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PTHE GEOCLOGY ARD STRUCTURE

OF THE

WEST KOCPERAY COMPQOSITE BATHOCLITH
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CEAPTERI.

IRTRODUDCTION.

Genarel Statement

The area discussed in the following paper embraces one of the |
most geologically interesting and economically important portions of
British Columbdia,

This paper s an attempt by the writer to prepare an account of
the genaral gulngy'and struoture of the 'eet Kootenay batholithic
srea. It is an outcome of the study of the literature dealing with
the geclogy of the region, the information being drawn h?gely from
the publications of the Geelogleal Survey of Canada,

It has not been the intention to trace in detail the devo lopment
of the present knowledge of the geology, but rather to descride
briefly, and in order of age, the various formations found within the
area, and, from a study of the evidence thus collected, to draw up a
correlation table to illustrate the prodable relations of the
different formtions to one another.

Pollowing this an outline has been given of the writer's con-
eaption of the geolegiocal history of the area from the time of earliest
recorded deposition to the present. The data upon which this history
is tased has been drawn from the accounts by various authors of the
seguence of svents which have taken place, doth locally within the area,

and over the surreunding regions.



Finally certain aspects of the intrusirn and structure of the
composite batholith itself are discussed, and tentative deductions are
drawn,

The economic geology has merely been touched upon, the writer having
sonfined his studies chiefly to the general, structural, and historical
aapects. Tha ore bodies and their relationahip to the bdatholith are
being dealt with in detail by Kr. Price in another paper.
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Location and Area.

-

The ares dsalt with in this paper lies in southeastern British
Columbia and embreces approximmiely 15,300 sguare miles. As mxy be
ssen on the ascompanying map, the northern beundary is an east-west
line pasaing through the town of Arrashead, at the head of the Upper
Arrow lake., It is bordered on the south by the Intermaticml



Boundary line at the 49th parallel of latitude. Its eastern and

western borders are respectively the 116° and 119° parallels of longi-
tude,

It should be noted that certain Lower Palaeozoic rocks in the vicin-
ity of lake Windermere, near the northeast border of the sheet, have

bean intentionally omitted from the descriptive mmtter, as they are not

considered teo bear any relation to the problem,
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Fig. 1. Index Map, shewing location of area dealt
with in this paper.



RN SN Nt T 8 ety A o e

CHAPTER 11.

TOPOGRAPHTY.

Begional

The Geographic Board of Canadal has divided the Canadian
Cordillera into three main belts, namely the Eastern, Central and
Western.

The Easterm and Western delts which are characterised by pro-
nounced Alpine topography, are separated from one another by the Central
Belt, which, in contrast, is in the general form of a plateau of kuch
lower relief, though locally assuming a mountainous character.

The Western Belt has been subdivided into the facifiec System,
including the Coast Range, and into the Insular System, that of the
{slands along the coast of British Columbia and southern Alaska. The
chief topographical feature of this belt is the Cemst Range batholith,
a great mass of gmnitic rocks, trending northwest and terminating in
the south near the 49th parallel of latitude.

The Central Belt in southern British Columbia is represented by the
Interior Plateaus, This plateau region conforms to the Cordilleran
trend of north-westerly and socuth-easterly direction. In British
Columbia it extends from the Intermational Bewndary to about the 56th
parallel of latitude, and is about 500 miles lang by 100 miles wide,

It is characterised by a rolling upland topography, inte which
are carved deep wlleys. The platean owes its present form primarily

1, Femenclature of the mountains of Western Canada, 1918,

¢



to the wplift and dissection of an ancient peneplain, Its northern

" boundary consists of an irregular group of ranges at the 56th parsilel,
axtending from the Rocky Mounteins to the Coast Range. In the south
it terminates against the Okanagan, Skagit, azx& Hosameen Range, and the
¥idwsy Xountains. It i3 bounded on the easi by the mountain ranges of

the Colwmbian System, and on the west by those of the Preific System.

et o 2

The Bagtern Belt of the Camadian Cordillera consista of, from
east to west, the Rocky Lountains, Selkirk, and Columbis Systems.
‘. Three first rank walleys a?par#tc theose W.
o These ﬁllaya are as followa:-
(1) Beoky ountain Trench, ssparating the Selkirk from the
' Rosky Memntain System. This remarikmdle structural depression, ex-
tending in B:fithh Columbdia from the International Boundary to the
Tukon, is eecoupied by turn by the Columbia, Canoe, Fraser, Parsnip,
Finlay and Kechika rivers. |

/

{2} Pnreon Trench, lying Between the Purcell Bmge'(the :

sastern division of the Selkirk Range} and the Selkirk Renge proper.

It is chiefly ococupled by the Rootemay lake, and also by the north
flowing Keotenay Kinj:r. and the south flawing Duncan River, To the
| north it joins the Pn%l };;';'mch'nnr Golden.

(5) The third of the first rank wlleys is occupied by
the south flowing Celwsbia River, whose widened portions form the

- Arrow lakes. This walley joins the Rocky Mountain Trench at about

the 52nd parallel of latitude, and lies between the Selkirk Range

i on the sast and the Columbia Hange on the west.



Local.

The area embraced by this paper Includes the southern poritions 61’ L

the Purcell, Selkirk and Columbia Banges, and the soutb-eastern extrem-

ity of the Interior Plateau,

The demimating topographic feature is that of the granitic batho-
1ith, which, from the point of its maximm elevation of seme 9,000
feet, in the Kekanes Mouwntaine, slopes off in all directions,

Thres main wlleys, Iaving & gsneral northarly trend, form inter-
nonts ine mam Thess are the Rocky Mountain Trench, the Purcell
Treneh, and the Colvubla Valley. Between the last two a smller |
frough 18 cooupled Dy. the Sleean lake. '

One great transverss valley extends from Proctor to Castlegar, its
enatarn Mim’tomtng the M Arm of Xootevay lake, and 1ts western,
the Kootemay River, It thus connests the drainege systems of the
Puroell and Columbis ¥elleys.. | ’

The higher pman’midﬁ vepgetation, and present a rocky
serratad appesrance. |

Valley hesd cirques ond besins are common throughout the mountains,
these cirques being gensrally cccupied by small and clear Lakea of
great beauty. | |

Below the tinber line the topography becomes more subdusd, the
mountain flanks sppearing as leng wom foot hills, Talus slapes
extending farwise dowmsmrd merk bare patcbss devoid of timber. 1In
the wlley bottoms smmll fertile arens of alluvial soil support
thriving agricultural commmnities, |
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CHAPTER 111

CGENERAL GCGEOLOGY

DESCRIPTION OF FORKATIOCHNS.

General Statement

The geology of the ares consists, in brief, of a series of sedi-
mentary and igneue rocks, genexally highly metamerphosed and deformed,
and ranging in age from Pie-&mbrun to lLower Mesozoic.

Inte these have been intruded granitic batholiths of Upper Jura-
ssie and Bocene age. ' '

Cverlying portions of thia 0lder conplex are a series of Lower
Tertiary sediments and volosnie extrusives, These ars cut by a number
of monsonitic and seyenitic batholiths and stocks, ranging in age from
late Cligocene to Miocens. Capping po:tm of a1l the older rocks
1s an irregular covering of glacial £111 and recent alluvial deposits,

The meclise correlation of tha different formations has been
rendered extremely difficult owing to the scarcity of reliable fossili-
ferous horizons, and to mmme{mm'hiehm
rosks bave mndergone. Fevertheless, a eertain lithological and
structural similarity has froqumﬂy been found to be common to various
sets of foxmations, and this bas led the writer to offer s tentative
swrralation tadle, This table is a combimation of facts and probe-
bilities, and carries a heavy txrden of hypothesis, which, howewer, is
wmaroldable when dealing with a district where most of the sedimentary



formantions cannot be closely dated by fossila,. It should be borne in

mind that the genera] succession of the formations has been stated with

probably more certainty than their correlation with the recognised

’gcologjseal systems, It 1s the Gellef of the writer, however, that the
table is of value in illustrating the probeble relationship to one
snother of warious rock formations oocurring in widely aepufated dis-
triets, and in the dating of the various formations in the light of

the svidsnce obtained from the most recent and detailed field work.

Pre Carboniferous Record.

Friest River Terrane.
Distribution. The Priest River terrane is = term given by Ialy’ to

a series of highly mtmnrphoéed sediments along the Intermational
Boundary, between Zootemay lake and Irene Hountain, From the Boundary
Line the rocks of the ‘tern.ne extand northwest for a distance of about

10 miles, when they are cut off by the intrusion of the Bayomne E.tho-

1ith,

Lithology. The rocks meking up this metamorphic complex consist of a
variety of ndimsnts which are now metamorphosed into mica, uehiatg.
quartsites, sericite guaris-schists, chlorite schists, dolomites, and
phyllites. Amphibolites, representing metamorpohsed intrusives,

form & very small proportion of the rock types. Daly has divided

1. Ihl)’. ReA., Kom, 38 Geol. Burv. Can. p.‘258.
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the series lithologieally into seven btelts, naming them from A to G,
Belt A being the youngest. The series ia, as yet, entirely unfogsil-

iferous.

Strueture, The structure is very complex, but in general is one of

north south striking beds, dipping vertieally or steeply eastward the
total thickness of ‘tho series being at least 18,000 feet. Block
faulting has played a miner part. The intrusion ef the Bayomne and
Rykest batholiths has profoundly metaporphosed the schists of the
Priest River terrane near the contafits, with the development of large
foils of bioctite and muscovite. The bede become progressively younger
from east to west,

Age and Correlation. Daly, in his study of the geology along the
Intermational W, dated the rocks of the Priest River terrans as
Pre Beltian (Arehaen), and stated that a great unconformity existed
between the youngest member of the Priest River terrane and the bdase
(Irene conglomerates) of the SumitSeries. According to Sehof1eldt,
the Priest River terrane ia not Archaen in age, tat Beltian, and re-
Fresents the hydrothermally metamorphosed extension of members of the
Purcell Seriss to the east of the Purcell Tremch. Belts 4, B, and C

are believed to pepresent the Kitchener; D and B, the Creston; and

l. Schofield, S.J. Personal commmication.
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F & G the Aldridge formetion, all of the Purcell series of Beltian age.
Drysdale, in 1916, reached the same conclusion as did Schofield

regarding the Beltian age of the Priest River terrans.

The Purcell Series.

General Statement and Distribution, ' The Purcell ser.tes’z eonsisté of

& group of non~fossiliferous rocks of Pre Cambrian (Belt ian) a.ge, end

is made wp of & gréat thickness of fine grainod. quartsites, argill-
aceous qmruﬁas. argillites and limestones. That they were pro-
ably deposited wnder shallew water conditions in a slewly sinking bssln,
the Reoky Hountain gessyndline, is shown by the preaence of ripple marks
and mud eracks af.mleua horizons. Casts of salt erystals indicate
that dnring st least part of the time of depositien, semi arid condi-
tions prevailed. South of the International Boundary, rocks of the
Puresll series are found in Idaho snd Montans; the northern limit, how-
sver, hag a0t besn determined, due to lack of geological aexploration.

To the sast $he series pesses inconformbdly beneath Upper Palaeosoic
formiions of the Rocky Momntains, To the west the meiamorphosed
equivalents of the Purcell series are probably represented by the |

Frisst River, and the lower part of the Summit neriéa. of mly?

10 MIB, C.w. Summ, W‘ Geol. Slu‘ﬁy. Can, 1916. P 61

2, Sehofield, S.J, Mem, 76, Geol. Survey. an. 1915.
S kly. R.A. Yem, 38, Geol. Survey. Oan., 1912.
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Contemporanecus with these ancient sediments are flows of highly
altered besslt (Purcell lava) and injected and differentisted sills,
varying in composition from hypersthene gabbro to very mcid granite.
All the formmtions of the series are conformable with one another,

The following is Schofield's geological colum of the Purcell

soriss in the Cranbrook mep ares.

Erosion Surface.

Pre Cambrisn Gateway 2,0001 ¥
Purcell lave 300
Siyeh 4,000°

. Creston 5,000*
Aldridge 8,000° 2
Base unexposed
L.‘
lithelogy, A summry ef the lithology of the members of the Furcell

series in the Cranbrook area 1s ap follows:
(a)} Aldridge formation. The Aldridge formtion is eta:mosed of

& series consisting chiefly of argillacecus qmrtzites; together with
purer quartsites and argillites. The arglllaceous quartszites which
represent about three quarters of the whole formetion, consist of
rather fine grained rocks, dark grey on fresh fracture. Owing to a
rather high eontast of iron oxide, thess cutercps weather to a rusty
Yromn goleur, this being one of the best eriterls for Fleld deter-

mination. The series occurs in beds of an average of one foot in
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thicknass.-

On & branch of the Goat River, the ildridge formation includes
geveral beds of conglomersies, made up of waterworn pebbdles, warying in _
size up to two inches in diameter, Aand cénﬁstiﬁg of black slates,
gray qmrtzitsﬁ, and an altered voleanic rock.

On Mark Creek, slx inches of grey t&léose.umestom is exposed.
¥etamorphism has been al,t.ght, and where the formetion has been intruded
by granite stocks of the Helsen batholith, a narrow aureole of .
xnotted sohists has frequently develeped. |

In the west the rocks are of a distinsily ecerser type, including,
as they do, many beds of smalmta, whilﬁ in the east the rocks are
all ‘ﬁm grained argillaceous quartzite, with some argillaceous lige-
ntdn'et, and no canglomerates hav@ been ohur#ed..

 The Aldridge formation isof considerable sconemic importance,
becsuse of the ~ecurrence of silver-lead-zinc depoeits, m?h 38 those
of the Sullivan and St. Hugens nines. " |

(b} Creston Formation. Overlying conformabl; the Aldridge

and having a 500-foot thick transition zone, is the Creston formation,
consisting of l...suec;eaaion of grayish arglllaceous quartzites, inter-
medinte in cheracter between the dark rusty weathering rocks of the
Aldrides and tﬁe caloaraeous thin bedded rocks of th: xXitchener forma-
tions., The series {s made up of argillaceous quartszites and pni'er
quartzites and argillites, in Leds of approximmtely one foot in thick-
ness, The predominating rock in the series is the purer quartszite,

weathering grey.
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As in tha case of the Aldridge, mtamorphism has been very slight,
though the intrusion of granitic stocks has caused a similar develop-
ment of knots of carbenaceous mabterial. ‘

From west t0 east the texture decomes ‘prugress’ively finer, as does

that of the Aldridge formation.

{e} Kitchener tersStioa‘ The Kitchener formatien is character-

ised by its oomparatively high lime sentent, The rocks consist essen-
sially of calearsous and argillacecus quartaites, quartzites, and lime-
stomes, the whole wesilering yellowish drown $o grey. A peculiar
weathwring structure is charscteristic of the argillaceous limestones
where nmususl depreseions ayre formed, - those on the surface parallsl
to 4he dedding planes being linear and about one quarter of an inch
wide and half an inch deep, while those on surface, perpendicular to
the bedding, are irrsgular md octasionally vermicular in form, These
depressions are probably caused by differential weaihering o: the

The formatitn is conformable with the underlying Crestom, and grades
inte it through & 500 f£t. transition mome,



14

{d) Siyeh Formstion. The Siyeh formation may be divided into

an upper and lower division, each approximately 2,000 feet thick.

The lower is composed chiefly of thin bedded mmud cracked, green
and purple metargillites, Black met&rgillites, weathering to & rusty
drown colour are also present. North of Upper Moyle lLake and neer
the base of the Siyeh formation a 200 f£t. thiak bed of massive con=--
glomerate outerops. The constituent pedbdles of this conglomeratu are
varied end include greenish grey argillaceous quartsites, brownish red

sandatmjes, white guartyites, and greatly altered amgdaloidal and

non-amygdaloidal basalt. Thelr origin is uncertain, particularly in
regard $o0 the basalt, as no clder volcmie rocks have been found in
place iu the ssries. Overlying this interesting conglomerate is a
shosclate brown sandstome, made up of grains of the seme meterial as
that of the conglemerste. -

The upper division of the Siysh consists first of 100;0” £t. of
thin bedded and msgm, siliceous, cencretionary limestones, grey
when freshly fractured, and weathsring to grey and buff. Succeeding
these are thin beds of purple and green mmd-cracked mstargillites and
flows of baanlts. |

The Siyeh formmtion overlies conformably the Kitchener, with a
300 ft. thick transitional sone. The top of the Siyeh 1s placed at

the base of the Purcell lave with which it i1z in conformable contact.
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(e} Purcell lawa. The lithology of these flows is very waried.

The rock conaists mainly of a Righly altered porphyritib or amygdolidal
basalt. The porphyritic basalt is characterised by the presence of
large labradorite phenoorysta in a groundmass of decomposed hornblende
and labradorite. The colour 1s greyish green, the phenocrysta making
up a great pert of the rock. The amygdaloidal basali, on the other |

"hand, 18 of a dark green to black ococlour, westhering dark rusty brown,

the £1lling of the mmygdules being ohiefly quartz and occasionally
homatite. The porphyritic and amygdaloidal basalts grade into one
snother.  'The tasa of the flow resenbles very strongly a veleanie
blecoia, though it may pesaidly be a flow breceia, It is composed
of angnlar and sub-angular fragments of the two iypes of basalt
deserided above. _

(£) cateway formtien. Overlying conformsbly the Purcell lawa

is the Gateway formation. The base consists of a fine g,mihnd grit
composed chiefly of p&b’olea from the rureell lawa, together with a

‘ m.,u proportion of guarisite. Upon these are thin alternating beds

of conglomaratesé& silicous limestone.

The limestons, whioh i¢ concretionary, weathers a buff colour.
With the limestones are found some dolomites, with which are inter~
banded purple shales and grey sandstones. Capping these are narrow
beds of sandy arglilites, weathering greyish brown and containing
numsrous casts or'mlt erystals, The presonce of these casts is a

characteristic peculiar to the Catewsy formation, With these sandy
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arglllites are interbards of quarbsites snd heavy tuff weathering
sandstone,

The Gatewany formation is in sharp contrast, both lithologically
and in its general appearance, with the Siyeh formation, shewing that
changing conditions of deposition took place tmring the interw} of
time occupled by the extrusion of the urcell lawa.

