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PETROGRAPRY AND PETROLOGY

PISH LAKE AREA, SOUTHEASTERY WALLOW

EOUNTAINS, OREGO

SCOPE OF THE THESIS

As shown in Plge. 1, the arves coversd by thils thesis

1iles in the sputhesstern part of Yhe ¥aellowa Jountaing in

This area was first

Baker Counby in northeastern Oregone.
ssen by the writer in the sumser of 1880 while on a side trip

during the seoond hall of the Universlity of Tashingbon

with asslatance by Harry

mer Geclogy Fleld-Course at Com

ducted by Frofesssr 0.8, Opodspeed
smedess The amall area was ehosen so that the petrography
detall, Field astudy
sbook was done during the summer of 1981,

logy ocould be dons in sone

and mapplng of the
Pre=Tertiary rocks only were studlied.

PREVIOUS WORK IN THE AREA

CoPs Rops mude & preliminary or reconnalgesunce study of
the southsastern Yallows Hountains in 1921 whish ineluded
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eagt of Selker. Cood compling apace, frash spring water,

and good flshing are Pound at Flsh Laks. The road ls gene
evally olosed by snow untll ths firet of July end one may
socasionally bave to peck in the last balf mile or ap untll
the middle of Julys 1% iz ususlly not adwisabls to attempt
the road beyond Pleh Lalke before the last week ln July une
lese one 1a equipped with tirve chalns, & geood

the desire o use bothe

This ares has undergone glacliation and many ouberops

are smoosthly rounded roches moutonnses from & few feet Lo

ighs the Iintepvening sress have been plucked
more o less £illed with till. Upeb important cone
with t11l1,

Zany of the low spots ere sosupled by marshy mesdows o

tagts have also been plucked oul and coversd

gmall lskes and others ars covered with evergreens. The

manoth magelve roek le 4ifficult o sasple propeviye Flgs
2 showe seme of the higher %ﬁﬁﬁﬁ%ﬁ*

1y B,
5,500 where Clear Creek lesves the Tealt Stooh te 7,480

- aboub

D05 faet of rellel, from

The ared has neoe

abop Sugarleal Hountalin on the ridge belween Clesy Ureel
snd the lsmshe

Blver, to the aorth,

PETROSBAPHIC 20

00s

147 thin sections wers examined in the peirvogranhile

miorogenp@e 78 of these were dupllostes of obther rooke
typse and wars not shtudlied in detall. The remainling 74 were
ezanined with some csrs. They ars not deseribesd Individe
ually in the body of the paper, however. The deseriptien




aphy of the Fish Lake arem.
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(INERAL_SBOLOGY AND STRUCTURE

7

Trep g

The sldest rocks 1in the ares are tuffscecus arkoses
of Pennaylvanian(?) ags which underlie the Permlen Clover
Erael greenstons, Une ocuborsy was obssrved a quarbter of

& mile ssst of Flsh Lake which sontalned Interbedded groens

stone and tuffssecus arkese, indicating that the centact
nay be eonforamble.
The Clover Orsek greenstons appesrs to be mostly

andelormed in the Pish Laks arse; altheugh mush wariation

isg found from ouberop $e ouberop, one szposure of pillow

lave found eappeared to be undelferssd, The tulfaceous

arkoges ure deforped in sopen foldsy the gresnstene pay be
simlilerly folded. A prosinent band of shearsd gresnsbone
euts scross the arss in one plase end 1z ssscoiated with
marble lenses,

Foupr small diorite-gabbro stocke intrude the greenstone
and sesm Lo be parily contrellsd in leoostion by the zons of

shespring or lsnsea of marbley
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Talds

ssayr in 21l the reelkas This wesz probably simslitenscus with
o v

&t Uernucople to the west, deseribed

: genoliths Lo be

”3
sgm

& basls inteasives, In
It w11l be zhown that e sheaps

aynkinemstic intrusives {l.e.

On the basls of the Teres

- eavidences, & partial

&

history inelud! the vooks of the Filsgh Leks aves is a5

Pollows, The Permian gresnsbonss were delformad in & late

Wesozolc orogeny. Sscause of thelr massive character they

were defovmed only slong eerbtain zones of weaknsss, where

bagics were intruded snd shearsd

ing thelr ninsralogleo conbente
In immediately post-orozenic tlas, the dlorite-pabbro
aplex was emplaced and formed 1ts various contact metse

.

morphle phaszeg.
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PILLOW LAVA
B PURPLE MARBLE

Mlge 3¢ Plllew lavas whileh pgouy in the areenstones
north of the Weelt Stoek. A vertizal sxposurse,



is

Pigs 4¢ A slightly alterad diabage exhibiting blastow
ophitle texture, aAuglte iz rimmed with gresn hornblende.
@ fusasy black-appearing material is charasteristic of
feldgpar alberation in all the rocks of the area, It is
comaonly so dense that 1t is nearly opague. Plane light,
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Lassboohyre Eafl? and by .
kerabophyres ball and bregcla » o« « and llumestonse

