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of the geologie history of the dlstriet.

Bage maps for the work consiet sf_feur geven and ones
half minute topographle sheete preparsed from aerisl photo-
gravhe by the U, 5, Forest Jerviece, Beale on the maps is
'gpnrgzimazaly one %o twenty~four thousand, Aerial photo~-
graphts on the same scale were used in areas where forest
cover wae gparse or absent,

In 1904 the United States Geologlecal Survey published
a topographle masp of the Republie quadrangle which includes
the thesies area, This sheet ig on the scale of 1~125,é@9
with a 100 foot countour intervsl, Pif{een minute topographic
mape on the gcale of 1-37,500 and with & contour interval of
50 feet were published for this distriet by the same agency
in 1951, These are the Bodie Mountain and the Curlew,
Washington, quadrangles,

Geologic fleld work was started in the late summer of
1949, continued throughout the summer of 1950, and completed
during October and HNovember of 1951, A fotal of aporozimately
g8iz monthe was spent in the fileld,

The mapped area 12 somewhat irregular in outline and
includes approximately one hundred scuare miles, Of the
total, nearly twenty-five square milee are loecated in north-
eastern Okanogan County with the balance in the northwestern
part of adjscent Ferry County.

About 800 rock specimens were &aligcteﬁ during the

courege of the work, and nearly 500 thin sectione were made
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The map ares and the surpounding reglon are smountainous

Blevations in the upland sares pange from 5738

feet st Bodie Hountaln to 47300 fest on Graphite FMountaln,
Blevations of the pringicle north-scuth trending pidge donie
nated by Bodle Hountaln gradually decline from the previcusly

mentioned figure down to spprozimately 5060 feet at the

summlt of Bamber Hountain,

4 minipum slevation of 1800 feet is found on the Eettle
Hiver whilch flows in & ggaﬁhérly dirsetion across the northe
exet corasr of the distriet, The maxinum relief in the area
ie 3938 fest,

The Kettle Biver is the master stresm for a larges reglon
and one of the mejor tributaries of the Columbla, It secu-
ples & flag, alluviasted valley floor whieh iz rarely morse
then one-hslf mile in widgh, The gradlent on this seander-
ing etrean spproschss 6,4 feet to the mile, Bar and ewale
topography on the flood nlaln glees o veliefl of ten to twelve
feet, The vresent channel of the stream e zome fen feet
below the general level of the walley floor. Hinor tribu-
taries of the Kettle Hiver inolude Catherine, Tenug Hary,
Tonats and Henry oreske,

Logally the principle tributary of the Kettle Hlver




ie Toroda Cresk, This small stream enters the river fronm
the weat end dreling & large arss 1lylng to the west and southe
west, Unlike the comparatively placld Eetile Niver, the
lower elght miles of the Toroda Creek courss h&é a gpadient
of 73 feet per mile, Tributary to Torofs Uresk are

Higholeon, Resner, Harver, O'Conner and CUrsaphite orssks,
OLIMATE AHD VEGETATION

In thie distriet the avarape year i ons with hot, dry
summers and cold, severs winters, sather records from the
Ferpy County sesl at Hepublic indloste a maximum temperature
of 108°F, and & minloum of -31°F, Republic iz located twenty-
five miles southeast of the center of the map ares snd the
dsta from that etation probably 1s applicable sinoce thare
are no great differences in topography or vegetatlon, Aver-
sge snnusel precipltation is 14,27 inches with June being
the wettest month (1,91 inches) and August and Ssptember
the dryest monthe (,79 inched), Snowfall i gsnerally light,
with the grestest fall in Decenber, Januapy and February,
Ths average annusl number of 4ays with snow cover 1s between
60 and 80, The aversge velative humidity in January is
ground B80F and in July 1t varies from 30 to 40 percent,

The prevailing winds throughout most of the year eppear
to come fram the south snd southwsaf, The loeal topozraphy
sxerts pome diveraive influence in ssctlions of the sres,

This 13 especially true in the canyons of the Kettle River,




Toroda Creek and Hicholaon (reek,

Although this reglon might be considersd gemlearid there
e, almoet everywhers, a moderate forest cover, Distribution
af»%%% forsate appsare To be controlled in part by the {opoge
raphy. Usually, the heaviest stande of timber are found on
the north, northeast and esst slopes, This is perhaps due
to the prolonged moleture supply resulting from slower melt-
ing of the enowbanks whilech scoupulsie on the leeward and
shady alopes of the ridges,

The forests of the replon conelict prinoipally of yvellow
pine, red and white Tipr, tamarack (larch) and spruce, Cotton-
wood and willow flourish along the larger valleys, fed birch,
serviceberry, asuntaln ash and vinemaple are common speeles
- found in %the smaller canyons and gulshes, At higher elevs-
tions, especially slong the relatively unforested southern
and %ggzgvnygiggﬁg, the familiapy quaking sepesn 18 dompon,
The aspen le & molsture«loving tres and almost iﬁ?ﬁ?i@ly
marks the aite of & spring or énall tarn, Lismited stands
of pad gedar and stunted Juniper are ocoaslonally noted withe
in this ares, In the zones wheve the soll mantle 1 deepsr
than ususl, the normal cover of pine, fir and spruce gives
way to dense stands of lodgsepole pine,

Although sbundant in sost of @&Wt@?ﬁ washington, the
common gagsbrugh seours only rersly in this dilstriet, Wild
gooueberry, native Tlowers, and various grasees blanket the

untimbered valleys and ridgss, The blus and purple lupine,




galardia, glllis= and other wild flowers are = colorful adiis
tion to the landsoape during the late zpring and esply

summar monthe,

RESOURCES AND HIDTORY

This senl-arid section of ¥sabingbton supports & Gparse
population, In general, the lseck of extensive arsssg of till-
sble land and the llmited supply of sarketsble Yizmber scoount
for this situatlion, The resldents are palinly engeged in
nallescale mived farning and cattle ralsing, Addlitlonal
ineome ig depived from the sale of tinmber, logging and the
opsration of smsll sawmills,

Evidanoe of much grester activity in past yeavs lg seen
in the ghost fownaltes of Perpy and Torods anf in the shane
doned roadbed of the rallrosd whieh parsllels the Kettla
Hivarp, mﬁia region wag onoe party of the Colvills Indlan
Ressrvatlon and was not open %o settlement and development
untill esarly in the year of 1896, Population snd prosperity
reached & pegk someé twenty ysars later, Hining and progs
peeting within the ares and in nelghboring districts such
ag the Republic, Danville, Buckhorn Hountaln, and the
Osnsdian Boundary Orssk Hining Dlstrlet contributed nmaterially
to this prosperity, Constructlon of the railrosd gave ime
petus to ranching and logging aotivity. In later years the
raileing of horess, cutting of rallrosd ties and various

» sperstions partially subesltutad for the dying

5

logrin
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mining indusiry,

Zoon affer the etart of sion in the thirtles,
the railroad serving the arep was abandoned and there began

& gradual ahift of populsbion frosm the distriel, 411 that
remaing of the border town of Perry 18 the %ﬁie&%&;%ﬁ% Trames=

work of the Jail and the nearby rallroad stafblon and

¢
office bullding, Ueveral rulned stors bulldinge o

silte of the crossproads village of Tovods,
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The desiznsbion of the Pre-Aftwood msdlus an

grads metamorphic complen a8 the oldedf 15 based solely on

its relations with overiying and surrounding rocks sinee no

fossil evidensce was obiainad during the Fisld lnvestligation,

gimilar situstion exists with respscl to the A ﬁ%é%ﬁl

£
E3

group
of prosks, Forsill isaves Tound in the Hetils Hiver formation
by the pressnt wrltsr and by others indicets that 1% ls

orobably of esrly Tertiary age, The Kettle River formation

arl

and the overiying ¥idway Volesnles were naped end des bed

by baly (1912, Part I, pp 394=h00}.

Guatarnary deposlits consist of fluviatile and lacustrins
agoumulations assoolated with contlnentsl glacliatlion, dnd
#ite,

of more regent étresn deno

The ags ralationsbins and possible lithologle correlew

tion with rooks de %s?ibg% by other workers in adjaceng

raglons

§? %%i

w41l be %i?

51%*’5 @"”

ineed move fully in sucgesding ssctlons

i'

The name ﬁtﬁ%@gﬁ was &g?}i@ﬁ %y %Qly fl%lg, éaﬁt I,

p 2178) te » group of low grade metasorphlies which he
%@%ar*b&% north of the 49th persllel, This group of
rocks setende southwerd inte the present avres,
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The guantity of nig material despeatssg

the sestlon, With inoressing depth in the geg-
tlon there 18 a graduel transiftlon from the alpgmatlile type

of rosk to s gnelzgose granite., In turn the medlua grsined,

pften porphyroblestis gy

o

granitic compssitlon., In gensersl, the pure

tioned sarlier marks the upward
Eroeptions Yo this include & Dlotlte~bearing gnelss snd &
hornblende-basping banded gneles whieh are found sbhove the
gusyrtzite, p&?ﬁi%ai&fig an the west and fouthwssy side of
the Kattle Hiver, Ths blotite gnelsses locelly grade upe-
ward into fine gralined hornblende-besring nmylonites,

A generalized column showlng the various lithologle

3

i

ge 15

i

M

L]

i

units of the Pre-Attwosd iz glven in table 1, pu
< ]

By

The Pre-ittwoed complexz forms one of the major roek
unilite in the area, Aporoximately thirty-iwe sguasre smiles of

this grouy of roocks were mapped in the distrlet and equelly

sztansive unmapped ezposures lle fo the east and south,




Pable I

fuvcesslon of lithologle units composing
the Pre-attvoosd medium and nigh grede nelas-

morphls ecomplex, In decreasling ovder,

Gordlerite~blotite schlsl
smohibalite
Feldapathle quarizite

Dlsntide-beaaringe a%gﬁi%giit%

Harble
Lime~gilicats rocks
Hisssehlints
HMigmatites
Gnelsstose granlite

Granite
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GRAPHITE MT,
X

op
5o

BAMBER MT.

