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]I'NTASTIGåT]OÌ.T OF TilE GEOLOGY OF Jl

DTSTRICT 0F P,åU,IY Rrvffi.e

Pê8T O¡' TT.i}¡ ET'IO éREå

OiùTåRI0

by

Thonas Neil Ïrvine

å3$TRåCT

The geology of the fuo area consists of a terraine of de-

formed and rnetamorphosed årchean sedimentary and volcanic rocks

inva.ded by multip3.e granitic lntru-sions and several l-ess exten-

sive basic intrusions" A petrographic study of certain units of

each of the rock t.ypes has been made, The cl-assificatì-on, ori-
ginal natu-re and metamorphism of the sedirnentary and volcanic

rocks are discussed, The sediments fa]1 into tir,ro major divi-
sions: (1) a thick unit of greyr+acke i+1th inter'bedded sirale,

conglomerate and bandeiì Írcn forrnation, and (2) a smaffer unlt
of r,¡ell-bedded calcareous and chloritic siltstcnes and shales

nor'¡ transforined to hornblende-pla.gioclase-quartz schists and

gneisses. The volcanic rocks eonsist of a vari-ety of lavas,

agglornerates and tuífs. The basic lavas are typical rrgreenstonesrr

and are largely of basaltlc corapositlon. The more acid lavas

are predomiaantly dacites. The structural geology, stratigraphy

and conditions of sedimentation are discussed" The intrusive

rocks are described with reference to their composition, struc-

ture and genesis. ån attenpt is made to evaluate the role of

metasornatisn in the f ormatlon of the graniti-c rocks "
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this thesis deseribes the resr-rlts of a study of the pet*

rology, structure and genesi-s of certain rock types found in
the Bao area, The study was designed to be as broad as poss-

ibl-e in the time availal¡l-e, The project ryas suggested by pro-

fessor H" D" B. ltlilson" The area was provided and the field
party was equipped by 'che 0ntario Department of t{ines" G. L.

Fletcher acted as eo-leader of the field party and al-so used

part of the area as a source of thesls naterial" ;L report on

the entíre area, vmitten under joint authorship and entitled,
rrThe GeoJ-ogy of tne Enc -[rea, District of Rainy Riverrr, j-s to

be published by the Ontario Department of Mines.

LOca,T]Oiü "åI,,iD -q.ccEss

Emo is situatecl in the P.a.iny River district of Ontari.oe

20 miles luest of Fort Francesr oÊ the Canadian irlationaf Rail-
way betr,¡een Fort Frances and Winnipeg. The Éao area, as des-

cribed in this thesls, extends over approximately J2O square

miJ-es and includes the Tor'rnships of Tait, Mather, Kingsford,

Ëhenstone Dobie, Carpenter, Roseberry, Barwick, Lash and j{yls-

r'¡orth plus parts of ad joining tomrships" The sou-th boundary

of the nap-area is r:arked by the Rainy River.

The main freight line of ihe Canadian i'trational- Rai-l-r,rays

crosses the sou-thern part of the map-area and daily train
service is provi ded fron i^Jinnipeg and Fort l,rlilliarn, Stations
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are J-ocated at Eno and Barwick, the two ma-in eenters of pop*

ulation" Provlncial hi-gLlrrra;'s I{o. 7O and lrÏo, 7t cross the area

frcn north to south and from east to v¡est respeciivelyy ÞTo-

viding aecess by autornobile from i(enora e Rainy B.iver and Fort

Flances" Good gravel roads maice all pa::ts of the area easily
accessibl-ee and numerous l-ogging trails and survey l-ines have

greatly facilitated field traverslng"

T0P0GRiIPI{Y

Relief in -uhe area is 1or,.r, seldotl exceeding 75 feet" The

scuthern parts have large l-evel 'rracts of thick overburden

r.¡ith snall, r^ridely scattered outcrops" The nortirern parts are

slightly aore rugged in appearar'Lce, having 1o.',' ridges of out-

crops and heavily r¡¡oodêd valle¡rs. !íueh. of the good timber has

been cleared as fariling land. Unlike most areas in the Caaa-

dian Precambrian Shield, lalces of appreciabl-e size are absent

and muskegs are com'i:raratively small and dry

Ðrainage is provided by the Rainy River anci its tribu.-

taries, prineipally the Stu.rgeon and Piner^¡ood F,ivers " The

drainage systen is chare"cterized by numerous small rneandering

streams, sharply inclsed in thick surficial deposits" Its
pattern does, hor,rever, su-ggest partial control by the si;ruc-

ture of the bedroclc"
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PRffi/IOUS GEOIOGICÀL ",¡JORK

PrevÍous to a952, interest in the Eno area as a rrining

district r'¡as only casuel a.nc1 detail_ed study of Ure geology

had not been made" i:,iany "oortions of the area ha-d been stalced

frorn tine to tirae anc scattereri test pits are evidence of
early pros'pecting" S. brtef reconnaissa_nce survey along the

3.ainy River \"ras condu.cted in 1BB5 by å, C. L,ar¡rson of the

Geological $u::vey of Canada" This geolog¡r, to a large ex*

tent i-nterpretive, is shor,¡n on tr,uo na-ps, both on a scale of
two nriles to one inche accorlpanying the ttRepcrt on the Geo-

].ogy of the Raíny Lake Regiontt published in IBBZ" This

Geology r,las used b;'T. L, Tanton in compiling :nap ZZ6{t, (Ken-

ora Sheet) of the GeologÍcal Survey or aanada" The soils
and surficial deposits were mapped and studied "oy W" å."

Johnston (f915),

The report of a base netal dei:osit in the southern part

of Do'pie Tor.rrnship in L952 lnstigated a, period of intensive

exploration. The area r,¡as thoroughl;r prospected, geromag-

netic anci ground geophysical sllrveys I'rere made in the southern
parts" Deposits of n1ckel-copper and iron l,rere found but be-

cause these'brere smal.l- and of low gra.de, r,¡orl< in the area.

ceased, tenpo::ar1ly at lea-st, in the auturnn of 1953,

ådjacent to the map-area in l,íinnesota, bedrock exposli,re

has not been considered sufflcient to warrant detailed study.

Ho\,/ever e e. geoJ.cgical sketch rnap is a.vailable froi:r the 1,,tinne-
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sota Geologleal Survey, ,{fso available are tota.l- intensity
aeroaagnetic meÐs of the follor,+ings

(1) Parts of Rouseau and Lake of the tdoods counties,

Ï'iinnesota.

(2) Parts of Lake of the Woods and Beltca¡ni counties,

Iufinnesota "

(3) Northeastern Koochiching countye l.fì-nnesota"

(4) liorthwestern lioochiching countye T"finnesota.

PRESE};IT STUDY

The survey r,¡ork on i,¡hich the present study is based ï'las

condueted iluring ihe field season of Lg53 in response to the

interest in the a.ree- at that time. A base ilap on a. scale of
oTl.e cluarter inch to one mile was su.pplied by the Survey Branch,

0ntarj-o Department of Lands and Forests" gertical aerial
photogra.phs: on the same scal-e, in conjunction i,rrith pace and

compass traverses provided close control- for the locaticn of
outcrops. Essentially all small seattered outcrops ldere êx*

amined and, in areas of extensive exposu.re, irregular tra-
verses r¡ere performed to gj-ve noderatellr conplete coverage"

The geological nap of the area is published ona scale of
one inch to one mll-e. å. sinilar map accoripa.nying thls thesis
(in pocket in back) is on a scal-e of one ha'lf nile to one inch"

0n both iaaps, for purposes of clarlty, cutcrops have been en-

larged and their outlines generaliued. Groups cf outcrops ere

frequently shown as orLe.
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Divisicn of the a-rea .o¡as necessâr5r ss that co-leaders

of the field party r¡¡ould both trar¡e tiresis naterial . ft v¡as

found impossible tc do this sirnpl¡' ¿¡¡¿ fairl;' on a geographic

or geornetric basis, DivÍsion vâg m¿fls, therefore, on a geo-

logical ba.sis. Each aan v¡'as allotted geolcgical units Ín
such â i^/ây âs to expose hin to a rnore or less complete suite
of the rock tynes, Tir.e units studfed'by the autir.cr are shor.¡n

j-n cclor figure 1" The locations of the representative spe-

cinens and of the specimens exa'mined in thin section are shor,¡n

on the accomnanying geologieal map"

Laborator)' r'¡ork r+as largely of a petrographic nature.

Thin sections ldere l:rade to give representative eoverage of
each litho].ogical unlt and rt¡herever significant variations
T/¡eïe suspected" Rosilual grai-n cou.nts lÀrere made to determi-ne

ap;oroxina.te mi-neralogical cornpositions " The stalning teeh-

nique described by ï{eith Q939) i,¡as used to distinguish plag-

iocl-ase and potash feldspar. Plagioclase composition r¿as de-

ternined b)' the Plichel-Levy rnethod on alirite twins ani by oil
immersion methods" Specific gravlty rûeasurements i/¡ere made

on specinens of the basic lavas.

GEIqRAI, GEOLOGY

The bedrock j-n the area is entirely preearnbrian in age,

The rqajorit¡r of the sedimentary and volcanic rocks were ori-
ginally assigned to the Keer¡atin b)' Lawson (IBBZ)" He proposed

(tB8/, p" 102), however, tirat at least -part of the body of



.7^

sedinents and tu-ffs oirtcropping in ih.e south part of Àyls-

l.rorth tolrnship is a pioba'ble extensi-on of the Coutchiching

rocks in the Bearts Passa*ge area of the Rainy Laice region"

Iie sta-ted, with reference to 'rhe Coutchiching,
rr, ø è . the belt of nica schists o o, extends from

the neighl¡orhood of Bear ¡ s Passage across H.ainy I-,ake in
a 1¡I. S, W. direction to Goutchiching and thence down

Rain¡r Biver" In the dlrection of íts strikeu the belt
is tra.ceable eontinuously for tr^renty-fourr mi1es, and it
probably continues to the westward, under the post gl-a-

cial. fcr¡ra.tions of the Rainy River for a distance of at

least sixteen mi]-es"rl

The westi¿ard extensi-on j-nto &ylsruorth tov.nrship is shor^¡n on

I-,aruson¡s rrRainy Lake Sheetrt and on the rrKenora Sheettt eom-

piled by Tanton,

Under the present study, the volcanics and sediments

lüere found to þe severely folded and metamorphosed, see'roingly

of definite Archean age. Lithologically, the body in åyls-

worth tornrnsh.ip does not compare too closely witir the Cou-t-

chiching uica schists in the Rain¡r Lake area. Ho'',vever, in
recognition of Larqrsonrs postu-lationsr it has ireen assigned

to the rrCoutehiching or Keer-¡atintt. The remai-nder of the vol-

canics and sediments are rrKeernratiTÌ-typett and have been assigned

to the Keer+atln. They have been divided as fol-lowsc

(1) The lower sedirnentary division consisting of horn-

blende schis-us "
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(2) T'ne upper sedimentar¡r division consi sti-ng of gre¡r-

i¿aclce, iron foi:mation and ccngle¡1state"

(3) Tntermediate and acid vol-canics

()+) Sasic volcanics

The intrusive rccks a::e al ]- post-i(eer,¡atin. Two basic

stocks and nunerous smal-ler basic dilces and sill-s intrude
the sediments a.nd voleanics" Granitic masses cut all_ pre-

vi.ously nentioned groups r..¡iih the exception oi' one basÍc in-
trusion, lto definlte evidence r'¡as found to indicate broadly

separated pericds of intruslon. Diai:ase and quartz diabase

dikese reroresenting tl:e youngest igneous rocks in the a.yeaz

are believed to be lier,¡eenav¡an in age.

Deposits of cJ-ay, sand, gravel and bor-r,l-ders? laicl dor,nr

by continental glaeiers, overlie the Preeanbrian rocks" Bedd-

ed clays indicate deposition in post*glacial 1akes" These de-

posits are al-l- Pleistocene age. B,eeent deposits consj-st of

sl¡aTnp peat and smal'l amounts of al-J-uvial sand, siJ-t and clay

loam deposited aloäg strear¿s,

The geological succession and the lithological units are

sumuarized in t'he follor"ring tabl-e.

T43LE. 1_a_ "_ .],,ge_en4

gIl&TIRlf*\Eg

RECtrl'ITe Peat, a11uv5-a1 sands, silt, clay-Ioans.

PLTIISTOCENE: Bedded clay-loams, g]acÍa,l clay, silt, sand,

gra.vel-, bou-ld ers ,
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lBtrCill''BRIÅj[

P0ST-IiEþ]'¡IåTr1{

llE'¡iEEi{:i1;uÀirir ûuartz diairase

GHåJ\IITIC IHTRITISIO]\IS 3

Tait intrusion

Potts intrusion

Lash intrusion
Chrono-

Devlin intrusion
logical

I(ingsford intru-sion

Shenston-Mather intrusion

Carpenter intrusion
secluence

BgSIC INTRUSIOI'IS I

Dobie intrusi on

Carpenter-Lash intrusion
indefinite

I(EEI.ftI.TIT{

Carpenter vol-canics

iolather sedinents

Dobie-Ta.it volcanics

Carpenter sediments

C0UTcï+ICäIIVG 0R KEE!,J"LTI1-{

'1

Fegmatite dikes

Graniti-c and Ap:

litic dikes.

Quartz l{onzonite

I'lonzonlte

Ilornblend e grano-

d iorite 
"

Granodiorite

Norlte

I{yperathene gabbro

Diabasic gab'bro

lTornblende diorÍte

dikes

Siiiceous tu-ff, biotite and hornblende schist
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VOL C¿li'II C n'v f s T nl'TS 01r Tir:i! K,ï81'JÂT Ïiii BiiiS I C t/OL C¿id] CS s

Ba.sal t, nil] oi,r basal-t, coarse basalt, basait pcr*

phyry, anygdaloidal and vesicu.l-ar basalt, basic

tuff and sedinent, basic agglonera.te"

I1{TEB}.{EDIÀTE ÂlilÐ åCID VOLC"rii'iICS ;

Dacite, dacite porphyrl., o1JaTt,z latite and rhyo-

lite, i-nterniediate agglomerate, tuff 
"

,9EDTI'{5ÏfTARY D]VIS]ONS OF TI]E KEEI{ATII';I :

UPPffi DIVISïOI'Ie

Greyiracke and derived biotite schist, conglonreratee

iron formation"

LOIITB3 DIV]SIOI'{;

-tiornbJ-ende schist, garnetiferous hornblende schist"
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_Ç5_¡*p.j,m.g**._W{a[ I ]L_ËEUI ' rirTåRy_ e AC-[S

The sed irnentar¡r vo"ns oí the ftno area fcru tr,¡o litho-
logic divisions, These are apparentl¡r sf tr.¡o distinct ages

and are referred to as the rfupper't and illowerrr sedimentary

divisions "

Ioi,f,ffi SEDT},{ENTJ{RY DIVISTON

DistribUþign and StructUre

The lor-¡er sedimentary divlsion is exposed in tr,¡o parts

of the EIno area" several outcrops occur in the extreme no.rth

east portion bu.t these are not considered in th.is renort.
The rnain'body, the one studied foi'this thesis, forms a

belt r,¡hich extends in a broad arc frc¡r the north east corner

of Dobie tor.'rnship south and east, jnto the central part of
Car;oente:: township, Flom here, it continues eastward at a

bearing of approxiiaately IttTOoE beyond the bcundary of the map

area" I'Iorth of this belt, several cutcrops and numerolls in-
clusions of the same sedimentarlr formation occur r,¡ithin large
granitic masses " The outcrojrs have been interpreted a,s repre-
senting tongues and reinnants of the main band.

Ti:e attitude of bedding in alnost all par-r,s is vertical
to steeply dipping" å.n east-plunging anticline has been out-
lined in lots 3 and 4e eoncession Vf , Carpenter torv-aship"

Bordering the ¡nain arc on its south fJ_ank are the grey-

r'¡acke and iron fornations of tjre upper sedimentary division,
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0n the soutÌ: eas-u flantrc, ircn forrration he.s been ou"t-ìined

by geophysj-ca] r'¡c::k and proba.'o'ly the greyl*ac}<e is also pre-

sent, Internediate and acid volcanics border the arc to
the south west. Contacts rvith the abcve fornations r^rere

not found exposed " The ccncave part of the arc is occupied

by granodíorite" Conparativel5r sliarp sediuentary-intru-sive

contacts aie exposed j-n several- places but zcnes of lit-par*
lit are more usuaf 

"

Chara cåçl_êlrd Coin-oo_.såtion

The sedinents as observed in the field epÐear as fine-
grained thinl¡'-¡edded c-l-astícs (see P1ate 1), The roclc is
cornpletely recrystal-lÍzed" Parallelism of g::ains is elearly

visil:le but schistosÍty is not strong" The ccl-or of both

fresh and r^¡eathered suL:fa-ces 1n rnost of the ¡ratelial is dark-

grey, The Fresh surfaee characteristical fy shol^¡s lustrous

black hornblende and a banded appearance resul-r"ing from fine

laminations of fel-dspathic material, I{inor amounts of light
broi¡nrish sand¡r materi-al are present in in'cerbands ranging

fro¡r six inches to one fcot in width. These are composed of

feldspar , q:oart,z and biotite.
Dark red garnets, prcba'bly almandine e are 1ocal1y pre-

val-ent in -r,he hornblende-rich. sediments " t"{ost conmonly th.ey

form concentrated zones a.nd patches or are sparsely scattered

as individual- porph.yrobla.sts" In sorne places, they occur



Jì Thin-bedded hornblende sedi.mentary schists

lenses eomposed of garnet and hornblende,

eoncession IV, Carpenter townshi-p"

PI,ÀTE ]

showing

1ot Lr,

Closer vi-e¡.'¡ oL

concession IV7

the garnetiferolls lenses, lot 4,

Carpenter township.

ID
.IJ o
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i,¡ith. coarse-grained hornblende, Þl agioclase and diopside

i-n lense-liice knots"(see Ël-ate 1B) The i<nots are J to B

inches in length and ere elongated parallel the l¡edding

planes.

The sedinents neâr the granitic intru--eives do not ap-

pea.r to have suffered exceptional alteration or transfornia*

tj-on, Outlines of inclusions and contacts are cornparatir¡ely

sharp" Silicified joints are corunon, however, and occasion-

a1ly small amou-nts of pistachio green epidote alteration are

present.

}{åcros coËic Descr ipti on

Thin sectlons of the rock reveal a recrystallized xeno-

morphic textu::e. Pa.ral-lelism of grains is weak to rnoCerate,

Gra.in si:ze is uniform ranging fronr 0.1 to 0"f mm, The prín-

cipal nineral- constitrients are hornbl-ende, plagiocl-ase and quar-

tz" The rock was found to be too variable in eonposition to

lend itsel-f to satisfactory Rosiwal- ¿n¿]ysis" The estimated

composi-tionat range is: 40 to ó0 per cent hornblende, Lj to 30

per cent plagioelase and 1,5 to 2i pex cent quartz. Diopside

is not present everywhere but makes up 2O per cent of some

specimens, þlinor eonstj-tuents are garnet, biotite, calcite,
sphene and sulphides. Potash felds'par bras not found in appre-

ci-abl-e amoutrts, although smal1 i:atches of sericite nay possibly

represent alteration products. llornblende occurs in small

cleavable anhedral prisrns and is the most pronouilcly aligned



mineral 1n th.e rock (see Pl-ate 2A)" It is strcngly pleo*

chroic, dark green to yellowish-green" Plagioclase anC

qaartz form a. granular nosaic, The nlagioclase is poorl¡r

tr.¡inned and, in specimerrs containing diopside, it 1s stroag*

J.y saussu-rltized " fts conpcsition is apparently oligoclase

or andesj-ne, The di-opsÍde, r.,¡here present, is concentrated

in l--2 um bands alternating io¡1th hornbl-ende-rich rnaterial- (see 
.