The greenstones of the Plgh lake arss are less &1%%?%&
than those deseribed elsevhers, It fs nod at all rare o sos

ralict ophitic texturss and vellet labradorits. This suge

s

tg that ths

‘:"éf

' greenstone 418 not reaet uniforaly to the

agents of mebtamorphism, even within the srsa of the Tallowe

unitaling, '

Cambant

A @ﬁ?ﬁiF*Q sal

i

i metamerphis

proximstely the

s e B g
present approx’

green hornblends in the rocks In hand gpecimen 1% 1

dark greenisheblack pershyritice-appsaring roeck. In thin
section It is seen Lo conbaln mostly streongly altsred euheds-
ral plagloclase phencerysts (uve. length 2.8 wmm) and ssaller |
sroundmass laths {(av,. Jonzth 0415 m=)s The g?ﬁg@ig%z gilere

grained brownish alincszoisite,

% ABpaeingy, fenoblastie green

ma} snd epldote (ave diae 0,08 mm)

compriss the dark minsralse, Hlnor mapnstlie iz present,
The setimated nineral copmpoesition is 28 Followa:

-w&ﬁzéﬁﬁ§?3 Fhanos
lgonlass lathes

raan hornblendes
éﬁa%%@ﬂﬁﬁy,&% o




gl

This vock is abill mostly unaltersd,; but the green
hornblende appesrs Lo have been formed by eontact weta-
morphisn and to be contemporansous with epldote,

& speelivan collected near the oentar of ths gresn-
stone xenclith or roof pendant in the Heorthesst Stock (about
180 Pest Croem the contect) L sisller %o the recks prsviously
dessribed, but without @ﬁ%ﬁ@@@g@%ﬁiA In thin seeblon the
follewing festures can be zoen.

feliet euhedral stonply altered gralns of plagie-
elass ayersge 0.1 mm in length. Fresh greins (av. 2ls.
Ca05 mn] are bytownits (Angg). Thelr compositlon was
entablished by detsrmining thelr indless of refrsection.
The bytewnlia ls partly sltersd to sxcesdingly floseprained
agzrozates of brownlsh clinczolslie which ars partly coarse~

. bo ghow the characteristic ancsalous oolors

of slinozalizites Zenoblaztle green hornblends is strongly

pellkiloblastic, Including magnetlits and both fresh and altere

plsgloclsen, It 1s plesehrolc as folleows: U-derk green-
tsh brown, T-yellowish green, X-light brown. Ninor later
guartz ls present; bletlis forms at the sxpense of gresn
horablente nesyr quartz graing,
The estimated minsrel comppsition 1s &3 followss
Grasn hﬁm‘blmé T
AT o R

%iﬁ%i gawvgnwmmmm o i e R A 1
Bapnetitigsresnosoncnmssay

The reck iz thevmally alisred basalt. The preserve

stion of Iresh bytownite ln the rock indleates thet thls xeno=
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The estizsbed mineval compositlon ig as Tollows:

Rellet labradorites--wwg5%
Labraderitseevecoenensnl 5
Hornblends (1)ewewsmesud0i
Hernblends (8)e~-mw==eslii
Quarbz--~ SR ——
Hagnetit@ewesnwmanmscecnag

The original poclk was a somewhat albered basalt or
disbage porphyry (gresnstone) which was stlll more altered

by therasl mstaserphissm. Thersal alberstion appears to

have besn active in two maln phases: (1} The saking of
brownish hornblende and labradorite and (8) the making of
andegine and blus-green horoblende, accompanyipg the lobre=
duetion of guartz. The meklng of the second phase probably
sprreaponds to laste deuterie aetlion within the stock = labe
deuberis fluids carrying silica in sslubtien penetrated the
sdlacent grecnstons.

& gpeselmsn sollectsd ten feet from the conbacht st the
game lecalibty is simllaer to the previcusly describsd rock in
hand speclimen, bul d4iffers in that the rellet phencorysis
ave lapger and that pateby aress of the roek contsls nobe
able fine-prained gernst. In thin ssctlon the following
features AFs 2640,

Beliet eubeadral

andesine {(at least Angg) exhibits nopw
wal sening, flow allgnment, snd is strongly altersd to clino-
soleite, The average lenghkh of the phencerysts s 1.5 amg
smaller suhaedrsl laths 1o the groundmass average C.15 mm

in length. ZSencblsstic green hornblends (av. dlase 0,05 mm)

forma a solld met arcund the veliet plaglociagse pgralns and
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Zheared amphlbolitle greenstone is present only in &
pandd aloag the nertheast slde of the Yest Stopck, ezsept lor
& Pow small xenoliths of it found in the siock within a quars
ter of a mile of the contact. The shearing diss oukb grade

ually, within s few feel, inte massive groenstons.