¢
e oo

KELLY MT.
X

Figure 2 Sketch map showing the locations of the Pre-A
specimens referred fo inthe text.
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Isocchemically Hetasmorphosed Rocks
Hiocssohicts

Introduction: For the purpose of discussion and de-

seription, rocke of thie category have been divided into
three groupst (I), garnet-blotite schilsts and tourmallne-
garnet-blotite sehiste; (II), andslusite-bearing sillimanite-
sanadine micaschista; and (III), cordierite~blotite echists,
Table 2, page 42 shows the approximate modes of the pre- |
Attwood micasshiats,

Desoription of the sarnet-biotite schists (Group I):

Excellent outerops of biotite schist occur in the norghwest
quarter of the northwest quarter of section 2, T 39 N,

R 32 B, In thiz loeslity 35 to 40 f@étgéf sohist forms =
prominent black band on the face of a consplouous escarp-
ment, In other lecalities within the dlstrict they are much
thinner and often pass laterally into more feldspathic or
more quartzose rocks, The biotite schiets are usually as-
sociated with quartzite (ef, below), and pass downward inte
migmatites,

Megascopleally, the schiste of thls group rangs from
course-grained, well~§gli&teﬁiﬁyp%a with 70% or more bintite
to fine grained varieties, rich in felsic gineralsAané often
somewhat indilstinctly folisted, The mica-rich varieties
often aﬁeﬁ'amﬁsiaerabla smell seale folding and distortlon

in eontrast to the genersl lack of eimilar features in the -
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isag mionceous $ypes, Pode and ellipbleal lenses of guart:z

ars not uncommon, especlally in the oerssts of 2nall asesle

Gensrally the cchiste weather fTo dark brown or rsty-
rad solors, DBlotite-rich $ypes such as the prominent 40
foot band mentlionad above ars vepry dse; westiiered and 1%
1g 44ffioult %o obtaln a satisfastory hand specliman, Une
westhsrad sanples are #asily obltalned Trom mozi olher oul-
arapsé, Yhen present, fouraaline, garnet, nuscovite, quariz
and feldspar can ususl Eg be desteotad with & hand len#, Ane-
hadral dark red garnets up Yo 25 sn in dlameteyr are sommon

st6, Some evystal fzess sve

Aevaloped on ths garnsts of Tiner grained rocks, Tournaline
iz jet blask in eolor snd usually found in dlefinet trigonal

priame which range from § $o 20 mm in length, These prisme
s 4

e

1ie in the felistlen olanes but are not pragent in sufficlent
asantity to define sny lineation., Huscovite 13 often detected
but 12 not asn @%ﬁﬁ iant conatitu ef these rogks,

In thin ssction, quartz 12 alwsys present in amounta
ranging from 285 to 70 peresnt, Oreins are comoonly sonse
what eutured in outline and sutually interlocking or, in
some sections, form a grancblsstic fabric, Prafarrad orlen
tatlon of guartr i8 not siriking in thsse rocke although in
sestions cut parellel to the schilsitenity thers 12 alwsys an
abundsnee of groing which remsin at or nesr extinetion

position undsr orosgad niools,
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wadrsl sutlinen

Porphyroblaste of tourmaline and gernet are found in
rnet alone 12
ot, rourmaling is

of &
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zircon, magnetite and
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Ao  Typieal garnet-blotite schist,

xcM;Q éﬁ?ﬁ%ﬂ% ﬁ&i&yi?%é lggﬁg‘ y}'%w

e

. Recryatellizes guartzitic blotlte schist, bark Tournaline

with rounded ausris iﬁgl@gigﬁ.

ij%@%iﬁﬁﬁ ;@,}q‘i’;' zgﬁﬁ. Vigne ?ﬁiﬁ?iz@% iigﬁz. %15}.






imanite migesohicts

Micasshigts with zillimanlfe, sanidine eor

te ave of linmited oeccurrence in this district, Thay
are interbedded with and graede intso the blotlie-garnst-

lets deseribed &@@vg,'%%% haear similar
relatlonahips to the lime-silicete rocks and thin bede of
quarizite, Thess hlgh grade sehlets alec are found as bands

in the migeatitic zone of the Pre-Atiwood sompley, Ths

433

sbove-mentioned bands have the sams sttitude 28 the overlying
schiste, lime-zillcste rooke and quarizites,
In hand spselmen the recks of thle group &re very

similar to the mleazchiste deseribsd in section (1.,  oilce=
sble, however, is = tendency to be lesz distinetly follated
and more compact than other mleaschists, The amount of
auartz variss considersbly in these schiste. Those with
abundant cuartz tend to be fine grainsd, with the average
grain size ranging from .5 to 1 mm, Other specimens are
fairly coarse-grained with flakss of blofite atizining a
gize from 3 bo § mm, aAndelusite porphyroblasts up to 10 mm
may be observed on cut surfacss bui are 41ifflault to recog-
nize in rough hand specimena, sinoe they do not fors suhed-
ral epystals and are not suffielently large to form promi-
nent *knota?, Outerons of these schiste are sialned varliocus
in eolor

shadss of brown or rusiy-tan,

3
Y

it
§
!
{
!
i

from gray %o an ocrange=brown, folding

of the schistoslty 18 = mon feature that iz often readlily

2

Detected |




27

deteatad in westherd oulerops.
fSuartsz ostours in 2ll roeks of this group, slthough, as

indloanted previocusly, there la logal verdstlen in the guantity

praofant, gcimen §1,D,81F has less than E%ﬁ ngreent wheres

as in speoimen 51,0084, cusrte somprises st geventy neve

cent of ths roeok, It ocsouwrs in irregulsrly BF DPENO-
blastie gy found sither in sspapate bands or as dlscrete
grains ssscslisted with other minerals of ths rook,

Biotite 18 the comson mies although welleformed muscoe

% g

i , %%&@y}i

mw

imen 51,0

The gomzmon Blotlite iz brown in thinesection with plecahirsic
golore panging fron paly yellow $o dark brown, Blegite in

£1,13.77 18 pleochrole from pale yellow {2} %o reddisgh

&

"m

follaetion the

srange (2}. In thine-gectione @az serEel
blotits flakes sve well-sligned and do not grow agross the
sehistority. Opecimens with smsll seale folde show well re
ﬁ?ﬁ@%%lﬁ&%@% blotite forming "polygonal ayﬁgﬁ, which indlie
oate & late or ?ﬁ%ﬁ%iﬁ%ﬁ%ti@l nepriod of recyystrllizatizatlion,
Taptions sut perallel to the folistlon show enshedral Flaekee

with many oonsyicuous ssbaysents, Inolustionz of zirson and

susrtzr are spesent in of bletite., Alteras

tion of blotite fo seprlelite is & common Teature Lo sone specie

mens of this group {(epecimens $1,0.804, 64 and 84). In the
mﬁ?@ entage of ih & %%@%éﬁﬂ appeard
- a5 g e vk . s
1e ﬂﬁ*é@giaﬁgﬁzi@ﬁ r@f&‘z %@ ﬁ”@ﬁ%@%%w /31@% %ﬁa% “?aag
undaer static sendiflong after Aiffarentisal rook defor-

mation had {diseh, 1089, PFart I, peage 211},

snaeimens a&%iiaa&é % i@

i it WA b Y & W S




altered to sericite but 52 sericite zlso forme after fhe

sndelusite 1€ 18 impossible %o estimste the

T

fated

i

P

o

reélative smounts derived frow the two nminerals, The origin
of nart of the zericite iz further in doubit zince yellow
plecehrole haloss similar te those surrounding szlrcons in
altersd opordlerite ars also found, Halsez are not sbundant
in the remaining blotlte, snd no positive itraneitional re-
laticnenips were noted, The sericlite iz faintly g?@aﬁ in
golor and coeurs sz finely fibrous subepsrallel agrregates,

give

o

Biztinet Tlaker of white mica ars found within the ser
masges, In specipen 51.0.884 the following relstionehips
are gbeerved, Blotlte flakes which mark the folistion in
the roak are partislly sltered to sericlis and flne gralns
of an opaque mineral, probably magnetite, %ell formed mus-
govite is feound surproundsd by the sericlie or adjsosnt to
and intsrgrown with blotite, The white mics often grovws
aersss the sohisteslity end would thus appesr to be later
than the follation, Huscovite 12 slse found in welle-formed

frenn Tlakes azaooisted w%tﬁ t7 . two

2

generatione of muscovite are sresent: (a) thsat whieh ooours

in parallel growth with blotite or with guartz and (8], muse

govite forming from serlelte and often growling ascroes thse

foliation, The "b? generation of suscovite in gpeeimen
£1,0,804 nay be contenperansous with smles formed from the
asndslueite which 1o found in elther rocks of thils group (I1).

According to Turner (1948, page 118} thie type of potash




metasonatism aay reoult from redistribution of materials

present in the roek and need not indicate addltlen of potash,
Plagliovlage feldapar 1¢ absent in some gpeclisens, and

when present saldeom sonstitutes more than five percent of

ECIE

the rock, In specimen 51,5.81F, sapniiine and turbld oriho-

e

glase are interprown with and apuesr fo be replecing the

8 mogaic of graing age
Lanidine
of this group slthough

ountd vﬁ§?2ﬁ§ from

high grade contact metamorpbism of

aonsidered & product o

apgillaceous sediments, there lg ne fleld evidense thai the

G

ganidine in thess group (I} schiste has sush & history.
#izeh (1%49a) supgsests that the mineral is stable under
eonditions of high grads regional petamornhisn,

£1llimanite ogours in the form of welledaveloped needles
aendl slso as the Tibrelltic variety, Ths belttspr-Tormed

nersl la common as aliguned inclusions in quartz and Telde

i
o
m

spap, and appears to be older than redlating aggregates of

ap
fibrolite forsing from bilotlte, Ths filrolite often vos-
4

lesces to form ghesves which dlsplay tue oross fractures

snd bivefripoe risme of gillisanite, The two

varistiss of gillimanite are bellevad o rapresent two

1 prads aynkinsmatic melaporphisnm,

Yegmcer

phsgsss of continued hig

gﬁﬁiﬁ@ﬁ%«ﬁz,ﬁ.ggé and 51,0,77 show the mineral partially




3¢

#ltared Lo sericlite,

& common aé& anhedral fo subhedrsl porphyro-

f=3

Andalusite
hissts which often cut aeross the felistion nlsnes, In thin-

ssotion the mineral may be pleschrole frﬂﬁ goloriesse {x) to

&F

rofaered (2}, The patohy dilstribution o7 thie plecchroiam
within & sirgls porohyroblast corresponds Lo blus-gray zonss

which ave prosinsat under erogeed nlcole, These zones are

irregular in outline and ususlly 1lle in the central parg of

the minsrael,

the zoning sugyeste the ehlastolite varisety of andalusite,
Inclusioneg in the nmineral sve blotite, quartz, sanlidine, ore
thoolagze and eparse Flbrolite, Huscovite and sericlite are
common alteration products, This late hydrothermal alterua-
tion 18 pronounsed alonz 110 cleavages and lese common in the

The depgres of alierse-

marginal ares of the por
tion, however, varies wliih the locality of the %?«%iﬁ@ﬁ.
Spealimen 51,D.81F showe an sarly siage, whereas 1in gwﬁﬁiw ,,,,,
51,1, ﬁ@ 1,0,6k, and 51,05,804 the endalusite is almost come

1letely sltered te mica, Genetloslly, the andalusite iz a

v»w‘c%

voduct of the postkinematis pertisl recrystallization of
ai1llimanite~bearing micaschists which were derived from af-
#illaceous sediments,

Hinor asceszories lnelude %i?ﬁ&ﬁ, eparge apatite and

arnat, Thinessgtion 3 ; Bo4 containg very fmall amounts

=

{1lese than 0,53) of svhene and allanite, Hagnetite and
anaras oyrite are fthe ususl opaque minerals, A% in othep

miczsehisys, ehlorite commonly forme from blotite,
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Sehiste with sordlerite are found in twe locslities on the
east side of the Eettle Hiver. 4side from the cordlarite,
which they have in common, the rocke from these two sreas
differ mineralogically and are separated stiratlgraphloally
by a seversl thousand foot thlcknesa of the various other
members of the Pre-Attwood metamorphie gomplex, In the
followling paragraphé, micaschiste with cordierlite and 21114
manite will be described under (a), and those with cordisrite
alons under (bj,
(a) Cordisrite-siliimanite mlcagchists crop out as a

ten foot band in & emall area in the center of the easst half

2 B, Assoolated overlylng roocks

o
Sl

of seatlen 1, T, 3% H, R,

are biptite sohiste, thin lime-sllicate bande, and quartz-

Underlying rocks srs paragnelisses and mignatitle

The mepascople appeéarsnee veriss with the proportions
of biotite, feldepar and guartz, Blotlfs-rich layers are
dark in color, well«follated, and sasily 2511t indo slabs,
Zoneg with aburmdant feldsgper and quartz alternating with
biotite bands hove the interrupted folilation and peneral