Ffate 2B). ft is pale green in color and non-pleoehroic,

The crystals are anhedral " Pyroxene cleava.ge is moderately

developed, The extinction angle is approximatel¡r 4O Cegrees

r,¡ith Z. The garnet, in th.in section, is pale pinir" ft forms

poorly developed metacrysts ivith abundant lnclusions of'quartz,
(see Plate 3g) Biotite is a broln variety and r,¡as not found

in sections containing diopside" Sphene occu.rs as sþarse

wedge-shaped crys'cals vith leucoxene alteration,
The 'oullt of the sediments of the lower sedi¡rentary divi-

sion, in their present state, can best be cal-l-ed hornblende

sch.ists,

__0.@

å cursor)¡ search cf the l-i'ueraiure indicated that meta-

morphosed sedi-nents re*qe¡rbling these hornblende schists evi-

dentl;,r are not conr¡lcÊ in the sori.thrr¡estern part of the Cana-

dÍan Shield" I{orrrever, Eslcola (1914: Þ!. 118-121e 1¡+0-146)

has descritred diopside*am1:hi'oolites and díopside-'lrearing



Å. l¿-ornblende

hornl¡lende.

P].,;\TE 2

sedinentar;r schist shctting alignnent of
p¡flinary l-ieht * X25" (Specinen lt*56-Z)

T)lJo Garnetiferous hornbiende scìrisi..

N25. (Specirrren F-B-6 )

Ordi nar;' l-ight"



Diopsidic hornblende schist ruiih
gioclase" ¡rdinary light " N25

ÐT ¡. TNT¡ f¿ !11-LJl J

saussuritized pla*
(Speeirnen F-10-3 )
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leptite frorn th.e Orijavi region of Finland r.+hich ha.ve nu.ch

the saíte ctrarac'r,er" 0í the fo::uer he sayss

rr . 6 ø The general ulneralogical cornposiii on of tÌre

diopside*anphibclltes shor,¡s, hol'rever, that they have

ciuite a. dlfferent set of chenical characte'c and must

be considerabl-y richer in l-Írne than the araphibolites

proper,

u{11 'uhese features point to the su.ggestion ihat the

diopsíde-arnphi'oolites are of sedirnentar)r origin and that

they have origina-ted b:" altera.tion b)r ne'¿amorphisn of a

series cf calcareou,s sir.ales y þrobably ningled i,¡ith vol-
canic ma.teri als 

" 
tl

0f the latter he statesg

rr " e ê a fragnental struct.ure and ttre absence of an;r

featu-res lndicatj-ve of an igneous origin malses it prob:

able that ihe rock had been originally a clastic sedi-

ment"

0n the other hand, the bul-k coiaposltion is quite

t¡rpical of an igneou-s rock and we may assume tÌr,erefore

that i-t r'¡as formed fron vo]-canic ashes and tu.ffs 6 o In

the vicinity of limestones leptites often contain diop-

side,rr

Their clastic natu":'e and a comparison ¡¡ith Eskol-ats des-

críptions suggests th.at the Bito hornblende scirists l^Iere ori*

BinalJy fine sandy or silty sedirnents ruith a,uarl,z and pJ-agio-
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clase grains in a calcareous shale natrix" Fyroclasti c rna:

terials r¡ere p;:obabl-y a major component. The diopsidic bands

1'Iere undoubtedty derived of layers excepticnall¡r rich in 1ime"

Chlorite may h.ave been abundant because ïrsedirsents rich i-n

chlorite are usually aore or less cal.careousrr. (I{arker, L932s

p"53)

Çaggeliferous Kno.ts

The origin of the previously rnentioned garnet-irearing

knots or lenses in the sedinents is of interest" Pettijohn
(1939E F" 766) suggests that simil-ar nodul-es found in the

Thunder La.ke area, Ontarlo \.¡ere ci'Lce calcareous concretionsø

Tt is noted, hovrever, that in the present exan;oles the bedding

planes are ivarped around the ltnots rather than a'outting against

ther¿ as raighi: be expected if tney r/rere cnncretions" It seems

mor:e probabfa therefore that they har¡e origina.ted fron meta:

morphisrn rather than diagenesis. It is suggested that meta-

souratic action accompanying granitic intrusion has been effec-

tive in concentrating line, magnesia iron and silica in lenses

betv¡een th.e bedding planes" Prcbably all these coi:rponents,

r,vith possible exception of sil-icar l,¡ere Cerived directly Írora

the sediment,s in viel.¡ of the fact tha.t these are a readily

availa.ble souree, The conditions imposed l,rere apparently such

â.s to prcinote grorrth oí large crystals and, to a certai-n ex-

tente ceu-se a differentiation of mineral phases, Thus riris

of alr,rost pure hornb-'l-ende enclose lúany of the nodules of garnet,
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diopside and plagioclase, Slipnage and crenul_ation along

-bedding planes acconpanlling i,rajor folding nay have facilited
concen'rra.tion of 'ch.e netasonatizíng emanatlons by providing

eenters of J-ow pressllre.

þÍetamor"ph.is*

The consta-ncy of nineralogy and the close proxirnitg of
all parts of the lor'¡er sedimentary division to granitic in-
trusives indicate that the meta.norphism is a regional type

and of uniforn grade throughout" ås was ste.ted, the rock is
conpletell. recrystal-lized " Its predoniinant rnineral a-sse-mbla.ge

is hornbl-end e-plagi-ocJ-a s e*garnet-diopsi-d e- quartz*biotite " The

diopsidic parts closely resenbl-e the diopside plagioclase-

arnphilror ites descril:ed by llarker (I932r pp " 282^283) " ihe

l-atter represent ttthe highest grade of :netai:iorpnisnrt', i,ê" the

sillinanite zorre" å.ccording to Turner and Verhoogen (Ig5Lt

ï)" 458), rrthe sillinranite zane of regional metarirorphism is
often affected by synehrorÌolr.s intrusion of granite magüart"

This is beli eved to have been the settlng for the metarnorphism

of ihe hornblendic sedimen'i;ary schists, Their mineral composi-

tion indicates that they lrelong to the anphibolite netailorphic

facies and probablye nore specÍfically, to the garnet-horn-

bl-ende su'bfacies as defined by Turner and Verhoogen (L951:pp 458-

460)" That is, they have been metamorphosed uncler high tempera*

ture and pressure at great depth"
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UpPm. iiEÐI¡Íjj'lT:riRY DIVI$Ï Oi\i

!åpir-iþe!*+pïr-å'sÈ,Ë!"r-uç_L.uJ"e

The main occurrence of tire upper sedir¡entary division
is in tiuo paraliel sieeply di¡ping bands ¡,,¡hich e:ctend l.,l7OoE,

The ti^¡o 'oa-nds ere belÍeved to represent opposite l-irabs of a

synclinal fol-d and are divided by an elongated bod¡r of gra-

nitic roclcs.

The south band was studied for this th.esi-s " ft under-

lies the northern pa.r'ts of ,sh.enston a"nd Dobie tor,rnship and the

southeastern pari of l'.{ather toi'rnship. fts usual width is
81000 to 12e000 feet" ilowever, ihis is proirabl;r cotlsiCerably

greater than the tru.e th.ickness of the forn:ation because cf
abunda-nt 1it-par-1it lnjections ande Ðossibl;r, because of un-

detected faults oir folds"

*.n iron forrration 'trending north ancl east frorn -uhe tor,,rn

of ftno is also included in the upper sedimentarlr division"

-Qþe:aqLeå

The three distinguíshed rithol.ogic units areå

(1) Bictite schists

{2) Conglonerate

(3 ) Tron Ícr:;ration
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Biciite ffchists

The biotite schi,s-r,s are predorninant and n'lalie up an

estirna-ted 90 per cent of the division. The rock is re*

crystaU ized in appearance and is r¡¡ell consolidated, Fo-

li-ation is pronounced but extrei.re schistosity is rare, IÊ

the field, the fine-grained cl-astic character of the ori-
ginal sedj-ment is still evideir't" Bedding is rnoderate to good.

(see Plate )+) The fresh su-rface i-s medium grey to brovnrish-

grel)r ín color r,¡ith some bandíng due to beddlng" Ttre weathered

surface is chara-cteristj-cally bror'rnish"

lji-c;q*osgqrurc*De,s"çx"rpjta_11

Thin sectlon stuC;' rer¡ea1ed a rernarkabiy unifcrm min-

eralogical cornposition, the principle consiituents being

quaxtz, pla,gioelase and biotite" Potash felds-oa.r is consrric-

uously rare and only srnall- amounts of introdi-rced riricrocline

uere observed in speciaens írom nea-r granitic intrus:'-ons "

ldinor constituents are epicìote, garnet, chlorite, inuseovitee

ho::nbi-ende, a"patite, sulphides and magnetite.

T'he minerals are evenl;' distriilu-ted, sel-don fcrning clots"

Grainsize is u,nifo::n in inclir.¡idu-al specinens, ranging fronr

0,1 to 0,3 rnilliineters" The textu::e is l{enoifciplric, usually
r.ui th a- parall el al-ì-gnnent of l:iotite blades (Plate 5Ð + l-ess

coo*non, i-t has a- granu-la":: ncn-criented appearance, (Plate 5P),

T,rîodal analysis geve the follcr+ing âverage resuJ-ts E qu-ertzl



Thin-bedded

cession I,

nr n m.-r ì,
-f .!.)ld -L Ir 'T

biotite sedi¡:entary schistsr lot 4,

l,iather tor,mship.

COïL*



ì{' Biotite-plagioelase-quartz sedirnents sho"'ring

character and alignrnent of biotite blades.

light" ,'(BO. (Specimen N-19-3)

.r1.,¡¡.'L
r !ii_ì--f )

uniforn

0rdi-nary

S'cained thin section of -piotite-pl-agioclase-c¡uar-vz

sedinen'us shoi,;iug recrysia.l lized granu-lar texttr-re "

Ordinar;r J-igh't . x25. (specinen irT- 5*9)

TìUO
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25*35 pey cent; i:lagi-ocla-ser LrO*55 per cent; biciite, L5-

25 per cent, The c.utartz is clear, but frequentl-y sirained,

Plagloclase is unaltered i+ith good albiie ti+inning. Host

conmoaly, its composi-r,ion j-s andesìne" Bictite is bror,¡'a

and has strong pleoch::oisn and a'bsorntion" In some speci-

mens, ii contained minute inclusj-ons of zircon ,su-rrounded by

pleoehroic haloes. The epidote i s u-sua-J-ly granu-lar, but occa-

sionally occurs in euhedral eleavajrle erysta.l-s" ft is ye].lov¡*

ish, sJ-ightJ-y pleochroic, ¿rnd has high interference cclors,

I'¡ is usu-ally associated r,¡ith the l:io-r,ite and is apparently

rnost abundant near the granitíc intrusions" The garnet is a

darlt red va.riety" It occurs in poorl;r fornied porphyro'trl asts

trri'r,h seive-texture due to abundant quart,z incl-u.sions"

Cong'lonerate

The conglomerate consists of peì:itles, cobbles and snall
bou-lders, ra.nging fron one inch to one foot in diarneter¡ €Ð-

closed in a matrix of the t¡rpical biotite schists" T'he clasf,s

are i+elJ.-rolinded and make u.p an estimated 35 per cent of the

total- u-nit" Tn ihe field, -uhey all- appeared to have th.e saLûe

eonposition, consisti-ng of a fine-grained r -"lightl;r gneissic

igneous rock" Their fresh surface Ís grey, ttreili,,¡eathered

surface is buff " Å. stained thfn sectlon shor.¡ed the rock to
consist of a.pproximately equal ainounts of quartz, plagioelase

and l:iotite r'¡i'r,h a lesser anount of'a. potash feldspar: þrob*
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abLy nicrocline" TÌre crua"rtz and fe'ldspar form a nicrogranular

inte::groi¡th through r*hich are ¿i-igned minu.te biotite irlades,

?he rcck is proì:ably qt;"a"Ttz latite and closely reser¿bles the

quartz latite l-avas desr:::ibed later under lrlntertediate and

ilcid \¡ol-canicsrr,

Tron For¡ration

Iron fo::nation occurs in bands trencing in a general

east-west direction across the northe::n pa.rt of Doþie tot'n-

ship and in a belt extending noi:th and east frorn 'che t'or'nr of

Eno" Tt is not expcsed, holrever" Ttre northerntrost occu-rr*

ence has been ou-t'] ined by g::ound nagnetorneter r"¡o::lc and has

been investigater'l by fou-r diamoncl dril-l holes, The soli.ti:ern

belÌ; has been outlined on th.e map froni aïL aerona.gnetic Survelr

nap a-nd ninor ground geopir¡rsica'l worli. Dj-auond dril ling of

this fcr:lation has also been carrieci ou-u but the da"ta are not

available" The bel-ts are apparently of sirnil-ar character'

In the eore e¡camiaed fron ihe no::th belt, the Íron fcr-

mation ap¡:earecì to l¡e interbedded vrith the biotite and ga.rnet

rich sedimentary schists and gneissesu I't, ccnsists of thin

bands of d.arh grey iron-ric.:. naterial alternating r,,Iith thin

lrhite to light grey c.ira.rtzitic and feldspathic bands" l'ragne*

iite is tne nredoninate iron oxÍde and r,¡as iire only one ob-

served in pol-ished sections, Snall- amou-nts of specular hema-

tite are present, hcr+ever" Pyrite occurs in ra::e poorly deve*
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loped crysta l s, A thin section revealed the non-op¿to:u.e ¡:iin*

e::als to be principally cu.ariz r.+ith ple.gisslr*. and biotite,
as ín the schists, nlus green hc::nbtende" Tne textu_re ís
Xenoijlorphic granul a.r, coieplete ll. recrysta-i lizecl " Th.e grai n*

size is approxina.tely 0"1 to 0"2 nil]i::reters.

0r I s i"nal**Lüa"!p.r "ç

Biotite ,9chists

the biotite schists and gnei-sses exceirt for a"n absence

of tro¡o feldsÐars are internediate betr.,¡een tr+o t}'pes described

by llarker. These are (1) biotite and garnet granulites and

{2) quartzose mica-schis-bs and q.ua.rtzose-garnet-mica scTrisf,s"

Ilarker¡s exanirles 1'/ere derived respectively frorn feldspathic
arena.ceous sediments and rnore irupu_re a.Tenj-'f,es"

The Coutchiching mica schists described by Lairscn (1913

þp" 28-35) in ihe Rainy Lake area are sinilar in natu,re al--

though thel' have greater percenrr,ages of quartz and alkali
feldspar, On the basis of chemical anal-;,s1s Laro.soir believes

the schists to be Cerived fro¡r shales"

Grout (1933y Þ, 99+) descri'bes cornparable biotite scîrists
in l.{innesota. From his figure /, p" 1003 the nineralogical
composition is approxinately one third of each of quartz, bio-
tite and conrjrined feldspars ¡lus ¡rinor sericite, chlorite, and

epidote, The scÌrists r.Íere derived by raetaraorphisril of shal-es

a.nd sands indu-ced bir gra"nitic intru:sions, Of thesee Grout



^a)¿Õ

C91¡C ú

TrAnalyses cf se¡arate beds ø @ " failed to siro',i as nu_ch

dj-fference in quart,z content as raight be ex'¡:es'Led in
sa"nds and sh.ales" The nineral content of the tr¿o phases

seens to be abou-t'r;he sarile, thougii tire darker fine cla¡r

nay have a little more graphite than the coarse naterial"It
He found that color banding was due to a variation i-n grain*

size, tì:e coarse nateria-J- -øeathering lig?rter thaa the fine
clays" Petti john, in studyipg sclrists originating fron grey*

luaclce and slate, observed g

{tfn spite of metanorphisn, however, th.e oríginal differ:
ences i-n grainsize and nåneral com.position l¡etr,¡een orse

bed and another are faå"Ì:hfully rete-ined, Original sands

and nu-ds, alterna'cing in thín beds? tJere converred fi::st
to gre¡n.racke ancl slates and then ruith increa-sing inetanor*

irhisrn to quartz-biotite schist and paragneiss,rl

À definite clastic appearance does characterize the bio*

tit,e schists of the &no area, the existance of tire saille schists

as the nairix cf the conglonerate and the presence of typical
greyr,.racke-type textu-re in the I ess meta.morphoseC pa"rts of the

northern band described by FLetcher are fur-L,her inclicaiion of

an original sandy natu.re, Ëhale is prcbably represented b)'

th.e finer grained i:raterial and a"pparentl¡r accou-nts for muclr of

the banding. Thu.s, it is befievecl that iîre bulk of the schists

\{ere origínally feldspatnic greytta.cke r¡¡ith l-esser auounis of



interbedded sha] e"

Tn.e ra:'itl' of potash*feldsrlar probabl-;¡ indicates that
potash r'ras I ess a.bu-ndaat in the ori ginal sedi-rnent than so-

ñ..diu::r" rhis too is inaica.tive of gre;,ry¡aclÍe" (Pettijohn, j-949,

p. zlL)

Iron lrorflation

Tn discLissing å"rchean iron forna"'tionsc Peitijo?rn sa)/SË

tt 
" " Åll¡ays it is the same wel-l-banded, lean iron poor?

crunpled siliceot:.s (or-ì einall;r cherty) interbeclded r+i'ch

greyn+acite type oí de-posit @ o , The årchea.n iron bear*

ing fo::nations are essentiall¡r fçy¡uginous cherts, aied

their origitr is l:ut a'ohaso of 'rtle r¿hole che'ei p::oìrlen,

To 'bire extent that this problem i s sclved f cr laier tiiles,
it is solved for the ,&rchêû,Ítu

The you"nger bedded cherts associated r'¡i'[h geosya-

clinal gre¡n+aclie^greenstone coilplex contain Radiolarj-a

r¡hieh most certai-nly indicate narine o::igin. å narine

origin is tþrerefore inplled for the årchean ferruiglnou,s

cherts.tr

llis descripiion fits tha.t of th-e iron for'naiion in i"he ftrc

area perfectl)r as far as it is knor.J-n" The latier does not

offer any fui:tho'r" ensl¡rers 'bo the ehert pi:oblen because of

its lack of exposrlre" Its occurrence and distribution in-

dicate that it is a sedimr:ntary deposit pr.'obabl;r laid dol,rn
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in shallor'/ ma.rirre r.^Íaters under the t:crnal- condi-uioiLs of geo*

sync -l inal- sed i i::entation, Å rest.ricted basi n oÍ' ileposition
cf the type suge"es-ued by James (LgÍL) raay have provided 'rhe

necessarir conditions for -^¡ssipitation of tire iron oxides,

The origlp¿1 ferruginous material eould have been either Tnåg*

netÍte or heinatite" Bancling is p::obably retaíned from ori-
ginal 'lredding,

l,!e_!ar¿orphi sn

The persistance of tire sar,Ìe mineralogy th::oughout the

investigated part of the upper sedirnentary divisi-on suggests

tha.t t'ne metanorphisni ha-e been on e- regionai scale, I{owever,

the type of mineralogv does not impl-;r that the grade is u-ni-

forrn throughout" The pl-agioclase-l¡i otite-o,urartz*garnet ass-

emì:lage sr'ç'øestS a mediuil grade. BecaUSe of its corJÌpa-rative

sirnplicity, hoirrever, higher grades üaT' be represen'ceiì. Garnet

occu-rs r.¡ithou-t a definlte pattern of distribution suggesting

control ling eff ects of bul-k coinpositioa" Biotj-te although pro-

dueed at lol¡er grades, may be stable even at high grades if
an ample supp.J-y of r,¡ater and other vola-uil_es is avail_abie

(I{ar}cer L932t P" 57)" The absence of i:otash-fel-dspar nay poss-

ibly ìndicate tiiat extreme gra.des have not been reacired be-
¡.ìâì1cât

fr, @ 6 nost highl-y metamorp?rosed roclis often contain a
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consiclerabl-e a-flou-nt of pota.sh*feldsper, a nìneral nor,

fcund (in rccks of argílla-ceorls co-Í1îlosition) in any

iol+er gra.de of regional metarncr¡his¡r"rr (I{arker, p. 228)

,Speci-nens collected at various distances frc'¡l the .nain

granitic na.sses shor,¡ed onl¡r rninor dÍfferences, 'Jhe schists

and gneisses nearest the intrusives are general.ly slightly
ccarser grained and contain a little rûcre epidote" The in-
creased grai-irsize iûay be due to recrysialliz.ation ìrut rnay

only be a reflection of original te:<tu"re. The iircrease j-n

epj-Coie is proirabl¡' the ::esul-u cf a local calcareous adl;tix-

ture or addiì;i.on.