In suberspy and in band gspecimen the sheared greensions
is & dark fine-grained rudsly schlstose rook with largs
lenticular Paldsper graing present in some places.

The shesred amphibellitie greenstens siowa & conslders-
abls degres of lntermizturs with lime-silileate granulite at
the ons plece they sre in conbact - thse twoe having the appears
gnse of belng sheared st the same tlae so %ﬁ@% lenges of lime=
silicete grenullte may be found in shearsd greenstone and lonses
of shearsd greenstons 1n llase-sillcate granulite. 0Goe Flig.
Bs

Lenses of shesred pgreensione showling very poor minersl
'aiigﬁwﬁaﬁ.%ﬁg be pbaerved in otherslse maselve llme-silicate
zeneliths & sixth of & mile in the stook from the contacts

A& speelmen ecollscted near the lime-alilicate-ahoared greens
stons conkast to show the intermizturs ls & black Tine-grained

rudely %@ﬁi%ﬁé%@ rook with irrsgulsr feldspar-bearing strings

ere running throogh 1t and conbainisg lenses of reddish and

gray=zréesn lisme~-silicste rock. In thin seetion the follow=
ing Feabures gan De saon.

Fine-gralned zencblastle guarts, zenchlastic blptlite
and gresn bornblends, magnetits with shells of pennlanite,

epidote (av. length 0.1 me and well-aligned), very Flonge




Fige 5+ Lime-sillcate granulite lenses iu sheared gresne
stone near the end of the band of sheared greenstone on
the geoleglo map.



grainsd goarielts, and 2l

lenrth 0.1 pe and welleal

sroportliong in 4iffarent

blastin ?a%%ﬁ??@%la%ﬁ&% grains of zresu hornblends whi

1y »oikilohlastle,

tite, and enidotos

vaing have no allgnment, very Llrrege
ular almeast ampeba-like Teorm, and tend Lo push the ather
minsrals of the sehiet aside, Ses Flz, 8,

The minsral assemblasge indloates that this sohlszt wae
formed undsr splional sonditiens, The gresn hernblende grew
during sbatle beating, probadbly by the irtrusive, The
servation of thils lewegrade rech within 8 hundrad feet of

the stesk presents 2 problem: Why wes 1% preserved when

rocks father sut were made inte amntibellte? The reek
may be ealled an amphibellitle greenschist,
Teo speolzens were esllescted to show feypleal shearsd

zresnstene’= gne ghere the band of ghesred gresnsto:

w oPuLeen

the ridge and one neer the south end of the saze band,

Thase
show such similar features in thin section that the desarip=
Flon of one will sufflee for bobh,

Rellet phensorysts of labrederite {Angs) are much

eracked and broken, and mors oF lees drswn oul inte lente
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Plge €4 The llghﬁsruundnmac,ox‘tbia:grtcuaahiwk contaling
partly sericite and @artgg pale green airly well-aligned
penninite (which alse partly forms as $ims on magnetite

graine). Posteshearing green hornblende porphyroblasts
are dirvectionless,
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g

mined in index olls and i1z thus andenins.
The sstimated mineval composition i3 es follews:
Gresn &a?ﬁﬁi@“ﬁ%ﬂ*~mwax~ffi

Andesing=-
Hapnetlige-

This rock wes originally & greensohist forsed by shear-
ng of the greenstenes in the ares and 1s now w slightly
sehistose amphibols hornfels Torsed Ly thermal alteratlon.

The prolenged heating snd recrystallization of the xenoliths
in the sboek wes sufflclent %o almost completely destroy
the aligzowent of the miznerals i ths originael grssnschist,

fugh aliznsent as resaing le wholly nimetie after the

sriginal schi ﬁ%@ﬁigfﬂ B8 Fig. Ts

Brogl-

It iz worihy of nots that pone of the shesred
stone zenoliths within the slock retaln relist henoorysts

of plaz iﬁﬁiaﬁﬁg The phenserysts were largsly sble to maln-

tain themselves In the bordering rocks, but onve within the

stock were completely recrystallized,

The merble is found as sither round mssses or ss rather
elonpates bands in the contaet belween the Intrusives and the
pider rocks. The marble at Twlin Labkes undoubtedly extends
over & larger aremn than shown but is coversd with morainsl
muterials. OCosasionnl zencliths of mardle are found within
the stock but are moetly too small o show on the geologle
BEDe

Wnerever found, the marble exhibits stronz Joinding and




Fﬁ,g, Te 4 allightly schistose amphibole hornfela, Schlste
oslty 1s visible faintly in hand speclmen; in thin seotion,
it may be imsgined that 1t 1s seen. Note the derk fursy
alteration produet of the feldepar. Plane light.
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snd 1soclinal folding. The trend of the 1socclinal folding