$11l4nanite ware

=

sarance of & gneisgs, Cordieriite and s

not ldentiflied in the hand specimens
Guartz csomprizes 2 sinisuws of thirly psreent of the
rotk, It iz found se granoblastlic graing which sre glther

intergrown with cordlerite and potash feldepar or ropem




distingt guarisz-rich bande, The mineral 18 & conmon ine

glusion in cordierits and feldapar, .
Anhedrel porphyroblists of ﬁ&?é*@fi%% gonstitute ape

proximately tweanty-five percent af the sehlst in the thin
geotions examinad, This spount iz perhape a 11%tle high for
the voek 82 & whole slnes sectlons were ofien cut from the

sordlerits rieh porticons, The mineral cooure iﬁ rounded

?&»

graing asszpolated with guariz or ag definlte bands whileh
grudely narallel the folistion, Varlious degrees of alisra-
tion te & yellsw micsceaous m%ﬂﬁﬁ%ﬁ f@iﬁ te?)] and to walle
formed flaksy of mugcovite 1z noteworthy, Thls alieration
beging along the 010 eleavegs or in fracturs or pariing
planes, and propresssr inward a8 s ases of ssalse-like fibere
with modsrats rellisf and pals y%iiﬁ% to greenisbeyelliow aolov,

4 8light amount of sost-cordierits shearing parsellsl to the

original schlstosity epparently heg provided easy soosts for

hydrothernal solutions einos the cordlerite of Lhees zones

i sxtencively elierad, Howvever, the mineral alwaye showa
some degres of alteration aléo In those arese ramoved from

the late fractures, Oommon inclusiens in the sordierite

snatlite

are blotite, 8illimanite, quarts, zircon, apatite, :
and rare potash feldspar, The unaltered portions of the

eral are colorless and no plecchroism wes noted even in

sections 04 te ,05 mm thiek, Pleocchrolic haloes surrounding
zivgen are prominent in gralns cul parallsl or nesrly o srallel

te e, Ho hals is pregsent when fhe ¢ or y dirsctlcons arve




parsllsl to the polarizer but with x &n parsllsl position

the hale 18 of & prominsnt yellow color, Several gordierite
porphyroblaste show proncunced helseitio strusturee with

the included folds marksd by #1llimanite and blotite, Cor-
dterite in this group of gfoeilste spoeare $o be a lage
minersl ecince All other sminsrals pressnt do ocour & ine
sluslonsg, Helecltic strustures and gﬁ?gﬁ??ﬁ%i&%%%@ habif
further euggest that the mlneral formed during & postkines
matie 1 4 of reerystallization that mey be contemperansous
with and within the same isograd as the andaluerite desceribaed
above in the group 11 sehiste, With the amount of cordierite
get at mporoximately %%ﬁﬂg?*?i? peroent of the rock, the
author hed some doubt whether this group chould be consldered

g

iencherical, However, the pressnce of bletite inclusions is
perhars an indleatlion that sufficlent mapnesis was available

for the production of copdierite, %%w%%r, 1939

supgrects that sordlsriis »lus blotite zmay forsm
gernet, nuscovite and guartz which were stable durling an
sarlier synkinesatic phase, This perhaps cannet be ealled

apen te szplaln the pragsent cage glines pordlerite has ya

w&
il

placed part of the blotite and no trace of parnet or early
muscovite ie asen,

Fillisenlte iz present in prisms and needles of sufe
fietent zlze to prodese noraal inte enas golors, The

a6 fresh inclusions in potash feldepar and

slap ag partislly alfered o fresh insluslons ln cordisplits,




in ¢

?ﬁ% Blotite i very

-

with quartz and potash feldeparp,
pletaly enslogsed in copd

wgh the quartz or quar

4,3 mm in grestest dimension are obgerved

felis

D

in

&% 25 £k

| L&

forpad Trop blotits,

[53

apar but it is

roducte whieh

ovite and

cordiarite and, %o s
of museoviie uy %o

tlaritiew-

garialie
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Hierocline and sparse sanidine sre both pregent in
roecks of this group, The micrecline cceurs =& anhedrsl
epanoblastic prains agsocisted with and including qusrtz,

Other included minersls are sillissnits and bilotite, Frac-

turss and cleavags trsces are prominent and nmarked partislly

by zericlite or sxnall flakes of muscovite, The sanldine

graine lack the falint turbldity end prominent cleavages of
the miorscline, Feldepsr was formed late in the synklnematle
phage, It hag besen replaced in part by the postkinematic (7)
minaral eordlerite,

?“ﬁ%i@%, zirgon,

magnetlits and, rarely, pyrite, OFf these %zﬁ@?g}% apatlite

and

magnetite sre the most common, Fubsdral crystals of

apatite often include zircon or graing of magnetite, Hage

netite of pre and post-cordierite agase appears Lo bg pregent,
The second generatlon soours se anhedral, usually elongated
greing whieh pay have formed from ivon releassd during the
replacenent of biotlite by cordlerite

The retrograie minerals present inolude chlorite,
sericite, ruseavite and the nicaceous alteration product
{pinite?) of cordisrite, OChlorite & not comwon bug whers
npasent 1t has forsed from blotlite, The origin ef the

sevicite and susaovite has alrsesdy bsen discussed In pree

#

f

aaal zg‘a r pATSETa e,

oy

&

{B) The gasond ovoourrence of cordisrlite in the Pre-

Attwood complex 3§ in miessehists whioh grop out on the north
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glope of Uatherine Cresk vallsy, Catherine %?@%%yﬁgﬁiﬁ% &
large sres 1n the northesst carnsr of the dlstriet and is
a pinor tributery of the Ketlle Rivar,

A thiskness of sround one hundred feet of the cordlerite

visible in zoze outarops while others

show interbsddsa amphibollite bands,

ﬁﬁé@ﬁf@?ﬁﬁb&g overlying the cordierite-biotite ashists are

the impure guartzites an? black phyllites of the Attwood

formation, Roske underliying the schlet are amphibolites
+ioh dlowite s111,

leally this upnsrmost penber of the Pre-iftweocd

an unusual esppssarance, Yeathered gpeclmensa
show rounded or &llipseidal 11 %%iwéﬁlﬁyﬁ& sanote ranging froa
ane=gighth fo two inches across, The egpois are clossly-

woed in 2 aetriy of guarts and Biollits and often wealher

oukt a8 knots on surfsces parsllel or nearly parallel o the
gonistoslty. In other ocuterops the spots appesr 2&%% Pée

te and form shallow deprsgsions,

gistant o weathering
Onn fresh fraeturss the ocutlines of fhe knots ars 41fTileuls
to dlstvinguish due to laak of coloy contrast with ithe

roylshegresn blotits, Although blotite 1s plentiful, the
rock 18 more acmpsct and hasg lees tendensy bo spllt along
foliation planes than the ususl sshilst,

Thinezeotlion ezaninstion revesls that the knots ave

i

sz of cordlerite, The aineral

suhedral erystals and seldom ooours
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af twins,

Each of the "apota® in cnépaaed of aeveral intergrown
grains forming what might be termed glomeroblastic aggre-
gates, Inolusxons'preaanﬁ ars guartz, muecovite, blotite
ané ziroon, Bright yellow pleochrolc haloes ars aommon
~around the ziroon, Some sectione ahow the cordlerite per-
tially altered to a mioa=like product whiech lasks the yellow
golor noted in the ecordierite alteration product mentioned
under group III (&) above, In other sections no alteration
“le round. Cordierite has formed at the expense of biotlite,

The biotite of these vooks hes & peoullar greenishe
hrown color in thin-aaébion. Pleaohrolen ranges rreﬁ
colorlees (z) to greenish-brown {2)., In areas where cors
dlerite 18 abeent an occasional flake of blotite grows
aeroeg the schistosity, This partial reerystallization
may have cccurred under the ssme atatic oconditions whioh
prodused the cordlerite, HWuscovife 1s less common than
biotite and appears to be contempersnsous with it, The flne
flaky micaceous mineral (pinlte?) whleh has formed Trom
gordlerite may be distingulshed from early mies on the basis
of size and dlstribution, Farly mlea ocours in blotlite-rich
arens whereas the eémaller pinite flakes are restrioted to
the cordlerite porphyroblaste, o

GQuartz 18 & major constituent in all thinesections,

It ie equipranular end evenly dletributed throughout the

rock, There sesnms to be no praferred orlentation and no
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TALLE 2

APPHOXIMATE MODES OF PREeATTHOOD MICASCHITE

S | I | Cordlerite-bictite
i Barnetebiotite schists | indalusitewcil i anite schists = schists
SPECINEN® Wk Y8 63 75 1554 1558 165 166 167 168 b 77 B0A 81F 61 84 884 169 100 127 130

MINERALS ~ e | o
quartz %0 15 35 70 55 4o 20 55 50 2§ 55 50 20 15 10 55 75 40 30 60 70
mlérealiﬁ&’ - - e e e - U —4:;uep‘ - - e 2 ew ow
9801108 < == wm == we == e em  we we em 10§ 5 10 e= 2 5 we 1 ee e
érthmclnsé swom - w20 AR W W WA 8 a8 3 e . wmm me e
rlagioclase 29 5 ~¥f - 45 5 10 40 e e= § ~§5f§}t - W ww ww e
suscovite &t t t 10 0t t t -t == == 5 5 15 1 & b4 10 es == 10 5
blotite ' 30 35 25 15 b0 35 30 35 20 30 25 30 30 30 b 30 5 25 20 20 10
garnet = = == em e D 1 we @1 B B b e e e e ee e t ew me  ew
S111imgnite == oo om e ww  wm  we ws we we e= 2 ae 2 10 e« 2 1 8 em e
andaluéiﬁi - --fém; - ww. ww wn ew e ss 3§ 3 5 30 e 5 es ee ee e e
cordierits e == L T L T I
tmurmulidﬁ’ - e e - 2 3 - e me me e ee we e o ww - e e
apatite © t t t t ¢ t t t ¢ Tt ¢ ¢ t t t t t t 0t ot
zireon © 0t t 0t t & t t t t & t t t t t t ¢t t t 0t ot
sphene t bt oe= b e - t we we me b oem § e £ em - s
magnetite ¢ t ¢t ¢t % t t t t t t t t t -t t t t. t 0t ot
3 t T T R t § -
chlorite” t 20 § t t % t t 20 5 t t 15 t 5 t t 2 ot t
apldote e A weer B T T T T — m- me ee e

#.11 specimen numbersz precedad by 51.D.




