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the section. The Cambrian sediments forming the highest
summits of the Selkirks, and the Cambrian-Ordovician beds
fi :iiig the Rocky Mountain trench, are outliers of the great
group of Palaeozoic strata which largely composes the Rocky
mountains. That geological province is now being energetically
studied by Dr. J. A. Allan and Dr. C. D. Walcott. who follow
the pioneers in this field, Mr. R. G. McConnell and Dr. G M
Dawson. The Cenozoic, Mesozoic, and younger Paleozoic
formations at and cast of Kamloops represent the eastern part of
a totally different comple.v which has recently been attacked
by Dr. C. W. Dr>sdale, Mr. B. Rose, Mr. C. Camsell, and the
writer, all having the advantage of Dawson's published account
of his reconnaissance of south-central British Columbia

The broad intermediate band of Pre-Cambrian rocks was
a so covered by Dawson and McEvoj- in their laborious ex-
plorations. Since Dawson published their joint results on the
country west of Revelstoke, twenty years ago, no geologist
has carried on serious work in the railway belt between Golden
and Kamloops. Until quite recently this stretch had beenwho ly tra^-er.sed by no other geologist except Dawson, and prac-
tically no other name appears in the bibliography of a section
twice as long as the average cross-section of the European Alps
In many essential points the present writer has come to the same
conclusions as Dawson. In others the agreement is only partial
while a few important conclusions of this second reconnaissance
dififer completeK from those of Dawson. These divergences
are chiefly due to the writer's access to many new facts dis-
covered, since Dawson's death, in the railway belt itself and in
the detailed survey along the International Boundary, where the
same great Cordilleran zones are crossed. Such differences
of view have had but little effect on the writer's increasingly
high admiration of Dawson's intense spirit, which carried him
:n spite of enormc as physical difficulties, through one of the long-
est and most arduous explorations on record. It is safe to say
that his general statement of British Columbia geology will
stand as essentially true; his details could not all be correct
In occasionally emphasizing differences of interpretation onemust not forget that Dawson's task was to outline the general
geology of an area as large as Germany and France combined



A Geological Reconnaissance between
Golden and Kamloops, B.C., along
the Canadian Pacific Railway.

CHAPTER I.

GENERAL TOPOGRAPHY

system (Man No 1458) Th.K • Ti . .
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the northeast. In a sense, this "Beavermouth block" is really
part of the Dogtooth range, from which it has become separatedby a late-Glacial or post-Glacial diversion of the Columbia
from the main axis of the Rocky Mountain trench. South ofDonald the width of the trench, measured from crest to crest
ot the boundmg mountains, is about 8 miles. Northwest-
ward from Donald it preserves its trend as a great trough 5
miles m width, now drained southeastwardly bv Blarkwater
creek. The "Beavermouth block" thus cut off between the river
and the principal trough is stratigraphically and structurally a
continuation of the Purcell Mountain system. According to an
alternative view, the "Beavermouth block" might be considered
as .mass isolated in the Rocky Mountain trench, which thus
includes both the wide trough at Blackwater creek and the local
canyon-Iike part of the Columbia valley to the southwest of
the Beavermouth block." Probably the latter conception
offers the fewest complications in a treatment of the local topog-
raphy in terms of a systematic scheme for the whole Cordillera
bo far as known to the writer, the Columbia has been diverted
from the main a.xis of the trench at no other point in its course
between the Columbia-K otenay divide and the Big Bend, where
the river finally leaves the trench.

Scenically this tr»nch is very impressive. Approaching itby railway from either side, the observer has followed a tortuousway through closely set mountains, f.-,mous for their ruggedne.ss.

h .'t
suddenly emerges from the Kicking Horse canyonand finds himself in a wide trough stretching northwest and south-

east, as far as the eye can reach. Its real majesty becomes
apparent when he reflects that the eye takes in only a minute
section of a feature which extend= nearly a thousand miles,from Montana to Yukon, a uista. ce greater than the whole
length of British Columbia. From the Columbia river, hereabout 2,550 feet above the sea, the slopes ascend on either side
over strong benches of gravel and glacial drift to the cliffy
scarps of mountains ranging from 7,000 to 9,000 feet in height

IC u ,'J *°P"g^^Phic relief is thus considerable, but
the Rocky Mountain trench cannot be appreciated at its true
orographic value unless its unique length is kept in mind. As

w

^i^^-



considered a, ^g^ .ff
"""" "'°""""" ''«''" "» origin i,

The northern end of the Purcfll M/^„.,* •

at .he junction „, ,h. BeavcJ and cltb 3 H^rTn
'•'

'T'

(Plates XLIV and 111' "'"^'' '° '"" ""'' *»'

fonnd'^a s,7:re„°?r,t
''"

'h °l
"'" '""">' "'"^> "" !«

east o, Bearrr,r r^t ""i:^*''-!*"-""'"'™to common, thout-h hv n^
'^"''"^k system. This is contrary"". mougn Dy no means un versal iis-.o^« „ u- i •

not tounded on t sv=t^,„o»-
"" versai, usage, which is

graphic subdi:L^n,TunrL^TsXt"f,7'"^'f °^ ^^"^

of I860. The map indicates th'SeTkir^MouL"^'
"'^

Jong, unbroken ridge exten^'m^ .^r^ u
^°""^^'"s" as a

be occupied by the deep'a lev of

T

'•" "°" '^"°^" *°

existence of this maior trn. ^^
^''''^'' "''"

^" ^^60 the

"Selkirk Mountain- thorf
^^' ""^-Pected and Palliser'.

the northernC of the r', °'k'"''^'"^
"" ^''^ ^P^'^^ ^^t^""

about haif the7ac1uS^Jd1r'?he^^Dj„ir"^^ ^ °^ °"'^

map far out of it, Drontr lll,j j T " "Pf*"' <>" «W»

worthy that the SeS; ,r f t"'
'''"^""*' """< " « ""t'-

D.ac^^
Koot-en^ll-'^e-Ou-rrrr^arSirrrtn

fh« »;t^^n,:J^st?re^f£^;:"g;rd^^ r-'
--

line of nrim.-r nmr^ror^u- . j
"^garded as a necessaryui prim, r orographic subdiv sba (Plates IV tr. ^/IT^

"sSe^rys.;^ Iter f"-"-"'™
•" ^-" .-';,

system. A careSi studv 'f S ,?
"'°''""''" '"" *'- P"""

the SelluVk MounSl •"
u'
™'»' ">« '"«=« showing

littie vioiettXfe pio^Xw 'Lt.r
'"""'°" "''

eastern limit for the ran^P iT
statement as to a natural

published h s le mr th«/
""'' "°'

"f ''''' "'^'" ^^'^^'^^u nis nne map, that a cartographer could be convinced

tJM:^-^^k^^m:fM



of the necessity of recognizinvj a great system east of Beavernver as distinct from the Si kirk system. The reasons forgivmg the name "Purcell range or system" to that mountaingroup are given in Memoir No. 38 and need not be repeated
The Purcell trench is not much over 200 miles in length.At the International Boundary and for scores of miles northward

It IS almost as impressive in depth and width as the RockyMountam trench. In the portion drained by Beaver river,
he Purcell trench is only from 3 to S miles broad, measured
from crest to crest of its mountain walls, and its floor is corre-
spondmgly narrow. The general form is that of a fiord-like
heav,ly glaciated valley (Plate IV). Opposite the hanging
vallcT of Bear creek the trench flcxjr is 3.000 feet above seal
the Prame h.lls range from 7,000 feet to 8,000 feet or more in
height (Plate V). and the opposing Selkirk peaks are of various
heights, culminating at .0,808 feet in Mount Sir Donald

The strength of relief in the Seikirks at the railway belt
IS further given by the altitude of the Columbia river at Revel-
stokc which IS approximately 1.450 feet above sea-level For
details concerning the topography of these splendid mountains
the reader is referred to Wheeler's excellent map and its accom-
panying tex" (Plate VIII).

Within the railway zone covered during the reconnaissance,
the highest peak of the Columbia range is Mount Begbie.

Sdkfrkf .

'" '"" ^''''^' ^^^- '^'^""^'^ "°^ ^° high as theSelk rks. this range is one of the roughest in the Cordillera.
North of the .Arrow lakes no part of it has ever been properlymapped and a chief reason is the truly great difficulty of travel
in most of the range. Much more forbidding than the general

pecially of the overwhelming thickets that have grown up in
fire-swept areas.

*^

The Selkirk valley (Plate X). sharply delimits the Colum-
bia range on its eastern side, except at the north, wh re it isobliquely truncated by the Rocky Mountain Tench. Thewestern hmit cannot be closely fixed since the range merges

1905.'tv^is^''''''"'
'"'' ^"''' ""'"''^ D^P^rtment of the Interior. Ottawa.

..•---^ i»



Sicamous. At the e«r/ml u
'"^'"''^ '" ^^^ vicinity of

best considerJ^ as ,:rlTtinratT' '"' ""^'^ •" P-blbly
by the headwat^rs of the Ch Th

'""''"' ^""^^ '^'^"P'^'d

Dawson anH , .

Thompson river.

"Interir^LS ToT'the'Cdr'^^'^^^ "^^ ^^^ --
and Coast ranges. The pret^t Jrlf

"
^Z*''"

'''' ^^'"•"bia
form "plateaus •• The relri, oh T^"" '^ "^*^ ^''^ P'"^al
present form and torLra' hi ^''•'°" '' ""' ^ P'^'^^" '" ^^s

there is no certaint^ ^J^^^^^^^^^
«he other hand,

sected. Large areas of its ore pTL d^
^''" ""'^' "'"^^ d^s-

rocks were clearly basLlevelTe^ a^"'
^''^'''''' ^"^ '^^^-'C

PenepLin now form^S nkt^ To?"'' °^ ^''^ ^^«"'ting

Other large areas underb 'y^Zf^T ""'
T'

^^'^
plateau elements separated hv .. ^ "''' """'^^'y ^o""
In many places theselavas lie n. T^^'^'''"'^y

Voung valleys,

have everywhere «uff rre^bnt ^ '^"''' '°"^°"^^'- ^h^y
that these plateau facetTir^Zt" o'"the"

''' ''"^ '' " P^^'
which still remains in the ar'as of tmn'^r^^'"'"'"' P""^P'^'"
ranes. Throughout most or ^ 1 o 1""^^ T"/""^''^

*^^-

Eocene times this Cordilleran belt L k
' ^'«'*^'^eous, and

duction to the peneohin r T ^'"« denuded, and re-

ocally, by the l^gSg oMhe 01
' '^ ''' '''''''' ^ '-^

lava floods of the belt were 1
^ 'S'^'^"<^. when the principal

that the succeedingt n7haXn Z ""'" "^^ -" ^-^t
Peneplanaticn of the new volc^nTc '""^•^"°"f^

'"• ^ general

complexes in the belt V,^^"^ '^'^''ef and the older rock
plateau implies Ire or leL deS^ T '^'^ '' '""^ '^'^^or
unit; more concretely that it

'' *>' '' '' " Physiographic
view of many unsolved problem llT''' P?"^^'-"- '-
of a distinction b-^tween con.^ ;• ', ? '^''^'"P'^- the fixing

cycle plateaus in th s r
"
on tta

"•°"' ''"' ^'^^^^"^ ^"d tj
has not been justified b;-^2;''t,;™P'':.^.-"^-Ption of the belt
ous as it is alluring

^'^ ^""Photy may be as danger-

The individual plateaus vary in altitude, as here illustrated:

'-' -^rJ-JLiVL,,,, ;3f5



f. T,. L .
Approximate elevation in feet.urecn Timber plateau 3 goO

Bonaparte plateau 4 qqq
Arrowstone hills

; ; . ; ; 5 .'ooo-s ,500
I orcupine plateau 4 800
Kulcwaus plateau 4 500
Red plateau

4 000
-Hmbered hills

^ ^ : ! : ! ! : ! ! ! 5;000-5,500
Little T.moered h.lls 4,500-5,000
Douglas plateau 3,500- -4,500Adams plateau 6 000

bv th?^ TT^. °^
*u'

''"'^ '" '^"^ ^'* '« ^"^^her indicatedby the water levels in the chief drainage system:

Shuswap lake
^"[

''^-'^--;«J^J«^/>-«>^^
Kamloops lake

1 120
Thompson river at Ashcroft 900

-fc.-* _.; i.i.'jiSsXvi.ii



CHAPTER II.

GEOLOGY: INTRODUCTOrV REMARKS.

GENERAL STHATIGRAPHtC COLUMN.

fhey are listed in the followine tabirl^ k I
^^ P'e.stocene.

of several long breaks n thV st ati*th °"' ''' '^^^^^"'^^

roclB clearly refer ble to the Orl ^^
e*i

'"«^»ion- No
Lower Carboniferous Mitssfpp "^r P

" """' ^^"°"^"'
Eocene. Miocene, or P: oc^e hTvl^'

^'""'^"' ^^^^taceous.

be considered. The rerion ^ ? '" ^°""^ '" t''^ ^^^^ to
study of Cambrian .nrr ^cL bl?

>'"" '^^°""''^ *° ^''^

Portant for the student of thrptclbrL"'""''"""^
'"'•

System

Recent and
Pleistocene

TABLE OF FORMATIONS.

Formation

Fluviatile. lacustrine, glacial
*^" •" ^'^

Oligocene

Triassic (and

Jurassic?)

Unconformity

Kanxloops group (volcanics and
interbHded sediments)

Unconformity

Nicola series:

(1,000 feet)

Massive basic volcanics (4,000+
feet)

Ba«l conglomerate and breccia
(300 feet)

1,500+

1,500

5,300

m t >K^..' ^:\jmnBnrmsm u> .2^7 ^'siv.^ m ^ysasBT.viLsmrc-A'r^azjtAih



Carbonifernut

(Penniylvanian)

Lower Caml

B«itian

Pre-Beltian (SIius-

wap terrane)

13,700

8

Vntonformity

Cache Creek vcrica:

Limertone, quartiite, argilliie,

and lome volcanic ath (7,700
feet)

Quartiite* with lava flows and
ath-bcdt (3,000 feet)

Cherty quartzite, niliceout ar-
gillite, and greywacke (2,500
feet)

Bas. 'tic ash-beda (500 feet)

Base conetakd (probabie uncon-
formiiy ufilh Skun/ap terrant)
Sir Donald quartiitc 5,000+
Rom quartzite (upper part) 2,750
Rom quartzite (lower part) 2,500
Nakimu limestones 350
Cougar formation (quartzite with

mctargillitic beds) 10,800
Laurie formation (metargillite,

limestone, quartzite) 15 oqq
Illecillewaet quartzite 1,500
Moose metargillite 2^150
Limestone (marble) \-jq
Basal quartzite

jKO

Erosion unconformity with Shuswap
terrane

fntrusive granitr<i

Shu A-ap series:

Adams I )kc volcanics 10,000+
Tshinakiii limesione-mctargillite.

. 3,900
Bastion schi fs (phyllites, etc.).. 5,000
Sicamous linustore 3 200
Salmon Arm mici schists 1 800
Chase quartzite 3 000
Tonkawatia paragn. i-ss ( ?) j ,500+
Base concealtd

^*'*^

Grand total of t"^ -ckness
89 400

40,500

\-^^^ssm\



MAJOR GE01.0GICAI. PROVINCES.

The o.lrrK:it^r:;%:r""^ '-"- -^^ ^"^ p--
a broaci middle U.It in the area mf^f. :'""""• ''^'"'^ '<>""«

treated. Resting ui^Ln it on tJl
^'^ This will be fim

bejided rocks befon,^; /^ ^Te B .tit
,'"^Tr '"'»" "^

ably overlyinK Cambrian system Th2 r
""^ ''''^ ™"f°^'"-

practicalJy the whole ofTT ^^^ '^^'"^tions constitute

-t of Albert Canyl;^^,^ j/,"^';'' -^ ^'^'^^ --ntain.
part of this report. A th rd n.rr^^ " °^^"P'*^ « "^^^nd
younger complex of formations ran "

""""'""^ '^'''' ^ '""'^h
boniferou, to the mid-Sa^ L f"^."^

'" "^'^ ^^""^ '^' ^^'^
of Interior Plateaus wes 'of .he Sh°'°'"""^

""'^ '" ''^' »-''
these three ReoIogicklTrovinc^ in

"7'^^'"" ^^^"-"^
only in the chronologi^i oX but I ./'"'"""""' '^ "°t
geographicV sense. ' "' " "'*» ^^*^'y "niple in a

(;.??-.,^
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CHAPTER III.

THE SHUSWAP TERRANE.

GENERAL DESCRIPTION.

Perhaps nowhere else in the Cordillera is there so complete
a section of the formations antedating the Olenellus zone.
Because of its strong topographic relief, this mountainous land
gives the geologist a certain advantage over his colleague who

of r/ p"V" *l!'
"°™P^'-^t'^'=ly fl^t country so characteristic

Furl
P'-%C^^™bnan areas in eastern Canada and northwestern

turope. The geologist in British Columbia can often follow
important contacts through vertical distances measurable inthousands of feet; he can observe in three dimensions (PlateXIII). Thus, great rock diversity, large area, enormous thick-
nesses, mtnnsic importance, and the conditions of exposuremake ,t necessary to lay special stress on the pre-Olenellus for-
mations. These are divisible into two groups, here called theShuswap terrane, and the Beltian system.

The exposed basement rocks of British Columbia weregrouped by Dawson under the name "Shuswap series "
takenfrom that of the lake which has long borne the can"; of th^Shuswap Indians Map 143, A). In the legend of his 1898map Dawson described the complex as follows

:

"This series, where typically developed, consists of
greyish gneisses, occasionally homblendic or garnetiferous
glittering m.ca-schists, with beds of crystalline limestonesand quartzite. The gneisses, when in association withthe last-mentioned beds, are often highly calcareous or
siliceous and generally rusty on weathering, and graphite
IS often present in these gneisses as well as in the quartziteand limestones. The rocks described undoubtedly repre-sent parts oi a bedded series, but are associated with a muchgreater mass of mica-schists, gneisses and granitoid gneisses
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appears to show that they are a.Tjt ' ^'"""'"'

o. a ,„„he, alteration ofThc're tdde" ^,'''0^,:"

£ed'^."i„'tXr.Thih" '^" -"-"'^^

-

the map ^^facraUv „t V" "'" '"»Pa«We on
are notil on the San LT'^ r'"""' »' """=«''"=

wiation or b^dd^ *,»:: this h^r' t""""
•"

with approximate a^uracy Elsewher? 1™ """"'
-cia,ed .ra- . roc^ arl naS^SaS h^^^n^l

entire complex n,LZZ . t,."^" "«* "> i"elude this

be more. apZpTaTe,/ SSS^tothe '"'"t
'' ""«'"

O^ebec, the Lltc^^rdinT'.: the ttnTTth
"'

resion.".
Fundamental Gneiss' of the same

.he ^^^Z^lZ^St: '""
f
*""

the name "Shnswap series," whi* cxcWe" .h, 1
"1" " ""'''"

gyanite,, pegmatites, and orthogli"" ThJ tl"'''
'"'"»"'

of sedimentary, yolcanir =„^ . f "^ ""'"''' as»mblage

venience. caiiS ^ht "sLswaprrr:.."^ '' "" '" »""

ShuswaZ'rie'l"ctdrr '/
'"'""= "-incingly clear that the

-,A narnttrm^r- :;Zl™r,-^^^^^^^
'G. M. Dawson. Bull. Geol. Soc. America. VoU 12. 1901. p. 63.
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nmestone with the associated rocks, and the Adams Lake series

a^so p7e BeTJL '
''"' ^"'^ ^^^ "°^ ^"'y Pre-Cambrian but

The Shuswap terrane thus comprises a gigantic group ofrocks, here hsted in tabular form, from youngest to oldest

Formation ...
, , . ,Approximate thtck-

r- , "ess in feet.

., .
Lncnnformuy with Beltian System

Intrusive Batholi.hs, laccoliths, sills, dykes,
and chonoliths of granite, aplite,
and pegmatite, generally meta-
mor[>!iose<i

Shuswap series Adams Lake basic volcanics (with'
contemporaneous basic intrusives) 10,000+Tshinakin limestone-metargillite.

. 3 900
Bastion schists (phyllites, etc.) .... 5 '000
Sicamous limestone (representative

of Dawson's "Nisconlith" series) 3,200
salmon Arm mica schists 1 'gQQ
Chase quartzite 3 'qqq
Tonkawatia paragneiss (?)....... 1 [500^.

Base concealed

28,400

It needs no emphasis that the foregoing table gives merelv

wap senes A rigorous description of the stratigraphy is still.mposstble m th,s difficult terrane, which has much of the comPlextty usually found in the Pre-Cambrian areas The suTcesston of the bedded formations has been deduced from widely

latLts Z r '"'
'I

'"^ °" P"-'y HthologTcaT cor^relations. According to the actual experience of twn fi«w
seasons the Sicamous limestone is the be^ho izonlarker and

H3 A). That the Tshinakin formation overlies ,b. B„.
.ch,s,s is hy no means as clear. The only M secL o7"h^



The Adams Lake volcanirs nf fi,->»
overlie the upper Tshinakin lim tone andZT ""^r^^^^'^'of overturning. At Shuswan vil. ^ ,.. " "° '"dication

lies a thick mass of m caSs "tl h ^'k"
^""^^^'^^ ""^-

the Salmon Arm formation on ^ ^^f ^'" '^^'-^eiated with

Tonkawatia formaZt ds a .'iUt "'^"' '^^'^' ^"^ ^'^^

the writer is correct in e^^^^^^^^
^'"^^ '" ^he series, if

summit of the Columbia ran' " T""^"
quartzi es at the

subject to uncerta ^tv Thnl T' ^'' ^^^'^^^'^ ^/so

Tshinakin formadons are ?,°X T""
'" .''^ ^'^^"^^^ -^

assigned to the Bast on Lfst^mlr'^''^-
'^^^ '^^'^^

maximum. Dawson ^tim^trH.r^.]''
'°^ ^''"^t *^^^" for a

25,000 feet thick "the Adams Jk'
""' "^^'^ ""'^"'^ ^

rocks there measured mavTell^
''"'°"-

•

^'"""^ ^''^ ^'^^'^

for the present it ilifr./ ^ T^'^"* '"*™«'^« s'"s and.

TONKAWATLA FORMATION.

crystalline schists crops out on thT tu I
^'°"P °^ ^^^^^

These rocks are among the ddeJin"^ ct V"' '^'^'y-

have been tentatively placedlftl bait o^^'Ts'."
'''''' ^"^

as exposed in the railway section
Shuswap series

both^el^lcttylarS: '"' "«'

"r'^
homogeneous. In

.neisses. In grer;rrt^ e:TrfdalkTrd" ""' ^'*'°-

.-n.sh grey, strongly micaceous. anfvilrfXafhir S
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well as quarteose Such dominant, gneissic beds, ranging froma few mches to a hundred feet or more in thickness are gene allvseparated by thin, still more micaceous beds or by th!^Tentsof metamorphosed limestone. The limestone layers arelZTw

a lew mches. In and near the railway cuttings the limestonebeds are characteristically interrupted so that each now formsa number of thin lenses an.nged in the plane of beSdL Inspite of th.s effect of metamorphism. the ^rbonate rock cannotbe regarded as merely of the nature of a vein formation itla true calcareous sediment.
"luon, it is

that?4e ^^Z^^IZ
°^ ?' '''""''""^ ^'^^ ^"^g^^^^d in the field

m..U
^fsocmted schists are paragneisses rather than themetamorphic equivalents of igneous intrusives. On the wholethat conclusion seems to be supported by microscopic rtudythough the thm sections have not yielded absolute proof The

laS .T'*''r"*^
'" ^"^^^' ^•"*^^<^' P'agioclase'caveragTngabradonte), and subordinate orthoclase or microcline In onfthin section a diopsidic mineral is abundant. Garnels calcheand tremolite are common accessories. The feldsDarV^Vrf i!'

.ng.ypoi^.iliticand,liketheotheressentia?:hlwsT^^^^^^^
ena The mineralogy and structure of the rocK are aoDro

Z^Z^:'^''-'''''
calcareo-argillaceous rock, e^, ''ZZ

The limestone beds are pale grev to whit^ in ^ i

medium-grained. They too are stS^ chafed "^i^^^^^^^^^^^^
biotite. and diopsidic grains. Musco^e tSc and .M^'are locally developed in large quantit" knd i, ^t secdonitanite ,s seen to be surprisingly abundant. The cartnate blseeffervesces freely and seems to be quite low in magnesb WithLhe beds the silicates tend to be more or lessTegregated i^ subayers which project on the weathered surface. These le Par'allel to the general bedding of the formation

^

For more than a mile this Tonkawatla formation is con-

l^om^to 30
,
with an average of about 18°. At the 3-rnile

Analy?;No."l5!r59r''
""'"'""'^ '" Ge.tei„..ehre. 3d edition, ,910.



IS

occasional thin beds of .rev n "J ' '? ''"'' '^^"^^^^ ^'^^^

.hick m4.X Smon""';^ " '"'" "'"" """" ^

paced i„ thf^lt'SafSi:r"'°" "" "" '""

CHASE FORMATION.

accessories. The dissemir itpH /tv "^^^^^'^^ ^"-e common

commonly aggreg^edtl^
-tamorphic origin. They are

of the formafion I in rrr'^ '^ °''"""' ''^^'"^

is a noteworthy constiLnt ^^f
^"^^'^ ^^^^^ '^^ ^itanite

!^!:^ch.L.inS-.^r:^-:^-^

^^J Fron, Revelstoke to Kamloops the mi.e-.o.t numbers begin at Revel-

'V, ,, _
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about 02 mm. One specimen which is rather poor in silicateswas^.t.mated to be 85 per cent quartz and 10 perTnt Z:ZZ7.From he general abundance of diopside and tremolite. it isprobable that the original carbonate material was st onglymagnes,an At some horizons it f.rmed distinct, thin beSsnow largely composed of silicates. On weathering, these de:

s'trikinTv"'
'''^ ""'^'"^ "''^^^' ^Pf—- -' ^'; otherJistnkmgly massive quartzito is so characteristic that it was uaedas a means of preliminary correlation.

fn.,n,?^^''.r^
the same general character and associations werefound at the southern end of Mara Arm; at the Columbia Riverbank, 4 m.Ies north of Revelstoke; and near Summittake athe d.v,de of the Columbia range, as already noted (Plate XIV)At al four ocahties the formation is rather strongly injected by

fs

"'
:Lt oaTtir'

^"'^ ^"'•^''^ -tamorphism ofVhe sediments
•s a least partly magmat.c m origin. The abundance of titanic

view o thTet "'T °' *'' '^'^ '^"^ ^''P'-^^'- - thiview ot the metarnorphic process.

SALMON ARM FORMATION.

is stiin?
'"^^^'"."•Phis"'. largely controlled by granitic heat,IS st.ll more conspicuous in all the observed exposures of theSalmon Arm schists (Map 14,3,A). Their rdation to the

Shu wIHil^ar %Tf' '^^^^ ^•'^^^ '" '"^^ 'y^ -<^tion obhuswap village The formation is there composed of coarse-

aTrn?er'i"uoL h"'^
"'"' ^ '^^^^^ ^'^'''^ ga^netiferouHrdare interrupted by occasional beds of micaceous quartzite. In

lea tT S)"f : T^'.
^'^ '"""^^•°" ""^^ -^ ^PP-^. b"t Itleast 1,500 feet of beds appear to be present. On the shoreso the Salmon Arm of Shuswap lake, the visible thickness^

with the Chase quartzite. was not identified At no othersection was the whole thickness represented
The principui rock type in the formation is a garnetiferous

coLr ThT'"'"'?
".'^^^' °^ '^'^^ '^ greenTsh^^reycolours. The micas often form parallel growths; muscovite is
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absent: t.tanUe and epidote are accessory minerals Amon^

granite body, two other rock types were observed in the format-

chist' TheT'^Hr,"""^^?
""^'^^ ^"^ ^ hornblende-qu"m

schist. The amphibole is of acicular habit
The whole assemblage of coarse, glitterinjf schi-ts is stril..nglys-milar in field habit to those forming the contact Lrede"

k^ks . H h'""'? T'^ '' ^^""^ --k!n the Ithern £kirks, and here also the intense metamorphism is best exp"a ned

intrusive granite.' Throughout the Chase-Shuswap section

^bi t aTd^^HT^errth^^ ",r'^ transcendedU^re

which hasaffetdthrenltus^p^sir"—P^'-

in,-..!" **'t'^'*'°"
°" the north shore of Salmon arm graniticnjections become quite rare as the upper contact of^his sch t

nTrSrLd aTeTr, ^r''^''''
^'' ^'^^ ^r: mu^Vfin

erSt c h^lit and t^ "'"'^ "' '"'^ P'^^"'^^^- ^he mica is of

mm 1 dtlr ''""''' ^'"'"^ ^^^ ^^"^•^"y '^^ than 0-1mm. in diameter, as contrasted with those in the therm-illvmetan^orphosed phases, with diameters reaching 2 mm Asone passes downward in the section well exposed on Bastionmountain, the phyllites gradually become ^rser in e'rwh e gran.t.c sills are seen to increase in number until nea'the

^o r'afShuswa"'"";/"'' ''fV''''''
'" ^'^^'^ ^^^^ crystallinhytnose at bhuswap village. In both sections orthoclase becomes

^t the^nf ' ''^"^^'^"^"^ ^^ ^'^^ -hists as to uggethat they have been somewhat feldspathized by the intrusive

' Cf. Memoir No. 38 of this Survey, 1912, p. 299 and PI. 27.
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SICAMOUS FORMATION.

In the uppermost hundred feet the Salmon Arm schists
become increasingly charged with Hmestone beds, thus indi-
catmg a transition to the conformably overlying Sicamous for-
mation. This member l.as three principal outcrops in the area
traversed. That at Sicamous itself probably represents the
eastern end of the band which follows the southern slope of
Bastion mountain where a complete section of the formation
IS well shown (Plate XV; Map 14.?,A). .North of Canoe point
Its average dip is about 45» to the north-northwest. At the
high bluff 9 miles to the southeast, the dip averages 25° to the
northwest. The mean calculated thickness is here 3,200 feetMuch greater thickness was calculated from the section at Blind
bay but the difference is likely to be due to fault-duplication in
the latter section. Rocks tentatively referred to this formation
crop out on the shores of Shuswap lake opposite Quartzite point
and in Dyke bay. Those outcrops apparently form a continuous
oand, but it cannot represent a complete section.

The dominant rock of the formation is an impure, schistose
limestone of characteristic bluish grey to dark grey colour.
Most of the specimens effervesce violently with dilute acid- inthem the carbonate material must be calcitic and low in mag-
nesia. It IS believed, however, that some beds are strongly
magnesian. The grain varies from fine to medium, the car-
bonate individuals seldom surpassing 3 mm. in length. Gen-
erally a few quartz and pyrite granules are accessory, but the
chief impurities are carbon and sericite (or talc ^) The char
actenstic dark colour is given by disseminated carbon dust which
appears in practically all of the limestone. The concentration
of this substance in thin layers parallel to the bedding planes is
partly responsible for the marked fissility of the rock It was
observed that where the carbonaceous matter is specially abun-
dant the rock IS notably friable in all directions, a property like-
wise characteristic of the carbonaceous limestones of the Beltian
system and clearly due to the poor cementing quality of the im-
purity^ For the rest this property is explained by a similar,
filmy development of the serictic mineral. This is often s<i

>,'/' '"^" r-'
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abundant that the rock merits the name calc-srhist Thr u
out. the formation has been recry-stalii.ed Tut i^t casert8ch.stos,ty seen to cross the bedding at an appreciable a .kIThe attitude of the Ix^dding was ^enerallv clear eitherbc-cause of or.ginal variations in the limestone it. (ctr'content etc.). or because of the common intercalatTon of tiin

citf.-quartz schists; more rarely thev are tilr Jhi-, .1
chlori^schists. At the foot <.f tL blJiloiu ^t^^:.^^east of s.camous. a lens of impure .n.f.hite. one-half inc inthickness, was found in a bedding plane

in
..^"i"P^''^*'^'';'y ^*-^^. K^^nitic sills or dykes were discover«Jn the Sicamous formation and tho.se actually seen are airo'ue

hLJ ' '""'T '"^ "''^•"''>- ^-" "">^' affected b^thetherma metamorph.sm which has .so conspicuously af^>c edhe underlying formations. Yet it is certain that the imt.stone u cut by some of the granitic injections which swaTm

01 the series. The fissil.ty of the Sicamous formation impliests easy injection and it seems probable that, for someS u

Jn'^hfsrwaTres'^^"'^
''' ^'^^^'^^ ^" ^'^'- - ^^^^^^

Bastioxn Formation.

eenerlr^'"^
'*' upper contact the Sicamous limestone becomesgenerally more charged with interbeds of phyllite. These mTrka transition into the conformably overlying Bastion formadonThough this IS one of the thickest members of the Shuswao^nes, It was nowhere found in good exposure and it! thoroueh

caTedT"; "
'"' '"'""'"^- '' -^ "^-^^ ^-- the long ridgcalled Bastion mountain, which is capped by the formadonThe lower part^^f the formation is chieflv com sed ofPhylhtes of habit like that of the Sicamous plyllTe TnJbedded with them are several beds of white to dark grey oblackish limestone, which is generally more massive than theSicamous limestone but in other characteristics vl y sfmia;In the upper part of the formation, beds of sericitic quTt fte
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and of dolomitic metargillite also interrupt the phyllitc. Atseveral horizons. ranginR from near the base upward thickones of talc schist, chlorite schist, and epidotic or oliticschists bearing quartz and chlorite were also observed \tleast some of the latter beds are to !« regarded as of igneousongm but whether they are intrusive sill, or extrusive bvaflows or tuflf beds could not Ik- determined. As in the stll!younger Adams Lake formation, the basic eruptives havc'l^enreg onal y metamorphosed with a thoroughnL never Worematchc.1 ,„ the writer's expt>rience. Neither in the outcrops n^r

Inasmuch as a large part, if not all. of these basic materialsmav rep,es.nt intrusive sills, the true thickness of the bSton

of the'stswa" ^l'^
^""^''^^^'^'^ '"^ ^^^ ^^ ^^^« "-^^

weret'^ajn oTi'h P''""'^'°"f^ ''^'"^^ ^o this formationwere mapped on the eastern shore of Shuswap lake, south ofQuartzite point (Map 143. A); in a small area east of NotchHill station; and about the southern end of Adams lake, as wellas along the outletting Adams river. In all these cases thoTxposures are poor .nd the structural obscuritv great. None of

ttemmT' T^'f'n'
^° ''''' ^^^' ^"'^^ ^^'^^^^^ ateacha tempt to define the Bastion formation in terms of the exactuccession and composition of its beds. The most favourable

nonh of :ho";"''r\"l^'
°' ''' «^-^'«-Phy is probably the areanorth of the band of Sicamous limestone in Bastion mountain.