¥
parallels the contact and the follation in the sheared green=
stone. In meany pleaces the marble 1s sllightly ilmpure, cone
taining small bands of garnet or dlopside granulite, The
mapgs of marble In the SE corner of the Tert Stock 1s more
impure than mest and grades inte the mass of llme-slillicste
granulite adjacent to 1%,

An unusual feature in the lsrge marble renolith st the
north ané of the West Stock 1s the presence of stretched
dikes. GSee Fig. 8. In hand specimen these dikes have the
appearsnce of lamprophyre, & dense dark rock. Thase dikes
were not obeserved in any of the other mencliths. Simllar
features were Jdeseribed by Smith (11) In the upper Trisasie
¥artin Bridge limestone in the Northern Wallowa HNountsains.
PBis desoription followa:

; Wiﬁhln the Martin Bridge formation are

found dlkee which o « « have been broken snd

pulled :gnrt by the movements that folded and

distorted the limeatone o » oThe f2ow band-

ing in the crystalline limectone follows evene

1y around the lsolated mere or less angular

fragments and blocks of fine-grained lgneous

reck « o » Just west of Ice Lake o 1§ inech

dikelet originally 10 feet long has been broe

ken in some 28 parts which were pulled apart so

that they are now traceable al & distance

of 55 feet . . « (The dlkes are )} & fine-grained

allotriomorphlc reck with plegiceclase, dlopside,

tremolite, and remnsnts of leached blotite + « »
probably & lamprophyre, possibly approaching
apegsartite.

In those more pure xencliths of marble the only effect

of belng jmmersed in the dioritic magma was recrystallization
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FPiges B¢ 4 portion of & stretched dike in the northerne
most xenolith of marble in the West Slogks
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M*

gD e
&

This rool
a diopside~beaying epldote granulits, Un the bagls of avis
dence seen 1ln other thin sections, 1% sppears llkely

i

4 gosolmen collecstsd to ahow "limeeslilicats minerals in

nad cale

alte, very

(3% dlae) greenish brows srystals tenistively ifdentifled as

g%?g%%. In thin seetlon the follewing things sre seons

safehy areay belbtwesn dlog
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delanitic llime-

1y of garnst whieh is partly aliered o spliotes In thin
asction the fellowing featurss are obaserved,

Zenoblaskie zrains of ealelite {av, dis. 10 mm} are
goattered through the rosok. Oralng present as inclusions
garnet ave gmallsr {av. dia. 2 mal.

Mg?&iﬁ%7§¢@?ﬁ§i§g Gel mu dise and 1s the same

elte, Zencblastie, partly 1dicblastle diopaid

hedenbergite solscule,

sion, and 1s not notlecesbly

eoloreds Oooaslenal grains exhlbit sheletal form, and inelude

S

saloite. Zenoblastlie porphyroblastie gaynet hap & composlibe

le, apoords
ing %o 1%s speeifle grevity and ladex of pefvactions It l1sg

rowny and logs bhrogn

It ig strongly pollkiloblasstle, inelnding calelts,

4

quarts, dicpelde, and sotinelitey it appears to be lanlergrown

é
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Fige 04 aumaa included in pelkiloblagtie epidote.
(¢ - dlopside, o ~ spidote.) Plane light,
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Flge 10, Caleite and guartz ineluded in polkileblastie
andredite, Some sobtinelitie green hornblende is present
a3 inelusions alsc. (ac = actinelitic hornblende, g «
andradite, oa -~ caloite, § -~ guarts,) Plane light,
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The roék was derived from & more impure dolomitic llume=
stone and is now a diopside-grossularite-~andesine skarn.
Andesine probably represents originally more calele plagle~
clase whilech was decalelfied by the formatlon of prehnite

(ratéograaslvo),
INTRUSIVE ROCKE (DIORITE~OABBRO COMPLEX)

The diorite-gabbro cccurs in four small stockas which
intrude the Clover Creek greesnstone. For ease in reference
they will be referred to individually as the Northesst Stock,
the Central Stock, the Little Stock, end the West Stock;
each stock can be readily distinguished by a glence at the
geclogle map (Plate 1),

foss(l3) mapped this area as one stock during his re-
connalsasance of the . southeastern Wallows Hountains in 1921,

His description of the rocks fullows:

The rock varies in appearance ag well as
composition, HMost of 1t contalns so smeh pyro-
zene as to be almost black and iz Ciner than the
average granitold rock farther west, There are
some small patchee composed almost exeluslvely
of ferromagnesion minerals. In many locallties,
however, the rock ls ceparger and contalnas a
smaller proportion of dark minernls than the
BYVEr858 o » »

The roek is so verisble in texture and
composition that 1t ls difficult te select
apecimens that cen be considered ot all represent-
ative of the whole., MNuch of the mass consists
esgentially of titanifercus angite, hyperasthens,
hornblende, dark green blotite, and bytownite
and has marked flow structure. There ls & very
little interatitial quartz,. The reck is fresh
with very 1ittlo development of secondary miner=
2lge '

Hore silicle portions of the intrusive mass
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epngliet essentlally of qusrbtz, serieitized

; alaeg, ﬁ%i@?i% %giﬁﬁgﬁg and sup-ordinate
L LS ?$¢Wg The gﬁi@ te and %géﬁgﬁﬁ are @1%%?*
ation 153 5y ' ‘ :
w?é%»; @%}f’ o

&aay%%éggrgzéﬁﬁ

Aortheast &

Sabbro

a0

The Sortheast Steok is compossd entirely of gebbre. Its

gontants with the zreanztone and marble were nob obaesrved;
f

out by zlselsl sbrasicn and

W

re everywhore steb

E ST
@%ﬁg

sovered with 2111, but must dip steeply.