{g} The Purcell Sills. The lithology of the Purcell sills

serves as an excellent {llustration of gravitational differentiation.
Three main rock types are represented, grading through intermediate
forms into one another. These are in ascending order of acidity
{1) cabbro, {2) Quartz-diorite, or Transition Roek, and (3} Granite.
A brief description of the lithology of these three rock itypes is as
followss
(1) gabdro. 1In it‘s- most basic. form this rock is a hypers—

thene gabﬁ:o of dark grey colour and granite texture. The essential
constituent minerals a:zee labradorite and pyroxene, the labrodorite
oecurring in lath-ghaped individuals.

The following is an amalysis by l.F.Connor of the hjpersthene

gabbro:

$10, ..50,36 M0 ...0,20  Hy0 ...0.05
Ti0p ...0.90 Mgl ...3.67  H0 ...0.71
41,0,..13.63 Cald ..11.50  Pp0g...0.07
Fo0,0 02422 T 0.4 2. 54 99.98
FeO 4008.38 K50 .000.75  S.6. 24970

2

16
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Acid differentiates are frequently found in the interior of the
basic sille, in the form of = granitic phase consisting of long needles
of hornblends in a groumd mass of mioropegmatiie. Associsted with
the more basic sills are small irregular aplitic dykes, passing into
quarts veins and representing extreme differentiation of the gabbro
nague..

{2) Quarts-diorite, or Transition Rock. This roek, which

‘papresonts the transition phase beiween the granite and the gabbro, 13

of a light greyish-gresn colour, and racrosgopically is seen to con-
tain guarts, feldspar, hornblends, and biotite. The following
analysis is given by Dalyt

810, 52,63 | Bagd LAl
MO, 0.2 X0 228
M0, 16,76 BO 0.2
Fo,05 2.86 HgO- 1417
FoO  10,M PO5  0.35
O 0,38 0,  0.10
N0  4.33 S.0. 296
Cad 617 |

(3} Granite. By gmadml stages, involving a decrease
in hornblende and an incmease in quartz and micropegmatite, the quartes

diorite passes into s grancphyre. The poaitian of the granophyre in

1. Daly, R.A, Festschrift swn siebgigsten Ceburtstage, von
H.Besenbush, 1906, p.217.
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the 2ills is at, or very near, the upper contact, in contrast with
that of the gabbro which by gravitational diffeventiation is found
near the bassl contacts. There is no direct relation between the
thickness of the granite and that of the sills, and many of the narrower
8ille are ﬁ:reduminataly granite, while certain other sills of con~

siderably greater thickness are of entirely basic composition.
The following analyeis of the granophyre ls given by E'Jslyl

5,05  Ti.69 Ca0  1.66
0  0:59 Nag0  2.48
AL0, 13.29 | Es0  2.37
Peg0,  0.83 HR 0.4
Fe0 4.83 HO0 1.3
¥n0 0.098 . Pgly 0,07
¥go 1428 00, _0.13
100,16
SeGs | 2,773

 Stamtification according to demsity is of & striking nature, and
is of two kinds. %é&uﬁad&mr the International Boundary line appear
$0 have an upper and lower zone of gabbro, while an intermediate zone -
the centre of the silé ~ consistas of a more granitic phase, the

transition deing gradusl.

1.+ Daly, R.A., Am, Jour. Sei., 4th ser., vol. 20, 1905. p.193.
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The second type, which is well represented at 5t. lary lake,
consists of an upper granitic sone, passing transitionally into a

lower ons of gabdro.

Struosture of the Purcell serles. The Purcell series, to the east

of the urovell Trench, is charactorised by a otructural comploxity -
folde and fanlte are numerous. The rogional folding is that of north
and south trending anticlines and synclines. ith certain exceptions
the folds are mth,md are the result of comprn;ion from an east
and west direction.

A later period of tension ceused normal faunlting in a north-east
south-west system; this took place probadly during the Jurassic period
of datholithic intrusion,

™e last great period of faunlting, when the Cranbrook fault
daveloped, is delieved to hawe oscurred during the Marly Tertiary
{Larimide] tims.

Igneus astivity in middle Beltian time resulted in the injection
of the Purcell sills into the lower msmders of the series,perticularly
those of the Aldridge. Thie waz accomganied by the outpouring of
ths Puroell lawe at the close of the Siyeh, This lawe has prowed Lo
be & wluadle horisen marker for field carrelation purposes,

Age and Correlation. The Purcell series was origimaily described

by Dawsonl in 1885, who oonsidered it to be of Cambrian age. Fourteen

mht&l&lwy%mnmmtimofm-ariu,md

ls Dweson, Q.. Amm Rept., Geol. Sur. Can., 1885, p.l1483
2, NoBvoy, J., Summ. Rept. OCeol. Sur. Can., 1895, p.874
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the same conclusion regarding the age as did Dawson.

As & result of later and more detailed examination, Sc:hoi‘ieldlx"2
placed the series entirely in the Pre Cambrian. The dating of the
series depends upon stmtigraphioal& lithological evidence, the rocks
being, as far as is known, unfossiliferons. The evidence for & Pre-
Cambrian age is, briefly, as follows:

In 192) shales containing Glenellus fawma were fouud 'in the
vicinity of Cranbrook. Underlying these was a basal conglomsrate
{Cranbrook conglomerate} which rested in distinct unconfomity upon
the Siyeh formation. A% Elko, B.C., another section shewed the
Cranbdrook conglomerates {Lower Cambrian) lying disconformably upen
the Roosville formmtion. The Roosville is the upper member of the
Purcell series in the Rocky Yodntains, and i» separated from the top
of the GCateway romtion by 500 feet of rock belonging to the
Fhillips formation. |

It is therefore ;ﬁ.dsnt that the whole Purcell series is Fre-
Cambrian in age. v

Within the map area the Pufcell series may be correlated with
the whole of Daly's Priest River terrane, and with Daly's Irene con-
glomarates and voleanics at the Intermatiomal Binmdary to the west

of Kootenay lake.

1. Schofield, S.J., Xem 76, Gsol. Sur. Can., 1915, p.Al

2’ Sdl@fiald, SOJI' MJ.‘ 35, GﬁOl- SerQ No.&’ GQOI¢ m; C&nl’
1922,
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Summit Series.

Diatribution. The Summit Seriss occurs as a belt of rocks of about

18 miles in width at the Intermational Boundary, and lying about
midway bvetwsen the Columbia and Kootenay Rivers. Fram the Inter-
national Boundary it tapers rapidly to its northern extremity at a

point about 10 miles south of Frootor.

Lithology, The series is composed of a great thickness of unfossili-
ferous metamorphiocal sediments, now represented by quartsites,
phyllites and conglomerates, together with an important horison of -
lawa flows. The following is Daly's table of formations of the
Summit series, as exposed along the Intermmtional Boundary Belt:

¢

Formation Thickness in faet | Dominant rocks.

Top, erosion sur
Loneftay 2,000  Phyllite and quartsite.
Beehive ‘ ! 7,000 _ Quartzite
Ripple ' 1,650 Quartaite
Dewdney . 2,000 ‘ uarteite with conglomerate
Wolf : | 2,900 Siliceous grit, sandstone
_ and conglomerate.
Honk : ' 5,500 Quartsite, phyllite, and
conglomerate
Irene Voleanics 6,000 Effusive greenstones,
Irene Conglomerates 5,000 Conglomerate
32,050

Base, unconformity with Priest River terrane.
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Structure. The mambers cf the series have n» gensral north-south

strike with nearly vertical dipa.fg].osoly conform in attitule $o the
flanking Priest River terrane on the east, and to the Fend A'Orielle
group on the west, Ilarge granitic stocka from the helson batholith
out the series in wariocus places, the elongation of these intrusives

being, on the whole, parallel to ths general trend of the formation.

Age ond Correlation, On the West Kootenmay lmp Sheet, the Summit

series has been eapped as Camdbrian to Silurian , and correlated with
Dawson's Lower Selkirk Series of the Northern Selkirk Xountains.
Daly definitely assigned all of the Summit series below the Jolf
formtion t0 the Beltian, the Jolf formation bdeing considered to be
either Beltian or Cambrian in age, while the Dewdney, Ripple, Beshive,
and Lonestar formmtions were tentatively referred to the Cambrian.

The Irens conglomerates, the basal member of the Surmit series,
were sonsidered by Daly to be the base of the Beltian in Canada.

According to Drysdalel this is not the case. [He concludes that
"The Irene conglomerate is not considered to be the base of the Belt
dermane in Camada, but sisply the base of a younger series than the
Purcell, of probebly Lower Casbrian age. It may prove to be the
western equiwlent of the Bow River and Siyeh!?] conglomerates, east
of the axis of uplift.” (

SQhoﬁoldzuonsidnrs the Irens conglomerate and lrens volecanics

1. Drysdale, C.¥. Surm. Bept., Geel. Sur. Can., 1916, p.6l.
2. Schofisld, S.J. Fermnal commnication.
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to be the western equivalents of the Siyeh formition end Puarcell lawa
respectively, of Beltian sge, and has suggested the following tenta-
tive correlation of the Summit series with the Purcell series to the

sast of the Furcell Trench,

Division Pariod Summit Series Purcell Series.
| ‘Lone Star
Beshive
Palasgogoic Ripple
{pre Carboniferous Dewdney

Lower wolf
E - Crandbrook oonglomer-
Cambrian | ¥onk ates

mtm Irene Volcanica Purcell lawa

| Trene Conglomerates |Siyeh

There appears to”be no doudbt that the lower part of the Swumnit
series is Beltian in age. In regard to the u;ppér part, 1t has been
found impossible to assign it to any definite age. It is conformabdly

"owerlain by the Pend d'Oreille group {Carboniferous to Pre Carboni-

ferous). The whole series has been cut by Jurassic intrusives, and
bas been upturned by the crustal movements which took place at the
close of the Jurassic. In the writer's opinion it is very probable
ing!.eod that the upper part of the Summit series represents the southern

extension of the Ainsworth series on the west shore of Xootenay lLake.
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In the interests of simplicity the Suemit series is, in this paper,
divided broadly into an upper or Pre Carboniferous division, and &
lower, or Beltian division, The dividing line being considered to

be marked by the contact of the lonk and Wolf formations.

Ainsworth Series.

Distribution. The term Ainsworth series was first used by Schofield!

in reference to a group of metamorphosed sedimentary and volecanic rocks
lying conformably bensath the Slocan series, and exposed along the
wast shore of Xootenay lake. The bese is not known, while the top
has been plaged arbitarily at a transitional and conformable contact
with the base of the massive Silver Hoard limestone, the lowest member
of the Sloean series.

7o the north the Ainsworth series extends #o bdeyond the area
dealt with in this paper. The series has been traced southward to
the West Arm of Xootenay lake, near 3alfour, but it is probably re-
pnaentod still further south by the younger members of the Summit
.nrie-n.

The eastern boundary is parked by a line running approximately
northward from Crawford Bay,on the east shore of XKootenay lake, into
the lardeau district, where it follows the Duncan Valley.

The western benndary is in general coincident with the easterm
boundary of the Slocan series, which has been traced tc the west of

Keoteray lake and up the Trout lake Valley.

1. Schofield, S.J., lem. 17, Geol. Surv. Can., 1920,
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The stratigraphical coluwmn of the Ainsworth series in the Ains-~

worth map ares is as follows:

Pormetion | Thickness in feet.
Josephine formation o 3,000,
Alneworth formation 600.
FPrinecess formation 1,250,
Early Bird formation | : 2,300,
Point Woedbury fermation _1,800.
Base unexposed. . 6,250,
Lithelogy, The rocks cempesing the series consist of alternating

schists, quartsites and limestones, All formations are canformble
with one annthar, and the whole gseries has an avarege dip of about

- BE6° to the west.

{a) Point Woodbury formation. This jformtion which 1s well
axposed at Point woedmry, eight miles south of Kaslo, is composed of
rogty weathering mioaceous gquartsites and garmetiferous mlca schists,
and is intruded by gneissic granite and pegmatites dykes, which closely
follow the bedding planes.

(b) Eerly Bird formstion, The rocks of the Zarly Bird formatlon

cansist typioally of massive thick bedded blue-grey limestames, separ-

ated by thin layers of mica schist. |
| The limestone has proved to be .vary resistant to préaion, and

‘along the lake shore forms abrupt cliffs, It is rough to the touch

and weathers to a rusty brown colour.
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(e) Irincess formmtlon. The Princess formmtion is made up of

glitiering miaa schists, fregquently garnetiferous, and interbeds of
micaceous guartzites. The lithology of the formation is very similar
to that of the Point Woodbury formetion.  The outerop of the quartsites
are generally stained with brown iron oxide, while the achisté weather
to a brown micaseous earth., | '_

(4) Ainsworth formetion. The predeminating rock of this forme-

tion is o greyish-while mesaive limestone. Black shaly members and
some white mardlo make up the remainder. The gradation from the
Princess formation Uelw is transitiensl.

{e) Joaeyhine formation. ma- Josephine formtion esbraces a

_successien of mica schists at the base, succseded by thin bedded quart-

sites and green hornblende schists, intﬁrb.dﬂed with long lenses of
lmestone. Ompping thess are staurolite schists. -

The hernblends achiste probably represent mtmrphes?d ‘basic
voleanic ash beds md’are- of grest economic importance, beeause of
the osccurrence of the Highland and Florence ore bodies at the base of
their lower contaet with the zssociated qu&rﬁ;itam

The upper member of the Josephine iz a black coloured rusty
weathering andalusite schist, containing numercus knots of highly
altersd and sheared andalusits and staurolite crystals.

Structure. The genere)l strike of the series is north and south, With
& north-westerly trend in the lardesu district.
The average dip of the rocks is from 300 to 50° to the woet,

ool
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though locally the dip mey be much steeper, In general the planes of
schistosity mare colncident with the bedding, |

The total thickness has not been determined, but it is undoubtedly
very great, In the Ainsworth district alone it is, according %o |
Schofield, 6250 feet, but there is, in addition, the far grester thick-;-r |
ness deneath and to the east of Kootenay lake, |

The series has been intruded dy several stocks of Nelsén grano~
diorite and also by rumercus dykes of pegmetite, origimating either
from the Nelson gramcdiorite, or from unroofed bodies of Valhalls
erantte. | | | /

Age end correlation, The upper member of the Ainsworth series
underlies conformably rocks of ths Slocan series of Pemmsylvanian age.

On the sast side of Kootemay lake the Ainsworth series inoludes rocks
 originally mapped on the ¥eet Kootenay map-sheet ap Shuswaps The
tase of this series was fownd in 19141 to overlia conformedly the
Beltian rocks of the Purcell series. The conclusion is, therefore,
that the aeries is not older ihan Beltian and not younger than farboni-
fercus. In all probability it is of early Palacozoisc ages |

The Alrnsworth series mey be tentatively correlsied with the
scbists of the Swmit peries, ceourring between the Wast Arm of
Kostensy lake, and the Intepnational Boundary.

1, Schofield, SeJs, Gsol. Sur. Can., Summ. Rept., 1914, p.136.
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Dunoan Seriles.

Distribution. The Dunocan series occupies a belt about six miles in

width on the west slope of the Duncan River Valley. It is bounded
on the east by the Duncan Riwer, on the north by stocks of grancdiorite

beyond the map-area, and on the south by the head of Duncan Lake.

Litholgga. The rocks of the series oonsist almost entirely of grey
quartsites of a very uwniform characier.

Structure. The general structure is that of o north-eest and
stuth-east striking, cleosely-folded,anticline. On its western flank
the series 1s faulted sgainst the Lime dye™ , = Limestons member of
the Slazen series. '

Age and corvelation. The age of the Duncan series is very doubtful.
It is considered hy Bancraft to be Pre-Oarbonifsroua, and prphsbly
Malasoscic, though pogaibly Pra Capbrian. The serles is entirely
wnfosailiferous. |

Carboniferous Record.

Pend 4'Oreills Growp.

Distribution. The Pend 4'Oreille group im British Columbia oocuplies

s wide ares at the Intermational Bowndery, extending from a fow miles
to the west of the Columbis River, to a point near Lost Mountain,

l. Banoroft, ¥.F., Personal commnication.
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Rorthwexrd the em#ure tapers "rapidl:,.' to iﬁa northern boundexry, about
five miles enst oflﬂelaon.' On the east the group is flanked by the
upper member of $he Swmit series, snd on the wast by the great area
of Rossland volcanice.

Lithologye The rde‘ks of the Pend A4'Oreille group consist of &
yariety of highly metamorphossd carbonaceocus phyllites, mrtzite&,
aaphibvolites, metargillites, and metamorphosed tuffa, together with
lsnses of crystalline limestone. The group bas been intruded by
large cutliers of the Lelson grancdiorite betholith, nesr the contacts
of whioh the sedimeniary membere of the group have been metamorphosed
%o sndslusits and mica sehiste, |

Structure., The atrusture of the group ls iiat of & north-somth strik-
ing homosline. Dips are very stesp, most of the beds lying ina
neaxly vertical position. Owing to the degree of met&morphiam to

which the group has s::.bjecﬁed little informatien regarding the detalled
.stmtare is xnown, The group ie &t losst 5,800 feet thick, and over-

lies, conformebly, the Summit series.

~ Age and correlation. Ko fosails have yet been found in the rocks of

the Pend d'Oreille group, snd 30 no definite decision regarding the age
can be resched. The limestone members, however, closely resemble
fossil-bearing calecarecus beds of the Mount Hoberts formation of
Bossland, fifteen miles to the west. The limestone members of the

group have slsp besn correlated by Dely with Dawson's Cache Creek

1 My, R‘&o, ¥om. 58_, Geol. 3ur. mn-’ 1912,
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formtion in the E‘a.mlwp'—s distrietz, the upper members of which con~

tain fossils of Pennsylwanian age, while the lower members may be

scmewhat elder tian the Carboniferoms. It iz very possible that the

Pemi d*Oreille group may aleo de correlated with many of the highly
 metamorphosed rocks in the Boundary district, and, in the vieinity of
Orend Porks, as suggested by Bancroft?, with members of the Slocan
series, which lie on the same tremd tc the north. '

The Pend 4'Oreille group I»is 'eméiaszsd tentatively to be of
Carbonifercus age, its lower members, however, may quifa poasivly
be somewtet alder. |

~ Grand Ferks Schists.