TsHiNAKiN Formation.

hnnf^"
the Shuswap map sheet Dawson coloured, as of Car-

lake rnTlh?;th
'"°

"'"i
°' '''"^^^°"^- °- -°--^ Adamslake and he other situated near the Cinnemousun narrows ofShuswap lake. In the legend he expresses doubt asTo tWscorrelation and adds: "If correctly referred, it is probabl that

r<^
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than to the Adanfs Lak^seH^f ' ,'^''i
"'^"""''' '''^''

Phisrn ,lu.y have Xed - ""' "^ '^'^ «^^^^* ""^^'-""r-

distinctly diffon-nt habk Tr n. thT n
'"'' """'^ '''''' •-*

asMMiated with the C ,cht rVo L .

««''"H-nts regularly

.-t^i..s. and a..i„ite; ::e fo^^i eZ^Tlhe'f
^'^''"'^'"^

And, lastly, th<- h.-.|d,.d r.u-i.^ c .

'^ '''*'' sections.

'Vin. the older lime! n:^^;;;^r: '^"""''^'vinK "^"'^ "^-
nc-n,ouM.„ loealitv) are m hv im

n

r"'
''"''^ ^^^'"-

and typical orthogneisses o xa tly t
";:"

'h
^''' ^'*'^""'"'^•

"ovv f.rc.vvd to Ix^lons to a pre Be ti.n iT ^
"""' ^' '''^•

older lin,e.stone, together w th7„t . • "

'^^ ''''^''"^- ^1"^

emptying into Adan,s lake (mI^^ A)'
''""'' ''^ ^^^'•'^' ^^^

on Al!:;:riL'T:errS''^
^^""" -^ '^'^^ ^--^^^-n i-^ that

'ime failed fur a T tr^-i
;7;^,";.^P^'"^ -- -"fi-ed, hut

-liles of outcrop On hoL '''"'""^''^^"'^^ throughout its 15

^o/- conformable with Adams Lake
greenstones. ~, .

,

I Pr>t'r limestone ntckness in feet.

f'hylliiic nietargiliite. ^'^^'^

Lower limestone. 800

1,600

Base conformable with schists of the
Bastion type.

3,900

The strike here averages \ rs" W n ^ i ,-

northward; at the lake shore the J, ifdth' f',
^'^"^ '''

's somewhat more than a mile.
°^ '''*-' ^"''^^P
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Tlu- lower liniixone i» Kintrally mawivc. but at intervals
o( 20 kvt „r more is iiu.rni|.t..| l.\ m histo,.. zon.s. On the fresh
fr.uture ihe r.K k- ., true inarl.le - is ere.in.-..,l.,ure.|. yellowish
wliit.-. or l.hiish Krty. rareK pure white It weathers to a
.u(t ti.it or. where afle.i..,l l-v M.il nr moss solutions, to a
l'l«">li «rey. DiHenut s[x ,i„uns etferveste freely to .n.KJer-
ately with .l.luie ari.ls, in.licatinK variation in the maK-ncsJan
nmient; the nnk see.ns to . arry some magnesium .arhonate at
all hon.ons. Tlu' ^;rain is hn-. with ayraRe diameters ranKi.iK
from O.J.S mm. to t).25 mn.. I nlike the Sieamous limestone
this r.Hk c as little impurity. In one thin s.riion a few
quartz granules, al.out OO.S „„„. i„ diameter, were ob.erye.l
Carbonaceous material is nearly or cp.ite absent throUKhout
the formation. Micaceous impurities, so characteristic of the
Sicarnous formation, were .ein only in yery rare intercalations
ol chl..niic calc-schist an<l in the thin phyllitic beds which are
more mmurous near the upper contact of this low.r lin.estonc.
The phylhtes undoubtedly represent siliceous sediments and their
presence. toj.'ether with the other field facts, made the position
ol the original bedding in the marble quite clear. A f.w veins
Ol caltite crystals, reaching 5 cm. or moie in diameter, were
seen to cut across the stratification. These crystals are strongly
bent anl fractured, indicating deformation aftcT the yeins
were deuloped. presumably at the time when the strata were
upturned. I he metamorphism of the original beds into marble
IS, howeyer. to be credited to antecedent simple burial, in a ngion
then characterized by a steep thermal gradient (See page 4^)

C onformably overlying the lower limestone is a band of
grey phyllite, estimated to l)e 800 feet in thickness. It is cal-
careous, becoming a true calc-schist in a phase which passes
into the upper limestone. The rock is similar to that forming
interbeds in the limestone proper.

The upper limestone is essentially like the lowr one. the
only difference noted in the field being a possibly greater pro-
portion of sch.st.,se beds iiiterrupi;ng the massive marbles

The exact i^lace of the T.shinakin formation in the Shuswap
series cannot be definitely stated. Owing to bad weather and
other conditions it was impossible to make a thorough study of
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it:l;rr ,':;;;';:'
""^' ,':"" > '.»... ,„.„

""'. c. nzr ;;::,;:,'':";:,:, ^^ ;;"""" -<

with any ,.,1... r^ZL ' :.;"'"'' T '"' "•"*'' '"'" ^^•''"'•n

''"'"" v^i.h ,lu. IWn .;' *'''''''• ""'•^- '"'''•'••'•• -'rn--

,..,. n..n. as at :;;; :r;; :;:,•'
r'^^

work.
'^ '•"^"•" •'f"'- "'ii.h a.l.li.innal (u-ld

The linusumt- .KcurrinL; > ,„,|,. ..

"lousun narrows (flue wr; " -""hw.s, ..f Cinm-

pnnisionallv rof.rr« , h
" ?'""''" "'" '' ''•'^ l-^-"

Js her
i( « vcoarser vi-Ml, r

' •^"•"ii> '.u.*'. I he ^rain

cxoerinH.us haw shown ,har .h n^k t
"'".' """"'•^^'•»'

r>lasl.T. 'riu- nii.n).,-,,,,,. i,

^"* i^^xwllcnt Inne and

''XJ'..sc..l l,c..|
. whi.h ArrV. I

' 7""'^'' "^"'P' '" 'he lowest

granules.
"' '''-^'"'"'"-l 'l"ar,. ancj carbonaceous

The n •,u;e o;^:t;;:;rr"^ '; '-''-r-' - -^'^ -'"-
Pi--n.'.l hy post,;!. ,„' \ ,r"".;'"7

'' "" ''^"•-''- - ex-

14.?, A).
" ''" ^''"«" •" the .nap (Map

Adams Lakk Formation.

which i„ ,«.„ 4n-j!ZXZ,ZTD^ " "*'«!-'"
Lake aries.- His <l«cr,n,i„„ „, .i,

"'."a"""" » >"' Adams
Of the Shuswap .n:;^^^^;^:^:^- -- '" the legend

as rZ;:^' ^ir:;;;:^!i;^'7"'r'\-^'- - ^las^d

within ,he hn.its of thL n ^ ^. r'"''°"'
'''' ^•^" "^^^n

no fo.ssils, the aL as iJn "'T^'''.'
''"' ^''^^y have yielded

- age asMgned depending upon the fossiliferous
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series in the Rocky Mountains, with which sections in the
belkirk Range form an intermediate and connecting link
(Kamloops Report, p. 30 B). The Adams Lake series
consists almost entirely of altered vr.icanic materials. Where
best displayed, on Adams and Shuswap Lakes, it comprises
a great thickness of chloritic. feldspathic. sericitic, and some-
times nacreous schists, with occasional argillites. In the
lower part of the series the schists are generally grey, in
the i,p,,er usually green. The northern edge of the grey
sch.sls. crossing Adams Lake north of Skwa-am Bay
runs to the forks of Scotch Creek and reappears in the east
part ot Shuswap Lake nearly opposite Quartzite Point •

but It IS not everywhere well defined. Irregular beds of
limestone occur in the upper part o( the series, but no at-
tempt has beei> made to define these on the map The
schists have resulted from the dynamic metamorphism ofmo.e massive v.,lcanic rocks, into which they can be traced
Ihe .same rocks are seen in a partially altered condition as
schistose diabases anH schistose diabase-agglomerates.' in
tlie belt which follows Louis Creek and reaches the South
1 l.ompson. I he grey schists appear to be derived chiefly
from the agglomerates. The rocks near Adams River are
notabK- massive and show little evidence of pressure.
Between Sey.n.nir and Ane.sty Arms of Shuswap Lake,
tiie rocks assigned to this .series (not without doubt) arevery greatly altered and consist largely of micaceous, horn-
blendic and gneis.sic schists."

The recent field work has led to important changes innnerpretauon. The present writer regards as of pre-Beltian
age the who e group mapped by Daw.son wi.h the colour of the

unc-eHi ! r T r"'?:" .

'^"''"^ P"""^ "f '^ ^^'^''^h conforn,ably
uno dies the Ishinakin formation on Adams lake is here tenta-
tively considered as belonging ,o the Bastion schists. The partconformably overlying the Tshinakin limestones on Adams ake
.s separated under the name "Adams Lake formation." Athird part, outcro '

" "

where

origin and relation

:>PPHigon the shores of Shuswap lake and else-
coloured on Map 14.S, A asgreenstone schist of unccrtaii
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of Rrccn schists derived In- m,;',,^ ^ .
consists ihieHy

At several horizon te chisr \ " •
'"^'""*'^''^'^^^

li-estone and .uarlzhic
^'"^ r? ""l^

'"tercalanons of

'iicatc the position of oriLMn-.! , Vr "" ^"""'^ clearly in-

'Vparaiiei to the J,:::;:^ : l;;:^,;;'^;;^
,,;'^- oj.^^^^^^^

a.ljaceni greenstones For nu. i

'"' ^"'' "^ ^''<"

west shore of Adams lake, from ihe'TsSn
'• 1""^ ^'^^ '>'«h-

northeastvvard. these rock- T .^
"'^'"-'" ''mestone hand

--ion the strike z.::!^: :.;;'T':^;, j^;-f--
^^s

dip IS at least 45° .„ .iV
^^

'

^^'^ l''*-* averaee

southwest of the mouth nf ^^r,. -i .

*'^^*^"'
' '"' e

the southwest an „ -p ,
"71 '"', ""'' /'^' ''^ '^'^-«- t"

that <lirection ail the w^v to i e " '""''^'f
''^^^- '̂"-^ '"

;j-ive .ranite mapp^ ^M^;:-- 1't
^^ ^^ "^

represented in the axis of the syn ine n™'''''" ' "'"''^'''>'

Adams Lake series to be 25;oo'^ ^ .li^E
^'

o""'^' "^
of imperfect exposure and the relarivl h

°" ^'"""^'"^

"Kition in the long section it u.'
'^°!";'«^"^'"y of the for-

actual thi.-kness of the m^k I'l'^l'^'^'''
'° determine the

that it must be ver>- great A r^7'""^ "' '"' '^ ''^ ^^-'^i"

is asstmied.
nimimum estimate of 10,000 feet

The most striking characterisnV -,f ,i

advanced metamorphiln/ VVIe r r
*^"^""^^*^"-

'« ^^eir

miuh as 70° or 80° the sch .

" " ''"^' '"^ "^ ^>-^

The fissility is so great
,"' " '"'"^'"y ""'^y ^^'f^^t.

as one attempts to'rdera"^" "f
","" ""' -"'--ssment

shape and sii for it^d:^^;;^ ^

wli^.^^r^""^^'^was not prepared, in the field for belief in
^' ' '^"'''

morphism as is proved by the stud ' t ™'"P''"'^' '^'^^-
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'""• '?'"" ^^-"^ •- -^^^-^ ^-- absoluteproof s t
, the onK,nal structures .f the primary rocks. It isprohaI,le, lunvever. that Daw.on vva. quite correct when he r

^"1:1:^:
''•': '"-^ ^"'^'"••' ""«"• -'•- «->" -^ ^^^^^^^

cxp ae<] ,„ an uuenseiy melanu.rph....,! pile of volcanic .jectaD .soa was nun-e fortunate in hein^ able to .race son.e of tl^- .sts ,nto ci.stnn tly extrusive phase. In view of Dawson'sUKle expenence w.th ,he f„r„,a,ion, the writer belic.vs it wisesto a.lopt h,s uuerpre.ation of these baffling rocks. However|-o onhen. n:ay be „H..an.o.nhose.l injec.ions. .ills, or e^^n

..hasrof'it'V''"''-""
""'"'"«'^a">' ->' ^i-i'ar to standardphases of the Keewatm m eastern Canacia. Thev are uener illvchlonnc. Lrahte, epido.e, zoisi.e. and secondarv qua"t" inever-varymg proportions are re.^ular associates of the chlorite

c^^ilate, t.tan.te, leuco.xene. an.l j.yri.c are the normal accessories^ot a eertam trace of feldspar was observed in anv of the hin

character o, the ongmal .gneous rocks. According to n.ineral-
ORjcal consftufon the metamorphic types actuallv found ach onte-quartz schist, uraiite-chlorite-quartz schist ualite -

chlonte-epuiote-quartz schist, dolomi.ic chlorite schist and uean,ph.bohte. Zoisite generally accompanies th. pidote
Ihe prolific secondary quartz disseminated through the

h r'? ^r nV^'"'^
^""^^ "" ''''' -^- -^ the dense quartz-Ues of the Belfan and C'an,brian s>sten,s, as noted on i later^ige. The quart, granules vary in diameter fron. ,).005 mm

TlirLTlSr ""''"• --->-^e diameters aver:

Many quartz veins and lenses parallel to bedding cut the

w-rdrf "'^H
"'"'^ °' ^'^" ^^^ ^"^^•^""^^ ^i^--^' -'"'•-

Tn ,h Tf•'" ^"^"""'^^ like that of the coarse calcite veinsin the underlymg Tshinakin formation

to Jrlllol'' ''T<''""
l^t^'-bedded with green schists are light

Ibout OS ' uT
'"'""'' "'^'^ "" ''^^"•^^'^ erain dianu.ter ofabout 0-5 mm. Wherever collected they seem to be magnesian
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but never ideal dolomite. In hahii ,h,v roc JI the lo ^ . Iaceous phases of the ^iramous li„H.stone ^n ^'7 T
"""

grauK,, ,„i,, ,„,;,, „ , ^^^.^.^^
th form r,.';

"

sonated with such h^mestone simil iriv re.- II 1

'"'

of the Bastion formation \T '^' ''"«' ^' ^""-""n PHase

Bastion a..d AdanT Tf ^^'"''"'''-
^ "' K'reen .sehis.s of ,he

Such repeatj^';:; :; t^";:^:^:. '^"'r'^'^^

'"'•"''^^^'•

corroborate the structural^-^r h ^,^1^'^ T\
"

n.ation .s truly a conformal.ie part of tl e Sh, •
'' •"

Rreat sinji.arity of this fornuuir'^'u, "k^:^:';:-- /^[^
cast IS enhanced hv the disroverv - f i i

.'^'^^^)-"'" '^'"-'^^ of the

)vhhthe,imeston.^.t:::^:::^:::^:;:;;;::^-;^^^
>d.o„,orphic rhombs of dolomite.

thoroughly

Grki-:nsto\es of U.ncert.mn .Ac.i:.

Highly schistose rocks of the same general rmalitv . .Ucomposmg the Adim* I .>U„ f ,•
*>'-"*^'^'i' quality as those

t h. lilt- .^aams Lake formation rover lar^e tnrfc ;„ ^umountams surrounding the main hke-
'''''"«•' '"^'^^'^ '" the

Dawson mapped all o, rUu .u
used for the Adams Lake 1

,'
.^''^'."^'. ^°'°"'- '^^ that

that his correla.ioris entl „ ,us. Y:: th'
" '"'"' ^"^^'^'^

been able to adont if nnuV " ^'''"'^^"^ ^"t^"'" has

effects of rultinf; tTrn f' '"?'T
^"^--^^-'y complicated

of the Shu .tp'se e cc^Urbet" ?' -'''^ ^"""^^'^^ ">-"'-

lations with the Bas io^ S
^''""^'^^''^^ ^he observed re-

in general these efeen?
"""'""'^ ''"' °'''''' '"^™^^'^^-

piled up the enormous mass of the Adams Lake

J-'cS^CnJ-Lj -».'
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formation. Prolonged study „f these debatable Rroen schists

p"*L"
""""' ""''"' '"«-""'- »" ".Uan,;::^;,';"

Gree«5/o«« iVor/yi o^ Little Shuswap Lake.

From the shore of this lake northward to Adarn^ river then w wagon road crosses an apparently continues n,a;s o l^e n

injection^ The ba.ic rock .s comparatively massive but has-any sc .stose pi.ases. The planes of sch^tositv d^," m"a northwesterly direction, conforming wi.n the b'edd ng plane,ot an overlymg group of phyllites, quartzites. and schistose..W.US hmestones mapped as belonging'to th^t^
This thick mass of greenstone is conceivably of extrusive

thl rock r'"^'°
ns being intrusive. Wherever i outcropsthe rock ,s nearly umlorm in grain and it is generally masZ

been oHginally a diabase or fine-grnl' X:. t ^ e ^nTi?a felted aggregate of chlorite, quartz, and epidote.Tn whIh
tiJe and"

"'•;""'•• '"^" '^'°^'^^- ^^'-ite.' ccondary mag

Xo't^ons
'""'^" """•" ''' '^'^'y-"—ed in .Lyin'g

In conclusion, it seems probable that all, or nearly all ofth,s greenstone .s not volcanic but represents an altered injectionor senes of mject.ons, of the sill or laccolith type. A Sror.gm may be tentatively postulated for the pod like boZ'greenstone mapped about the outlet of Adams lake

Greenstones on Shuswap Lake.

lake "^fromT
°" '^^ ""'^ 1^"^ *^^' ^^' ^""'^ ^^ores of Shuswaplake, from the outlet to the narrows and beyond, are chilfly
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underlain by Rret-nstoncs. In nart th «,> m , i .t •

of .h. Ba.i..„ fonnation. Un TU^^^ ^^luL:' r"
''"''

massive and hom()L-i.n,.MM .
"xaiities they are so

This is v^nicZ^^T:::^:!^iT''''' ^" '"^-•«' -^Kin.

hn.: on u.e ,a.e ^hore o^ .:i;^';;:^r:s:t^7;j^ 'r'

points on thshorreatoHl •'''., "''""" '""""^^ ^'^ '"'^--^^

Manson ere kxV these f 1

"'",""'' """ ^''^' '-'"^•> "^

fi-ilitv is nt shown and h " t'" f"'
"'^""' '^^•'•'-""" oi

these pre-Dehian greenstones, ,he studv o^ h n "r "^f
'"

no dc.fmite results in the n,att r , c i^ t
" ^

f'^'''^
in every case, gone over to the 'L.v

""'"""
'"''•

al.ove deserihed. Thongh ure ,t r r
' '^'^''^^S^t'- as ,lu,se

thefreshestpossibiemaerL n:,., ,T ""'""' '" -^^'^"^^

primary ^ate-rial, e" pt terv ra^rn
^"

'I'"""'
"' ""'°"''^^"^

the two score of thin sect"
f^'f-^'^'a^''. was found in

Judging rather ron, he f^M-
^''''''"^ ^""" ^'^'^ S^^^n-^tones.

was an eruntive srifr-;.,- ^ ,
'" neitntr rock group

have beenTo e add h.n h'f"'1 "'^"^ °"'^'"^">- -"'^
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While- s.,,ne of ,1,. I,asic .na.s.s may rcprescn, lava Hows, it is--I.I. that a larKc proportion of then. ar. sills whirh w • emjcr.od at . iuse lou.r horizons duri,., ,!,. lon^ p.riod f vu !
<-an,sm whuh ucvclopcl tl,.. A.ian.s Lake formation Thiscon«-p„on ,s hut a workin, lupoth.^is; its Hnal t.s.ins niavvau further and sery .i.iail.d work in the lidd.

GhAXIT|.;s and OKIiUKiNKISSKS OF TlIK SlIfSWAP TlCRRANIi.

The younsost pre-Heltian rorks found in the ana traverse,]2 narusue granUes and their gneis^ic derivative. xSehose pluton.c types are not ail of ,he same a-e there is o
-i..-at,on that any of them is older than the Ad m

'
Uk f

"
manon, and U ,s cle:,r that all members of the Shuswap he i 1

the plutomcs are very great, so that they compose a large part

most „f ^^hch are too s.nall to be shown on the vale of mordmary geological nup. A h tlf-d.^.n of the more ^ en i^
M!;t:'mr\!'Tr^

'"""•"^" '- ^'"^ ^^^ " ->
o a ro:aplex of dommant granitic injections. generalK- ^hick^ separated

1^^
thin beds of nu-tamorphosed sedtnents.

'

An'atunclerla.n by th.s kind of , on,plex are shown with a spedo.H.r .n these .t is the sedimentary bands which are to,l h

m

and too .rregular to be adequately mappc-d on a small-scalereconnaissance map.
The chief mode of intrusion is tha-^ of sill or /;/ v,^, /v/

•

section (Plate XVI.). The sills are literllly'' -^^ Lfs Ws.nn lar mjecttons, while preserving concordant conta ts haveswollen to the thickness of ordinary laccoliths and, n a "w
Kccol.ths. Djkes ot Klentu-al material are numerous; «oine

Ho^^cd. On Adams lake, on Seymour arm. and along the rail-

way between Cratgellachie to Sicamous. three majt bodi sof untmuous gran.te were encountered. These are all oJbathohthtc d.mensions and may be of batholithic 0']^;.: though
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s yet ono rannor cxtIikIc tho Dossil.illtv ,1, .. n i

as >ct oni' r,

to

d

masses

Granule
^

Mass at tJ,e S.ynuu. a„,l Anesty Arms of Skus..p Lakr.

_

riiH body was stiidii.,! (.nlv alont; tl... I.L- k
•t .s known ,o o.vtT n,oa. thu. . -^

'"''' ''''"''"

from Dawson's „ru, •.
I

"''".'"<' ^^"^"e nuUs. Jurl.^inj,

probable .hat ,1 e a.-U !
i;'"'.''"'^^"^ ^'''-^''--^ views it is

miles.
'""' '"'''•' '^ •*^-''' ''"'"Irc'is of scuare

is a IneisT^:;i
• ,:;;;;":'^'''^- '^'^^, :''«'- ->•> '-Kor part of its i^i.>, oriKinally a common bot tc trraniie r,ff,.„ i

and i)enetrates them in th,. r r

-"Ijacent sediments
-T-i

nam in the Icjrm of numeroii^i kIII^. .,,„i i

i;^r':s;T:;;: -r'"'
""-^ ''^' -"^-" «t't ::;

interbedded Cs ,e' ar ? ^'^
"-^'l.^"'' paraRneisses; the

clase, nn^.rocine nd
.^^''^"«'>- .^'''^-^'tcd; diopside, ortho-

"f '''ivinc/lei^'alhntTr" "'^'. '" "^^''^^' ^^^f-^^-
"f the limest ne cvt"

' ^T^'-^'^J' The feldspathi.ation

absent. Region U ""T k
'"^

u
^^Pf'-^-"^'^ "^ver quite

secondary bit" a dv"'
"" •

'f '^^'^^'"P'-'^ ^^'^""^-t

secondarvculrtz at ho '""^Tf^'
^^P'^'"'^'- -oisite. and

Orthochse and :. 1

^''"''' °^ '^' ^'"''^^P^'- ^"^J hornblende

feld p T^e naTr ''I '
^'-^'"^'^^^ ''' '"^^ -'«'-'

constituents biotiriin h'"n'''r^
'' '''' '''''' -«-'^'

of a n.ost c ml "^y ^o Sf"''^' ^"^ ^--' ^ ^^ose
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ini.cLt:;t.Xl*" uL""''''''",',"
"' '"'"^- ""' l-^^i'^

-n S,,„„i .rm 'a , rZ'l'f."''""''''
•^' "»* '»>•.

'^"(iv .f whi'.- ,„i;„. . ,

•"^'" '-''F'^surcs of a lone

•square rnilej;: '^nlr'-H ""^ '\— -t least .

the- slightly ol.lcr hLZn,.^. "''^«"''^f'-''"'vv-hich

tlH'sc sail.- di.T r nthtes ht
"'"""' ^'>'^'""'-")-

-\- "-al.
alkalin.. fHdspars ",,„ that h'

'""'•" ^'^""'1-'- "^ more

Vft more notably the n,...n,-.f-
'"'" ^f''"^'^' ^"^

n.-croclit,e. albite In S I ;:c-rai:/';t
'" .'"-•^'-'"'-.

specially prominent and i„ ,h,
' ^"^ ^icroperthite is

-veral-inches in clar^ t
^'^,

"^''":'^''^- "^^- f-"- crystals

biotite. eyen i. th^,:;raute dZ'"cL"' 1

"
''T'^'"'

^
number, the banality of thJ o

'' '"'"^' ^''^''" K^eat

throughout the Shuswan err^'""''"'
"""'^^ '^^"-' ^ -<'"-i

has petrogenic significance " "''"°"''^- ^"^' -"-"'v

G.an,//c .Va.. a/ the Northern End of Adams Lake.

^
an a.a meas.rin^t!:^ n lel^ ZtSf^^^^^

^T'a very hasty examination, earned on wVh . n
^^''^^'' "^'^^^'y

boat during a storm, the writer has bu^
'
°^'" "^^'"^-

mass. It appeared m h
^"^ ""^'^^ concernitig the

the same t^S o"ap ,tic and n
"""• '"^'^''^ "^^^°^--- -'th

described in'the boS "fLli-^r"'^^,.------ ^^ ^^^^ ^^^
intrusiye. here cuttin'.. andh ,

°''' ^'^"'^*^ '« s^^ely

Lake g>eenston a d^Cerb:dJed^T.^"'"'';^'"^ ^'^^ ^''^-
at least 1.000 feet from e co ta "Th'^

°'
?

''^^^"^'^ °^

massiye, very toueh stroncrU .
^ ^"'^"''^ includes ay tough, strongly garnet.ferous hornfels derived from
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a basic (sedimentary?) schist, and enclosing i (,..1 fbearing pyroxeniti- uIkVI, . i

,""-'"^'"K '' ''I'd of panwt-

a huge laccolith, but no morJ th .n .
^ " ^"'"''y

relation is now possibl^
'^""'^ "' ^" '^« ^''•""""I

Graniiic Mass rn the Suanrous-Crai^ellachi,- Sectron.

famour;::^^- ^t^^-';^^;^e ^-.itV or the locally

for incomolee information
'"'^'^.'^'^^'^^ valley are responsible.

of orthogneiss. tha^^^ ^^t^.^^'^r^'' '^'""^

Craigellachie. Though nc.r II I
' '"* ""'"' ^'^' "^

tion arc clearly those^ ^il
" dK g^^^3; ^l^

^'" Tsedimentary beds whi^l, k ,

^""'""^ rocks, there are ;, few

granites rath'rt^t^ic^K^ -fT";"""
"^ "'^''^'"^ ^•-

homologous with thosTs. .

'^"^' ^"'' ^'^'^'^ «i"^.

A.ain. moret;;.^^^ ^jr::st^,t "T"^"^'^'^-compare it with the view thTV ''"'. '^^^ hypothesis and

batholith. either simpll'o; com^j't^""'"^
^^^^^^^"^ ^ --

the ^:^:;l::ri:!tr^j^r''^^r^^ ^or

undergone regional metamorph!sm Are: f
'"^ ^^ '"'^''^

most basic of all the Shuswrn •

'"''^' ^^""^ ^'"^ ^he

is usually an abundant nT-n"^ T""" '"'' ^^'^^- "-"Wende
spicuous^han^^e untrr'bioti::"^" "j^'"^ "'"^^ ^°"-

hornblende-biotite gndirand b '.e
•'

'"f
'^'"^^ '^^^

hornblendic phases qua tzm ^"""-
^" ^^'^ '""^'^

tend toward granodbr tk f^nd
"^f^^"^"^^ ^"^^ ^he rocks

All these rocks Le cut v'^
"^^ syen.tic

?) composition,

in both sill andike ft'r"?hr^'1^r'^°^^^^
the invaded gneisses.

^^e s.Us follow the schistosity of

alwajs1nt;:"beds orf' '"'"r^^-'"^
'""^ P'"^-- -ks are

crystalline ilstotan^^^
'"'^'"'^ '""^^y paragneisses.miicscone, and calcareous auart^ifo tk^ i .

somewhat like the Chase quartzite.
'^"''''"'''^- The last is
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Oranite Lacrohth ( f) at Little Shusuap Lake.

•"--tot!;;:;;;; ':.!:i:\V'T'
'"""«"'•- ^''-'- '^ '•-

'ak.-. On all si U^'}"T''''-P
«^-'-->'' '"Ttl. ..f .he

:;:::;:."r;;;;r'-;:-'^f-'--^
;v..i- or t."::ii:r;;::::t;::;;;.:;:'i --.

"<livi.lo,i ia.cliti,.
'

'
'"''• '"^' ''^' ''•-'i'-'l as a

a;.itr^;,r':rr;^;:.''t::;:;r;::i'-r'^'^^f'^^--'^^'
"f llK' C.r.hoK.Kiss which uu\

^''"'^' "^ schistusiiv

'o'-t sill of coarse^ och""'"" ^'"" '' '^' '•''^'^- ^^ -^"-

rdation.
''"''"'' «''^""'^' Porphjry has a .i„,ilar

The rock snecies nf th,. «.u i

most co,„„K.„ in ti,c Shus v-^n
'
"'T''''

'"''^^^ '''' ^'''-^^

itself ahnosl.pli.iri. un ;:{^,rrrh'-^
''''•''"^''^'^-

-^''^^KHoiss,

perthite.
unusually nch m nucroclinc and niicro-

Sill-si:i)imi.;nt Co.\ipli:x.

s<-p.-.n„c.l, mapLcd, Their c™ „H ''T"""'
"•"'" "»> '«

' Cf. R. A. Daly, Igneous Rocks and Their Origin, New Y ork, 1014, p. 74.

SCniyfC'tiscIKi Y^.,Ji;r;M^'j^?i^^*:'^,. .,*^-



i

S5

-.ii'.u.n.:;;;:;;,,:;;r ,,;',;;:'';,:;:;;:;
';";"•: -'"—.-i

This li^ na„K:s U^s ^ r"*'^\r"
""'^ ^'"'^^''^ -i'-alcnts.

form „,„.. tha,; „a,f of U.fC^^ZcuZt ""'"" ^""'''^
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"•inninfT fr„„, ft i,,^! , ,

200 similar s.Ils i ... "u^e J n n J r,' .^f ''^^ "'''"'"• ^'"'"^*«n .ount.(J in a cJufy blu/T some 2,000 feet in

and co„,„ara,ivolv iLwc Tb "" ""' '""''"'>' """•''"lie
orlhocc,-,,., iJ,„,i,„| i„ habii'viihTl,,"""'

''"",l*"*-l"..lite
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I instances so.neihat vo ;;^ .^^ri'^'"''",
«"' -'^^ '" " ^'^

'Ivkfs „f hir.titic orl'hoZL
.\''.'""^'^ al.unclant ,ills and

1 the adja«.nt I n'".^e n^if'"""^
':"^^'"^' '" '^o ..d.lin. of

•'^
aF>litc and n«>cni iiif,. T -"V""^ -i" very common m the

"".ommon ^ ',^"^''''"f ,^"!'—Vte are rather

rcnarka..,, nu.no.^r ^^h:;^;; 'l

^'

^f
-'^ ^'"^^ are

'l"art. and alkalu.e feldsp ,r w ?! ,,?••'"' '""''""' "^

«t..u-yofcompositi.,ni:i ur ,th; ' '" '"'" '""-

•I-aurentian" fades the wo.K o l "T '"'"'^'^"^ '^^

Shuswap terrane the moro r
"'''• ''' ^^'-^^"^ ''<''-^- ''" 'he

the pegmatites is v ry 'o Lrtluit'^'^'"' ,

'''^' ""^"^^ "^

colour phenonK.na are ck r • .k
"

""^^r"''
'^^^^^^

structure in ,he crystl .V ' .
," " '?""^'>- ^^'-^tadaMic

of the Beltian .ritra:!^-..; ;^ ^Jl^l Z^:;
'""

^T'^
P^''^"-

irifl.'scent, while their -,[„„ I \]Z -"nilarly blue and

much rni.;o,Ju • :,';;;: ,i^^^^-^ -;
"^'''-. i-'udin«

material of those sech-ner h ?
'"^'''""^'

'^ '''''t the

seen in ai)hie and ovvnr.rU
^•'t.ida.tic structure now

tinu..
^^*^'"'''"^' ^•^*--'

'"'^'^'V ^l-'>o[H'l in pn-n<.ltian

-ca schists and para.neisses ^^tr^l"^^: •4:;--
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been made in severil insf.L. .

'^ distinction has

the rusty f,ncZ7oT 7 "' "P^^"'^ *° ^' ^ ^"'^ ^hat

ThenearLt':j,,^Tof h ses rnTnTr "'
T^^"^^^ «"^'"-

recognized bedd.d formation J 17 "^'^'f
^^'^^ ^'"°"« ^^e

Tonkawatia paragneiss an7 n
•"" ^''" '""^'''^ ^"^

held that the X^nt's of th
'
'T'""""'

^^yP^^hesis. it is

Selkirk ranges S e frol h "''"r''"
'" '^' ^°'""'b'^ ^nd

Arm schists Ye^tZ ofT' ''
n
"' " '°" ^^ ^"^^ S^'^-

adjoin extensive bodSroffh.R 7^"^'-
r^^'" "f the complex

and may be sim^^v heJi
'^'

.^""'T
^"^ Adan.s Lake schists,

servation sho^tL wht'"r''' '^ •'""''^"^^ °^ *'^^-- «b-
Plied in the younger sku'wath?f'T 'f '" ^"^^'^ '""'^'

converted those s^dfmenrnr ,

' ™^' '"^^^'""''Phism has

^e schists as thtThrLi^S-'.hVS? ToZ^'!, "T'

Two bands of ouarLt ij ''^™>"?'' °^ ^''^ ^^'"Plex.

seem to have no equivJents „ thTTon^"
"'""'""• ^^^^^

mations. One of theJ L J^
Tonkawatia or younger for-

Clan William sta bn IT ^ ''' ''''^ ^'^^^ "^^^ of

very coarse-grained ciuartih! "' ""'^"^'^ ^""^^^ S'^^^.
biotite. More than 80 e . ?^u

"""''"^'^ orthoclase and
large, intimaJ I fnJL'kTd^^^^^^ ''iT K^^'^^'

^"-^- -
800 feet in apnarentThS^ ^ ^* ^'^^ ^^'^ ^^^V' "early

of sedimentary origin
"^°''^ probably

unquestioned. It a , lT„T i t '«'"™"la'y nature is

•:X,-
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Terrane.

which itself appear^ to be r^fT'"^^"^^-''P«^-"es.
rocks. Thesc-'^^dlLnts orti'„:t re tT^"^"^""

'"'^^ °^

terrane, now not known In exalte Ft
". " ^^^^'"^'^^

course, be fully describe,! but atT.l ,
"''^"'* ^^""°^' ^^

is to be read out of the con ti „?• f T""
"^ '^^ 'characteristics

at many horizons trs^^a'S^^ f/''"-^advanced n^etan^orphism^heeCU:^^^^ " T" "' ''''''

sandstones, though some may conceKabfvh:''';T'
'"" ""™^'

In one bed from the Bastion formTtonrh
''['^'""''^^ "^'gin-

structure of a true sandstone
"^'"1^^.'"?. ^h^' ^"t^r detected the

enlargement of th!^ 5^.^^^ I.^t't;
^^ ^'^-

T^^^^^tose conglomerate, with quartz nl
fi"e-gramed. schis-

at the lower end of Adams hkeTh T T" '" ^''^ ^'^'"^^^

sericite-quartz schists ofThe serL f%"^""^:'^"' PhyHites ar,d

feldspathic terrane. Taking a thTfT''''""°' ^ P"^^--'
necessary to believe thtt the old^ld 'T""'''

'* '"^'"^^

castic Shuswap sediments w re 1^^,T' i"" "'*1 ^"^^

of gran.tic or gneissic character Wetht
^^''' ^' '"^'*'

which is like that alreadx deduced bv^h ^T "' ' '''"^'"^'°"

Pre-Cambrian clastic rorL- 1 !u ^ "" students of the older

earliest land surface of:;th wet:; f--';;
''^ --^'- ''^^

'n each instance, was underlln h k 7 ^ ^'' '"^''"'^* ^'^ '* i^

Pathic rock. It 'is a^SS „ /^ent^Ttr^ Tt 'f'"composition of ordinary granite.
'°'^'' ^^^ ^^e

General Conclusions Regardin
Granites.