In ouberop and Iin band specimen the gabbro is & mede
fumegrained masalve darke-gray rock vhich sabl %ﬁ%% the follow=
ing Testures in thin soctlon,

Aphedral olivine (0.4 to 2 ms in dis,) has undergone

subssguent resctlon and replscement by later mineraises

Apeording to 1%s indices of refpaction, 1t contaelng approz-
imatsly 247 of Fepfll; molecule. Fuhedral to subhedral
hyperathene securs partly as rlms on olivine grains and

partly as plates {(av. dla,. 0.0 mm) enbedded in augite.

Adseording te its indlces of refractisn ths bypérathens
sontelns approximately 20% of PeBily molscule, Labradorite

is present as suhedral %o %@%ﬁ%ﬁwgz laths sveraging

a

2 in length and partly aliered to exesedingly fins~
grained brownish agsregates of clinosolsite, ILarge anhede

5

ral Precuently twinned grains of sugite {ave dlas 2.U mm)

include, in addition to hypersthens, tiny ro plates of
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labradorite in thelr marging. iinor uralitle hernblende

is present ag rims on suglle graing.

The minsral sompositlon of the roek ls as follows:

labredoritesmearsscnsesadil
Hyperathonse=eemsawmnaseasy
jﬁ%?&% ie &ﬁ%%%@%@&w s i 0L

The ecalenlated chemlical compoalition of the rock l18
as follows:
%iéﬁgwawmmnma@wwagﬁ&wwmw %

Al.

%wwnumuw%wﬁmwuw%wwhm%%%
ﬁﬁ s ﬁww”eﬁw»wqu‘»w&mm“mw}‘g@g

g%@@ammawmmwuwmﬂﬁﬁwwuﬁ@%

el ﬁw@wmm»%ﬁ%ﬁmmaw@ﬁmﬁ%

5

o

s i e o e i e i e
rehearing gabiroe.

The rook 18 thus an olivine=hypersthens

Cognate Inclusions

Zeatber

2 haphazardly through the gabbro of the Horthe
east Btock are black voarse-grained irregular Inelusions.
Ses Flge 1l.

The irregular drasn-ont forz of thess inelusiocne sug-

gests that they were softsned by the magma and sonmewhat

drawn oub by diffsrentlal flow

]

In thin zection the feollowlng fealtures can be soen,
Aphedral olivine (ev. dis, 0.7 zm) 1s partly altered %o

satizerite and partly to bowlingite or 2dd4fingsilte and is

mostly or d inte narrow spaces bebween augite graing.

Zuhedral to subhedral hypersthene (av, 8iae O.l mm) is

sartly poikilitie, enclesing small grains of olivine ond




&0

GABBRO
Xy PERIDOTITE

Plgs Al A vartloal rook faoe on ths ridge in the Nertheast
Stock, showing %he irrsgualr fora of many of the sognate

inelusions. Obther exposures indiecate that they are eqgually
frregular in all three dimensiona.




gl

sarly maznetite, Anhedral augile (ave dia, 2 mm) is polkie
litie, ineluding olivime and hypersthens, and partly

altered to uralitic hornblends which fg pleochroic as follows:

Z-dark reddish brown, Y~1lizhter re@dlsh brown, X-1ipht brown,

or Zedark brownish green %M§%E3@@%' graen, Xe-pale green.

neral cemposlitlion 1s as folliowsy

éﬁ%i%%mwﬁwﬂnau@mwum&mmmfﬁ%ﬁfa
Oiivine e
%%f?g}@?%% e @wmwu#maa@mv&wsmwﬁ:gg% g
Uralitic hornblendow=sesen
dntiporite, bozlinglte,
ddingniliosennnscasn
%%g 210 L bm e mmmmsn o s sl

The rock iz 8 hypersthene-bearing peridotite.
?ﬁ%‘i& ?@z}( v

wing Geseription i3 of an irrsgulsr-shaped

incluslieon moatly less than an ineh in thicknsssz. 4s g gon-
eral ruls the smaller inclusions are more strongly sltered
than the larger ones., In thin szecllion the followlng
feutures osn bs ssen.

