerite

4) Pyrite, Pyrrhotite, Arsenapyrite\

5) Chéleopyrite

6) zuartz

7) Galena

8) Pyrite

9)yﬁarcasite

10) Pyrargyrite
11) quartz (chalcedonic £illing fractures)
12) Calcite.

This sequence indicates several generations of quartz
and might mean that three mineralizing periods were experienced,
But this should not be regarded as definite and further work

- .

will have to be done.
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The developament work in 4300 level, has shown thal the
high grade ore body in 4500 level is changed to arsenapyiite
and pyrrhotite czrrying very low values. Practically the same
condition exists in 4A and 4E tunnels. The high grade ore
shoot of 4& changes to Arsenopyrite 1ln 4E. I% ig therefore
possible that this may be an indicatiorn of & general condition.
That is, thet high grade ore shootis are terminated by heavily
mineralized shoots of arsenopyrite and pyrrhotite. If this is
sorrect 1t would be advisable, while cortinuing the drifts in
4100 level %o raise, or drill, on well mineralized shoots of
iron sulphides, in the hope of getting into high grade galenge-
sphalerite lenses above,

The CGranite Vein. The Granite Vein presents an entirely differ=

ent type of vein from the veins found in dykes. So far orly
one vein ofvthis kind is known on the property. The vein
f£ills a shear or fissure in the guartz-diorite itself. The
gangue 1s quartz, The sulphides are well erystellized, and cre
low in iron. |

Its occurrence close to the main }2 vein, dip, and
strike and presence of large well formed crystals of pyrite and
galena at first suggested secondary origin, by leaching of the
main }2 Vein, and redeposition in a fissure; but more coreful

examination of the quertz seems to contradict this view. A more

definite answer could be obtasined by a microscopical examin-
ation. It scems that it is a true guartz veln, carrylag
gnlena, sphalerite and pyrite. The ~0ld is low. Drifting on

this vein should give waluable information as regards to its




continuity and values.
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GEOLOGICAL HISTORY.

Barly in the MPsozolc Bra - In Upper Jurassiec time -
The Coast Range Batholith was intruded into earlier sediments
throushout the whole distance from the Yukon southward into
United 3tates. The graaite of Vaughan ﬁount&in Wwas piobably'
part of this great batholitic intrusion and solidified under
eover of hundreds if not tuousands of feet.

Atlin Ruffaer Hine.

It was believed by several geologists that visited the
mine, that crustal adjustments involved in the cooling and
transfer of so large a mass of material caused fracturing in
the recently éoLidified granite and the fraetures so formed
were filled with more basic material coming up from depth and
forming the lamprophyre dykes. This idea implies thzt the
dykes were essentinlly contemporaneous with the graunitic intrua-
gion and eéma from the szme source.

However; more detuiled study of the problem sugsests a
different course of events. s Lindgreen in nis “iineral
Deposits™ on Page 166 states:

"In the literature many authors attribute r'issure veins
in effusive rocks to contraetion, but usually without sufficient
reason. The tensile stresses cunnot produce long Zissures with
regular strike and dip" and furtner on page 170.

"essthe rocks which have formerly been far below the
surface of the earth, but which have been exposed by erosich
are usually traversed by more or less regular Jjoint systems,
persistent over large areas."” These joint systems Lindgreen,

Leith and other prominent geologists attribute to regional
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comgreseianél stresses.

It 1s therefore clear that the fissures whicn were
later filled with dyke muterisal originated long after the con-
- solidation of granite, probably during the next mountain

building periods ji.e. Laruamide revolution or later.