A,




T

'f/ 7
7 %
. A0,




»aﬁ%fﬁ [ 4 %?z:

4. Gordlerite-blotite schist, Polished slab showing

sordierite porphyroblasts,

B, Cordlerite-blotite schist, Photonierogrash of & thin
~ésotion from A (above) showing inclusions of guartsz,
biotite, museovite and zircon in veikiloblaatlic cordieprits,

The latter showe Pfaint clesvape Iraces,

Specimen 51,D,127. Plane pnlaerized light, 50,






Attwood sge ocrop out in limited aress of the goutheost part

of the marped region,

Stratigraphloally these rocke underlie the tan %ﬁ%@%%%ﬁ%
desoribed &n‘@ggg 65, They are %@%%ﬁ t8d with blotlite
schiete, graphite pehilste end pranitized or partially g?&nﬁ
1tized micsschiste, The marble ocours as lenses which range
from ten to fifty fest in thickness and one to five-hundred
fout ia length, Included within the marble sre four to
twelve inch thick 1ise-s5ilicate bande which have bsen pinched
off into aligned boudinage-like segmenta (see figure 3),

GUther lime-cilicates ceocur as transitional bande between

marble and blotite sochiste or as $hin, discontinuous layers
5&%%@%&%3&% with %k%@@a&i%ﬁ%* impure gquartzites, granulites
and granitized rooks,

Granular rocke with varying amounts of quartz, Teld=
gpar, diopside %nﬁ graphite are well exposed in ocuts and
outereps on the weet alde on thes Tonata Oresk rosd about

seven mliles southwest of Torods townsite, ftratigrephioslly

these granullitesz underlle the tan gquartszite and marble and
are afsociated with micaschists and impure guartzite, and
with other lime«slilicste rocke., The matimum obierved thicke

ness of the varlous granulitic rocks of sisilar chavacter

are not obaserved at the sanme horizon in other loealities,
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Mineralogiec variations include a graphite-rioh granulite at
one extreme and a dlopside-feldspar rock with sparee graphite
at the other extreme as well as intermediate types, Table 3,

PRES 53, shows the approximate modes of the Pre«iAttwood limee

gilicate roocks,

Marble

!’O

-O
-
®
@
—

== Lime-silicate rocks

! \

Pigzij;ggﬁ;;dinagm ;;rnoturggiin a&fgigieiédagg>5ea§miou1n
Oreek,

Marble: In hand specimen the marble is normally finely.
erystalline and varies from white to blue-gray in color,
Banding or linear structure in specimen or outerop 1s absent
except in trasneitional zones between the marble and adjacent
rooks, The ohalky-white appearance in weathered outorop and
violent effervescence in dilute hydroohloric suggest a low

magnesium content,

Under the mieroscope the carbonate grains average one
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millimeteapr in greatect dimension. The inter-pensiration of
@ﬁ%%ﬁ?%i g?géiﬁﬁ rﬁ%ﬁg%ﬁ 2?& % %ﬁgai% %%ﬁ%%ﬁ?@‘ ﬁm@}’fwﬁy

twinning of calelte 18 com

man, Pare graing of spatite and
lathe of mugcovite were noted in several ssctions, and others
eontaln scattersd grains of dlopaide,

Limewsilicate marble: Rooks of this type are well ex-

sosed in suts on the povernment rosd to hRadar Hountain,

Other outorops sre found on the Tonats Creek rosd which
skirts the east slope of Hsdar Yountaln, No exposures of
thie impure narble were noted at s corresponding horiszon on
the north side of the Xettle River valley,

& conoentretion of mica and other relatively insoluble
minerals together with a pltted sppearance and brown color
make the rook distinotive in a veathered outorop. Fresh ex-
posurss, such a2 those in road ocuts, clearly display the
banded nature, The attitude of this banding ﬁg?ﬁﬁﬁ?ﬁﬁgﬂ s

the losal dip and strike of ssscclsted micaschists and

Je

fguartzite,
The banding of the granullitle rook i marked by thin
layers of dark mlica and dlopside. Caloite, in grainc 2 %o 3

@ﬁ?&%%* n:ﬁzﬁ%zzq}? ﬁﬁg’%&%iﬁa%g% @i@%%? ga ﬁﬁﬂ%g? ?}@f‘&&%% @f

the ook,

Other ninersls detarpinsd under the smlaroscope include
spinel, chondrodite, muscovite, salele plagioclasze and
apatite, IDpinel le spersldegreen in ¢olor and occoure very

sperssly as rounded grains .5 to 1 ma in dlameter, Anhedral
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greine of chondrodite somprise up to 22 of the area in soms

thinessctions, 7The mineral showe strong »lesshroisze from

nearly colorless to a bright yellow, Hussovite ¢

soattered Tlskhes lying betwesn carbonate

Granulitic rooks

in traneitions ronen

alihey ooourrense el

but 1 -t
roginately 1.5
They are also
untelin govarnanent road sbout
the Tonsta Creek

a=gillonte rooky

ik
B
o

inalude (g hor

nite granulls

The oongenbtration of | gnie Lo




probably related to the composition of the sediments, In
additlion to the amphibole, quartz and diopside may be
1dentifled in hand-specimen, Asgoclated minerals noted in
the thin-sectlions include gmall amounts of ealelec labrodorite
(about An70) and aparse apatite, ephene, magnetite and zir-
con, The amounte of hornblende and dlopside vary with the
proximity of the epevimen to the adjscent rocke, Hornblende
ig more abundant near the mioaachiﬁts and glves way to ﬂiop-
side with the inorease of caloium and decr@aae in alumina se
the pure marble 18 approached, .

(b) OGranulites with wollastonite and dlopside are inter-
calated with lmpure quartzites or with micaschists., In hand
gpecimen the gnelssose appearance le due to alternation of
light green diopside and epldote with wollaetonite, Minerals
pregent in addition to the foregolng include quartz, caleite,
zolelte, garnet and sn occaslonal grain of ephene and apatite,
Unlike in the hornblende-dlopside granulite deacribed above;
there 1s conclusive evidence of retrogressive metamorphiem
visible in thinesections of this rock, Calolte is peeudo~
morphous after wollastonite and epidote appears to have
formed from diopside. Quartz apparently ie later than epldote
and was probably introduced, The relatlonship of zolsltc~to
the original mineral aesemblage 18 uncertain, The mineral
occurs as lsolated gralne in quarte and also intergrown
with epldote. Zolaelte may have formed at the expense of
calele plagloclage although, as indleated sbove, there 1s
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Lime-silicate
——m2rhle

SPECIMEN 90 - 904
KINERALB kR
caleite 80 B0
diopside 3 6
hornblende t -
vollastonite - we
quarts  =e -
scapolite o -
plagioclase B 1 1
.orthoclase - -
phlogopite 2 @8
muscovite we e
chondrodite - 1
spinel | - t
garnet t ¢t
epidote i el
zolsite we e
chlorite t €
sphene t -
apatite t
zircon t -
allanite - -

ABLE 3

~ APPROXIMATY HODVS OF PRE-ATTWOOD LINE-ST

Diopside<hiornblande
e 2 ABUILLS

P.14,7 B9.14.8

1 8 8

3

&%

t

Diops
9,7.1
- 10
20 30
16 -
— t
20 10
=8 -
- 5
e %0
— 8
. t
4 L
t Ll

*Specimen numbers as 90 are preceeded by 81,0, HNumbers as ©,7.1 shoul






SPHECIMBN*
MINERALS
caleite.
diopside
hornblende
wollastonite
quarts
scapolite

plagioclase

phlogopite
muscovite
chondrodite
spinel
garnet
epidote
zolsite
chlorite
sphene
apatite
gircon
allanite

TABLE 3

Lime~silicate Diopside<hornblands Bidpaidé-wellastenite Diopside-scapolite
90 904 0u14.7 90,1448  9,7.1 9.7,18 9,14,9 BIE  9,14.6 61.0.165
%0 90 - - 10 15 = % 10 - e

3 5 20 20 30 3% .10 40 45 10
t - a0 16 - - s we - -
- - - - t 30 10 40 - -
- - 20 30 10 10 R 1 [
o - - e - e - 40 75
1% 15 36 - - 2 ¢t 10
P P cane v e e anw e - - 5
2 2 - - - - - - - -
- 1 oo - - i U — - -
- £ - - - - R - -
t ¢ - - £ % 38 5 - .
S - - 30 - t ot t -
- -- - - 5 5 t - - -
t t e - - e - i - -
t .- 1 ) t t t ot t t
t t 5 ¢ t - -t t -
£t m- t t e % b o= - -
- P . S, - p—— oo P ; -

*Specimen numbers as 90 are preceeded by 51,0, Humbers as ©.,7.1 should be read as 9,7,50.1






nite granulite from u:

of opscue partiscles are praph

i}&gtéglj%%ﬁ 15,

Diopslde-bearing guariz-ar
Tonats Ursel,

nen 81,D.604,
4







4, Folistsd quartregrach rer Tonste

Greek, Lightegolored pods are guarte.

fpeoinen 51.0,624,

By Blotitesrich portlen of diepside-feldspar grenulite from

%50,

G







The alightly schietose quarbzites orop

out in prominent oliffs on both sldes of the Kettls Hiver,
a2 half mile To & mile gouth and acutheast &? the Teoroda
townelge, Fxosllent exposures are algo fﬁ%ﬁﬁ on the easters
;y alope of fsdar Mountailn and vieinity, Radar Vounvaln 1lsg
losatsed on the northwest side of Tonata Oreek in about the
geopraphle center of the area,
The thilokness of the main body of cuartzite vapis

within the ares but sversges two hundred fest, Gome outbe
erong inelude thin, interssluated, ggrnégwﬁgariﬁg %ia%i@%.

echists or an cccasional bsnd of lime-silicate rosk, Other
sxposures display conformable f@iﬁ%ﬁ&%%%@“iﬁyéﬁﬁ whileh vary
~in thickness from a few inches Lo five feet, The passsge
into overliyling amphibolites ig ususlly rathey sharp although
19 to 20 ineh beds of guartzite are sosetimes lncluded in
the lowsr pertion of the amphibolite, In contrast, the
1@%@? 1init of the prineipal quartzite unit ia §§&rly“§gm
fined, For several hundred fest the underlyine blotits
schists, =marble, lime«slllicates and miguatites %ﬁé’iﬁ@%r»
galated with qusrtzite layers whick pvange from a foo @ %s

twanty feet ian thicknass,

in the Tield fhe ouurizl almest alvays foras

excellent outorops 4 he aumsrous joints and the

faing t%ﬂﬁ%ﬁ@? to part parallel to the Wgﬁkég\&aykaﬁ




sohiztosity {and bedding) planes. Ths vook comsonly wezthers
tained & limonitle brown or orange-brown eolor,

Degoriotiont Freshly brohken speslmens of quartzite are

pink in oolor. A sugary-grained

defined graline, Sxamination with

seloge any trase of forasy elastlie

epecimens contaln very

or white m.ce, Soetbered graine of magnetits were present in

511 rocks examined, and pyrite was ocsaelonally obeerved,

e rock breaks with a subeoncholdal to irresgulsy freoturs

and showe a slizght tendeney to 2plit into parallel slabs,

athered specimens often dlspley a faint planar structure,

eegnizable in the cass of

the ususl ssount

&}igéﬁz}t {ﬁ%}@g‘% mare E%?a

rain boundaries intricately

a dafinite slongation

saslonally quartz-filled

fractures transecy the sehilafoslity. Hinersls nregent in

” igii§y§ ‘i:,gt ig’z@ %%}i&?%?_

wws undulous extinstien undar
An individual slongatsd greln often pregssnts
s Bhe variatlion in exlineillon,