Subhedral labradorits {&ﬁ@§} {sv, length 1.5 mm) is.

partly serleitized and partly altered to smeeedingly fine-
grained brownlsh clinozoislite, Huhedral hypersthene (0.4

to 1.5 mm) is falnbtly pleschrole: Z-very faint gresenish
zray, T-very faint pinkish grey, Xi-faint pink, snd is partly
gltered to tale, Subhedral to aenhedral uralilic hormblends
{ov, dlae & mu) 1z polkilitie, including plstes of labrador-
ite, hyperathene, and rellet graing of aupite (1.5 am ave

diae) Trom which it fem




followsy

s op e B g o5,
sabiznbed wineral

e, B e e
%?ﬁﬁ&%&ﬁ B

%ﬁ@ﬁ%@iﬁ%

A Jarse mags of rudely folisted blaeck conrsesgruined
rock oreps out 1o the seniral psrt of the Horthesst Stock.

In the oulersp 1t i reddlish brown 1o coler, In thine-gegs
tlon the fellowing Tealures can be obasrved,

Arhedral sugibe (av, dla, 3.5 mm) grains are strongly
eut by gheasr plsnes, but twinning lemellse and inter-suglites
grain contests are not offset by shearing except Iin cocaslons
a2l grains. Anbtigerite iz present as irrsgulsr grains {av.
gers in the shears through sugite
graling. ¢ Siny grelng in the

antligorite; sore magnetlits

luded in antiporite In the
any

ghears traversing auglite than in the larger gralss of

gorite, Uralitie % the expense of supite.

The sebtlimsted miners

AuzltBennmmmns
snblgorite-

gnetite: .
Uralitic %ﬁfﬁ%zﬁﬁﬁganﬁ»wﬁ

The rock ls & partly ssrpentinizesd shess




earlisy differentistsd phazss of the zo %&f&# The sheared

parldotite wes intruded pris sie mevementy the gabbre

in whieh 1t 1s included post-dates the crogenlie smovensnt
and the rocks may be considerably different in ages
Lighter schistoss dikes cubt the sheaved peridotits.

in thin ﬁ@&%%ﬁa, the following festures can b seon,

%ﬁ%&ﬁ%?‘%z %}12%@%% {ﬁ«@ Mi@ﬂ ﬁmﬁ

tale, which may have formed frou originel hypsrsthene; the

olivine alters Lo antigorite, Anhedral labradorite (angg)

averages 0.8 me in dleameter, encloses ollivine, 1s parbly

ingly fine-grained brownish olinozolalile,

and sxhibits undulatory extinetien in grains, Anhede

ral asglte {(ave 418 4 mm) 12 pollilitle; ineluding olivine

aot s strongly sheared in thls vook as in the enclosing

w

peridotites Urslltie hormblende forme 4t the expense of

ili@

angltes and is plecchirole as Lfollows:

followusy

g i
ek 0
w%ﬂg%@}%g

M%i} ?ﬁﬁgﬁ? Ll s e v mmuwﬁm.&%
Uralitie t ﬁ?&%é%ﬁﬁ@uwwﬁwwﬁ
Talowswe: sy o s en
éﬁ%ig@?é%@ , v s 9 )
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The proek lg 8 slightly sheared pyroxenite., 1% ls note=
worthy thet the plagioclass in this rook exhiblts undulous
extinotion. This imslles that teaperaturs 414 net begome
nigh enough te csuse recryetalliszation of the plapgloclase.

About 100 yards west of the large xsnolith of shearsd
paridetite & zencllth of translucent yellowlsh rock aboub
150 Pest im dismeter crops outs 4in thin seetion the follows
ing Peuturses osn be shearved, ‘ ,

Limonite iﬁvﬁyﬁs@m% in tiny slusters o»f very small
round graineg: 1% lends 1is color te the rock. Hound grains
of anbigorite (0.2 mm ave dla,) meke up the bulk of the
Pock. Hxtremely smsll gralng of either dimspore or alunite
are presenty & few Biny relict gralas of ausits are seens

The estlimated minersl compositien is as follows:

AnEigeritoemersssansnnesBll
Limonligesssncnunnensonnaly

Diaspore {or Alunite)---10%
Augligwenenmosunsssssawnsi]

The roek ls & sompletely serpentinized dunite, This
pook 13 bslleved not to be & eoznate incluaslon bessuse all
the cognste inelusions found are elther pyrozenlie or pors

idotite,

Central Stock

The sast parb of the Cenbral Stock ls made of gabbrog
the west proug, however, has quarts dlorite in 1ts ecentrsl

part and is probably risoged by zeblro.
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Gabbro
The gabbro in the Central Stock is & medlumegrained