After the dykes solidified they themselves underwent
fracturing. Loeallizing of tﬁe fractures and the dykes was’
due iﬁ part o the contraetion or the dyke roek on cooling and
in part to the continued application of the sane Yorces which
originally opened the fissures. In otner words, the dyke
fissure continued to be a line of weakness aund was reopened
after cooling of the dykese

Into the fissures in tne dgkeé 80 opened tihe ore
depogiting solutions ascended. It follows from the above that
mineralization wag post Jurassic,’probably vost Luramide, and
occurred sometimes during Tertiary, very likely during tne
Oligocene, which is considered by Schofieldf to be the next
\mineralizing period ufter Jurassice

Thelr origin “a8 probably the same magma whlen furnished
the dyke rock but the differentiation which produced the ore=-
bearing solutions occurred in depth and not within the dykes
themselves. These solutions carried silica, sulphur, arsenic
and the metals iron, zine, lead, copper,‘silver‘und gold,
besides certainly some [luorine and probably other mineralizers

which have escaped from the solution in gaseous form. This

#

Se Je Sehofield, Ore Deposits 0f Be Ca lLieme 138, Deb3e
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Solution not only deposited silica and metullic minerals in the
fissures themselves but in the dyke rock and to some extent

the granite, replacing the wall rock by quartz und other ore
mineralss Apparently the mineralizing solutions cume up not
once but about three times depqsiting new ninerals and replac-
ing the older ones. There was some differentiation in the
ﬁein, 80 Galena and sphalerite came nigher than the iron
sulphides. There was a deep cover of roek overlyling even the
highest part of the present surface at tne time the veins were
formed, and this has been removed by erosion whiech Iollowed the
elevation of the Coast Range in garly iesozoic und the subse-
quent re-elevation of early Tertiary time whnen the Rockies

were formed.

The veins have all the eharacteristics of ore deposits
formed at intermediate temperature and pressure (mesotnermal
deposits) Whose depths of formation Lindgren describes as from
8000 to 12,000 feet. The heat and pressure accompanying
batholitic intrusion may have made it possible for depoéits of
this sort to form somewhat nearer the suriace in somé places.

It is possible to place the temperature range even more
definitely and to say that it approached the hotter end of
intermediate temperature. The regularity of the veins, absence
of brecciation and crustification and presence of pyrrhotite
exclude the possibility that the veins are of low tenmperature
origine. On the other hand, the absence o7 such minerals as
garnet, ampnibole, pyroxene, etc., coupled with the presence
of tennantite and the appearance of the guuartz exclude a4 high

temperature (hypothermal) origin. The coarse texture of the
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sulphides, general absence of wvugs and rarity of comb structure
and cceurrence of pyrrhotite point toward the warmer end of
intermediate temperature.

Parther it is poseible to say that the high temperature
end was towards west, whiech explains greater amounts of pyrr=-
hotite and arsenopyrite, and less massive #alena carrying lower
values in silver. It is therefore reasonable to expect better
grade silver-lead ore fartier east, which will also extend to a
greater depth. This has been well demonstrated both by the
‘4100itunnel and the s;rface workings hisher up on the mounta;n.

The significance of the faet that tue deposit is of an
intermediate temperature type, is, that mesothnermnal deposits
are in general more persistent thnun those of low tenperature.

Mineralization of the sume genersal t ype in veins of
this nature is rnown in marny parts éf the world to persist
throughoutta vertiecal range of 1000 feet und in some cuses even
2000 feet or more and norizontally for distunces oy nany thou~-
sands of feet, though any single vein does not necessarily per=-
sist thrcughéut the entire range. Hxperience has shéwn that in
sueh ore copper values often increase in depth, which has been
demonstrated by our 4100 level, though the difference in eleva-
tion necessary to produce any noticeuble change is relatively
large-~on the order of 1000 feet or more.

On the other hand, primary deposits of bonanza silver
ore are formed at lower temperature, and if found in a deposit
of this type would occur nearer the original surface or farther
out from the center of mineralization. any extrenely rich ores

found here will probably be of secondary origin.
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Seaonda:z»ﬁnriohment.

The high silver values so far found are in ore that
lies near the surface and Im all cases shows more or less oxi-
dation. The specinens from 4500 level open cuts and adit wnich
gave assays of 500 oz. and over consist either of earthy black
oxidized material or of galena carrying visible ruby silver.
The latter mineral is a stranger to primary ore of the higher
temperature mesotherhal type and may best be explained by en-
richment. The earthy ore carrying little lead may have its
/values'ih finely disseminated native silver, chlorides or
gilver sulphideg.