Thase bands are
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SPECIMEN®
MIREBRALS
hornblende
diepside

guarts

plagiéélgsa"'

orthoclase
apidcta\”
sphene
apatitce
gircon
opagues
carbonate
chlorite
saricite
allanite
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BPECIKEN®
hornblende
| diopside
quarts

pl&giaelgse

J orthoclase
J epldote

| sphens

} apatice

f zgireon
opagues
carbonate
| chlorite
| sericite

allanite

TABLE 4

APPROXIMATE MODRE OF PRSeATTWOOD

5 b

AME

HIBOL

4
e
m_‘
o
&
<Y
&
&
&

8 &6 8
3 4 3 B e e e me e
1t 2 s % UAREE YRR
45 40 30 30 60 45 45 38 40
T t Ottt e
. T 2 1 ) IR
1 01 ot ¢ E oee oem g
vttt ¢ t Ot ot e
t t ot ot e t e e
R T S & t 1 1 s
ww o= - t 14 t -— ow e
t &t t t 48 e & &
T - € o, t ot e

*Specimen mumbers such as 1884 are preceeded
by 6l.0s  Gpeecimens such as 2,10,1 should read
2.10.4%9,1, Specimen mubers such as Tebel
should read 9.,5.80,8
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found near the bass and agaln near the uppsr limit of the
diopside-bearing amphibolites,

¥lgmatltle gnelsees bhecome lnoresslngly common with
stratigraphio depth, and thus the base of the obviously
gedimentary portion of the Pre-Attwood coaplex 12 poorly
defined, The transitlonal zone between ths lsochemically
metanorphosed sediments and the underlying more or less
dirsetionless granitic rocke dleplays gradatlons between a
banded gneiss and granitic gneise, Blotite schists ade
Jscent to blotite migmatites often inalude sparee pods and

diseontimious bande of feldepar {(ef, figure 4),

#ig, he Feldspathized area in micasohlaste ad)acent to
blotite~migmatite zones on the Tonata Creek
road, Polding in feldepathlc zone suggestis
gome mobilization and disharmonie motion of
the migmatite,

Deseription: In hend specimen the rocks ars of varied

( appearance due to the range in amount and distribution of
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blendewbsaring @gﬁm%tﬁ%?% grop out

& Hiver in the vicinliy of Torods,

However, the most extensive suterops sre found on the east

[

ide of

Yol

& pivar, ‘Thosze on the went side zre limited fo &

i . i s S
narvow band

Tarods Oresh,

e peoond apLBars nesy the haoe # vaplouns lenses and

tz the dopinant onnabitusnt and

In others, the hornblende 1s very abundant and feldspar ape




gooury in soos

FAGONARTY,

g2 5 frachure

The amount of potas

spesimen, The saxipum 19 covproximately 50 peraent and an

variety of horne

Fnhyras quariv,
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anphibelites have & dlstinetly 4different mepascaple appears
ance than the vooks described in (2) sbove, They are uvsuslly
Pinseprained, and the light colored minersls tend to be unie
formly dlateibuted throughout with snly rendom flakes op
bands of horablande and fparde bhistibe mavking the folistion,
Gutcrept asay be elther predominsntly algmetitic =ith ninor
strinzers of Che anphibolitic host rosk, or the reverte ree-

lationship may exist, Porphyroblsste of salele oligoslase

s

gre not prominent and when present are 2 nn in pailnum aver-

spe slze, Aside from the hornblende and occossional biotits

"5‘;‘

the sonstituents ofbten form s supsry-textured rock, However,
sufficient Airestionsl elemente are pressnt to give moet hand
specimens a vough tabular form,
The bezture in thinesection is erystalleblsstie and

there 1% 5 wide ranpe in alleover textural psibern, apparent-
1y due §o the depree of recrysiallizstion ascoomplishad posi-
kinsmatieally., In fome apse olngns (D,9,17.50.5, 51.0.103,8%0.)
the sguidissnaional plegloclsee gralns are partially sheathed
by hornblende and blotlite flakss and ars geparatsed into slong-

ated lsntlielse whish say be bordered by finer grained, almost

'{

martar-1ike guartz and feldspar, CObher specimeng (D.%,17.50,2,

have the eoul-prenular apsearesnce of complets posts

)
Einematic reeryotallization, Varlations belwesn the ftwo exe
Lranes are GomMmon.

The plagicelase averapss oslele oligociase and forme

S

zenoblagstic te hypldioblastic greins up %o 2 mm in length,
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introduced op otheruise sade avallsbls

sontinued, Insluaions presant avre wlaps

spant in 5811 sectiong axanined, The

smount may be twenty percent of the light eclored portions

¥ A1fMlau it dus

intevgranulisy

zeose abruaturs, Upecimens

ng the gne

1
2tained with sodlumecobalitinitrite elesrly show the minor

cergranular dlstribution of th

i
4
B
e 3
&
gh.fb
oF
S
e
k
E
for]
i
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E
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i
[
bt ]
foed
e
4

feldsper, The mineral often per

Ko
Tk
o
N

houndaries of plagicelase or guartz and ac

letaly encloses

these ninersls, Thin enclosurs cannot be compared o that

gaen in & polikiloblastic graln slnce the orthoelass conslets
ried orisntation rather than an anosba<like

rientstion, The forep

minsral formed

n
matites of this group end 1¢ the major consiliuent of ths

hoet rvook. Anhedral elongeted Tlakse ave pather uniforaly
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Granitis Rocks

5 are cube

r faulg

whnich 18 clesrly seen in & roadegut on the southeside road

re af Ourlew,
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More often that not o moderately-sized hand specimen
will dleplay no gnelssose etructure, Howsver, weathersd
high oliffs along the Kettle River always show traces of

structures whose attitude perallels that of the overlying

gnelsses, sochiete, quartzites and limestones,

Marble ' 0 50 feet

Lime-silicate rocks FT‘_‘,_:_ Biotite gneisses

. Biotite schists : , \/_\7\,"\ Granitic rocks

g, 6, Bketoh 1llustreting the lithologilc units wighin
the bordsr zone of the Pre-iAttwood granltlc rocks,

Desoription

4 orope cection of these granitlo rocks is dlaplayed in

the Kkettle Aiver canyon, A prominent vertical Jointing etrike

ing an averasge N 10 £ is noted shroughout the area; Loeally

the jointe are spaced one to two feet apart, but over most of




116

the outerop arss the gpscing 18 quite erratioe, Horizontal
or other éystemat&e Jointing le absent, Masaslve portlons
weather to "exfoliation dome" forms, The slight differential
westhering whioch sceentustes the direational element 18 a
result of the consentration of blotite and potash feldepar
into bands,

Linear Yaklalitha® (#, ¥, Goodepeed, 1948) rich in blo-
tite are ocossionally noted, A gnelesisc zone with prominent
alternating banda of blotite and feldspar was noted on the
south well of the Kettle River canyon (etatlon 193). In
this locallty the blotite gnelss 1s overlain by a thin (3 to
% feat) band of garnet-dliopside-plagloclase gnelse, This

e SIS Ry AR [ 2 SRR
\ YO

/7

\ -7 ~7
<> N2 Granitic rocks o . lOfeet
= 3 : — N—— o B
1 Lime-silicate rocks === Biotite gneisses

Fige 7+ Lime-silicate band and bordering blotite gnelases
inoluded in the nearly dirsctionless portien of
the Pre-ittwood granitic body.
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gradational with the grdanite rather than sherp and welle
defined, HNo dilation occurs whers pegmatite ¢rosses pegra-
tite,

In thin-section the all-over fabric of the granitis
rocks ig erystalloblastie., In detall the terture ranges
from granoblastle to a sutured mosaic, Porphyroblasts, es-
pecinlly those of potash feldepar, are usually £111ed with
ingluslions of early minerals, These relict grains are often

aligned in euch a manner thet a mimetle sfructure represente

ing & pre-potash feldspar cchistosity ls plainly definegd

&

A,

see photomicrograph of sectlon 51.D,1614, vage 128), Por-
§ﬁyr@%z&%ts of oligoelacse include grains of guartz and an
occasional grain of magnetits, blotite, apatite or magnetites,
The plagiocclase 12 eslele oligoclase, It may be un-
twinned or ftwinned after the alblte, carlsbad and pericline
lawe, Zoning is precent in a vague sort of way. Two=fthirds
of the ecore of a porphyroblast may bs at sxtinetion while
the outer shell lies but a few dewrees from extinetion. In
the majority of sections plagicclage predominates over potash
feldepar by a ratio O0F 1.5¢1 or oecasionally 2311, In some
segtiong, however, the reverse relationehlp exists,
Orthoelase lscally forms porphyroblaste ranging up to
b mm in length, but itz common occurrence is as an amoeba-
1ike intergrowth occupying an intergranular positlon with

[y

nect to 2%9 ﬁgbﬁr saprlisy vinsrele in the roek, This

interetitlial feldapar esldon maintaing the same erystallographie
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orientatlion for any distance, ar pight bs the case in & grovwe

ing porvhyroblast,

seept in the most gnslssose vard

not bave e preferrsad orisatatlion, In seoflons showing &

general allignment the traneverss sosition of zome Tlakes of

] i

mioa iz common, Omell amounds of chlovrite affer blobits
thin seationeg exmmined, The nios sels

dop szoseds 51 of the volume of the rosk,

Guartz la present in amount ranging fron t%&ﬁzy to

3?3:

thirty peroent, It ocours a2 inclusions in olligoslase and

G

@

potash feldapar and slac ap zehoblastle graing intergrown

o

with the two minerals, Undulstory extinctlion and irregular
fractures ars noted in most thin-sections,

sie intererowths of twe Telispars or of gusrisz

septhitle structures in certain povrtlons of o subual grain

poundary betwesn the intergranulisy potash feldspar and the

&

oligoclasze have boen observed, o intergrowthe were noded

slagicalase 18 lneluded in en orthoslase porohy-

$

roblagt, Hyroeskitic intergrovihe are pressnt but ars also

rare, vhere nuted, the potash Teldapar

his view of the fime relatlons of the

atite, magnestlte, pyrite, snd garnst zre nlior as06g-

espiss, A auzmbsy of grains of orthite were noted in thine
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ssotion §1.D,1614, The garnet sppears as anhedral rounded
graine up to & mm in diameter, It is commonly crossed by

irregular fraotures, GQuartz ingluslons were noted,

~ From the foregoing desoription 1t appears that the
pringipal “granitie® mace of the Pre-Attwood formatlon sce
ﬁualiy ranges in composition from & granite to a granc-
diorite, The ezamination of @ number of thin-sections from
various losalities indlcatse that the rocks of granedloritic
composlition are Ghe most abundant, True gr#nitsa Hre cone
fined to a border zone between overlyling migmetites and sube
Jaocent plagiualaso—r&ph types, The thin pegnatlites mentioned
sarlier are most common in certain zones within the granoce
dilorite and ave rare in the granite areas,