Pistribution. The Crand Forks schists cover an area of about thirty

square miles in the vicintty of the town of Crand Forka, neer the
Intermational Boundary. They are bounded on the east by the Cascade

batholith, end on the north and weat by rocks of the Pheonix voleanics

and the Attwood seriss. Thelr distribution on the American side of
the Bewndary line is not known. '

Lithology. The Grand Forks schists are a complex compound of a
sories of h@ly altersd extrusives of a basic mature, together with
intrusives of the gabbro-diorite iype, and possibdly scme sedimentary

10 m, c‘ﬁﬁi' ml. G‘o’l' 306. m‘ ?01. 12, 1901’ P«i ?0
2, mc‘t’ H’?.’ Suxwn, Rept., Geol. Sur. Can.' 1912. p.293.
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arglllsceous rocks; lenses of crystalline limestone are also present.
The whole has besn Bo thoroughly recrystallized that its original
composition is often very dowbtfal. According to Daly', "ihese have
bean metamorphosed to ever-warying phases of amphibolite, fine-grained
orthoolase bearing horndblende schist, hoernblende-epidote~-plagioclsse
schist, actinolite schist, and blotite dierite gﬁeis&-. Along with
these, tmk Jenses or pods of white ¢rystalline limestone are inter~
dedded. The limestone is, as yet, anfaaanitardmf, ut resembles the
Carbonifercus limestone occurring aboul Rosaland™.

strwm* Owing to the intensive mefamorphiam, very little detatl
of the strueture is kuown., The metamorphism is probdably largely dus

‘4@ the Intrusion of the underlying Cascade dbatholith of Jurassic age.

_ Age and correlation. This complex is entirely unfossiliferons, but

the }mostone membars resemble, lithogically, the Carboniferous lime-
stone of Rossland. ' The series has been intruded by the Cascade batho-
1ith and the Smelter Stock, both Jurassic In age. ”

The dsting of the Grand Forks schista 1s very umerté.m, tut in
the Interests of aimplicity they are here referrsd to the Carbeniferous
and correlated rather doudtfully with the Nount Boberte formation of
Rossland, with the Pend d'Oreills group, and with certain other
schistose formations along the Intermational Boundary. |
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Sutherland Schista.

Distridution. The Sutherland schistose complex ogcupiss the great part

of the east ahore of Christims lake, It is bounded on the north and
south Wy members of the Rossland volcanic group, and on the east by

the Coryell batholith,

Litholigy. The oldest rocks of the complex consist of highly -erysta.nised

schista of sedimeniary origin, and includs garnetiferous achist, phyllite,
bictite-eplidote achist, sndalusite~bioctite mchist, and actonilite-
bictite sehist. #ith these are interbedded s few large lenses of

light grey to white marblse, mdA same brecclated greenish quartzite,

| tnA basic intrusive rocke occur in irregular bands

~ Struiure.  The strusturs of the camplex appesrs to be utterly confused,

no regularity being found in the attitude of either the bedding.or
pianes of achistosity. Besides the intrusion of the Coryell batho-
1ith, the complex has been eut by the somewhat earlier, and more basic

bodles of Fife and Baker gaburo.

Age and correlation. No fossils have yet been found in the sedimentary

members. Daly’ mentions that the quartzite and limestone ressmbles
the Cerbtenifercus quarszite afd orinoidal limestons of Little Shesi:
Creek,and the mors staple phmses of the Fend d.‘-oreillg group. The
somplex is cut by gabbros of Lover Jurassic (?) age. It seems

‘probable that the Sutherland schists and the Grand Forks schlsts are

I mly, Rt.&& » Yiom, 38".- Geol. Sur. C&n-., 1912' p&sgll
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very closely related, and of about the same age. The Sutherland

schists are here tentativwely referred to the Carboniferous.

Amarchis$ Series.

pistridution. In the map ares the Anarchist series occupies about

9 sgmiles near the south west corner of the sheet, ten miles west of

¥idway., To the west of the sheet, however, it is exposed over a con~

- siderably lsrger area, oxtending nearly to Osoyoos Iake & raking up the

rocks of the Anarchist Plateen.

Lithology. The rocks of the Anarchist series consist of a group of
highly metamorphoped sediments, dominantly quarisite and phyllitic

slaten; with theme are lssser amcunts of graenstones, and a few

isolated pods of limestone. The quartzites, which are very herd, are
of & grey to green colour, and, where badly sheaved, are extiemely
fissila, Tha ‘mlm'.’uf the phyllite is generally dark @QJ: but
varies through greenish and bluish tints. Greemstone whieh vocurs
in massive to schistose bands probebly represents both intrusive and
extrusive basic rocks.

The limestone which is low in magnesia, 1s of & light blulsh-grey

colour, and ocewrs in pods up to :m ft. in thickness,

Structure. The series is highly metamorphosed, and little of the
origimal structure remains. The metamorphism is believed to be of

dynamic rather than of igneous origin?“

1. Daly, B.A., em, 38, Ceok. Sur. Can., 1912, pp.391~392.
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Age and correlation. ¥We would be expected from the degres of metamor~

phism, no foseglls have yet been discovered in the Anarchist seriea.
Dalyl, however, refers this series to the Carboniferous, on litholo-
gieal anh structural evidence, and correlated them with the Carboniferous
of Rossland as follows: '

“This oldest group (Anarchist series) is almost certainly the
same a2 that which orops out at intervsls between ths Columbian River
and ¥ldway, and, in the Rossland distriet, bears obecure fossils re-
ferred to Carboniferons speciea,”

Daly also correlates the Anarchist series, lithologioslly,with
similar dut fossiliferous yooks of definitely Cardoniferous age, in
the Skagit range, near Chillisack. The Anarchist serlies are there-
fore, very phobably Cerbanifercas in ages |

EKnod Rill Group.
Distribublons  The Enob Hill group cocurs as small scattered out-

orops, aversging about 1 square mile in sise, in the vicinity of
Phoenix. On the Boundary Creek sheet tm&u'bmuppedu POX~=
phyrite tuffe, conglomerates, and ash beds of Palaecsoic ages

Lithologys The group forms = complex of highly altered rocks, chiefly
of igneous origin. The predominant reck types are chefts, tuffs and
porphyrites; with these are breccias and a few lense like mmgses of
limestone and argillite. The genersl colour is dark greenish grey
to dark grey, weathering %o a somewhat lighter tone.

1! My, R‘Ab mg 58, ml. Snr' MQ. 1912' p.m.
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Structure. In the Phoenix area, the group,appears to be in the form
of a north and south trending ayncline, the thickness being at least
1,200 £t. The contact with the overlying Attwood serles is & con-
formeble ones The rocks are mmssive, and due to the absence of bedd-
ing and banding, a satisfactory stratigraphic seguence camiot be

worked out.

Age and correlation. Ho unoonférmity was found between the rogks

of the Enob Hill group and those of the overlylng Attwood series of

. Carboniferous sge. La Royl hes sssigned the Kmod Hill group to the
Falaeuseic, but states that they are prodably but litile older than
She Atteood seriss. The writer, in the interests of simplieity, has
mvh‘iﬁuy assigoed thanm to the Carboniferous.

Franklin Gromp

Bistridution. The Franklin growp bas been mapped in detall in the

Franklin map ares by Drysdale®, where it outorops over a total ares of
sbout § square miles, in the vicinity of Temderloin, Franklin, and
HcKinley mm‘ On the Test Kootmy Recomnaissance sheet, tIs
Franklin group has been mapped,with other and younger formations, under
the general legend of Roseland woelcanics.

1. Le BOY, OOE.' Mem, 21, Geol, Sur. Ca.n., 1912, p.lg.

2. Drysdale, C.¥W., Ceology of the Franklin ¥ining Camp, British
Coluwmbia Mem. 56, Geol. Sur. Can., 1915
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Lithology. The term FPranklin groap embraces & complex of metamomphic
rocke of both igneous and sedimentary origin. They comsist of altered
tuffs and greenstones, cherty quartsites,and sllieified argillites.

The argillites, which form the oldest membera of the group, contain

gbscure plant remmins.

Strugture. Owing to the massive ciaracter of the formmtions, the
iarge proportion of eruptive gaterial zand the extent to which the mem-
bers of the group have been chloritised and silicified, the original
'structure has been greatly chscured, The srgillites sad gquartsites,
howewer, appear to have & general strike ranging from ncrth %o north-

west, with dipe fram 36° to 60° Soward the west and south-west. Joint-

ing 12 well developed, but mehistosity appears to be absent.

Age asd corvelation. Litholagioally, the rocks of the Franklin growp

resamble the tuffs, greenstones and ergillites of tlw Knob Hill group
st Phosalx!, of Upper Palsecsole, probably Cartonifercus age. . Furtber-
more, the Pranklin group resembles, somewinmi, the Boston Bar saries,
oocurring south.of the Xanloops map sheet, aud deseribed by Dewson®.
Dewson correlsted the Boston Bar group provisionally with the Cache
Creek series, of Carboniferous, end, in part, possibly Fre Carbeniferous
age. The Boston Bar series, howewer, contalns schists, which are
absent in the Frauklin group. The Franklin group underlies conformadly
and intiuﬁtl:: the Gloucester formation of Carbeniferous age, and will

itsalf De referred tentatiwely to the Carbonifercus.

\

l. leRoy, C.F., The Ceology & Ore Deposits of Phoenix, Bomndary dis-
trict, B.C. GCeol. Sur. Can., Mem. 21, 1912, p.30

2. Report on Eamloope lap sheet, Ann, Rept. Ceol. Sur. Can. vii, "t.B
1&5‘ pﬂ“ﬁ‘
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tount Roberts Pormtion.

Distribution. The rocks comprising the }ount Roberts formation have

been mapped in detail on the geological sheet of the Rossland I'ining
(:a.mp.1 They occur in north-south trending bends chiefly on the slopes
of Little Sheep Creek Valley, two miles to the west of Rossland, while
smller exposures lie é.bout one mile to the north and to the south

of the town,

Lithology. The Nount Roberts formmtion ocnsists largely of slates,
generally h_id:ly silicified, in part carboniferous, and in part arena-
csons and calaarecus. letamorphdsed tuff beds ax;e aleso included in
the formation, In the less altered exposures, such as those lying
in the vicinity of Little Sheep Creek, near the west border of the
Rossland mp sheet, the slates are considerably softer than the more
silioified and lighter coloured nrietiea‘ eastward on Red and Xonte
Christo Mountains, In the calcareocus beds on tha'- eagtern slope of
O.K.Mountain, Drysthlaz. in 1906, found foasils of Carboniferous age.
Structure. The Mount Roberis formation has a general north-eouth
m-n:;, with local wvariaiions, and a dip of from 10° to 60° to the
west, The thickness is at least 1,200 feet. Faunlting along eest
and west planes 1s common, especially in the west, and flexures are
shewn along the contacts with the younger augite porphyrite. In

some parts the strata are cross bedded.

1. Brook, R.9. & Young, C.A. Rossland ¥ining Camp, B.C., IBp 50.1004,
Geol. Sur. Can. 1909. :

2. e, C.¥., Geol & Ore Deposits of Rossland, B.C., lem. 77
mm} éﬂ:. Q.n., lgﬁ{ P.199, m ' * ’
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Due to later and intensive htholithic intrusion and to mountain
building ferces, metamorphiam of the formation has been very considerable,
particulerly in areas where the bedding liee perpendicular toc the sur-

faoe of the batholithioc contact.

Age and correlation. The discovery of fossils by Brock on O.K.¥oun-

tain pramtm ¥ount Roderts formation to be of Carboniferous age The
fermtion is corrsiated by Drysdale® with the Knob Rill and Brooklyn
formations at Phoeniz?, and Dawson)Csche Creek group, in the Kemloops

_ district®. To the east It is probably represented by at least part

of the Pend 4*Creille group.

xmm Series.

Platribtution. The Attwood series occurs in the Boundary distriet

and oooupies an aream of adout ‘ﬂftaen square miles. The chief exposure
oxtends from a point one mile amh of Deadwood, in a m‘u:th—ﬁaterly
direction to the Intez&timl Boundary, with an average width of two
miles. »

Othar smaller outerops lie bem Smelter lake and Deadgood.
On the Boundary Crusk sheet the series has been mmpped by Brock” under

the term "Falseozoie argillites and aliered argillites”. In the Llaker

1. Drysdale, C.9., Geol. & Ore Deposj.ta -0f Rossland, ~,..C. ram. 77,
ml‘ m- m.’ 1915’ py25

2. Lleroy, O.B., GCeol. & Ore Beposits of Phoenix, B.C., Lem. 21,
3512, D.30~34.

8. Dawson, G.M., BRaport on Area of Kamloops map sheet, Amn. Zept.,
) '.ﬂ.i. geol. Sur. “n... 1894' p.373.

‘Q M, x.w.‘ hp No'&a’ wlO Sﬂ.:l'-‘o mn.’ 1905'
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paps of Daly’ and LeRoy®, the name Attwood has bean given, after Attwood

Yomntain, which is largely made up of these rocks.

Litholg&. The series consists of argillites, limestones, tuffs, and
quartsites, all more or less mtamnpho&d. In the Phoenix area, LeRoy
has sabdivided the series into an upper and lower formation. The upper,
whieh bas been named the Mawhide formation, is composed entively of grey
to dlack carbommoecus argillites, while the lower, the Brooklyn forma-
tion, consists &hﬁﬂ: of limestone and its contact metamorphosed.equiva-
lenta, bogether with scoe arzillites and tuffs.

Strusture., The series has been oonsiderably matamorphoesd and jointing
and feulting is & prominent feature. No Information regarding the
thickness is awvallabdle.

Age and correlation. The Attwood series has bYeen provisionally corre-

lated by Daley and LeRoy with the Carboniferous series in the Rossland
lountains. It probtadly represents the remmants of a once continous
fardoniferous formmtion, which origimally extended over mmch of Southern
British Columbia.

Slocan Series,

Distribution. As way be seen on the accampanying map, the Slocan series

oscuplies & wids area between the Upper Arrow lake and Dunoan River.

ls Daly, R.i., HNem. 38, Map Ho.835 A, Geol., Sur. Can, 1912.

2. lLeBoy, C.B., Ceol. & Ore Deposits cf Phoenix, Boundar; district,
Lc" m 21. 9001. 51:1" m.. 19120
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o the south the series occurs as & long, narrow belt, extending from
Kaslo to coffea Creek, and bordered on the east by the Felsm ErBno~

G.i.orite batholith, and on the west by the Alnsworth series.

Lithology. The Slocsn series consists of slates, argillacecus quart-
sites, and limestones, with intermediate gradational types. The
limestones are the predominating rocks in the eastern part of the

geries,

A% Ainsworth, Schofield’ bas subdivided that partion of the Slocan
seriss oecurring there,into the following formation.

Skyline forsmiion.....lsinly argillites, some argilla-
, . : ceous limestones (in places
Slocan Series - fossiliferousl
Silw Eard st e b e Limst ﬁn”, argﬂlitﬂs
formtion

Stmm&. The Slocan series has a maximum thiekness of 15,000 feet - |

and averlies conformably the ’Ainnorth series to thé east. The rocks )

dip on an average of about 300 to 45° to the west and south-west.

Between Trout Iake and the Upper Arrow lake, the Slocan series has been
intruded by a batholith of Valballa grenite, ani somewhat further south
by the Easlo schists.

Age and corrsiation. Carbonifercus fosails have been discovered in

various horizens of the Slocan series, leaving little doudt that the

series is Carboniferous in age.

1. Schofield, S.J., Mem. 117, Geol. Sur. Can., 1920, p.15.



The Sloéan series may de correlated with some certainty' with

the Cache Creck formation, and prohe.bly with the Mount Roberts formm-

tien. end part of the Pend 4*0reille growp.

Cache Creek formation.

Distritmiion. The Cachs Creek formation ocours nesr the north west

corner of the map area in two exposures. The larger of these, CCOUPY-
ing about one hundred aquare miles, is in the vicinity of liorashes

and Bureka Mountains, while the other and smaller sros, ten miles to
the wsstward, wnderiies Wnite Talley and Camels Mmp Nountain,  Out-
sids of the sheet, to the north-west, in the vieinity of Sltmswap lake
and elsswhere, the formation omua s ponsideradly greater area,

Lithelogy. The Osche Creek !ilmtim:, as named and described by
ml emgists of an upper, or Mabkble Canyon, limestone fnrmtion,
end a Iym Mmm. GW of dark argillites, greywackes, and
geartsites, together 'ﬁh altared velcanic rocks, originslly diebase o

and smphibolite.

Siruoture. The Cache Creek formation, in the map area, is charscterised

by lack of definite stratigraphic sequence, and hss been consideradly

distarbed by later orogenie movements,

1. Dswson, G.R. Heport on ths area of ihe Rawmloops Map Sheet, BeCe
Am, Rept. Geol. Sur. Can., 1684, p.3 B. - Also
British Columbia Shusesp Sheet. Map No.604, Geol. Sur. Cand,
1894,
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Age and correlation. The upper member of the Cache Creek eeries has

been found t¢ contain Fusilina, and certain other fossils of Carboni-
ferous age. According to Dawson, the whole series is probadly Carboni-
ferous, dut there is a possidility that tho lower members may be some-
what older, For the purpose of this paper, however, the entire series
is eonsidered to de Carbonifercus in age, and may be tentatively corre-
iated with many formations of similar age to the east and south, includ-
ing the Slooan series, the Pend 4'Oreille group, and the Franklin group.

Glougsesber Formation.

Mstribution. The Glousester formation oocurs in the area covered by
the Franklin map sheet (Map ne.97a) in thres distinst dands, exposed
over a total ares of about four miles, chisfly in the walleys oscupied
by Fraaklin and Glousester Creeks. Its sxtension beyond that ares
sovered by the map sheet is not delisved to de great. Foonomically
the formation is important, as with it arxe closely asasoefiated the con—
tact nstaporphic ores of the Camp.