The occurrence of the best secondary ore in the lowest
exposures 80 far opened up may at first seem anemalous but nay
be understood when the topography is considered. 1In the first
place, deep fracturing which greatly facilitates enrichment mey
have also been a vital factor in influencing erosion to Iorm a
valley in this place. JSecondly, the glacial planing of toe
early period may have removed secondary ores from the higher
parts of the hill. Thirﬁly; erosion on the higher part ol the
nill may have been so fast as to have overtaken enrichment.

If enrichment under modern ciimatic conditicons may be
considered it must also be remembered that high on the hill the
ground is perpetually frozen.

Even in late summer and at distances of 100 feet or
more below the surface the open fractures are all filled with
ica, and abandoned tunnels soon become lined up with ice crys~
tals. Thus frost is retarding if not altogether preventing

ground-water circulation in the upper parts of the nill while
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at lower elevation vadose circulation continues. Slight clima-
tic changes from century to cenbtury would shift the line of
frozen ground water up or down. Still another consideration
that must not be overlooked is that all the open cuts and
“undergréund workings so far driven on the Qpper slopes of the
hill have been where surface snowings were best, hence where
the erosion has been least deep, and consequently tne areas of
deepest Iracturing have been automatically avoided.
Secondarily enriched ores have so far shown such high
values that they richly repay active search, particularly as
the depth to which they extend is not known and may be such as
to offer very considerable tonnages. |
The determining lactors for gecondary ores seem to be:
1) Presence of galena furnishing silver values in the primary
ore.
2) Practure zones along wnieh enriching solutions may pass
downward.
3) Presence of Galena, sphalerite or cnalcopyrite as a
precipitant.
4) Protection TCrom glacial or rapid surface erosion which
has removed enriched ore.
In prospecting for enriched ore it would be well to raisé on any
galena-rich shoots encountered in deeper workings in the hope of
finding enricnments near the surface. Until conditions are bet-
ter understood, it would also be a wise experiment to raise sph-
alerite shoots, even though they may not show good silver val-
ues in the primary ore, since sphalerite is an active precipit-

and of secondary minerals and may be enriched near the surface.
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POSSIBILITIES

HnmberAR'dyke has been traced for more than 6006 ft.
horizontally, and 2000 feet‘vertically. #4 dyke has anot been
definiteiy ﬁraced‘for the same length, but its size where ex-

~posed, makes it highly probable that it continues as Zfar as P

Taking $2 dyke from elevation 4100 to the surfice and
‘eomparing iﬁs total area, with that part of it which nas been
opened up, it is apparent, that only a very small portion of
the dyke has been explored. It comes to approximdtely 6%

In this 6% of the area of the dyke severzl ore bodies have been
discovered, and at least one definitely blocked out. It is
therefore probable that other ore vodies exist in the unexplored
portion of the dyke. In addition to the portion of the dyke
above 4100 level, the type of deposit makes it possible for ore
to extend fartner down for a considerable distance.

In several places along tuhe surface, numely Za, B, &
&C shoots of high gfade ore¢ have been found. uone of these ore
shoots has been tested for Its extent downward; but the 4100
level gives us evidence that galena and sphulerite are extend-
ing for at least 1000 feet below the surface.

Noe. 4 vein has the same potential possibilities as 42

veine .nd there are indications that galena is more mussive
in this veine.

Between 72 and #4 veins lies a large area, whose topo-
graphy seens tu indicate certain possibilities. The low saucer
like QePreaaion in the centre, and a trough connecting it with

the #2 vein system might indicate an ares where erosion has been
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more rapid because of possible series of faults or rfissures.
48 shown elsewhere on the property such depressions usually
indicate presence of dykes. It is tuerefore possible, that one
or several djkes of the basic type, orrmaybe "Granite” type
may oc¢cur in this regicn.

It must bhe remembered that this 1s only a conjecture,
and that there are no positive indications of dykes on the sur-
face. But as it is planﬁed to drive a eross~cut from 2 to #4
veins this i1s an interesting possibility. If it turned out as
hoped, it would add greatly to the value of the mine.

The ore shoots are in general short, and the high grade
lenses narrows. There are indications that they mignt follow in
eschelon, but 80 far no information in regard to controlling
féctors of ore body locations i1s available.