Field and microscople evidence pointe toward a metaw
somatic rather than an orthomeagmatio origin of these rookae,
Field evidence conslgts primerily of the extremsly

gredational character of the zone between granific appeare
ing rocks and overlylng migmatites, Beveral thousand feet
of micamehiste, quartsites and migmatites with depth give
way to granitio gneismses which in turn grade into rocke
which dl;p&lyQiny vague tracee of a dlrectional element,
The attitude of the latter corresponds to that of overlying
vrewittwond quartzitee, mloaschlets and amphibolites, Zonee

of hlotite gnelss and lime silicate gnelasn @ampleteiy encloeed

o 3




by grancdlioritic rocks slee retaln the loasl trend of the
Pre-istivood sonplex,

Blorozcople evidenecs in support of & metsgomatia origin

ane

inaludes the followi faatures

(a} Uonsistent presence of oryst

18iae Laziured,

(b} Polkiloblsstie

sbrustures guouy

58 %i%ﬁ ite,

i oan o hande

porphyrobl

o

%

Bistory of the

the Lize re
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gpeclmen with & eut surfacs

caplousus then in a mueh larger

cPons,

S

The aversge graln-slize of the lightecolored constitu-

ente L8 slightly less than 1 mm, Hasimum slze

Biotite flal

defermed bistite, and svarse

zones of granuletsd gquartz and feldepar, Hornblende also

posaslonally shows ivregulsr sztinetion dues fo def

On the whole, these rocks show far less evidence of posts

Guangiltatively the ainerals present consist of 408
quartz, 108 blotite and 107 hornblende,

grthoelase wae noted in the fhin-gectionn

M»

he ueual magnetlte,

gongtliuents inelude 3
gphene, apatite an? rave zivreon,

i

Zoned plagisclane iz gaP0N,

asnd

fel

have & composlitlon nesy 4n |
sd
"w‘
18

s twe thirds of tf

"Lte hae formed from blotite and rarely after horne

e unslitared but do show s lismenitie

;xr




zm?‘“-
w
3231

eppraring atas

{a) The direstionsl slement resulting fron nylonltizae-

tion of theze vocks ls parellel in svery osgs to ths 4in and

gtrike of sdjacent mignatites oy lsochenloally metsnmorvhosed

rogks, Fupther, 1t ie supsrimpossd voon the gsrlisr sohlse

formation

aviience

ade condibiong, losel

shearing within brittle mignatites nay have taken plsce Guring

¥

{6} Unsonformably overlying the Pre-atiwcod 1z the Al
woud Torsation, The vocke of the Attwood consist of lines
stons, conglomerate, silllicecus dark shale and gresenstones,

2

4 under lowwgraeds oonds

i&-

Theoe rooks have been me

L

o5

o ansupsme thel Lhe Pre«=int %@rﬁ
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asvbonste roeks oy in any
twootd formstion, Further,

%giy %%{ﬁi}ﬁé&fy Q%ﬁ,% gﬁ }lig%‘gg}*

‘e The pressat investl-
the existence in this reglon of an

18 but offerz no contribution re-

ar gorrvalabion,
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Introduction

 Unly small, leolated patohes of Attwood rooks
in the Rettle Miver«Toroda Cresh distrlict, 7The tonsl
extant of these rooke is 1ittle more than & squars plils,

Field relations indloate that the Attwood is in unconform-

#ble contacl with the underliying rocks. 4n unconforsity

likewlise exlets between the unmelsmorphoael lover Tartlary

ttle diver Toroatlion and the Altwond,

lize=-

B

The pldest sesber of the Attwood Torsation ls

rk phyllite

stone, Conforzably overlying rocis include s &
g

nebble conpglomerals, & nonefolisted

ey of this

Lineatone

Limestones crop out in several locslitlse on the north
sunyon, In thls arese thelr thickness 12 ap-

prozizately 50 fest, The rook ilg sosewhal #labby; this die
restional slesent %%@n%f H 10% ¥ and dipne 4859 to the south,
Limestone and tue overlyving phyliite Tors the hangling wall

reverss Tauli, aftwood then, in

gide of & lov ang

sy Hetble

thig loaslity, %1¢ in fault ocontsot with the young




GRAPHITE MT.
X

BAMBER MT.
X

RADAR MT.
X

i

A N
2
o
K
BODIE MT.
X KELLY MT.
x :
o) I mile
(e = ek Ml
. Figure 8. Distribution of th

e Attwood m etamorphics.
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Hiver forsetlon,

A& geoont onpuvrrenpe of 4

# amell arsa bDeginning one hals

Hadar tounbain, 4in asttitude

gtrike of W 559 ¥ and @

e Pressbiwood

Younger nembers of the Attwood formation are

of Aedapr Mountaln, A very erude stratificatlion 1ls marked

by zones of arystzalline and non-orystalline m

wazthers to o shally white in centrast fo Lne grel

finely eryetalline periione, Prash gnegisens

33
i

iong of the Tins-grained perble zhow & mosale

of twimmed snd untwinned saloite gral

In addlitlon, ravs

ankeiras of spatits, & may De gesn,

Asverage greine-gize of Lhe earbonats 18 ,5 nm,
Harble from the contact zons of the Kelly Hountailn
5

©

granodiorite sontalins seabtiersd grains of dlops
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s

ites arop out in three isolated patohes

o
3
et
ot
oy
i

Phyll

Ettwood formstion, The ocourrence of ohyllite oeverlying
T

Hore estenaive outorops of the ﬁ??lli%% and relsted
vogkse ocour in ths extreas ﬁa@%&%&@% sorner of tha map area,
it is in this ares that thess low grade setamorphlies are
geen Yo be » goubherly sxfanclon of the lithologie unit
} mepped in Cansda as @%% A%twond formatlon,

the lowest know menber of the Atte

(]
PR
bl
&
‘,,.J
v%
e d
o
b
i ]
'sfg
i
%‘*"“
&
k’wy
s
]

wood 12 absent here and the phyllite appears %o bs in une
conformable contact with the Pre-Atiwood rocks, The ghesered
pong lonerate whish ﬁ?ﬁyzﬁgﬁ the phyllite at Heaner Canyon is
repiaced by g deforsed ﬁ@%?%& ssndstone or *%*2* Ureere=
g%ﬁﬁ%%,%%?, alag notsd §§%%%§%ﬁ§§?§ stditudes were not obe

hat the striks iz ¥ 58° ¥

o

as d
o

s

fained, buf in g%ﬁ%ygi 1% appears
end that dips range from 20° to 709 nerth,

& Tew hundred goquare fest of phyllite and underlying

limestone aerop out in the southesst quarter of sastlion 36,

TG N, B 13 B,
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cek in saloyr. The

L
e
o
¥
o
#

outerer in section 36 {ey, above) i locstsd in the sonbant

sreanodliorite and

and erumbling

e

Lk
o
Yt
ok
o

W

spealmen suitable

tnd

&
%
ot
o
&
o
G
3
e
3

roseope the usual minerals are quaris,

& » LER L ; & § B o #6»: lopite 1,.,»% = g ¥ sa‘;‘ };.p 7 ite # T* =
zaploite, bilotite, ohlorite, marnetite and pyrite, The

opague Tine dust i distributed throughout ths pock i

probably carbonscecus naterial and 1t doubtlesy gives the
roci the dark ecler,

It oaours
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in dianmzer,

£
in the sectlong exsu nad,

tie origin rebher than & produst of reoryetal-

lization, Spldots, chlarite, carbonate and quartz sre found
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equal amounts of guertz and an epeque substance, Hueh of
the 1&%@@? appears a8 very minute flakes whieh have the

bBlus«black enlor of graphite in reflected light, Hinor

R
Bk

inslude nuscoviye, sericije, avatlits,

w
s
i)

groundnasze sminevsl

4“\?

» Frsatures aressing the diatinat

i

ghlorite and zireor
folistion ave Filled with guaeri: snd an unidentifisd llght-

elloy to dark-orsnge ocolovred ninsral, Thisz unknown mineral

{g
a'“m‘“

rasenbles stilpnomelans although 1t lasks the pleoshrolien

o,

and eleavags deseribed by Grunsy (1546, page 14),
Gvesnstones

Gecuvrence

3

ﬁ*%%iﬂ the diestrist, The firat of %iﬁﬁﬁ im
von losation where other menbers of the %t% wond ap

li‘:?
]
@

&

o
L3

&
underlyine congloperate wse not @%&@;?éﬁ, However, AN Ufe
gonfornliy e lets bebtween srssnstone and overlylng youngsy
and 1% iz for th

g

¢e of metsmorphisan,

)

v&%tw%aé foraatlon,
A seoond outerop area 1o leeated in the eenter of the
norg ? 21f of seotion 36, T 40 W, R 31 ¥, Here no other

o B g A g VB8 sl 2
exinta, Slsmilsy
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e

greenstones asrop out in the floor of a canyon which trends

= &5

%
b

weel from the Topoda Creek rond about a mile south of the
ssctlon 36 outerope, Devaral minor suberops are also noted

one=helf nile south the above G&&yﬁﬁ,

Plne-grained

s greanstones goour spareely with

¢

x,,,ﬁ
u
&
e
W
o
o gt

Ehe phyllitss and granule conglomerates of th

Yeathered oulterops ave greeniah-blsek to brown in color,

and are cut by etohed veinlets and by numerous fractures,

vainlets of white serbonate, Ho

vhyritic although

this texture 1g vepy 4iffle

due to the lack of gentrasst betwsen sltered

groundaasse, en in sulberosp op

offer clues to an iatruelvs or sxtrusive Q?igiﬁ‘

structure

Chlorite; an unidentiflisd brovwn wineral, and

the vesicles, Pyrogenic minerals are augits

shiloritized, .

Amum length of 5 ao,

s
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Age and Gorrelatlon of the Attwood Low &

Gerboniferous in age on the basiszs of 1litholegle correlatlion

with fossiliferocus rocks whish srop out in the Little

Oreek ayen batween the Fatile Biver al Lauvier, Hasblingibe

and the Columbie Biver to the essi,

arizing the sgs relations of th

Carboniferosus Covadae OGroup ln Lhe
tion, correlates the Uovads with the Attwood, the Tlocsn

Kootenal lake, Pritish Oolumbis, and the lowest

manber af the Uache Ureesk zeviss af the Xezloops distrliot
bia

formation in bhe Phoeniz

fisgrict 2 few siles northessst of Che preseny avea, V, J,
£

%

diztance west of the Fettls River-Torods Cresk distriot is
litholopioally einilar to the Attwood, Daly reoognized thie

gimilarit

Lo
o

232

m

, bu “igned the anarolilst to the "esrboniferous®

5
kg

an tihe basie of pesemblances o rosks in wesisrn Dritis

Uoniuzbla, Hore rscent investlgationz of the Anarehist
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ERLLY BoUnTAZ
Ooourrsnce

Phe distribution of $his gesnodliorite 18 shown by the

sketeh

miles
anly a small portlon of the main bedy whilsh lles %o the susg

snd southwest, Oome parts of the ares that 2how

sediments and voleanics on ?% surfane spe evidently undere

e

ain by the same plulonic mase,
outeropa located in the southeset gquarter of section
36, T B0 H, % 31 % slsarly show that the grancdlorite 12 ine
trueive into the Attweod formation, #dditisnal informastlon
concerning the ages is furnished by the fact thatl a bassl
tion eonslste of &

s Imost exclusively of

gnd gray in all-over

U
eolor, Light gray susrts, Teldspar and Biotits arve reasdily

TECGOEN davrk gresn npafice

pogathsr with blotite fors dark pstohses wileh ars rathsy

heide fres s 2lizht range smount of dark minerals and
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GRAPHITE MT.
X

BAMBER MT.
X

BODIE MT.

KE LxLY MT.