Lishedogy. Lithologieally, the Gloucester formation oconsists of

a light grey marbdle, charscterised by smll dark glistening erystals
of calsite, oval or rourd in shape, and soattered through a finar
groml mass. The limestone exposed epposite the mouth of l'sKinlay
Creek, contains district orinoidal remins, as well as those of an
obecure fossil resesbling Fusilina,
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Structure., The formation has a general north and south trend, with
steep dips to the west, : The thickness is not more than 300 feet. It

overlies conformebly end with interbedded lenses, the Franklin group;

Age and correlation, The Gloucesisr limestone has been correlated
by Dryadtlél with the upper mewbar (lerble canyon limestoce) of the
Caghe Creek.series. This correlatien iy based chiefly on the simi-
larity of the fuasii remaina, those from the Gloucester formmtion,
hovever, being very poorly preserved; and also upon the lithological
similarity of the two limestensa. Drysdale further correlstes the
Glousestor formmtion with the Attwood saries in the Boumdary district,
mmmhmwmo:mm The Glousester
formation is out by cupolas of the Upper Jurassic Helson granscdiorite,
and lies boneath the early Tertiary rocks of the Fettle River forma-
tione

There sooms little doudbt tlmt the Gloncester formmiion is

. Carboniferous in age,

Little Sheep Creck Limestone.

Distribution. Fhese beds are exposed over a smll area on Little

Sheep Creek, five miles scuth of Rossland. They are of importance
because they contain recognisable fossils in & terrane where such are

TAro.

1. Drysdsle, C.¥. Geology of the Prexklin Fining Camp, B.C.
Eem. 56. Geol. Sur. Can., 1915. pp.51—53.




Litholgg . The beds co:sist of blue-grey to white limestong muoch
brecciated and highly crystallised. Lenses of chert and quartz, to-

gether with true quartsz veins are also present. Poorly preserved

c¢rinoid stems were found by Da.lyl in the limestone, while }éccoml s
during the mapping of the Trail sheet, found in the limestonc blocks
of an overlying volcanic breccia, a species of Londadalia, of Carboni~

ferous age.

Stracture. The _gem,ml structure is very obscure, etriiea, where ob- '
served, renging from H.55° E to N.80° E., with dips of about 60° té | |
the north. The Ms are overlain by breccia of the Rossland voleanics, ‘
in whieh are found blocks of the underlying Little Sheep Creek limeatone.

Age, The Little Sheep Creek limestone has been referred tentatively
by Daly to the Carbo#iferous, It may be correlated with some degree

of certainty with the Mount Roberts formetion of Carbonifercus age.

¥esozoic Record,

Fhoenix Volcanics,

Distritution. The Phoenix ¥oleanic group extends over a considerabdble

ares in the Boundary district, from Smelter Iake to west of the town

of Greerwood, and occupies nearly bna half of the area covered by

1. Daly, Bske, Yem, 38. Ceol, Sur. Can., 1912. p.320.
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the Boundary Creek sheet!, It is cut by granitie stocks and interrupted

by patchea of older metamorphosed sediments.

Lithology., The graupz "eonsists of green tuffs and volcanic cone
glomerates and brececias, fine ash and mud beds, flows of green por-
phyrite, and probably some interbedded linxsténe and argillites”. The
greater part of the volcanic breccim consists of pebvbles and boulders
of porphyrite material, together with those of limemtone argillite
Jasper sna: chert, The limestone gragmente are believed té have been

derived from the wnderlying Attwood formations.

Struoture. The structore sf the gromp is extremaly cbscure, so great
has been the metsmorphism due to ignecus intrusions;and 1istle infor-
uﬁﬁn is amilabdle regarding the stratigraphic arrangement of the
different deés and flows. m perphyrite appears to be a ;ﬁ;tle later
than most of the prycelastics.

Age and correlation, Daly® considers the group to range from Carboni-

ferous to Triassic, probably the latter, and correlates them with
cortain of the Rossland volcanics. The presence of blocks of the
Carbonifercns Attwood limestone in the tuffs and agglomerates would
certainly point %o an age not older than Upper Carbonifercus, also the

~ 1. Broek, R.¥., Boundary Creek lining district, ap. No.828, Geol,
Sur. Can. 1905,

2. m’ R.wn‘ Ann, Bmo Geol. Sur. Cane , 1902., pog"o
g, Daly, R.A., Mem. 36, Geol. Sur. Can., 1912, p.385.
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Phoenix volomnic rocks are less crumfpled and shwared t.an those of the
Attwood formation. The voloanios are cut by the Oasonde Watholith
and the Smelter stook, boih of Jurasaio age. The group is, therefore,
provisionally referred to the Triasesisc.

Reseland Veloanic Gromp.
Distriution. T™he term Bossland voloanies was originally used by

Nreck and NoCennsll 30 deveride s large ares of mssive and breociated
woloanic rocks of Cardoniferons and Mssosois age. These rocks are
chiefly Gaveleped in a bread irregular delt in the Scesland Lountains,
from Christim lake to Nelson, Other and smller areas are found:~
(1) Borth of Grand Forks; (2) in the Frenklin ares; (3] at Deer
Fark en She lLower Arrow lake; amd (4) on 3ilver Mountain, Swenty
milee vost of the head of Slocan lake. It mast Do remembered timt
moh of vhat was erigimlly mayped a8 Rossland voloanios Ims, as &
result of later and more detalled mpping, desn lommlly remsmed, as
for amaple, the Fhoenix Yolemniss, north of Grand Forks, and the
Swtberland sshists on the enst shore of Charistisa lake.

Lithelegy. The Hosaland veloanies, as erigimlly described by 3rovok,
coasist of awgite porpiyrite, augite and herndlende-andesites, fine-
ouinsd diadbases, sugite porphyrite, aggbomsrates, tuffs, and ash

l. Uest Kovtemay Mmp Sheet. Oeel, Sur. Oan., 1904.

o S i R



47

rocks, with some bends of slate and limestons. In the Rosslanal and
Tmir? Camps the group is represented by augite porphyrite, agzlomerate,
and tuffs.  In the Rossland Hountains, neer the Internatienal Boundsry,
Paly® found the Hossland voleanic rocks to consist of a great wariety

" of latites, with subordinste amounts of andesites and basalis.

Structure, A3 a reauit of the severe. orogenie stresses and comtact
metamorphiiem of intruding batholiths, the beds are generally upturned
and bave amliﬁted structures. |

The latitie phase of thé lavas appears %o have been least
nftm&”hy metamorphism, No informmtiom regarding the thieckness of

the group is availabies,

Age and correlation. The Bossland veleanic group is provisiomlly

plnced by Drysdale in the Trisssic. - Daly states that it 1s certain
that the wolcanics were erupted during at least two dim periods.
T™he oldest lavas, aag beds, and aggiomerates are believed to be con-
temporanscus with, or to have followed closely, the deposition of the
Garbonifercus rocks of the Liownt Boberts farmmtion. The sugite por=
phyrites resemble, in many respecta, the rocks of the Nicola growp,

Tamloops distri;e’#? of Trisssis age. At Paterson, B.C. a younger

1. Drysdale, Ca¥., bem. 77., Geol. Sur. Can., 1915 p.200
‘2. Drysdale, C.7., lam. 94., Geol. Sur. Can,, 1917 p.29

3. Daly, B.d., Hem, 38, Geol. Sur. Can.,, 1912 p.324.

4, Drysdsle, C.¥., Sum. Rept., Geol. Sur. Can., 1912 p.133

‘\L;
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member of the Rossland volcanic group was found by Dely to enclose a

metamorphosed skele containing plsnt remains. From an examination
of these fossil plants, Penhallow’ definitely dated that horizon as
Lower Cretaceous {(Kootenay) age.

Tnkil the warious members of the Rossland voleanics as a whole
have been mpped in more detail, it seems best to follow Drysdale's
plan of m!srting the whole group, provisionally, to the Triassic.

It seoms avident then that fche Rossland volcaniec group is of
at least two different ages., The older members include the augite
m;ﬁa, agglomerate and tuffe, and are provably Upper Carboni-
ferous to Priassic in aga, while the younger azd more massive latites
and associated rocka m referred to the Cretaceous.s In the absence
of more deteiled mapping, 1% has been found impossible to make a
satisfactory separation of the two groups.

¥allace Group.
Distribution. Within the map srea the Wallace group occurs &s irregu-

lar patches, about eight milesz to the east and north-east of Baaveré.ell ¥
in the vicinity of Kloof and kiosher ridges. The extension of the

grovp eastward is .-xwt Imowmn.

1. Nem. 77, Geol. Sur. Can., 1915, pp.203-211,
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Lithology. The Wallace group includes a camplex of metamorphosed
voleanic rocks, with subordinate sediments, schists, and coarse-grained
intrusivea. The voleanic rocks consist chlefly of dark-grey, rusty
weathering augite andesites, oocasionally porphyritic. The sedi-
mentary membere include white limestone, fine-grained grey to reddish
hornfels, and dense reddish grey 4o black tuffs. The schistes are
green to greyish in colour, and are thinly foliated. Cutting the
otber rocks of the groups are coarse-grained dykes of saxonlte and
olivine gabdro, which hawve, in places, altered to schiste.

Structure, mnﬁlmm;softhemhimtlmm, the base
boing wnexposed. The zaxieum thigkness of the beds of tuff bap Deen
estimkted £ be 1,100 féet, while that of the limestons to be 200 fest.

The oldest rocks are the limsstones and hornfels. The whole group
Bas besn metamorphomed by croganie forses, and by the later inbru-
stons of the Vest Kettle asd Beayerdell batholiths, and consequently
1ittle of the detailed structure remains. '

Agn and correlation. Ne foasile have yet boen discovered in the

rocks of the Yallace group. According to Reimekol, the members of
this group may belong to three different geclogical pariods. The
limsatones and some of the schists are considsred to bYe the oldest

rocks amd are correlated with the lower part of the Rossland volcanics, |

the Sutherland achisis, and the ittwood and Avarchiast series, all of

Carboniferous age. The middle division i{ncludes the andesitic flows

l. Re’.nem. Lo, Feam, 89, Geol, Sur. Can,., 1916 pg&lo
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and tuffs, and the coarse-grained besic intrusives; these are corre=
lated with the upper yart of the Roasland volcanis gra\;p; aﬁd the
Phoenix group, of Héuosoia age. | | |

. The youngest members of the Vallace gmmp are the dykes‘and sills

of diorite porphyries, which may be related to the West Kettle Jurassic

batholith.
The Wallnce group, as a whole, has been referred by Rheinecke

‘bmtﬁy to t}m Eeem:be.

&y_: Series.

wmum. The Hall series seccuples about eight sqw milas in a
naprow north-sonth trending h_nlt, en the ridge ebout the wast bank

of the Salmen River, norkh of Tmim | _ |

7 Its northern sxbension has not been traced baymﬁvﬁhe 1imit of
the Tmir map sheet’; to the mouth is tepers and is fimally cut off
by & mongenite chontlith at & point two miles south-west of the tarn

~ Lithelogyy The racks of the Hall series conalst of coutinental
deposita of coarse teo fine arkesic conglomerates, made up of pedbbles

of quarésite, greenstones, arglllites, quarisgrains and faldspaltie

-meterial. ¥With thess conglemeérates are interbeds of reddish sand-

atone and cazfm'oua shale,

Strugture. The maximom thickness of the series is about 8,000 feet,
the members having a general north-scuth strike, and dipping steeply

1. Drysdale, C,W., Iap No.175 A., Geol. Sur. Can., 1916.
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to the went, The whole series has apparently Ween infolded with

contemporanecus volcanie rocks of the Lossland group.

Age and correlation. The Hall series, which is unfossiliferous, has
1

besn provisionnlly referred by Drysdale™ %o the Triassic, and correlated
with Dewson's Niecls series in the Kamloops district.

The ocks are fresher cnd less sltered than those of the Carboni-
ferous Pend dtOreille group found in the vieinity. They resemble,
lithologloally, the Ricola foseiliferous series of Triaseic age, grad-

ing inte Jurasaic, and finally they have been intruded by grenediorite

snd monzonite stecks of Jurassic age.

Digtribution. This seriee cecupies a marrow belt In the Slocan

and Iardesu arems, near Hilford Pesk.

bithology. The Milfors series, which resembles closely in its
litholog’iul ehsnctér the Slogan seriss, iz composed of argillaceous
quartsites and limestones. The quartalites are cammonly flinty and
of & dull grey to purple colour. |

Structure. The series occurs as & syncline along the Biune Ridge,
and 1s dounded on the sanmt by the Binsworth series, and on the west
by the Slocan seriez and the belt of Kaslo schists.

l. Drysdale, C.¥W., ¥em., 94. Geol. Sur. Can., 1917, p.29.



Age and correlation. The Milford series has been placed in the

Jurassic, on the basis of Belmenite fossils found at the heads of
Imvis and Cooper Crecks. Ko 'othar Jurassic sediments are kmown to

ocour within the ares.

Jurasside Pre—-batholithic Intrusives,

Digtribution, The pre~batholithic intrusives include the following

phascg:-
{1) ZRaelo Schists, in the Slocan and lardesu districts.
{2) lartesu diabese schists, lardsen district.
{3] DBaker and Fife gabtbros, ou wast shore of Christine lake.
{4} Diorite porphyrite tongues, Rossland Camp.
{8) Pyrozmite dykes, Kossland district and Imir Camp.

Lithelogy, These intrusives, which are forerunners of the main Helaon
grancdiorite batholiths, are characterised by a comparatively basic
eomposition. his mppms’ the theory that esch of the great batho-
liths 1s precedsd and followed by tesic differentistes, the msin
tatholithic intrusive representing ths most generslly acidic phase
of the cycles | '

The following 1s a very drief emmmary of the 1ithology of each
of the intrusives tabulated above: .

{1) Easlo Schists. A wariety of basis igneous materisl,

mmm intma&m breccis, serpentine, porphyrits (augite and horn-
blende) Blorite and gnbbro,
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{2} lardeau #abase Schist. Erey to greenish igneous rocks

with interlands of sedimentary materials.

{3} Beker & Fife Cabbross The Baker gadbro is a gi‘eeniah-

blgek hypidiomorphic rock composed of diotite, diallage, and basic
labredorite. a

The Fife gabbro, which has the same genei'al colour and structure
as that of the Beker intrusive, is composed of bytownite and two
bisilicates.

{4} Rosslang Diorite Porphyrite. The diorite porphyrites

sonsist of light grey to greenish-black porphyritiec rocks, composed of

slender prisms of derk . bhorndlende and pyromsme, together with lath-
K. :

1ibe feldspars, the whole lying in a fine greyish orystalline gromd

Bose.

{5) Eyromenite Dykes. The pyroxenite, which has & very
limited distritution, is of a dark greyish black eolour, with a hackly
tracture, and is composed of erystals of angite, tha erystal faces '

being generally curved.

Structure. The size of these intrusives ranges from extremely large
bodies, such as the KEamlo schist, which resembles in form a single
immense dyke, or a mumber of closely parallel dykesy through the
smell stocks and chonoliths of the Paker and Fife gabbros, d.mm to
the vory limited dyke~like exposure of the pyroxenite, The diorite
 porphyrite tonguss take the form of & dyke and border phase of the

. Belson grancdiorites




The ¥aslo schist and the lardesun diabage schist have conformed

rather closely to tho attitude of the intruded Slocan series, the

reminder of the intrusives undsr consideration appear to be largely
cross cutting. All of these ignecus rocks, with the possidle ex-
geption of the pyroxenite, shew evidence of later orn;gnnic forces, the
Faslo and lardsau schists being particularly sheared and mashed,

gg_m corraelation. The pre-Jursaside batholithic intrusives are

- gonsidered to be all of Jurassic age, and slightly older than the elson
gremndiorits batholith whose intrusion took place during the Upper
Jurmessic, They represent the first evidences of plutonic activity

coznacted with the Jurasside revelution, which resulted in the bullding
of the Selkirk and Purcell Ranges.
‘The evidsnce bearing upon the age of the individwml intrusives
my bs summarised as follows:- | , |
Conserning ths Kaslo schists Bancroft’ states that "This Slocan |
batholith of basic magme was intruded consideradly in advance of the
¥West Xootemay or Felson batholith ...." It has been found cutting
the Xllford series (Jurassie) and is itself cut by apophysee of
Nelson granodiorite in the lardesu district.
The lardeau schists have been placed by Bancroft? as Post-Cardoni-
fercus and Pre~Fslsan granite, and are considered by Schofield® to

1. Bancroft, .,P., Suwmm. Rept., Geol. Sur. Can., 1919 p.43 B.
24 w. K.Fe, Sum. Rept., Ceol, Sur, Cam., 1918 p.35 B.

S. Schofield, S.J., Persomsl commmiocation.
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bear a similar relationship to the Nelaon granite, as does the nearby
¥aslo schist, | |

The Baker & Fife gnbbros are pleced dy Daly, tentatively, in the
_retaceous. Schofield comsiders them to be an earlier differentiste
fm the Nelson granodiorite.

The dlorite porphyrite at 30351&116. cuts the Tossland volcanics
{Priassic) and is intruded by the monzonite, which is slightly older
than the Nelson granodiorite. It is considered to represent a border

and dyke facies of the Miorﬁwz.

msm Batholithic Intrusives.

Distribmticn, 4s is shewn on the accommanying map, the Jurasside

batholithic intrusives have a very wide distribution, and form sbout
three-quariers of the S@Qm rocks composing the West Kootemay com-
posite batholith, ‘ |

The rocks, on hlhc whole, have & very constant mineralogical com-
positien, and are typically represented by granodiorites. The intru-
sion took place during the Jurasside rewolution.

The batheolithic intrusives includes the following minor phases:

{1) Treil datholith =~ (Prail and Rosslend)

{2] Caseads batholiih, of sheared granodiorite (near Grand Forks)
(3] Rykest batholith {On International Boundary, west of Purcell

Trgneh)

Y
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1. Sciofleld, 5.J.,, Personal commmioation.
2. Mwﬂ&lﬂ, coWir' Hom, 77, Gebl. Sur, Can,, 1916, 9.215.
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(4) Bayonne batholith [10 miles northegest of Bykert batholith)
{5} Osoyecos batholith (scath-west corner of map sheet)
{6) West Xettle batholith (Besmwverdell Camp)

{7}  ousonite stoeks and chomoliths (Rossland Movntains, Ymir
Camp, and south of Pranklin)

'(ai Smelter stock (Grand Forks)
(3) Bunker Hill and Lost Creek skocks. (south of Salmo )
{10} Xideay granodiorite sbock {Midway)
{11) Gcneissic granite (Ainsworth)
{12} Bast Xeotemsy stocks.