One of the specirnens fu.rthest fror:r the granites slroi'¡ed

poorl.y Íormed ga::nets closely associated t¡ith lcnots of chl-

orite and rnuscovite within othen+ise norrrral- bictite schist"
(plate 6g) This association is soniewhat anoi:ral.cus in that
garne-b is u-sual-ly fo::.ned at th.e expense of ch.lorlte" I'L ilaye

hor,¡ever, represent a stage l.¡here the uretarlcrpirisn has just

reached ihe grade of the garnet zorre" That is, the garnet

had just begun to fci"m but has not developed far enough to

replace al-l tire chlorite" TÌrus, eo*rr-ilibriun had not been

reachecl "

l',lost of the biotite schists are placed in the anphir:olite

facies b;r thelr mine:r¿l ass.er:iblage, Tdear th.e granitic intru-
sives the;r could conceivabJ-y bel ong to ei ther -bhe staurolite*

trryanite subfacies or the a]na.ndine-diopside-ho::.a]:] ende sub*
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Biotíte schists shor*ing porptlyrol:i-as-Lie garnet and

clots of chlorite and nuseovite. Ordin¿¡1¡ ilight.

X25 " ($peeilten 11.L2-7 )'

Bictiie schists

clase developed

ary lish^t. xBO"

shouii-ng rrol.i"enocrystslr oí plagio*

by netasomatic re la.cenent" 0rdin*

(specimen Nr-33-3 )
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facies, The latier Ís ncst p::obaì:le because, in -r,hese loc-
alities, ihe a'csei:'ce cf extreue schlstcsiil¡ and the llresence

of granulitic textures su-ggest high ternperature and pressure

r+i',.h only subordinate stress. The ntetar:rrorphic g::ade evid-

en'rly decreas€s â..,rrâg fron th.e int::usives"

fn tÌie iron fornation, predominant rnagnetite is ch.aract-

eristic of higher grades,

T,tt:P4r:liË
Th.e zcnes of lít-par-]it injection shovro on the map range

fron sedimentary rnaterial injected l,¡ith concordant stri-ngers

and dii'd-etsu largely of c,uartz nonzonite, to sla.b-lilte frag*

nents of sedii:nents engul f ed in the intru-sive roek, The long

djniensicns of the slairs parallel the original bedding and the

gneissosity of the cluartz monzonite, Considerable contortÍon

is present although extrene ptyg::latic folding is no'b irrevalent"

The sediinentary-ignecus contacts are, most comrilonly, relatively
sharp although eompletel¡r gradatÍonal- contacts do exist"

Smal'l metacrysts of calcic oligoclase (Plate 6g)r closely

reseurbling those in the intrusive rocl; are frequently developed

in the sediment. This ph.enornenon is generally regarded as tire

result of metasomati-e introdu.ction of al-kali (ldilliarns et al,
L9fut p. 235\" ft is possible tha,t the¡' represent a straight
fori,.¡ard recr¡rsf¿llization of 'ube seC'ir:rents in an atteinpt to

reach. equ.ilibriurn r'¡ith the a.dja-cent cri¡stallj'zj.ng grenitic
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rock* lior+ever, if t?ris were tru_e a sligh-r,ty i?ìore ca-lcic
plagioclase r:righ.t be exaected because tire sedii::ent i s uore

ruafic rich than the granite, 't,.Jhether this dífference in
nafic ccntent is suffisisntr to be significant reciains a

qu-estion"

Other changes j.n the mlneral og)¡ of ihe sediurents are

surpri-singly slight, especially so i-n regard to thelr content

of potash fei-dsjlar and nuscovÍte, On the other hand, dark

na.fic*rich bands in the q.uartz monzonite are believecl to in*
dícate ass j.mil-ation of seoirnenta"rj. naterial, Grolrt (1933: þ"

1006) cìescribes injection gneisses along contacts r,¡itb grani*

tic int::usi-ves as íoll-olus:

ll " ê ô these gneisses are lroba-bly devel-oped onl-.1r þy

additions cf üagxia especi-a-lly b;r a sccier,¡hat peg-

matitic phase of magna"

f t seened clear in the fiel d tÌra.t all_ gra,da'cions

cou]-d be found betr¡¡een schist and granite 6 6 The gre:

nite i-n one place nea.l: a group of incl usions o 6 o e is
noticable da¡].ier iha.n average, a.nd analt¡.1s shor¡r tha'c it
äralf have assiinilatecl as nuch ¿.-q 20 per ceni of its ueigirt

of tire schist,tr

This sane descri-ption ap'plies very r.¡ell io rnost of the l-it-
par*lii in t'ne Fulo area" It is believed that the effects cf
assirnj-l-atioir in the gra.nite conside:ra¡þ1*,r overshador,r those of

EyaniLiza.tion in i'he sed j-nents"
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C0ifCLUSI0.LfS

1) The seclÍ¡nents of ttre lor"¡er seciilenter)¡ d j-vis"ìcn ncr,¡ e;c:lsi

es diopside-bearjng hornblende-'pl agicclase-qu.artz schi-sts"

Ti:ey are believed to loe derived by regi'cnal uetancr.¡his::t

of fìne clastic sedirnents r^¡ith a clai¡ llatrix rj.ch in cal-

cÐ-reolls and chloriiic mate::iels, Volcanic tu.ffs r{ere pro-

bab,l;r a ura jor co-Ílitonent, The neianorirhic grade is approx*

irnately 'chat of the sil limanite zone, i:elcnging to a.lnan-

dine*diopside-hornblende su,bfacies of the a'ciphibolite

facies "

2) The upper serlj-rrrentary divisi-on consists la.rgel:¡ of nla.gio*

cJase-b'ï oti'ce*quay'iz schists e locall i' garneti f erou"S " tlri*

gina.lly i'u p:i:oirabll' consister-l of fel dspathic gre-t¡¡,racl{e

l,¡ith in'cerbedded s'nale. Its üretano::phi-sm is regiona.l and

of the a-nphibo-lite facies. The grade increa.ses piroglless-

ing 'uor,¿ards the granitic intrusions"

3) The iron forilation consists largel¡r of nagnetite and quartz

and iras probably 'oeen derìved by high nediu:a-grade i¡retanor*

pirisin of fer::ugniou-s cherts"

4) G:ranitj,zation of the seCiments has occu.rred, 'rru-t onl¡r oi'L a

:ej-nor scale a.1cng the borders of -r"he granitic intrusiOns,
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?he volcanic roclis of the .rrr:lo are cr-assified as (1) in*
termediate and acid volea.nics and (Z) basi-c voicanics"

]I'TTER1,íEÐTåTE A}îD J{TI]) VOLCåI.TTC,S

Þis_tf ibu'ciqn and. $irq!:jur_e

ihe inter.trediate ancl acid volcanics occur in ¿. north and

a south groì.lp (see figure 1), On]-y the solr'uh or Dobie grcup

1'Ías stu.died for this thesi-s" rt is divided ini;o ir,¡o belts
separated 'ey a. band of irasic volcanics. Tire se.iûe ::cck tyi:es

occur in both be]ts aad they nroirabl¡r represent parts of the

Sene pe::icd cf vOlcanisät" i{c','fever, 'cireir eXact relatiOnship
to eacir oth.er and to ttre adja.cent roci.; types cannot be de-

finitely este.blish.ed because of poo:: exFosure,

The northernncst belt extends fron the east-central- .oart

of shenston toi,,¡nship in'co the ceniral part of Dobie tor,mship.

Its siructural trend is approximately II7OoE and the dips of
bedding, flor^r stru.ctures and foliation features are sieep to
vertica.l-,

Th.e scuthern and larger bel-t occu-1:ies tire sorrtheastern

half cf Ðchie tci,nrship, Ba-nrick tol¡-nsitip and s:rall_ portions of
,Sh.enstcne Rose'oerry and Carpenter to.",raships, fts trend is in
a genera.] nortir-east direciion ani d:Lps on fl-ow a.nd bedcting

stg,uetures are riear r¡errica.l. TÌre belt is believeil to occur
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aiong the axis oí a" r4e jcr aniicl-i-ne and is in-tru.ded on i'i:s

norLheas'i fl-ank by -t'ne |tDobie 'oasic i'ctrLisionrl"

Character

The principa.l litholcgic u-nìts of inte.r;ledie.te a,nd acid

volcani es areå

{l-) lavas: inte::r:ediate to acid in ccrnposition"

{2) Intercrediate aggl.onrera.ie,

f? \ T¡ff< ^\*'

Internediate and ¡lcid Lavas

The lavas a.re largely da.citì c in conposition r,¡ith ninor

a.T¡oun-us of qv"a.rtz l-a-tite anrl ::hyolí-r,e, fn the field, they all
ap:oeared verlir sinil-ar " Ttrey are dense, rnassir¡e and ext::emely

torigh. Their fresh su-rface is light greenish-grey oïr J-ess

co:nnonly, ì:u.ff" The r'¡ea.thered surface is a J-ight cclcr, iyp-

ically creamy-wþite, buff c:: brotrnish. T?re te:lture renges

from apha-n:'.tic to porphyrítìc.

The pornhyritic r.raterial has o¡tariuz phenocrlrsts or rrsvssrr

a-nd felospar nhenocr¡.sts" The ma.trix is aphanitic. The nhen-

ocrys-t s range fron nicroscopic to five mill imeters in size and

na-ke ul¡ from 5 to L.0 per cent of the total- roclt. Ccnrnonly

ihey shor,¡ a ueal,; irregular alignrnent due io Í'lot^I" 0n the flapu

i;his ¡raie::ial h.a.s been 6lss,"gnated as dacjte porph.yry but Qt)&T-vz

porphyry a.nc1 q.ua.T-uz feldspâr Þorph¡i¡y could also be appJ-ied as
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ð.pproÞlri ate nanes.

itficfosccpi-s exaniTia'tion Stror,rS the ct¡¿citiC lavas are coa-

posed maj-nlir of ciu.altz end plagioc]a-se in aparox-iina.ì;ely equa'l

â-tioun-ts " E j.otite is usu¿lly the nelit most prevalent constitu-
ent and ntal:es up froiir J 'Lo LrA per cent of the roclc" In soiae

s1)ecinens ho::ni:lende occut:s ins-r,ea.d oí biotite" less connton

minerars are nuscovíte, chlorite, epidote and calcite" $tai-n:

ing shc¡,'¡s that potash-feLdspar is rare" plaglocl-ase occu-rs in
a micro-granular ín'cergror,¡th rrith ciuartz in the apha.nltic ma-

teriar and in the porpì:yritic l.avas it forr,rs nhenocrysts (plate

7&, B)" In the former, it is poorly trrinned ?.trd 
-þecau.se of iis

fine-grained nature could not be i solated for analysis by oil
irnmersion methods" In the phenocrysts, atbíte trr'inni-ng inili*
cate ol-Í-goclase, $ericitization is conmon anc rnoderate saus-

si;.ritization is developed in soue pa.:rts, apparently th.os€ treâr-

est the 'rÐol:ie basic intrusiveu" The Õ¡s.eTtz 'ohenocrysts are

usu-all;r anhedral- but in sone specinens subhedral crystals are

present, They seldoin skrol+ strain effects, The biotite is a

bror,rn pleochroic varíety, Tt forrns minute, unoriented b-]ades

unì forr¿ly distribu-ted tirroughout tire rock" Flornbl ende occlr.rs

in small pleochroic green prisres" Ifl a fe¡¡/ places it foriris

eleavabJe phenocrysts in the porpnyritic lavas" ldr-rscovite

apparentl¡' e""r-"t only in conjunctior: r,¡ith bio'cite" Ciraracter-

istically it 1s present as L/2 n'i1,J-ii:ieter riietacrys'Ls (see Plate

7it), The ch.lorite is pa] e green rlrith lov¡ birefringence and

foru.q tin¡r ]rlades, rnost cc-::unonly in specinens containing horn*



À" Fine-grained

and roiotite

light" X2ã.

ìJT i rllF T7r !-fIrI /

dacite composecl of plagioclasee o,uartz

i,¡ith rnllscovi-r,e metacrysts " Ordinary

(Specirren li-10*2)

Stained thin section

subhedral phenocrysts

Ordinary light, X25.

shor^ring daci-be porph;rry r.¡ith

of quartz a.nô. plagioclâsê.

(Specimen iy*ó5-3)

ï'



4c

bl ande, jlpidote forr¿s rare granu,les and ca.l cite a"{loee.rs to

he seconcìa.r;r,

;,The qua-rtz latites ancl rh-.¡ofites are similar in chare,cter

to the dacite but are nu-ch finer grained r¡rith more al.kal-i*feld-

spar, loiaflcs are even less abundant"

Tntermed íate S,gglomerate

The interaediate aggloree::ate (see Flate B), like the lavas,

r^¡eath.ers a 'c;rpical light buff , bror,,rn or crean-rr,ùite, It is in*
ti'rnately associated v¡ith the lavas and, in sone placesr porph;r-

ritic Ia.r¡a" fo::ms -r,he matrix a-round tne f::agments.

The fragments range from one to eight inches i-n size a-aÕ

sorle are es la,rge as cne foot" lhey are suba.ngular to sub-

rouncied in cutline and rnai<e un from l-0 to \-O per cent of the

rock" They are not confined to definite beds bu-'b are randomly

distributed" li1l a.ppear to be forned of the same ilateri-a.l" a

massive fine-grained igneous rcch" Thin sect'ì cns show a eor.l-

posi'bion essentialll' ¿il" same as th.e lavas, ra.nging fron quartz

l-atite to c::e.ytz daci-te, The princlpal- constituents ere quartz

and pl a,giocl-ase Ïiith bioti-'ce, h.or:nbl-ende and epidote, Potash*

fel-dspar occu-rs in var)¡ing amounts and u'here prerra.lent is acccTjl-

panied by muscovite. The iexture ranges fro¡:r 'nicrocrystalline

to poor'l¡r norphyritic. 'Sutured iatergrcr'¡ths of ,olagioclase and

qv-artz are coanioî1" Biotite occurs as tlny "pro'',.rn pleocirroie

b]-a.des a.ncl in pl-a.ces has minute incl-usicns o" z,írcon," Epidote
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In'çerned iate

1,/4 section

aggl-onerate

1, Shenston

r,¡it"h dacite f::agments t

township"

1,T't-jtI'IlJ
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for¡:s rare granu"l-es" I-Io::nJ:lende is ;rrsf1¡:,Ì:t to'ûto'.rrn pleo-

chroic veiîi-etl/ atid js associated r.,¡íth the biotite.
The ¡lat::ix is usua.lJ-y greeni-sh*grey in color a,nd is in*

variabl;r slightly darker t"nan the fragments" rt is generally

a fine-grained pyroclastic. iledding is absent orl poorly dev*

eloped" considerable difficulty'ras encountered in distin-
quishing the pyroelastic material fro*r the lavas both jn the

field and the laboratory"

ünder the m:l-croscoþe, most specimens -vrere found to have

a corirpJ-etely recrystallized microgra.nular textu::e" å fevr shor+*

ed l- to J nillineter clastic grains (plate 9.å). fn sone of the

l-atter the fra"gnents resemJrle phenocrysts and the reaterial could

be called a nporphyritic tu-fftr (pettijohn, 1949, p. 26Ð, The

eomi:osition oí the agglomerate matrix i-s more variabl-e tiran

either the lavas or the la.rger fragments" rt ccn'ì:aj.ns a greater

'percentage of rnafic mineral-e and cornnonJ-y more than o'ne t1rpe.

The estirnated average conposition is zo per cent que.rtz, 55 pey

cent olagioclase and 25 per cent T:iotite anð/cy h.ornblende" The

i:1a"giocl-ase is poorly tr,¡inned a"nd frequen-r,J-y saussuritized" rt
is pro'babJ-¡' oli-gocla.se. tsiotite is brorrn, strongly pleoehroic

and occu"rs in tin¡' blades" Ho::nblende is usu.a1ly bl-uish-green

or pale green and shreddy, Loeally it forns dark greeng strong*

ly n'l eoch.roic cr)r5i¿l= r+ith gocd ar:phibcle cleavage" Epidote

:l"s assocj-ated r,.¡ith the iliotite, j,,{uscovite forns A,5 to 1"0 rnil]-*



ljj o Recr¡rsf¿l]-ized aggloinerate rrratrix

original grains " Dark riiineral is
ary light" X25 (Specimen 1{-9-3)

Tuffaeeous m.a"teri^."I

inary light.