0 | mile
=]

Figure 9. Distribution of the Kelly Mountain granodiorite,



160

parphritis roek whieh erope out exienzlively on ths north

gide of Kelly Hountaln, In this losallty potash foldepay

popurs 22 rendonly orlented, subhed phenparyata 5 to

? em in length, Hooks frosm thile rabher vagus

18 no notable ¢

iy alasy gnd frezh bub

site 12 quits common in the cors zoénes and cuours

aing, Inslusions of asfles




w
e
okt

Except in the relatively rare cases (specisens 51.0,54

i

and 51,0,56 A) in whieh orthoclase forms phencorysta, this

@a

minarel scourd interatitlslly betwsen the esapllisp sinersls,

fiie

1t ie sommunly somswhat turbid in plane light, and in narrow

bands parslleling fractures it 12 push altsrsd to ksolinite,

& E

shanporyate ares 2ubhedral and most orientations
ghow oarlsbad twinning, The margins of fthe greing are sone-

regular or crenulated, Inelusions of plegicolase

and the mafiss sre nulte eommon,

Hornblsnds s se individusl subhedral grystals

partial or eomplete rise surpsunding altered augite,

The d4ifferant coourrsncszs of the ainersl fug

genarefions ars pratent, Twinning parsllel’

won, Pleoshroeilss i fros yellowegrasn §o green, Inclusions

in the avels

sge rock 1% 1ls fresh, though beni laths showing wavy eie
tinetion oceur frequsafly. In thine-segkions from seversl
logalities bictits 1o npertially altered o ¢hlorits and

sletely replaced,

%?ﬁﬁﬁﬂéé Ly Taint

glusiong,




Zingy secesine

This kind of alterabion is strietly of losal scourrsnce,

obgervad in sany ouloerops

A helaropensous naltsrn

sarked by Taintly pink or tan linsz about
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Melated Pegmatlte and Oligoclaseerich Dikes

Coaree grained quartzepotash feldspar rooke asacnolated
with the granodlorlte orop out in & cut on the north side
of the Toroda Creek road one and a quarter mlles west of
the Toroda townsite, At this lpoality thers 1 a transition
from granodliorite to pegmatite rather than a sharp bérder
between the two, ?hié traneition ls effeotsd through a
gradual decrease in mafliee and plagloclase in the grano-
| dlorite, No similar pegmatites were observed in larger
adjacent masases or in the Kelly Mountain Ares,

Ptygmatic dikec composed of oligoclase and rare potash
feldepar orop out on the Toroda Oreek road 0.9 niles west of
Toroda, HYore extensive outerope showing the same dikes gon=-
tinue northward for nesrly a mile, Similar offshoote are
found in outs st an elevetion of 2400 fest on the Tonata
Ureek rond, These dikes vary from ¢ few inoches up fto & |
foot in width, In most cases they oroes rather than parallel
the astructure of the enclosing suphibolitea., In sone ine-
sbances these dikes cut soross esoh other without any dlilae
tion, In areas where dlkes oroas émphibolitss in whieh dlop-
slde or distinotive bande appear there in no dilatlion sither,
Distinet sharp‘bordara are usual, Ho traaes of undizturbed
amphibolites ware noted in the dikeé. Laock of d4ilation is
agoepted, however, as » valld indloation of a metasomatio

mode of emplacement, Direct evidence of the relationships
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of the dikes to the grancdiorite was not found, In other
words, in no case was an offshoot traced back %o the parent
body, The restriction of these dikes to & narrow zone parale

l1eling the sontact 1ls the ohief support of & genetic ree

latlonehip with the intrusive,

Flg, 10, 0ligoslase dlkes outting dlopalde-bearing
amphibolite exposed in & road cut .9 miles
went of Torods townseite, ‘

Contact Effects

The contact-metamorphic zons surrounding the smaller
granodiorite bodiss does not appear to be more than a Tew
kundred feet in width, WMineraslogleal changes in the felde
spathio quartzite conslet of the alteration of blotite to
aklorite and rather intensive sepritioization of plaglooclase,

In addition, a number of aress show veinlsts of bluock
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blotite 10 10 10 w0 15 16 10 1
orthoelase 15 35 40 L5 26 20 20 20
plaglioslasge 56 35 306 285 LU ho 4§ 40
quarts | 15 10 16 10 10 1
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nasures ave Tound on

in the northern

neaar the nortie

exat corner of the area, Hor more Lhan eight scuavs siles

sngists aof a8

- phylliites,

gresnstonss of LGhe Ansrahlist

and sre, ascaording %o Daly, oconforas ﬁi? averlisin

ftle sscuence determined in Oanads by

# ogeneral, duplicsted in the present asres,
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However, an additlonsl menber i8 present, It consists of a

gepliag of thin andselte flows which conformable overlies the

srominent knob in the

Zedimente of Kettle River sge rest unconformebly on the

yrpiiles of the Attwood fornstion., Guterens

seation of the Katiles Hiver faorsation

te Tound in the west half of ceotion 2, T 3% H, B 31 ® slong

thae sorth Here

1900 feat
be ssen, & thiokpness of prozioately 1500 feet is Q%&Pl?
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GRAPHITE MT.
X

/
4

BAMBER MT.
X

BODIE MT

X KELLY MT.
X

Figure 12, Distribution of the Kettle River formation,
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Brecols

Breceiae which are overlain by end oceaslonslly inter-
finger with congleomerates form prominent bluffs in the
flesner~GtConner canyon ares on the eset side of Toroda Oreek,
They are also found near the valley floor in the lowsr course
of Marise Creek. A brsecis sghowing 2 crude stratifiscation
erops out on the north sgide of the Teroda road one and one-
helf milee west of the Torodas evoseroads, In this srea the
thiokness is avound 400 feet, Eotimation of the thicknessee
in other outerops was impossible since no traces of bsdding
were detected, The distribution of the breceia appears local

vather than wideswyrsad, In ceveral oubterons 1t ragesbles a
j j
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In the Hariazs Oreek-0'0onnors canyon ares a large share
of the fragments in the breccis eonslst of a medium-grained,
light=colored roek identical in appearance with the aversge
tyne of the Kelly Mountaln grancdiorite, Angular pleces of
g dark gresnstone are also found but are not common, Excent
in aress adjacent to the Tertiary intrusives the breceia
fragmente a?@ rather loogely held in a brownlshegreen matrix

consisgting of granulsted granitic masterisl, The eize of the
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#

Tragmente rangas from the minuve gralng In the metrlz up to

ragtangpular blocks messuring ten

ever, are sngular pleces

pnatios snn be ldantifed 28 bistliie

the pyroxense

aoved during

t shundant feldays

gtaining along oleav ne #ign of slisration

%

which may be Urghoolane 18 olouded
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Texturally snd 4 minerslogleally these
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gter, Thess materianls ave

and send whish ig oftan elightly eslesrecusn, Pabbles and

%

ored of cuartz, various gresnstonss, darke-

ounloved phyllitesn, iiﬁé%?@ﬁ guartzits, grancdiorits, and

and aould have

glomerate forming &
32 B sonaists of
with the Kelly Houngtain

ool are very cosmon in




Arkosic Graywacke, OGraywacke and Shale

Cogurrencs

In the Harlas (reek arss the unper linit of the Kettle

Hiver conglomsrate is mavked by a gradual transition from a
pebble conglomerate to a coarse grained snadstone with sub-
ordinate intersalations of shale, Simllar rﬁl&tiaﬁg were
noted in outerope on the west zide of the Kettle River valley
about two miles south of the international boundary, In ade
dition to the above avens, sundselones, shales and occasional
lenses of pebble conglomerats erop out extensively in the
Grephite Creek valley,

The shale cccure e& one to ten foot thleck beds inter-
calated with the sandstone, It constitutes only » very minor

T the Xettle Biver rocks mapped in thls ares,

napraentags ©

Moet of bthess rocoks

are coarge grained although, as mentioned above, gradationsg
fpom eandy e1lt and ehale to granule and vpebble @ﬁﬂgiﬁ%éraﬁ&%
do oceur, The color of weathered zpecimeng ranges from & |
yellowish gray to dusky yellow while that of fresher rocks
ghows a varistion from pale olive to graylsh-olivs, Angular
tmignﬁwrganﬁeﬁ graing of gusrtz and feldapar as well as

nunerous rock fragments are easily detected in esarss-gralned

ipecimenz, The rock is ueually sufficlently compaat and
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brown atalning

{B}  In Bhin

sunt guartz ao

& pareent, The

iron exide, carbonate, shreds

mizture of
latter ape

ef bistitse

P

%

arently 1# the gsment, 4

Fand

? most oyrozens and sone

put at an elevaltlior
lowey Haplss Orass

yellow in eolor,

nearly whlte solared,

and other plant reasipg ape sbundant in some layers,

ashher logsl

111ty

simoed

ghnw very

permit ldentificatlon,
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- 0f pageive Dluff of the Fetile Hiver bracols,

5 on the north side of the Toreoda Ureek rosd bew

P

tween the Heflle Alver and Uraphite Uresk,

By Yiew of z portion of the Zettle Hiver breccis suteray

are in O'Connor Ganven,






4y  Photoprsph of the hypersthens andesite Plows which evop

sut west of / ite Creek, The ghilled prust

and oolume

nar gectlion of indlvidusl Tlows ghow glesely in this view,

B, Chilled crust of one Tlow of the seriss shown in A, above,

CAltbhough not @@«%m in thisz

ol

&

atopraph, plps-shaped soyels

ulee orose this tabular orust st right angles,
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: gf‘;wwza ;;; migg

Ganeral Tiatenent

Intrusive rocks outiing the Kettle River formstlon wers
noted 1n many leeallitliss in the distriet, OUnly = few of
thesce bolles, however, are shown on the peologlo man 2050ne
sanying this report.

By far the most sbundant of the latpusives ars the

fdikes agnd

idway velosnie groun, Theas

rooke commonly ceontailn ! hornblende and blotite sa their

& misroporohyry,

intrusive ints the

Divrpites

Two emall dloplte bodles cvop ocut in the Oraphite Cpresk
valisy, The larser of these iz found near the flsor of the
velley in the northwest qusrter of ssetion 20, 7T
£ 32 ¥, The intrusion 1# surrounded on thrse zidee by Kettls

Biver sandstonss snd 12 sverlain on rent margin by an

o

andenite Flow of %?w Hidway Voloan rook isa




19k

karnblende dlovite,

Sraphite Oresk val

usual,

Blotite L2 readily recognized in this rosk snd 1%t is

dmsoeribad below af a blotite diorite,

5 depth of weversl inches,

irregular jolnting ie sccsntuated by spallis

of the individual bloeks,

3, may be recognized with
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e
fpalte

lke wileh arops

& number of andesite
v Bhousand

The thick-

a5 From &ﬁ@
Yo four fest and thelr coourrencs 12 not limited to & asingle
horizon in the sedissnte, Ho 2111z weare nnted in other

reationg of the Fstils Bilver Porm

p)

sEion,

mihersd ocutorepe vary 1n color frosm pale yellow
bprown to s dusky brosn,

light elive gray, ov pal

peresnt of the rock, Laths of feldspar snd

fantures,

SGome dilkes ave 2lipghtly vﬁﬁi@t lay, GContact effecia on the
£ettle River sediments avrs ninor,  Plhe-greinsd ssndetonas

Gonglomerates and the
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Bhyolite

vspurrencs

qusrter of sechlon 385,

16 to ten et wide and in

459 %o

the Rettle Hiver forone

zion wers nobad in the distriet, lhyolite dikes gl 40w

trude the irask bagsin

(section 1D, of the same

»
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or in eloge procimity to it