Iithology, The ﬁyytc&lurm knowm ai the ¥eleon grenodiorite has
been referrsd $o by Brock® as follows: ™The Helaon granite, which has
bem earefully studisd, is a sort of & granite rqmmutiw of the
monzonite gromp of rocka, internediate between the alknll and lime-
sods series of rooks, and about on the boundary batween g:ge;nita and
dortte”. o | B

m Helson grémdiarite is typiesnj of & light grey celour, and
~ chews large phenwmts' of pink reldé'pr {orthoclmse}. In texture

1.“.- waries from fine to extremoly coarse-grained, and is cocasionally

porphyritic. It is generelly uncrushed, though, in cerfain localities

{Cascade batholith), it may be greatly sheared abd resemble a mics
. othist. The mnito in the Rossland Camp and elsewbere represents

a faclies of the same intrusion.

1. Brook, R.W., Ann. Rept., Geol, Sur. Can., 1902-1903, D.201A.
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The following are analyses of some of the wariocus intrusives:

1 2 3 4 5 6

$10, 664456 | 70.78 | 60.27 | 68.43 | 64.80 | 54.43

710, .27 | 0,20 | 0,63 | 0.20 | 0.40 | 0,70 - o |
Alo04 15,34 | 15,72 | 17,17 | 15.80 15,74 | 16.51 - : 4
Fag0, 1,668 | 0.36 | 2.36 | 1.06 | 2,29 | e :
Pa0 183 | 1.61 | .67 | 1.85 | 248 | .20 o - :
wmo | 0,3 | 0,4 | 0,30 | 0.0 | 0.10 R
g0 111 | 0.46 | 2.45 | 1.46 | 2,09 | 3.55 :
Ca 3,43 | 1.92 | 6.49 | 4,08 | B.20 | 7,06
5r0 ) . | 0.04 | 0.02 | T | |
BaO 8.00 | 0,04 | 0,08 N -
Ha 0 4,86 3.48 | 2,92 3.47 3,55 3.50 o
- [Rg0 468 | 6.25 | 5.25 | 2.5 | 217 L gss g
Hg0 0.29 | 0,36 | 0,38 | 0,58 | 1.40 1_;35 S | ’
Palg 0.08 | 0.26 | 0,20 | 0.7 | 0020 |
co, 0,10

S - ' 0.23

Total | 99,93 |100.41 | 100.01 | 99,72 | 100,18 | 100,04

Sp. or, 2,654 | 2,785 | 2.708

{1) Relson Granddiorite, Kokanee liountain, Collector R.¥.Brock,
Analyst Dr. Dittrich. ‘

{2} Ryke#t bvatholith Collector R.A.Daly Analyst M.F.Connor.
{3} Bayonne datholith a KedoDrly " ¥.F.Connor.
{4) Osoyoos batholith " RedIBly " ¥ePeConnor,
{56) West Kettle batholith " . L.Reinecks " M.F.Connor,
{6} Konzonite (Rossland) " R,W,Brock " F.F.Conner.



Structure. The granodiorite occurs predominately as batholithsend
atocks and intrudes rocks ranging in age from Beltian to Carboniferous.
It forms the core of the West Kootenay composite batholith. On the
whole the rock is compardtively uncrushed, but in places has yielded
tva later crustal stresses by mshing’wiﬁh the production of a gneissic
and é}u,stc«se structuré. Near 1ts roof rocks it has, in places,
yielded by brecciation and shearing, resulting in mineralisation along
the shear szones, - |

Shatter zones st tha contact of the intrusive and its country rock
are o common fsature, and are particularly well developed near Trail
and on Blusbell lountein, eset of RiondélY, Within these zmes a
progressive gradation is found, from the plutonic rock, through a zone
afxcharacterised by a natwork of apophyses cutting the sediments, to
the unintruded country rook. |

The most notieeable foqture , however, on a broad acal'/el, is the
mammer in vhi’c;h the ;egiomlb strike of the sedimentary reof aand wall
rocks sweeps in parallel arrangement sround the mtmaivé ‘contact.
This is particularly noticeadle along the eastern, nozjthex‘n, and north-
- wastern borders of the bathelith.

The #aference to be drawn from the struotursl phenomens is that
the magma entered under great pressure, cemsing displacement of the
surrounding rockg, and that intrusion took place, not only by stoping
and assimilation, as evidenced dy shatter zumes and uﬁorientg&‘loof,
pendents, but also by some form of laccolithic displacement. This
feature, whiclh is also characteristic of the Valhalla Focene batholith,

s T e e el
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will be discussed more fully in a later chapter,'

Age and correlation. The Nelson grancdiorite is bslieved to have been

intruded contemporanecusly with the Jurassic periocd of mountsin build-
ing, aud to be of Upper Jurassic age. N

The youngeat fossiliferous rocks cut by the ¥elson gr’anodidrite
are those of the Lount Roberts and Slocan formations, of Carbeniferous
age. _ .

Sshofielal, from a study df. the sedimentation of the Rocky Moun-
tains to the east, obiained further evidence regarding the Jurassic age
of the gramsdiorite and of the ‘contemporary age of the orogenic dis-
turbance which forned the Purcell aud Selkirk Xowntain Ranges.

Serofield's egldence and conclusions on this guestion are as

Lollows:
_‘Table Shewing Charecter of Sediments
[Pertot | Formetion |Condition of | Lithological character
‘ deposit fon '
Partinry Paskapoo Frashwater Sendstones
Edmonton Brackish & | Sandstones and
freshwmter shales '
Benxpaw : ¥arine Shales
Upper Belly River Series| Braekish Sendstones and
Cretaceous _ shales
Colorade ' ¥arine 'Shales
Upper Blairmore Sub asrial Sandstones, con-
' glomerates {granite
and chert pedbbles)
{contlimd) o

1. Schofield, S.J., Mem. 117, Geol. Sur, Can., 1920, p.12-23
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‘Table Shewing Character of Sediments” (ctd)

Period

Galton series

Formation Condition of | Lithological character -
deposition
_ Lower Blairmore | Sud aerial Shales and conglomer-
Lower | ates (quartzite and
Cretacaous chert pebbles.
Kootenay : Sub merial Sandstones and shales
' cogl shales
Upper Juressic | Fernie shales Marine Shales
Devonian and .
Cardoniferous ¥arine Limestones and quart
' sites
LowsT Falaeozoic Harine Lﬁmstenea and quart-
_n ~ , gites
Disconformity
Cardoniferous Purcell series Cont inental ¥ainly quartaites and
{Beltimn) ' : argillaceous quart-

zites

"It will be ween fram the above table that conglomerates are first

/

found in great amount st the dase of the Blairmore formmtion. The

petvles in conglomerstes consist of quartzites and chert derived from

the quartsites of Beltian rooks, which make up the great part of the

Selkirk Range. BEvidently, in Lower Blairmore times,the Selkirk Range

was approaching the maxizwem of alémtim and was wdergoing rapid

erosion. The Uppsr Blalrmore rézﬁitien alsoc consists of conglomerates

and sandstones, tut in them, in addition to pebdles of quartiite and

ehert, pebbles of granite cocur for the first time and in great

it
T
Reid
o
e
i
k]

et TR

SN e s T e TR ]



61

"abundance. The presence of the granite pebbles at this horison is

interpreted to mean that the Selkirk Range was unroefed during Upper
Blairmore times, and that the Felson granite,which forms the core of the
Selkirk Range in Southern British Colkumbia, wgs exposed to rapid erosion.
Bance it i3 established that the first intrusion of granodiorite into
the Selkirk Bange took place before the deposition of the Upper Cretig~
gsous, The superposition of the marine Fernié shales upon the marins
Devono-Carbonifercus limestones suggests that the period of stabdility
which prewailed throughout British Columbis until the Triassic was
Interrupted during the Upper Jurassic. The Selkirk Xountains re-
caived their initial form probably at the close of the Jumassie, or in
arly ¥ootearay times. If mowumtain bullding and orogenic moverments
are centemporaneous, it may de coneludsd that the first intrusion of
granodiorite in the Selkirk Range ecmmenced towsrds the close of the
Jurassis and.eontinued until the mountain building resched its
mximmn in Koobemay time"

The mcnite,wing as stocke and chonoliths in the Rossland
Camp and elsewhere in the Rossland and Nelson Bange, iz considered by
Brock® to have closely precedsd the min batholithic intrusion of

Nelson grancdiorite.

3. Broek, R.W. Persoos) commmmication.
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Jurssside Post Batholithic Intrusives. -

Distribution. - Included under this heading arethe lamprophyric and ' . g

complementary aplite dykes of the Past Kootenay, Ainsworth, tlocan, and | W

lardean districts, the lamprophyric dykes of Rosslandy; the hornblende U
andesite porphyry dykes of Beaverdell Camp; and the dwnites of the o
Bossland Meuntains. All of the occurrences are too smll to plot to

the acale of the accompanying map. ' . A |

Lithology., With the exception of a minor proportion of aplitic types

the intrusives are of & distinctly basic nature. The basic dykes of '
the lxantmy, me, Slogen and Iardeau regions are commonly com-
posed of campitonite, weathering dark greyish brown; these are accom- |
pmi«l by aplitic dykez of similar hadbit, The Rossland lamprophyres | |
include minettes, kersantites, vogesites, spessartites, and odonites. '
The hornblende andempite porphyries of the Beaverdsll Camp are com-
posed of phenscyrets of lath-shaped horndlsnde, and of feldspar, in a
dark fine-grained ground mass, |
_ The Rossland Mountain dunite is characterised by the absence of
associated chromite, otherwise it 1s a very typleal representative of
the dunite group of recks. Alteration of the dunite to serpentine

has bean common.

Strusture, | The intrusives are, as far as is known, all very small,
and take the form of dykes; in this they differ from the pre-batho-
1ithic intrusives, many of which are very large indeed. In general
they ais found to cut both the older sedimentary recks and the
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betholith itself.

Age and correlation. The Jurassic post batholithic intrusives, under-

gtood to represent the fimal phase of igneous intrusion associated with
the cooling stages of the Nelson granodiorite bathollth, were injected
in late Upper Jurassic or early Cretaceous times.
| The cammptonite and similar basic dykes are considered by Bancroftl }
to bave been intruded alightly later than the complementary aplite
dykes, In the Ainsworth ares®, the camptonite dykes cut the Slocan
{Carboniferous) sediments and carry inclusions of Felson granite, of ‘3
" Upper Jurassiec sge. They are placed by Schofield, tentatively as very ‘
late Nwrassis or early Cretaceous, and as being probadly associated with :
the eariter seoling stages of the Helsen granediorite batholith,
the later cooling stages of which resulted in the formation of the ore

The Rossland lamprophyric dykes followed the intruaien of the
graned forits and mnsmi#os. :

The hormdlende andesite porphyries of Beaverdeil Camp cut the
Weut Kettls batholith {which las deen correlated with the Nelson grano-
diorite), and from their position with reference to the West Retile
batholith are considered by Roincckeq’to be related to it.

l. Bancroft, M,F., Summ. Rept., Ceol, Sur. Can., 1919, p.46B8
2, 8@9‘“1&. S..Ja~. wlv, Geol, Sur. Can., 1920, pe.24

3, . Drysdsle, C.¥., lem, 77, Geol. Sur, Can., 1915, p.30.
4, &inickb. L., Xem, ,9. Geol, Sur. Oan., 1915, p.43—44.




There has been some doubt regarding the precise sge of the dunite
bodies. Dalyl has mapped them tentatively as Cretaceous, and mentions
that & small dunite dyke cuts & stock of thg Cascade batholith of Upper
Jurassic age. Schofield® 1s of the opinion that the dunite is sssociated
in age and origin vith various other Jurasside post-batholithic intru-
sives, and this view has been adopted by 'tixe write#. |

These basic intrusives in ge:maralvrépramt the fulfﬂlmt of the
hypothesis that great perlods of granitic batholithic invesion are
opened and ei&aad by & minor injeetion of more basic aifferentiation,

This point will be discussed more fully in a later shapter,

11ttle Sheep Oreek Sediments.
Distribubion, The rocks in ¢usstion ocoupy ean ares of sbout one-~

half square mile, on Little Sheep Creek, at the point where it crosses
the International Boundary, south of Rossland.  Like the older forma
tion, about one mile up strdam, the sarea of these stratified rocks is

cemparstively insignificant, but the fact that the beds contain recog-
nisable foesils makes them of some importance for correlation purposes,

Lithology, The rocks consist of black and red argillite, with which
ars interdedded grey sandstone and angular conglomerste. isyers of
black quartzite sandstone, carrying sulphides,ars also found. .

" The staly memders were tmd‘ to contain poerly preserved fossil

l. Daly, R.i., Mem 38, Ofol. Sur. Cam., 1912. p.573.

2. Se.ofleld, S.J. Personal commnication.
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ferns, possibly Upper Ra.l&egz__oic in age.

Structure. The beds are at least 600 feet thick, and the structure of
the series seems to be tha&t of a broken and mashed anticline plunging
to the north. Exposures are very poor, and the whole series is so

erumpled that a proper interpretation is difficult,

Age apd correlation. The fragments of fossll ferns were examined by

Penhellow, who tentatively correlated the series with the Lower Cre-
taceons strats o,‘ the Pasayten River, Dn.lyl refers the series to the
Lower Cretacecus {7} possibly Eooene, and it is t¢ the Lower Cretaceous
that the series are provisionally referred in this paper.

. Tartisry Record.
Distridution, The Iaramide datholith occcupies a very extensive area

within the map sheat, and makes up nearly ons quarter.of the igneous
rocks forming the West Kootemmy bathelith. It haa been mapped under
the gensral legend of Valhalla granite, of which it is largsly com-
posed.

As will e sean on thl accompanying map, the chief oecurrences are
to the west of the Lower Arrow lake, and in the lardeau; to the east

of the Upper Arrow lake®, Other stock-like mamses of considerable.

l. Daly, R.A., Yem. 38. Ceol. Sur. Can., 1912, pP.323.
2. Brock, R.¥. Personal commmieation,
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sige ocour within the Felson granodiorite iteelf, between the Lower
Arrow lake and Xootenny lake, and aleo in the vicinity of Christina
lake, In the Beaverdell Camp,on the western border of the map, the
Valhalla granite is represented by the Beaverdell batholith of

Reinecke’.

Lithologys The Talballa granite, named after the Valhalla Nowntains,
where 1t is iypically developed, han been emmined by Brock® and des-
aribed by him in the exzplamatory notes accompanying the West Xootenay
Map Sheet as followa: |

"This 1s a mediuwm-grained, .lmt—;zelmd, very gquartzose granite.
The feldspars are orthoclass, microcline and plagsoclase (albite to
andesine}. Florogranitic intergrowths of quarts and feldspar are
comotn. Green biotite and hodnblende are the coloured constituents.
1@#‘1&, titanite, orthite, sirson, and iron ore are commen., Near
Cladstone Mouwntatn it is a $ypiosl granodiarite. Here a column of
basic feldspar often farms the core of a hornblendic prism. ~ Aplite,
regmatite and odenite dykes accompany ite intrusion. It is oldaer
then the Bossland alkali-granitic rocks, bul newer than the other
plutonice. It has largely ssoaped mineralisetion.”

The 3eaverdell batholith is composed typically of A medium, even-
grained, white quarts monzonite.. Ibs texture wvaries from a fine~
grained hﬁlooryltalline rock facies, to a coarsely perphyritic rock,

1. R‘imh, L., DLem. 79’ geol. Sur. Can., 1915.
2, BRBrock, R.¥., I&p Sheet Ho.??éa,kseal. Sur. (an., 1904,
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having large phenocrysts of pink orthoclase.
The following two analyses of the Jeaverdell quartz monzonite have
been made by lr, H.F.Comor, of the Department of llines. (A) repre-

sents an analysis made upon & specimen of the porphyritie weriety, while

(B} represente an analysis of the fine-grain rccf type.

5i0p Al05 Pe 03 FeO 1g0 Cad THagd Kg0 K0 M0 MO

{A) 70.20 15.40 1.00 1,02 0.60 2,00 4,568 4.67 0.30 0C.25 0.03
- 100,06 '

{B) 68,16 15.92 B4 0.92 0,35 0.64 5.06 5,97 0.60 0.20 0.06
~ 100,40 ‘

Strugtvre. With the exoeption of the lardesu bathelith, which ocuts
the suwu series of sedimentary rocks, the Valballa granite chiefly
oacurs as an intrusive body within the Nelsen grancdiorite.

The genoral elongation of the various masses of '&lhe;lh granite
. 1a to the west of north, and coaforns clossly to the Cordelleran trend.
In thoe lardeeu distriot the strike of the Slocen series swings round
parallel to the contact ef the great intrusion of Valballs granite,
This sugeasts strongly that, ae in the case of the older lelson gm.m--
dlorite, dispjacement of the surrounding rocks has resulted from the

greet outward pressure of the batholithic megms at the time of intrusion.

Age and correlation, The Vallalla granite is considered to be Hocene

in age, and to have accompanied the great crustal disturbances cccurr-

ing during the laramide revolution at the close of the Xesomoic.
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There 1is, howeve;'. no direct fossiliferous evidence to definitely
essign this granite &0 eny one particular :.a.'ge'.‘ It has been observed
to have cut the Nelson granodiorite bodies, and is, on the whole, less
crushed, The Valhalla granite has been cut by the Niocens pulaskite

and is therefore Pre-liiocene. The great 13.%1103.0310&1 difference between

the highly siliceous Velballa granite, on the ome hand, and the pulaskite -

on the other, suggests timt a considerable period of time mmust have
seperated these two intrusions o allow such sabicid yaristien In the
composition of the abyssal magme to have taken place. Zlnowhere |
throughout the world the crustal dirturbances of the larsmide revolu-
tion have been weommieé or ciémly‘ followed by bathoiithic‘intru-.-
sion, and so it seems very probable then, thet the intrusion of the
Valhalls grenite was associasted tith the crustal folding and uplifs
of the laramide revolution.

The Beaverdell quart-monzonite batholith which is considered by
et 4 T gt of o Tadleilin einibug. Taw bean, piaesd i the
Bovene by Reinecke. who associates the batholith with the crustal
daturbancen of the Iaramide revelution.

1. Breeck, R.W., Peraonal communication.

2. heinecke, L. Mem. 79, Geol, Sur. Can,, 1915, p.52
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Fettle River Formmtion.