.''-rt:.:i-.jj y

shor,ring ou-t'l ines of

hcrnblende" 0rdin-

showing ni¡rocl¿.stic te:<ture,

(S.aeciiaen It-9-)-)

rlj o 0rd-
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ineter poiitiicì:'ia.sts a.ncr sile.l-i ânclr-n'ús af seric:l-te are coirlnen

"i,0 Îrost sþeci::tens 
"

Tu-f f s

Tu-ffaceou"s raaierial- is interl:eddec :-n sr.lfJ a:roLrnts 'øith
qr,artr- latite e.nd rh.yolite in th.e ncri,hern ilelt" lt j-s so

sinilar to the n;'roclasiic nairix of 'çhe aggic;le::ate tia-t, an-

other Cescriptìoi: is unlLeeessat"\r. Plate 9g shoi.¿s th.e uell
cievçfepçd pyroclastj-c te:cture,

rie-!"a-qerphisr.r

Tr,,,lo pi:incipal t:¡pe,s oÍ' ::¡reta,rnori¡hisn are to be slrspected

in t'ne ínterilediate a.nC aci-d volcanics beceuse oll threir geo*

logic occu?refl.ce, One is regional- netamori:hism, the oth.er is
more locallized meta.mor-lrhism cau.serl hy tire tfÐobie basic in-
irusiciLtr. In s'budying the rcclcs, hor,rrever, the cause anci tire

grade l¡¡ere difficult to esta.blish." Gocd index mineral-s or itin-
eral- assembJ-ages are lacki-ng Jrecause cf the acidic conpositioi't,
jlll- conbinations of the rrrinerals plresent were fcund. t{}:ere

varia-i:ions of the inineralogi¡ do occur, sligh.t co'irpositi_onal

diffe::ences probabl¡r ate more e 
"ot:1¡e]ling factor than the

t;rpe and grade of metario.i:ph.ism" For exa-nple, in egälonerate

íron one locality iìle fra-gilents ancl i:latrl;ç conta-in the ru"n"



mine::als except tlia-t i:iotite cccurs in the forner r,,rhereas -bL:e

la-tte:: have hornloience" fn another local ji¡r, bcth ha,ve bic*
tiie a-s their oflLy nafic constltu.ent. Fu.rtherr:rore, a.TÐa'!ent*

1:¡ anc¡rolou"s fea.turres cau-se added uncertaint¡'. i'iear l.'lanitou

?,apids, tuffaceous material is conpletely recrys-çal'1'ized and

:-noderately gneisslc i,¡hereas adjacent porphyritic lavas are
'l ittle cleforned, the qu.artz rrhenocrysts even lacking undula-

tory extinctj-on" The J-avas seem to have been less susceptible

'to recrystall-ization.

The ::retano::phism ia the northern parts of ihe vol canics

studled is p::obably regional- a.nd oí tTre gra"de of tire garnet

zofle" This is indicated, a-s wi-Ll be discusseC J-ater under the

heading rrBa'sic Volcanicsrr, by th.e occurrence of ad ja.cent and

j-nter'oedded garnetif erous p]-agiocJ-a.se-anjj'\h j-bol-ites " The ex*

trenie no::th-east part of the bel'¿ near the loi,¡er sediuentary

division has possibl¡r been subjected tc even higher grades of

rnetamo::i:hj-sm" I{o definite evidence 'uras found to indicate a de-

crease sou.thr,¡ards in the grade of regional metarirorphisn"

fn the viciniry of the rtDoJ:ie basie intrusivert an increa-ced

anronnt of epidote and appreciable saussuritizaiion possibly i¡-
dicete su-,cerinposed contact thermal- meta::io::phisn of a lor'¡er

grade. Conbinations of epíCote r,¡ith hornblende or bíotite rnay

repl:esent the al'oite-e¡ridote-ar:iphribolite facies oi th.e g::ade

of the bioiite z.one. TLie occllrrence of chlorite night repre-

sent the chlori'ce zorre in the outter pa::t of the i:reta:,rorphic
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aureo] e" Iì.o"r'Jever, it iru-st be ernp?rasizeC'Lhat evldence cn i¡Ìrich

these postu-la-tions are l¡a-sed is extreiriely inrlefinite. The sâ.ne

mineral eorrbinations are present severa]- ni] es distant froirt

the intru-sive contaet es occLlr r'¡i'chin a fer,l hundreds of ]r¿.y¿s

of i'r,n l{ence, it is inpossib'le to accuratelir er¡alL.late the rrrin-

€ralog,¡,r e¡ to oi-ltline rnete,mcL:'¡:hic isograds"

B;å$rc v0tc_ai'TIcs

DistribuËlqn and StjîUctJire

The basic vol-caníc rocks on'úct:op largel¡r in the foltor'¡*

íag pa::ts oi1 the F;no arêaå

(1) Taj-'i; and Richardsoi'1. 'úol,rnships

(2) Shenston and Dcbie iovrnships

(3) Tire easiern pari of Car-center to'umship

lÌarts (2 ) a"nd (3 ) \,rere s'cudi-ed for tiris thesls "

The Shenston*DobÍe group is siror'rn on the :äap to unde::l-ie
-Lhe south-r.¡estern part of Shenston tor,rnship r,¡i'ch e ¡raxr-ruu;ir

width of about 20e000 feet. f'u ìlas e 25OO foot r,¡ide extensj.on

into the centi:al part of Dcbie-tor'r'oshin, The stru-ciu.ral trend

ís east north-east e-nd the for:iration .li¡is sieeply to vertj,cally
in a-Li- ex,co.eri pa,r'ts" iindeteruj-neci structu"ral coui:lice.'üions

u.ndoubtedl-.¡ aceolrnt, for the rnarhed che"n6e of thi-ckness. The

bodl;' is borde::ed on its extre;¡re not:'ch eas'i; síde by the Llplleil

sediilentar;r 6ivision, Illse',the::e, it is borCereC bl, and lnier-
fi nge::s r,¡rih i nter;ledi a.te and aci-cl voJcanics, ?Tle '?Dobie 'pe.sic
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inirusiygtt cuis ti-ie ea,stera e;{'ceÊsicn,

The ba,si-c -,roic¡nics in the eastc::n pe_rt of Catl:en'ueil

tcrsnsiri,p, str:-ire appro>li-;-la.te1¡r ìi7ûof a.nd d jp steenl:¡, 'fitey

forrr a- uedge--s-lra¡eC body i:a.rror,ring to the eas-t into tsu.rriss

ioi¡nsir.ii: r.¡hi ch, in the map-area, has a na.ximur: çidth of abor-rt

Br0OO feet" To tiie north it js bcrdered i::,, iroir foriraticn,

on tl:e south.-i+est by the ItCarpenter-Lash basi-c jnirlisiontl,

a.nd to the sou-th-east b;¡ t?re rrÐer¡]liil. l,Íonzonitert,

Clr+Iagteq

'Jlhe t'-,,'o occu-rrel1ces s';udi ed consi st of essentr'al-ly' the

same t:'¡pes of .na'r;el:ia.l" Ðark-co1-ored basic lava-*< predomÏ:ate

¡;¡iti: lesser anou.nts of basic a"ggl oraerate, tu-f f and a.ssoeia-ted

s ediilentar¡r ¡1¿ terial "

Basi-c La.vas

The basic la.vas are rel-atively fresh in appee.rance: greêo-

ìsh*grey to darlc gre:r, and r,¡eath.er greenish-gre)¡ to bror,rnish

grey" They are }a.rgel¡' fine-grained to ai:hanitic, inassive or

sligh.'ul¡. gnelssic" Sciristose material is developed onl¡r'J.ocal.-

ly, i'iediu.irl tc ccarse-grai-ned lavas: ¡.,Ihere p::esentl ave char-

açisyi zêd by ai-igtred crystal s of horn"olende , 2 to 7 ::nil-l i¡neters

i-n l engthr ',,¡hicìr stand ou.'b on the ,¡ea-r,hered su.ría-ce as a, resul-t

of differential r.,¡eathering. For¡:i:ryritic lavas occur cn']y in
minor a:lounts. The;' l'lave 5:io l-0 ¡rillirnete:: ahenocrysts of
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r,¡hi-r,e or greenLsh feldspalr enclosed in a fÍ-ne*gra,jned clarll

greenish- gr el ne.trix"

The rtcst co'níiicn -llei* siruci.u-::'es oi:se::ved in the lavas

ere lil-'ìcr,'s, These range in }ength froni a fer,¡ inches to.

-four feet and p.r:e separa.ied by seaïrs of tuffaceous t:la.terial r

-tlL/4 tc 3 inc?:.es in thickness" ,tl-thou.gh the¡r a"re relativel¡r

abundant, the iril-lor,,rs were fou.nd to have su.ch Foorl;r deveJ-oped

cllsps and srich irregu,la.r sha.pes tha'c re-1-ia-b1e deterninaticns

of tops of f-olus cou-ld rarely be nia-de.

Vesicl-es and a-m¡rgda.les occur locaUy, being nos't abund-

a-nt in the pilloi,r lar/as, The vesicl-es ra.nge in diamete:: fron

I to f mil-lilneters and e-rre freo.uently elongated" ?he a,rfirg-

dales consist of r,¡hite to ninj.;ish ca.lcite.

I{ic¡-o ç c o qi c_ Exaq:Ltlati_on

Thin sectìons rer¡eal-ed ttre fi-ner-grained lavas 'úo be higlt-

ly recrlrstall-ized r,¡ith an iíenonorpiric gra-nular te:lture' Sorne

of the ¡rediurn-grained lar¡a has hypidìcnorl:hic te:ctu.re. In

the porphyritic lava, mos'ü of tire phenocrysts a-Te recuced to

cl-ots of granular c:rysi;al-s but a- feru subhedral crystals of

original. lrlagj-ocle-se ar:e preserved (see Piate l-O-l)"

The lavas frcn the 'f,t,Jc erea.s studied a.re eFprecj-abl.'f cli:f-

:[e::ent minera]-ogica.11;" aac are described separately.

The ba.sic 1a-va.s in Shenston and Dcjrie tor,nrsirips are colil-

posed principell¡r of hc::nbl-etr.de and plagiocla.se" Quaniita-

iirrel;.", 'r,he Þ:ropcrti ons cf tÌre.se r:linera.l-s va.r;i considerebll/e



.fl". Porphyritic l:asalt

c'l a,se phenocrysts 
"

riren 1,i- 56-5)

Recrys'tal-lized basic lava coruposed

ented hornblende and þlagioclâse.

)i80. (Specimen F-\--1)

P]",:l.iË 1O

sþor,+ing rêcrXr5f,¿llized Pl a-gio*

Crossed nicols" X25 ($peci*

of poorJ-¡r orj-*

0rdlnar¡' 'light"
Ð
rJ 6
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ho::i:bl ende rnal.ing L1ï) froiìr 25 to 75 per cent cf 'uhe rocli,

Other ninei'a.ls occur"ring in the lavas but fcu-nd onl-;r l-ccal--

l1i and in snal I ailounts are bioti'l;e, ga-rnet, r!u.ar'cz, cìrlo:i c.e,

e i:idote, nagnetite, sul chides and ca-l-cite.

The hornbl-ende is green or slightl;r bl-uish-green a.ncì 'i s

s-urongly p1-ecchroic, ft fo¡:rns ninu-te cleaval:l-e prisntatic

crysta.ls. i',.ost conrntcnl¡' '¿hese are ranicllll )r oriented (see

Plaie 108) "nut, in.the sheared and gneissic nia-teria"l the¡' ¿1's

poorl¡r a.ligned" Tìre c::ys'tais elre geaerall)¡ üniíci'il])' clis*

tribu.ted ihroughout the roch bu.t ii: sone of the coarse-gr.ained

specinens, the;rr fo::n cl ots rvirich apparentl)' are pseu.dotrorphi-c

in ou-u.line"

The plagiocl-ase is largely freshe l€cl1)rs'ce"l-1 izecl ancÌ

granular, Locally, it ís sau-sst-',::i'clzed' .ilbite ü,tinnlir3 is

poorly devel-oped but occasionai twi-ns ia '¡he coar-cer*¡a::ainecl

i:ia'cc::ial indica.¿e a compcsiticn cf labracio::ite cry rarelJrt

ar:desine" Oil- iürnersicn a.nalysis of criginal- plagi-oc]ase

frorrr the porph¡'rltic lava shor,+ed a co::rposi-tion cf 'll].to*t tt""

Biotite occurs in l¡ror,,¡n i:leochroic b.rades, Garnei; is

dark red in col-or, forning noorly öevel-cped netac::ysÌ;s t'riiir

a.bundent inclu-sions of hornblende and i:lagioclase (see Pfa.'ce

1l-¡\). ft is evicjentJ-y rtos'ù cor'n:ilon in the hornbl-ende*¡:ieh na:

terial and is founü in both gneissic ancl grant-r,'lar lat¡as. thJ_or*

1te is local-l-¡r present in shredd;r- lasses l¡itìr 1o,'¡ inierference

colo::s (see F,Laie 128). It is fou.nC r'¡itir epidote a.niì e.ppears
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PLÀTE 11

Basic lavas shor,/i,ng poorl1' developeil garnet meta*

crlrst" Ordinary light" X25 (Specimer: i'T*ó6*6)

l-)o Chloriiized i:asic Jave.

nen FI'l-1-6)

0rclinar:' lj-Eht "
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to lre an al te::ation rrodu.ct of hoi:zi'cl ende"

is conf.ined to tiny st::inge::s"

in places it

The Carpenier basic lavas a"re also coäiliosed la::gcl1r of

hcrn-i:lende e.nd plagioclaSe, ,{ì;lgì fs 3-¿ diali-age are corfilon

as is l:ictite. Sphene, apa.tite and su,lph.ides a,re present

in accessory axiounts, Tnirodi-rced calcj-'ie occu"i:s in solie

specimens. The plagiocj-ase is gra.nular and cotnpl-eie1y re*

cr:¡rs¿a1tized, üaussu::itizaticn of i:?:enccrysts is f::equ-ently

inte'¡.:*ce" &lbite t¡¡¡innina indicaies a" cornposition cf ba'sic

andesine to la"r:ra"clorite, ïhe ho::ni:l-ende forns cl-eavabl e aTl*

hedral cleava-ge, It is strongl¡r pleocTrroj-c, col-o:rs ra,nging

fron )rel-lor.¡ bror,.rn to bror,mish-green" åbsorpiion is strcng,

Diallage ís pal-e greenj sh yelJ.or,r r,'¡ith gooC Farting aiid p)'-

roxene cleava.ge" Rictite is þrcr,¡n a"nd frequentl;r interglorrJrl

with bror,¡n ho::nblende" I-b is the only mineral- shouing a-llÞre-

cia.l:l-e aJ-ignnent"

Cle.qsiLiqa_!io¡

The basic larras a,re t¡rpical ttGreenstcnesrr ej-t'iier a.ncle*

Sitic o:: J:asal-uic in co¡lpoSi'uion" Distinction betlleen ande-

'site anil itasal-i is usually baseC upon tne plagiccla-se coriiposi-

ti-on * G-r:out (f 932 r F" 92) sa;is t

u , ø 6 rtost -å::ierican oetrogra'rrher-e cl-a-ss a::-ha,ni'ies

bea::ì-ng andesine a-S a.ndesi'ce anÖ those r,,¡i'¿h labra-dorrte

or b1'tcr+ni-te a.s basal-is 'rl

lior^revere recrJ¡stall-iza-ui on r:-nder il"reta,'irÌoÍ'Ðhís,i Ìras ''rrobab'll/
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Tesu-l-i;ed in a- plagiocia.se coi:losiiion different frcn 'cha.t

Ofi i--it ¡'l 'l r¡ :--oqCL-i 
"

'Ihe sr:ecific gravÍties cf s¡ecimens of 'che lava.s i{ere

':ieasu-red in a.ri attei:lpt to clete::¡ri-ne thei:: corrtosition ancl

iossibl;r ou"iline dj-fferen'c flor¡¡s" llhe ::esu-j_ts a_îe shor:¡n in
Tai:je 2, fncluded in'uÌre ta"rrle a::e ihe -oltincipa.l::rinera-] s in
each specirren, li,sted in order cf abrindance" Elicetl'cionaJ_l_ï

ei:u"ndant ninere,l s are urnderli-ired,'those i n anou.nts less'¡:ilan

7 per cen'r are nlaced in ¡arent'iteses.

T,.qBLitr 2 $1¡e_c;!.li_c= -Gr¿-vitj-es of Snecirnens oí,' Basic La.vas "

æffi

Specir'ren
j'Iu"inber lÍineralogy Specific

Gra.r,':'-t)¡

-.= /,/ /j.\-Co-o

titD-1-1

?'r-'l Õ- {/

îir1^i I t- aÉ /-)

ñr-.ìI
11 ;l¡- \- !
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ñ.1 I

--T 'ì.ì I
¡! J J

r.r r! q
Ii-)-¿

Fì.i-l - 6

rrr\ a a

lIaJi_nþJ erÌC.e - pla g i o c l-a s e -b j- c t i'c e
( qu.artz*garnet )

dpf -n-qtgnd e-piagiccl-ase- ( garnet )

Sg¡nb l_e¡_çLe-ala g i o c'l a s e - (bi o ti t e )

IÌq¡qb!. en{e - p la g i o c la s e

lio::nb l-end e-pla g i o c la- s e* o_u-a r tz

iio:-nblenrl e- p1a g io cl-a s e

l'ic::nbl-encì e-pJ-agioc'l a se

-¡lo::nb lend e* ple.g io c'l a s e* ( cr,u-ar t z )

:Io rnbl-end e- pl.a g 1o c l-a. s e

T{o.rt:bl-end e-and es j-ne- quartz

Hornb 1 encl e-and esine-b i c t ite*
( chl-crite )
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JnvJ

I /l'ì
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Specimen ar-in^*n...r ^p-r Specificj.Iun'oer i', ' lÌef alogy Gie-viir¡

//ji-66-1 ljo::rr':l eirde-lajrradoriie-'oioti'ce 2"92

lrl-lo5-7 PlagiocJ-a-se-hornbl ende-diallage- 2"9L
quartz

;¡ 'l' 1 a Qnë_ø\) |I. -*i.-J

F-13-4 By!oj'qJ-!---ho::nbl ende-bi otite- 2,87
sericj-te* (quartz )

FT'I*1*6 Pl agioclase-chlorite-hcrnblende- ?"86
( qua.r-i.z )

F*13-5 Ey_Laf(tlgg-hornb] ande-biotite- 2" 83
quaxtz

it--10-7 PlagÍoclase-chlcri-r,e-hord¡l-ende- 2,80l¡iotite- ( quartz )

Tt is obv-ious that the specific gravit'¡r is a fu.nction

of nineralog;r. Becau.se the 'latter is largely i:reiarlori:his,

the r,rethcd is nct satisfactc::y as a nleasu.re of che-¡iical coil-

positicnu -Ì{o.,,rever, it is considered significant tha'c the

iaajorit;,r of the va.fues l-ie ''¡itl:in th.e ran8e of specifj-c

gravities for basa.lts as given b¡r ¡nlr' (1933)" llu.r"tnenl.ore?

it is noteC that speci:irens l'l-13:4 and iT-]3-f ha-ve orí8inal-

}:¡rtor,rnite but are anong the l-east ciense si:eciroens" It is

th.erefoi:e þelj-er¡eC tìra'c iire irulk oÍ' ihe lavas ate basaltic
i n cc::rposiiion,
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-:3asic Sedinent, Tlrff a.nC ¡¡gglo::rerate

$',la-11- amounts of clar:ii-colored ¡raf ic-rich" sediilentary

iraierial, in part tuffaceous, a.nd Ì:asic agglornera-te are

associ.ated and in'cerbeddeC r¡¡iì:h the 'oasic le.vas. This na-*

teria-} i.s rnost extensir¡e 1n ihe Carpenter grou.i:l and th.e best

exposure is in lot 3: concession Tff, Carpenter totrnship"

Ti:e sedinents are fíne-grained, cl-asì;ic in eilpearance,

and have lrregular bedcting, The¡r are node::ately scirístose

a.nd loca11)r gerneti ferous (see Plate Lzil * luiicroscopi s ex-

aminatíon shor'¡s th.en to i:e coriposed nainJ-y of greeni sh-bror,ro

hornblende, diopside, pla"gioclase and c;uartz,

The agglomerate consÍs'cs cf fragrnents of porphi¡::itie

basal'c and fine grained lava in a natrix of the basic tuffac*

eou.s naterial . The fragnents are sLúlangLllar and range fro'¡r

one to sj-x. inch.es in lengtl:, They riatce ¡lp f::cra lO to 4O per

cen'c of t'[re total rock*

iiet-a.no¡:ùiS4

Ð qbj e::r$þgqs'þ on Gr o_up-

In this grou.p ihe ninera.l asse,rÌ:lages Þlagioc'l¡lse-green

ho¡nbi-ende and garnet-p1agÍoc1-ase-Ereen hornl:l-ende are ind-l ca-

tive of regi6nal- ¡retaiaorp'hj-si:t of at 'l eas-i; 'r;he grade of tÌre

garnet zone (ila.rlier: , p. 283-285, 1933)" This corresporids -bo

the rletanorp?rlsi,r of the ]¡c::der"ing rru.pper sedinenttj-ll]¡ aiivisionrl'

It i s notecl iirai ine occulnrenee of gart:et in the naterial ricir*



es'L in hc¡nbiende col'ilesÐcircls i¡itra lia::lier¡s findin_gs" lie

suggests cor,lpcsii;ioaal- corlLr"ol- a.nC hence 'che 1:oorl-" develot:ed

character of inc garnets proì:abl;.' cloes not Þl¡.ce an Llppell

i"iiiiit cn the grade" -dor¡,.ever, tne lrlreserìce cf epidote suggests

that the grade is not hi¿;her than the ga.::net zortê,

The character of th.e calcitic an¡'gdales is regarded as

a. negative evidence that high gra.des have not beei: rea.cired.