G THE Shuswap

acidif[ntusiveT '^:''"'f ""^ '^ ^^ -^e of the

would simply liVntmeTbr'""^ ^'T "^^^'^ '^^'^ -hich
n^ore femic phase of thTsh^.

'' '°'"^ ""^'y^^" ^he older.

alents) is distinctly pLta^'eTd'^r"'''
^^"' ''^^"^^^^^^^

y potassic and thus corresponds to the most
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abundant type of granite throughout the world. Just as clearlv

n Jr %trr'^'^^^ -: -- sodic. though a.::;! ichm po ash. The contrast .s shown by the very much greaterabundance of typical microperthite and of sodifcrous micSeand orthoclase m the younger, salic injections. Yet t^ereTs noreason to doubt the syngenesis of all, or nearly all. of theLtypes

a?d Mr " '"""^^ P^" ^•^^"^"y '"^^ »-titic gne'sTsand lx>th pass into aphtes and pegmatites identical with tholformmg separate dykes and siils. The latter are younger .ha^he dommant orthogneisses. but owe their origin L adcen"
S"h; ^hu^r

^'^"""^^
'r'

'""^ -^•^-^-'-c rock or magma.^a has thus been specially concentrated and, as so eenerallvhe case, .ts vehicle was the volatile matter " wea^d' o tij

c'Z:l: ttal^f
-^ '^^ ofw.despread application in Pre-

The Shuswa,, intrusives are, in other essential respects of

In it" V"^^"^'-"
habi^ The tremendous deve opn t' oapl.tes and pegmatites, the constant recurrence of the ^Jd

all characteristics of the classic l.aurentian of eastern Canada

^Ih /e^t: the^""'^^
•" Fennoscandia, etc. The con^dttion

Section in si If
^ "" °^ '"'^'"^ ^^"^ ^'-'^^ ^-^ to i'sinjection in s.ll form were special to the early Pre-Cambri-in

Metamorphism of the Shuswap Rocks.

The Shuswap terrane is essentially a very iaree miss nfKo^d crystalline schists, only partly exposed. O^Sl "S H

e^hformaL^
mined, but the exact nature of the processes by which each has

^rSr^:^r'^"f^"
^'""'^"'^ ^ -tter^7:s,is^^Ncvtrjieltss this terrane has certain elements of structure andconditions of exposure which are rarely elsewhere "o fryo:.
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able for the discussion of the metamorphic problem TK .dissection of the terrane enables the geologist tonh Tthree dimensions of snare tn -. J»
^*'°'°K'^^ *« observe in the

Cambrian shields of eastern r T "''' '""^'^''^^ '" '^^ ^^-
relatively small ami r^strorutu'^

Fennoscandia. The
British Columbia pre-Bdtian l.t'^

^"^ ^""^ ^"'''''"^ '" ^^e

1-tter here than t any ecurar^a kn'
" ''"f'

^° ^^"'-^^••

importance of dynamfcS^ ^rrt^^""?^'
^'^^ ^^'"

crystalline schists Another ^ •
,^ ^^'^ development of

the presence of numerous LT:" l''''"''^^
°' '"^^ ^^'^ -

critical localities enTb e IIT ^""'""^ **^''^'^' ^^ '"-"V
with practical certainty

""'' °"^'"^' ''^^^'"S P'anes

of crystallinescS "^ '^^"^''""^ ^^^ t''^ f°™ation

Both conditions are obvionslv m,.» ^^
Where ,™e „,,.am„o schfrrj^ti 'drsThr:"",''on a comparatively small sr^I^ c: ,

^^^^'^f^d, though only

»»'«« ™.an,„rph;rL:ShJf ifc'SI^JX"'!'
"'"

morph sm, to emnh-i-s.Vf. tu^ a
'^ ^'^"<^d thermal meta-

though no one:Snr^;t^-r::ri:in--T'

Mr./W/ metamorphism/rbluslv li;ho.1Tmr "'i^'wa^r^and heat are not actively engaged rn'^e^ tV^^mS

as in regions of strong deform:;ion T , "d fi^itTon I

^™^^'

phasizes simply one out of sev,.r .1 .
^ehnit.on also em-

crystallization, among which are . ^""T'T^ '""^^^ ^°^ ^--

activity of in;erstit a1 later Zt^Tl °' ,^^'"'^"^^"-- the

rock-mantle. In dvnar^r rl'.. f
^"''^' ""'^^'' ^ heavy

of temperature idueto/ock"^^^^^^^^^^
^^^"'^^ --^

by folding or faulting the .t-
^"^^lepression of the rock

tially wit'h respec 't; the e.lr"'"' '""''^P^' ^^"«-
that this stress is due to th! h

.^""'^ature. It is essential

bodies of sS rock H ''H
^ ^ ^"^ '" '^'"''"^ P*^«'^'°" °f '-gerock. If dynamic metamorphism" also be used
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as 'tTlnl' "f/^^^>'«*^"'-^-"
where movement is implied,

tnrJy i T^ '
^^" '"°^«">^"t Of the molecules of intenselylocahzed solutions, that expression includes all types of metamorph,sm anM becomes useless. Since yery s' rong crTstaldeformafon at one locality generally n.eans slilar distu banceor a considerable area round about, dynamic metamorphrsm

IS also commonly called regional.
'"rpnism

.H.ff°r
''"'^°''' "'" "'^ '^'"^ "regional" in order not to take

Others use ,t expressly to signify that widespread metamornhism

ITp Tsm'-^r b"^

""^^'
-"^ '"'^- ^^

'-'^- ''--'-e -morpmsm h.is been commg into its own and an mcreasint.number of field observers emphasize its real importanc N^yertheless, .t .s smgularly ignored in text-bookV and in mostmemoirs on the basement complexes.'
Its essential idea is that recrystallizing stress is develonedby bur.al and dead weight. This stress is yertTcl raS andnot tangent al with respect to the curved surflce of Th trthThe we,ghtmg may be due to sedimentation in a geosynd ne

Tn all h'reT^'^'ir"
°' ' ^°'^^"''^ '''^''^' ^ *° o-nhrus ingIn all three cases there is movement of rock matter, so tha?n a stnct sense ^he resulting metamorphism of the burSl rock

Pr^iZT- '^r.r"^.^*^^
""^•^"'^"^ °^ rock masses tprehmtnary to rccrystalhzat.on and not pari passu with it asm true dynam.c metamorphism. In the oJe case the ro^k move

r. ci:sV"tTh'^^""
°' metamorphism; in the ot^er 7^^dtrect cause. In the one case recrystallization is chiefly accomphshed after the movement of rock masses has ceased andTvcontmue dunng several major geological periods; in the oZcase recrystalhzafon is chiefly accomplished during the movemenof rock masses under tangential thrust, and seldom ^ont.^uesfor more than a fraction of a major geological period

bmce then ,t is generally agreed that the term "dynamic^l^etamorphism" .s to be arbitrarily defined and is restricted^

and he clearly anticipated the w !,e
'^ ^ ? "'*"" crystalline schists

principle. (S^l G. M. Dawsl^ BuT G^l w"f•^"''"^ "'^°«"'''°" °' "'^uawson, Bull. Geol. Soc. America, Vol. 12. 1901. p. 64.)

W.'?r x^smm.^smfmEMmmfm'' AiiT-J-
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pnjsm. Mhich IS a literal translation ot Milch', •B„i,.„.
m«am„rpl,ismu.," which he introdna,, i„ IJM ,

""»"""«»

<.Jrr t,r.i^;rrr „??h''ta.r:rr"r"
'-

K,. 1 • L 1

^'^^.a^na:. Ine most potent atrenrv

tt Itttr^' %f^'^^l
^""^'^^-^ '" ^he penetrattn of

Live^ns iTTf: th' "?
.'" ""°"^ ''^"' °'- ^^--^

which '"..hni ^ .'^''°'*' ^'^"P "^ «"*^h changes-^fwhich schillenzation- is a conspicuous exampli-t^t

yield to the pressures and thus become subjected to themovements which rpsnli- ir, a
"-Jji-i-itu lo tne

such changes, f^::)z ^^rrrLT^™'
Judd, hke Milch, emphasized the essential ml. ^f .

.n making these changes, and Termier i^rgolus criticism S
p^sr^sXttT ^'

r^^^--*- °^ dynamic rr!
Tdu^fn

'""^'^ ,^° ^''P'^'" the crystalline schists of the Alps

n s fiUanTe^f "'"" ""'^'^ '""^ '"«"-- °^ gaseous 'cdo^

to ho d th^. . '
"''^"'^''' ^^P^h^- Termier goes so far as

an e^ r T""'"
nietamorphism "does not exist "' Suchan^xtreme conclusion suggests that, as so commonly, a format

I ^>w"f^ ^^"- •''''"''• f"^ ^'-ne--' etc., B.B. 9 1894 d 121

?^wr'..-]g»^.
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' -1 ty,H..s of nu.tanu,rphism on ,h. large scak-. Sud ,iui, !

In s„m„u.ry. dynamic metanu,r„hism has two necessarv

';;:::,
i

","
"^"'^r

'"^' ^° "^"^-- --cent .:::^ ^:n
u t I I, T"'"''^

''"^'"*'"' ^'"^ ^'^f-^^"- t" the earth'sur ace she 1. Static nu.amorphis.n has two necessary featuresIs ,l,rrcty due to burial and the stress involved i rS

'

On ously ,,o,h may affect the same body of n.k and t e "e-•s ung co,„phcat.on may be further enhanced by the alteringaction of intrusive magma.
Altering

men,s"h\r!t U hi m" " '° ''"'"' '" '""""^^'" ^^^ -"'^ ^ase-mi s that U IS highly important to have recorded those areasof the globe where pure typc-s of metamorphism are iZstra edIn eminent degree the Shuswap terrane and the adjacent Bdtianrocks show the overwhelming dominance of load metamorphilm

Static Metamorphism.

Several facts of f^eld observation prove condusively thatdynamic metamorphism, as above defined cannot hT f u

main sill., laccoliths, and larger "masses" (Plates XIX and

^mms^mmmsi*m^-miisiwmc:X^ :^^mm
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MZf"! "?'"', •*"*", '" '"""•""'V P-II.I to original

^:S;,;r;=f3i?3rSF"r^^^^^
or with limestone, this c",,^ ^o 7 '2:; -7 ^V'^"-
^«tra,..cl. It was cbsorved n.,t only a \ t Xr 7

'
'k

''•"'""

but also in practically ill r..r. .
"^''^"'^'^''I''"^- honzons,

lake-inH tl,..Ti
^ "^ """ •'•''•inc, from AHamslake and the Ihompson nvcr to Alhcrt canvon in th, SclkirTs

Nr ,,
'"las int <ii )s seldom surpass H" nr ^n"

-a., i„ ,hc u-rran. i, a1»„, li'i'j
,MhiJt rEvto l" "J

rrr.i3r''™rcrir '"T^^^usually ,hc cry»,alli„i,y'„f hdrivirr " *' '"' """

nou..a.„aHMce„.4uca,;!::;i-Ltl;K:,ir,H:r;

be secured In shr.rf tk„ * • .
' "• could

terranes. east and t:s I cT iHu^trlt"
"""'^- ^'^ ^'"""^^^

compression on a first-lrs itlc
'"""'" ^^"^^"^'^'

This reason alone makes it incredible th-^t th
crystalhnity of the Shuswap series can be due o

/'"''"^

-tamorphism, but yet rnore^ompelH^Vtletarly 'n^^rll

--;.m' -'
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stn.« If k- .

"^''•"t> at right angles to the direction of

of the Khist..
""" '"" "'»•'»'" J'-'omation

co„J;;::':tr,':ir„:i^ '" "" '^^^—'p^™. 'p-ia.

general, CalZ a„" terl;,:" T '''""k"
"'''"^- '"

recryaull^ed ,ho„,h taS2 , ^ iroOO^rerT^'fOther hand nearlv ..11 fl.f i
• r. TT ^^'^^^ '*^et. On the

world over have bee' ^* f-Cambrian sediments the

ir'^s^^jsr^iw^-r 'ibk^ "^.ri^^im i^^/^&^WVI^KgWII^ 'XZ-TSft^



47

advanced rccrystallization in Pre-Caml>rian tc-rrane. scon.s ,ohave U.en a Pn-Cambrian thermal gradient for the earth which

b"rtrn,t ' "'" '''^" ''' ^"'"^""^ ^"""^' '" ^^'— ''• ""•

vnl-,t^"°'^r
'°"'^''-"" '''''' ""nuoMionably the water and othervoatle solvents ong.naily present in the Shuswap rocks. Inpart these were connate" waters, trapped in the original de-pos. s In other part they were of magmatic origin, formingan .ntegral part of each granitic, aplitic. or pegma.itic si 1

the effects of contact metamorphism to those of static nuta-morph.sm. \ et great volumes of the gases must have rema nedm he .gneous bodies themselves after consolidation anTa dc-dm the.r sow recrystallization. which was also hastened by thesolvents d.ffusmg into the sills and dykes from the sedimentiUe have seen that the recrystallization of the granites isusually thorough and the marke.I schistosity of theortho'nSs

exhTbit^In ?h '".r""''
" '^'''"«- '''''' structure'sS

Thn. ;
'"
*^V ''"' " ^'"^ ^""" ^'s« '" the wider dykes.Though such dykes are nearly or quite vertical, their schistosity

.sst.ll parallel to the bedding of the adjacent sediments ;,";'
2 .s a copy of a field sketch showing both structures lying nearlyhonzontal. It .s an illustration of a leading fact on which thebehef m stat.c metamorphism is founded. No other expiana t onseems possible. The schistosity of the dyke .s clel ly no 'ofdynamic origm. '

Whatever additional factors might be considered, therecan be no doubt as to the profound influence of static meta!jr.orph.sm m the Shuswap terrane. In the writer's opTln
It .s often dominant in large areas of the Pre-Cambrian shieldof eastern Canada. Arnold Heim describes the tabular struct

on 1 laie T?"/ °^ G'^-^-^^nd, suggesting another exampL-on a large scale.« It .s probable, in fact, that the Pre-Cambrian
complexes are so highly crystalline not merely because of asZaally steep thermal gradient in eariy times. In the very iZ
per.oddur.ng which a post-Cambrian batholith cooled a^te^
crystall.zat.on. .ts temperature was still high and its minerals were

' A. Heim, Medd. om GrOnland, Vol. 47, 1911, p. 180.

!K-6Wi;*ii«?rif?»'^^-?^?s>
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subject to vortical stress. Yet most of the^e younger masse, ire

( In .

.
'^ '"J""f-t '" the orthognciss sills of eastern and wLern

s>2 '; ^ '"'"'''•'' """"^ '" ^''''' ''^' ''"' t" the failure of.ufhcently deep eros.on in the pcst-Cambrian batholahs. but

try roc... A., the ^^^et^rpl^j:^^:^^::^^: 'T'the intrusion of the dyke.

enori"°^'''''',''
'"^ ^ ^ sufficiently general explanation. Theenormous development of pegmatite and aplite i.. the Pre!Cambnan complexes directly suggests that the early graniticmagmas were specially rich in volatile components. Though

the Jse '
'"''?''

•" '\' '°''""^'°" «f ^'"- ^y^-' -d batholiththe gases remammg m the crystallizing bodies must have been

crustal load and a high thermal gradient, these residual gases

if>??-M'<^ ^i.m'j*-^' 4«i>jf»taHtea^4
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functioned as the solvents lea.linR to thorough rerrvstalli/ation.
with schistose orthoRneiss as the hnal prcxluct. On the other
hand the younger bathohths are larRely refusions of Pre-
( ..nhnan granite and orthoj-neiss and should necessarily have
a lower content of volatile matter, since each re-fusion means a
new opportunity for the escap<- of juvenile gases.

Fn conclusion, the hyiwthesis that the early Prc-C^anibrian
granite magnu was hydrous to a degree never again reached on
such a scale, seems to account for principal features of the Slius-
wap and similar terranes. These are: (1) the strongly salic
quality of the granitic injections; (2) the unrivalled abundance
of pegmatite; (J) the common transformation of the intrusives
into orthogneisses, esincially those intrusiv.s which carried
enough iron oxide and magnesia to form b-" tite; and (4) the prev-
alence of sill .,nd /,/ par lit injection. Wi h is aided both by
preliminary static metamorphism and by ^gh gas-tension in
the injected magma.

In passing, it may \h: remarked that many o. the aplite and
pt'gmatitc injections may not be phases of primary magma but
rather the prfnlucts of local "selective solution" at levels char-
acteriz.d by much occluded water and by temperatures moder-
ately high but too low fcr anhydrous fusion.

This whole matter is affected by a leading consideration
which cannot be quantitatively stated but is worthy of attention
1 he "freezing" of a batholith is pro'tessive, beginning at the nxif
and wall. The new, solid shell of granitic rwk more or less
perfectly retains the gases slowly concentrating beneath as
crystallization of the magma goes on and diffusion of the gases
to the upper levels (loci of low pressures) continues. The same
principle would apply to the history of the earth's primitive
crust. Does a foliated structure characterize the staple rocks of
the early Pre-Cambrian because of such primitive subsurface
concentration of g.-ses frori a "sweating" planet ? In the pres-
ence of the gases, ei-her ocr.uded or in solid solution, the mineral
aggregates, which were in equilibrium under uniform pressure
immediately after original crystallization, were not in e(iuilibrium
under the new, vertical stress, and slowly changed to the stable
combinations of orthogneisses.
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Dynamic Mttamorj; m.

The static alteration of thf ShiKw i >rlr« ar.~.. . l

n movements of

Shuswap geosyn-

strata during sill

'ex terrane was
isitions showing
iitheast strike.

md granite were
olof ta igentiai

" er

. iiior-

jritic

XXI is

rain-slip

gene'

deformed. The only asrertaii, ,) pn „,
"np«.rtance were the secular d.ep,.ning uf •

cime and the changes of levt ? sufferet' ' -

injection. In post-Cambrian tii... t ,. ...n
localK broken and its bloiks were i, > .,

approximately the Cordillcran n,
Dunng this deformation, narrow /onev i

sheared and partially recrysf allized unci , V ,

stress. At many localities, though b- ,
,

the terrane, this secnd schistosity ,i

phism IS superposed on the older sch
The best examples were seen in t- mi

schists so abundantly exposed on Shus^ •-, iak
a photograph of talc schist at Blind ba^ ,11,. ;,...„ , .r^,^ ,,:„cleavage dipping yo^-SO" north -northe.ust and c ossi.v ^n oM

'^

sch.stosity^(typical of static metamorphism) dippTn^^S^":';!;'
direction N 9n°\\' i\^ *l .

"'fi-""^, ^^ in tneuirtLiion i\. zi) VV. On the western shore of the lake 2.'? m.lo

scnist snows a .im-I.-r crossmg of two srhistosities; in this c iseabundant talc and magnetite have been generated in the nl-^n^of the younger sd.i.tosity. while chlorif and biotite ar ^ssetiSin the parts outside the zones of shearing. A cV i u
''^"^'^'

I he orthogneisses have also been doubly met tmoroho^Hwuh^^occasionally remarkable results Two'il,u:traTrs ^ay

the ColL^h"'^'''^
'""''' *''* °^ ^*«°^ ^^^'' "^^'- the divide ofthe Columbia range, a small injection of biotite granite apmrently part o a 600-foot sill exposed north of the ra wat h"

a^d"crni:r:fa"'^^'
'- ''- "^°^^'"-^" -untllnTu'Jid?:;

dips 10M5° in the H
"^ ^.""^Pl^"'^"^ ^'^^ed gneiss. The sill

^pZ^cZf'^ZJi-r^;::;: -ttf b""sheared, its schistosity conforms with the s.rc:;^':^ It :h;

'mi:mi¥M^^ftzi
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«tet along thur stnke. Between them are much thicker h" -hfcoloured, more massive band«. comfv,..! esM^ntL v of u 1and eldspar. w.th a little biotite visil.le in the ha , t" in

Biotite

Orthoi uisc.

Oligotlase,

C^iartz

.65
.15 ..

Light band.

8

Titanite
5

Apatite.

Iralite

Sericite ^irc on, and mag-
nt'tite ....

2

5

JO

20

40

100
100

coller.l"HT""''''^''-""
''^'"^*^" °^ ^^"^ unsheared granite wascollec ted for companson, but it is a normal type of biotite granTtT

cent o the total volume of the v.s.ole banded phase Thdrmmerals are abnost entirr-y devoid of stra... phenomena"nd they

ai., or marly all, of the mmeral grains in the light b-,nH« ^J

ST'tt""-'^"' "'^ '"-"- »-"^^^ '"'

The origin of this banded gneiss seems clear. The light

hrorth<^ll 'i
•'' ^""" ""^'"''''^ ^^^'=^' ^'th some ofthe orthoclase, nngrated mto the major shear-zones and there
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alon^iiT'^^\ '^""J^" ^r"'^
'"^ '^""^"^ K"«^'«« outcropping

s nke for the bands. Several examples in post-Cambrian bath-ohths were found during the 49th Parallel survey.'

Contact Metamorphism.

The alteration of the Shuswap series by pre-Beltian in-

"rrpar
"° '''''-' '-'''-'''' " ^^' '^ '- ^-—^^

KneiJtveT "?"Tu
(''^^'^°''"*hs ?) of granite and ortho-gness have devek,ped broad aureoles of normal contact meta-morphusm. In these the schists have becon.e n,ore or lessmassive, tough, and hornfelsy; the limestones are silicated Lme

Trp t-IHtrh
''^"^' '^^"" ^'"' feldspathization iHom^nThe phylhtes become garnetiferous. often coarse, mica schistsThe greenstones, c.,!orite schists, and uralite schists becomeamphibohtes and hcrnblende gneisses

tos.f!^'''
'"'"""^ P^'^"*-' °^ "^"'^'^^ ^^t'°" the original schis-

and hi r rf"u Tl^^^^^Phi-) i^ not so much obliterated,and the hornfelsy hab.t does not characterize the affected form.t.ons. Yet, recrystallization is here just as manifest wkha resultmg coarseness of grain distinctly greater than thai „the aureoles just noted. This phase is best illustrated in th^

of thTsr"'
""'?'"

"u^"'
in the lower recognized formation

Ihese njections did not seriously disturb the conditions ofvertically-directed stress which characterized the bedded rocksOn account of their number they did affect the general thernidgradient over wide areas; hence the chief reason for the x"tinghigh crysta hnityof the inter-sill strata. Magmatic emanattnco-operated with this purely thermal change but throughoutvertical stress controlled the recrystallization. Coarse 2tering mica .schists, well developed paragneisses, and relativdycoarse and crystalline limestones, schistose to m;ssive. w^r thechH^products. It ,s this phase of the terrane. with its abundant
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sills and /// parm injections, which most insistently recalls thestandard crystalline-schist complexes elsewhere
Thus, static and contact metamorphism, here as so oftenpass mto each other-a transition naturally to be expmed"since each is partly thermal in origin

exp.cu.l,

Structukal Fkatures.

As above detailed, the rerrystallization of the Shuswansenes took p ace when its strata lay flat. That attitude wa no^essc-nfally disturbed by the injection of the countlers siT.wh.ch themselves were statically metamorphosed to aere.;extent. Some of the later aplites and pegmatites areS
rhrrh;:-:^

'^^^ ^^^'^^'. recrystaHi^atL^ pan^bJSu e"'

ne Larv to h^^^^^
^^'^'^^ -^ -"V ^he materialsnecessary to the formation of abundant biotite.

^u.c.. vhis metamorphism under the vertical stress of load

U uh tabular blocks are now as.sociatcd, in the terrane. numerous

understood.. By the best working hypothesis, they ar "ilt d

folds ar^Tra' "T^"'^"'^^"
""-^''-^^ -'""^' ^-P^oris are very rare, indicating a primary . ructural contrast ofthis terrane with the Beltian-Cambrian'terrane o the sX-k

th"e Shr;'raLr^^
''- '^^--^-^^--^^ -anes wt of

__^rther strong contrast with the younger elements of the
' For convenience the word "honiwline" uill hnr„ K„ i

Held cala in hami are often insufticieni to show which of th,J,.„

clino •• Tin .
'"''''''^^"""-'•"""n'ttal name, such as "homo-

<Jetern.,ne,l,
^' complete for,,, of the fold has l,een
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Canadian part „f tlu- n.oun.ain cl.ain is f.nin.l in the strike
. .nv„ons. no.I, .as, an.l west ..f ,|,e Shuswap terras |.estrike r.ins systematically fn.n, S.i.S^SO"!:. t., N 2S^S()"W -
-n the general {oniiih-ran trend. The strikes recnled in the

sluii^L '"r"'^
K."<TaIly ran«e fr..„, east-west „. northeast--..mm.st Kxrepfnn for rertain narrow /ones the averages r. e runs fron, N.7..^K. ,., S.ro^V.. an.i thus ahnost at r «ha.>Ki.s ,., the ( or.h h-ran tren.l. I„ .he exceptional zones, wh d^

cCn^me;"^'""'
''""" "'—n>hisn.. the strike is clearly

It will later I.e shown that the upturninj, ..f the Shuswapbeds „. part dates fron. post-Meltian time. Uiu.ther th.. tra, sverse strikes of the basement rocks w.-re then devel p -Hrrepresent a pre-Heltian. post-Shnswap period of tn.e o o^'

."

movemeru canr^ot be declared.' .1 pHori son,e of the is lecief..rmat,on should be referred to the late Meso.oic and Vc"u yrevolutions which have atfected the Heltian an.l youn^e/ : 2
h vi iT "" '""™''^ "^ ^^^""''' ->"M'ression most of

iL in Ih
'""''^ '"'."' '''"''"• ^''^' f"'''"'^^ - powerfully

all c, „,, the younger rock systems. Only in the above-n.en-.oned narrow zones was the Cordilleran trend imposed on the^.jcnt roc . Vet each post-hda.«oic resolution v^

that the preva.linR structure of the basement terrane is due tosuch sec„„,ary collapse after the strong compression of its now
ol led cover. This possibilit>- suggests an important question.he dynanucs of mountain-building: in the secoiuiary'olla, so

d nelt t

""^ transverse., tilted fault-blocks normallyd xelopec as dominant st.uctural features? If so. the basement
alotig with the overlving folded shell of th earth's crust. ! Idbe thus faulted. Herein is perhaps the chief ground on whi hthe leading trends in the Shu.swap terrane are to be explained.

^•;^ ^f>^*m^^r-msMm^^msm^^:.::^
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siKnificunl fads w,in (Inrinir »>.. .

»f the- hasom -nt n. -ks is ,' '^'T'""""''^^
^"^'''» 'l.f'.rn.ation

riKuiiu-. whid/UuJn ;:..;: ;v''"'''"*V'^
^'"'^ ^-^^•-

t.. Luckl. under oro^enic ' V h'"'"""
" "':" "^"^'"«

fissile and weak; r^;;^^ n^J!r"''' TK^''^'
'—r"--"y

I'y sill injection
. Th "n y k-s^ 7,

'"-

'

''"' ''"'" ^^'"-'"^'-'-l

earth-shell engaged n th " . -^'l

"" ''""' '" '" ^''"' '^e

few miles. ,,erhtn 6 .r 8 , , "T"^'
"""''"^ ^"^ ""'>' •''

terrane th s sheH wa J, ''T'
'"

'^T'''
^'^^ ^'^^^ ^''"^^"p

ment could n!;; C "
J:' ^r'''^''^ I^^ T^"^^'^'"«

'--
to the secondary cllapseoJ U^^::^,;:;;:^,::""-^

'"^'"^"^^'

ACK AND CORRIXATION.

1458"^
'Sflr:sit:«i'rrr

^"^'^' - -'^^^ - ^^^ ^o.

extend northward o the Finh
''•

I""'
"''" ''^'^'^ '^^' ^^ey

parallels of laTkude Thev
'' 7"' '"'"'"" '''' '""^ ^'^ ^^th

Mountain sysn nor ar h T'""
'"^'"^ '" '""^ '^-'^y

to the pre-Heltian. So far as known
"' "y^';'"'"^^ ^"^^s belong

an elongated dome in the hel^of d' r"' nT
'^^"'"^ '"'"^

on all sides by the eroded pH f Cordillera, surrounded

South of UpperArrowtkt k h" 1

^"""'''' "^^-^'^PP'''^ strata.

by post-PalLoic bathol Is : rn7'"T;'"^^'"^^^'^^^-^
I'een demonstrated inX Ardm

P-"":"^''^'^" -"^cks have

parallel.
"^ Cordillera on the line of the 50th

Ten miles north of the International Boundary, at the



in

56

Purcell trench. pro-Mel.ian nxks reappear. They have beenKrouped under the n .me. Priest River terrane/ Th uLhTts

h ir '7'
.••"'"'^V'-

'" •' ^' ^-'"-" of sr,eeially continuous forest)

ni h tho's
' "" ""' '"" ^""' ^'^'""^ '^ ^" '- »-«» ->'-relatein h the Shuswap tern.ne As in the Canadian Pacifi.- sectionu- l,asa formation of .hel^-hian system has been tunu pov.ew but here a is a heavy conglomerate bearing pebbl s o

H tJe he'T U V '""' ""^"""^ ^''^ ''"«"'- «"->rdancc

T V,.. R-
" '"'' f'--»'-'^i-'" '-ranes is very slight.MM K.ver terrane s...,ws no outcrop of ,he Adams I.»ke•Hs. but us sch.sts. quartzites. and limestones are

'^*
ally very s.nu ar to those of ,he Shuswap. An importantMS seen „, the fa. ure of numerot.s granitic sills and dykes

possibi: Tp r""."'^'^-''
'^ -' ••>• the Rykert batholi, . of

theSh,
'""';'•''•'""":" ^'K^'- However, considerable areas of

Rcltian a.as really repre^:; ^'^r:;^':^'::^:'::::::^

of (^^T'^Tr' "-"'^-•'--'••'ockson .he west shoreof Cmur ,! Alene lake. U .s prol,a!,Ie that the Shuswap terrane.s typ,cally ex,x,sed another degree of latitude farther south"
It .s unsafe to carry definite correlation into the greater

d.IUra. t,ut It IS noteworthy that their "Archauu," phases alsoshow p ,,„,, ,f ^^,,i^,, ^^,,^, p^^^^^^.^.^ intrusions onTscteseldon, .f ever matched in Beltian or later time The writeragrees w.th Dawson as to the great resemblance Ixtween heGre„v.lle-I.aurcntian c.n.plex of eastern Canada a .d t'Shuswap sed.ment-orthogneiss terrane. but their precise cc
!l}:l^^.s still clearly impossible' Nevertheless. 'th:;;;,^

< f- t.. M. Dawson, Bull. Geol. Soc. America. Vol. 12, 1901, p. 63.

'^rm: if -jei^<
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of tlie farly Prc-Caml)rian events in tU.^ i ,

regions is the san..-. The wr.t h
'

.

""'''^ "^'^'"'''''^

i" the fiel,i with the dunrl7^ n
*'" ''''''"'^y ''"F.ressed

i" the Ontario fi.,jt"r; f ''\ l^"'
'•*""'' '""^- '"j"'"'""

prepare.. Uy puNi',:;,^^ L r:''!;^ ^ ^^' '' "" ""-
'" that reKanl an.l with respe • tth^ '

„ "'"''V"'
''""'"

an.l other evidences „f ^J,nf-
''''""'lance of p<.n,natit.s

condition whi ^was Zn^r. 7"'r
'^ ^"^'•'-'•^' -u.'«ive

Cambrian sta,e JrS'rh!:^;' "'"' " '"^ ^''^'^- ''-
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,u. n'mtr,;; "T,':in";f
"" ;'"'- ^- " '°™-'"" '

^i.iy..n ,he si,u»,
, i^m Viii''';

;''
r""'"

"'"""•""
miles .,i„„, ,1,0 ..ri o 1 k,,.p, : ;',; r '^"r"

"•«""" ^

the rconnaissance At the- 40, h .
,,,'"-'

'"^* ''"''''' ''""'"«

of the. R..I,ia„ is the wol .n >'
'

1
' '"'''' ^'""•"""^

Which ,..a„v exj': 5^;^r-w;;;:^ r^r:^'''"T'^--

.^M.nins in the sill-se<hment c.-mplex" of tho nr.. u„u-Part o this sill is shown on Ma,. L 14 It s , ,T

that tho n,.
contact IS well oxposei! and one can seemat the mass was niiecteH ,\,^,^,T -. i

» >ho ,.« fi« oviCcncc as ,„ ,C^^^ ,
.f „ ^ [>--«

fli^^l"™*™^ quami,, Th,.i, injection c„,Wy a^
' r. D. W.toii, Bull. G^l. S„-, .Amcric. \ „1. ,-,,», „, „.

>i«:^'M'a^;^^^-
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apiiu- 'or
?'"'""" '^'''""'

'" *'''•'' "^"'"'- ^"' "-'Ivk.- of granite

quart/.U- Tlu- cause of tin- .nuTrtainty is <,uitc. ,utur,l Th

lo show the relation more concretely i snitf. ..f -,^
collected at the point where Alln^r, (M«;i "reek

0^""'^'
unco„for.nity. may be briefly cle.rilJi (MaTe XXII)

""

A ilurd .p..ci„,e„ (c;, ,aU-n at ., ,,„i,„ about 2 I.et above
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the contact, .hows the «amc typt of structure, but i. ontirelv
free from hornl.K.n.l... which charactc. >.c. the orthognei. Thecom,K«,tion, in rough weight jHTcontages. is-

Quartz ,.
n,,i, 1

45 jKT cent

"lotite
J.

^

'pith'le
15 u

Titanite, magnetite, and apatite 5 «

h,, f7r""/'
'''^'\^^^' 2 feet stratigraphically alK,ve c.has a (hffennt compfjsition:

Quartz -.
ni . , 55 per cent.
l*lagiocla.sc 18"
Orthoclase „ «

'fJtite
g „

Epidote, titanite, and apatite 4 «

u I • I • . .
1"0

Its plagioclase is developed as fwrphyroblasts
Specimen e, taken about 50 fc.-t above the contact has acomposition almost identical with that of J.