Distribution. The Nettle River formation within the map area ocours

in the Soundary and Pranklin districts. In the Doundary district, where
1t has been mppod and descrided by LeRoy® and Ialy , the formtion is
found in isolated patches in the vicinity of Phoenix and Nidwsy. It

is probable that mny wxmpped areas ccour elsewhere in the Doundary
distriet.

Lithology. In generel the Fettle River formation coneists of contine:-
tal deposits of canglomerate feldsprthic sandstenme, shale, ar¢hosic
grits, ‘aterlaid scidic tuffs. In the Soundary distriet the formstion
also includes thin seams of ligmite coal. lecally, as at Fhoenix,
the tuffacecus beds may be aboent. Plant remins of Sarly Tertiary
age have been found in the Kettle River formation at ’hoenix and

near Midway.

Structure. The thiciness of the deposits warke cansidersbly. In
the Pranklin district the maximm thickness is 500 feet.

In the Boundary district, the thickness of the formtion, as
given by Daly, is 2100 feet.

™o following is Daly's section:

—

1. Dryedale, C.,¥%. lem, 56, GCool., Sur. Omn., 1915,
2. leRoy, 0.3 Jem. 21, Gecl, Sur. Oan., 1912
S. Daly, R.A. JNem, 38, Oecl. Sur. Omn., 1912



"Top, conformable contact with overlying liidway lavss.

1000 feet Possiliferous, grey, feldspathic sandstones
with Interbeds of shale

900 feet Coarge conglomsrate.
200 feet Coarse arkoze~breccia (a local deposit)
2100 fest

Base, unconformable contact with underiying Anarchist series,

snd with pre-Teriiary plutonic intrusives.®

Paulting has, in general, been very slight, but the beds sre

gontly tala&u

Age and gorreistion, The Xettle River formetion is Oligocens in age.
The age was dstermined by Pentallow’ as the pesult of his examinstion

of faoesll plants ovllested by mly from the Zettle River formetion, west
of Hidways The Kettle Rivor formmtion has been correlated with

Iawson'e Coldmater sroup In the Famlcops sres. It is possible that the
Benver Yountain Mha of the Rossland ¥ounteins may be & remnant

of the Xettle Riwer beds to the sast, the lithologlcal similarity of

~ the formations, and the associstion of contemporary vulcanism is signifi-

cant,

1. Penhallow, D..P. 4 Report on the Fosall Planta from the Inter-
netional Boundary Survey for 1903-1305, collected by R.A.Daly.
Trang. Roy. Soc. Can,, Third series. Vol. 1, 1907,

P« 318327« : :
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C'arr; Creek Series,

Distribution. Tn the map area the Curry Creek series occupies a

small patch of at leasat one square mile on Kloof Ridge, eight miles

- esst of Beaverdell,.

Lithelogy. The series consists of a great thickness of conglomerastes
overlain by fine-grained white tuffs. Interbedded with the conglomer-
ates ars arkosic sandstones and velcanic breccia. The conglomerates
are composed of granitic pebbles from the West Kettle and Beaverdell
tatholiths, those from the West EKettle batholith being the more abun~
dant. A lense of tuff in the conglomerate was found to c¢ontain a

single fossil plant.

Strugture, The series,which iz made up of 2,500 feat of conglomerate,
overiain by 200 feot of tuff, lies unconformably upen s westhered sur-
face of the Wallace group. The beds atrike north smi sgz?.th., and dip
2t low angles to mla east. Faulting with a down-throw of 500 fect
has been cbserved. | |

Age and correlatfon. The single fossil plant found in the series was

‘referred broadly to the Tertiary. According to Reineckel the Curry
Creek series corresponds closely in its lithalpgy and charaster to the
fossiliferous Xettle River formation at Thoenix. It differs from it,
howsver, by the presence of tuffs, which are absent in the Xettle

River formation to the south.

1. Reinscke, L., Kem. 79, Geol. Sur. Can., 19156. p.bB6.
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Reinecke has placed the Curry Creek series in the Oligocene, and

has correlated 4t with the Kettle River formtion.

lake and Sophie Mountain COrgg_omarates.

D:Istrihntion. In the Roasla.nd ¥oimtains, and near the International

Bomdary four mtehes of Tertiary conglomerates have been examined.
The firet of thase lies one mile sounth~west of lake Mountain, and
covers about one~third of a square mile; another saxme crowns the summit
of Sophle Mowntain, and has an area of slightly more than one equare
mile; while the third and fourth bodies,of much mmiler size, outorop
at Nomment 172 and 169 respectively, on the Boundary lines

Mthﬂm;. The conglomerate at all exposures is composed of rounded

to angular pebbles, ranging in size up to one foot in diameter, They

ineivds pebbles of graenisﬁ-grey quartsite, vein guarts, pnyllita, and
slate, Pebbles of the neighbouring Rosaland welogmnics are also to be
 found in all the eong}.mm-.as, with the axseption of thoaa of lake
Hountain, where they are absent. The cement in all cases appears to
be of a sandy nature, often ferruginous. The Spohie Mountain con~
glomerate is slane fossilifercus, a bed of sandy shale being found to

contain poorly preserved Dicotyledonous leaves.

Structure. The attitude of the beds is very wariable. The thick-
nsss as shewn at lake Lountain is at least 300 feet, while that at
¥ormument 172 is a.bout_ 200 feet., The formatione, on the whole, are
mch breeciated. Proceeding westward, the conglomerates at the
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more rounded pebbles, and contaln a greater proportion of weleanie
mterial,

Age and correlation. The fossil leawes from the Jophie Nountals eon-
glomsrate are very proWmdly of Tertiary age, possidly Nicoenms. They
also indicate & fresh water origin of the sediments, While the wariows
outerops say have been deposited at widely differest times, Ialy’ ad-
wnces the hypothesis that they represent deposition by Ire-iicoens
and PostJumassic mountalin streasms flowing westenrd from the site of
the jresent axis of the Selkirk Masge. The lake Nowntain body has
been intruded by an ajephyeis of the Sheppard (iccens) granite.

These conglomerates have, therefore, been provisiomlly referred Wy
Daly to the lower Tertiary.

Beaver lountaln Sediments.
Distridvution, T™e Seaver Nowntaln sediments occowr in three small

patches, interbedded with the wolosnics of the sane mae, on Des wr
Nountain, fifteen miles east of Nossland.

Lithology. These sedimants oonsist of black and drown thin bedded
shales and thin bedded to massive sandstones, grey and greeanlsh in
colour. A conglosarate composed of pebbles of granite, guarta, and

e Wly, Rede, Jam. 38, Cecl. Sur. Oane., 1912, .08
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sglate outcrops over a mll area near Champion sﬁtion.. The shale
and
and sandstone members contain fossil plant stou?lm.vea, which are,

wfortunately, of no diagnostic walue.

~ Structure. The group is at least 1000 feet thick ta beds striking
-east and west and dipping at low angles to the south. A great deal
of &xulting bas taken place. ’

gg_aad correlation. The Beaver Mountain sediments, like the con~

temporanecus Baaver Momntain ‘volca.nies, have been agssigned by Dalyl
$o the Tertiary. The general character of the deposit is similar to
the Socene{?) fossiliferous beds at L;“ttle Sheep Creek, and in some
respestz to the Ketile River formation in the Boundary district.

mtia'rg Yolecanics.

Distribution. Under the term Tertiary Volcanies are included the

Midway volcanics of the Boundary district and Franklin Camp, the
Nipple Mountein series of the Beaverdell area, and the Tertlary vol-
canics of the West Kootenay and Shuswap map sheeta, These patches
of voleanic rock represent laclated msion remmants of the eastorm
border of the great law flow whioh extends over much of the Intericr
Flatesu of Brisish Columbia, and forms the traps of the Columbia
lava Plain of the Statasof 7ashingtan , Idaho and Montana.

1. Daly, HeA., Keom. 38, @eol, Sur. Can., 1912. p.553.
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Lithology. The Tertiary volcanics consist of sub-aerial flows of 4
scid and daslc lawae and asseciated pyroclastics, In genersl the
earlier extrusions were of an acidic nature, while those following
became pi‘og:essively more basic in composition. This gradation is
well 1)lustrated by a stud‘yv of the Goourrence at the Franklin Camp?,

where the oldest flow is & rhyolite and the last sxJression of volcan- . 3

1sm is represented by alkalic basals. Within the Boundary Belt Daly™

has desoribed nine different iypes of laws, and mentions the ocecurr-

ance of seversl horizons of agglomerates and tuffs., These lavas |
wary from an saalcitic lawe to an olivine basslt, and are accompanied “
by basic dykes and sheets. The Xipple Emn’ta.in geries, in the

vicinity of Beaverdsll, consigting of wmlfered lawe flows and -

dykes [olivine basalts, bioctite andesites and dacites), bawe been |
considered by Retneoke to correspond to the middle part of Jaly’s
Kidmay voloanie group. | , 1

Struetures The lawm flowse in gemral have mnfoi-md to the structure
6f the Tertiary sediments, upon whieh they were laid down. They
appear to have flowed inte the waileys and lowlands existing during
Oligocene and early Yiocene times, and, as may be seaen on the accompany-
ing map, the flow remnants lie chiefly towards the western border,
where the topography tends %o becoms less mountainous a3 1t gredes’

into the Interior Platean. It 13 a remsrkable thing that erosion has
spared any rempants at all in the mountainous strusture of the Selkirk

1. Drysdale, Ce¥s, YMam. 66, Geol. Bur. Can., 1918. p.86
2, Daly, B.A. Yem. 38, Geol. Sur. Can., 1912, p.398.
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\go and correlation. Regarding the Tertiary wolcanics mapped on the
Jest Tcotemny sheot, Irock’ states that: “The series is no doudt
idontical with the Tertiary wolcanic rocks of Niocene age of the
Fanloops and Shuswap map sheets, anc $o similar rocke of the (kamagan
and Boundary Creek districtes.”

Beferring to the later and more detailed mapping of smaller areas,
the writer has collected the following evidence bearin~ upon the age
of the warious occurrences.

(1) A% ¥idway, the Nidwey voloanics overlie conformmbly the
folliliferous Fettle River formtion (Oligocens).

(2) In the Beaverdell Camp the Nipple Nowntain lawms correspond
petrographically with the lowest lawas descrided by Daly at l'idwey,
which wary from olivine basalt to tmchyte. Reinecko consequently
places the I'ipple lountain lawas tentatively in the Cligocene, or,
if they eare unconformable with the underlying Curry Creek series
{0ligocena), & point wpon which he is doubtful, in the Miocene.

(3] The wolcanic flows at Franklin Cam> are of, at least, two
different ages. The older of these conesists of rhyolite and tuffs,
and is contemporaneous with the underlying Fettle River formation of
Oligoocene age. The second and later flow of trachytes, trachytic
basalt,and baselts, with associated tuffs, which have Deen mared
the Iidwey wolcanic grouwp, (after similar flows in the viecinity of
Vidmy) is belleved to be associnted with the intrusion of the mon-
sonite {Cligocens ?} stocks. This later flow is correlated by




Drysdale with DawsonS period of Miocene vulcanism in the Kamloopul
Afstrict.
The fellowing is Dawson's provisional scheme for the Tertiary

wlcanis rock and associsted sediments, in the Famloops district:

Iater Miocene Upper volcanic groups

{maximum thickness) 3,100 feet
Tranquille beds (maxizum :
thickness) 1,000 "

Bariier Riocene Lower volcenic group
{maximom thickness apart
from centre of eruption) 5,300 v

0ligocens » Coldwatier group at Hart 5,000
Croek .

14,400 feet

Drysdale, as n;mhimed sbove, has corriated his yownger flow
with the whole of Dawson's Tertlary wloeoanics of both esrlicr and
later Kiocene age. 1t appears to the writer that the later Franklin
flow should be correlated, not with the whole of Imwaont's Tertisry
volcanies, but enly with his Upper welcanic group, and that the

esriier rhyolite flow be correlated with Dawson's Lower volcanic

8T0uD.

The evidencs for this proposed correlation depends upon (i) the
fact that Both at Prazklin and in the Kamloors district there have
been flows of two distinct ages, and (2) the earlier flow in both
distriots ie contemporaneous with known Oligowene sediments. The

absence, in the Franklin Camp, of the squivalent of the intervening

1. Dawson, G,¥. Rept., on Eamloops Iap Sheet, Ann. Rept., Geol.
Sur. Can., 1894, p.71B.
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Tranquille bede does not, necessarily, weaken the evidence submitted

above.

Petrographically, hwaver,mwson's;:imic group, coasisting : 1

| chiefly of augite porphyriss and agglomerates, differs In a marked

degree from the rhyolites of the Fra.nklin Camp, though it is possible ~
that extrusions of similar age might vary greatly in cowposition from
piace to place. On the other hand, mwaoh‘s Upper wvolcanic group is
petrographically similar to the later Pranklin flow, both being com-
posed of bamlts and tmehytes, i

1% i3 the writerts tentative cewm&an; then, that the Tertiary
volcanics are of at least two differeat ages (1) an earlier extrusion
of Lower ¥iosens, possibly Olieoaem age, connected with the laramide
revolution, and (2) & later extrausion of probadly Middle or Upper

Hiocens age, genetionlly relsted to fsha Rossland alikali syenite

s RN

bathollith.

- Beaver umhin Volcanlcsa, , = '

'Distribﬁtion, The Beaver Momntain voloanics are situsted on Beaver
mﬁm. about fifteen miles ‘eaa‘t of Rossland. 'The;r oocupy &n aree i
of about thirty sguare miles. The group has been mapped and described

vy Brock and McConnsll® én the West Kootemay sheet, and later by Dely”

1. Brotk, R.¥., & KecComnell, R.Cs, West Eootenny Sheet, Geol, Sur.
Can. , 1904, '

2. DPaly, Bek., Xem. 38, Geol. Sur. Can., 1912, p.SB2.

1




Lithology, The volcenics are composed of flows and pyroclastics.

The flows are made up of augite andesite and olivine free basalt,

chiefly of the former. The pyroclastics th the same lawas in a
breccinted condlition, together with subordinate ampunts of black shale,

slate, grey sandstone, marble and guartszite. With this growp are )
- asgociated contemporaneoms fresh-sater sediménte | Beaver ¥ountain

pedinents, ) | |

Strusture, The group bas been profoundly disturbed, but is rarely
sechistose, and the rocks, as a'ihole, are considerably fresher than
those of the underlying Rossland volcanics, The hickness of the
pyroclastios is, at least, 1,000 feet, the beds being upturned and
dips wary all the way up to 909, |

Ago and cerrelstion. The group has been described by Brock as being

comparatively recent, and dsted as Poat-Cretaceous, vh;ie Daly has
myped them o8 T;rtiary, but mentions the possibility of them being
,mao:wde. in age. They will hare de considered to be of Liddle to
Upper Tertiary age, possibly Kiocens, and correlated tentatively with

the Midway volcanic group, of which they are very probably a remmant.

Qliggcena Intrusives.

Distridution. The Oligocene intrusive rocks include the mmall

wrphyritic monzonite stock of Roasland Camp; the Salmon River mon

sonite {porphyritie) stock near Ymir, the monzmite stocks of the



80

Franklin Camp, and the monznite porphyry and srmll dykes of sugite

porphyrite and slivine basalt of the Boundary dlstrict.

Bithology, The Intrusive rocks referred to the Oligoéem period- are
mainly porphyritic monsonites. | | -

Pypically, the porphyritic monzonites of Rossland and Ymir dss-
tricts are of a greenish-grey to grey-black coleur, with 3@# |
phenocrysts of pyroxene and biotite in s ground wass of dense fald-
spatic materisl. The Franklin ocourremce is somewhat darker in
colour, and Wﬁi@. “ »

‘The Bowndary district porphyritic monzonite differs from the
shove types In that the phenveryets are of light-grey feidspar, with a
donse ground mass of the same composition.

The plivine baaalt of the Boundary district is a porphyritic dyke
rock, dark-grey in colour, with phenoorysts of plegicolsse, pyroxene,
and olivine, in & denss ground maps. The augite porphyrite,which has
& sinilar habit, consiste of phaawmta of black pyroxens, in a finer
ground ness ef feldapar and bmnm

Structure, A1l the intrusives of this age are comparatively emsll,
and assume the form of stocks and 4dykes. _ ' _

The rocks are, on the whole, distinetly fresher and less
braceiated than any of the older intrusives. It is possiile that
apme of the stocks of porphyritic mﬁnsmite may represant old velecanic

i
necks, as pointed out by Drysdale in his desseription of the Rosaland

l. Drysdale, C.9., ¥Vem. 77, Geol, Smx. Cana., 1915 puR36.°
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and Wiy otcurrensos. ™e Salmen River ptock at mir, _whiah‘m &

sharply dofined pulaskite core, particularly suggeste en snclent
wilcsnin pipe.

29 spd corzelation.  Iely” s reforved the “slmn Mlver mousonite
stooks to the Foak~lopens lzﬁm‘?h and oonsiders theo $o Ye corre-
latad with oupele stacks of the Corywll batholitk. Dryedale”, how
m_. ™o rovisionally referred all the Smlmon Diver and nossland
porsharitie monsoniies to the Oligocene early cruvtal movements, and
+be writer has odopied Shie wiempoiut. The Frenklin monscnlte
ouds e QlSguoens Kettle River formtion and i cub by the youngar
In the Joumdary 4istriet LoDoy® hes placed all his lerbinry
tntrasives, tentatiwly, in the Hicoene. They ovour in the follow~
phurite, meaamito Wv and mﬂm&n POTTIYTY.
Wammmm mm&m mmim have
WWW Iimit of tho Oligosens intrusivon, anasvthewﬁm

e with the oldesd - olivine m&; engibe, pops

bas wery tentatiwmly earrelated the Boundary district monmonites with
thone of Sossland, Tedr snd Frewkllin.  If this is corvect, it

Is Dryednle, Co¥., Lame B34, Gools Sulte Oaby 1917, D39
2, DAy, Bele, M 3B, Gools S6Te (an., lﬁi&, PA%
Drywinle, Co¥e, Dam, 94, Geol. Sur. (aR., 1917, Dedls
&, leRoy, O,E., Mem. 21, Geol. Sur. Can., 1912, p.=29.

b o
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follows that the olivine basali and augite poréhyrita yvhich are still
older than the monzonite porphyry, but cut the Oligocene voleanic
rocks, aoust also be éligwene in age.