The distunce between ore bodies, as shown on the surfaée

is about 2000 feetb.

SULBARY «

1} Veins are usually associated with basiq dykes, obut muy aiso

" be in quartz-diorite.

2) Chief gangue minerals are guartz aand calecite, in some cases
sulphides are disseminated in dyke itself.

&) Veins prefer margins of the structures, and usually are on
the feotwall side of the dyke. In case of 4100, the best
mineralized part of the vein is on the contact of guartz-
porphyry éﬂd lamprophyree.

4) Ore bodies are terminated by arsenopyrite and pyrrhotite.




5}

el
1%

7}

8)

151.

High values may be found near the surface overlying strong
lenses of galena and sphalerite. .dvisable to raise on
such lenses.
Silver accompanies galena. Coumon ratio is 1 oz. .g per
2b. Gold is either free in the gangue or accompanies
arsenopyrite.

alena and 3phalerite are primary and may be expected
through a vertical and horizontal range of several thnousand
feet. |

The ore was formed under conditions of intermediate tempera=~
ture and pressure.

Better grade ore is more likely to occur farther east, and

g0 deeper there than at 4500 level, becuuse the higher

10)

11)

tenperature seems to have been west of present workings.
Ore shoots are comparuatively short. Borders of commercial
ore ean‘be best determined by assaying.

Ore shoots are spaced zbout 2000 feet, norizontally Zfrom

each other, as ut present indicated by surface workings.




Atlin Districts

Copper Veinsa

“Copper veins oceur on the southwestern corner of Copper
Island in atlin Lake. fThe rock formation consists of reddish
and gfesnish, prevailingly eoarsely textured, olivine basalts
and tuffs; the tuffs, however, predominate and in places consist
almost entirély of basaltic IZragments, but grade into rocks
containing a predominance of sedimentury materiuls.

' The reddish basalts range in colour Irom browalsh red

to greenish red, uand are distinetly basaltic iﬁ habit. The
groundmass is aulways cryptocrystalline und contains phenocrysts
of olivine and augite as well a8 partiecles of iron and occas-
slonally native copper, all of which are readily visible to the
unaided eye. In places ﬁhe groundmass becomes relatively small
in amount, ¢auaiug’the rocks to have a decidedly granulaf
appearance.

The greenlsh basaltis are characteristically dark olive-~
green in célour, and differ (rom the reddish vaurieties, chiefly
in containing ruch less iron, to which {8 due the red colour-

ation.

The Veins. A number of veins from a fraction of an inech to

6 inches in thickness oceur in fissures in these basaltiec
rocks, and consist malnly of caleite, bat also, in places con-
tain particles and masses of native copper, the lurgest of
whieh known to have been rfound, is reported to have weighed
about 40 poundse. 4 certain amount of mulucnlte as well as rare

(Dc D« Cairnese. Ga Se Co lleme 37a Pe 114 - 116}
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particles of cuprite and tenorite occur as oxidation products
of the native copper.”

D« D. Calrnes concludes from nis examinution oi the
deposits that the copper was deposited in a nutive state.

In regard to'the origin ol copper he says: "“Ais tnis
mineral intinmately associated with the iron wnich is decidedly
primary to the basalts, it alght be supposed that the copper
had the same origin. However, the copper both in the veins and
walls is quite the same, and that in the veins in a calcite
gangue is unqueétionably-secondary to the basalts. 3ome have
supposed that the veln copper has been leached from the adjoin-
ing walls where this nineral is thousht to be a4 primary consti-
tuents. If this were so there would be a decreasing umount of
coppe} in the walls ag the veins ure approached. Instead, guite
the opposite appears tovbe the case, and the copper is nuch more
plentiful‘invthe basults adjolining veins and other Iissures.