Ha.rlce:: says of the rleta.norphism of in'¡rure magrìesiu.m l lnestones

{fg33e p' 258)

Itfn the highest grades of i:retai:lorphisie ''che alur¡j-nous

hornblend es , lilte tire non-al-u"::linous - nrr r"iir:ì I I r¡ r'i \re pla. ce

to di-opside a-nd fo¡:sterite o 6 u ,rr

Therefcre it r:right be e:rpectecl the.i; if high griläes l,.¡ere 1n*

posed, reaciion ì¡etween ihe ca"rbonate naterial- of the an¡'g-

dal-es and the acl.lacent horni:l-ende should ha.ve occu.rred reslrlt-
ing in diopside, This pheno"rrenoÌ'L r,.Ia-s o'userveci l;¡ Esliola f1914e

p. 1OB)'" Dioi:side, hor'¡evere \,¡as not found iui ihe arnygdaies of
-r,lre basic lava-c in Sirenston and Do'irie ioin:ships (Fla.te LzR),

Tire chara"cter cf the chlo::ite su-gges'cs tha.'c j-t is the re-

sult of pneu::ra.to1)rtic a.ltera-tion"

Car-pç_ntçl Qlql¡i:

In 'che Carpenter gl:oll,p of basic vo] canics co¡:binations

cf ho:,'nj:lende, plagiccj-ase anil ga::net again il.tpi;v- ,itediun or

iriglr, g::o-c1es of regioaal- netattoL:i:Ìrj-sn" The lai'be:: is indicated

i;o be nost pro'bable by the presence of l¡rcrrrn ho::nbl-ende (}"þson,



r\. Ga.rnetiferous be"sic

the basaltic lavas,

tor-ntshi-p,

PLirT:i l-2

sedir¡ents fcund associated r'¡ith

lot 3e concession IIi, Carpenter

Crdínar;i !-igþ'c " f,25l)e Calcite airtygda.le in basic J-avas"

(Specinen lt-66-to )
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1)j2, 1;" 23L) e end ¿u-gi'ce anc- Cial-lage" Ilarleer (1933)

sU-88es'Ls t'iia-u great .h)."C::os'batic pïeSSure is a fac-uo,*l ia ijre

develcpment of augíte, It is therefc::e proposed tha,t the

metarno::phisn is of t'ne grade of i,ne silliiria.ni'be zone and

tha-i it ha-s '¡akeû place at coasidere.ble depth" Diopsicle in
the tuffaceou-s me.teria.ls i-mplies these sa.üe ccnciition-e. Thls

ís alsc in eccorqlence r'¡ith. -uhe metanc::i:hisn of the nea.r:b;r

rÎlo..'rer sedi¡nenta-rJr d ivisiontr,

CO]TC],USÏO],iS

{1) T"ne vol-canic roc}ts of tne ilao eree consis'u of lavas,

e.gglornerates ancl ì;uffs r.,¡hj-c1'l range in conposition frora

acid to be"si-c"

(,2) The acid and j-nternediate volcanies are poor indicators

of netano::phic grade" They have probably been sub jected

'co regional netallolnhisn of the gra.de oí the garne'c 7-oY\êu

Local- superiruposition of iire::nal -neta'rno::phisi:t Çe.used'oy

the ttDobie basic intru-si-ontr and of apnro>límaiel;r '¿ire al*

bite-epidote-arirphibolite facies is suggested"

(3) Tine typical trgreenstonelr in ttre area is la::gely ba.sal-tic

'l -rl- o

(lr) Regiona1 netar,ro::p'nisrn of th.e grade of the ga.rnet zoïLe is

incicated in the basic r¡olcanics cf Ëhensicn a.nd Ðoi¡ie

to-.rr:shi ps 
"
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{l) The basic volcanic lrcc}is in Carpenter lsi,rpsþin he_ve

been slfir jected to iriglr. grades of ::egional- neta.4o::¡:'nisrn,

possibl;r rea.ciling tha"t of 'r;he si.ll-inanite zoneø
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C.-I-â_P_T_än. JV Ël?tQiTiPi4_'- ,:liÊifi'IGiì3.pïY " IrQ _QEDIJ,lx-llT¡lTLaI{

gq 1LÐ i{Ery',fåqJll

Tne interpretation of the s'r,ructure and stratigraphy

in 'r'he area ha.s been liniteC b]" ihe sperseaess of oir-tcro;,.s"

"',,Xne::e¡¡er possible ccr:ta.cts a-nd strurctu.ral trenils have been

ou-iliaed cn the ba-sis of geophysical end d::ill- hcle data

i:ut in nan;\¡ plaees iheir location has been a,ssuited* Tops

of ireds have i:een Ceternj-ned prilrrari-l-y -frcrl i:illow stru.c-

tul'es i-n 'che ba.si-c la.vas n Dete::ninaii-ons baseri cn g.r:airlsi ze

graciaiions and cross-bedding in ihe sedjnents ccul-d rarely

be :i:ade becau-se oî i'ce obscuri-ng efíects o:i ne'L¿r¡io::irhisin and

lichen coverings" The attitucle cf schistosii;-rr ¿46 bedding

a.re onJ-y occasionall;r sugges'cive,

,t discu-ssion of the structure of the rccl;s ¿,55ignecì to

the äeei¡atin is in effect a discuss:l-on of tìre st::uctu::e of

ihe e"::ea as a r,rhol-e because the;r nalte up tbe rtain seciions of

seclii¡ents and vol-canies, gtrai;igraph.ic groupings and age se*

quences are based largel;r on stru.ctural in'Ler1r::e'ca.tioas and,

hence, fol I ow accotdi-ng];r, Fcr ?u.lrposes of cle.ritlr, iiie eTl-

iire .-Trno area is inc],uded in th.e fol-.'loujng discu-ssions"

STÊUTTÜ38

Three irra jor fol ds I t.r¡o anticl ines a-ncl a conpl-enen'Lar¡r

s.';rilsl i i1s , a.Te indicaied r'¡lilli-n the nap-avee (see figure 2) "
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lhe l-ii:iÌ:s of these fotds a,r:e verticar- to stee,lr'¡ dipt:i_eg anc

the e,::es oí al-l 'i;h.ree trerid in a.n east*r¡est io east norih*
east direction,

th.e nost sou-bl:erly Íold: âfl an'cic1_i'r.:.e, j-s expcsed viih
drag fol-ding in l-ots 3, e.nd 4, concession r¡1, Carpenter tc,,,r:û-

sllip" Fro:,ri tiiis location the axis arrj:a-Ten'tlir tïen.ds i¡est e-nd

south under areas covered b;r s'7sr¡urden to a" point on the

Rainy'* Pive:: aoproximately tuo ;:riles ryest of *:o. In the ex-
-tcsu.res i-n Ca::tenter tor+n*qiri'p the a:cis :rlunged apr¡roxii'la'r;e1;'

tlO degrees io 'L,he east" The arc of vertical seCilients at
the bou.nda-r1. of Ðobie and Carpenter toi,rnships indica"ces 'ü'he

axis to be îlungiuø S-i;eerj-¡ -bo th.e soltth-r,¡est. Tiru.s 'r,he east*

ern pilrt of 'r,he anticline i s l:el-ieved tc be dored,

Cnl-l¡ 'cr.,¡c reliab--l-e cle'certnina.iicns of tops cf t¡edS 1;,7€jlÊ

ae.de in the linbs c:î th.e folc" In the sont"ir linb, in l_ct 3r

coi:cession ITIe Carpenter to-linsh.ip pil-]ow 1e-vas indicate top'g

to i',he south" Oorrespondingly, the nortlr l-j-inb pillo-,,-r lavas

in lof 9, concession TII, Ðobie tor,rnship indica-ie tops'uo the

north,

Tire axis of ti:e no::th anticline't,rends, as shc-v,'n on the

rimire froi:r Pinei+ocd lal:ie to the south*west corner of Potts tor.rn*

s'hip" Tts locatlon further r,,¡est is not kncr,rn because of the

proxinlty of the folci 'Lo t'ne boi-l'nda::y cf 'che r1âÐ-ê.Têâ. ilor'¡-

ever, ihe sc'hi5fssit;r s.n.1 flow st::uctlr::es i-a'che vclcanÍc rocks

sr¡ì-ng frc,¿ å.îl east-i¿est direction in iia'che:: a.ncl Tlai'L ior,rnships
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t'o à north*so'.ltÌr cli-::ec'cion in Richarcjson to'.,rns?rip inoi c¿-ting

tlaa'i; -Li:e fol-c does i:ersis-b, Tl:e nat'rern of -Bi-rrditt La-he and

cther.lake-q'r,o'ühe i:Torth srr.g¡1esi tl:a.-r, tiris for-c na";.r be ilre
sor-1.'chern êxtreili't;' of a r.':u-ch l-a.::ge:: fo-'ld.

$videTÌee that t.he fol,d ì5 an a.nticline is nct ava.-ìl-able

in the in;aediate I'icin:l--i;;r of the deÍined pa.ri of ih.e a,.;is.

Jlor.'¡ever, ihe top of r+hat i-s apparentl;r the sou-tn 1inb i-s in-
di-ca-r,ed io be ta south by pillow l.:\'as in TaJ.t and Richarrj.son

toirrnshlnsancl by sedi¡nsn¡.::y gra.insize grada.tions in îait ancl

j,fa ther tor,,qlshiïrs 
"

The pcs,j-tion cf the si-nciina l axis betveen -u1:.e tr'¡o anti-
cllnes proba"'bl;¡ is riiarll'eC'rry ihe i:and of granitic rccl:s trend-

ing i¡7OoE across ,Sireirston ancl i'Íather toi^.roships. This is su,g-

gested b¡r ve::tica,11.rr p'lu,nging dra.g folcls Ín tne seoiri:ents

bcrdering the int::Lrsi on"

STRå'IIGR:lPhY

The trea.tment of tir.e strarigraph;r of the Keei¡atin folIol¡s
ihat used þ¡r ga.iis¡J;,r (l-941), Th.e stratigraphic Civisions are

based cn litiro logy a"nC ai'e nened afteri,il.e '¿orrnship in r.'''hich

the;r a"r:e best exposed. fn i1re follor;;ing seq.u-euce, the olclest

dj.vision i-s at, ttre bottoä1, the ycu-ngest at the toÐ" i{o de-

íÍnite evidêi'r.ce Ïtâs found of unconfcrnable contacts.

Carpente:: r¡o l ca.nj-cs

I'iather sedii::ents
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Ðobi-e-!ai'c vol-canics

Carpenter seiìinenils (possii:l1r Cou-'cchichiirg in a.ge)

Ce"q Uq,+"1,-el _$ eJ +iqçn-t s_

The rlCarpenter seCinentstr consist of the hc::nir]-ende

schists of the lor,.¡e:: seclinentarl/ clivision" ås described

pl:eviousl-)r, tÌre raain irodl' of these seclimen'us ou-tcrop ín

Carpenter tor',rnship and ancther le*qs lcnor',rrr. body outcrops in
the sou-th.-east corner o:î Potts tor'rnsnip" fn irotìr arees tne

sediraents are anticl-inal l-y :iol-ded. Their 1:csi'ui on indica"te*q

t'leat they st'ratigraphicalli' ur:cie:r--l-ie t?re inter:tedia'L,e and

acid vcl-canics and that tirey Í'orln '¿he l¡a"sa.i ri-ni'cs of 'bh.e

Keei¿atin .roclis i-n the sec-Lions expcsecì bi' th"e fol-rlii:¡¡. Thus

the tr:¡o boCies a::e bel ieved -co be equ.ivalent in a.ge and 1:o

T'ejrresen'c 'rhe ol-cest urrj-'c of Iieer+atin rocirs in the nap-erea"

Ïhe Co'-r,-uchiching origiaalf). ,rtappecj a"ncl deflned b)' La"r¿son

in tl"le 'a"aiq-,r Lal';e area i-s a. thicli series o:l sedi-nontar;r mì-ca

schis'cs underlying Keer,laij-n r¡olcanic rccks" The Carpenter

sedí::rents 'nave th.is sÐ-1:re st:'atigranhic licsi-'Licn and thu-s lay
possi'bl-;r be Coi-ltchichÍng in a"ge" ilor..,Iever, 'i;he hornblende

schisis do no'; reser'irble the nica- schi-sts l-i'ci:oJ-ogicaJ-J-¡r" Di-

rect correla,tions ca-nnot be nade beeau.se c:f the 20 i:iíie gap

be'¿veen -b?re tr.'¡o i,ra.o-areas, lience, 'ull€ Ca.:penter sedi¡:ents

aïe inc]-i,rdecl in th.e i{eer,¡aiin.
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Ðcbie*Tait''¿cl-cani cs

?he rrDcbie vo,l-ce.ni cs* B.Te the bel_t cf vol-cani c roclis

extendìng ecrcss the scnthern parts of Shenston and Dobie

to'uu"nshiFs into the i,¡esiern pari of carpenter toi.,,mshj-p" The

lrTait volcanicsrr ere the nor'chern bodl' of basìc: inte::liediate
and aeid Vols3ç1. rocks. lþe forner occll:r in th.e north l-inrb

of the Þroposecl syncline, the latter in the'sou.th linb. Stre.ti*
glaphícallyc both are i-ndicated to directl;r underlj-e the naÍn

body of the lrpper sedinent¿r¡r 6ir¡ision" ?hereforee ikre;r ¿¡s

probably equival-ent i-n e"ge" TÌre]¡ a_re indica-r,ecl ic overiie the
¡rCa-rpenter sedinents Tr.

l:&låh*e_L $_e__C_u{q,-q! Ç.

Tire trupper seiiinten'ca-r.v division?r is best ex¡csed in i,iia.th.er

tor,rnship a.nd j-s gi ven the stratigra ohic naúle r¡ï,iather sedinentsrr"

ås i¡Iâ.s discu,ssed previously, the ma.in body of these sedirnents

is a slrnclina.i-l;r fol-c'led forrnaiion cornposed largely of grey-

l¡acke and underlaj.n by tjre Do'bie p,nd Tait volcaaies, The iron
fornaticn interl:edded r...¡itir the greyidacke in northern Do-i:ie

toi"inshiir is on the nortn liinb of e"n antisfiTts" The one trend-

ing north and ea.si across Ca.rpenter tor,rnship is in the south

lirnb of the satne fol-c, It is therefore believed iirat i;he

latter is also pa,rt of 'chis *qtratigra'Dhic unít.

F::evj.cus ¡¡enticn ira.s been ¡rade of the sil:tÍlarity of the



biotite schists ln inis Crvisicn a.nd of Lai,¡scnts Cou.tciriching

i:iica schi-qts in the Eainy Lake ,''rea." The lll'itiicatioris cf -Lhis

sinilarity wíth regards tc a-ge ::el-aticnships and tne ccntro-

versial- Cou-tchiching problen are obvions"

Ça.r-:¿ç"_e!çL,J-g-19-a¡Li^c_å

The l-.asic volcanic roclcs in ea-stern Carpenter tc','rnship

Ð.re called the rrCarpenter volcaniesrr. They are indicated to
stratigra-phica.lly ove::lie ihe iron fo::naiion blr th.eir position

in the anticli-ne anc by a deternj-nation of ihe direction of

tops of fl-oi+s inade in tlie piJ-lor+ la.rras, Thuse t'ne;' âre pro-

ba.bl¡' the youngest grollll of Keeir¡atin rocks"

,5 ED ]1,{ JT],'TTå T Ï O i']

l,The å::chean seiìiiaents cf 'che soutitern Canadia.n Shiel-d

are nainl¡r greyr',racke; riruch conglonerate, a l-ittle slate,
and sti-l1, l-e.ss iron*bearing fornation are a.lso preseni"

Excessive thickness, especial-ly of ihe conglcrnerates,

abundance of graded bedding: rarity oí cross-J:edding

and a-bsence of ripnle mark, -r.he gïe¡n¡¿ske natu.re of the

arenaceou-s beds, the absence of irue o-ua-rtzites a.nd liire-

stcnes and sca.rcity of no::raa1 a::gill-eceoÌJ.s sediinents,

e"nC the assoc:'-aticn r'¡ith greenstcnes and 'ci:rffs e-re al-l

e.3-irnaï}is of ¿- geosynclinal- íacies cf sedinen1;ati cn" li:e

depo-<íts a::e nuch l-ilre the ranidl-;r ¿cc'-i,mu.lated rtplr-rgsþtt
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seairrcnts cf latei: eras. rr (Pe';'bi johnr i9i:-3: r-" g26)

The Keer¡ati-n rcelis cf the Enio area are extremery vell
satisfied b;' this descriptioiL" The car-ûenter sedinents ,

I¡iere nrobabllr de::ivecl largel;r of tu,ffacecus na_terÍal_ anrl

cleposited in siral l cl'¡ raarine r,{aters. The voLcani cs y grer-
r,¡aclce, iron forrla'tion a"nd conglomerate are all i]¡pical å::ch.-

ean deposi-ts. rt is therefove concluded that geosynclinal-

sedimenta-tion ha.-c resulted in the precai-nbrian sedirnentar;.

and vol-cani-c rocii,s cf th.e Er:ro aree.
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the principal basie intrusj-ons âre t\,ro stockse one in
the centrâl part of'Ðc]¡ìe toi,rns'lTip, the cther in Lash and

Cari:enter to'¡rír.shiÐs. The latter r,¡as siudied fcr tnis ihesis.