It seems, however, that the division vetween the Oligocene and
Kioecene plutonic rocks is more or less arbitary, and the gquestion of
the dating of thess intrusives stiu'remim open, but the intrusives
desecribed abowe vory probably represent the earlier stages of plutonic

-~ “sctivity connected with the Oligocene and liiocene ravolution.

¥iocene Intrumnives,

Distriteiion, The Mocens intrusives, which bave been mapped oen the

West Xoohenay mheet as Ressiand alkall syanise, cover & very consider-
abls area, as may be seen on the enclosed map, and represent the '
lant pariod of h&ihﬂlith‘ inwmzion within the Kootenays.

Inclufed W the genersl term of Hiocene inﬁmaiwa are the
following rotk fomtitma: A

(1) The Coryell batholith, Shappard granite and lamprophyre
Gykas of Rossland Camp end distiict, including Yeir Camp.

{2} Pulsskite porphyry, shonkinite pyroxenite and a.ugite ayem.te
of Franklin Camp.

{3) Pulaskite porphyry of the Boundary distriet.

{4) A1l other intrusives mepped on the Yest Kootenay map sheet

as Rossland alimll sysnite.

' Iithology. The dominant rndk type is that of & hornblende syenite
{pulaskita), as represented by the Coryell datholith, between Christina
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 lake Amd Bbsélaml, the typical Rossland alkali syenite of the West
'Kootenay sheet; and the core of the Salmon River stock of Ymire
In tta' me¥e porphyritic phases it occurs as the pulaskite porphyry of
the Boundary district, and the porphyritic syenite of Franklin and
of Rosaland, | ’ ' |

1h colour the rock is reddish to psle pink, the predominating
 minerale being glasay pink and greyish feldspar.

‘Anothn wvery important and slightly younger rock type is the
Mﬁa porphyry {Sheppard granite of Daly). It cccurs as large
gtocks to the south and aouth-enst of Roesland, end as dykes iu
Rossland and Ymir Camps.

mmny. the Sheppard granite 'is & medium grey roek, contaln-
ing tabular feldspar and rounded quarts, phemocryste, with semll
fiakes of biotite, the whole embedded in a fine-grained blulsh-green

ground mags. !
The fallowing are amlysas of typical specimens of 4, Coryell

l’mits,l and B, Sheppard granltea.

' A B : A B ' . A B
A .

7109 O.54 0.0b Ca0 1.99 0.63 Hz0 above Q.07

, 110° ¢

Po 0. L5 0.82 Ba0 None COg Pr.

Fe0 2,02 0.26  Hag0 550 3.1 c1 Tr,

Wm0 . Tr.  Tre K0 6.74 4.50 803 Tr.

99,83 99,82

p % m-yad@le, CoWa, Hm..' 77. Geol, Sur. Can., 1915, p.239.
2, Daly, R.4., Yem, 38, Geol. Sur. Can., 1912, p.365.
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The remaining rock types, which are relatively unimportant as
regards areal distribution, take the form of amll chonoliths, dykes
and 8ills; they include the shonkinite pyroxenite and augite syen-
ite of Franklin Camp, and the lamprophyre dykes of Rossla.nd)a.nd the
Yest Kootenay distrirt generally,

The shonkonite pyroxenite, which is a black differentiate from
the augite syenite, coﬁsista of large augite plen‘ocfysta in a ground
mans of pyroxene and feldspar. The augite a;enite is a mediun grey,
fgléapnthic rock, of trachytic atructure, due to the arrangement of
tadular orthoclase crystals.

" The youngest intrusives of all, the lamprophyre dykes®, include

"fowchitss. capptonites, monchiquites, and mica lamprophyres”.

Structure, These intrusives vary in aige and form from batholith -
1like bodies to dykes. The larger rmases in particular are uncrushed
and of fresh apéaamnce. They are elongated pa.mllél to the Cor-
delleran trend, of north-west to south-east folding. Contact
metaporphism by the batholith has Deen considerable. Dalyz notes
that around the borders of the Coryell batholith the traps of the
Romsland voleanics have been converted into various schistose types,
whose planes of schlstosity are wrapped in peripheral srrangement
around the batholith, over an exomorphlc zone up to 600 yards in

width,

1. Brock, R.¥., Explamatory notes of West Kootemay map sheet, 1904.

2. Daly, R.A., Kem. 38, GCeol. Sur. Can., 1912, p.362.

o
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Age ond correlstion. On the Test Footamsy sheet the Towsland alkall
granitic rocks have been mapped as Tertiary in age.

™he Coryell batholith {pulaskite) bas been veferred by leConrsll,
Broek, and Taly $o the Tertiary, end, fram its genorally uncrushed
state, is belisved to be ianter than the lsranmide revelwdion, and to
bave gecomppnied the Lligocene and Micoene erustnl diaturbdances.

At Toir, the pulaskite ccours sg the core of the Salmon River
porphyritie mmmonite sbook of Cligosens ege, and i considersd by
 Drgedale to be younger than the momsonits. At Franklin and Fhoenix
Gaspe dykes’ of pulaskite porphyry cut She rocks of the Kettls River
forraiion and the Nidwey volcsnic fhows, both of Cligecens age. |

 T% hms been chserved et the Sheppard granite cuts the lake
Zomndaln songlomemte {lLower Teytinryl; sleo the pulaskite in the
Hosslend Bountsins, and ie, therefore, younger tham both of thess
forzat ions, | _ , |

he mmdxkeammtim in the E@lm;aryﬁe;eu@ the

7est Rootenay msp sheet as deing younger than sll the other rock types

grouped under tho term "Roosland alknli-granitis rocks". Irysdale
mtionﬁ that in the Rossland Camp the basic dykes cud all the wains
a:d ook formation fn the mines.

The Hicoens $ntrusives, partisularly those of the pulaskite
and Sheppard granite type, are emaim to repyesaent the main
bathelith cannected with the Tiocene and late Oligocene poriod of
omstal disturbances. Similar datholithic inmsion tmk place at

e o ey e g e v
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" this time, farther to the wes%, when the Similkameen and Chilliwack
granodiorite batholiths were intruded.

The bagic dykes which followed the batholith represent the final

and btasic phase of this last cycle of plutonic activity within the area.

Clacial, Interglacial, and Recent Deposits.

Imsmmch as this paper deals primarily with a atudy of the
bedrock geology, the superficial deposits will only be referred to
vory briefly here.

Distridution. These formations chiefly occur in the wvalley basins

and lowlands generally, where they are acoumlating or, as in the case

of the oldar'(kpanta, have been protected from erosion.

Lithﬁlgﬂ_ . The deposits inelude (1} glacial tilli, eoh.aiéting of
boulder clay gravels and laz;ge erratics, iying as & thin manile over
lsrge areas; (2] Interglacial deposits, chiefly fine stratified
silte, sands, and gravels, often containing plant remains; (3)
Recent alluvial deposits end soil,
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CHAPTER 1V.

CEOLOGICAL HISTORY.

Intreduztog Statémnt

The date for the preparation of the following geological history
has been obtained from a study of the history of the surrcunding region,
as well as that of the immediate area. The field evidence, as re~
corded by the rocks, is, in many parts, very poor indeed, especially is
this so in regard to the records of the sarlier periods, Fossill~
iferous horisons are rare, and intense metamorphism has obscured much
of the original strusture. Added to this is the fact that a great
proportion of the rocks are of igneus origin. However, from an
exsmination of the fleld evidence, and a study of the geological
nistories ingcluded in the warious memoirs relating to the area and
mromding regions, a general conception has been obtained rega.rding.
the seguence of the most important geological evenis, and & summry -

of this forma the follawing acecount,

Pre-Carboniferous History.

{a) Beltlan. The earliest record within the map area is one
of Beltian WM‘tm, when, in a moderately shallow continental
sas, the Aldridge quartzite formation was laid down. Deposition
during the entire Beltian took place in s slowly sinking gessynclinal
basin, This basin of sedimentation, which has been traced in a
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north-westerly direction to Alaska, had, as its western shoreline
during Beltian times, the 6ld lend of Camdia} This eastern shore

line of Cascadis extended in a north-westerly direction from a line

approximately through the Arrow Iakes into northern British Columbia,

and marked the border of a great land mess stretching westward to
beyond the present British Columbis coast line. The producta of
srosion from the uplands of Cascadia supplied the material for the
sedimants of the Purcell series, |
During the Creston epoch the sea heume shallower, nmd flats

-mads their arpearance, ths sediments became somewbat more siliceous,

and losal contemperansous ercsion tock place. This was followed by
deeper water conditicns iith the demsition of calcarsous material |
dwring the Kitoheuer epoch.,  Again the ses receded, expoeing vast
mad flsts, which by thoir' mad~cracked sarface indicate an arid climate
during Siysh times. | N

Alt,mt:lm# ,ut deep and shallow water sedimentation gontimd
threughout the remminder of the Siysh epoch. Hear shore conditiens
of deposition close to the old shore line of Cascadia are shewn by
the coarse Irens conglomerates of Siysh age in what is now the Yelson
Bange. An Interruptionr of the steady process of Beltian sedimentation
took place at the closs of the Si¥sh, with the cutflow of Puroell
iawa and lyens volcanics. |

1. W“ldg StJQ, Trang. Rqu Sece. mﬂu’ Vel. 17, 3rd Ser. 1925.
P«9% : : .
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This period '6f vuleanism was accompanied by the injection of the
Purcell sills, chiefly into the consolidated membars of the Aldridge
formation.

Following the period of vuloanimm, sedimentstion in the synclinal
basin resulted in the deposition of the Gateway formation composed of
siliesons argillites. The presence of sbundant casts of salt crystals,
together with ripple marks and mud cracks indicate sedimentation in a
shellow, sirongly saline, ses, under arid climatic conditions.

The rocks laid down during the last period of Beltian sedimentation
within the map ares have been removed by erosion, but in the Rocky
¥ounteine to the east they are represented dy the Phillips and Roos-
ville formations of suncracked and ripple marked argillites.

{bd) Lower Cambrian. During the lower Cambrian, deposition of

rather soarse siliceous meterial appears to have taken place, when
the phyllites, quartzites, and conglomerates of the Wolf.and Honk
formations of the Summit series are believed to have beon laid édown.
Hear Crandrook, just to the east of the sheei, the Cranbrook con~
glomerates were dsposited mmeanformably upon the rocks of the Siyah

formation, and on the Roosvilli formmtion at Ram Creek and Elko.

{¢) Palaeozoic {Mid Cambrian to Devonian) Very little is

dtﬁn_itely known regarding the geological history of the region over
this great pericd of time, '

During the early Palaeosolc times the eastern shore line of
Cascadia had receded slowly westward, until by the early Silurian,
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it lgy soméwhat to the west of a line through Vancouver and Queen
Charlotte Islands. From Cascadia eastward to the laurentian High=
lands & shallow and continmous sea extendsd, and in this basin more
or less continous sedimentation tock place during Palaeogoie and
early Nesosols timag’

Into & portion of this marine synclimm) basin were depesited
ailte, slays, limestones, sands and gravelas, later to be metamerphosed
Into the m!ﬁnztu, schiste, marbles, quartzites and conglomerates
of the Ainswerth, Duncan, and Upper Summit series,

Alsarmations of deep and shallow water eanditions during dspossi-~
tlon ars indicated Ly the varying teature of the sediments, while the
absencs of unconfermities point 40 s lung perisd of crustel stability.

Carboniferous History.

1

The Carbonifercus periocd was ans of steady depositien of great
thicknessas of sedimentary rooks thraughout British Columbia, Tukon
and Alasks, and represents, perhaps, the greatest period of mubmergence
40 which British Ceolunmbisa bhas been sudjected. The sea which covared
practieally the whole map area was probably warm and shallow, and in
it primitive fauns sbounded. Low areas of marshy land were aexposed

1. ‘Schefield, S.J., Terans, Roy. Soe. Can,, Vol. 17, 3rd Sar.,
1923, p.%4.
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from tims to time as & result of minor ‘retrégresaiona of the ses during
the lower Carboniferous, as shewn by plant remsins in the argillites
of the Pranklin group. _ |

Iaring the earlier peried of eedimnbaiion coarse textured arena- |
secus and argillaceous materisl was 1laid down, and. iater, as deeper
water conditions prewailed, the more ealcareons matter was dsposited,

. The rocks laid down during the Carboniferous periocd of sedimentation
include the Pend d*0rellls schists and limestones of the Nelson Bange;
the Alnswerth, Slooan, and Cache Creek formations of the Slocan, Alins-
worth, Iardesu snd Shuseap Iake districte; &he Liount Roberte forme~
tion and Sutherland sehists of the Roasland Iountains; the kmnklin
asnd Gloupester formatlions of the Franklin Oamp, and the Ansrchisi
seriss, Attweod formatien and Crand Ferks schists of the Boundary .
dtstriat, |

Toward the closs of the Period some crustal um-ast commenced,

ing in a lesser degree %0 tha great dlsturbences of the
Appelachisn revolution in the east. Uplift and minor folding ele-
vated pertions of the ares sbove the ses, ns in the Rossland mountains
and the older rocks were defermed and in part metamorphosed. This
was probably sccompenied by some silnor volcanic activiiy, when the
oldest lawes and tuffs of the Rossland and allisd volcanoces flowed
upon the newly exposed land. It was not, however, until the
Eesosoic that ynlcanism reached its maximum,

B
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Mesozoic History to the Jurasside Revolution,

The earlier Mesozoic history is claracterised by a higher relief of
the region and the eonéequent vigorous eroaion of the newly wuplifted land
surface.,. The main and most striking feature, however, was extensive
and repeated cutpourings of bessltic lawe accompanied by the intrusion
of mmerous sall sills and dykes, and the ejection of great qnmtitiés
of voleanic ash. It was during this period that the great part of the
Roesland and Fhoenix volcanics, and the Wallace growp of Beaverdell were
formed, together with the injection of the augite porphyrite sills and

Interwals of guisscence prevsiled between the owtbursts of volcanic
activity snd sontinental deposits of gravals, sands and mnds were laid
down, DBemoants of these inter-volcanic pericds of sedimentation are
w by the Hall series, near Ymir; portions of the Wallace
group of Beaverdsil;s small interbeds of sediments in the Rossland
momtains . |

Doring the Jurassic and prior to the Jurasside rewlution an ares
of marine sedimentation mmst have existed in the north, at least to a
1inited extent, where the Belmenite besring sediments of argillaceous
quartsite and limestone of the Kilford serles, in the Slocan and lardeau

distriots, were laid down.
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The Juraaside Revolution.

In Bri%tish Columbie generally, during the Upper Jurassic, the
rocks of fha great basin of aodimentat;lon, stretehing from Cascadia
{west of what is now the Imcific Comst) ,eastward %o beyond the present
site of the Rocky Mountains, became folded and uplifted into the
greet mowntain oheins of the Vahcouver Island - Queen Charlotte
Island Rsnge, the Coast Range, and the Selkirk Range. This folding
was acoompanied by the intrusion of the Coast Bange batholith, and
the primary Vest Kootermy bdatholith,

Purning to the geological history immedistely within the map ares;
the Upper Jurasaic periocd wase chamterim by great structural changes
and plutonie activity. The period of wulcanism had practically sub-
s12sd, and the original Selkirk Bangs was slowly raised into major
folds whose axial plares trendsd in A general mrtherl; to noyth-
westerly direction, | i

Into this zone of crustal wesknems the great batholith of elsan
grensdiorite advanced slowly upsard. Freseding the main batholithic
body were a number of minor intrusives of besic differentiates, which
are now repregented in more or less Waed ahtos? by the XKaslo
and lardesu schists, the Daker and Fife gabbros, and the diorite por-
phyrite and pyromﬁih of the Rossland Mountalns.

Following these, the main batholithic intrusion of granodiorite
worked its way upward by & combination of stoping, absorption, and

displacement of the invaded rock,and crystallised beneath a considerabdle
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thickness of roof rocks. During the earlier cooling stages of the
bethelitk lamprophyre dykes, the pm&mte of a late besic differentia~
tion, were intruded into the invaded rock. The finsl or pnewmatolitic
stage qf cooling resulted in tha mineralisstion of fissures and the
formiion of a larze romber of imgartmt ore bodies.

It was largely Guring the Jmssme revolution that the older
asediments and volcanics are bslieved to bave been tilted and folded
into thelr present e :tiitudes’, and their metamorphism is considered
to have resulted from s combination of the mounthin building forces
snl the thermal metamorphism of the underlying bathollth

Cretaoceous History to the larmside Revolution.

m: €retaceocus opsned with rapld erosion of tha newly formed
Selkirk ani Purcsll ranges, the resulting sediments being deposited
chiefly in the Cretaceous géamelm. which extended ower the pre-
sent site of the Rocky Mowntains and Creat Plains. |

The granitic bathelith was partially unroofed, and the area reduced
t%c & peneplain out of whieh projected menodanocke, which, at the pre~ ’
sent t:m; form the higher pesks such as Kekanse Meuntain.

Small basins of fresh water d;appaition existed locally, of which
the Little Sheep Cresk sediments in the Rossland Mountains ere a rem-

. - &
nant, The ¢limste was subiropical, but ecoling teward the close.

l. Schofield, S.¥. Fersonal commmicatlon, 7
2. Jrysdale, C.7. Nem. 56, Geol. Sur. Can., 1915 Dp.147.
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During the Upper Cretaceous crustal movements commenced which _ _ ;

culninated in the laramide revolution.

The larsmide Hevolution,

The laramide Revelutlon extending from the close of the Cretaceous
into Eocens times affected ths region by uplift with contemporary de-
formation and bathelithie intrusion.

The Cordillera as a whole was profoundly influenced by orggenic
movenants., To the west of the map ares the scuthern portion of the
Interior Plateau was wplifted and its surface carved into deep valleys
by erosion, while %0 the east, felding and uplift of the geocsyncline
commenced, the Rooky leuntains portion was warped into folds and
rokmm by owerthrust faults, and the Great Plains were raised ocut of

Within the map area many important changes took place. Vertical
uplift cansed the rejuvenation of the streams and deep wlleys were
cut into the peneplsin. Deformstion and weakening of the crust paved.
the way for large soale igneus activity, and into these sones of
strain the Valballs granite batholith was intruded. To the west the
Beaverdsll batholith represents a grenodiorite phase of the mame
intrusion. '

Towards the close of Rocens ti;mas the climate was probably cool and
humid, as shown by the sediments at the base of the Kettle River
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formmtion at Franklin, which contain striated and facetted boulders

and beds of light coloured leached sediments,

Oliggcene Histarl. i

The Oligocens period opened with erpaion of the uwplands wide
spread deposition of gravels, sands and mads in extensive fresh water
lakes, The asdiments in these ¢ld lake beds make up the rocks of
the Kettle River farmsifon, which now occupy isolated patehes through-
oot the southorn and westera portions of the mp areas. These lakes
had & 85111 wider distribution to the west, whert they flooded the
broad velleys of the Intermth, and deposited, with mny other
farmtions, the Coldwater group of the Kamloops district.