It, therefére, seems evident that all the copper both in the
walls and veins was deposited at the same period and was intro-
duceq by uprising solutions, probably deriving their‘mineral
content Irom the still heated lower portions of the basaltic
magma; and that the great amount of iron ore in the upper cooler
portions of the basalts caused the copper to deposit in the
native form." |

The last statement, in raggrd to copper coming from
the same basaltic magma does not seem very convinecing. It
seems nmuch easler to attribute the formution of this deposit
to the Coast Range Batholith, which is just a few wiles west

0of the occurrence.
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The basalts themselves are older than the granitic
intrusion, and I believe that there are no known mineral

deposits associated with rocks of this age in the districte.

antimony Veins.

4 deposit of this type 1s known to exist about 10 miles
north of Golden Gate‘ éhe ore occura in form of bedded veins,
in the dark, finely textured shales of Luberge series. The
main vein is made of quartz and stibgite with some galena.

Very little development has been done, so that praeti-

cally nothing else is known about the deposite.
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Atlin Districte Econ. Geol.

Contact Metamorphic Deposits.

Contact-metamorphic deposits of econdmic interest have
been found in .itlin district only in one locality wnich is ait-
uated on Haboe Creek near the upper end of Torres Channel, an
arm of itlin Lake.

The Valley of the ereek is underlain partly by schists,

quartzites, limestones, etec., of the lower Mt. Stevens sgroup,

the age of whiceh, Cockfleld places tentatively to "Pre-Cambrian."

Adjoining these rocks on the west are the Coast Range
granitic intrusives. The contact metamorphic ore deposits are
included in the lit. Stevens rocks near their contact with tﬁe
granitic intrusives.

Ore deposit. The ore deposit is at one point approximately

150 feet in thickness, and wherever a section of the rocks
below the granitic intrusives has been seen, at least 30 to 40
feet of ore-material has been found; this consists mainly of
magnetite, hematite, chaleopyrite, tétranedrite, malachite,
cobalt bloom, and various silicates ineluding considerable
yellow garnet, apparently grossalarite, and some biotite.

The rock that has been altered and replaced in the for-
mation of the ore-materials appears to have been mainly, if not

entirely, the limestone whieh occurs in bands of various tuick~

(Robertson, i#« 7» Report on the Minister of Mines, 1%04)

(}}n De Cﬂirn@ﬂ, Ge 3¢ C» emne 37 Pe 1170)
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ness in the }t. 3tevens series, but in places the limestone
has suffered nmerely recrystallization and marblelizution.

The best showing is on the French claim, on which a
‘cross-cut tunnel 188 feet long has been driven, oi which more
than 130 feet is in the ore-body; this assays from 1.65% to
66 copper, and it is thought that a considerable portion of it
will average between 25 and 4%. The deposit extends up to
within a few feet of the granodiorite contaet wnich is about
50 in elevation above the walleye.

Otrer showings 4o not show the sune high srade ore,
but this is not conclusive since only u few short outerops

are lnown. The rest of the contact is covered with drift.

Genesis and ige of Depositise.

"In studying the genesis of these deposits a number of
atriking and definite points have been noted. In the first
place, the nminerals constituting the ore body or ore bodles
are chicfly magnetite, specularite, hematite, chalcdpyrite,
tetrahedrite, pyrite, yellow garnet, and other complex gili-
cates. This combination of Hematite and magnetite with sal-
phides 1s very characteristic ol contuet metamorphic deposits
and is practically unknown in fissure veins. Further, when
these minerals ocecur with yellow garnet und related silicates
an assocliation is produced which is diagnostic of contact-

metumorphlsme.
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¥orther, these ore-minerals occur only near the iatruse—
ive grano-diorite contact, and have distinetly been produced by
replacing the limestones intercalated in the kt. Stevens
gseries.

There thus appears to be little or no doubt, but what
these ores owe their origin to the neighvouring granodiorites
and that the materials composling them were derived from thé
granodiorite magma, as the limestone und adjoining senistose
rocka do not contain the necessary iron, copper, and éulphur
for their prcdaction. |

The contact ore-materials on these properties are,
therefore, in all probability due to magmatice vapours, rieh in
iron, copper and sulphur, which were derived from the granitice
intrusive body. If thnis ig true the deposits were formed
during the cooling period of the grunitic batholith, which as
explalined uﬁder "general geology," is thought to have occurred

in Jurassie snd probably late Jurassic time.
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