' t

Spi'cimens f, g, and h, taken at different points 150 feet

W weight:""'"''
'"" ^'^ '°"°"'"« approximate percentages

Q"^'-^^ 80 8*2
63

feldspar (chiefly orthoclaseV. 13 ia -,e

,«-^'^--. . .5 S \l
Zircon, titanite, magnetite,

sericite, garnet, etc 2 3 9

100 100 100

Another specimen of a similar quartzite overlying the ad-

Jo".iTndT''
''" '"^^^"'^-^""^« °f ^he same order as those

The arkosic nature of the basal quartzite is evident. The
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tl.e. parent k.H«.s whore ,he Sh.Kwap granite ha.l un.lcrgon^

intiRrafcn was acrompani..J hy some rhomi.al decay. f.,r therewas ..me learhmK of the fem.V element, now represent^J i„ thehcw-n .laule of the orthogneiss. The younger part of the ..a..|men.Ler represents washing of the residual sand, with strong
concen,rat.on of c,uartz-a foreshadowing of du- cnormZalmost unnv-ailH developn.ent of .uart.'e sedim.-nU in irBe t.an and Tan, .nan time. One is reminded of a par,,!!. 1 ,a^..n he rrystal falls d.strict of Michigan, descrit.-d l.v (I, .n.nttThere the Archa-an granite is transitional upw ,rd into

grruTi'"* T""' ^""" ^"•"^•'^-<'"-- schist), which passe,gradually mto true qnarizite at the base of ,hc low. i Hu. nian '

LOWKST I.IMESTO.VK.

with'^.'i-
"PP"™«r,'0 f''' "f the basal quart.i.e is into .V.v.d

Tf vJi . ;r^ '""-•°"^- ^'-owing a pass.,, int..,. 1.,.,
of ^anegated hmestone. which, at Albert creek, is ..bou .70feet m ,h,ckness. This oldest carlx^nate rock of th. .xr r\

stonrhTh'
*'"' '^jarble and of different habit from the lime-stones higher m the series. Its colour varies from white tobltnsh-grey and pale brown, generally weathering to. l" ff i„t

acd. but some layers are notably magnesian. The grain variescapnaously from vc^ fine to decidedly coarse. The c^sephase, all show cataclastic structure and the marble hasCsqueezed mto cracks of the adjoining quartzites. The effectsof moderate dynam.c metamorphism have been added to thoseof genera recrystalhzation under an c.xtremelv thick cover
I he limestone is generally free from impurities; a few quartzgranules are mterspersed in the carbonate and chert lenlocally^cur m bedding planes, but no other mineral is to be

'J- -M. Clements, Monograph 36. l.'. S. Geol Survev 1X0') „ ?i r
pare C R. Van ,„-,e. in .Monograph* ;« of the sat J ^l^ (1«97) p 2!

grinie
' ""'" "'""'''' ^""''"^^ "'^- '"'""^diately underlying

'V.:
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seen in the thin sonions r ,i. i

Moose Mktarcii.lite

No. 1448). The formation I- r^*"^'""
''''""" ^'^'^'P

traversed but t is ce"' iX 1 T; "":'; "^'"'"'^ '" '"''^ ^-^
2.150 feet; and :r :' ;':;^,^:;' ^ f"^ .^'-teci at

material. As a whole the foL ? u
''^^' 'i«'""K<'n«>us

of argillaceous n.^. et. ThTn h" T ''^f .^^•^T'^'"'"'^'
''^"^'"^^

gone to the length of de 1. nin.r
"'"'"^ ^"' "''' «^-""^-'"y

n.et^llite. is^lhoJ;;;--/ --;;--''- and the term.

iust ^ S^AH^^Tnf"'"' '" •'"^'^ ^"^"''"« a broad hill

cSu^''St:;:'--r--^r'-'^^^^^^

com
.., .1: ri, „:rr:,ro,T"'^- .^''""' "• '-

Phyllile a„,l Mill ra,.- ,1-™" 1^"" " """ '"'^' "' ""'

do™„a„.co,u,„uM-^;:!:^a,;:'^t'" "'^ '""
'
'^^

Il-f-ECILLKWAET QUARTZITE.

sunk a transvx^rvdl"; ^ow fon"" M '" ^'^^ ''''''' ^''"' ^^
thus preparc>d a nlu.r u' s^^c^^ 1 J "'' '""^^y, and has

No. 1448). Tl s fo n a inn r ""'^'^ '^^ ""'''' ''"^^ (^^^P
Posure and it IZ" "til"

'"^ """' T" '" ^-'-^-^ory ex-

Where actually "en Jt is
""''[ ^' ^'^""'^"' '" 'l^'^ail.

grey, rarely win" "i. ,ive , r-r"''"'''
''«"^"«—^. hard.

beds of ^r...j::Tz::j^^Tz:^;r^;^- '---

-icite'^k es^::ti " ^c ;::;:";: ;r^ '"r -v
'^"^"-

dust are present in sn,.UI .n^H!;:^
' ^Z',^1

-rl.o„ace.vus

pyrue „ves a rusty habit to the weathers roT ' "'
''''
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Laurik Formation.

in fh?'''T^""?'',' "^ '^'' ^'^•"^ ^""y"" d'^''=^'«" i« includedm the colossal Lauri. formation, which is named after hemmmg camp near lileciliewaet. It is of verv trroit Thl/l
and should certain., ,. suUlivided in a d^Lf^.; '^"^

^e :J^::'n r.""'
^''''"''''''''•'' •'"""« ^^e reconnais.

orla'ck nf' "f' "^ ^""''^'"' '""^' '" "^^' fi^-'^'^'"J partlyfor lack of satisfactory exposures. Hetween "Albert Canyon-gorge and Ross Peak station, for a distance of 10 n i "Thea. way crosses the strike of ti,e fornuttion. which is expiosJd

rOLlMNAR SkcTION OF THE LaURIE
Formation. a.,,

Approxt'

->a.e 0/- the Cougar formation. ness tn feet.

8. Grey, phyllitic metargillite
. . . f^c^

7- Quartzite ^•'^^

6
.

Black to dark grey metargillite ^^^
5 Hlternating Ih^^,1s of phyilite and quartzite.

.

".
'

7504
.

Black to dark grey, carbonaceous, often pyritous
nietarg.ilite. with interbeds of blacki.sh lime-
stone

3 Grey quartzite
'^'"^^^

2
.

Black to dark grey, strongly carbonaceous metar-
^^

gilhte. with numerous interbeds of blackish
limestone

1
.

Ma.ssive. light grey limestone
.

.'.'.'.'.'..'.'.'.
^

'

^J[j

Top of lileciliewaet quartzite. 19^50

rom 10 to 70 but stea.hly to the northeastward. The prcvatlence of a uniform dark grey colour and of a metargillitic u.m-



68

on .he „r„c,„ro.„,i„„ p|„„ (,„ ^plp^^k To," „'lZ
^sftume tne net thickness to be ess than 1 ^ nnn f »

.Ha, ... „He.^:;SctrzraZrr:Hrs,,tr

ofAIhJ.r *'"°^"E- Jeof the Illecillewact, 2 miles east

.:n.,.f.TLw::.TLtr.nrx\r'z';' °"

U- M. n„„„„, riull. C,d. S„c. America, V„l 2, 1«.)|. p, i;i.
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clase, orthoclase (?), and micropcrthite are accessories ThZ

The importance .fniicroperthite and allied feldspar^" su^st-g Jhe ong.n of these sediments will be emphasized on a fatt

same''t^m^^s r^tTH'""'''^''^^^
''^""^^ '" ^""-^ the

geneous black t' /^ '"'J'^'^
'^ ^ remarkably homo-geneous, black to dark grey, carbonaceous metareillite Th.cmay be typically seen in several long cuttines on th •.

between Illecillewaet station and Flat creek At manvh''"'''the rock is charged with numerous cubical cfystTof n^'T'very perfectly developed and reachinglirme^rolVn' i cTo^;

Zents^Th? '

":"''• ""^ •^^''-" ^-t are the usual components. Chlonte .s a subordinate companion of the sericiteTna few specmens. Magnesian caicite is a comn.on1'™ andall gradations exist between metargiilite on the on, Tw ^

Best an impure coal or graphite. Q„artzitic intcrbeds arc rare
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in mcnber 4; those microscopically examined are Iwth cal-careous and tromolitic. Zones of crinkled phvllites we" foutd

tZl -^"""^ '''' ^^etarg,nhe. w.th plane-parallel

(W half mile southeast of Illecillewaet rtation, a mwIv^xposed but apparently thurk be.1 of talc-chlor.te-quartz chtt.s .nter.alated „, the phyllite-nHtar.Hllite ma.s. .No certain^cld evKlence of the ori..„ of the schist was fo-thcomin" but.ts m.cnwop.c study suggests that it mav be a bed of ha^cvolcanic materul, statically .netamorphosed

..red
"" ''''^"'

''T'^'^-
'"'"^"'' ^ f'-^^^ "P^^'-d into a varie-gated zone (member 5) dominated by light-grev calrare^^s

quartz.t:c sandstone interbedded with grey phvllk!s A "^Tshcas .s g.ven by disseminated ser.cite.' In'the onlv tht'^^i^t

mm trolrn™,-'"^'
'"-oscopically. the quartzesmm. to 0^. mm. n. diameter, were seen to be rounded fcavinJpreserved their clastic form. This is the lowest hori Lt resuch original outlines are seen to have survived the *^e a

k

metamorphism which has affected the Reltian rocks
Ab,,ve J comes 500 feet of the normal, black to dark ,reymetar,.lhte, which has not been specially studied (member

")'

sli.hH r"" " '"^'^*^*--d«^ ''>' a^x^ut 650 feet of light grey

l^^rT .^"^'"^:^'"V-"'^^^°-
(^)^ very similar to'tham member 5 Agam. original forms of the rolled sand grains are

::^a:gement"
^^"'^" ^"^ ^'^ -*^'— ^' '^^ ^^^^

Member S, the top of the Laurie formation, is very thickbut poorly exposed along the sides of Caribou Creek amiSCreek valleys (Plate XXIV). Wherever seen it is a d rk g^ vcalcareous often crinkled metargillite. It generally resemUesvery cl.>se y the phyllites of the lower members. L o h n

werr:,:^:," zv ^^^-^t:''^
--'-' *- --•• am<:u:

tvoLd n 'I'^T'"
'^"^ "Mineralogy is as monotonouslytypical a.s in the other Beltiai iietargilUtes.

Coi(.AH FoRJl.\TIOJf.

The top of the Laun. formation .s also the top of the AIl,ertCany.m division oi tlie bdkirk serie. (M.p No, 1450 I,'7lJ
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railway .dt this grt.r ,lix i ,„n crops out onlv in the section onhe western slope of the Se.kirks. Just east of Flat Cre.'k idinehe upper contact of the Laurie dips northeastward unde Se

to hnl; r

'';"''^'.'"^^"7""^- °'-^'-'"'- "P"ft has been insufficientto l.nng the Uune and .fe-r rocks up to a level where erosionm.,ht have exposed them, ft is different with he CouTarormatu.n tne Io«.t „,emh.. of th. Glacier divisbn for U

SThrii;^ '

'"^ " p"'." ^^^'^-^- '^^^^ ^'f ^^^ -;^ ^^vid

cmps an^ o r^" 7"'', '""'""' "^^ ^^"^ ""'"-^"^ out-crops and ..>o because- of w.despread exposure above tree-line

sur,„„„d,„g ,he head ,.l CouK.r hrook^ i„„ ,ji„g Cou^ m, u^

ana nau XLV). These heiehts are situated in the same mar

trom .\lbert Lanyor stat..,a. At that section was worked outwuh approximate accura^.y, the following.
'

COLL^MNAR SECTIO.V OF THK roCvR FO.MATIOV
C^mfornuihlt base of the .VoAimu lm,,stone.

6. *«y.thi„-Wdedtothick-bedde..,..nz„e.weather.^''"''"" '" ^"•

>«S rusty; w»h thin interbeds ... .hvll.te ,in.i white
quartzue; a few seamlel. o, cr,. .Iline !ime.,one in
the up[)c.rmo8l quartzite

''

quarlti'"'
^"""^ "^ "''^'-- ''"'"°^"«>-- "assive "

*
S't't."^'"

^'•^" ''"-'-«• interrupted bv n,anv
^^

Dand> erf gn^. quartzitic ^nt and .oar* saMstone
and .. hea- ^ oarkgrey, .iire-... n,e.ar„l,ite, aboutim- f^t rom the top, a . im-fc band of masrive white
quart2itc

.

3. Qu^^tic aad ,Aylli,ic. e«; ^«o«. ^^ fine

^'"^

cot^ii,.m«Tate wuh meta.^llin,. N>^r tte m.ddle
of th<. zonv:. angul.r fragmert. of raf«^ ru«lticrock ;bomi«?) enclosed ,a ar. a,-^illac*^ . ?, fc.*
«spra t^i»J ...

'
"*'

• 900
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2. Altered basaltic lava

1. Thiclc-platy to flagRy, wmetime. phyllitic.
quartzite > > >

50
grey

Conformable top oj Laurie formation.

1,050

10,800

sh..r^T Av ^""''^ ^•^''^" *^" ^°"»«^ ^«^ks have been muchsheared and both statically and dynamically metamornhr?so that even that part of the formation there actualTy ex^does not gtve a satisfactory columnar section. is S^
cTarde"' I

'V' 'rr'°::
"^*^''^ ^"^ systematically cha g^character as ,t ,s followed eastward, and the foregoing state-ment apphes on y to the phase exposed west of Rogers pass

7 he 11
"^"^ ''^'"^ '^ ^"°™«"« but it is a minimum

^ iJ.UDU Icet. There are, however local flimi;canons (Plate XXV) and liberal allowance for the" haT brought"

nested tlT" ?•,''•''? '^^^- ''' ^^^''-"^ naturallv sug-gested the adv.sab.hty of subdivision for purposes of mapping

lid not'H"' T" " ;^'^'''^"'^ "^ homogeneous that thScould not be done dunng the reconnaissance
In member 1 a thick bed of white to pale pink massivequartz.te was collected for microscopic study. It wa; Ten tobe essent.ally composed of flattened, interlocking quartz grainsw,th major d.ameters ranging from less than O-l'mm. to fZ

whit^v.^Lr^^ •" ''' '^'''"^ ^'- ^- - ^^'^^P-

The basaltic member {2) has been so greatly altered thatts on,.nal nature is somewhat obscure. It is a g.iy maslleto sh,htly sch.stose eruptive, with field suggestion 'of a\o;icash. The only th.n s. •
, . prepared shows relics .f basicpiag.oc ase .n phenocr^sts. for the rest, the rock is a confusedrna s of ep.dote. uralite. and chlorite. Further study isTe^ed

n whi-ircf H
^his specimen typifies the whole 50-foo bid

ho h T .''"^ '' P™'^"'^'>- ^ P«^Ph>Titic lava flow On

basaltic or ba..c-ancies.t.c breccia .nay have bc-en correct. The

I

I
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7J

r:;tLri; oi^i.^^'^

'-"— ^« •- ^-^ --ic and

grit wrspecialirj'lT'7 '",'"''

' ^ ^^^''"^'" "^ ^"-^"'-^gni was sptually st -lied. Its lonRcst grains read. 4 mm indiameter Mosr of chem are con„H«ed of bluish .iTe^-'"quart. Ke,u.calvvi.h that so very abundant in many .^ n,^strata of the senes. This is the lowest hori/on where such b uequartz was discoverer Its colour and iridesc ce are exP ame, by the thorough fracturing of each grain showing thos"pro,x.rues. From the fa.^ M,at they characterise well-rom deduncushed grams .t seen, highly probable that the frac ur g

parent, pre-Belt.an ledge. Each of many of the larger .t drss com,>osed o a single crystal of ciuart./indicating In oriZ-urce .n a dec.dedly coarse rock. Similar large rouu'dgrams of tmcroperthitic feldspar are also abunda;t it w ibe seen that s.milar n.aterial is a steady companion f Um,lescent quartz grams and pebbles in the still vounger sedi!ments of Belfan and Cambrian age. These small pebbL areeml^edded m a cement of sc-ricite, secondary quart^ a d carlK.nate dolonnte or highly magnesian calcite). 'a m^eMo^and pyr.te are accessory. This rcK:k mav thus be called a fWspathic gnt with a calcareo-phvllitic base

com.y.'^r
''""'' ^""^^ """' interleaved with the dominant greycom act quartzues which also carry intercalations of .ft"

n a h'tiddrfrH-'"
^'".'^"" ^^ '"^^"'^^'-

-'^^ -- horizon

rather
•'

'''? '"^'"'''^''' '"^^^'^''•- -"^^'- '-^i- of arather n.ten e green colour are embedded in the schist. Thesemasses are elongated in the bedding plane and range from a fewnches
.. 6 feet m ength. Their nature was first suggested.n the aboratory. where the microscope showed them to havlapproximately at least, the composition of basak. t^'bas,c pIag,ocIase .s the only original mineral discernible

crystals have parallel arrangement, as if due to flow in the or ginlmagma .0 state. Green epidote comfx^ses the rest, more thanhalf of he rock. Suice. unfortu.,ateIy, no specimen of thePhylht.c base was collected, the exact mode o^ orig n Ifo
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nearly 1 ,„,. in , .n.^ J '

r T"^''"'''''
'^'''•^'''^^

^«^^^'""K

seminated I'Lns o h„r ' r^f «'^'''«^- ^'th s.,me dis-

accoss„rv d, I ,X t
1 " ^"""' ^"""-^'tion but lacks

of the quart. R a ,s n
'

vT ,'T'
""'"^•'''y onIargemer,t

This rock is a n" ;,u : t.i/
' '" '''""'> ^'"^' '"^'— t.

i« a Pi..kish-wh t" cu ;uc ;

" "" •'""' *''''^'' ''P-'"-"

^t.e..ica,.icroperthite-r:i:;3t^

sericite were seen in Z 1 ^"/''•'"f^^'' ^"f» ''"t traces of

thoroughly intX^e; ;r;r;eacro%'r"^^^ °^ ^^^

about 08 mm Tu^
t<ri'ns rcdch u-5 mm., avcrairne

parallel to beddin,' "' ^^"*^^^"^- '^'"^'-'^ -^ arranU
Member 6 is also quartzitic in general but on th» k ,

specimens were collected for c^ if, AAVII). Only two

features not charactertilJ th
'' '"^ '•'^''' '^''''''^ "° f^^^'^tent

of the lower merhlr' T^'*"'"'
*'"^ f^>"'t'c schists

Pleochroic micT whth he?e'i'' .1 '"f
"-fon of a greenish

(a;^paragonite;;t;:XSi^:^;rcjrt;:rf^
beds noted n the cnlnmn-.r <=. .^-

*' '""'^stone

nor h»^u,^^*•t,„rla 7^^ "°v"";
'"'«'"'•
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Th(.ii>;h a di. tanrc „f only 8 mil.-s sci)arit,.s .1,
outcrop of tiK- formation in the two ,„U? i^

"'''''^''

""TcascI in numlH-r (Plate XI VI) T,, ,

loc.1 increase o( Zp^Ttu,"M,. Ph"""? •"'? '"''''"«• ""=

garnets are ak, developed in many beds
"" -^ P'^"'^^" ^mall

side TZVS'^iT'^' 'T''
^'^" °" ^^--^-n

are still aL'nt'nt ardlHeir^fh^ i^sr arflr"'^ Tsame as those above described Thl
"'''^'^ ^''^^

U -1 (nUi.r.^.u-
"escntxd. I he most mass ve memberIS a tekJspathic quartz te well >i.>..n ,f n .

'"^"loer

structural relations are n.,t dear, but the writer susScts that ThUbody of quartzite belongs to member 4 of theXra, 1 ' L

'

^n contact with it is a thick band of extremd/Sl Ta

W

nes.an hmestone as the Nakimu limestone itself is aptrolched
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Nakimu Formation.
Thi- \akiinu limestone is the kev tn th . •

•Hit. I. is name.! fr.,r,. 1 C i , \ T"':'r '" ''^^' '•"'«^'^'

which have iK-en opcne.n„t,
;'.''"'*'''" "^ ^^''^"f^^^

mountain (I'late \XV I V
'"'"'^" """''^•^'^' *'^ ^^-'«ar

the hn.esto.. is oL^iou. 1. ' i:;;::;'^;;;';;"';;"'^--- of

meni KT of the C.lwi.-r r •
• " '" t'le on v

the w.n,inanf:iH;::ru!;;:i;:Lr xxm" ^;;
"'''''^- -'^^

;f

its outcrops is shown oJmI^'^^^I^^J^ ''"'f
"'7

tK.sc- were plotte.l the fol,|o,| ., ucure of ,1,;
•

' ^'
clear. On account of I, i

'"" "* *''e mouniniw hecame

wiiibec,es.riiK..irti :/:;::;;;-
''" ^^'^""" ^— "••

at widely separated locaiitJes
" """""^ ""'" *''^""Kh it

cavJ^ct:;;:(v,^;;r t"^-'
"'^•^^^^" ^'"^^"- -^^ ^he

of the summit' vm- in ":;;:^ ^•^""•^'7.'"" '"" -^'-" ''""'

rocks here broadens h'ou op
3"^'

'^V"^
< -terly-dippi,.,

1.200 feet. A bluishJeyc/i;';,""'^" " ""'^^ "^ ^'•-"

constituent. A few fSs
';''''"'"' ''^^^'""^ '« the principal

ran.ir« from ne^ ^1^ ::;icrr d .c^^l^ ?!
^--"-•

top the lime:;r^•t -^^^^ ^--he
lamina. The lin.estone Z" , e /^ " '"' ^"^^^^''''^

n.ottlc-d with irreiniiar it, T "'''' ^'"'^y ''"* '« «ften

fine-Krained. wi h .h Iter ;?r "'''^"^- '' '^ "-='">•

mm. These are ch^T^.. i^'™"' ''^'''-'''^R'^K alH.ut 0-2

plane of l.!:idin; .5^;^? "'

"^^IT'
'^'^^""^•' ^'^ ^'-

man. guide to the c^avls h? ?''','' ^^'^ ^'^''^''''^ ^^"tsch-

in spite of the favrrl'lc tn'"''"''
'"'^^ '" ^^'^^^^^ ^--'«.

total thickness a thw ^c
'1''^''^^ °^ ^^'^ ""'"^-^ ''''e

much as 500 feet
""^ ''"'' '^'^ ^^^^ ^"'J '"ay be as

Hert^: A;:n,::^t:io:r:;f"^''
^^^^-—^i toward

the eastern lind. of hTsuZir '"''r
'"'°""''^^"^' ^'^'^ ^'"^^ i"

Cavesof Cheops. AtaSTeitrr"'^"' ' ""'"^^ ^'•"'" ^'-Already the Iithology ,s seen to differ from that
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iiim.; (iiss( .ninatfd throuBh some bccU <.f .1, i-
stone Use f Tlu- I .fK.r r 11

'^' ""^^ ''"><-'-

Alrvn 1 ''" ^""»n>on phases of the M,.|,;.„/Mtyn hinestonc of Mont .in Tlw. . .1
'"Itian

Two miles north-nortluast of Sixn.ile Cn^,.\r 't^- .

thin (xvU ,>( tu. .

'''gnt- it consists of several

l'niest.,ne to al«ut 5 fee-. There the rorr .

'"
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the Caves of Cheops. A thin section of the only specimen

Ihe eggs are of normal size. Th, ir component granules

nrmm r ''' ""•
;•"

''^'"^^^^' "^'"^ to a maximum ol
03 mm., thus correspondmg in size to the granules of oolites

Src" Th.fiH\'"'
'^^ "''^"*'^' ^'^^'^'^ '^^ original tex-ture. The field observations do not suffice to tell how much of thehmestone .s ooht.c. It is overlain by at least 200 feet c„ a h'glhe erogeneous calcareous member, composed, in rapid after^nation, of

:
dark grey, fetid limestone; buflf-weathering. compacsihceousdolomae; sandy and pebbly dolomite; and L^oussandstone and gnt. Some of these phases also resembfeZAltyn formation at the Alberta-Montana boundary line.' oZa few of the upper hmestone beds are exposed on the oppositeslope of Quartz Creek valley, 3 miles toT^nortW T a4-foot layer traces of oolitic structure were observed

fU Jl^-"^ '^i'^"'""*
'''*'°"' ''^°^ ^^^ ^^P'd changes affectingthe Nafamu formation as it is followed across the mountains Its made up of a number of dovetailed lenses which thin out andth cken m short distances, while the whole preserves a generalcalcareous composition. The grey limestone remains the dor^nan member in nearly all sections and has a habit that ma^es

.t almost unmistakable in the field. Its intimate assocTatronwith several strongly contrasted types of magnesian sedimentsan association repeated in practically all of the local sections
isafurtheraid to correlation. Finally, the fact that typiSSand Cougar rocks lie respectively above and below the limesto^

cation. The Kakimu formation is, by long odds, the besthorizon-marker in the Selkirk and Purcell mount;ins wh^Icrossed by the railway. The marked individuality of its bSsas hthological types and their special association prom se to

pTge:86::d^r^°"
-^^^-^ ^" '-^-^-- —Lon ,c
Ross Formation.

The youngest member of the Beltian system is the Rossformation, named from Ross Peak (Map No. 1449). As noted
' See Memoir 38, Geol. Survey of Canada. 1912, p. 56.



79

on page 86 the Olenellus zone is probably located about mid-way m th.s formation but it is conveniently described as a whole

Z i!..T"*
~""^^i'^"- Good, compete sections were foundon both slopes of the Selkirk range. Other good ones, thoughlack-ng the uppermost beds, are abundantly displayed on the.gher peaks of the Purcell ranges. The type section selected

s that shown ,n the superb exposures west of Rogers Pass, atthe head of Bear creek. The dip averages about 60» to the
northeastward illustrating its gradual steepening in the gianthomochne wh.ch has been crossed all the way from the basal
unconformity at Albert Canyon. 16 miles distant. Alo.g tne
trail from Rogers Pass to the Caves of Cheops, the Rossformation has the following constitution:

COLUMNAR SECTION OF THE ROSS FORMATION.

Conformable base of Sir Donald quarttite.

Grey, rarely rusty, thick-bedded, compact quart-
^''^'"""' *" ^"*-

nte. with interbeds of grey and brownish
quartzitic sandstone and grit

i 200
Pale rusty-brown dolomitic phyllite and highly
sencitic quartzite. carrying in the middle a
50-foot bed of grey quartzite 350Grey quartzite. thick-platy and homogeneous,
weathering grey and rusty; with interbeds of
hard quartzitic grit and sandstone 3 , 70O

Conformable top of the Nakimu limestone. 5,250

Leading characteristics of the formation in this westernphase are: its thick bedding; its highly siliceous (quartzitic) com-
position; Its relative homogeneity; and its habit of weatheringwith brown-rusty surfaces. All of these features, except the
last, It shares with the overiying, grey-weathering Sir Donald
quartzite, and it is difficult to indicate any exact plane of de-
marcation between them.

The dominant quartzitesof this section are represented in a
half-dozeri specimens which have been ..licroscopically examined.Much additional collection and study are needed before a de-
tailed account of them can be given. With the exception of

^ ».'^«4'*«rX-^2i^.--
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white to greenirhricaire: '''•'''" ^"''"'^ ^"^ ^-'-^-.

sionaiiy wew^pidTc"^ r;::r.^irr^^^^
^"^ ^^^-

as in the Cougar formation Mu "" '^""^ monotony

rounded pebbles of bin h' ^^^ ^"^^ ^'' ^"''y^ ^-^hibiting

quartz from 2 mm to 8^ '""'"' ^?""'' ""' granulated)

well-rounded qua t..rainrh°''
""^'^ '" '^'''"'''''- ^"'"'^ °^ ^^e

The Ross fn If "^ secondary enlargement.

escarpment'f thTlclW-r
"°\ '^'""'^ ^^"^'^^ '" ^^e bold

are fiund exposures of .dmLbI"'^°'7
^'^^^^^ "-^- -^er^

the ruggedness of the r^? completeness, but, because of

abunda^ceof^Ll^o^r^lZrol^^hlrih:" °"'^ ^'^
and relative homogeneitv n( thlr

'"""'?'"&• The massiveness

but it seems to be here vet
L' /?™'"'" ""^ ^''' ''''''^'^'

section across the divTde
^-^"g'no"^ than in the type

wherft'rup';irl;i:'t/r" v'' '''''''-''«-.
quartzite. hafXere^V-^; ^l^^^^^ ^/^^^
•r hr:nt,,,:,^s "°^;f^ o^^He\^att:iectrs;
erogenic pl^t rnpfate'xxxf Th ^"^"T'^

^'^^^^^ ^^^

occasionally seen to cross t^f beddini .

'''"''"^ "''^""^^^ '^

as a rule, cleavage Ind h.HH
^ ''^"'' very clearly, but,

secondary struck te^H
^1"^ ^'^ '""""^'y P^"-^"^'- The

strata, but there are "S V"""" '^' °"^'"^' habit of the

like the Cougar wis orSnall"''"" f'"'
*'^ ^°" ^°™-t'-.

ceous, and m'o^^Tn-StZ^tclT' "^^^^ ^^^'"^-

west slope of the SelUrt/ t
".^ ^ ,

*''^" '* '^ ^^ the

niarked fn the ouLo '

nf .K "^i '^' '''""^" '^ ^''"^^dy

and Mount MacdonaT^^^^^ ^'
l'^^^'

Supper
at the head of Bear creek t!,H

^5°"^ ^^e type section

collected, the eastern nhl" / ^'"^ ^^'^ '^^ specimens

and gritty beds carrvin. H
•^^'^^'""'"^ charged with sandy

On the slmml ofT^tSrhms T^'T '" ^'^^ ^^"'^"^

-f^oSo;^is^^;sE{?^^--^^
With pebbles Of bi: :^rr^.- Tt^rt^r!

^:£^if:i^'!^::Sli^M



81

Its cement is largely dolomite. In the northeastern limb of the

Ty about 20071 "
?^" ^'''""'' '"'' ^"^^ '^°"^°" '^ representedby about 200 cot of ^rue quartzitic sandstone, again directlyand conformably overlying the Nakimu formation. Since thesynclme .s tightly closed, the original distance of these sedimentsfrom each other was certainly much more than a mile, but theirsharp hthological contrast illustrates the lenticular character

of the Ross strata m general. No two of the sections, run in theRoss outcroppmg in the Dogtooths or Prairie hills, agree in
hthologica succession with each other or with that so accessibleand so well exposed m the Beaver River canyon. Yet the per-
sistence of the same general, massive and ferruginous habit andof a constant relation to the Nakimu limestone makes it easy tomap the Ross formation in practically all parts of the area covered.

CAMBRIAN SYSTEM.

Sir Donald Formation.

The Ross quartzite passes gradually upward into the SirDonald formation.whichcomposes the horn of Mount Sir Donald •

hence the name (Plate XXXI). In the area traversed, this

Se k.rks (Map No. 1449). It is the youngest member of theSekrrk series and. with the upper part of the Ross formation,has been correlated with the Lower Cambrian of the RocW
rtZ broad -T:;"'

°' ?"• ^"^^""^ ^^ratigraphlc positio^
in the broad, wrinkled syncline and yet more because of greatmassiveness and strength, the Sir Donald rocks constitute most

XVVTT. '? "!°""t^'"« '" this part of the Selkirks (PlateAXXII). Erosion has removed an unknown, probably small,xness of beds which once formed a continuous whole with

se'^on
"^ sediments now visible in the railway

For a thickness of about 4.000 feet this formation is. onthe whole, a markedly homogeneous body of siliceous deposits
principally normal quartzites carrying abundant interbid"
ot very hard quartz grits and fine conglomerates. Theseare white to rather light bluish grey, seldom dark grey

"^rf^-^..^*
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allX'^rC "'"''''''' "'""' "'-"^ ""' »

weather liL-o . ,

^ ''''"'^' '^''^ intercalated. These

ttellledllew't :,"'•'"'
""T

^"'^ ^'^"^'^'^ ^---^^''-

pos.i„„i„ the main axis of ,he summit sy"cte t^l°'"
'

Tsif'^o^r'Lmiir': '3 Tn'rr
--""--« :;

bed-rocks i„ the reilT A-- ' '

™' ° ^°™8'»'

sreatly cleaved te^^.ii' H^tat''o:;d7'r'J''''''"''
"""

St an "'r/rsSrau'TrS-,"''*™
-'^'^ >»<">' '^

die are rrerirZ^'"%°"^'''' ^
'"•" """' "'"^i-

or the a,ka,i„ewtaZrSloSVSst ,r™l"'^erates and grits The <;-,m^ ;= * /
P^'^'^'^^ '" ^"e conglom-

Cear .ha, <Lse cii: ^a^r .r^'dS TomT
^"^ " ''

granitic rocks or pegmatites tL '•"''y ''°^''^

are co.mo„„ biLr^iHdl^r ThST^eSS;*?
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respects tl,e leading Sir D„nal.l typos resen.blc- s<,me of the<'l<lor Cougar and Ross .andsionos an.i Krits.

Upper Camlrian Bki,s in tuk ((.lim.ua Valley.

miles^',r'"'-l
^""^ '^^'^^^^'^'"""fh for a distance of al.out 2m es. ho radway runs over the Cougar quart.itcs. whi.h arcsuddenly replaced in the rock-cuttinKs by shales with uhordina te.nterl„.ds of hmeston.. (Structure section in map-p<Kke

Rockv
'''""•'":•'• ^^^•'»"'"K ^he OnJovician Gcnxlsir beds of the

varv^ n 7) "T
'""" '''' "'"''^- '^^^ ^"^'^^ °f'^" calcareous,vary ,n colour from jrrey to black. They are friable heavilyJo.nted. and locally .ell cleaved across 'the be<ldin« pal'The ...estones weather to a bufT-,rey and seen, to f.'gen'erany

Beds of the same general character crop out along the lineor the next 6 miles, to the eastern end of 'the local canyon othe Columlna. Throughout this section, strike and dip changevery rapKlly. indicating structural turmoil. So great is thedisorder that no measurement of the true thickness repreented
IS pos.s.ble nor was the attempt to work out the exact sequenceof strata any more successful. Between Donald and Goldena d stance of 16 miles, bed-rock is exposed at only twolocahfes on the railway. At the crossing of Blaeberry river theoutcrop .s large, showing shales of the Goodsir type No othernotable outcrops were seen, during this reconnaiLnce. in thefloor of the Rocky Mountain trench between Donald and Goldenbut

. >s hkely that most or all of it is underlain by the shalelimestone senes actually seen along the railway Withoutbonngs u W.11 remain impossible to map in detail the bed-^ocksur^derlymg the trench, for they are covered by a remarkablyth.ck and contmuous mantle of glac.al debris and terrace graCebFo^ -lis were found in the cuttings at and immediately east

Do aLTh v''
the 54.6 mile-post, nearly Smiles we'st

wS h 7 °'T '" '^' '^''' °^ ^'"^^ calcareous noduleswhich have been abundantly segregated in grey shale Onbreakmg the nodules open longitudinally, fragments o" trib-bites were found m fair abundance. This material was sent

>K-&,Vl"^*--
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Cambrian ->nd possibly w?u,df^ 'i^'^''^'-^'^" "^ ^he Upper
'Ozarlcian' by Ulrich Two ^ ''^'^ '" '''^ ^'^^ o^ the
larger specimens Lion, tl

^'""^ ^'" '^'^'^y d^^""!- The

another form not yet dearrZtm^H TT' '^^''' '« ^'«>

beds a e^resenti:d alti^ SSringl^^U:; ''^ ^^" ''

^^^^i:S'^Z^^\^-i 'J^ 'y op-
inio contact withthe Beltian r

•7*'''*' ^^^" ^^" ^^"'^ed

section). ^''"^" ^^"fi^^'- formation (See Structural

COKKEL.XZOM W.XH THH RoCKV MoUNr^K CAMBKr...

formar:t%re:r%^S^",:t^^^^^^ ^-'^ or the Ross
valley. 50 miles to 'he ertwLd ?" °^ ^^"^ ^°^ ^^ver
resemblances. These are aZ '"'"'r '"f""

^'""^ ''thological

significant when the respeetiVri'^^ ^^'^°'"« '"^^t
The correlation adopSTasloZr" °' "^'^ ^^^ ^^'"P--^-

SELKIRK MOUNTAINS

Erosion surface. ^
"^^''^ MOUNTAINS

Conformable base of the Middle
7-1- . . , Cambrian.

riw* un. ,
^''tcknesstnfeet.