Sliall-er bodies cf hornj¡len.de diorite and h,crnbl-encle gabbro

are coääocn -r,o'c'n.e area and sorle of i'hese l,¡ere examined in
rla*oi'luv v(i.¿Ào

Cfuq.PJTJ'{TEB.t&SH ]]ITRïJSTOII

lli:nenslons

The Carnentel:-Las?r jra,sic -intrusion ha.-c tire naxirnu¡ir dim-

ensions of lOeOOO blr 12e000 feet a"nd is el-ongaied in a tror'uh-

se¡r"ih direc-bion" lirÞosure is lioor, particularl)r in Lash tor,rn-

ship, a-nd altllougi: the i-ntrusive bou.ndaries 'na,ve heen cu'r,lined

r¡¡it'n the help cf an aeroiragnetic 'nap their locati-on is s-r,ill

rnuch in doubt" fmrnedia"tel)r to the eas-'u o-C th.e nia-'in i:ody is
a *silal.leL: írass, apparentl;r of the same naterial., engulfed in
grani tic rocles.

Character

Th.e intrusion i s fine-to merlium-grained aTÌd equig.r:anu-l-ar

tirrou.ghout" It is nassive except in the l:order outcroþs r^¡here

,.+eah gneisscsity i-c developed" Tire fresh su.rface of 'che -rocl<

is da::^li greenish.-gre¡r a,nd the t','ea'Lhered surface i s gre;r to

bror'nrish-grey, ITl general, the feldspa,rs are rtedj-Lr:il gre;r but
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in tne coarser nateria--] j:a] e g::eenisli plag j esf¿ cs contrasts

uitir 'cire darl.ter ne-fics,

l.Íicroscopic exai-¡i nation sh.or,¡ed'cì:e u,na l'cered specinens to

have a hlrpidioraorp?ric granu-Lar te>ltu::e (Plate J.3å). Tjhe

gneissic ¡raterÍal-s have irregular a.lignirrent of niinera.l gra-ins"

Gra.in size ranges fro;r 0,1 to 4 nill-ir,reiers and i-s i:rost con-

nonl¡r t"5 i'o 2 nill-irneters"

The approxinate eo-nposi tional rânge r'"ras shsr¿n b)r' Rosir,¡al

anal-ysis to 1,:e 50-65 pey cent plagiocjasee 15-25 rer cent

h;iperstheTle" Var¡r-ing degrees of alteration of the ,oyroxenes

has ta.lcen place (irle.t,e 14.,1"e B): u"ral ite beíng abseet froi-rr scne

specir,rens ancl rrteiiing LlÐ 20 per cent of others" The plagio-

clase rlìnges fton andesine to -Labrado::i'ue (RCL¡5 * itbóO)r as

indicated 'ir}" albj-'ce ti,rÍnningn f-r, íoi'r¿s subhedral- laihs and is
frequentl;r moCera'r;el]. sericitized oil salrssuritized, lilrpers*

thene has faínt pink to 8:re;rj5¡-green ofeochroisrn.. .Àugite is
pale g::een and cleavable" Corlilonly it is tr,+inned. Dial-lage

has 'typical l¡asal parting,

The 'oul-ll of the i-ntrusive rock is, b;¡ JohannseïL¡s class*

ifica.tion (L937 E D" 23tì), h;vaerite or h]'-persthene gai:irro*

I cc¡rirlete

ii:le -Deca.use of

the rock in the

$!ruç-tgte.

siructu::a-l si:i-rd-v of the intrusion is iilposs-

the poor exjlosure" ås r.,,/as nentioned previolr-sly,

i:order outcrops shows a. gneissic alig-nrnent of
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I{ypersthene gabbro shol'ring ty;oical- texture " F}rro:r*

enes are hypersttrene ancl clia-Ila ge (r+lth r¡a-sal part-

ine ) " Ordinary light " ){25 (Specinen tg*I.ó-l)
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Fine-grained hypersthene gabbro wiih Llrel1te vein-

l-et. ürdinary ]-ight, X25 (Specinen ä-46-2)

lfighly urai itizecl nyoers'Lhene gairbro. ûr:l j-niri.

licht " N25 (Specirnen iìi-34-2)
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ci:yste:l s. This is l:el-ie*¡ed tc be a prÍne.L:;i effect ì:iou.girt

a",tcüt 'l:y intrusioïÌ. T'he Doj:ie ba_sic intrusion shor¡s coic:

rrcsjt'ional zcning and to scne exient te:ctu.rat zcning, rrr

ihe ca-rpeater-La.sh in'cru-sion, definite zoning cor-lrd no-b be

established. The pl ag j.ccl-ase conÞosition var-i e-c a.t raniìot:r,

i'jei-ther the ciuant,= i;ies of the diíferent n)/roxenes ncr 'úi're

tota'l ilyroxene content sircw a diseernil¡.ì e pa.ttern" Grain*

si-ze ranged fron: fine to riediu::l j-n alJ parts, ålteraiion
does nct a-ttÐear to be charec-ueristi.c oí any particr_rl-a.:: part.
Th.us, the rntrusion is evidentl_;r randontï hete::ogenecu"s i,t:Lth*

ín cc;lpa.IaiirTs]¡r smal-l- l-ir,:iits.

Genesis

The La"sh-Carpenter iTl-rrllsjcn dces not show evidence of
'being a.nvthing ì:ut '¿he ni:oduct of ncrra.l crystal-lization of a.

l:asic na-gl:jla" Textural rele-'bicnships of ninerals inrlicate that
hynersth€o€ l,ras the fi:rst mineral to cl']rsteltize" Later its
¡lace in tìre crysta.l-liza.ticn seq.uence 1,ras taken b:l' augite a,nd/

or dialla.ge" Evidentl.Sr l:lagiss¡-a.se began to foi:n a"pout tT:is

s.?ijte tine" Ural-itization is prcbaìrJ-;,r a '1ate rna.gr,:a-tic or

d eu.teric eff eci "

Local nrirnary gneisscslty suggesì;s that the na.giita, i,\¡es

ernplaced virei: at leas-t part,ially cr;r5i*11ized.

The field evldence fov tiie rel-a.tirrç ¿g" cí tire intru,sive

is as ícl- 191',s,
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{1) fn l-o'¡ 3, conces-qion II, Carpen,ce t: to.,.¡nsiri it. tìle

in'Ç::risive truncaj;es'bhe rtce.rpente:: basic r/ol_ca.ilicsir.

{2) fn lot 3: concession I, Carl:en'ì:er to'r¡ns'nip: 1t is
cr-li b;r dikes and apophyses of the rDevi-ìn m.cnzon*

ite iat::usicTltr ,'.,,¡hich outcrops e:;tensivel-y -Lo ,úire

^- ^J-vc"J u6

(3) fn the rock cut along Frovincj-al l-Iighr,;ay I,Io, 7l in
the $W I/+2 section ll, Lash to.,,#lship, fragrnents of
hypersthene gabbro are incl-rrded jn the rrf,ash clriartz

monzonite in'õru-sicnrr "

Thus, the i-ntrusj-on is you-nger ttran ihe votca.nic-sedi*

ilentar¡. conplex and olcler than a,'b least 'rlr.o'o oí ti:,e granitic
J:odies" T{ence it, is "orcba.i:]1¡ an op.Lrioli¡i" t;rire cf intri-lsion
related to the orogeny in ihe area.

FIORiIBLtri'iÐE ÐTORTTã JiJiD iiORT.¡tstE}]J]1T G,àBBRO

Tulinor dikes, s1lls and other irregular ini;rusive bodies

cutiing the sedi¡rents and vcl-carrics ere cotiirnci'L thi:or-rg'Ìrout tne

Ð"TCa"" l{ei:ol-i'chs oí the sa.ne t;rpe of nater:l-al- are jlcu"-ad in
ì;he granitic 'irl'úrusiorls. ålthou-gÏl the intrusicns u-su.all)' strilie
j-n e- north-easi direction, they alle ver;'¡ unli-l^le tire -i;-'nj-cal

Ker,,'¡eenar¡¡an diabase dihes in their struc-tu-ra1 charac'ceristics"

'ihe largest 5ingJ-e erposrlre is i600 :îeei by óOO feet, i.iost

çs11¡i16¿]rr ihe dikes alrd sills range fro:n one to 2-O feet in i+idth

aird are not t::a-cea.bl-e for rnore than several hunc]red feet" The
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:ienol i-rjriic tliì,s,ses se-.]-iìcl e>:ceed ?_O f eet in I engitl"

Chara.cier

Ëpecinens f::ci:t t'Lre various rlasses are epitïecialol-y difÍer-
e'r1t, In gene::al , i:he rcch j-s da,rji greenish-gre;r and coi"lnoa]y

shoivs da.rk ferrc:lagÊesilr"rrl úiineïals su-r'rcunded b]' "r¡hitish fetd*
spars " l'iedj-u,n-to coarse-gra-inecl ¡ra-terial is nos'r prevalent"

The r;rajority of the bodies al:e nassive, on-!-y th.e sria.'l ter in-
trusj-cns shor+ing regi-onaJ- schisicsi'úy, Linea:: gnei ssosii;r is
rare. Recrystal-lization is ccnple'ce ii: rnost of the ilaie::ia1,

anð :cenoricrptri c'relçture beiag developed "

The princi-nal. rnineral- consti'Li-ien'L;s a.re hornbl-ende ancj

plagioclase bu'¡ these occlr-:r ia ',,¿idely va::yíirg p::cpo::-bicns"

3io'ci'¿e , c¿u.ariz, elridoie, chl-ori te, sphene and sll"lnhì des ere

iïl:esent 1n lesser a,nounts,

llornb-"1-ende occu.rs in tr,¡o fottrs" fil tire r,¡e.ste.rn nart of

the area it is i,,.redominantiy a shreddy green uralitic variety,
fn the ea-<t, ii is strongl¡r 'irleochroic, )re11or.¡ish-bror¡n 'bo da::k

greeni sh-lJrotrrrl, It ha-q good amphibole cl eavage and forlts sub-

hed::al cr)¡sta.l-sc asBrega.ted togethe:: tc a-1,.lea.r as blacl; pheno-

cr;rg¡s in hand specii:ie'n.

Flagi.s¿1¿." i s conslclerabl y recrirs'balj-ized anC raost cojrì-

ironl;r is tra-l:s:?o::ned i nto a granuiar i;iosaic a:round i;he o-bh"er

nine::a-ls" Tn sone oÍ' ihe ri.::alj-tizec speciiiens original plagio-

cJa-se si;il-l- e:r:'-sts r¡u,t it is ì:ighly saLlssuritized or serici*
iized. .i-rlbite 'cuinning is lroorl¡r der¡el-oped bui a ccrilÐcsition
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oÍ an.Cesine (reo5i * !"hfr5) is indica'¿ed" llire ::ec.::ys-brrIized

:l:ate::jal- ì s cotlnon'ly }a.braCcrite.

T'he rcck is cl assif íeC. as ilcrnb]-end e 613¡i te a.nd ìrcrn-

bl-ende gabbro, Sone of tne ¡:iaierial ccrresnoncls '¡,o s'pes-

sa::tite, a. fc:lm of lanprop'r:¡i1'6ri,eu ; e da-rk dille roclt l¡i-ch

porph;r¡ì-i,i s ot Þa,tridíoroorlthic tex'cuïe ín r,¡hicn ei-rlred::ai horn-

bl-ende crystals e.ad a-nclesine feldsper ere cha::ac'cer1s-uic

(l'¡ittians et al-, !9fl+: 1..Ê, 84-88)"

Oriei-n and Genesis

å fe¡..¡ cf tire diltes fle.lrr rêpTesent feeders fo:: -r,he basic

1a-vas" gtire.r:s are probabl:r rela'cecl to t'ne 'cvo ha-oic stocils"

Thei-r ci i scontinu-cus clraracter sr:,ggests 1,tnat emt:l-acetlent r'¡as

noi u-nder tensìonal- conditions a.s r,¡ittr the later clie"bases

bui, rather, tira-b it accocrpanied fol-ding"

3¡sr¡,r¡1islt hoinblende i-n tire eastern 'carts cf the area is

probai:l;r j-ndica,tir¡e of h.ign grades cf *ietarr:c::phlsn carr"sed b)t

'late.r grani-uic int-::usion, Th.e occilrrence cf i-nclusions of the

dilce rocir in tÌre granites su-pport tiris ìdea-, In ihe r.,¡cstr -r,11e

ural-ite i.iia-y be a ïeSül-t, of re¡-;icna1 inetanori:hisn in sone iìi];es

aed cf cleu.terj-c al'ceratislr i,r others. iire l-¿.t-ber a-re riost !ro*

i:a,itl;r )rolr,nger i'han the granì-tes and Tiia¡r be rela'ced to ihe Ðobie

ì nt::r-r.s i r/e 
"
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.if iEÏ,i'r',.-. Ði :-1..:-$¡ Ðf-i:ls

Cha::acie::

Ðia-'ca,se and quartz diabase ícrä: itear:vertica_i cjikes

cu'i,,ting all other P::ecai:tcria.i: r.ocil fc::rie.'cions in the .Eritc

Ð.lrea. T'ne distribu',,jon of ou-bcrcns indicate ihe Ciires have

reaarltabl e coniinui'cy in tne direciion l,T4jotç* Tl.ro dilies are

a,npafenì;J-¡r continUcuS for dj-S'Ca.nceS of nolte 'tl:an 20 niles
a-nd severai ot,h.ers.have ]¡een iraced fo:i ! i,iì'1 sc" The i:najor

dikes ra.nge in ro¡i-dth fro;l 100 to 300 feet" Snaller d:i.i:es,

several i-nches tc 6 feet in r"¡idth a::e colnaon"

:l chara-cieristic featu::e in ti-ie sti:u.c'cu:re of the cii.l:;es

a.Te tr¡ro cr ûlojre sets cf ccoling jcints developecl norual to
i,he r,'¿a"ll-s thus dir¡iCing the Cilie in coluini:s ot sla"bs" Gla-

ciaf pl-ucking cf ihese colu.ilns has resu.ltecl in a hu-r,r.icciq'

appeÐ"t:ance along tne s'crike cf the dike (see Plate J-5'Ð " Thi s

effect in the l-arge dikes is often clear-l-.y visi-ple in aerie.l

nLrotcgra phs ,

The dihe rocl:¡ is darl.r greenish-gre:¡ in colcr and char-

a,cteri stically r,,¡ea'úners llro.¡.rt" The dilies arte fi-ne-graíned

along the iaargins, becoining nediuirr to coarse-rt::ained ia ine

central pottici:rs,

i:,ii c i qSçepåc_ ÐSÊ*çf r=gt*+_o_q

riic::oscopic exai'riinati-on shous en ap-crc:rinate colllposl'cioa
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of 35*Lr5 ner cen-t a.ugite, 5O*óO .or ceil'ú re.brac,o::it,e anC

l-*3 pe r cent na-gnetj te. Thc a uSite-iri:,¿i 3sl ,r . s y,a'cic is
g::eatest in tlle -iiae*grainec :ra.teri al, raters-bi'bia-l ql.a.T-úz

riìay cI ltiay i1s¿ be present and nevef occu"fs in ailorrnis ex-

ceeding 10 te:: cent. D,ia.l:as¡ic oll intergranul_¿r te>ltu,::e is
r:/el-i der¡e]-oped 'ch.::ou,ghout (plate 16å-), Labra.dori-te (";bLrt -
fult51) occurs in fresh l¡ell-t'¡inned laths i¡i:.Ìr rando.n orienta*
tj-on" ilhe au"gite forrrrs anhedra-l- crystal-s r,'¡ilhin 'che pl agio-

cl-ase netr¡ork'" In sone n-l-aces i't ilcrürs sul:hec]::al llnenocit:)¡sts

in a. ina-'Lrix o-î Í'ine-grainecì clia"base (plate f6¡)" Loce-]J;r

uralitiza-tion is modera.te. i'Ía"giretJ-te is finel¡r clisseninated

and is significant ia that i'ù is tÌi.e cau.se of aeronagne-r,1c

anoriclies obserr¡ed ol.¡er the dikes"

Genesis

The dilces have eviden-blir crystal-lized pa-ssi_vei;,r fron a

iliagna as evldenced by their sharp bou-nda.ríes, na.rginal- cirill-
ing effects and lacl.; of orientation of crystal-s, The naglË

r,fâs pJ'c'r:a.b1¡' of niafic-ri ch basalti c colltliosition,

fntru.sion of 'uÌte dì jtes Ìra.s o']¡vÍonsly ia_ken 1:1ace unde::

^ttensicnal condit,ions prcba-b1y resul-iii:lg from broad crllsta-1

"ie.rÐing. 
This is indica'ced by t'he contini:ity of the Cikes in

o-Íle direciion ancl b]t dila-tiona::y effects obse::r¡eC alon6 'i-he

narg:i-ns o-i' ijre dilies, ), -resLr.l-tant fea'tu,::e oí- tens,tonal er1-

placenea'c conncn ro the cliltes j-s offset r,¡ith.ou-u act,-ral sever*

ence" itan;' e¡ tile fa.utlis ladica'ceC cn tire ::rap r.rhere offset
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of 'rhe dikes is ccnsidera-bl ee ere undcuì;ieiì 1;.- onl¡' r i'toc]i*

:flicat-r cn of this phencrrenon" Cti.rers, ho...reve:l, are plrolla"bl-y

faults r,'¡l:j-ch have -¡roved aiter the eli¡lacei:ren'u either as oel,r

or p::e-existing fa.',lf i;*pla-nes. An exannle r:f tjrese ís in t'ne

central pa-.rt oí iianitou Ra-pids Tndian Reserr¡e, ',,r1-lei:e the

fa"u:1t r,¡as cu-ilineC b]. an el-ect::o::¡lagnetie rrcrloss*overrr and iire

shear zcee l:t?-s observed in dia-nond drill core,
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c]"I3,P?EiÊ" 1/r

Serzen g::ani'cíc intrusi-ons in the ltiro a::ea. harre been

nÐ.med. Severai si:nÐ,J I 'bodies a.re not Cistingui sired, 'rfithin
the ::ra.p*aree, indi",¡idu.a'l intL:u-sioils are s'Loclis a"nd -i:oSses"

Üoni:j-ned thel' fori:r lilasses cf batlrol-ititic dinensicns, Bound*

a.ries betueen diffe.cent intrusions are poorly defined and age

relationships ã.re oi:scure"

The conposi'cion of the granitic rcchs renges fron c.urartz

¡rionzcniie 'l"o gra,ncdioriie end is rarel¡r a"s l:asic as quartz

diorÍte" True granites are a.lncs't, ncn*e>liste.nt, 0n the ilape

fou.r differen'c corni:osi-tion¿.] grollps Ljte clencj;ed b)' s,trnbol-s"

Dilies are classjLfied as pegnatitic or granitic Ð,nd e.Flitic,
For ihis thesis, t.ço cf tne intru"sions l^rere sì.udled in

detail, Tirese are the rtCarpenter intrusionrt and the Itshenston-

I,'þther intrusionrr"

Cå3PE}iTffi, TI;ITRU,ST O]'I

The Carpenter int,rusion underl i-es the nci:thern third of

te-rilente:: tcr;nsÌri1: and 'oÌre southe::n thira of äingsford to',,rrL-

shi-p. ft occuirìes the cen'ute of the donal struc-i;u.re ir: iire

Carpenter sediments and is i:o::de::eC on tne souie anC l¡e-qi 'l:]¡

tllese seclinents. It is loordered c-n 'uhe north b;r tire Shetrston-

ì"iather intru-sion a"nd extends beyond 'úhe eas-bern bounda.ry of

the map*al:ee "
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The appearaoce of tne intru.sion is the saïie cverar -r ,

f't is fine*to nediun-gra-ined and i'cs co-ror is J-ig'ßt g,:el/ tc
pinkish-g-re,v. Gneissosi t;¡ is moderate and resu-l-ts froir a.l ign-
neni of la;rers a.nc f]-ahes cf bj-otii;e, LocallI: nariicula.rly
near eontacts witìt sedÍrrrentary r*et,erÍal e a noa*unifc::nr apT)eay*

ance is developed wiiir a.bundant naflc-rich streaks in the

norrual intru"sive ::ociE" contor'ciorr of gneissosity ancì abu_nd-

ant injections of quar'rzose and feldspathíc maieria-ls gii,'e

aclded effect to the heterogeneit¡r" Tne a.ctua.l contacts i¡iih
the secliments ere coriiparatively sharÐ.