Gark gray sassive rosk both ln oulorop and in hand spoelmens
In the nlervescope the followlng features can be ohaswwved,
The principsl texture ls aubeophltic. Huhedral ¢

subhedral labradorite {Ang., av. length 0.8 mm) iy free

of incluslions and asseording f pefractlion,

=4

sonbelng apovoripstely 200 of %%%%%@:&%%@@aiﬁe suglite i

subhedrel to snbhedrel and 1.0 me in aversse dlapsler,
Larger graing vecasionally enclose %W§%ﬁgﬁaﬁaﬁg most gralns
nebite 3% the

only ascsszory minersl pregents penninite has formed snly

enclose small laths of labradorite.

s

along Jolnt erasks. Zee Plz. 18.
The minsral oo seaition iz as ﬁgzz@%a%

; a0
%Eggﬁﬁmm&ammm mmwmmz
; ; umumgﬁﬁg

e

{}%ﬁﬁgfﬁ 2 & @wwwmamwmm@wa»mw%

The caleulated compeslilen of the rook s as followas

0 D e s o cor om o s o s i 0 6 4550 0 500

ﬁ;g&z 2 ST Sl 0 S S G R R A i SIS SRR R

gé @Wammr@mmm %Mﬂ*%%%#ﬂ%&i@%

Anotherp @3@@@@%@ was collected I'rom the mlddéle part of
the Central Steel, It exhibite the follewing festurss in
thin sectlon, Subhedral labradorite {Angg) 15 in gralne

averaging 2 =m 1o length end partly altersd tc exgsadingly
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fine=grainsd Lreownlish zassss of elingsolsite. & certala
alignment of graing appears o be present. DSubhisdrsl asuglte,
pertly altered %o uralitlc hernblende, ls present in meds-
iumeslzged grains, Suliedral hypersthene (0.3 to 07 mm in
length) 1 parbly alterved to tale-clincehlorve aguregabés.
“Yagnetlite 1s the prinelipal agcessory.
The satinsted wineral somposltlon of the rosk ig as
followsi
&@%?ﬁéﬁ?iﬁﬁﬁam«*ﬂ*******%ﬁﬁ
AugltemmmemennnassnnenmeDB]
Hyporathonessnessammnuenlbd
Talemelingohlore=s==ss=s10%
Yagnetllgerssvamncnnnessen
& spenimen wez colleched at the south end of the Cenw
tral Ztock on the grest of the pidge southesst of Plish Lake.
In hend spwelisen and in outorvep the rook is & dark gray
rather finesgralned sasslve rock. In thin section the followe
ing Teaturss san be &%@&gﬁﬁé;
Lavredorite (Angy) is in subbedral bto aphedral grains
sveraging O.8 mu in diaveler and sartly asibered to seri~
oite and bo spotty arveas of sagecdingly flose-graised browns

nblende appsars to have formed

fah el nozolsltea, OCresn hoy
e peeudomerpbs after sugite, It is in snhedrsl grains and
is pleschrole as follews: Z-blulsh green, Y=yellowish green,
Z=pale gresn and partly altered %o elincoblore,

The esbiasted mineral composition 18 a8 follows:

Labradoritecswemssvenenndlf
Gpsen hornblend@e-swse=e?08

The rock ig e sbroopgly alieved gabbro. Delng near ths
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Typleal gabdro.

Plane :J.ghtu
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The rook ls thus & guarig~horpblends dierite.

tognate Inelusliong

Az previpusly mentioned, the pgebbre Inciusions in
guarts diorite brecels are cognste inclusions. They will

not be deseribed here bseauss the rocks=typs was adequate

i1y deseribed under gabbreo., Cognabte Incluslions ln the gabbro

are similar e those in the Hortheast Stock but in general
mors atrongly altersd,
& spseinen of 5 coghats iﬁQZQsiﬁﬁ’%@;R@ataﬁ'ﬁﬁﬁf the
south end of the Central Ztook on the orest ¢f the ridge
89 of Pish lLalke sxhibits the fellewing Pfesaturss in thia
seoticns Large snhedral end saall subedral green horyne
blende gratos (Ced Yo 4.0 52 in lensgth) ars plecchrolie as
follows: Z~dark greon, Ye-green, X-llght brown or I-blu-
igh green, Yeysllowlsh preen, Z-pale green. Hornblende is
partly altered to elincehlers. Helint plagicclase le entivee
1y aldered o sxcesd ngly flne-gralined brownlsh masses of
elinogelsite. Hinor sphens and fresh seoondsry quarts form
agcessory alinerale.
The ssbtiszated minersl composition is #s follows:
dpgen hornblende-sesn=asibg
altered plagiocligee--=el0l
ﬁiiﬁ@éﬁi@fawnauwmmww»nauaﬁ

%ﬁ%ﬁmw o i o
D F LTI e o s T

The voek is probably & strongly eltered pyroxeniie,




Zenoliths of sol

one of these ls jeb black and very

exbiblts 1ts weakly schistose charscter only on weathersd
surfates shlch sre reddish bDrown In ocolovs In thin sention
the followlng Tenlurss can be obssrved,
antigorite =alkes up the bulk of the rooks zraing ave
more or less alizned slong shear plansss Tiny greine of
nagnetite lie mostly in the shear slancs,

The esbivated minersl semncaltion of the roek Lo as

Lits lends its coler to the roek

wizleh i3 & completaly altered phesred dunits - now sonss
what sehilstose gerpentines Ap With the shesred inslusions

%

neared dunite is

of paridetite in the Hortheast 2toek, this =
mueh older then the gabores ln whiech it is snolosed,

Another zensllith noted weathers Yo & dark brown colors
It is coarse-gralned, black, and obvlously sshistess, sven

on fregh surfaces., in thin sscilen 1% exhibits the follows

2 o o Sy
ing feabupres.