Irrvegular fracturses in section U,7.26.50,7 are £i1lsd
with apliote, ehlorite and garbonats, These minerals also
gppéar a8 & deuteric slteratlon of hornblende and 1t 18
poselible that the filled fractures are products of the sane

phase in the gooling hiztory of the dike,

Hyperathene Hasalt

& hypsvathens-basalt dike outs the Kettle River gone
glomerate exposed on the wsst side of Torods Ursek in
seatlon 36, T 40 H, R 31 ¥, The dike is approzimately three-
guartere of & mlle in length end on the northern few hundred
f@@%‘it is intrusive into an andesite flow which locally is
e oldest member of the Hidway velecanis series, Its strike
T

ie B 1@"‘7’ g and ite dip var

s
k2

ai?k

iss from 459 ¥ at the zouth end %o
70% B st the north end, The width panges from L0 te 70 feet,
Faulte transentiag the dike in ssveral loealitlies havs diz-
placsd 1% 5 to 10 feef, dJolumnar Jolnting and & glasay
ohilled border ave present,

Jongaot effecte on the andesite flow of the Hidway vole
canies seriss are not noticesble, The eriliy aatriz of ths

and indursted

Kettls Biver conglomsrsts, howevsy, is dark

e dike,

b
[
S
o
i

throughout & four te five fool zone parallsling

o other basalile intrusives were noted in the dlistriat,

e




By
Lo

In handegnscimen the rock g graylsheblack $o olive

nd maflos ars

selor, Phanoeryste of plagloclase

distributed in

s dense to glasay satriz, The

of the rosk is irpegular, sub-consholdsl or cone

choldal,

n prozimity %o the ehilled border zone,

In thinsssctlon the phenceryets are identifled as
K - #=

plagioelase, hyperathens and sugite, These minerals are

embedded in s groundsesg of feldspar mlerolites, magnetits,
snd dark brown slagsg,

asclass orystals ars suhedral or sube

hedral and enclose eppegulap patehsg of glass end subbedral

Average maglmun length of the laths

18 .0 mm, They are ilnvariably zoned The con-

,w
i
L
Goame
boes
in\ki"#
i
F
o
g
)
ol
E
il
e
o
L
[
&
o
¥
L
bon

nesr Ange Lo %ﬁﬁg for the outer

ghell, In some zonsd orystals there vien from &

ealais cors to a movrs sodle rim, Insteed thars 1s a rapatle

tisn of ths sors composition in suscesslive slternate shells,

tntarnal shells hkave ths sanme gospositlion se the auterngsd

tandency toward slignnent ¢f the latha,
Hypspsthene ocours ag enhesdral prisms, The averags

maximum Aimennien iz .5 mm, Pleocchrolss i dlatlnct from &
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ale Bluleh green {(2) %o a faint pink soler (), The mineral
usually forms a2 paprt of clusters of graing whieh also include

plagloeliase snd supite., It also iz found az loolated phenoe
§ g

i3

sugite forms euhedrsl %o subhedral opystals whieh sre
wsually about .2 m2 in dlameler, In plane light the color ia

.

sale, yellowieh brown, Oimple twinning pareallel to the o

ey

and & plnacoide is comson, The orystals are bordsred by &

e

thin reastion rim of an unidentifisd fibrous minsral, Ine
elusions of sagnstite were notnd,
Hypevsthens evidently was the fivay of the intratelluris

minsrals to form sinoe 1% lg found as ineluslens in the pleglo-

Bummary andé Discusslon of 4dge

The twe dlorite bodles deseribed above sre elserly
younger than the Late Eocens Eetile Hiver forpation. Fleld
palations indigate that they are alsgo glder then the Late
Dligocens - farly Yiosens Hidwasy eruptives, There appesrs
tn be 1ittle in compon betuwsen thene diorites and the "pore
gﬁy?&t@%ﬁ whieh Daly él@lﬁ, Part 11, ope. BL6<H17) mapped a

international boundary,

ok
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fet
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o
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e

e

abunfdant among those chssrved in the map ares, Thie is
spresment with the bulk compositlion of the Yidway lavas,
1t thess dikes are to bs regarded as fesders for fhe overe

lzing fTlows it &;;@&?@ obvious that they are 1llkewize of

Gne or movre rhyolite flows ocour in the lower part of

the ¥idway lave secusnce, The rhyolite and mleroporphyry
dikes may be related to this perlied of vulsanlenm,
The hyperzthens basalt dike dessrlbed on page 203 le

base of the Midway

glearly younger than the Tlowe near ithe
Voloanies since 1% cuts thess rooks as well a8 the Ketils

niver formation, ¥lowe of comparsble asompositlon were Tound
1n the »1ddls portion of the Nidway sequence, OHlnoe the

hynergthene basalt dike cuts the lower Hidwsy rocke 1t say

be younger than the other dikes desoribed 1in forsgoing paras

gravhs of this paper,










sbonloropys

ph of a thinessotion fros s hypersthens basalt
dike wileh cuts the Hettle Alver formstion exposed on the
west 2ide of Toroda Uresk, Zubhedral gralns of hypsrathens

and plagioclase together with anhedral augits are embedded in

s Telly srountnsss,







HMIDUAY VOLCANICE
Genernl Jtabenment

The Midway Volcanies in ﬁhiﬁ dlatrict are 2 part of &
discontinuous blanket of dominantly andesitic rocks which
ares widespresd in the western part of the Okanogan Eighlands
and adjacent sectlions of the Midway lHountalng in southern
British Columbia,

In Cansda, R, ¥, Broek (1902}, R, A, Daly (1912}, and
0., E. Leroy (1913) have given dssoriptions of the Hidway
VYoleanies ocourring in the boundary distriect north of the
present map ares, Daly's descriptioneg are the most complete
of the ﬁ%ﬂ&@.,'ﬁg subdivides the Hidway into an "oldest®, &
"middle’, and a "youngest® group. Exzcept for an olivine
basslt the Tirst two groups are dominantly andesitic and
are probably equlivalent to the rocks in the preeent aresa,
Howevsr, the trachyte, rhomb porphyry and analsitie 1&#& of
the ﬁyg&ng&%ﬁ? grgmg have not besn recognized in this distriet.

G, Y. Drysdale (1915) describes trachytic lavas as re-
presenting the ¥idway Volesnics in the Franklin Mining Dis-
trict forty miles northesst of the intsrnational bnunﬁ&?y at
¥idway, British Columbla, These night be the equivalant of
part of Daly'es "younger® group.

éﬂ&%éiﬁe@ of poasible ¥Midway age have been desgribed

by Umpleby (1910}, Lindgren and Baneroft {1914} and Pardee

{1218} in the Sanpoll, Hepubliec and gurlew aress,
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Heoonnalesance by the writsy indie

Yavas szfend %ﬁﬁtﬁ%a?@ from the map areas Por o dlstanes sy

at least twenty nllse,

&

&

siatriet the

Lusternary

i

)
i

Thess lavas cropn

Rettle Hiver formation, the Attwood rocks

The thickness mey resch as much az 3000 feel in the
sres frosm Bodle Mounialn nopthwest fo Torods Oveek, A4
sinilar thickness ig indicated bhetwesn the floor of Toroda

,

af the Bamber dountain « Bodile

i 2

Orask and the north end
fountain ridoe, Betwesn the grest of thie ridge and the
1duay-Kettle Hiver contaot at the head of 0'Conner's Canyon
the lavas ave st least 2500 fTeet thieck, The sucveszzlon of
lavas iz at besl rather vague; however, from what la khown

iwey terrsin was

guite rupgped, Tarly flows were 1imited in aresl extent snd

a8 the topome

greater areas,
The various isvas in the ¥idway zerles pre dGasoribsd in

thg followlne This sucosssion of rook typesn is

based larpely upon Tisld work in the ares lyling betwaan
torofs Oresk snd Tonate Ureek, The subdivigions offersd ave

tentative, In some aasers the fisld relatlons weres obaseurs




and minsvelorlio varistlions were used as o bagls for digw

tingulshing the Tlows
raghytioc andesite

This rook overlles the conglomerats of the Ketile Hiver

&%

in the Resnesr«Glionner danyon arves, 1t 1 alse

B
i
-
i
@
ot
sradig:
o
o
f

found in sontsct with the Hettle Hiver brecelsa on the north

slope of the Harias Cresk valley,

The usual specimen 1s porphyritie and light gray in

ar up te 3 omm in length and
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the mafles,
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sndesitens oimilar to those deseribed on pags 221,

enly distribuied blotite flakes, up to 2 om in dlan-
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pul lath of Peldepar or pyroxens

sophanitie groundss
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k]

In geation 1,9,%,.50,6 late frocturss eve T111led with very

Enpwn in

the doninently andesitic

bl
e
e

yalongnise

a

that ths

pene sge, He offers as evidencs the faoct

Hiaoene (olumblis Hiver bagalte on

are gveriain by the

bBath sidss of the Colusbis

Aiver in the Hespelen Yalley ares

Goungy), and

at Bapubllie, include fonsil

¥iogene Iin aps, These lake

intereslated with andesitie lay

the Zanpsil«Curlew trough Llnto Canads

Papods Orssl snd inte the Eetile HiverwTovods Uresk

Oon the basis of Pardestls work ia the Colville Indlan

sgapiration and on the 2

usption that ths andesites of thie




227

ey volsanlos

and ne youngzep

not gonforneble with thea




L

28
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Gutorop of Pre-attwood granite in the Lettle River canyon,
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The evidence Tor rseons @”&gﬁiﬁ” the geologie hlstory of
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rarine deposition of the conformable sequence of she
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limestones, aprgiliscecus linestones, calearscus oh
felispathblio sandatonss whilch Tore the Pre-iAtiwvced formation,
The relative sbundance of pure susris esndetonse in these
sediments suggests the unifors conditions of sedlmsniation
songlidered charscteristic of shelf gondlitions, During &

f mediun to hlgh prads,

perisd of reglonsl metanorphisz o

thess Pre-gttwocd sediments wers converted to schista,

gnaisges, mignatites snd granitic-appearing rocks,

Erogion of these matamorchies was followed by submsrprance

and burial beneath & second sccumulstion of marins sediments
whish R, A, Daly nemed the Attwood formabion., The Attwood
limastones, shales, conglomerates and voleaniss probably
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Devonian perloed but more probably in late Paleozoic tlae
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pildersd relatsd to this port-ittweod orogeny and low grade

metamorphism,
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Ckanogan Highlands, The souvras of thess voleanien is nok
known but they may have some from the Hidwsy mountain pagion
o? southarn Bpitish Columbie aince ths grestest Lhigknens

ia found in thle looality. There 12 2 genersl dsovesase in

to ‘ollowing the

agtunulation of the Midway volosnis®, a perlod of faulting,

tilting and ercsion destroyed &ll tracgss of the forvmer lava
surfaas,

In the precent ares the resord of ¥iddle HMicesne to
sarly Plelstocens geologle history ilo absent, Ividently
this section of the Okanogsn Highlsn nas wes mountsinous and

was undergolng erosion withisn this time interval,
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4% lesst onoe during the Plais @ﬂgﬁ@, ths dordiller:

lag she

that the minloum $hisknase

Zinoe the retreat of the continental ise, much of th
fluvioslacial material has besn erﬁﬁgﬁ from the vallsys of
the Kettle Hiver snd its tribubaries, Prosinent fsrraces

cut in a@?wﬁ h ar rarsly in rock, indligate seversl pauses

Hsuntaline, L6 found on

but not on lower terpaces orp ﬁ;& surrent

vallaey=Tloor of ths Feftle Rivsr,
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. Figure 5 Sketch map showing the locations of Pre-Attwood migmatiie, granite
and mylonite specimens referred to in the text.
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