_Coirp_céi.Þ:Lqn

The rock has a rena.ri<a.b1y sirnple ninera.log¡r, being coriì-

posed of qua.rtz, plag'i cclase, rnj-c::ocl ine and 'oiotite" i4inor

constitu-ents, accessory ilinera'ls and a.lter.ation p::odu-cts are

extreirel-y rare" The resu.lts of Rosiirra]- a-nalyses of staj-ned

thin sections and slabs a.re shor¡m oïl a Q*F1-0r dia.grarn ín
figure 3, and on â- q-F*l.,: diag::an in figrire 4, Recause of ihe

close sirnil-erity of al:- sneciilens fro¡r the in'i,ru-sion i'c is
very 'proirairle thai äioire analyses l¡culd girre results corresËoncl*

ing cLosely vi-bh 'uhcse already cbtained" Tjre bulii cf '¿he na*

teria'l is granoCiorite"
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I"ii c r o s c opi c Je s.cr l.ptlo_n

ilhe c1'u-artz and feldsÞa.rs fo::tr an j{eno'norphic gra.nuJ-a::

intergror^¡th through lrliich brorrn bjrbite blades ere aJ-igned"

The qu-art,z shor^¡s sl-ight strain shadows" The plagj_oclase is
fresh and moderatel;rr ti,+ìnned, bo'ch al-bi'L,e and carl-sl¡ad types

being present" Tts composiii-on is indicated 'co by oligoclase
(alt, - NogZ) by oi] it.rmersion analysis" The rnicrocU-ne ha.s

t¡rpical cross-hatch tr^¡inning "

'sJr¡¡,ç!l¿l=:e

lhe intrusion does nct appear -uo "De zoned, the sane tex-

ture and co'rnpositicn being generally persi-sta.nt" Tire t::end

of the gneissosit;r is ihe i'rost distinciive stru-ctural feature"

iis seen cn th.e flÐ.p: it conforns.¡ith the outline of the clor¡al

structrrre in the su.rrcu-nding sedirÌen'ts, In the fielcl conÍ'orn-

abil-it;r t¡ith the Sed-i:nen'us l.'Jes obserr,'ed oif a sna-ll sca"]e and

drag-folds in the sediments aire frequently du.plica.ted in -bhe

a.d jacent intrusive rocks. LJ-t-pa.r-lit injeciion is conaon

but the boundarÍes of ihe injections are u-su-Ð"Il;r r,rç11 defined"

Genesis

DetermÍnation of 'rhe e:etent of gra,niti-zatlon Ís a ma jor

problem in -r,his anä othe:: g::anitic bodies in 'úie area. Th.e

cJ-ose ccrrespondence cf i:la.nar featu-res in the gra"nociiorite



ând the borderi-ng sedi:lents ii1s.i¡ pcin'L to a replace:len-i; ori-
gì-n" I{ower¡er, the ho::r:bl-ende schisis are -bire onJ-;r Éeclii,ren'i,-

ary ::r¿r¿"rial o"¡:served inthe viciniì:y"'Jhei¡: t::a"nsfo::'rla"tion

to granodicrite t¡ou.ld reqr-r.j-::e e:rt::eäel;r la:rge artcunts of

ch.er¿:-cal exchange, Therefore, j-f this naterial r,ras replaced,

extensive g::a.dational zcnes ritight be expected, Tbese, hor.+-

ever, clo not exis'¿, The sedinen'Ls sh.or,¡ ve.r:;r littl-e jnd j-cation

cf granJ-tiza.tion. 0n the other hand, ihe u.nifo::n ccui:os-i'cion

cf tire granodio::i'ue si-r.gges'bs a ilagi,r'lt-ìc c::i.gin. 'Jlie inc::ea.se

in r:a.fic content neeir 'úhe sediinr:nts is sl-igìr.t a,nd evi-den'cl-,'

du-e io assi;:rila"tion" Ðeri va'i;icr:. iry ::ei:l-a.ceileÊt of ¡,r, di ff e'rent

seCiment is possiì:le bu-t noi ¿t,oo prcl-rable .oeca.use 1io tra.ce of

su-cir a sedinent ',,¡as .found. Ti:u-se i'l; js believed tì.t'at tne Ca.r*

¡enter g::a-nodiorite was intruiìeC as a iûagtÌa6

The s'¡Lu-cture of the i-ntru,sion âppears to bear a" rel-ai;ion*

ship tc ii:s ei'i¡l a.cênent. Th.e conforinairil-ity of gnei ssosi'Ly

rrith 'che fol-ds in the sedinents su.ggests that intrusion and

U-rrarChing l.'fere conternpOltaneolls " The teX'CUral Cha"ra"cte:: of the

rock j-ndica.tes crystaliization uir-der s'tress, It i.s therefore,

proirosed that the nagi'nÐ" irâs ei:iplacecl fc::cefully in a ,ca.rtially

crysta-J-line staie" lljru.s, si;resses cr shep-,ll sg¡r.pl-es *"et u-p by

differentj-al novelient o:f the lrcr¡t5¡u1l-j-ne rtushlr '*'i'úh respect

io the linbs of the fclC '!ras ::esi;l-'¿ecl in tÌ:e obser.¡ed ;:,a.t'be::n

of tÌre fcl-ie,-tion" The a.ccor"npaniripg sciueetling a.ct-ion ha.s irro*
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lrabl-:,r cau.secl ccncentration of la,ter c::l¡s-b¿l lizi:ng i-1c¡i-:ids at

ih.e ilargins o.i i'iie intr'.tsive r;ht-ts, girriag ::ise tc ihe pre-

va-lent I i.t* par*l-it in j ecticns ,

ËiiEIi$T Oi,i*i'l¡LTäffi I I'HA,USI 0i\T

iå cor:rplex band of granitic ¡:octres el{tending in an east

north-east direction a,cross Shenston toirnsh.ip, paxt- of Dobie

tov.inship e l:.'Þther a.nd Kingsford tor,nrshi-ps has been cal'l eci the

trshenston-1.ía'che:: intru-siontr. I'c has an a,verage i+idth. of aplrox-

iärately 7e000 feet, but its outline is i-rregular" In 'uhe i.+esi-

ern ,oart of $irenston tor.¡nship -bhe l'¡idt'n j-s only several hund-

red f eet r,¡hereas ín tire no::th-i+est ¡arb c-î Dobi e tcr+nshi'o i-r,

bul-ges ou.t to l-4eOOO feet"

çe.sl}as¿!-rqs

The intrusion shows a large and alncsi random varia.ticn

in eoilposì tion, It ranges froi:t dicrite to qua.rtz nonzoni'Le

a"nd iru.e granites probabJ-y e:cist in sone of the rel-ated cliires "

Ip figu,::e 5, th.e resu-l-ts of modal ¿nslyses have l¡een -nlo-bted

on a" -û;-P1-0r: diagraut sinilar to that used b)- Chayes (1950)"

The plots fall- cn both -cides of th.e 1o';¡ tenperattr.::e valley

(Bct*en, L937) and a grcu-oing o:fl points is vi:rtua}Ily' non-el{ist*

an-t" Undoubtedlv'che anal)'ses are coifsidera-bl)¡ ìn error be-

câuse of the ccarse-gra"ined natu,::e of tna.ny of i;he specinens'

lloi,¡ever, 'the-<e et:torlS are not bel-ieVed io ire su.fficien-tly
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1arge to detra-c'L f::cr:'r'r,a tvue irie'utr::e a'r i-ts preseni sia6e

oí developiten"i,. 0n -cne oih.er ha-no, a rlisu.al e:çaerination of

a,11 the speci'nens collected frciii the intru-sive snggest tira,t

'ùi{c Titore or less distinct pha,ses r-rreCorninate ancl t"trat';hese

rÌ-re cci:centraieci in definiie parts of the intrusrlon" ån in*

dicaiion of ih.ese two phases is gi-ven b;z the .distribu"'¡ioi:. of

plots on the q-i\í-F dia-gran in figure 6" Tite phase r",¡iti: the

most .nafics is ch.aracterized b:f tbe preseïr.ce of ilcrnbl-ende,

It ranges in couircsition Ír'on clio::ite to qu-a.rtz ätonzoniter

consis'r,ing nai-nl]r of g::a.nodio::ite" Ti:e oth.e:: ohase is largely

e.Lt-â"T"úz ncnzonì te and its princlpl-e r;ra.fic mineral is îrio'ûi te"

0n'che basls of both the modal a.nallises and :iield observations

tir.e phases are lcel-ieved to l¡e Srade-iional into one another"

QþeracLçr

t"ill¡ a *r"¡nrLlu v!{v Ércrips a.Te considered distinciir¡e enougir 'ûo 
"1I¿LT*

rant separa.te CescrìptÍoIts"

iJASl-C PilaSe

t* *::njtlende-bearing i:rateria.l is ::lottied in a.prreara.i'Lce

',.rith ¡,.¡trii;e to rlnilis'n felCsper sl:.rrounded b;r daril greenisl:-grey

to bl-ack tnafics. i'.osi coi:rroi:J-;r it is pcrpÌ:.;rvitic bui medìu-rn-

g::ained equigranu-l-ar naterial- is present" Fhenocrl'sts are of

feldspar and rÐ.nge frol:t L/L,, '¿c one inch in Length, Gi:eissosity

is gene::a.J-1;r t'rell developed and iï-l -ç,he porpir¡,rritic ¡:ia'¿erial

¿li gnnent of cru-shed pìrenocryg''cs girres a 'cyi:ical- eugen-Eneiss
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r-îÐêerå'Llce (F] a',;c 17r:).

T'he :.tajc::it;r cf 'ul:e irhenccrysts e-::e oligcc-lase o;' a_n-

desine" They a::e r¡eli ti,iinned a,i:cl jnf::equ.cätly are rrea"ill¡r

zoned" Ëerícitiza,tion is l,odårate 'uo j-r:tense" i,licrocj-ine

fo::ms ¡henocrysts l:ut mo.re ccn.nonii¡ ii is confinecl to the

gL:ound mass è

ïTcrnþ]-ende nakes u? froq cne to tl¡o thirds of the tcta,l

nafics. Ii :is a daric green strongJ-¡r pleochroic rzari-ei)r and

occurs in crjrstall-ine nasses oïr.e io 10 inillineters in leng'uh"

Clnara-cteristica.-l I ir it shows poiliil itic irabit, having al:u.ndant

inclusions of c¡uartz (Pfate !7ts). Sioti-te is brcr,nr ancl to:
gether l¡ith rainor ar¡ounts of epidote is found cl-osely asscc-

iated l¡itl'l hcrnblende" Qua-rtz iÞq dis-uribi:,ted iir::cu-gÌror-r"t t,ire

r:tatrix in anh.edral strained c::ystal-s" /.tecessc.rie-r e.re a.l¡atit,e,

sphene ancl iron sul1:hj-des"

åcrQ,-Sasç-

The bic'cite*bea.rinß group r"¡here found in itingsfold ior,¡'n-

ship is pi'nlç, becorning pinkish-g,rÐy in I'{a-ther and Shenston

toi,trsllips" It forns the granitic ruterÍal ín the l-it*par-lit
and here is grey ín color r,¡i'cÏr a.raore streaky a"c"peerance* The

rocii ìs finer grainecì -fhan ihe þe.s1c liiase, grain*size rrnging

frori cne to 5 ni-J-'l-,ineters" I{cl.rever, i-b is siÍiilar tc'che i:asic

phase in tha'c i-t sìtc.,Js ,loclera'r;e t,o s'trong gne-i ssosi';y and Ð.

eharacteri stic cru-shed a.ppealence (Plai;e i8 jl:) " The ¡rain con-

stituents aïe que.T";2, oligocla.se, i:lì-c::oc-lin.e and biotite" Gran*



iL" Coa::se-grai.nerl basic phase of the

int::uslon shor+ing the effecis of

ulai;i on. Crcssecl ni cols " X25

ñT 1rilr a -í'J:-r-L J J ,z

Ëirenston-i:'¿ther

crush.ing and gran-

($peciilen iI-28*7)

Basic phase of ihe

ing tire irciliiliÌ;ie
ary ligirt" Xzl

$hens ion-i'ia ther i-¿rtru.sicr:

habit cf the hornb]ende,

(S;oeciinen ¡'-7-6 )

sh.crrr-

0rdin*

Þ



i,l ¡lcid pbase of the Shenston-i,,iather

int strain and errlsti.ng. Crossed

(Specirnen I,T- 57-l-)

ì-rî ... ¡-r11 ì Qi-iJid¿I! .r U

in'crusion s'now*

nl co_Ls " i'¿2
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tr-lar epicìor,e, less than 0*1 i-Li-i -in size, 1s iÌre orrl;r r,rinor

ccnsiitu-e'n'f,, äo::nj:l-ende is râ"re " i,!:,i.heTe "tïe\¡a,l e.n'ù, i-ii cro*

cline i-s confined. to i:ands ai:d l-ayers -'.,*h.ich pa.rallel 'uhe

gneissosity and su,::rou-nd the o'Lher niine::ais sriggesting 'tiiat

i-'; is introdu"ced la"te in tile fo::¡ta"tion of th.e rcck,

Ëiq]{çTgTÊ

The íntrusion ís 'oot-'Lnded by rTî;ía'çher seCinents¡r in $hen*

ston and l+ather to'.,mshi,r:s a"nd by granitic intrr:.sicns in liings-
ford '¡ol;nshiF, å Fronounced straigh.t gully nea-r the eas'i;

bou-nda::y of i:lie ::rap-area. s¡r-ggests tÌrat t'he nor-uh cciL'r,ict of

ti:e irody is a. fauli;" Tb.is fault is shor+n on the man ex'i;ending

across ï{íngsforcl to'...rnshilr. ft ua.}. fo:rüi 'che granite-sedii¿ent-

a-ry contact across i¡iather tor.msh.i-p becaLr.se oí (1) â linea¡rent

foi:lned ily ih.e l-iniì; oî outcrops cf the granitic i"la-i:eria,] and

{2) the absence of l-i'c*i:ai:-l-it o:: raigrrratite conpaiai:le to the

previously desc::ibed 1t00 foot z,ofte occli.ring on the corresponcì-

ing sou-t'h ì:currdar¡'.

Ëha"rp contacts oí tÌle SÌrenston-ì':ather intrusj-on i+i'c'r tire

ad ja.cent rccirs are sel-do'n e:cposecì and then onh¡ fc-n siro::i dis-

t¡.nces" One cf the bette:: exal-rpJ-es is in ine iå L/Lr, sec-Lion

3J-r S"nenston tor,',.cshil: ¡.,rhere a sharp coafornable corl'rlac'c betr"+een

i;h.e gnei ssic gi:a.ni'cic rocli a,nC '¡he Ì'îa';Ìre:: sedir:re-,:ts is e:rposed.

l4ost seiìinen'¿a,r.;,* i ncl u-s-Ì ons have ',,ieli def lned ou"tl :'-ne-e ancì , . f-_

i;nougli 'che;r a.lnost inva::iabl;' sþcrr s-¡.:e evidence cf ::enJ-acenent*
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-,.i:e ;' a Lc s'bil l- ',,",2'Í'l:eðl-y cìi f,ie:'enj; :i-n cc:,irrcsi-ti_cn f::ori -bhe

er.cl-cs il:g 3:t,'ir:'-'l;j c i:¡,-ueri aI*

flhe 3.leisscsi,'c;r of 'Li-re intrusirre ha,s a lersi.s1;an'i', 'ì;::enil

of e-¡ilrc*ai:1.:to1.'.l:7Oo: a1o,:. tìre e.t,ù-i ::e i_en3-i;h cf ilrt boCl,,

I{; rs ir:c'bêr-l iirai this t::e::c] cloes ïi.o'r cci:,îci,:.,i i,,r:-_tir ihe sti'1lle
of 'ci:e secji-älen'i;s :.,rni-ch. the gra-ni'¡ic ::ocks st:r.l:oL:.ncí i-n ea.ste:rn

Iíingsford tcr.nr.shi-0, ]lere, cn)-1r local concc::dancc e:.iists -,sj-tþ

the sed j-n.ent*gr;nite ccniact,

Tne clj-stribu-bion of 'che phases r.¡i'Lhin -bhe i_n.t::ilsir¡e is
i-:r:iegrrl-ar" llhe hc::nblendic nh.ase 1s concentr:ated j_,:r a .,-ens*

shaped po1,¡ a.¡tilro:li:.t::'tellr lte000 feet by I:-r000 fcet, i-n centra¡_

l"íatlrer to'.,,r.astlÍ]: ar:d i-t í'c:r:::L*q r¿he ou,l-ic cf the iir.trir-sive ie shen:

ston and Dc'cie tor',¡trships. The a-cid phase oecuï,s ::iainly ii:
Kiugsforcì tor,¡nsb.ip a-nd in tl:e lrargina.l r:a::ts oi' -t'oe r¡ciï.¡ in
iiath.e,r toi'-nshi j¡. I'b ilus',, lre eili:hasi::ed tirat -L"ire nain rasses

of these 'ú-',",ío coriiÐcsi-i:ìonal gï'olills a.re nci snarlil;' oiv:r-cled,

Rai;her e the¡' s.i's :int j-:üateJ-;r assocíated r,,¡i'i.li ¡ I I p.r¡ rtr tì cns be*
-b'øeea thel:i*

Grani'cic d:l-Lres are prc.oa:rly

ij:an 'r,o a,ïryt oiì:er- ¡:a-rt of the Tålo

*,.tJar-iz ilonzoni te coiriÞcsi_-bi on and

in 'che iioi:nbl eirce*r:ich pnarse, To

ross i;ìr.e regional- gneisscsi'Lr. o:î

r10u€ coílltJicn to 'i;?ri 3 i nt::i,rsicn

ê.yce." Tne :-:a..ic::i-iv a"t'e oÍ
-bhe;.' aL:c,:cst ìl:fcvel-en'c'¡i-bi:-

e. l-a.rge e:r-i;c"a'L the¡,' cut ac*

'¿lll ,ia.iLr iniills:cn a::d .ieny-

Dilces
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ira.r¡e gneisscsi-L:¡ d er¡elo'i:ed pa::al le l tilei:: orr/r1 l,r¡a l-l-s,

Peg- ia-tite C-11:es Ð.Te eclr;-3i1" co:,,..cn i,r r:oiir 'lili:ses, 5o.ie

of these have sharp l¡elJ--ciefined collia-c'us, ûthers, "l'lo..,'er/er:

ire-ve indisiinct borders, a-t:d f eldspar tt¡henocr):'s't,stt c'l oselj¡

i:esenbJ-ing the ccal"se cr;rs-".1= oi the negriatite a.re 'lccal1y

abuadant r..rithin tne tre.nsecied grc.,r.i'cic rock"

qenes_j.Ê_

The extreäely val-ieble coüposi-uion a.nd te:itu.re of 'bire

Shens1;on-l''ra-'¿ner intru.sion i-iraedie*'ce1y sr-igges-bs ihat Ít has

orj-gina"tecì loy Ðîocesses of graniiiza.tjon" 0n tite o-i;her h.and,

evidences cf igneoLls origi-n ere as folloi.¡ss

(1) Sharp sedimet:tar;r-grani'ce contacts.