I Mt.Whyte formation 390
Lower

Cambrian

Beltian

Sir Donald cuanzite 5.000JsTpS/Sor.-
; ; ;

;

^jfs
Ross quartzite (upper

^^^ ^°"'** ^°'^"«t'°'>
• • • •

'

105

^/^''' 2,750 Fairview formation ^oo
Ross quartzite (lower

]

NaSVimes;one:.:''So\r^?;)..'°:'^^^^^ ("PP^^

Cougar formation (in
/"^'°'; '°™^'ion dower

'^"^ '«'««« lco'rra/cree.Vormation;.:: J;L^

Base concealed.
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There can he littl. <loiil,t that the St Pir ,., i • .

eastward c..„ti„ua.i..„ of the <^Z^l T^:Tr:'
'^'^

secfinn thi. «i» ij- I.
"••I. Ill iiH Lake I.o'jise

St. Pinii at, s-;i,,ti7LSi rr; lr'"^r-
"'/^'

Pha«» of the Sir Donald aro (oundn th I T; ^"'""'"":'"'

The« include fino conglomc c^
1'

, .„,

•*'''° •""'*
T"""-

nature whirh fnr o^ 1 •

thick-bedded, massivediure wnich, for so great, continuous masses of s-irukt™,..unmatched n the Selkirk anrJ r,-,i . ,""'''**f
°' sandstone, is

rj • .
^iKirK and Kocky Mountain sertinn« Anr,,.

Ottali; mt'tn^ctc'"?^, ';/? ^""^--^^ Geologicue Internationale,

p. 215.
^ ^- ^- ^^"'""' Smuhsonian Misc. Coll., Vol. 53, 1908.

' Memoir 38, Geol. Survey of Canada. 1912. p. KO.
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again hnng made for an i.u a-a e in "m
""""' '""^•'"'^'"

<'a«t.rn par. of the geosvnclin .J U
"'«'"•"

7"^. "^^•^•n'^'' i" the

'imestone is representedTn ^h
' / ^r^'^''

*''•" "" '^•''^'•"'"

stone found by^vXtt ab^u l';?.^^"'^'-''' '« P'-'k-h hme-
Hecor forn,a, T- Great^"L':"

^'"^ '"'"^^' ""' ^"P "^ the
relation of the lower rr,r r'^ ''"^''''^•^

'•' <he cor-

Cougar formatiorof the ptt.\'::rs:l- 1 "^-"^ ^"^ ^''^

grey, greenish, and purohshm., .r }
"^ fountains. The

Mountain for.atil.nT '^rin!^ ul^''^'^^'^^^"^ 1 "^ '^^'^^
ates. arc. exactly duplicated t I • Vt' '^."' p"*^'""'^'-

>;on and other section, in tno Puree s R " ^r' "^"-

Cougar formation is the western

'

f""^''^'rP^'^kinK. the

Conneirs Bow River group
"'"'^-^'^^^t -^ most of Mc

or t..l2riz^::'::::;;::i^^"7' ^"^^^^^'°"' ^"^ -->--
logical basis. It shouTd obvilM

""^

" '^" '^"" ^^ "" ^ '"ho-
for fossils in the lir DlaM '' ''"'"^ '^^ ^"--^her search

borings and •'pipetckshiri "''"'•^^ '"'^- ^"-''d^"
tf'ese are the 1^ atnd n^ ace rS:' fn^^ ^"^^ ^'"-
bnan of the Rockies. However tnurhth

^"'^'^'' ^^^'"-

may be affected by such ZZI V
'^«Sosto,l correlation

question that the lo4r twtthTrdtTr"' T'' '^ "° P^^^'e
' °^^;;:;-bnan age.

;:^:g;j;:;i:r£,:i:f;s;:^'?
-^s

of ^^:^!Tr!^'z:'^:^-^' '-n^i<:i:rthwest^^ -->- -"^^ - Si^^

s overlooked by high n.assive chL cZ^^td of th
""• ""." ^•''"^>'- '^-''

quanz„es, while beneath, in the vaTvT I'
™'"'" ''"^^ ^"'''">b"an

''- to the weakne. of th^ thin L:,S,StTarbei^"
''' "^""'^'^ •^-«'-
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i-ower
{ an.l.nan .s sum.„arize<l as f„||ovvs:

HOHSON DISTRICT.

formalums ni,knf,s, ,„ f.„
'"'" Mm'
.;';""' i.N(xi

[f[ «(X)

MciViuithlon 5,,,,^

MOIVT noswoRTM s|., riON.

Formuliom
Mount Whytc
Si. I'iran

lake Louise

Kuirview.
.

.

MahtoanosTpirarform^ /"'""^''^'"^ ""'' f-'«'-" the

a collector as Wa cott h'? "" ''
'!

'" '''' ""^^^ '^-^ -> -Port

feet in t:,ickness. Prosu^b" '^ '

'"'" "' '''"' ''"''

Louise district as we Is ^^^ V''""
'"'' '" '^' '-««-n-Lake

fossiliferous Hota (orLln U^J
^^'"^''''^'''^ ^^•'^'''^" »" ^^c-

to determine the hne of de"a a
,,'''''' ''^' "'^ '^ ^'«'^"'^

Cambrian and pre-C^ltrCB "ag^'^,7';.
-"^^''^"-^

;ts as yet unfcssihferous characte ami ,.

'"/'"^'•^^^^•^t• '"

lithology. the Sir Dnn;,IH f^'"'''^^''
^"^ 'ioubtless in essential

bulkof thelowlr Crh "°" "^ '^'' ^'^"^'"^'^^ '^ "ke the

relation . t t": Lowt'"c\"n!h"''' '1 '^""^ ''°'^^""' '^---
d.strict is thus rend:red\h:tol^Vob:ii^^^""-^^^^' ''-'-

RELATION OF CAMBRIAN AND BELTIAN IN THPCANADIAN CORDILLERA.
"^

Throughout the North . />=>„ r- jn
done systematic field work Walcott con T:"' ^'^^'''^

'''^ ''^^

and '-Algonkian" (lates^ Pre Camhr T '''
'^^' '''" ^^'"*'"^"

an unconformity. He writes 'D,''"^ 'f'"
""' ""^^'^'"^ '^y

incidental to my Cambri.n ^Tf u^""
^'^^ '^" y^^"' ^

contact betw^^ ^he '"::bH::
'

f'''^ I"'"
^^"'^''"^ ^''^

Cordillera area FrL '^"\^"f
/^'^ pre-Cambrian in thearea. From Bnt.sh Columl)ia and Alberta, on

.' r ^' M^^'"""'
Smithsonian IVlisc. C.

*-• " "^'tott.op. cit., p. 3.J9.

I-. Vol. 57, 1913, p 343.
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"if main line of th<- Canadiin P.r.fw- » i

and southern Caiif,.rn r
Railway, to Arizo.ia

Cambrian. It mav h-iv!. .

""''" " ^'"'' J'^*-

^atToI^.i:
'-" ""' "•^

' .'"";:;i-ar*

unconformably overian fh„ a .-^ Cambrian strata

clearly could 1^^:^r^:r^2^': 7\ ^^^'r"'
'"""

'hi- period indicated bv th
^ '^"'' "^ '^'" '''''^°^>" "f

strata or of the idiments ,

''""'^ "' '^"^^'^ ^^"'''"•^"

-ted by the uncrn! T^ r^^th: L
^" ^^^^ ^^'"^^-

and Algonkian strati T ,i

^," ^^"^ ^^^er Cambrian

conforrnity Ween C aJh ""'
J'""^ ""^ ^ '^ "^ P-v^""

rocks on the Ch Amor
^ ''"'''"^"'" ""^^^^

where the conrac is ^Z"Z '°"''"'""^-
'" ^" '«^«'ities

have been foutd n thetS CamT""!?^ ""'^^^ ^^^^''^

basal conglomerate and co!r^
Cambrian beds or above the

has been found to ex^st?;.:^ '"":'" ""conformity

Cambrian land suX was form^'VT**" *"^' ^'^^ P^
and crystalline riL tr. hT "^^''"'"^

immedJately precede in Ho •

"°' '" ""^ ''"°" '"^^^^ce

sediments. Eve^wh^re th
" "''*^'" ^^^ ^^'"'>"-"

break betweenreTnown pi' C.'l'-''"'r^^ ^"'^ '^^
-dirnents of the No:r/m:;Src:;nSr •r'^

^-^^'-

of th?de;on:;i:rs^^^^^ ""^°"^r
''^^ ^^ ^^^ »>-

states of the Union, no prltha^v?"V" ^T"^ *^"' '^^''-

*-• U. Walroff vrv'tk :_ »•. „ ' ^
^oI. 57, 1910, p. 11.

— — -^..^^..11, inure Clearly
'C. D. Walcott. Smithsonian Mi.c. Collections
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enormous Imurl, „t Mi,|,||,. .„„, . _,.^ ,, , .

IHTi.Kj. The Middle (amhri.n mV.,!
**^""'".""

< ""I'nan

'—-'- in M anr::;';- ; :';:
:-;
r*; "-'-

"- Ini,., States pan of „... ululnuir
""' ""^'^ '"

Jnu officers ni tfji- I .);(,., I ^t ,, , , ,
'.

,

held for tlH. last tf^irte.-n s th a t e HI
""'•"

^T'''
'^'^*

and Idaho is c-miroly of' iC ^l "'" '^''"- "f Montana
Riven for this view (W L i ;'"•',.

i'^'^"' ''^" ""-"=* ^^^

Belt sedin.e„ts The oth r : ""''r"''^^'^';-
' ''•'^-^- "f ^f-

of the Helt series f4c"u>th ,

""''.'"f-'"^'''!'-- jv.sitio,.

-one „eari„« Middl: c;!;;:; Sf^^'^ ^'^'-''-^^ -"d-

aneJ!: j^r ;:r:;i;;:r;:;^:"::^.rr'"^'^%^'^
"-^--^

strated Cambrian beds f the Mount Roir' V'-
'''"""-

^cond argument has value o v -.fr h. .

•'"'"'• '^^'

sented in the so-called Jn,/ 7 ''"''' '"'*^^^'^' "'•Pre-

In another place ttwrZ^^^
"neonfornmy has iK.n evaF .d.

considerable magnitude ' In Utih ,n 1
'^" " "^ ^"^

transgression is represented by a ^l-'''7V' ''^^" ^'^^''^^"^

sea, wherebv thick imosfnnl
«'"J^n'ng of the geosynclinal

lying Middle a d Lowe" ca" Jan b^r
"'^'^ ^'"^ ""^-

while sands were befng lafd Sow ateX t"'""'
'^"'"^'^"^

gins of that sea.
^ '''*' transgressmg mar-

uncolftm^'Ltr:; r;i:r'r' r " ''^ ^'"--- ^^ -
the Canadian Padfic section"""

^^"'^"" ^"' ^^^ «^'^- '"

' ^•'"'"'^ ^«- f^'- Survey of Canada. 1912. p. 189.
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"\r I
•

^^'°*^"ce m the followinii words-

surfJrxrr::ru;eT'' t-^'^

^
'^^^ --^-^-^^an

conformable to he slhcent"" T T'^ ^^^^^^^ *° >-
about the sides of the v^l^rnrr^"^" '''^'^' '^"

Fairview of the CaJbH-
"''

^L"'"
"^ ''^'-' *^'° ^-'"-tions,

dipawayatabout th?2e"
. l"" "' '''^ ^'^""'''a"

7 of the var;„V tMS';^rofth ";:ara^^^^^^^^
^^^

glonifratc and ehc dilTorfncc in ,t i!

'-""'"""' Mn-
ws „, ,hc A,g„,.^i,„ rd"fe:,%tTeTc

:' '": ""''"
aware that the Drc.r^rr.h.:

-^ P'^ices, we at once become
lar. and that wC the r "' '" '" '""' "" ''"'^^ ^"'^^
area now included in th^R "vT '^^"^"^^^^ ^'^ '^e

irregular surface whh low h";. T /' '°""^' ^ •^''-^'y

covered with a d"en mantle f"!'-
'""'^ ''''' ^f^--

washed out the mudTand car ed ,h
'"'''"''^' ^^^'^^ '^

the sand and pebbles of it. Tf '""'^^ ^"^ ^^P^^i'^-'d

around .^.4J^^^^^^ and

wherel\rar^;Xei:;'' 'T. ^' ^o- intain.
feet thick, which uruly^/re'ctir' "^r^'^>-- ^-10

(Pre-Cambrian). I„ pla'ceT ho^v ' s^Lfh Vr'"
^"^^'^

shale are filled with thin Iiv^rV7 ^ ''°"°'^^ '" the

-nd.„„e ,Ha. „aVd:"pitd" %T-°;:;-f-™e-„.
the deposition of the massive / i

''"'^rents prior to

lower 10-20 feet of tWsT ."""^'^'"^''^^^ 'a>'^'-«- The
and angular frag^L^'or^ht"'?''

^'"'^'"^ ^-"^^^
formations. TheSbrian J '^T' Pre-Cambrian

across the dark siH^eo^sThaTes rtr''^"'^'
^^^"^^^'^^^'"^

and reducing them to rolled Ll,^^ Pre-Cambrian land

and mud. TheZdJ^et- ^ .
'''' '"^'"•- ^'•^^-"ts.

similar in character to th. ^T ^°.""'" '^"^''^^ ^^ ^f^^'e

while lentiles oT^nr ^ treS
jHe " _^^^.

^:::itur^^r"^-='--"s::B:s;

:i*^^
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I know of no exposure showing the contact of its basalconglon^erate wuh the underlying Hector shale ^rth oMount lemple. Kast of Mount Bosworth the contactof he Cambrian and pre-(\.n.brian appears to L -.rthevalleyjust north of Stephen on the ContLntal Divide

ments of^Trr '"^''"'".^"r'
'' '^' ^^'"^^"'^^' ^^at the sedi-ments of the two periods were deposited under differentPhysica conditions. The Cambrian sandstones are com

rZls an?"' "n"-""'^'
^^^""^- ^"^' ''^' Camirrbn : :cartous and argillaceous shales were deposited as muds

nfe?h;H '.""'. T ""'^'''"^ '' •'" abundant maHne

ind wilt r;; :;'Hfe°^ ,r- '^^-r-^^-
- ^i'--

dirtv wifh th
• S'i"dstones are imin.re andd>r >. ^^ah the quartz grams a dead milky white or dassvand iron stamed. The sediments forming th.. ,\"retvTdently deposited in relatixely quiet mudc^- wa e s and Ithink m fresh or brackish waters."'

Hecor f„™a.r„„ after it ,M Lr„'^
""^ ""'-«' '™"> <l"=

e„ca,„ any other can be selected a» marking a„ unconro™ ';
(J-) Variations of thicknp« in tu^ c- • • .

'""^y-

' C. D. VValcott, Smithsonian Misc. Collections, \oI. 53, 1910, p, 426.
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seen .n the Gateway, Heftv Wn\( , I ,

Examples may be
49thpara,.el. TheL^t^Jd ^TeL^Jf^^^^^^^^^^
Cougarformation, the Nakimn frZr .

character of the
where these respectively erJe^T";'"^.-'' ''"^^°™^^'°".
summit syncline at pofnts s^oar ^ M ^° """^^ °^ ^'^^ Selkirk

distance, are further'2SrXs"^t)Vs.I1 1
" ^' 1'^^ ^^

quartzites of the CouKar lar^Plv^. .
'^'^''''' ^^'^ the

F'laceci in the Rockies btth^ ^f "*"' ^^^tward. to be re-

of the Hector f^rmiforAtTn"^'"''"^"'^"'^^^^
this development of lenses in thTRoct-Tr'"''.

'"' "^ '°^^' '^

tliat variations in thickness at anv I
^ °""tam geosj^clinal

as evidence of an unconflrn. y.^tTittT" T"°^ '^ ^^'^-
ations are not due to fh^ ^

"
.

'"'*'''' ^''^t these vari-

geosyncline.
'^' °"^'"^' ^«"'J'^i«"s of deposition inZ

FaJtw ctngtrr;: tlT'^f''''' ^^^^ ^^^^ ^^^
underlying Hector. Allln has

1^"^''?""' '" ^'^ ^'^'^ ^^e
feraph in illustration sl^.nV 't"^^^'"

^^^^"^"^ Photo-
region he writes:

^"'"'"^""'"S ^.s detailed work in the

^s seldom r^Ti^Trs'L^m 'T ''' ^-•^-
one exposure in Bath'cTe:kTar;'„iV hT

'^^^""^^^ ^'
Rocky mountains, the contact ;,/' ? ^""""'^ °^ the
two other localitie in wSthV. ^~"^°""^ble one, while in

noticeable -conformit;tt:etXb:dT:fTf
'

''''' '' ^
In one case the Pre-Cambrian <=hai .

*^° systems.
S- 55° W., and the LoweTcambriat'

^^'^ ^'PP'"^ '^ degrees
degrees S. 5° W."«

^^mbnan quartzites had a dip of 35
At the last-mentioned lofaliV^, ),

discordance of dip between ^e two f
''•' ^"'*' "^^^^^^^^

'Ibid, p. 172.
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tt'S s«"::: :;;xr, ™ -"" , "™ -»- ^•-- "-

cordance is of an „J T /' """"' »'"<»"'l "' <lis.

during he up iftiLof'i't ""f •>« l-ariy p,„,„eo,)

•o a :„r:r,"; t:;:;'" '""r'^" ' -Tn^Sfia...

other horLn of Che Bow Ril^di'T'TK
™'"'''"' "" " "">

posed nehian and .he c:^:-?;'::'""
'''""™ "^ *« -

quoted that there is no nl» ^ ' statement already

«..i».o„e o, c:::wa:atzsixT'"" '•«- >-

repr^e«Z1vS.t*.'^r''' 7' ^'' >-- '°™"i-

in .he sedimenLt '""' '"''"='"'°" "' » «™ '"•«l<

one of the rare rials'wh°""'r
"""J-^'-al Prism there i,

theba.aUn™f„™t'o,,t'r ' ".™t'"«"'" -Oicatcd in

With .he uninterpS:,1etS:'Tsedt:r ^0^"""

f:;^^wi.Ki„ .h^ .i,ni.s^o?r;rtT.:flrn'=^'
"-

;C^D.Walcott. Smithsonian Misc. Collections. Vol. 57 1913 o 3,0

Gebi^inde. IS^T^n^;"ST 1 ^|L T^^'-'^-
Fo '„t.':;n?.„,

Pre-Cambrian Unconformiti;'" a paVrVSt^'lT "r'^'"'
'"'^^ °'

Internationale, Toronto. 1913.
"'^ '^"^ Congr^s Geologique

i^^^sm
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CORRELATION WITH
AT THE
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CAMBRIAN-BELTIAN
49th parallel.

ROCKS

r.l.t; . u
'^"'''' '^"' '° P'^^« ^ statement of the inter-relations of the pre-Ordovician rocks traversed alonrthe Fnternafonal Boundary and indicated their suwlvisbn

'
to Ja

"'

br.an and Beltian groups in the present n^eaning o th;^ t^ms"Ow.ng to poor exposures and physical difficulties of trvei The

SLTtJirrurveTdetS^sr, scfrr'^ rthe stra.graph, of this^ange'!:^h™eVe ^It^^Ju^tthe north of the international line, and the succession has beenmuch better determined. Schofield's results have been publi^J.n summary form. Combining them with the writer's orilinalobservafons m the boundary belt, it is now possibl to imXv

column of the f^oiiowirrtris ItTS'zs:^^:^:^;^mg to the western half of the Purcell range at thel^h Sd"rather than to the area studied by Schofield to the north andnortheast Any difference in the respective stratigraphic cdumns ,s largely due to the usual variability of the geosvncliniised.ments as they are followed across count^ Schofield'recognmon of the important Aldridge formation is a deckedstep toward a final understanding of the Purcell series It

heToufdart mlo' Tf"^"^ ^'^^ °^ ''^ quart.ites sh:L in

underZ th! r ^'' °"^'"^ *° '^' ^'^^h^"^-" ^"^'"ation reallyunderhes the Creston quartzite and belongs to the Aldridge

(mailiLr I ' T' "'^'"^ ^^^"^ *^" '^' C--dian lacific(mam hne) section has suggested another, but this time minorchange m the correlation table of the boundary reZ Th.v

oHh': w"./
'^ "^'^"^"^ ^^ ''"^ ^'^°'^' " ^tead of3y a paof the Wolf formation to the Lower Cambrian

The probable correlations important in the present connex.on are ^o^ed m the accompanying table. The SumTt PurcelTand Lews senes mclude equivalent parts of the Rocky MounLt
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Ml 1)111. i:

' VMIIRIAN

(OKkKI.ATIiJNS IN II IK |<(jc,

I

("..w river. ra,.a,lu„ fa, i.ic
| ^""""^kdilfky.)""""'

'

I

billon liniesloiie. 2,728 feet
,

Stephen limestone, 64(1 feet
< atlicilr.ll limestone, 1,S<J,S feet

I.OWKK
'AVHKIAN

I Ml. VVhyie i.iciargilliie, .190
feet

I '^t. Piran <|iiarl2ite, etr,, 2,70S
i feel

I

' ••'•'c l.ouisf nictar<iiliie, 105
feci

I'dirview quarttite, etc., 6tt0
feet

Sir lJ,jnal.J quarlzile, 5,000 feel
^"^-^"^"/'te (upper part).

^,iSt} feet +

W

Bu.TI AN

I Hector Mielaruillile, etc . 4 S>»()

I
feet

j

< iirral (reek f|ii.,riziip, ei<-
I 1.420 f fWi

I

Biue concealed.

Kdss quartzile, (lower uiri)
2.500+ feel ^ '

•Nakinui Iniieslone, .<5(» fi-et

< ougar quartzile, M.VOO feer
Basaltic lava, 50 feet
« ougar quartzile, 1,050 feet
I aurie iiietargillite, etc., IS.OOOi

feet

Illecillewaet quartzite, 1 500
feet

Moose metargii'Lj 2,150 feet
Limestone, 170 leet
Basal quartaite, 28C feet

Irt"

Irei

Unconformity

W. »b>^>'..3<:!"':~i«^H£iis;:«K".t? jVi JBMfi-:* 'taL.'.yj^'Ji.'j:



•; KU( KV MOUNTAFN GE()SVNCLI^ML

Summit Skriks
(Selkirk raiiKe, 49th rarall.l.)

PURCKLL SkRIKS
(Western part of J'urcell
range, 49th parallel.;

Lewis Skrirs
(« larlce and Lewi* raneea.

•''til parallel.)

Kintia nietargillite. 820+
feet

Sheppard dolomite, 600 feet
>iyth limestone, 4,100 feet

Wfeei
part), ^,000 feet

p.<ro| Monk nietargillite, etc., 5 500

I

feet
-•

I
Irene volcanics, 6,000 feet

tet-fj Irene ronglomerate, 5,000 feet

et-t

5,000

1,500

feet

Unconformity.

Aldridgf quartzite, 6,000 4-

Bme comeaUd.

Ahyn siliceous dolomite,
3,500 feet

VV.itrrton dolomite, im f»-et

Bate concealed.

P "t »T-»'VTt:i'''«'-K->-'^:,-i^-^';
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geosynclinal at the 49th r-ar.lkl: thoy have U-en given specialnames oecause of their great iilhologiral contrasts.'
Excepting Beltina. abun-lant i.i the upper part of the Mtyn

forrndtion. no useful fossils were discovered in the Summit
I urcell. or Lewis series. \or has anyone yet traced these rocks
northwa:

1
so as to show tl.eir relation to the fossiliferous Cam-bnan of the Fiei.l-Laggan .iistrict. The correlation is, thus

based purely on litholojjical resemblance and on general strati-
graphic succession. Tentative as such a correlation must be
It has vak-e in suggesting lines of future investiKution in the
field. The detailed features on which some of the equivalents
have been matched are recorded in Memoir No. 38 of this Sur-vey and need not here be described.

The recent study of the Sir Donalil formation shows that
It has a remarkably close parallel in the equally massive o'artz-
.tes and grits of the Ripple-Dewdney-VVolf group in the Summit
series. In massiveness and great thicknes.ses, in colours, in
degree of lithification and metamorphism, and in quite spc-cialized
compositio... the matching is extremely close. The abundance
of blue, opalescent quartz grains and pebbles a.ul of the alkaline
feldspars (microperthite, microcline. etc.) among the clastic in-
gredients i.s repeated in both groups. All of these characteristics
are found in the fossiliferous St. Piran-Fairview group, with the
exception that the latter is somewhat thinner and more fer-
ruginous, as expected from its position in the Rocky Mountain
geosynchne These resemblances, coupled with the fact that the
Selkirk and Summit series form part of one mountain range
and are found on the same axial line of the Cordillera compel
the writer to emphasize the probability of their equivalent age

The very massive, grey Creston quartzite of the Purcell
series represents the finei»grained, offshore cquivaleni of the

-Schofield considers that the entire Purcell ^series k of Pre-Cambrian a«e

:^t"" . t?:^
?""';'^" fos^Iiferous Midd.e Ca.bnan Buaon t:::^ZZ:

res w.th no discordance of dtp" f" conformably •') on the recognized beds

o Can,H"":i,r'" '• '• ^''°"'"' '^""^""' '^'"'<=""' •^- '- <^-°' 'Purvey

or.h. ,h. .J 1'""'°"''"! '^'^°^-^^y«*'"s to warrant continued scrutinyof he thes,s that the ent.re Beh series" of Montana. Idaho, and southernBntish Columbia IS Pre-Cambrian in age.
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Pew.lney.Wo!f Kroup and the Creston ha, been clearly traced">t.. he App..kunny formation of the Lewis series
n a similar way the Monk formation thoroughly matches th*

note, that the prevailmg quartzites and ^rits of the Cougar on

K llitt-s „ .e )oKtooth mountains and the .-astern SelkirksI
.
the Bow valley of the R.xky mountains this fTrm ui^ «early represent.! in par. of the Hector and CorrTl Creekf.<rmat.ons. In the 49th parallel sectio, the Monk fo mati^n

.rrn'^Tttr *^'^"-«--^- -e argmaclousaS;

strongly charged with grains and small pebl l f
"

art ando m.croperthite and other alkaline feldspars Ih precise y

(basaltic) Trm I;''

'''' ''"' '"^^ '""^ °^ '""^ '^-«^ volcanic

thebl^'orihtf""'
°^ '''' ^''' ''''"'' '--^"^ conglomerate atthe base of the Sum.ut ser.es has not been identificxl in any other

rock that oul.i ^ definitely correlated with any part of the AlbertCanyon division of the Selkirk series. Some beds o thelo^e

g^l i es Tttrr^Hw " ''' '^'"'"^"' -^''-— Laurie meta"guiites of the railway section; yet it is clear that the latterf^ormation cannot have more than a few hundred feet of thlckneLat the international line, if it is there present at all The fou^lowest members of the Selkirk series seem, yet rnore surdynot to be represented in the boundary section
^'

The downwarping of the Rocky Mountain geosynclinewith consequent sedimentation, evidently began inTe AlbertCanyon district much sooner than it did 200 miles farther so^IThe sedmientation continued in the northern Selkirks untilthe pre-Ordovician deposits accumulated t^ th^r ^aliZr:!

'•„^'*vr'4f-,^«fc-Y--^'y jinr. M^^^M
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known thickness in the v orcJillcra. At an .jkxH comparatively
late m the Belt.an perio<l. the widening of the Keo.vncIine
developed the conditions of sedimentation in th.- refiion of the
present southern Stlkirks and in the whole region to the east
as far as the Great plains.

The sedimentation was arcompanie-l l.v occasional extru-
sions of basic lavas. At the 49th parallel these- have formed the
Heltian Irene volcanic formation of the Selkirks. a thin basalticHow m the Lower Cambrian ( ?) Grinnell formation of the Rcx-k-
les. and the extensive Middle Cambrian ( .>) PurcHl lava forma-
tion <.f the Purcell and Rocky mountains. So far as known
similar contemporaneous vulcanism occurred in the Canadian
Pacific section only durinR lower-Cougar time.

CONDITIONS OF SEDIMENTATION IN THE ROCKY
MOUNTAIN GEOSYNCLINAL.

SOURCES OF THE CLASTIC MATERIAL.

During the 49th parallel survey it became clear that the
mechanical debris there constituting the Rocky Mountain
geosynclinal was chiefly derived from a pre-Beltian terrane
b'lng to the west of the present Columbia River valley The
Beltian-Cambrian conglomerates, grits, and quartzitic sand-
stones of the southern Selkirks have their stratigraphic equiva-
lents m the fine-grained quartzites of the Purcell range and
still farther east, in the argillaceous and calcareous sediments'
of the Rocky mountains. This systematic change in grain
and composition was observed at many horizons in the geo-
synclinal.' *

Nowhere in Canada has the eastern limit of this geosyncline
been found. However, in Montana not far south of the In-
ternational Boundary, there is clear evidence that a small per-
centage of the geosynclinal sediment was derived from an eastern
landmass.^ Walcott states the case in the following words:

"A more or less shallow open sea extended eastward
___orthe Kootenay valley 300 miles or more. In the vicinity

' See Memoir 38. Gcol. Survey <,f Canada, 1912, p. 166.

;.•"#•.:>;"**»; ;^-iF:
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20 m.l.s an,| .....rr away fn„n ,1,. Ndhar, ArhvTu
was s.K.„ l..,n,..|

,.v ,h.. M,.uki.L,UnZ,' nV *

. hemam .-a> .-rn .lu.r.line, ,.r lan.l area, was sti I .mho -a^tan .lunn, „,..st ..f AlKonkian ,i,n.., Fn,m ,he cha. "ef h.' Al«.,nk,an sochmonts of .h. I.ittI,. B,.|, mounta n,n
.
-apiH.ars that th«- c-astern lan.l ana affonk-cl Z tUeMrse ma,.r.al. It may have In-cn low, s^-ncling on 7, udt

.'•;' sol.M.ons of lipK. an,l sihVa to the .\l.n„khn oT llWMh an cxxasional rush of .and and fine ,rav' ,s
". '

""^

conclustn "h ^h^'f
""'"" ^'"""^^'^ corroborates that

Hon, ..mcionpina west of .1... -s^iL-.-i, ^- j .
'-°"8'»' lorma-

quar^i,., i„ the 7w,lh, ,^i ,
°- ^T" "»"»"««•

River v.Jlev H,, , Tt^i r ,

^"" m-targillicc, i„ ,he Bo,

b^l^c compar,»„ of facic, canno, bo as Ml , a, X T„'
C. D. Wafc„„. Bull. CoL Soc, An.erica. V„L 17, 1906, p, ,;,

r,* .^7,a«?.»!E»'!B%- r- '53K». >ii^ifii
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t.-rna.ional Mounrlary I,,.,, mu h a. i, i,. i, |,..,,, ,„ „... s.mem-m-rali/aiion. •''"^

«h. na.ur.. of ,1,.. lan.l n.a.s wlu„. ,»„• K-.svnclinal ria He

w.. .h.r...l oLKt ShuHwap orth„K.uis.s. Th.T.- is no nason

^'r'i
"';.;' .'

"'^"""«^^""-l '*-'''*«<'"- throughout the S<.|kirk

^.li.v of ht
"""'•'^'";:«'" " "- '^h.-swap t.-r.-unc.. The- pr.,1.-a >.hly of this ,s s,Hr.allv „ulirate<l by the lithology of tho^•on-

K ..ru.rau.uul ,nts fornn-UK the a..u,ulant l.n.s<.sTn th.- , .. t"-

k.rk-J urcdl moumains and thdr rquivalcnts in the R.^kies

1- ' ' ' "^^ ^
"r'*''"'''

"^ ^'^'•^-''y' *hi.e to bluish, oftenop.^ -seen quar..^ and of white ,o pink or red. alka.me feld

iCh n
^^ ' '"^ '""""""^' ''' P'-'^ticMlarly abundant.1

1

<n gh nu asunng a cent.me.re or more in diamc .er. pebble after
PC be of quart, or feldsp.. was .seen to ,h- a piec'c'of a sl^ L
h s ro'-r ,

'" '"'
f"''

'" '"'^" sf^xialized compositionth s CO. PM-r dcbn. exactly matches thousands of the pegn- .tite

tt!^T '"
''^r

.^^--P^— The writer ha.s'T.bse She .lue .olour and .ruiescence of the quart, pebbles repc-a 1" the quartz of the pegmatitic injections. In lK,rh r.^. ,he

;^w';l:;?^ik;:;S:"^
'^^" '"^"^'^^^^ intheme.amor-

In view of all the facts there can be no .loubt th u the Shus-

^Z:::^ •^-/-^>-i the travels and coarser sands^t.
J,cos>nchnal. The fine-gramed sands, as show,, .nerelv bv their"Uunate, .nterbeuded reia,ion to the pebblv lavers.must 4credued to the same general source. That conclusion is uphe^b> the common abundance of clastic, alkaline feldspars in thequartzitic sandstones.

tain ^e's'T" '!
''"' '"'^ "^ '^'' ''"^"^^'^^' '" '^'^ ^^^y ^ot^n-tan. Ke.sy„clm.l was or.Rmally not true sandstone at all. but ahighly s.hceous mud. The microscope shows th.. this mud was

lnmiiraBaAssiRx^-ittni;f
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composed of minute Rrains of clastic quartz forming 60 to 90 percent of us we.sht. The enormous volume of such material in the

paX'fi^Tr'"
°' ''; Beltia„.(-aml,rian series at the 49th

parallel first became understotxl after the recent study of theShuswap tcrranc.
^ ^

Many thin sections have been prepared from typical speci-men ,„e tick extensive Adams Lake and other gLnstone.The,e were found to carry a hi^h percentage of secondar^.
quartz, m grains varymg m diameter from 0-005 mm. or less to0-.S mm., with an average of 0-01 mm. to 0-04 mm. in the dif-ferent specumns. The micaceous, chloritic, and calcareous
sch,sts of the Salmon Arm. Bastion, and Adams Lake formationscarry much quartz in grains with diameters ranging up to 2 mmbut avera.mg not more than 0-1 mm. The nLs. carbonTtTs'

in?t e
' •

T'""''' T'"'
^^'"^^•- '""' ^''^^ -'--'^ -cSing these quartz granules, are all liable to complete decom-

position dunng secular weathering. The quartz, more resistanto solution would thus be free and ultimately concentrali i,bas n, of deposition. The mode of transportation and cZcentration will be cscussed in the next section, where aia
wHl beT' 'V'm '""u?^

'^' "'"^°"^ Beltian-Cambrian mudsw.Ibe found. Meanwhile it suffices to note that the Shuswapterrane as a whole was specially adapted, bv its richness infine-grained schists of the right kinds, to furnish great voLmesof quartz dust or quartz silt.

volumes

DUNE-SAND QU.ARTZITES.