The climate during this time wes probably mild, and supported
Junuriant vegetation, sas shewn by the nxmerous beds of lignite and
subtropioal foseil plants in the Fetile Riwer formation at Hidway.

The presence of tuffs interbeddsd with these sediments indicate
that intermittently the air was laden with woleanic ash, as a result
of tha preliminery and exploaive stages of the great period of
nlecanism to follow.

The peried closed with ma movemsntes and the intrusien of

porphyritis menrzonite stocks, some of which mey posaibly represent

the cooled megmas in the deeper zones of old volcanic pipes; and
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%0 during this time the earliest lawas of the Midway volcanic group ‘
zay have bsen extruded. ' ‘

ﬁieeem Histgg.’

The early Kiocene was & period of wide-spread wvolcanic a.eﬂvity,
during whish time the eres was in part covered by a eonsiderable thick-
ness of lave flows, referred to locally as the Midway Velcanie Group,
and generally as the Tertiary Voleanics. These flows form merely a
mrt of the great volcaulc extrusien which covered large arsas of the
Inkerior Flatesus of British Columbie, and formed the raeks of the
 Colwabia law Plain fo the south. w

Tomards the clogse of this pericd of wuleanism, crusted daformstion
tock place sccompanied by large soale batholithic imwesion of pulaskite
and pulaskita porphyry, when the Coryell batholithsnd the Ressland
Wuwam !.ntm memdedbymm
basic dykes of uhsnkiniﬁo mits and allied typea.

At this time the vein fissures originally formed during the
Jurasside rewolution were tmtmd_. and the second main periocd of
mineralisation took place as s mu'm of the alimline minerslising
solution givan off from the mhaki%ﬁ introngives. ¥any of the
important gold depomits, imlmung thosc of Roaslsnd. were formed at
this tinme.

1. Drysiale, C.7, Nem. 77, Gecl. Sur. (an., 1915, p.248.
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Following the period of batholithic intrusion and minerslisation
was the inirusion of the Sheppard grarnite porphyry stocks and dykes,
representing, probabdly, & later differentiation of more silicecus
magne from the main intrusive body of syenetic composition.

The final stages of igneus ae‘blvvity within the area ars rapresented
by lamprophyre dykes, which are beliéved to have followed very closely
the intrusion of the Sheppard granite.,

The Hiocens closed with & leng period of arusted stability,
during which vigorous erosion took place, removing much of the sedi-

mant and voloanic fertiary rocks,

Plioecene and Quatermary Bistory,

Dring Plicsene and sarly Pleistocene times a general regional
wpmrping of the late Tertisry ercelon surfeoe took place, tims
mtmmmvmehmdmmsmmum
&rges in the old wpland surface.

The Quaternary period was marked by a genersl refrigerstion and
glaciation. Isvlated ice oaps are found .in the area to the present
day, ons of these being the rather extensiwe Xokanee Clacier. The
Plicosne walleys were smoothed and modified by the scouring actiom of
the adwneing ios oap. .t least one, possibly wmore, Interglscial
periods took place, with the deposition of alluvial silts. Flant
fossils found fn the St. Mary silts, near Cranbroock, indionte very
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mild climatic comditione dwring the first retreat of the ice.
Following the Linal glscial peried stream erosion became active,

and dissection of the allurial gravels, sands, and silt s took place

with the formation of river terrsces. In the lowlands soll accumu~

lated from the astion of frost, rain, and humus.




100

CHAPTER V.

THE WEST KOOTEHNAY COXPOS3ITE

BATHOLITH.

General sta."bemem;'

This chapter is devoted to a theoretical consideration of c’artain
interesting features of the batholith and its relationship to the
intruded crust. From these considerations, hypotheses have been

tien’saﬂniy advanced to attempt to explain the cause of some of the

phenomions noted.

Mzthods of Intrusion.

It 1a the writer's belief that the Was# Kootenay batholiths reached
their present position within the earth's c¢rust by a cm.xbimtian of the
three following methods of intrusion: | |

{a} By stoping and abyseal assimilation.
{») By marginsl assimilation.
{e} By displacement of the intruded rocks.

{8) Stoping Vethod and Abyssal Assimilation. ZIxcellent examples

of magnetic stoping a.ia te be found at the batholithic cantacts through-
out the ai-ea.. The shatter-zone at the contact of the Trail batholith
is, however, & particularly fine emsple of this method of Intrusion.
Thers two concentric belts of mixad‘ rocks lietetteen the main batholith
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| and the encircling and unintruded Rossland voleanics. The outer and
wider of these consists of the volcaniﬁ rocks intruded by countless
intersecting apophyses, originating from the batholith, forming a net-
work of dykes. The innér belt is oomposéd largely of the granitic in-
truding rock In which are xenoliths from the invaded rock. These two
belts are gmditional into one another. This example furn.ftshe-a a good
- 1llustration of arrested stoping during the last cooling stages of

the batholith.

The blocks of intruded rock thus rifted off sank into the main

body of viw magme end became assimilated in the deeper and hotter

nes .

{b) Imrginal Assimilation Vethod. Marginal assimilstion of

the wall rocks as an aid.to mgmatic advance has been an important
factor. It haa been noted, partiowiarly in regard to the pulaskite
in the Boundapy district, that in the contact zone there is a rapid
transition over & short linear distance from s sone of a dyke network
to one charmmcterised by isolated and rounded xenoliths of the intruded
rock. This would indicate that fusion and assimilation of the wall
rocks took place on a large scale both near the intrusive contact as

wall as at abyssal depths.

{c] Displacement of the Intruded Ropks. The arrangement of
the general strikes and dipe around the north, east and south-wedst
bordars of the West Kootenay bathelith furnish strong presumptive

eyidense to support this method of intrusion.
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As 18 shewn on the gaological maps accompanying this paper, the
regional strike of the intruded formaiions follow in broad sweeping
curves round the batholithic contact.

This structural feature suggests very strongly thet the batholith
entered under sufficient pressure to displace the surrounding rocks
from their original attitude prior tq the intrusion, and 1s proof that
batholiths may not be necessarily entirely cross-cutting in their |
relatipndhip to the intrvded rocks.

That the batholith entercd under a very conslderable pressure seems
avident from the faot that in the Vest Kootenmay distriet the gtanitic- ]
sass is found on XKokanee Peak at an elewation of over 9,000 feet adbove - |
the present sea level. In addftion, there is the far greater pressure
required to raise this mass from the zone of flowage or asthemosphers,
which lies 60 to 75 nilli beneath the surface of the eatth's crust.

The deformation of the swrrounding rocks by the plutonic mass may
bave been geaﬂ.yl facilitated by the fact thet during bathelithic
advance the mountain building forces were etill actiwe, and the asiress
required to cause laccolithic displacement by the magme may have been
furnished, in part, by a compunent of those same orogenic forces.

Lithological Character of Intrusives.

A very striking feature of the batholithie intrusives of the

West Xootenay s the manner in which each of the periode of batholithic
invasion, with the possible exception of that of the lareamide, has
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been preceded and followed by minor intrusives of a more basie. naturec.
This feature is particularly well illustrated by a study of the plutonic
rocks related to the Jurasside and Oligocene-liocens revolutiona.

The generalised sequence of the Jurasside intrusives in the West
Kootenay batholithic provinece may be stated as follows, commencing

with the youngest:

lamprophyre dykes [(camptonite, ete)
Aplitic dykes. "
Juressic ¥elson grancdiorite - bathelith

Gabbros, aliered baszlts and dunites _
as ohonolithe and 4ykes : 1

The sequance of the Oligooene-Iiccsns intrusives is as follows:

Lamprophyre dykes
Aplitic dykes

R T

, Cranite porphyry, stocks and dykes :
Pulaskite batholiths and stocks.

Porphyritic monzonite  stocks. |

Oligocene Augite porphyrite dykes and sills

Olivine dassalt Adykes

Farther %o tha West, in the Skagit Bange, near Chilliwack,

the same general sequance has been resorded Uy m}.yl a8 follows:

i

1. Dsly, R.A. ¥em., 38. Geol. Sur. Can., 1912, p.558.
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Post Kiccene Diabase dykes

Camptonite and syenite porphyry dykes
Syenite porphyry {7) dykes (?)
Xiocene Yonzonite stock
Chilliwack granodiorite batholith
Sleese dionite sbtock
. Skeglt farsturgite intrusives
Oligocene ‘
Dunite and gabbro dykes
In genaral, therefore, it appears that periods of large scale
plutonic activity are opened by the intrusion oz. smaller basic bodies
and slosed by that of acid and basic complementary dykes.
Ho inxtance has been recorded within the area of any bathoiithic

intrusion having been immedintely preceded by lemcocratic dykes.

Origin of the Fresent Elewation of the Selkirk Hange

and of the Intrusion of Tertiary Batholiths. | o

The hypothesis is here advanced that the Selkirk Mowstains owe
the greater part of their ms@t elewation to post-folding, wvertical
uplifd, which took place during the laramide and Gligocene-Kioccene
revalution; and further, that the axis of maximum uplift was coin~
cident with the zone of Tertiary bailelithic intrusion within the
Selkirk Bange.
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It will be recalled that the Selkirk Tange wes first mountain-
built during the Upper Jurassic, a.nd that during the Cretaceous this
newly-built fange was pemeplained nearly to base level.

This implies that the Selkirk m.ﬁge, at the close of the Creta-
ceous, was reduced to a plain whose mean elevation was wery little
above sea level)., How then is it that the old Crestaceons peneplain
of the Selkdrk Bange is now found at an average elewation of some
6,000 feat? The solution may, in yart, be found in the structure
asroes the Sellirk, Rocky Mountaine, and the Crest TPlains.

At the weatern end of this section lles the Seilkdrk Range, whose
ayerage summit level is at arproximmteiy 6,000 feet alovation.

asteard the section pesses throvgh the Rosky Wotmkaing vith a
mean sumpit elewiior of app;'oximfely 8,000 feet., YNear the emstern
and of the section, however, the elewmiions become less and less as
the fouthills of Alberta are crossed and the Great Plains reschegd,
wibil at Winnipeg, the land eleatlon is only about 800 fest above
sea level, | |

Sehofield’ in ® recent paper bas pus forwerd the hypothesis that
the Rockies owe thetr presont mumisme elewation of approximstely
8,000 foet to a cbmbina.tlon otl?&.'EOO fost e to folﬁing, and 3,500
foot to lster vertical uplift. This is shewn by the fact thet the
land elevation of the foothills in the vicinity of Calgary, east of
the Rooky Mountains, is erproximstely 3,500 feet, thie elewation

wd. Behobierd > 3. Rov.Soe. Can. 1q13, Beed W prey
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having taken place since the Cretaceous, as indicated by the presence
of rmarire sediments near Calgary, of Cretaceous age. Hence only the
remaining 4,500 feet can be attribuied to elevation by folding, the
balance being due to subsequent vertical uplift.

Extending this principle to include the Selkirk Range to the west,
the following date may be tabulated:

Yean alewtion of Cretaceous peneplain A
of SelRirk Bang® « « « o« o o o = + & 6,000 feet

lean summit elevation of Rocky Mountains 8,000 feet

Elewmtion of Rocky lountains, due to
ﬂﬂiﬂ&l'ﬂplifﬁ.qof‘ o & ®» ¢ 3 = 9 3’m0fwt

Elewation of Great Plains at Wimnipeg
{vertical uplift onlyle « ¢ o » . . « 800 feet

I1f ikere nolats be plotted to scale with proportionate horigzontal
distances, it will be found that the points representing 6,000 feet
elevation of the Selkfrk, 3,500 feet elewation in the Rockies, and
800 fesat elentilon at Winnipeg, lie very nearly on a straight line,
this line having an eastward slope. |

Disregarding the effects of subsequent erosion, this suggests
that tillting of the ea#th's crust haa taken place on a vast scale,
the "hinge" about which this tilting took place lying alomg a line
somewhat to the west of Winnipeg, possibly nearer Regina, and the
point of maximm uplift being in the vicinity of the Selkirk Bange.

West of the Selkirks the Post-Cretaceous surface slopes off
towards the west and north-west; as the. Interior Plateau is reached,

indicating that some regiomal tilting of the old Cretaceous land
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surface hag taken place from the Selkirk Range toward the west.
This feature again supports the h,ypothésia that the line of maxirmm
elevation of Post-Cretaceous folding is coincident with the axis of
the Selkirk Range. |

1t ahmxld be noted here, however, that a great part of the
difference of elewatlon between the Cretaceous rocks at Galgary and
those at Winnipeg is due to‘erosiom Hamrtholeaa; there is little
doubt that at least part of this difference of elewation is also
due to Post-Cretaceous £ilting. In the Interior Plateaus and the
western flank of the Selkirk Range, the persistance of outerops of
the Lower Tertiary sediments and volcanic flows indicates that
subsequent erosion cannot alone have been responsible for the general
westerly siope of the Cretaceous peneplain.

Assuming then, that the evidence submitted above is correct, it
would appear that a long gentle flexure of the earth's crust has
taken place during Post-Cretacecus times, this flexure extending
from a point west of Ckarmagan laske, to & point west of Winnipeg.

The line of maxismum elewation, and therefore of mxim tension,
appears to be coincident with the present Selkirk Range. This might
furnish an explamtion for the comparative localisetion of the north~
west and south-east trending batholithe of Focene Valhalla granite,
and Miocene pulaskite, which ave seidsntly sntered s relabively
narrow gone of crustal weakness.
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CHAPTER V1.

SUFKEARY AND CONCLU SIOH»:-

The following resultas have been obfained from the investigations

desserived in this paper:—~

{1} A description has been given of the essential details of
all the important rock formmtions occurring within the area. The
descriptions, particularly of those of the sedimentary rocks, have
besn nacessarily very brief, due 4o the large number to be deseribed.
It ta believed, howaver, that the more important faets of each have
been brought out. It 1e hoped that this work will be of scme
matsrial walue in presenting, for the first time, in a single paper
s genaral conception of all the importsnt rock types to ba found

within the reglon.

{2] A map and section has been canstrucied on & scals of 7.82
‘uuel to the inch. It is a compilation of & number of individual
maps and dsscriptions of portions of the region, the information
being drawn chiefly from the publ&gstima of the Ceological Survey

of Canade.

{3} A general correlatien tabls has been prepa.rad, based upon
the results of the nomerocus gaalqgia’ha who have worked within the

ares dealt with in this paper. Several new correlatione have beem

made dspending upon the probable relationships apparent from &




109
consideration of the area as a whols.

(4) The geological history of the area haa been cutlined, and
the more important events have been described in same detail. For
the preparation of this history the writer has awailed himself of the
date given in those publications dealing not only with the area itself,
but also of those dealing with the wider and more genersl considera-
tion of the Cordillera as e whole.

(6} Several important features of the batholiths hme‘ been
Mﬁ. and the following conclusions have Leen reached: |
| (%) The meidods of lutruston by whish the bethelithic naes
has reached its present position within the earth's cruast are be-
lieved 0 be three~fold, namely, by stoping and abyssal assimilation;
by marginal assirdlation; and by dlsplacement of the intruded rocks.

aly, in his recent work on "Igneous Rocks and their Origin“l
sonsiders thet all batholiths are entirely cross-cutting in their
relationship to the intruded rocks. The evidence within the Weet
Kooteray batholithic area, however, points very strongly to a most
decided displacement of the wall and roof rocks resulting from megma-—
tic pressure. This is indicated by the mesnner in which the regional
strike of the sedimentary rocks closely parallels the contacts of the
batholith,

The smaller bodies, suech a8 stocks, on the other hand, are

l. Daly, R.A. "Igneous Rocks and their Origin", 1914,
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distinctly cross-cutting. It is the writer's belief that in order
to displace the sedimentary rocks from their normal sttitude, the
intrusive body must be batholithic in rank, and further, that batho-
1liths, during the early stages of adwance, are nearly entirely cross-
cutting.

This becomes more evident when it is remembered that the
stocks of the Kootenay district are really batholithic cupolas, the
forerunner of the main datholith, and that they do not yresent a
suffictently large surface to have any appreciedle thrusting effect
fpon the ﬁtmamekn. Their action may be likened to tiat of a
glant punch, the batholith to that of a wedge.

in alternative explamation may bde that the advancing cupolas
entered the original and perhaps comparatively narrow mene of weak-
ness, vhere assimilation and stoping of the crust was adble to keep
pace with magmatic advance. later, as the main batholith followed,
it is possidle th;t its margine extendsd deyond the original zone of
weakness, and consequently megmatic advance by stoping and assimila-
tion was retarded, dus to the lezs fractured mture of the sirata.
Incrensing pressure would then be duilt up to bear upon the wall rocks,
sufficient to result in the deformation of the bedding planes to a
position approaching parsllelism to the syrface of intrusion.

The #bova considerstions are, however, entirely theoreticel, and
are merely put forward as & poasidble solutlon to the problem.

(b) It has been pointed out that the West Xootemay batho-
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liths have, in common with similar intrusives elsewhere, a basic
pre~-tatholithic phase followed by an acid and basic post-batholithic
phase. Several instances were giwven, the most typical example being
that of ths Jurasside datholithic cycle.

‘ (e} Prom a consideration of the structure extending from
the Interior rlatesus %o the eastern border of the Creat lains, the
eonclusion has been drawn that the Selkirk Range owes practically its
entire slemtion to vertical uwplift folloving Cretaceous peneplanation.

The axis of uplift and therofore of flexure §s conoeived to be
coindident with the axis of the Selkirk Range, and 1is position is
Shought to explain the looalisntion of the Wiballa granite datho-
1iths in this comparatively narrow sonme slong the Cordllleran trend.