(2) P'elati.'¡el;r ¡-a¿1 -bered sedii:tenta"IJ/,=ienoliths"

(3) Discordance betr+een t'ne gneissosit;,' of th.e gra"nitic roclt

aad bedcting ov schistosit;r 111 aC jacent sedirients.

(L¡) Tn the eastern nari oil the erea',.,¡nere -i:ile sedi-lients are

rlch in hornþlende, th.e gra"ni-tic crate::Íal ha.s only 'oioiite
and, co-ûversel-Y: in th.e r,¡estern part 'iIheïe t-he g::a.nite has

ho:"nl¡letrde íhe seCillents do not"

(5) fne ÐreseïLce of p.reval-ent and eviden'ul i. rela'Led diires,

in¿,nJr oÍ r,¡hici'l Shor,"¡ gneissosit¡r i"n-nsverse tc t?rai cf the

ilai n bcdy"

0n tl:is 'ìrasi s i-'ú i-q l:el-i-er¡et-l ';ha"''c ihe ili;l-k oí tile ¡;ia.sS ba-s

cr],'sta]1ízeö frou. a nagìna."



The coilllcsr';icna l- I ncl te:i'¡L:-i'ri. j diff erences cf i;he tl,¡o

Co;lj-ne"ni i:hases ncin'¡s tc t',,io s-l;:rges of crl¡st. -i-i-izairon, 
The

coa-itse*g::aiaecì -cirriiy::i'crc i:hese r:roì:a-n1;r began -bo cil;¡s'c¿..1l_¡ì_ze

slor,rly a.ntl at consi dere.J:l-e depth. Frori te:rtu¡:a'l rel e ticnships,
a.nctesine i¡as 1::oba'o-l:r t?re fÍrsÌ, riinera.l to begin io separate

oute fol-l-or'¡eC sirorii;r by horn'blende" .Ât a scne¡,,.¡hat l-ater stage

potash feldspa.r a-nd qae.rtz bega.n tc fo::n" åbci-r'c this så.rlle tine
biotite ap"rlea.rs'to have iaiien the nlace of holnblende as'rhe

crystal-1i-zing ferroma6nesia"n ïiiinera]- and, undourbtedlïy soine of
'';h.e ircinbl-eadê ",Í:.1s iransfori:ted. ï.ieanr/rhi 1e, tne irJ-a.giocl-a,se l.Ìas

errídenrl }¡ ì:ecoriiing irol..e sodic "

ilhe finer grain sj.ze a.nd ;<enono::lhjc 'üextlr::e of ihe nore

acid i:hase seer;t to iLldicate tllat all :l-is üiinerals, i"e. fel-d*

spÐ-lls, ar1a.T"vz, ì:iotiie anC po-qsj-i:l:¡ ei:'idote, have clîl)¡sta'll.Ízed

si'.rrul-taneou,sJ-.v a.nd coilrca râ'uivel ;r ra.liidl-)¡.

ft is su-ggested t'na-t iire nagna nay ira,ve risen j;o shall-ouer

depths a-t a.bout'che ti,ne t'la.t bic'cite tcolc the place of horn-

bl-ende" Fossibly factcrs arj-sj-ng fron inirusion cau-sed this

ehange, .ta certain anount of diff erentiaLtj-on na,u* have cccurted

in ea::]y stages of cr5r5¡.-"11ization" *.s a ¡çg¡r-l t cf su:hsecuent

intrusion, th.e coarsere nore ba.sic nh.ese beca-ne concenirat,ed

in ir::eguLa.r ilasses surrounCec b;v aniì gra-äing into the nore

a.cid cÌ']eu The sequence in i'¡hÍch the :linerais in th.e ba.sic phase

roegaa to fo::n a.nd 'Lhei:: rei:l-a.eenents in 'rhe acid .cnase :::a-y 'i:e

Te-jliresented as fo l I or"+ss
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Ëa si c trii*a"se

Ànd esine
I

:.:ligoclase-l
ilc::n'olend e

I

Eiotí'ce-eÞ-i dcte
I

Pota sh f eld si:ar-cl.uar tz

; nl .-. ï-'¡- ^ ^_rur\j j.!!*ùç

0 l igoclase

Bioiite* ei:ictote
I

Poia sh f eld spar- qu-a.rtz

Ëtresses in a tf'd-.SE directi-cnu -i:ai:ticulariSr d,.i.¡1n* in-
trusion, are nrobabtr-y the cause of 'che persistant gneissosity

and cf ihe crushed cha::ac-vêT of the ea.rty forned Fhenoc::;rsts"

The i^¡ide va-ria'cioir in conitrosi-tÍon shor,,ra on 'rhe Q*ûr-Fl
d j-agrar,i iu iigu-::e ! rnlis'c stilr be e>lt la-inecl" i,luch of the

r¡¡;.riation on tne pi-agiocla.se side of the the::i'laJ- vaalley is
undcubtedly 6r* to effects of differen'ciat1on, a.ssimi_laticn,

and redi-stribu.tion of materia.l b"i¡ differenti-a1 plressure.

Fu.rthernioree the oríginai någiila itsel-f rnay have beeil ncn-u"ni*

'lo rÍf'"

The nlots of analyses on the orthcclase side o:i the thermal

valley present a more difficult i:roblen, The coi-itpositicn of
the rla.gr:ra ai:d, ire'nce z oî the yocks crys-r,a-l]ized jlrol,r it sirould

i'Lever cross 'ti¡e 'bh.eri¡al valley as a- resul-t of stra.ightfonv-ard

differentiation Tiuocesses. ï,ior shou-'lo su.ch. a iransition be

'Ì:::cught a'ìrout by assinilation" Pa.r'ú of tire difficulty na_rr lie
1n +,he fa-c-v ihat the tner':ra.l valie:;, via.s ouiliired by Soven foi:

the s)¡s'beri: c,u-artz*orthocl-ase-al-þitc r'¡he::ee,s 'Çhe 1:J-agì6sl¿sç
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in the ::cclts e.nalysed nas an ap-01'ecia-b-ie con-ben'ü ci' a;tor-i,ì.riie"
ran^=_^^ f 1 ^-^ a1 ^ IrJnai¡es lL2)v 1 '1" 2+3) L-hor,¡evel: , ce7-cttLe.i;ed that ijre dií:lerence
sircul c be vç!¿;-iii,z6l ir insignifi-can't, ani'l îti s otíc r,rou1í ceï'u3.inly

i:ears this oLt'L, lTetike C'lr.a¡rçs r rocks, the iloie ba s1c nÌrase

o'i '¡he Shenston"-T"Þiher intrusÍon contains r'ro-rnblende a.nC iras

a mu-ch higher col-or index" Ho¡¡.reve.r, -ch.e effects of the rnafic

constituents ilâ]r ¿.f 5o be negligibie i:ecalrse physi co*cheinical

evidence su.ggests t'ha'c rrtbe darie *rinerals q ø follor.,/ sepa.:r:ate

pa-ths of crystallizati on r+iihout inierf ering -rrith ihe ligirt
cons'i;i'cu-entsr? (g¿.rth t Lg52y 'A" 103) 

"

Tr.¡o possibil-ities re-li.ain:
/r \(J-) Î¡o different .,ragra-s l',rere invc-],ved in fornai;ion of the

Shenston-i,.,atÌrer i ntrLrsi on,

{2) T?:e intru.sicny 'chough de::ived :îrci:t a. ïtagÍ1a, has been nod-

ified ì:y aretasonatism"

TÌre fj:rst ;:cssibilit;; is not -no::a ou-i by fletd observa-

tions" ccnta.cis between i;he -phases appeared 'l,o be alnos'u ir:i-

"¡:ercentib'ly gracaticnal. Fet::ograi:hic conpalrisons säggest tha.t,

although grains-ize va-ries considerably, îirore cr l-ess il:e same

iex'çir.::e"1 chara-cieri stic-e ere ccnlllcn to ¡.i l- phases. Fr:-::tleitïiotee

siiecii.rens l,'¡'rric'h co::re frorr cl-csel;r neighì:o::ing local-ities 'l.,¡hictr

a::e vi::tua-11-y id entíca. l otherr,iis e, i¡h en a.i:al ;rssçl r þf ot on cpll-

csi-be sides cf ihc ther:ta'l ve"lley,

,,fv"ide nces of ne'úasoniat:'-sm, iihough i-rconc lnsíve e a:re inoite

ab¡-rnde.nt" Th.e e.r:¡i,ret'r randcnness in ';he distribui,ion of t?re
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'lc-t?s'il*ïicir ::a'teiip.,l i s suSges'uì r,re" soi.te r.rci:¿br c ¡_r:: iti',,i:
za-bicn effecis har¡e been cesc::ibed in 'che nea.ri:;v- secliirrents

a-nd iit sci;le of the granitic iocirs asscciated -i,¡i-bh oegi.ia,i:i-"be.

å-s nien'i:j-c"neci l,revicLlsl.' -the potash feldslfâ.tî is to soite ex'r;€il'ù

confj-ned to ]:aä.ds ¡e.rall-el- to the gneissost-ty, possiÌ:J-;= be*

cau.se i-t ha.s been introdriced ]a-te in the forr:a,iion of tne in-
trusion" lhus, e.Ðoerentlï ihe best ezeTana.tion fo:: the origin
of the S.hens'Lcn*i',iather gra,ni'Lic intru-sior: is iha'L it has þeen

de¡:ir¡ed frcüi a Ílagriìa and tha'L l-ate in, or subsecluen'r'ço, iis
crysta-11-:l-zpt,ion -,retascr.iatrc addi'¿ion of ,rcta s..ri Lii'r has cccrr-t:red 

"

The ::recban-isi:i of this adcji-tion is Lr.Ì'Llinor.rn,
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älhe geoLc'¿y of ',,he ïito ?.?câ. is -f]'nic¡l- oÍ the ,ircìrean

geology cf large pa.rts of '¿he .Canadiai: Preca.i:ibria-n Shieid"

1t ccnsis'[s of a laeia.ti:o::Þhic terra-jne of irighl-]r fol-decl seC-

inen'ca.:r;.r ¡-6fl vcl-ca,nic roclis invacled ìr¡i r:rril-tiple granitic

intrusions encl a nunber of l-ess ex'üensive basic irì--urt;sions.

1ro:: the rocks exani-ned, the f ollci,¡ing generalizati-ons can be

:rad e s

{1) The sedinente.I;r 3o"ir= fal I into tr¡o ina jor dirrjsleil*.

These 'h¿lve dis'uinctly differen'c coritllosi'cions and e,lte

a?na.rentllr separaterl 1n Ð-ge þ)r an ejljlreciabl-e airiou,nt of

L,ll:lU s

llhai is believed 'r:c be 'r;he clder division nor,+ ex'ists

as hornbl ende-i:!-agiocl ase-c1.u.ar:'cz sc'hists r,,¡hlch are 1ocally

ga::netiferous or diopsi-di c. OrigJ-i:all-;rr 'r;h.e¡,' ¡;rêre evid-

en'tly sil-t:r de'i:osits in .,.¡hich calcj-te and chlcrite for',ned

a large ¡:a::t cf the ¡na,trix. Tu-fÍacecu,s ¡raterj-al r^;as llro-

T:ably a ma jor corilponêût"

The oÌ;her sedinenta::;r dlvision i s conÐrised of three

units, Tire predominent one consists of i:la.giocl-a-.ce-bic-

tite-ciuartz schisis apparently der"ived frc.c felds,oaih.ic

er'ê\ñ¿râcites and int;efbedded shale" S¡rall a.ncunts of con*õ+ vJ rLçr v+¡vr

glornerate i:earing cací'ce cle.sts i:iaite u;o the second u.nii.

The third unit is 1o-rl grade äia"gneti'i;e iron ror-nation r+hich
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occü.rs ili narrcry bancls in the sci:ìsis"
(2 ) TÌie rrclc:.i:i.c i'ccirs ele cia,ssiiieci s-s (a ) i iti;r:r..,ed iai:e a-nd

aciiì r¡cl-canics ancl, (b) basic vclca.nic-c" Both su.l:clivi*

sions cLrtisist of en assci:tiren'L cf J-avas, a.gg1o'ie::ate ai:cl

tuffaceou-s sediment-,s" Th.e in'uernedi-ete to ¿,si c1 lava.s a.re

p::edcirti-aanil¡r da-ci'ce r,¡i'ih minor anou.nts of c¿.u-a-rtz l-atite
a"nC riryolite" The ba,sic l-avas are tliciceì-ttgreenstonestl

and evidentl;r ¿¡s predoui-na.ntly ì:a-saltic in conl-ros¡lruicn"

Fil lct¿s or el-]-i nsoi ds are a coliltoi struc1;u,::al íeatLu:e.

(3) The t:to corilFJ e:c of iilterbedc.rec clastic sedii:rents: j.rcn for*
na'bion a"nd volca,nlc ::ociis is cha::e-c'l,eristic of the as-cen-

i:la ge attrij:ured to eugecs]¡ncl-inal- sedinentã.'uion"

(Ll) The'rnetano::-ÐÌrisrt in the secli-rirents and vol-cen-ìcs s';u,died. is
la..rgel¡r :- mediun to high gra.de regì-cna-L tyçe, ït is 'r:e-

l-ieved io 'oe relatecl -i,o -bÌte g::ani'cic ini:ru.sions in the atea
'irecau.sc? on a.ilproa-ching these r-iâ.sses, t'tre gr¡"clc D.'or,rea.us to

i-nc::ease f::on the u"nper i:ioti'ce zcre tc 'uhe slllinanite
zone. Loca'l t'ne::nal- o:: coû-uact netanornhisn i-s su"s::ectecl

in the vj-cinity of 'che Dol:ie basic 1ntrr.:.sion bu'ú ccnclusive

evideoce is lackirg.
(,5) The -nasic stocli oLl'bc::ci:ning 1n L¡sh e.,nd Carpenter ior,mshj-p,

consists essei:-tia111,' o¡ u sllightly u"ral-iti zed hJ¡ilersihene

gabì:::o, This i,.c e.¡id entl y a ncrlrel i gneoi-r.s roch in t¡hicl:

J-ocal- nri:lary a-i-igru:rent of cr;rsJsr.1t su-g3es'i; ''rha"i intru,sion

took place si-:-bseq'"rent "Lc a.i Jeas'¡ na.rtie.l crystal-lizsticn.
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î'¡ie int.r,-is:-cn is cl-.-t -'rl¡ and, alonce, is cl-cie:: 'c'nan t-,'¡c

(a- lc r- ci:ha*cs Llor- e ) c-Î ',he gi'anitic ini::l-ls Íons " 
-i-i- cait.

,r:o'oabii' l:e l-cci,iecj u-no'n as au ocjriol-iiic t;rpe of intrusion"

{6) I he'¿erogeneolrs gror,r*p cf st,1¿i1.1- "ca-sic cliiies a-niì sills ele

cci',ìll1o-lL Ín tiie area" The;' Ta-nge in corlllos'ition fron hc::n*

bl-ende Ciorj-t,e to hcr"nblende g¿i:'oro e,nd ii: nar'Û can be

classed es l-ailproÞh)/re. Probabii' seve::a-l age gllcups eïe

reirresented bu-t the la" jo.r:i'Ì;:,' a::e indicatecJ .Lo r¡e oider

the.n. thc ar.-..,nitì-c it:lrusions"

tT) The lrCarpente:: granitic int::irsionr¡ is incìica-tecl -i;o be a-

noL::ral 'ì 6;itecLr--< ì:od;r o-i rel-ntivel-J¡ uiri jlc::ü cclli-''os j-ticn"

T,ne pa.tte::n cf, its gneisse5i f;r ira,s er¿:'-Öei:ttJ-;' been producec-t

cìr-r.rin¡4 intru.sicn a-nC 1n conjunctÍcn rtit'n foj-cìing of 'o'rre

i nvaded sedi-nents '
(S) The Shenston-j,Þ'r,h.e:: j:a.nC of grr.nÍtic roclls ìras a cc"ßsider-

al¡ll-e renge of cci:pcsi'cion r 1'¡flsugh ivo phascs, hcrnbiende,

g::anoclio:,ite ancl CluaTi-z nonzonite, appear to predcn:ina.te"

Ðerj-vation of this body frot-:i e, irlagrie- is favored oi: the

basìs of fiel-d evidence. ÌIor+ever, resLii-r,s of node.J- attt:.l)r-

sis ¡}oitec cn a il*Fl-cr diag.r:e"il point to a't'least l-ocal-

r;retasoi:la-ti c etr::ichr¡ient in pote.sh r'ii-bi:j-n tlre bocly'

{9i gtre effects of graaiti-zation in ihe sedicrents are ai-,preci*

able l¡ut ¿.::e j:el-i errecì to be surpa,ssed in r'iagnìi;ucle 'b¡r a-ss-

ir:ril-a. tion in grani tì c ila"Sna s '
(l-O)nitles cf die.base and q.ua.tiz riiabase Iel]resent the ycungest



1¡?

l.:ncl¡n i nÌ;rüsicns in -i;he Ð-ree., l''L-re;,' r-::e tr¡ci c¿--I l:o-bi: j-ri

I-Í thol oç::¡ and lers-i s'can'b ¡re':id o:e the sc*ca.ll-ecl lieweene'*"_- O¿

I,ían dÍiçes found efser,¡he::e in 'i:he Ganaclian ,SLiieJ.d" fntru-

sion of -'u'nese iliires nas u-ndcullieoJ-';r been rele-j;eci ;c 'Len*

sional conciitions in the cerLhrs cïlr"$t*
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