While local coarseness of grain, ,ind. more generally, highlydeveloped stratification show that the geosynclinal sedimentswere i„ largest part laid down under water, there are gc^dproofs that the wind was also a powerful factor. The evidence
IS threefold. Some of the quartzites are typical dune dep^shsmuch o the more compact homogeneous quartzite has the char-acter of modern. s.I.ceous loess; and, thirdly, the magnesianhmestones of the Rockies contain abundant grains of quaftz a"
dtr f :; ; v/"'''"'^;

'^'"" '''-'' ^-'^^ ^"^ ^°™- -- ^^^anven lar by the wind.
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moan v„lu„„. on L'.fi "^.h ^ ",, "i, "" "'""' '"'" »

crock- Ihn f,^l „,^
f»rraat,o„, outcropping at the head „( U„„

parallel section^
""^ 'l^"-''"'"' R'PPic quarti.te of the 49th

.hro„,htr;;irAeZere'Lf".hf;";L-;:::,,?;r^^^^

torn of clear wifer 7r ^'"J"
°"* *« ^«^^ ^"^^ sank to the bot-

bcin, chtTear;;cta.:H': fgr™^-;:" 't:T,7-grajpsare lar„ely„,icr„perthUea„d ^.ciC^i, thIL°„"'
X'

as that ,„ the gr,ts and c,„slo™rate» of iht- Selkirk utM.l,_pr„,..ble that the grains were derived from the Ihulp

• ^l„„„ir N„. js, C.I. s„,v„ ..f ; „;,,„i,; ,„„, ^ „,
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terranc and that they were carried to their final resting place
by the westerly winds which, in Beltian times as now, were the
dominant air currents in these latitudes.

LOESSIC QIARTZITKS.

In both the 49th parallel and Canadian Pacific sections, at
least half of the geosynclinal quartzites are much too fine in
grain to be considered as lithified sandstones, of either aqueous
or eolian origin. They represent colossal accumulations of
quartz and subordinate feldspar, with varying amounts of muddy
and calcareous impurities. The f;,artz and feldspar grains are
angular and vary from 0-02 mm. or less to 0-3 mm. in diameter,
averaging 05 mm. to • 1 mm. Such beds are common in the
Sir Donald, Ross, and Cougar formations, but for purposes of
discussion it will be well to consider some of the most remarkable
examples in the quartzites of the 49th parallel, since chemical
analyses of these are in hand.

The western phase of the Creston formation in the Purcell
range is an extraordinarily massive quartzite, a mile or more in
maximum thickness. Its homogeneity is likewise striking; in
the type exposures no interbeds of conglomerate or grit could be
found and true sandstone seems to be very rare; the occasional
argillaceous layers were thin in all cases. "Already in the hand
specimens numerous glints of light from non-micaceous particles
suggest that the rock is highly feldspathic. At the same time
it is seen that the general greenish tint of the quartzite is due to
disseminated minute plates and shreddy foils of mica. These
obsen^ations are confirmed by microscopic examination. Inter-
locking quartz, fel<' par, and mica are seen to be the essential
constituents. Ea( of these minerals is glass-clear in the fresh
specimens. Orthoclase, microcline, microperthite, oligociase,
and probably albite make up the list of feldspars. Of these
orthoclase and microperthite are the most abundant, though it

is not certain that in any specimen the other feldspars of the
list are absent. The mica includes both highly pleochroic
biotite and muscovite, the latter being either well developed in
plates or in the typical shreds of sericite. In some specimens the
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conscteents were calculaS tobe l^^^^y
""""'"'" "' ""-

Quartz
^^

Albite molecule 91
Orthoclase molecule 9
Anorthite molecule

2
Micas _

Accessories ,

100

' Memoir No. 38. Geol. Survey of Canada. 1912, p. 123.
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Analyses of Quartzites and Loess.

1 2 3 4

1

i
5 6 7 8

SiO, 82-10 76-90 68-37 51-65 60 01 62-40 76-91 74 46
TiOj 0-40 0-35 ....

. 0-43 0-52 0-14
AI2O3 8-86

i 11-25 7-02 7-85 7-44 10-14 12-50 12-26
PcjOj 0-49 0-69 4-41 1-74 3 07 3-47 4-28 3 - 25PcO 1-38 3-(U 3-99 0-98 2-49 0-57 0-70 0- 12MnO 03 002 0-07 0-09 0-02

^'«V
0-56 1-01 4-41 3-67 -i-04 2-07 0-89 1 -

1

'

CaO 0-82 0-88 3-89 15-02 9-46 7-30 0-27 1-69
NajO 2-51 3-28 0-87 2-69 1-78 1-13 1-39 1 -4?
KjO 2-41 l-3o 1-34 1-38 1-36 1-83 2-25 1-8?
HsO 0-42 1-40 3-85 1-90 2-87 3-37 2-70
PiOj 0-04 0-15 0-16 0-20 r-m
CO2 tr. 1-91 13-05 7-48 6-86 0-49

0-20 0-'i6

jlOO-02 100-33 100-06 99-93 100-00 100-00
i

100-00 99-66

Column 2 of the same taljle t,Mves the analysis of a tvpc
specimen of the overlying Kitchener quartzite, in which the
weight percentages of the constituents are, approximately:

Quartz 52-0
Albite molecule 23-0
Orthoclase molecule 5-5

Anorthite molecule 3-0
Paragonite 7.0

Scricite 4.9
Epiflotc 1-0

Magnetite, titanite, etc 4-5

100

The Kitchener quartzite is clearly simik. to the Creston
in grain, homogeneity, and essential mineralogy, hut is some-
what more ferruginous and, as a rule, distinctly less massive.

Columns 3 anfi 4 of the table state the anahses of the more
calcareous equivalents of the Creston beds in the eastern Pur-
cclls anrl western Rockies, at the international line. Column 5

35
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Perhaps more compelling is ilie fact ih if .!,..„ i- .

he sea-floor. I he mmeralogical and chemical .ontris s wi^h

explamcd In- the sihcci.s character of the lan.lmis^ <^u
terrane) which supplied the clasti.- material ,7 th.. T'^were transported Uy ,nari„e wave an^;:;^

'
o Jt i"^S

studies of desert regionsTnrtlfa eas^.*, ^rd of ^h mT"^han^owin, by the wind can segregate v:::rio3its'o7,utt:

Rocks an., R.>ck Weathe^;:;, Net ';l:;;'^rV ''l^t^ "'h'- f ri''"mente der Gcsteinslehre, 3rd ed.. Stut.gan. 19.'o;^p 536
''°""''"-''- ^'^
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dust more or less mixed with feldspar dust and quite subordinate
grains of other minerals.

This argument by exclusion, the chemical and mineralogical
constitution of the compact quartzites, their extraoidinaiy
homogeneity and thick bedding (occasionally rivalling the loess
of China), and their intimate association with contemporaneous
dune sands hav. prompted the writer to emphasize eolian con-
centration.

Some of the quartzites may represent deposits of true loess
formed on the temporarily dry surface of the geosynclinal as
it slowly thickened during the crustal downwarping. Yet many
of the compact quartzites are well laminated, as if re-assorted
by water, at the bottom of which the dust finally came to rest.

It appears probable, in fact, that much of the dust was blown
eastward, out to sea, there to accumulate; just as the wind is

now carrying Saharan dust to the Atlantic and Mediterranean
basins. Similar action best explains the minute, isolated quartz
sherds and feldspar granules observed in the Nakimu, Sheppard,
Siyeh, Altyn, and Waterton limestones of the geosynclinal,
all of which are offshore deposits.'

FLOOP-PLAIN AND PLAYA DEPOSITS.

Barren has shown excellent reasons for belief that certain
sedimentary formations in the Rocky Mountain geosynclinal
were formed subaerially. That origin is to be ascribed to the
Kintla and Grinnell formations of the Clarke and Lewis ranges;
probably to the respectively equivalent Gateway-Moyie and
Wigwam formations in the same section along the 49th parallel;
and to the Spokane formation of Montana.' Deep red colour,
abundant sun-cracks and ripple-marks at many horizons, and
salt-crystal casts are among the features of these sediments
which enfoice Barrell's interpretation. Walcott has adopted

' See Memoir No. 38, Geol. Survey of Canada, 1912, pp. 53, 58, 75. 78 98
and 105.

....
'J. Barrel], Jour, of Geology, Vol. 14, 1906, p. 553; R. A. Daly, Memoir

No. 3», Geol. Survey of Canada, 1912, p 83; W. H. Emmcns and F. C. Cal-
kins, Prof. Paper No. 78, U. S. Geol. Survey, 1913, p. 29.
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Bdnan^^.^es were ..poie.. i "^rrt:^!^:^:
lakes. W he,, however, the ^reat thickaesses and areas of theAltyn. S.yeh Sher>pard. and Xakinn. limestones, as wdla hdrcomparat.ve homo,eneity in ^er,„al sections are ron'i Ic' "lh.s hypothes,s .s di.r,<n.lt to a.vept. It was offered 1^ x n

'

tion of the ^H-neral absence of fossil remains in the He .„ l ibut their failure may be attnbuted. with at ieast a m ^'^^'^
abd.ty. to the poverty of the Beltian ocean itself h hV smportant for the secretion of shell or skektons. ft holbe noted that the Beltian limestones, in field habi

,o thickness. ,.ram, structure, and chemical c.nu ,si „are very similar to the massive Rocky Mountain C a

''

hmestones which carry infrequent, thou.h re kail "hzones of chitinous marine fossils For these re.
is inclined to believe that most of th B hi m:S;ml';?rT--roppin, in the Rocky Mountain .e^l^dlnT^ ^laid dow7i in an open sea.

•n a region of goo<l exposures, not a single horizon of plava orfiood-plain sediment was identified in the Selkirk serhs Vsun-cracks nor any evidences of saline I>asins tr. t; b^^.^n^rand the practically complete absence of ripple-ma klin such „'

o ann a n r "'^^^"^"'P'''^- - responsible for their failureto appear in the outcrops; the Selkirk series is altered little ifany. more than the Beltian-C^ambrian rocks at the Momlboundary, which are very abundantlv supplied witlfnonle

isfof"thr?,t''^'r"\
'' '-''"'' "---^' - coriud;.'!;

ar::fflotdepors:'^""'"^"
^^'^""^"^^ '"" ^"^ -"-> --•""

ORIGIN OF THE PRE-ORDOVICIAN LIMESTONES.

The Shuswap series contains at least 6 000 fp^t ,.f r
stone and dolomite The Beltim Jl u •

'""^"

_
lUL. nc beltian system, at the railway section,

'C IJ. WaloHt, Sniiihsonian Misc. Collection.s Vol. 57, 1010, p. U.
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contains more than 1,000 feet of the same rock types, and in the
Intirnational Boundary section, at least 3,000 feet. In theBow Rivet region of the Rocky mountains the Caml,rian system
includes mor.' than 9,000 feet of carbonate r.x;ks. The origin
of the hmestoncs and dolf)mites whicli, in merely the pre-Ordo-
vician part oi the Rocky Mountain geosynclinai, have a total
th.ckness of 12.000 feet, is manifestly a problem of first-class
miportance.

A detailed study of the pre-lpper Cambrian limestones and
do omites .outcropping in the 49th parallel section showed that
only one solution of the problem is acceptable; those rocks are
clearly chemical precijoitates and not one layer showed the
features of a clastic deposit or of a directly organic deposit,
such as a coral reef, shtll-bank, or fo'aminiferal ooze. The
cause of the precipitation is foumi in the bacterial decay of
animal matter, though Drew recently showed that the pre-
npitaiion may also be due to the direct action of "de-nitrifvine"
bacteria.'

*

TIk pre-Ordovician limestones of the Canadian Pacific
section have, as a rule, suffered much more thorough recrystalliza-
tion than those at the International Boundary. xN'evertheless
the writer has found practically unaltered phases of the Cam-
brian limestones in the Bow River district, and of the Beltian
iNakimu limestone in the Purcell mountains. These have the same
compactness and general field habit as the Siyeh. Altyii or
Waterton limestones at the 49th parallel. The carbonate gran-
ules again range from 001 to 004 mm. in diameter, with an
average for each rock layer of about 0- 02 mm. This is the order
of size for the carbonate particles precipitated from sea water
at ordinary temperatures by ammonium carbonate which has
been bacterially generated from animal matter. No other
hypothesis of origin can explain the practically entire failure
of much larger grains in the unaltered limestones of the geo-
synchnal, nor the amply proved fact that the same average
grain characterizes these rocks throughout thousands of feet

IOm'^'I!' ??.'• ''".''""''°" ^°- '". Carnegie Institution of Washington.
1914, p. 44: cf. Memoir No. 38, Geol. 3ur%-ey of Canada. 1912. p. 646.
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of thickness, in the stratiRraphic column from the lower Beltian
to the Onlovician, and in field sections 21)0 miles apart.

That animal matter was abundant on the pre-Belti.m ami
Beltian sea-tloor of the region is manifest from the liiRhly car-
bonaceous nature of important phases of the Sicamous, Laurie,
and .\a!dmu formations. All such pliases are more or less sili-
ceous or arsillaceous and it seems likely that complete decom-
p<.sition of organic debris was here prevented hv C(;mparatively
rapid burial under mud. Where siliceous mud was not bein«
deiiosited, putrefaction was generally complete and lavcrs of pure
carbonate were continuously formed, as in the enormous for-
mations of the Middle and Ipper Cambrian.

Locally the Nakimii limestone is oolitic and oolites occurm the Kintla, Macdonald, .\ltyn. and Irene (volcanic) forma-
tions of the 49tli parallel .section, as well as in the Upper C'am-
brian of the Rockies between I-ield and GohK a.' These deposits,
themselves obviously chemical precipitates, are of very subor-
dinate volume and the pre-Ordovician limestones were initially
fine, structureless muds.

The formation of magnesian limestones and of dolomite
was discussed in the report on the geology of the 49th parallel,
and it is not necessary to restate the conclusions on this well
worn theme. Mcxlern researches have largely annulled the
mystery which long lay over the subject. It is now clear that,
under certain conditions, including the presence of decaying
anmial matter, magnesiam carbonate is chemically formed on a
large scale in the calcareous mud at the sea bottom. This
result is facilitated if the calcium salts still in solution are present
in small amount—a condition which probably affected the pre-
Onknician ocean.-

Assuming on apparently good grounds, that the Pre-

' .Memoir No. 38, Geo!. Sur%-ey of Canada, 1912. pp. 61, 82, 101, and
147; J. A. Allan. Guide-book No. 8, Congr^ Gtelogique Internationale.
Ottawa, 1913, p. 179.

» See .Memoir No. 38, Geol. Survey of Canada, 1912, p. 643. N. Vakow-
lew (MemoiresduComit^, Geologique, St. Petersburg, Nouv. sir., Livr. 94.
1914. p. 61.) has accepted this hypothesis for the limestones of the Doneti
basin, southern Russia.
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Cambrian ocean water was nf.nri„ i:,. i

Ph..sed. but thdr alteration is no greau^r than h^ '"'":'"•

;-y.ost-Ca.brian formations rS'^: ^IlS^^t^^ „?

h. e.p,a^:;:^;^^He^ -;-;:-- ^;:T;^:,:xrM Biv™ in the rip„rt just cilcl.'
Ljmhnan tosal,,

MKTAMOR1.UISM Ol' THl; Slil.KIRK SERIFS

has almost entirely gone over to sericil o pTr'^^^^^^^^^^^^^^^ "'"^T'^'quartz etc so rh-,f f,., u i

"^^
"^ P'"^''K""'tc, secondary

have usuaW rSsi™ fot, rJT'"' f
""'"" '""' '''""•'"

stone at Fulwell Hill England ^
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The fissility pHxIuccd l.y tlu-st- various tiKHlrs of regional
recrystallization is always parallel to tl.t- plam s of orij^inal -iirali-

fication—alawwhich, hen- asiiitlu' Sfuiswap tt i rane, imiicafes
that load ruttamorphism lias Im-i-ii at work on a ^n-it scale.
The exix'ctation that nietamorphism of this tyfh- shoiiM >lowly
increase with depth is matched l»v the farts. .\n e.vanipie is

shown in the contrast of the jiartiaiiy recrystaili/e.i .Nakitmi lime-
stone with the typical crvstailine limestones iinderlyini,' die
Laurie metar^jiiiiie. ()riv;iiuil outlines are often disc.rinl.le
in the larger i iastic grains of quartz in the Ross and u[i|ht
CoiJ^ar sediments, but have In-en oractically obliterated in the
entire \lbert Canyon division of the Selkirk series. On the
average the Laurie nietarj;illiles anrl phyllites ,ire coarser-
Rrained th.m nnks of the same cheniiral composition in the
Cougar formation. The intense sericitization of ihe Laurie
argillites was accompanied by the ;j;eneration of extremely al>tm-
dant lenses of white (luartz, which lie in the bedding planes of
that formation. Millions of such lenses and asscniated V( inlets

illustrate the sjxcial extent to which solution and recrystalliza-
tion have affected the lower part of the Selkirk series. I'lius.

each of the principal rwk types of the series has, in general,
suffered metamorphism progressively increasing with the llivk-
ness of the rock cover pressing upon it.

Hence the relevant facts of the field agree in showing th.it

most of the observed recrystallization in the series is due to
static iTietamorphism.

Locally superposed are the effects of dynamic metamorphism.
These were observed in certain narrow shear zonos in the Albert
Canyon division, but are much more conspicuous in the closely
folded, compressed sediments of the f^urcell i ouniains. A
large-scale illustration may Ix; seen at the eastern end of lieaver
River canyon, where a secondary schistosity crosses, at high
angles, the primary schistosity pro<lucef! by load metamorpliism.
The nearly vertical planes of schistosity are plainly due to tangen-
tial, orogenic compression and the accompanying shearing.



RAIIUW Mi:i T,

I In si'<liinciiis {>( ihi' I'liri.ll r ... 11.
';-,' •: :.'.;;;:;,'„::';:..;;;';'

;: iii.",^,',^"","As slinuii II 111,. ,.,.,,,..,1 ...,., ,•
"'"'^ I'n.a.l.

'" '•« ••'•^"rn li,nl,. ,|,..u.h lulk r.,'
"''•*•'""«

'""''<l'l'>.\\\l\ T 1

n "•.s.-.l.-.l ,„ ,|u- w.-x.rn

•" -.'.I- .vsK. v.lv r

' ;"'-'•- 'Vn.li„..s..n. tl.r.v

"111 111 ,111 iiirrc nioiiii ,1111 eroiiiw ,•„{ ,

'" ""• •--.-.iM.ni„, ,„,,., ,„., ;,V
•

-

^" "";;•"'-•"—

•A ....ispui.„us n.ni..ri,-,| /,„u. .,t j .,„rH. „y,v,..' ,,

<....: -:.rn;r,i,::"„.u;;" St, ' ";;;",t,";;v"~"','|.
: "»

O.M.n.,wso„.M.,„.c;e..,,S....Wi,,,,,,.3,,s9,.p.,74.



in

s\n( lilW. .»-. Ii.r r\.mi|i|.
, I hose miK i, i,|,iii^. ni.ir ( ,1 II i.r -.1. It inn.

Irnm Mnimi AI.Im.ii ., -.iriki-f.iuli i-, visil.lc in iln .1. . j. -Miiiiliirn

hlfiiw of Mount (111 ops;
. loili.r is vi-ihU- from (.l.iriir lloiisr,

a lew liiMKlriil I t iImui' ihi snow-slnds to the noriliiast.

In spile III tile ohvioHs ii.ttiirr ol ilus«- <lisl(K .ilions. the .iiiioiint!4

of ih.ir rrsp,(ti\.- (liNpl.Kiini tits (niild not ]h- (l.tcmiiin'l ; in

lit illii r CI-,. i|,N , |1„. inovtnit nt m iin to cm ml a fi w liiiiidinl

l«ft in ihf virlii .il pl.mr, In ilir In l.ilioi li i|i,|o< .11 i..ii- were
inttrprcicd ,i. nortn.i! (.11. it-,, l>ul ii i-. po-.si|.|c tli ii ih. >, .m-
llirnsts; owilii; to tin- I.k k ol ^,,i„\ In.i i/on ni.irki t., in llic

qii.irUilts flu- ih ( isi.iii on 1 ii.it point is liillii nil.

A nortnal slrikc-l.iiiit
, wiili \trli<.il lii-.pl.i. . nitiit o| p.rii.ips

I.IMIO Irct was posiiilalrd in llitaxis ..t i!i. |{,a\tr Rivrr anti-

iiif (Map No. 111';). Apart troni lo(al and app.iniiilv iinim-
jiortani slips, no (,ili,r faull was lot alid am wIktc in ili. I'lm ell

niiiintains, lli<.uv;li soiiu' sln-arini; nuisi ]» assinnrd to liavt;

takon fiiacc dnrinn the dcvtlopnunt ol tin (losrd svih litif in

the t-asttrn pari of the i'r.iirir hills and al Hc.ivcr Kivir canyon.
'I'lif ori>;iii of the Kinky Mountain Iniidi is (rrlainly

conmctfd with thi' y;r»at strik«--fauit sk-paratiuK lln' Uiltian s<(li-

nunls from the I'piKr Camhrian-Ordovician Ih<1s of the Co-
lumliia valk-v (Map No. 14,S0 and Siriictura! so tioii) The
sharp coni t of ilu-.sc two sets of nnks tan onlv hf cxijl.iinud

l)y a taull, with a vtrtiral displ.ir'iin iii of aboiM .:'<),000 fi '.

I'roh.ihly the conlart has not \nvn fstahlishi'd by overt hrust.

No trace of a thrust-i)latu- could he found at or near tlie con-
tart. In the Heaverfoot ranRc, across the trench, tin i'al.eoxoic

(Orilovician and Silurian) strata are stronKly overturned to
the southwest, that is, in the direction •)f)|K)site to thai expected
if the Heitian rocks of the I'urcells harl heen driven upw.ird and
eastward ovir the Canilirian-f )rdo\i( ian beds of the tnn( ii.'

It seems more likely that the master fault of the ticnch is

normal, with downthrow on the northeast.

A similar relation between the rocks ol th<' Purd II ranRC
and those of the trench has l)een established at the I'nh parallel,

where Devonian limestones on the east are dropped ilowii info

' Sif J. .\. .\ll..n, (;iiiiii-lM.,,k .No. ,s, ConyrfV .'.i<.!( Kii|ii'- b.u 1 ii.i'iuiialf,

Ottawa, l')li, plate shi.winn »i run lire .section across rlie Koi kv 11 lainlains.
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contact with prt-rpper Cambrian volcanics -inH . •„•
on th- west.' Schofifid lv.« r«. .1 ,

*^^""^* ^"^ metargillites

^one of faulting extend at 101^3? ."""' ''"^ '''' ''""'

where the Lower Carbonffe :::1i;:;ttn ^^'"°"'^^"^-
w.th the Cambrian ( P) GatewayTo^aln^-o ^^f:!

-"--

tren.i'irtb.':is::;'r*'^'^-^^'^^^^-^^s-"-in
which is characterLe tytrgLrrr^" ^°"k^

°^ ^^"'''"^•

However, it may weH be tha th.r 7.°"/'^' ^'^"^'^^^^^•

n^erely that due to norma lukinl Th"" ''^p'T
""^"^ ''' "'^^

i« nearly 1,000 miles in Ln I ^ '^''^ greatest known trench

Vukon Territory ad" itsln'r:;:^'^'^
'""^ '''°"^^- '-

thouKh keep.-n7,3 Co'rdilrran" t^^n T roThLt "T f

'''^^^'

known t s nowherp -, f,.r.- 1 .

^nroughout. So far as

left at the s^rtveloX ' '" ^^ "/^l!
'^"'"^''^"^ ^^-^^-"-^

the trench is ver^ narrow n
' "' '''' '""'^"°"^- ^-«"y-

these features .^^est thaT her'T"/"
'° '^^ '^"^^'^- A" «^

causin, the hori.o'^;:f ^t^^^^ f^^ft" ^"' ^'^'*^'"^•

past the Purcell-Selkirk Coh.mh 7- / Mountain system
vice versa An

' ^'^
,

"''^° """bia-Cassiar Mountain group or

rift ofTalifo^'r i^thTh ^^"^'e",
^'^

T™'^ '^" ^"^'-
horizontal shift of 190;. Tn that shSl

'""^

fT'"'^-^'''^
west of the line of HUol. ^ ^''^ ""«*^' block south-

a similar type of crusfpl 7^ ^* '^ conceivable that

placement ILly gr S Th^irr''"•^^ ""' ^^^^'-' d-
fornia rift is the rr„. 1 ,

^".*^^* demonstrated at the Cali-

the Canadian ^orduL^^'^^^^'^"
°' '"^^ ^^'"^^'^^'^'^ ^--h of

and R^^t'lutai^lr^^^^^^^ Purcell.

that all the formations lorn the Beb . u^^
generalization

_
xne resulting crustal readjustments chiefly took the

Memoir No 38. Geol. Survey of Canada, 1912 p 1,8

Oetaw!: \^t^ ""^•^^-•-^ ^°- '. Co-^ «;Cue l„.r„a.o„a.e.

i
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form of strong folding n the Selkirks and Piircells anrl of over-
thrusting, with subordina^ r-lds, in the Rockies. Termier's
suggestion that the W' >''i SoiKirk raij-re is exotic and has l)een
thrust bodily eastward Iron: .in origin,"' site west of the Shuswap

ny know; facts.' On the contrarylakes, is not supjxirtec; h\

the Selkirks are still v ' Iv j.u'ore., to the Shuswaj) terrane,
as indicated in the Albert Canyon section, and they have almost
surely not sutTered more overthrusting than that necessarily
invoKeil in the development of the visible, moderate folds of
this range.

' P. Termier, Comptes Rendus, \ ol. 157, iyi,3, p. 7,S.V

!«
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CHAPTER V.

INTERIOR PLATEAUS WEST OF T.IE SHUSWAP
TERRANE.

V c n tv of r itflp «;i,„.,. t 1 ,
^^'-'^'^ '" t-nc immediate

Thi,,. ,„ now considering the bedded rocks of this oart o ,h„Inanor plateaus, thechronologica, trea,„,ent is clearly'^LrvS"

General Stratigraphy.

structural complexitv is of -, h;„h ^
^-oiumbia. The

passing that in th 'selkfrk Puin
"' fTf' ""^"^ -^"^-

and rivalling the disorde of thr^K.'
^"^^^ "lountains.

's uie uisoraer ot the Shuswap terrano ifsplf i\*«

section showing well determined thicknesses >r the
''

formations. Their surrp«mn .„ i
. .

*^^^'^'' '"^ tiie various

^896." p.- 2I:
°"""' '""• ''^''- ^^"'- S"-cy of Canada. Vol. XH, Pa.t B.
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Erosion surface. Thickness

in feet.

1,500+
^^'^eocene Kamloops group

~ . . , Unconformitv.
Tnassic (and Jurassic ?) Nicola series. .'

5 .300

^ , .. Unconformity.
Carboniferous (Pcnnsylvan-

'^"^ Cache Creeic series 13,700

Base concealed.

20,500

Absence of Beltia.n and L.uver Pal.eozoic Rocks.

One of the most notable facts connected with the Interior
p ateaus ,s the.r apparently complete failure to show outcrop
of the rock systems which play so great a role in the Selkirkmountains and ranges farther east. Dawson thought that theBoston Bar series of the Fraser valley might possibly be of Cam-brian age but Bowen has recently shown that it belongs to theMesozoic.^ No othe^ ..ggestion that post-Shuswap and pre-
Carboniferous sed . .r volcanics occur in the Interior
plateaus or Coast r, British Columbia has yet been wellsupported by observ.. tacts. It seems highly probable thasuch rocks cannot have large outcrops in this region; else they
vould have been suspected by Dawson, whose keen eye wasthere actively at work for manv vears.

The oldest known Pateozoic rocks of the Interior plateausbelong to the Cache Creek series, of Pennsylvanian age At aconsiderable number of widely separated points, these beds aremapped as in direct contact with rocks of the Shuswap terrane.
Ilustrations from the Shuswap sheet of this Survey, published

in 1898, are to be seen at the following localities:
(a) South of Cherry creek;
(b) West of Vernon

;

1913

9

G. M. Dawson, Bu!
GuiJs

p. 266.

n ^ . . .

*^'-'"'' ^"'^- America, Vol. 12, 1901 n 68- V IBowen. Guide-book No. 8. Cong.cs Geologique Internatlale. OtUwt;
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(c) South of Monte hills; and
(d) In tiif '.dwards Ctxek district.

Unfortunately no special study has been made of these con-
tacts, bu< It is improbable that every .me of them is a faulted con-
tact. The simplest hypothesis is that they represent the uncon-
formable overlap of the Cache Creek beds directlv on the Shus-
wap te. rane. The apparently complete lack of I3eltian and lower
Pala>ozoic strata at all these loco'ities, and the fact that the clas-
tic materials of the Rocky Mountain geosynclinal were chiefly
derived from a large land area not far to the westward of the
Selkirk valley, may well have a common explanation.

A similar contrast between the Eastern and Western belts
of the Cordillera was established during the survey of the 49th
parallel section, and a study of the literature indicates that it
exists generally in the mountain chain, from California to Bering
sea.' Until the close of Mississippian time the Western belt
was largely a land surface undergoing erosion, while the Eiastern
belt was a region of sedimentation. Submergence of the Western
belt took place during the F nnsylvanian, a time of widespread
marine conditions, for thic^ limestones and other sediments
of this age are found in both Cordillcran belts. The clastic
deposits of the Pennsylvanian were derived from islands marking
the incompleteness of the submergence, and from voL^anic piles
thrown up above sea-level at many points in the Western belt

Much more field work needs to be done before it is assured
that the pre-Pennsylvanian sediments did not originallv extend
to the westward of Shuswap lake. The existing evidence is
largely negative and is, therefore, clearly incomplete. Such as it is
that evidence has been greatly strengthened by the recent dis-
covery that Dawson's "Nisconlith" and "Adams Lake" series
of the lake region are really parts of the Shuswap terrane, and
that the western limit of exposed Beltian or lower Paleozoic
strata must be placed 100 miles farther east than the limit im-
plied in Dawson's maps.

In any case the geology of the Interior plateaus is entirely
different from either of the two great provinces so far described.
In composition and history the plateaus are closely allied to the

' See Memoir No. 38, Geol. Survey of Canada. K 2, pp. 203 555, and 567.

G- 1'
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Coast and Vancouver ranRes, all threr oroRraphic divisions Ivine
in the Western Gcosynclinal belt of the Cordillera, in vshich the
^d.mentarv- rocks are dominantly of Pennsylvanian or later
dates.

CARBO.VIFEROfS SvSTEM.

The Cache Creek sediments appear onlv once in the area
covered by the present reconnaissance. Their outcrop is con-
tinuous between Campbell siding and Kamloops, a distance of
about 12 m.les (Map 143.A). Here the railway crosses the
strike of a broad band of Carboniferous rocks whic'h may be fol-
lowed from Shumway lake and Campbell creek northward formore than 60 miles. On the east these Palaeozoic beds are over-
lain by the Mcsozoic Nicola scries and the stratigraphic equiv-
alents of the former do not reappear in outcrop until the eastern
Kockies, 200 miles distant in an air-line, are reached. On the
west the Cache Creek beds disappear under the Nicola and Terti-
ary formations, emerging first near Ashcroft, 45 miles from Kam-
^ops. Hence all the field obr.rvations relating to the Cache
Creek series were confined to the one area east of Kamloops.
This has great structural complexity and the strat-graphic
results are not satisfactory.

The first important notice of this area was published bvDawson in 1879.^ He added a few notes in his report on the
Kamloops map sheet (1896) and in the legend of the Shuswapmap sheet (1898), on which no special report has been published

=o far as perfection of exposure is concerned, the section
of the Cache Creek series on the north slope of the South Thomp-
son valley east of Kamloops is one of the finest in British Colum-
bia For several miles the Pauls Peak ridge is remarkably bare
of orest growth and of superficial deposits. Nevertheless, the
rocks are so greatly deformed that it is very difficult to work out
the succession. Dips are high, usually varying from 60° to 90°
and the observer cannot be sure in some cases whether or not the
^^"^^ ^^^'"^ ^"^'^ overturned. At some points in the section much

1879! Pan b';;^" 7'.^°"
"' '"''^'^^^ '"' ''"''' ^^°'- '"-^>' °' ^'--'^-
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faulting is evident, though the directions and amounts of dis-
placement can rarely be ascertained. The best horizon markers

Th T^T^K J"^''^'
^'''^'''''' ^""^^ b^^" ^° ^"^^d, squeezed,and podded by the energetic mountain-building that none ofthem has persistent outcrop for more than a short distance.

It will thus be understood that the following statement of therock succession and thicknesses is wholly tentative.
The field data actually secured seem to show that the oldestmembers of the series occur only at the western end of Paulspeak ridge; the youngest members occnr at the other end of the

section, where they are unconformably overlain by Triassio bedsThe section between these outcrops shows a small number of
compressed folds, locally complicated by faults. Pauls peak
.tsef seems to be a transverse remnant of a syncline with a
northwest-southeast a.xis. In the southwest limb the dips
average about 75° to the northeast; in the other limb the dips
average about 60° to the southwest. At the eastern extremity
of the ridge the dip becomes vertical and farther east becomes
again northeasterly, with an average angle of 80°. probably
indicating an anticline with an a.xis roughly parallel to the Pan's
l-eak syncline. Near the contact with the Triassic the disorder
IS so^great that no simple description of the structure is possibleoo interpreting the general tectonic features, the writer
has worked out a provisional statement of the succession, as

6.

7.

Unconformable contact with Nicola series.

Approximate Ihickne s s

Massive fossiliferous limestone, with cherty nodules
and lenses . „„

r~ .... , 1,000(Tcy argilhte. sandstone, and quartzite, weathering
brown

. ,„
,, . : 1,500A assue sandstone and argillite, weathering grey. 800
Massive fossiliferous limestone, with a 90-foot bed
of volcanic ash and agglomerate in the middle 500Dark, cherty quartzite with interbcds of sandstone
and basic volcanic rock

j j,qq
Massive fossiliferous limestone '

loo
Dark, cherty quartzite. with intercalated ash-beds. 1,200
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8. Massive limestone „,„.

9. Well becidcl, black to <Iark grey, cherty',|uart'zite
with mterheds of massive basaltic ash and sonie
(ions of amygdaloidal olivine bas,dt 3 ooo

10. Black cherty quartzite, dark siliceous arRillite, and
greywackc in alternating beds; one 8-foot bed of
grey limestone

, 500
11. Basaltic ash-beds, with interbcJs of cherty quartzite 'sOO-f

_ 1.5.700
Base concealed.

Fossils were found at various horizons in the limestones.
Ihcy arc most abundant in the uppermost member, in which the
shells are locally concentrated in great numbers. Other fos-^ils
were collected from members 4 and 5. The whole collection was
submitted to Dr. G. H. Girty of the United States Geological
burv-ey who very generously determined the species noted in
the following lists.

From member / were collected:

Zaphrentis sp.

Lophophyllum profundum var. sauridens ?

Camarophoria mutabilis

Camarophoria sella ?

Productus cora (Tsch. non d'Orb.)
Productus sp.

Spirifer ? sp., resembling Spiriferina simensis
Chonetes ? sp. (probably young Productus)
Scjuamularia lineata (Tsch. non Martin)
Crinoid stems

Fistulipora ? sp.

Endothyra sp.
; possibly other Foraminifera

In member 4 shells of Productus cora (Tsch. non d'Orb )were found. Sections of tadiolaria appear in a thin section of the
cherty layers which are interbcdded in this limestone

Member 5 carries thick lenses of volcanic ash, doubtless
of submarine origin. In one of the lenses these fossils were
found:

Zaphrentis sp.

Crinoid stems
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Pliyllopora ? sp.

Spirifrri'lla arctica ?

The main roncInsi„n readu-,! by Dr. Girtv mry be Riven inh.s own wonls: ••.Ml „,. collections, at least those which coma nsu .nen, spec.es to afford a basis for an opinion. a,>pear totwabout the same type of fauna and to represent about the same
R-I..PC aue. The Keolo.ic a,e n.ay be Gschelian, but one otuo forms partuularly SpinfercUa arctica. if the imperfect frae-

re„;e Jn, " ? •"".
'^""'' ^^'""''»- ^•'"'h "-''"Jahl thoughrepresented tlie Artmskian in Alaska "

the I erm.an ,s actually represente<l in this .section. Meantime
.t seems wsc.t to adhere to the traditional view that the larTc;part of the Cache Creek s<.ries is of Penn>ylvanianaKe. The osSthrew no l.Rht on the structural relations in this Section 7"^^^ T*"'"'" \'- ^"'^

' '''' ^^''"'>- ^-^-^ -^f --»- ^

DC read with that iwssibihty in mind.

Nicoi..\ Skries (Triassic-Jurassic).

miles^'t7 ^^r''*''"
''^'''"^ '^^'^'^^'^ f"-- ^^ distance of 15

a r;f rn.7; 'I 'm''"" ' ^°"^'""""^ ^"'^ "^ --"^^ -hich

fic't on Th % '"""" "^"^'^ ^''^^^ °' Dawson's classi-

Teriarvrock
^''"^.^•""

^^'P.f
^-t indicates a broad band oficrt.ary rocks crossing the railway and river east of Ducks and.nterruptmg this Mesozoic area, but the more detailed sudy of

h srr""r''t ^^'"7 ^'"^ ''"^ '^^••^'->' formation :;tht district IS confined to the heights overlooking the SouthThompson on either side (See Map 143 A)
The relation of these \icola rocks to the Carbonifeious wasdetermined by Dawson and his statement is corroborated bvXmore recent study. The contact of the two scries is well expo ed

bed of coarse conglomerate, passing upward into alternating
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breccias ami Nandstoncs. vhhU in 'urn arc nvcrlain l.y ilii' thick
lavas characteristic of this scries. The coiinlomer.Ue i^ c()in|)()se<l

of well rounded [hI.Mcs and anRuIar fragments of (h<rt. lime-
stone, dark-oluured arKillite, Iwiided (inartzite, and white
quartz, with many lar^e fragments of dacite pfjrphyry. The
chert and limestone pebbles have obviously originated in the
underlying Cache Creek series. At their visible contact both
scries dip at an ant;le of .'^O^ to the eastward, with a strike of
N.IO^W. This corrt por.dei.ce suggests that the Carboniferous
beds lay nearly or quite horizontal when the Nicola gravels were
(le[)osiied. The cement of the conglomerate is calcareous and
Dawson suggested that this member may be the t niivalent of
fossiliferous limestone near the base of the Nicola series, farther
west.'

East of this unconformable contact, for an a,t-!ine distance
of 10 miles, the Nicola rocks are extraordinarily massive lavas,
locally interrupted by lithified breccias and tufTs. The ex-
posures are excellent (Plate XXXVI I) for most of this .section, but
structural analysis gave very unsatisfactory results. The lavas,
with the monotonous colour coir.position, and general habit
of altered compact basalts, andesites, and porphyrites, are usually
not divisible into distinct flows, nor are they abundantly charged
with well-bedded pyroclastics. Hence it is seldom possible
to find reliable evidence of the true dips. Not more than a
dozen readings of strike and dip were made in the whole area,
though considerable time and labour were expended in securing
such data. The obser\cd dips were read on the rare, always
thin intercalations of b,. Jiic ash, or on aligned gas-pores in the
lavas. Nearly everywhere the dips are high. North of Ducks
two readings gave 90°, with strike N.30M0°W.; a third gave a
strike of N.40°\V. with a northeasterly dip of 75°. Farther east,
near the contact with the overlying Nicola sandstones, the green-
stone lavas showed average dips of about 65° to the east and
northeast. South of the river the lavas are greatly faulted and
otherwise disordered

; the strikes ranging from N.90°E. to N.40°'VV.
the dips from 25° to 90°. On th^ whole, however, the strike of

' G. M. Dawson, Report of Trogress for 1877-78, Geo!. Survey of Canada.
1879, Part B, p. 81.



124

the lava beds soims to avfraee about \ ?S"=VV .., i .-

th.. local top „u,„l„.r of the Nicola scries Her. t, ,

III. comparing Map 143,A. will, ,1,, Sh„™ap ,hr,, i, .ill

Kl™,,.,., in Hati. ..i„. ,ho de„,o„„„aJ-NLlr :„,J t /«
to tic »cs, and ar,: pcrfcclv cnlinuous ith ih.m -nl

'u oi rt<jams Lake rocks and strongly suceest their ."nelusion in the Nicola series
^-ut-gest thtir in-

no indication that the ShuswTn .nrr.„ • u
"'='^"^*^rea gave

the contrarv the
'

,

.^"^^P '^'^'^''"'^ '« here represented; on

the ZL i,;:'
*'"'"'' "" '"'>"'''=—™

«' bod' i„

;;;j:»«;5ffi:"WBitaj«ep
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Approximate thickness in feel.

Top locally truncated by intrusive granite.

Alu-natinK (|uart/itic sanrlstones and arRil-
litfs, with intrrralatioris .,f volcanic ash and
!>riT(ia; at the base, %xry massive sand-
si..ric passing gradually into aKKlonurate
which carries thin JMsaltic Hows and thus
itself nuTKCS into nunilHr J hclow

liasic

2. Wry massive, altered, hasaltir and andesitic
lava Hows, with intercalations of
brecci.i and tufl

3
.

Basal conglomerate and breccia

1,0004-

4,000+

300+

5,300+

Erosion Unconformity with the Carboniferous.

The volcanic rocks are chiefly basaltic. They are com-monly porphyriiic, with phenocr>-sts of augite and olivine, theformer nredominatinK. Olivine-free basalt, olivine basalt ba-
-'It very rich m aiiRite phenocrysts, and andesitic basalt have

. recogmzed. More rarely, hornblende andesite and mica-
pyroxene andesite were found. Most of the tvpes, though not
crushed, are yer> badly altered and their diagnosis is. therefore,
difficult. It IS just possible that sills are represented in the more
rnass.ve outcrops but none was identified in the field, though a
tlnck layer of porphyrite in memU-r 1 may prove to be a sillA few, narrow, basaltic dykes were noted; no acid intrusives werefound e.vcept dykes apophysal from the granite on the east Xo
definite order of eruption could be determined for the volcanic
sp«'cies:yet it is probable that the andesites were sporadic ef-
fusions in a volcanic field which, from beginning to end of its
history, was chiefly the scene of basaltic eruption.

During the reconnaissance no fossils were found in ;he



I.'f.

r... k. r,f ,h,- N„ola MTies. Tl... I.Kal ger.loKy fixrs tluir age
within lmm>, for tluv nnc.nfnmul.lv ..v.rli.- if,,. IVn.isvlvani m
hmc-Mom-s and umonformal.ly uiulirli.. iIk- ()li«,H.rK- Tl.c
Xu-ola rnrks ar.. upturn.-d to hiuh angles „f ,|ii., fault.,!, and
UKully stuMri.l .Uformed to a rh-«riv m-v.-r .qtiallol in any
larK'i-scalf lirtiarv ttrram- of hriiish Colunil.ia. Ilu s.. fad-,
aIon..,ndicat..th.. hiuh pn.l.al.ility that the series, latrs from the
Misozo,,-. A ,„on- (.recist- ,kt.rininalion of aye wa« made l.v
Uawson nearly torty years aK'o, At sc-veral l.xalitiis in the
Inl.rior I'lal.aus rcRion hedisrover,-d, in the Nicola KreenHtonen
thin l.rn,.st„ne i.,>ds whi.h hear Triassic and furassir fosnils'
AccordinK to his measuremeni, th,-se two horizons are l,Kallv
s.Tarated hy 12.000 feet of l.,.,|s, ehietiy volcanic. 11,. estimated
the riux.tnum thickness of ilu- series to l,e possibly as much an
KS.OOO fe,t. the larger part of which lie refers to the Tria.ssic '

In view of the close litholo>;ical similarity of the great
volcanic mass east of Kaml<«.ps with the volcanics of the do.
monst rated Tri issic to the

in nfcrrinK to the Tfollow D.iwso

rocks m.ipped in the railwav Ik!

westwar,!, it i^ ceri.iinly wist> to
iassir m..-,t of the .Nicola

t around Uucks. The heddcd
sediments overlying the lavas may he Jura.ssic, hut of that the
no direct evidence. Tl

re IS

the most hopeful outlook for the d
future.

le argillites of this part of the seriej olTer

iscovery of fossils in the

Kamloops Volcanic Groi;p (Oligocene).

The >oungest bed-rock formation in the reconnaissance
area—that is, the railway zone between Kamloops and Golden—
is a thick mass of Tertiary volcanics with local intercalations
of well-bedded sc^diments. This has been called the Kamloops
Vocanic group. Dawson mapped it under the name, Upper
Volcanic group of the Lower Miocene, the Tranquille beds
separating it from the corresponding Lower Volcanic group
of the same geological period. Since, hi>wever, the Tranquille
^"-^^ ^Q™ '"^"'t^'y 'ocal prisms of fresh-water sediment within a

Part B^pJ'
49^62 '""' "^""^ ^^^''' ^""^- ^"'''^^' "' *-^''"^''^- ^"'- ^- '«96.
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sinulf V(,I(Mni( IwkIv. it has provcl inuK)xsil.I,- u> map iliv two
iKnemiH i-nmp- riKurMusly. M<,rtovi.r, at thr tvpi.al l.«.,lity
(Kanil.K.ps laki

) tlu' |..wir voltanics an- of almost iiisi^nitu ant
thickni>s „r ar.' artuallv not at all r.[.r<M.rm'.l in thr m. ii,,n.'

It sirm^ luii.r, for the prfsrnt, to t:.,iiM,i.T tiu' 'rraiKpiiJlr |„.<|s
as an int.rcaiatit.n in a siniil,. uroup .,f lavas, whidi i^ now known
to contain Minilar thi.k pri>m>(.f M.iim.nrs at >till oiluT l.ori/on.s.
To thf wliMJ, c.mpoutid unit ih.- nanu-. Kami.H.ps uroup
sugKestf.1 l.y that ol tlu' (hitf tnwn of the rfKion, may Ik- ap^
propnai.iy Kivtn.

Kasf of Kanil.H)ps the i^nnip is npriM^ntid onlv in a frw
niitii. r-, it. principal oiit(ro[> occurrinj,- north and northwest (,f

Kami.H.ps Jak.-. As iXiwson pointed out. it is not alwavs easy
to (liMinKui>h the Tertiary and Tria.s.sic lavas in thi' ti.ld' Cun-
siderai.ie lime was spent on the problem of tht-ir delimiiaiion
in tile region about Ducks. The result has been to change the
local mapping of the Shuswap sheet, .is shown by its com[..irison
with Map 14.1, A, of th<' present rejK.rt.

The most easterlv outlier in tlie railway belt is that .it

Mount 1(1... south ol Salmon arm. There the Kaml.H,,.s vol-
ranics consist of amygdaloidal b.i.salt and .lunite anrk-Mte. in
beds dipping 25"-3()' to southwest and west-southwe-t Ihey nst
unconforniably on probably-Jurassic graniti-. ( )pp.,site Mail.ird
JJointthe granite is cut by a multiple fdoubU) dvke of augite
porphyrite, which may have been injected during- the volcanic
activity.

A second isolated mass forms a prominent rid.ue just east
of Shuswap lake. This is also (•.)mrK)se<l of amygdaloidal b.isalt

' IndifSponn- V uige district there is a wide outcrop of rocks mapped l,y
Uawson in the Kamloops sheet .is "Lowd \olcani. Croup." \s a result
of h.s rccetu held studies Drysdule has concluded that this volcanic n.a^s is
pre-lertiary and he tentalively refers it to the .Mis„zoic. (f. \V. Drys.i de
Guide-book No. 8, Coni;res (leoh-siqu. Internationale, Otiawa, 191J pp'
251-2.->3,) If this view is correct, Daw.s-.n's Tertiary "Low, r \olc,.ni.- Croup"
becomes restricted to the few. Ncry sn.all ar.as mappe-! in the vicinity of
Kamloops lake. This area! restriction, and the very «niall thi.kness oi'thc
pre- Franquillc v.^lcanics, seem to render ina.lvisable the proposed sub.tivision
of the lertiar, rocks; they form a natural UtholoKical and -stratigr.tphical
unit which cannot now, if ever, be profitably divid.d for purposes of mapping.
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southwcst. They rest, with obvious unconformity on theschistose greenstones and granitic complex of thr'shCsJap

romnl"/,''\^"'''l''^'°"
'^^ ^""^'^ Thompson river has cutcompletely through the largest outlier, so that the Tmia^vok^n.cs crown most of the heights a few miles back flon Zriver, on either s de (Man 14S \^ Tu^ u ,

ably overlie, in turn, til Crche'crJeLnl nLt^^^^^^^^^Mesozoic granites. The Tertiary ro< ks are diti.lv k"s dc>formed than the older bedded formations but ne e he e are"

superposed on the broad regional warpings which ha^ affected

of the syncline is composed of reJ^lltrrl?
The gently dipping limb

upturned limb is compo ed oT four l^lj'T °'
^''l.^"^-

''"h^

smaller columns The bfLl
of regular but much

had crystallized.

din of S° R„„ .u
'

"'^'^™^^' ^"° tuffs outcrop, with a southerlyd.p of 5 .
Beneath them is a lens of brown-weathering sandstone
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with shale and grit phases, showing similar dip. The same series
of lavas extends to Monte creek, near which the dips range from
20''-90° (Figure 4) and average perhaps 60°. The strike also
shows frequent sharp changes, indicating fault fracturing on a
large scale. High angles of dip were also observed in the lavas
4 miles and more northeast of Ducks, where they range
from 20° to 60° northeast"^ ird.

West of Kamloops the Tertiary volcanics seem to be less
deformed and some of the plateaus are reported by Dawson to
show nearly horizontal structure.

Within the reconnaissance area there is no section showing
a complete section of the Kamloops group. Several localities

indicate thicknesses approximating 1,000 feet, and it is likely
that a maximum as high as 1,500 feet is locally represented.
Dawson found 3,100 feet of lavas and tuffs in his "Upper Vol-
canic Group" at the Nicoamen plateau.' Drysdale states that
the average thickness of the group, along the railway, west of
Kamloops is about 2,500 feet, and he adopts Dawson's estimate
of 1,000 feet for the maximum thickness of the Tranquille beds.

Lithologically the Kamloops volcanics offer no novelty.
They are chiefly ordinary basalts, locally rich in olivine pheno-
crjsts but perliaps as commonly olivine-free. The latter type
merges, on the one hand, into ultra-femic olivine-free, highly
augitic basalt; and, on the other, into augite andcsitc. No
other types were recognized in the areas east of Kamloops, but
west of that town Drysdale found some trachytes among the
dominant basalts. A few dykes of fresh olivine basalt were the
only intrusivcs seen to cut these volcanics in the railway belt
east of Kamloops.

The interbedded sediments found in that belt occur in the
scarped mountain overlooking the river, southwest of Ducks.
Near the summit the sandstone-shale lens mentioned above is

at least 100 feet thick. Lithologically it is very similar to certain
phases of the Tranquille beds, but no fossils were here discovered.
The base of the brown-tinted lens is covered with talus, at
the foot of which is a , 'ngle large outcrop of pale grey, massive,

'G. M. Dawson, Ann. Report, Gcol. Survey of Canada, Vol. 7, 1806
Part B, p. 74.
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CORRELATIONS WITHIN TIIK WESTERN (iEOSVNCLINAL
RELT.

The area which the reconnaissance covered between Shuswap
lake and Kamloops is relatively very small, but it shows outcrops
of most of the important formations so far recognized and
dated, within the Belt of Interior Plateaus. The geological
systems represented are largely identical with those that have
been demonstrated in the Coast range and Vancouver island.
A principal excei)tion is the presence of thick Cretaceous de-
posits in the western sections, while sediments of that age are
unknown in the eastern part of the plateaus region. The still

mere local, marine Tertiary beds of the coast differ in origin
and in age from the Tertiary sediments of the interior. In
spite of these and other contrasts in local stratigraphy, it is

ex{)edient to regard the Interior plateaus. Coast range, and
Vancouver range as being chiefly constituted of a Car! -niferous
geosynclinal prism, ovt lain unconformably by a thick, nearly
coe.xtensive cover of early Mesozoic volcanics and sediments;
both great groups of rocks being locally replaced by batholiths
of grano<]iorite or other granitic types.

In Memoir 38 of this Survey (1912, page 55), the writer has
briefly discussed the correlations so far made within this western
part of the Cordillera. The agreement of the stratigraphy in
standard sections, all the way from Alaska to Oregon, testifies
lO the general unity of the Western Geosynclinal belt. It is

not necessary here to repeat the statement of its ascertained
history, which has been summarized still more recently.' Since
the manuscripts of these publications went to press, Clapp's
able volume on the geology of southern Vancouver island has
appeared .2 Of present interest are his conclusions that the
island shows: Carboniferous sedimentation (of the Cache Creek
type) on a geosynclinal scale; heavy vulcanism in the early
Mesozoic (corresponding to the Nicola vulcanism); and exten-
sive batholithic intrusion in post-Triassic, pre-Tertiary time.

' R. A. Daly, Guide-book No. 8, Congres (.tologique Internationale,
Ottawa, 191.S, p. 157.

' C. H. Clapp, Memoir 13, C.eol. Survey of Canada, 1912, p. 36.

<m u jji..
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^uthtn vr"'' ""-T ? '^' '"P°^^^"^ '^^ b°d-« -'"posingsouthern Vancover island were formed In rlat^ -,n^ i

quaiity they correspond to the leadin ^.Ii^tllr o "tte^K^^^^^^Ic^ps-Shuswap area The local Cretaceous cover of the iSa^dhas no equivalent in the eastern plateaus region nor has th«

aTenTi'n
7^'''^''^^^' ''^ ^-'-Ps group, a'ny known Juivalent m the southern part of Vancouver island; otherwise the

s.m,lar. The work of Dawson. Camsell, Bowen. and Drysdalehas shown that, in rock formation and history^ the iZjllsect^n from Kamloops to Vancouver has th^' slme gen^^

enter?"th^'
'°''"" '°"'''' °^ '^' ^'^^'' "^^'^ ^^e railway sectionenters the mountain zone covered during the survev J IZ

International Boundary. The Cache Creck'ser es can £ t/ac'dthrough Bowen's "Agassiz series," into the "Chiiliwact series"'which was studied and named at the 49th paralfe Theirequiva ents on that line of latitude are: (probably) he Leech

eas "th'oT""
°' '''"''^"^^'- '^'^"^' - '^^ westfind, on he

thcAn "7'"^/'""' °^ '^'' Sl^^Sit and Hozomeen ranges

th Pend d'o".? •"'^ """ °' '''' ^"^^^'- plateaus, and'the Pend D Oreille series of the Columbia and Selkirk ranges

well Inar^teTbvTr''"
'"'""' °' ^"^^ ^°^^'"--- -"'-swell separated by distance except on the Pacific coast a^re,. in

ttTe'n:':; t^^T "^^^-r* °^ ^^^ SelkrX wthe scene of late-Paleozoic sedimentation on a grand scaleThat master geosynclinal extended from California to Alaskam contmuity, though not in thickness, rivalling the pSeiRocky Mountain geosynclinal of older date. The post'pennsvfvanian history of the Carboniferous geosynclinartcompSx"but the complications have been added in the same generaorder hroughout the length of that great prism. In o^her wordsthe Western Geosynclinal belt has acted as a unit thorh alarge part, if not all, of Beltian and later time. Is magnitudeand Its location at the contact of continental plateau Td oceanbasin suggests that the major changes in the \Vestern belt weredirectly controlled by plan.-tary forces

., .ara^r_.
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CHAPTKR \'I.

INTRUSIVE ROCKS YOUNGER THAN THE SHUS\V\P
TERRANE.

As in other transverse sections of the Canadian Cordillera
the railway zone shows, as regards non-sedimentarv formations'
a stroni,^ contrast between the Fastern and Western Keos^•nclinai
belts The former belt exhibits few igneous formations of
any k,nd; the latter l,elt has, in many cross-sections, igneous-
rock outcrops that equal or surpass the outcrops of se.limentary
rocks m r ..pcctivc areas. In this respect the broad area chiefly
occupied by the Shuswap terrane is intermediate m ciuality.
so far as Beltian and later igneous action is concerned The
extrusive formations of the reconnaissance area have been
described in connexion with its stratigraphy; incidentallv a
lew basic dykes associated with the volcanic rocks have been
mentioned. There remain for discussion a considerable number
of intrusive bodies which show no such genetic conn.>xion In
most cases these cannot be closely dated and mav well be treated
under a separate heading.

Trap Dykes Cutting the Shuswap Terrane.

All members of the pre-Beltian complex are cut by djkes
or thm sills of basic composition. These have been noted in
the terrane as far east as the Columbia Range divide- as far
west as Little Shuswap lake; and in the broad area between
Anesty and Seymour arms on the north, and Salmon arm
Mara arm, and Frog lake on the south. Of the scores or hun-
dred.s of such intrusions which might be mapped along the
usual lines of travel, a number of types were sampled for micro-
scopic examination.

The majority are deep green, steeplv dipping thkes of
trappean habit, proving to l>e augite porphyrites or diai)ase

10

^^Bwrw?;
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porphyiitcs, uncrushed but usually so thoroughly altered into
ural.te, chlorite, carbonate, etc.. that a complete diagnosis
of the original composition is impossible. From their mineralog-
icaland mferred chemical similarity to the not far distant Nicola
traps. It appears possible that these dykes are of Triassic date
Thetr degree of alteration and greenstone habit render it im-
probable that these injections are connected with the Tertiary
vulcanism.

In the Columbia range trap dykes with the apparent com-
position of augite camptonite were found. One. with a width
of 3 feet, occurs on the lumber companv's railway 1 400
yards north of Frog lake; another. 4 feet wide, crops' out on
Crazy creek about 1 mile above Taft. Like most of the

JTTno-'Vno
„'!'''?/ "^''^ ^^'*-' '^"^ (-^ordilleran trend, running

N. 30-40° W. About 200 yards south of the dvke first mentioned
the Shuswap gneiss is cut by a 1-5-foot dyke of kersantitic
rock, also non-sheared, and striking N. 40° W.

The trap dykes are specially numerous in the vicinity of
Cinnemousun narrows, where they are chiefly porphyrites of
the dominant type. On the east shore of Seymour arm, about
2 miles north of the narrows, a 50-foot, medium-grained dyke
was found to be exceptional in containing much free quartz
It IS a massive, somewhat schlieric, micropegmatitic quartz-
hornblende-biotite-orthoclase-plagioclase rock, recalling a com-mon phase of the great sills of the southern Purcells.

Basic Injections Cutting the Selkirk Series.

At two points in the Selkirk range, igneous rocks of quality
very similar to the species last noted were observed.

One of these bodies is a sill outcropping at the 6,700-foot
contour on the ridge just south of the mapped lakelet 2 miles
northwest of Flat Creek siding. The sill is from 35 to 40 feet
in thickness. It is composed of a hornblende-biotite diorite
bearing much interstitial quartz and accessory orthoclase.
1 he rock is uncrushed but somewhat epidotized and sericitized
It cuts the upper quartzites of the Laurie formation, a horizon
several thousand feet below the volcanic beds in the Cougar
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quartzitc. The relation is thus analogous to that between t^ie
Purcell sills and Purcell lava at the 49th parallel section, but
there is no evidence that this diorite and the basalt of the Cougar
horizon are genetically connected.

The other locality mentioned is near Cutbank siding
where large boulders of a gabbroid rock occur, in such numbers
that It IS quite likely that the rock forms one or more intrusions
in the mountain slope to the north. This occurrence is men-
tioned specially bccau.se of the strong similarity of the rock
to the standard phase of the Purcell sills at the International
Boundary. The Cutbank locality is on the tectonic strike
from that part of the boundary section where the Purcell sills
are well developed. The question arises as to whether the
Beltian series were simultaneously injected by the gabbro at
sections as far removed as that along the Canadian Pacific
and those at the 49th parallel and still farther south.

The only other intrusives seen in the railway belt between
Albert Canyon station and Golden are two thin injections, both
of w-hich are exposed in the celebrated gorge 2 miles east of
the former station.

In the walls of the gorge two dykes of lamprophyre appear
dipping 85° due west, and cutting the Laurie metargillite
They are respectively about 3 feet and 1 foot in thickness.
The rock is dark, greenish-grey, somewhat porphyritic, medium-
grained minette with chilled margins. The phenocr^-sts include
fresh idiomorphic biotites, up to 2 mm. in diameter; prisms of
augite up to 1-5 mm.; and talcose pseudomorphs of a mineral
which was very probably olivine. The groundmass was diag-
nosed as orthoclase, with accessory mag. -tite. Except for some
secondary carbonate and the talc, the rock shows little alter-
ation and is quite uncrushed.

The other injection in the gorge metargillite is a basaltic
sill, about 3 feet in thickness, dipping from 30" to 60° to
the northeast. The variation of its angle of dip is related to
the fact that the sheet locally cross-cuts the sediments The
most remarkable feature of the body is its notable vesicularity
It is strongly charged with typical gas-pores reaching a maximum
observed length of three-quarters of an inch and width of one-
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half inch. The rcK-k is very fresh and is essentially a holo-
crystalline aggregate of aiigite and basic piagifKlase in the
proportions of a normal oli%ine-free hasah. The structure
vanes from the diabasic to the panidiomorphic. At least some
of the gas-pores are filled with zeolites. In thin section a sn.all
apparently endogenous inclusion composed of intergn.wn
crystals of pure plagioclase was observed. This bo<iv has its
chief importance in showing pronounced vesicularity, though it
was injected under a rock cover presumably hundreds, '( not
thousands, of feet in <!' 'ith.

Gr.anitic Bodiks of Jlrassic ( ?) Age.

Within the reconnaissance area four granitic masses, of
date much ater than the Shuswap intrusives. have outcrops
o considerable area. All of them are located in the Interior
plateaus, between Sicamous and Kamloops (Map 143, A)The largest area mapped surrounds Salmon arm and mav b^
called the Salmon Arm body. A much smaller one, to the
northwest, is situated near the mouth of Adams river. A third
crosses the South Thompson a few miles below Little Shuswap
ake; it may be referred to as the Niskonlith body, since it
forms the shore of the lake of that name. The fourth, probably
the largest mass of all, enters the railway zone at Campbell
creek aiid may be conveniently referred to under the name.
Campbell Creek body. South of the railwav belt, in the Prairie
hills, there is another granitic mass which was not mapped but
IS here mentioned for the purpose of record. Finally, a word
will be added regarding the somewhat remarkable Cherry
Bluff intrusive, west of Kamloops, which was examined though
It lies outside of the area covered by the present report

Definite proof that these bodies are of post-Shuswap age
has been obtained in only three cases. The Niskonlith granite
has strongly metamorphosed ro<:ks of the Nicola series, which
are also cut by apophyses of the granite. Dawson demonstrated
a similar relation between the Campbell Creek body and the ad-
jacent Nicola traps.' The present writer found apophyses of
the Cherry Bluff intrusion in the Nicola rocks.

w. p^fp
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Tl.r |.n.h..l,iliiy „f a similar ,lnv t..r the Vlams Rivvr and
Salmon Arm 1„kI,,.s is of a hiKh onU-r. Their granitic rocks
outcrop at distances of only a few miles from the post-Triassic
N.skonhth uranite, to whi.h they show strong iitholonical
res..„,blancc.. In fact all three areas may he as manv outcrops
of a single batholith. All three l^-ar traces of orogenic straining.
>ut they are like all the other bodies mentioned in showing a
lack of general, strong foliation which is so charart.-ristic of
the pre-Triassic (Shuswap) granites. They are further con-
trasted with the Shuswap granites in not displaying abundant
aphtic and pegmatitic phases and apophvsal .Kkes ami sills
which are also characteristic of Shuswap granite b.xlies of large
dimensions. Since, between Shuswap time atul the Jurassic
no pencKl of granitic intrusion has yet been recognize<i in the
( anadian C ordillera. it seems best to conclude that the SalmonArm and Adams River granites, as well as the Xiskonlith and
Lamp|H.>ll Creek granites intrurling the Xicola series, are of post-
I riassic date.

An inferior limit for the age of these botlies is not obvious
from the data derived in this rea^nnaissance area. The Salmon
Arm granite is directly overlain by the Oligocene volcanics of
Mount Ida. and, from the failure of apoph%-ses in, and contact
metamorphism of. the lavas immediately above the granite
tlie prc-Ohgocene age of the latter is comparativelv well assured'
That conclusion is supported by the occurrence of numerous
parallels in the area covered by the Kamloops sh- - " —n)and in the Cordillera at the International Boundary tnd larther
south. Since no Cretaceous or Eocene rocks exist -•' the re-
connaissance area, the dating can be made closer onl> by con-
sidenng the general history of the Cordillera. So iVr the
ascertained facts suggest that, in the Canadian portion. 'only
two bathohthic periods are represented in the time between the
close of the Triassic and the present day. Judging from its
colossal results, the one of greater importance is of late Jurassic
date; the other is probably late Miocene. It is surprising that
no Eocene batholith. intruded in direct consequence of the Lara-
mide revolution, has been demonstrated in Canada; yet this
may be accomplished during future field work. Batholiths
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in California and in Alaska have been assiRnocI to the earlyCretaceous but none of that age has been discovered in CanadaA pre-Ternary date for the granitic bodies here considered issuggested by the fact that they show evidence of having unde!gone somewhat severe orogenic compression. Their rocks areocaMy foliated and. even where quite massive in th: f.^S showstram phenomena under the microscope. Such effects are tl^oseo be expected .f these bodies had been con.pressed during th^Laramide revolution.
^u-uik uk

In conclusion, it seems probable that the four graniticmasses mapped between Sicamous and Kamloop. were intrudedn the same general period and that they all date from thebte Jurassjc. The age of the Prairie Hills and Che.rv Bluffbodies will be briefly discussed in the sequel.
The Salmon Arm mass covers more than 100 square miles

o th!. ?hT""'?'
"'''"" ^° ^'"' •^^"''"'^"^^ -^^ Unst.,nes

MosJof^LT!''-
™' "L"'/PP^"" '° ^'' ' ''-' '-tholith.Most of he body ,s composed of homogeneous, pale grey, medium-grained biotite granite. Of the feldspars, microcline fs the Ztabundant; orthoclase and acid plagioclase (probably oligocTsIm average composition) are also essential. In the two thinsections studied the quartz shows undulatory extinction buthe rock IS little or not at all granulated. A little sericiticmuscovite IS present, probably as another effect of incipientmetamorphism. Near Tappan the gran. , is cut by Xa

c^rsor^^hiL.^"'^
-scovitic pegmatite bearing large

On the south shore of Salmon arm 10 miles from Sicamous.and again on the point projecting into the lake at the westernend of Bastion Mountain ridge, a syenitic rock outcrop, wS
Arm WhT/rTr"'' '° ^ " "°"^^" ^^'^ °^ the SalmonArm bathohth. The syenite lies between the normal graniteand the truncated edges of the Bastion and Salmon Ar.n se^!

ht LnlMrr7°^' ^""^ ""P^"^'^^ ^y '^' '^'^^ ^^ters and
.t IS impossible to determine whether they belong to a singlecontinuous zone along th. atholithic contact

colou?%7r"' •?
'°^'''' P^'-P'^y'^''-- ^"d of a light, pinkish

colour. It IS quite massive and uncrushed. The phenocrysts
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consist of microperthitf and more abundant ()laKio( last- crystals
reaching 1-5 cm. in l«ti«th anil averaijinn aLoiit 1 (» cm. Tht'r«-
rest in a Kroundmass composed of niicroclinr, micropcrthiti-.
ortfioclase.ollgoclasf, quartz, l)iotite. ami a little grcin horn-
blende. Titaniie and magnetite are accessory. The r<»ik is a
syenite somewhat rich in alkalis. So far as known, it -M-rurs
onl\ on that side of the batholith where basic se.liments form an
important part of the country rwk. This assfniation recalls .i

rule affect ing the field relations of svenites in general.'

The .Xisknuliih body crciss-cuts the Nicola beds on the west
and the Shu.swap sediment'- •. " gneisses on the cast; it is <jver-
lain, apparently in unconform, •, by OligcHcne l.ivas. For a
dist.mce of several hundred ftet th Mesozoic rocks .ire metamor-
phosed. The intensity of the alte. 'ion ami the general field
relations, so far as determined, sugges that this intrusive mas.s
is also of subjacent (batholithic), not merely injected, origin.
Where observed, it is uniformly comjM)sed of a common type of
hr>rnblende-l)i()tite granite, trn. poor in femic material and i.iagio-
clase to be classed a.s a granodiorite. The granite is fairly fresh
on the outcrop. It is massive, with but rare suggestion of a
foliated structure, though thin sections show that it is .li^tinctly
strainefl and even locall., granulated. Where most atlected by
erogenic stress, epidote and microcline are specially abundant.

The small Adams River mass is stock-like, cross-cutting
greenstones and associated schists of the Shu.swap terrane. It
is a pinkish grey, medium-grained biotite granite, very similar
to that forming most of the Salmon Arm batholith.

True granodiorite constitutes the mapped portion of the
large Campbell Creek mas':, which clearly cross-cuts the Car-
boniferous sediments in batholithic fashion. The width of the
metamorphic aureole is, at least locally, to be measured in hun-
dreds of feet. The only observed variation from the normal
Cranodioritic composition was found in a band of grey biotite
granite occurring on Campbell creek. This band has the ap-
pearance of being a contact phase, merging inwardly into the
dominant granodiorite of .he batholith. If so, it represents
another exception to the general rule that batholithic contact

' R. A. Daly, Igneous Ko< ks and Their Origin, New York, 1914. p. 403.
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has .iHormed the OliKot.n.- formations elsrwlun- in tli,- pl.u.Mii
region.

However mistaken this .xpl.ination mav I..- m .l.tails. it
IS clearly more in acvord with th.- facts than Dawsoti'^ suKROstion
that the Cherry BlufT mass represents a printij)al vent of the
Tertiary lavas.'

Simply for recMrd it may !•, noi, .1 that a ronsirL-ml)!.. IxkIv
of coarse Inotite Rranite is located in the up[.,r part of (iriz-h
C tfek valley, in the Prairie hills. Tl'is rock w.is not seen in place-
but was ri.scovercd in the form of very large and numerous
Ixjulders along the creek, which have f.ecn carried down the \ al-
ley tven as far a.-, its contluenre with Beaver river. The granite
IS fwrphyriiic, with simply twinned phenocrysts of alkaline
feldspar reaching 2 inches in length. It is verv tresh and free
from anv i vidence of havins been Mrained or crushe.l !,v mo„n-
lain-l.ml.iinK forces. That fact su^iiests a late d.ite for its intru-
sion, possiblv one as late a. the Tertiary. It is the tnf.st
easterly b.xly of granite known to occur mar the Canadian
Pacific ain line. Post-Carlwniferou.s granites of large respec-
tive areas ha e been mapped in the neighl>ouring Selkirks both
north and south of the railway belt.'

Slmm.xhy of Till- Ii.Mjofs Rocks.

Reviewing all the igneous lormations er.rounlered in the
reconnaissance area, one immediately observes the banalit>- uf
the nek t; pes. Their sequent of eruption i.s shown in the ac-
companying table.

'G. -M.Daw^n, .Ann. Re()..ri,( .(.,! -urvey ol Cnada, Vol. MI 1S96
Parr R, p. 73.

' '

'-See this .Survey's Geological Map , f the Dominion of Canaca, on the
scale of .SO miles to 1 inch, '-iition oi I9(»l.
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Period

Oligocene

Jurassic

(probably)

Triassic

Carboniferous
(Pennsylvanian)

Be'tian

Shuswap
terrane

Formation Forms of bodies

Kam loops

Nicola

Cache
Creek

Cougar

Fissure and central
eruptions; associated
dykes.

Batholiths, stocks, sills

and dykes; (laccolith
at Cherry blulT?)

Rock species

Olivine basalt, olivine-
free basalt, andesites;
porphyrites.

Granite,

|Fissure and central

I

eruptions; associated
dykes.

iCentral (and fissure?)
eruptions.

jectiles. (Sill.) _(jatep)

'ranodiorite,
quartz diorite, sye-
nite; (monzonite-dio-
rite-gabbro at Cherry
bluff.)

'

Olivine basalt, olivine-
free basalt, andesites;
porphyrites.

Basalt, basic andesite.

Shuswap
terrane

Pre-Shuswap

Adams Lake

Batholiths, sills,

eoliths, dykes.

Volcanic (fissure ? and
central?) eruptions;
sills and dykes.

lac- Gratiite, quartz diorite;
various orthogneisses;
aplite, pegmatite.

Basiiltic and andesitic
(?) types, now green

j
schists: diabase, por-
phyrite.

i( »ranite or gneiss.

Many porphyrite dykes cutting the Shuswap terrane, thelamprophync dykes described, and the basaltic sill at A bercanyon (gorge) cannot be closely dated.
The table illustrates certain fundamental rules affectingthe Igneous rocks of the world.

^
(1 .) Basaltic magma is that one which most steadily recurs

•" f°'"P'^t!,^ruptive sequences. In this area it was extrudedm the Pre-Beltian. Bcltian, Pennsylvanian, Triassic. and Ohgo

Beltia^^nt- T Z'"" "u-^"^' ^ ^'"^ ''''''^''' ^-^ ^^e p^e-Beltian to the Tertiary, this eruptive product has had practicallyuniform composition.
«ii-ui.d.iy

!, Sa\ ^^^^\ **""
^f

^^^^ P'"* °^ "-^^ '"*^"«'^'^ '"^^ of the area
IS acd granitic), while all the extrusive magmas have beenoverwhelmingly basic (basaltic).
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(3.) As so often illustrated in other parts of the earth,
the basalts are associated with andesites in the must intimate
way; they are repeatedly interbeddcd, and with these types
there are numerous lava flows of intermediate composition.
As usual, augite andesite (or augite porphyrite) is '-l^ariy the
most abundant of the andesitic types; hornbl. nde and mica
andesites are rare.

(4.) As usual, the Pre-Cambrian granites are somewhat more
salic than those of later date, with a quite special development
of aplitic and pegmatitic phases. These Icucocratic rwks seem
to be more sodiferous than the granites, of which they are sateiiitic

differentiates. The writer suspects that this chemical relation
.Tenerally obtains throughout the larger Pre-Cambrian areas of
the Cordillera, if not of the world.

(5.) The extraordinary' prevalence of concordant injections
(sills and laccoliths) in the Shuswap terrane is a special feature
of the Pre-Cambrian, as shown also in the Canadian shield and
elsewhere.

(6.) The intrusive relatio- of the Shuswap orthogncisses
and granites to the Adams Lak>. and other greenstones is strik-
ingly like that between the Laurentian and Keew tin in eastern
Canada, or that between the older granites and "metabasites"
of Fennoscandia. Such repetition of several specialized features
cannot be accidental and must find explanation in a final theory
of igneous rocks.

(7.) Although the igneous formations of the region belong
to many geological periods, alkaline rocks—that is. those rich
in alkalis or others genetically associated with alkali-rich
magmas—are almost entirely wanting. The nearest approach
to such types are: the syenitic phase of small volume in the
Salmon Arm Jurassic batholith; and the few, narrow camptonitic
dykes of the Columbia range. This means that most of the
rock families recognized in the standard, Rosenbusch classifica-
tion do not outcrop here at all. The great predominance of the
subalkaline types is parallelled in most other large eruptive areas
and probably in the average visible terrane of the earth as a
whole.

n^ ^JUJ-i^A^
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CHAPTER VII.

GLACIATION.

hisJ.ZXTjTrT l""'"''"'
°"^=^"" ''^''"^ *he Pleistocene

elariuir.n T .1- .
^^^" ^t t"e time of maxmum

cois, JM the trench glacier, tl e Selkirk Valley ,heet and ,1^.ma,„ ^e-cap were each alhneatc^ t,y two .,>Lt ;f a,c*glaciers. A small fraction of these feeder^; i« to H., ^
by hundreds of glacierlets in thl V ^ t^ u^'^^''''''^
Columbia, and Coast rTn.es

^°''^^' ^"''-""' ^^"'•^'^'
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of the CortiilliTan ice-cap in general. The rosptctiw heights
arc about 6,800, 6,100, and 6,800 feet.» On the basis of these
and other observations, Dawson conchifled that tlic surface
of he main ice-cap in Shuswap Lake region was slightly more
than 7,000 feet above the present level of the sea. The thick-
ness of ice over the main valleys was, therefore, not far from 6.000
feet. So far as his very limited opportunit>- for iiigh-level

readings permitted, the present writer found reason to endorse
Dawson's statement.

The upper limit of the ice in the middle of the Selkirk
Valley sheet, when at its ma.ximuni, appears to have been slightly
lower. On Revclstokc mountain and the adjacent ridges, all

signs of general glaciation ceise at about 6,.=i00 feet and it seems
probable that the limit of the ice was no higher than 6,800 feet.

The Columbia river is here about 1,500 feet above sea, so that
the local thickness of the ice was no greater than about 5,300 feet.

No conclusive observations were made as to the maximum thick-
ness of the ice at the Rocky Mountain trench ; it wa.s, however,
probably less than 5,000 feet.

A transverse profile of the ice surface at maximum glaciation
cannot yet be fully drawn. That it possessed considerable gradi-
ents is suggested by observations on the western slope of the
Selkirk range. On the summit of the 7,776-foot ridge marked
on Wheeler's map, 3 miles north-northeast of Flat Creek siding,
good striae produced by ice moving southward across the ridge
w-ere discovered. These show that the wide Caribou and Ille-

cillewaet valleys were filled with confluent ice nearly to the
8,000-foot contour. Thus the average slope of the ice surface,
between this ridge and Revelstoke, 30 miles distant, was about
40 feet to the mile.

Generally, however, the recorded striie and grooves were
produced by ice which was strictly controlled by the local

topography. Obviously each of the countless cirque t;laciers

had its own system of markings, imitated by the relatively
minute glaciers now occupying the valley heads. On the other
hand, the deeper troughs of the plateaus region, such as the

' Cf. j. McKvoy, .Ann. Report, Geol. Survey of Canada, \'';I. \'l, 1S95,
art A, p. 8.

y- *?«?^j*«Kw»i«w
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valleys occupied by Adams, Shuswap. and Mabel lakes, caused

and h r /''' -^^"•-nts during the height of glaciatSnand harboured powerful local glaciers long after the ice cap ha3lost n. contmu.ty through partial amelioration ^f the climateDawscus report on the Kamloops sheet (1896) sufficiTniyemphasizes these facts.
u'"i-»cjiuy

The heavy glaciation has effected the no, mal changes ex-pected m a mc ntain system of strong relief. Cirques are veryabundant m the gher parts of the Purcell, Selkirk and Co

W

(Mates XXXIX and XL). The master valleys have been widen-ed and deepened: the mountain spurs entering them havebeen largely truncated and trough forms have resulted gZexampl, are seen in the Beaver River vallcv. in the SelSkvalley, and in the valleys occupied bv the larger "akes Ov'rsteepenmg of the valley walls has led to 4 1 tnd-sl^ingon a great scale, especially vull illustrated along Eagle riverbetween Three Valley and Taft. Rock basins, lafge and smaThave been excavated. The most remarkable instance is Th";of Adams lake 1.200 feet deep and drained over a rocky lip w^thIS covered with only a few feet of drift material

'

belief .-n ".f "T"^^"^
*° '"'''"^ '^' ^'^"'"^"^ °" ^hich is basedbelief m glacial erosion to the extent implied. The scepticsas to Its great efficiency have not sufficiently consider^ two

ratrkrchin"^" w^
;'^^^ '^ ^^^^ p°-- °^ -««-As at Lake Chelan in Washington state or at the existing Muir

tt'veioSHfT'T'^ "^^ ^° ^^"'^"^ ^'--' currentslathe velocity of a trunk stream may be from to 30 timesgreater than it would be in a corresponding ice-cap which !sfree to move radially in all directions. As experiments have

SSofsTi"orS
^•'"?^.P7---^e to veloci';y. 3e1 th^Iconditions Fiords and similar troughs occur only where ereatconcentr_ation of ice has been possible. The amount of fhetr



147

widening and deepening in the living rock, measured as excess
over that accomplished in pre-Glacial times, is just of the order
of magnitude demanded on the assumptions: first, that con-
centration of ice currents is a primary control; and, secondly,
that unconfined ice-caps have eroded solid rock to a depth of
30 to 50 feet.

The other principle, too often neglected in the glacial-

erosion controversy, is that schrun''-line action affects both sides

of a glaciated valley as well as its head. Practically every
geologist agrees that rapid erosion takes place at the valley
head, and the explanation is found in sapping or glacial quarry-
ing at the contact of ice and bed-rock. It should he remembered,
however, that the same kind of contact e.xists to right and left

of every valley glacier throughout its whole lengtii, except
where drift material is temporaril\ lodged between ice and
rock. Sapping at the lateral schrund-lines is clearly an im-
portant cause of the widening of troughs, the truncation of

mountain spurs, and the peculair relation of the typical hanging
valley.

The late-Pleistocene silts of the South Thompson valley

belong to a widely spread group of deposits which have been
discussed by Dawson in considerable detail.' He explained
the VVTiite Silt formation as the sediment laid down in the
main valleys of southern British Columbia at a time when the
whole region stood about 2,500 feet lower than now. He wrote :—

"Following the maximum of this second period of glacia-

tion, came apparently a second subsidence, less in amount
than the first, but sufficient to depress the Cordilleran

region generally, to a level about 2,500 below that which it

holds at the present day. At this stage, and while glaciers

of considerable size still occupied the mountain-valleys,
and the position of the neve of the former Cordilleran glacier

was probably held by an ice-cap of some size, the land
remained nearly stationary for a long interval, and remark-
able and important silt deposits, well bedded and of con-

'G. .\I. Dawson, Ann. Report, Gcol. Survey of Can.ula, Vol. VII, 1896,
Part B, pp. 252 and 283 FF., where further references lo his writings on
this subject will be found.
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si.ierable thickness, ^.ere tranquilly laid down in dirforentow racts scattered alonu the Ccrdilleran regioufor aength of some 1.200 miles. These deposits, th v^^ terl.as ... p,ev,..us publications referred to as the IVhite 5/!and as observations accumulated, it at length becameeVK^nt t at these silts possess more than a bcal s n^!cance. They appear, m fact, to constitute a well marked

^7',^Tn"'7 ^
'"^'^^'^ -^ •-« --tied

occur the M "7"'"- ""?""«' ^^=^'"^ '" ^'^-h theyoccur their evel ,s so nearly identical, as apparently tohow that th.s must be referred to a common rLse which
t .s beheved, in

. onsideration of all the circumstrcesand pTMculariy in view of the vast area which teoI>

tharthfl 7 'fT' ^° ^"^'^^' '^^^ >-- ^- - otherthan the level of the sea at the time. \o morainic orother accumulations have been found, such as to a counor the production of lakes, in which these silts might tesupposed to have been deposited, and had thev been formedjn separate lakes, held in either in the manned sugge teTor

.el^in^a^htl."^
^^^^"^^ ^° ^^^ ^ -- ^'^^rent

the htrrevel' ^IT"" "T""' •'" °'^^'" ^^^''' ^^^^ some ofthe high-level silts were deposited in valleys temporarily laked

whi^fh' "T" "f
'*' "°' '"^'^^ ^^'^^ the field cri ion bywh ch hose Slits could be distinguished from the silts laid down

^nr H K^ u''^'
"^ ^'"^"^^ ^'^"^y^- the existence of which isimp led by the subsidence hypothesis. A late-Glacial T posGlacal elevation of 2.500 feet should certainly have had mrnvV sible effects on British Columbia topography. No suchTgnso grea submergence have yet been discovered and he wi'er

knoJ a'r "'
T^'^^

^?T"'^
"^^'-^hesis is Justified by he

diseased ! 7 '"""^^
u'

^''" ^""'^'"^'"" "-'^ "«t be fullydiscussed m a report on the present area of reconnaissance

ai ; th Toith ;r^'
'*^^'^'°'''"^"

'' ''^ white x on?;
^ °"^ ^hc South Thompson river (Plates XLI and XLII).

G. Al. Dawson, ibid,, p. 252.
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In that valley conspicuous terraces have been rut in the

silts for a distance of alxiut .?0 miles. The elevation of the top

of the uppermost l)ench varies considerably, whether considered

in relation to sea-level or in relation to the level of the river.

The latter is about 1,150 feet above sea at the outlet of Little

Shuswap lake and only about 10 feet lower at KaniW)ps.

The followinK table shows the approximate heights of the highest

silt terraces above the river.

Locality. Elei<ationin feet.

Chase (outlet of Little Shuswap lake) 75

Shuswap village (terraces irregular) 100

Ducks 275-320
Opposite Campbell siding 420—500

Pauls peak 400—500

Except at its mouth Little Shuswap lake has no silt terraces

on its shores, and no notable silt deposit is to be seen at Kam-
loops. Between the lake and the confluence of the North

Thompson and South Thompson rivers, the silt deposit and ter-

races are continuous. It is believed that the silts are satisfactorily

explained as the sediment deposited in a temporary lake flooring

the valley of the South Thompson. This lake originated by the

damming of the valley—upstream, by a local glacier occupying

the Little Shuswap Lake basin; downstream, by a powerful

glacier which came southward, down the North Thompson
valley, and filled the entire cross-section of the present Kam-
loops Lake basin up to a level at least 500 feet above the present

surface of that body of water. The terracing of this deposit

began with the melting of the ice-dams, between which the silt

had accumulated to a maximum depth of at least 500 feet and

probably more than 600 feet.

The colour of the silt is generally white, tinged with brownish

grey. As exposed along the Thompson, the deposit has a

remarkably constant, very fine grain. Under the microscope

somewhat numerous sherds of quartz, from less than 01 mm.
to about 06 mm. in diameter, are easily identified; but most of

the material, of similar grain and likewise colourless or glass-

11

wwr
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clear, so slightly reacts to polarized liRht that a Hir..» -a .-cration s very diffirnlt A L i u
""^*^^^ identifi-

typical tpcci„H-n (No Iftnlw L
.""''''"""">« analysis o( a

Wow Da-ck. «:.i«:„r ; Jk'* oni':::; ' xr *"rwas made bv Mr M F r- T i

*^'^- ^'^*^ analys s

who .ade a double check on"a"[r;h"^
""'^'"^"^"^

''^ ^'"-'cnccK on all the important oxides.
SiQi
67-38

K,0
2-46

TiO,
0-40

H,0
3-70

A1,Q,

1553

COi
(trace)

FcQ,
0-96

(total)

FeO
1-54

MnO
0-07

MgO
0-90

Can
200

Na,0
5-83

100-77

The oxide ratios correspond to: 49 per cent of .U.;.. icPt-r cent of orthoc!a«> « ? ,.„ ^ i^r cent ot albite, 15

per cent of qlr^ Th! '11^^^ """""j''^' ""' "'^"^ '^

.ay I. .pr^j°r.rrrx ai^;'-' -—

T '
:-*'
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days of the Pleistocene.' More positive evidence of a distinctly

earlier glaciation may ^ossibly be secured during a study of

certain, old-looking, partly cemented gravels conspicuously out-

cropping on the heights just southeast of Cherry Creek station.

ttetraa

Figure 4. Section illustrating the crumpling of late Glacial silts by an advan-

cing ice-?>.eet, which deposite*! typical till (wedge-shaped mass) on the silts.

Locali'y 2.5 miles west of Cherry Creek station on Kamloops lake.

The existing glaciers of the Selkirks and of the neighbouring

ranges are very numerous but small; so far as known, their

fronts, though oscillating in some cases, have been retreating

for at least the last twenty-five years.'

'Cf. ?. A.Daly, Guide-book No. 8, Congres Geologique Internationale,

Ottawa, 1913, p. 234.

•See A. O. Wheeler, "The Selkirk Range," Department of the Interior,

Ottawa, 1905, Vol. 1, p. 357; and "The Selkirk Mountains, a Guide for Moun-

tain Climbers and Pilgrims: Information by A. O. Wheeler," Winnipeg, 1912,

p. 150. In these -.vorks will be found references to the quantitative observa-

tions of the Messrs. and Miss Vaux on the Illecillewaet and Asulkan glaciers.

T^^^^^TP^^^^^trSK^^T^.caca^
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CHAPTKR VFir.

GEOIOGICAL HISTORY.

t.on and was a.ljoint^ hy a pre-Shuswap t,™. f

""""
granitic or gncissic char irt.-r i.-

''^ ''"''"^ "f quarizose.

also received ac<uLiatt>ns" cal^arcou I T""""^"
"'"^•''
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""'^""'^

a verv thi.W ^o„f iV
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regarded as belonLrinc , \u
^'^•--"'^'t'an orthogne.sses are

that to which the "fani'ti 'iryr-'^f •"^^'^^' ^""^ ^
Shuswap series haveTrXe.! H ' '"'^^'^ '"'" ^'''^

sin.ple correlation may ^ nco;; ', "d
T"' ^''^ -'^^'-'v
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''""-sediment
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in freshwaterTins A h
'.""''"'''^

1" '''^ '^'^ ^^^^er than
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Shuswap ocean wL Xl^' . I ' P'"'"'"P^'"" »hat the

shuswap^°^:::JrtheX1^e 'L^^^^^ t-'^--
^^e

precipitates.
"'^'"selves are best mterpreted as chemical

Volcanic action, which seems to have been repeated during
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Uke Krt^nsto, s Oh"; "" '•^•Prt'*n,«| in Ou- AcJa.ns
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K-^nstune. s...... r„
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^'" '^""'^^''^ '"J" '^"d.

older sills FnaU .
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of static n,etamorphism i , H. J'^ril.^
""'^*^':-"^y

early Pre-Can.brian terranes leads one to 'T'"'"
'"

the primitive crust of .1, .
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' ^""'^''^^ °^ orthogneisses.
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"^^"^ ^ bedded series,

Beltian ume. In Tt e L^T^lL tl
^"^ °;'''"^ '"""^ P-lai respect also the conditions were special,
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since post-Cambrian granitts havi' almiwt always ri-achwl their

visible levels in the earth's crust only after a prriixl of btrnng

crustal deforniation.

After the granitic invasion, at least part of the Shiiswap

terrane was lifted above f)aselevel ami was eroded In-foie the

lowest Beltian bed was depositee! ufxjn the surface of that

terrane unconformably.

With that uplift the axial line of the Canadian C"')rdillera

first became definitely outline<l. The Western Cordilleran ln'lt

Ix'came land and in general so reniained until the close of the

Mississippian peri<xl; daring the same long era the Eastern In-lt

was a geo^ynclinal area, its major axis having the same trend as

the present Cordillera. The Rocky Mountain geosyncline

continued to sink and was tilled with sediments in the Beltian

(Selkirk series), Cambrian, Ordovician, Silurian, Devonian, and

Mississippian pcri<xls. Within the railway zone, volcanic action

left its mark only in the Beltian Cougar formation; elsewhere the

deepening ot the vast downwarp was accompanied by vulcanism

on the large scale, as represented, for example, in the Purcell,

Grinnell, and Irene basalts of the 49th parallel.

Thick and well expos«'d as they are, the Beltian strata are

so far quite unfossiliferous except for the obscure forms found in

the upper beds by Weller, Walcott, and the writer. Though

most of these sediments have Ijeen statically metamorphosed,

their alteration is not sufficient to explain the absence of animal

remains. The writer is more than ever convinced that their

failure is due to the lack of hard parts especially calcareous

tests and skeleton.s, in the bodies of Fre-Cambrian animals.

Chitinous tests were developed during the Cambrian, and rocks

of that age, practically as much metamorphosed ;is many of the

Beltian beds, are already famous for their organic enclosures.

Near the close of the Mississippian period, the Western

Cordilleran belt, including much of the Shuswap terrane, wa,=

downwarpetf, and Pennsylvanian sedimentation with strong

vulcanism affected the whole railway belt from the Shuswap

lakes to the Pacihc ocean. This Carboniferous geosynclinal

(Cache Creek series) had a chief axis roughly parallel to the

present shore-line of the Pacific. For part of Pennsylvanian
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rimi- Iho R.Hkv M. iinlain |„-o.yi,dmal r.mainoH i.n.lrra. loa„ l,...llv I,, i,X;:
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Cretaceous sedimentation. ' " '^'^'^ "" ^''^^^ "^

After suffering some erosion, the Jurassic mountains were
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locally downwarped.and remarkably thick prisms of Cretaceous

sediments were laid down in the narrow Kt'osynclines thus formed.

In the railway zone these were confined to the Fraser valley

and coast regions.

Then followed the Laramide revolution, which crumpled
the new, Cretaceous setliments and the formations underlying

them in the Western l)elt, and as well the long-resistant Rocky
Mount.un geosynclinal. During the folding of the front range

rocks and their thrusting over the Great plains, the Interior

ranges must have lieen strongly deformed. It is, therefore,

possible that the Columbia, Selkirk, and Purcell mountains of

the railway section attaineil their present structure during two
different revolutions, the Jurassic and the Laramide. The
relative importance of the.se revolutions in developing the visible

folds and faults of the region remains an f)|X'n problem.

As a result of the Laramide levolution the Canadian Cor-

dillera first reached its full length and breadth. Its constituent

ranges were doubtless much higher than th jse now existing.

All Tertiary and Quaternary time has witnessed steady
erosirm, except in comparatively small areas in the Belt of In-

terior Plateaus and along the coast, where lavas and .sediments

locally and temporarily inter'uptetl denudatioi!. Most of the

Tertiary sediments of British Columbia arc of fresh-watc origin

and themselves bear witness to the gener.il destructive f "(xress.

Thus, the Tertiary and later history of the Cordillera must be
written in terms of its physiographic development since the

beginning of the Eocene.

In Dawson's writings the reader will find a statement of

this Tertiary history, which Dawson principally read out of the

rocks and topography of the Interior plateaus. As noted in

foregoing pages, there are doubts as to the tlating of the peneplain

facets in that belt, and there is corresponding doubt as to the

age of the valleys sunk between theiu. The difficulty of de-

scribing the physiographic evolution of the Interior Mountain
ranges, the Rocky mountains, the great trenches, the Selkirk

valley, and the thousands of smaller associated valleys is at least

as great. Few problems in Cordilleran geology are as important

as that offered by the topographic forms and relationships in
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patently widespread, crustal movements during the late M.ocene.

Distinction between the physiographic effects of late Miocene

and Pliocene diastrophism is manifestly difficult.

The Pleistocene nistory of the reconnaissance area has

already been sketched. It is highly probable that the glaciation

of this period was intermittent, with one or more periods of

deglaciation 'Corresponding to the interglacial epochs recently

demonstrate i at the western edge ol the Great plains and along

the Pacific coast; direct evidence of such an interglacial epoch

has still to be found in the interior of British Columbia.

Post- Pleistocene time has witnessed the minor changes

usually following the intense glaciation of high mounuins.

The Illecillewaet gorge exemplifies the many cases where bed-

rock valley floors have been locally deepened by post-Glacial

excavation. That process has been accompanied by degrada-

tion in the drift barriers of Glacial lakes. For example, the level

of Upper Arrow lake has been lowered by the down-cutting of

the Columbia river on the south; in consequence, a post-Glacial

delta of the Illecillewaet river stands high and dry above the

present level of lake or master river (Plate XLIII). The growth

of many deltas, large and small, into the lakes is another con-

spicuous incident in the post-Glacial gradation of stream courses.

At present, hundreds of small glaciers in the Purcell, Selkirk,

and Columbia ranges are weakly imitating the grand effects of

erosion wrought on the ice-divides and nunataks by the power-

ful local glaciers of the Pleistocene.
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Plate 1.

The Rocky Mountain trench from the heighls east of Goldrn, l.ioking sjiilh
Across the Columbia river are tiM Dogtooth moiintain». Photograp*
by Wbeeier.
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Plate II.
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Plate IV.

TI.e Selkirk range an.l the Purcell tren.h (Beaver vallev). Looking noulhfro„, Hal.] nu,unlai„ (Prairie hill.). Photograph l>y Wheeler.
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Plate VI.

feet). PhLgraph bVvUeeler " "''' '''''-'''"" ^'"'"' '•'''
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Plate VII.

Looking soulhwes. fron. Sixmile rreek along the Piircell trench (Beaver
Kiver vallov).
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A.

Plate X.

The meeting of the Illecillewaet and Columbia (Selkirk) valleys seenrom Moun, C.ach „a Coo._li„ (elevation about 7.50o\eet); Collb^W^^
rhetlktrf''"" V T'''?"'"''^*"^^-

Photograph by Wheeler. '

1^ f
""'•''• ''•^\^'^'°''«; '""^ ^-'"-•'ia range, and the Tonkawa.la

Wloeler
*" ""' """ '^"""'^ Mackenzie. Photograph by

^-.>Vi-



179

I'lati; X.

B.



c





ISO

View ill Hi-i' f \i

I'lM,

.-ri.)r I'l.ito.ius. !.,.,

\I.

lown Shii.s\v.i|) l.iki'. ntvir HIind

/'Vi-



ISl

_L



%

•,- ^.

»»'il;. .-n\.-: -'••.'..



•> IX .1 i-r

r^ET



182

Plate XII.

Adams pUtcau (elevation 6.000 feet); looking eatt acroM Adams lalce (eleva-
tion 1,364 feet).
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I'l.ATE XIII.

The Shiiswap U-rr.ine in the wesfrn S».Ikirks, l.w.kiiig s<)uth«ist from Mourn
M.Kkiiizic ClcA-.ilion .iInmK K,(MH) feet). I'holonr.iph liy Wlieeler.
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I'LATF XIV.
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r'l,ATi; w.
H..Mi..n m..iml;,i„ frnn, the wvst. sliuwin« ililT ,.l Sl.,in..,iis li metlone.



l.S'J

3
u

3
-2



I

ail" 1 1

•



•'-: a* r.i^^iS
-s/l'SiAXf

.

A>f

• iVX M/ •'!

•^S? jff'il.in.Ovj.iiihS .liJuiliiiT



^Jl^'JS^r:^''^m'h.- ^/

190

F'l vfK XVI.

Miiii.miu- Karsl topoKrapliy on majwivo ( rshinakiii Pjlimcs'iiif of ihe SJiiisWiip
•<< iii-i; 2 iiiili-s soiilli of (iciiifniiiusiiiii iiarrciw.s.
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Plate XVII.

Aplitic and pegmati.ic sills <utting rusty metasedi:
stone interbeds: ueslor-i shore of Mara arm.

imentary schists and lime-
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Pi ATI: XIX.

Orlhotinriss nr;.r AllM>rl C.inynn sl;.ti..n; ^.liiMosilv <Iur In st;itii nirtanu
pliisin.
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Plate XX.

Schistority of typical Shuswap onhogneis, near AUxr. Canyon station
lluslrating static n.etanu.rpl.isn.. The hamn.or is 14 inches in length.
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Plate XXI.

Siraiii-sll|) cleaviiRO in (ale scliisi at Kliiiil bay. 'I'ln' well clcveloljcd low-flip-

piiiK s*liisli»ily is due 1<> culicr, sialic iml.iiiiijr|iliism. Tin- caiiiiTa
I asj" isalHiiil 2-5 iiiclicH lliiik.
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Plate XXII

I.K.kinK somhwest ,|„wn the Ill«ill,.wart valley at Alln^rt canyon Fore-
Kr..,in.l iinrlorlain l.y Inw.r Ih-.Is of ihr Uellian series. IJniIer ihr heavy
for.M of Ih;. n.ilMc Kn.un.l is (he c.mtact wilh the Shuswap lerrane
whii h rontinues to the extreme kirknr...ii..l I'h..i„^.r.,|.h l.y VVhe.ler
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Plate XXIll.

Looking we« down the lUecillewaet valley from thf ridge (elevation 8,00"

feetj just e«»t of Flat creek. The slopei of the middle ground are under-

lain by the very thick Laurie formation. Photograph b> Wheeler.
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Plate XXV.

Drag folds in Cougar quartzite near the head of Cougar brook, Selkirk rann<
I'hc clifT shown is about SO feet high.
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Cl.ATK XXVI.

T..p„l (-ouKar ....M„...il„.l,-.kiMK *u,.ho.,s, ; sl„.wi„«(o„K.>r .|,ur.,i,r ,.s ty,>.
ir.illy .|rv.l.>|x-,l in ilir Slkirk riii^;..
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Pl.ATK XXVII.

•-i"..rc). I'h„,..Kraph by WhX ""'"'" ""''^ '^"^""^ "' "'-
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Plati: XXVIll.

I 'holograph l,y i|i..
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Plate XXIX

Lrx.king northeait from the ridge eani o( Ha: ireek. a.rors the upper part
of the great lllecillewact River honuK^^line. Cougar quartzite is in the
foreground; the light ban<l on the left (n-iddle) is the N.ikinm linitstui.t,
overlain by Rom tiuartzite. farther bacic. Sir Donald quartriic forni-i
the high peaks in the background. Photograph by Wheeler.
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Plate XXX.

Summit of the Dogtooth range, looking east from a peak near the head of

Quartz creek. Slopes underlain by the Ross formation as typically
developed in the Purcell mountains.
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I'l.ATr XXXI.

Mount Sir Dnnnl.! (clcvnlion KI.SOS foci) !n.m the sj.lr .,f M„„nt AM,ott.
I'lic.l.iKr.ipli l.y the Canadi.in ['a.-ifi. railwav.
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Plati: XXXIJ.

^f<>Ulll Macclonald (.lev.ilion 9,482 lii-t) fn
I ho Caiiaili.in I'acifu' railway.

>ni the wrsl. I'lioloKrapli iiy
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I'LATE xxxni.

A. Summit of Mount Tuppcr, from Tuppcr crest; showing ch.irnrtcristic
habit of the Sir DonaUl qiiartzite. Pliotogr.iph by Howard Tabiier.

U. r.(><)kini,' south from Mount Tiipprr to Mount M.icilc.n.ild aivi Mount
Sir I^oiiahl (background), showing [lart of the summit syncllTu- of the
S'lkirks; the Sir Donald (piartzilc l.>rnis (he Rreat esrarpmcnl . Ph<ilo-
«raph by Howard Palmer.
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Plate XXXIV.

Cougar qjart/.itcs socn from Mount Cilaiiiounl, ai niss CouK.ir rrcrk;

showing i-aslrrlj dip. I'hotograpli h\ Wlierlor.
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Plate XXX\ .

Mouiit Fox (10,572 leet i froni Mount Gtikie; view sliowing the Beltian
quartzites continued on their regional strike south of the reronnaissanre
area. Photograph by Wheeler.
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I'latk XXXVII.

Characl eristic outrn.p of Nicola (Triassic) traps near Pucks. The terrace
IS compose.! of while silt.s, here trenched hy the 'Ihonipson river.
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1'i.ATE xxxvm.

Baltic bluff from the eastern end of Kamloops lake. The (o'>i of Cherry
hliilT appears on the Itft.
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Platb XXXIX.

(.Ia«ial (inpif tofxigraphy in ilio western wall of the Piirtell trench, juhl

wiiilli (if Mouni Sir Donald. rhiil<>Kra|>h taken Inmi the Prairie hilis,

l»y Whi-eJi •.
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Plate XI..

Moiinl Sir Donal'l ami rir(|iio glarirrs on ils c.lstorti sliii«'; lookiriK

llip I'lircvll Irciicrh from llic I'rairio hills. I'li()ic)^;ra|>li l.v Wheclor.
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Plate XLI.

Massive Nicola traps and white silt at Ducks. Looking north.
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Plate XLII.

Silt terrace of the South Thompson river, north bank, 4 miles above Ducks.
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Plate Ml II

Fore-set beds of sand in the old delta of tht- lllerill waet river, 2 niiUs t-ast
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