Anhadral ellivine (av, dlae Ued mm) Ls parbly included by

5

lavge augite grains and ls parlly crowded Ints the spaces bew
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bwosn suglte graling, The gralng arse traverssd but enly
1ittle offset by sheavs which are parbly £111ed with latepr
magnetite, Olivine alters %o antigorite, graluns of whieh
a1l contaln centers of megnsille. Large anhedral grainsg

of auglte {av. dla. 1.5 mu) are traversed snd somswbst offs

i

s She shears szealo ovesupled by later wus

They alter te uralitic w@fﬁﬁiﬁ nde which 18 present as riss
o suzite gralog or a8 lrregular blebs within thes and is

plesoshrole es follows: Zeclive green, Velight grey preen,

R=lighter greenish brown. Bes Flg. 13

The estimsted alnerel composition 12 88 folless:

DT SA———
25 61 ] TR R o
Yralitic %f’s%ﬁiﬁé%ﬁiﬁgm«um@u@

The pock 12 & sghearsd partly serpentinized nyrozenite,

sonsideranly older than the enclosing zabbro.

Thilled Contaect Fhase

The conbaet of the stook with the gresnstons was abe
resd on only oné rechs moubonnes, north of Fish Laue,
aboul 180 yards west of the Twln Lakes road, 4 li=inch
iaysr of ultra~basic rock ia preasent adjacent to the gresn-

stone snd probably represents differentiation of pabbreole

sagng at the dhilled contant. In thin gectlon the foellswlng

upits {(av, dla, 0.5 ) is dusty

ivenegtalined tale fnaludes




£
f s

Pige 13,

Sheared partly serpentinized pyroxenite,

Hote
that the shears, although prominently developed, have not
effaet the graln boundsrisas,

{a - augite, an - antigorite,
¢ ~ nlivine,) Plane light,
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antigorite and megnetite; these minerals indicate the forme
er presence of olivine and hypersthene, Uralitie hora=
blende forms st the expense of augite and includes taloe
gnetite .mmggﬁtmu It 18 pleochreic as follows: grain
centers, Z-dark greenlsh brown, Y-greenlsh brown, X-1light
brown und rims, Z-dark blulsh green, Yelight yellowlsh

grosn, X-pale green, cnmmwa forms at the expense of
green hornblende. Apatite and ¢aleite (sssoclated with
elinoehlore) are mccessory minerals.
The estimated mineral composition is as follows:
T Pesmm————-
Uralitic norublnnen-~**aai

Clinochlore A S
lagnet 1t eemecesncenceennaBl

Antigorite- o o
Apatite~ e —
Caleite- e o v

This rook has undergone thermsl metamorphism and .{a
now & partly altered peridotite.

Gabbro

Oabbro of the Little Stook 1s best seen Juat cast of

. the Helhorn reservolir. In cuterop and in hand specimen the
gabbro 18 a m.&W&m dark gray sassive rock; the stock
is liberally sprinkled with black coarse-grained mafic ine
cluslonse In thin sectlon the followlng festures can be
B0

The rock 1s fresh and the prmmipal texture 1s lntere
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sertal, Huhedral hypersthene (sv. dis. O mm) le faintly
pleochreoics Unaltered labradorite tan543 i present In
graing averaging 0.0 mm in length snd ls dusty with mage
netite inelusions. ZHuhedssl to subhedral augite (sv. length
0.8 mm) 1a fresh and free of incluslons., Nagnetite forms
a min;n—&aea&nawy.

The sstinated compesition #t the rook is as fTollows:

Hypersthonew~ewwewume
Augltee—- ' v mne B0
Hagnetite——- o e o

Another speclmen from the Little Stock is almost exe
actly similar in mineral composition to the sbove described
rock; 4t differs only in that the auglte is in larger grains,
poikilitic, ineluding pletes of hypersthane and laths of
labradorite, and partly altered to uralitic‘harahlgnﬁﬁe

Cognate Inclusions

Cognate inclusions here, &s in the other stocks. are
black coarse~gralned ;rrﬁgul&r inoluslions. In thin section
the following features can be seen. Anhedral augite (av,
dia, 2.8 mm) inecludes hypersthene and labradorite; it makes
up the bulk of the rock and is partly altered to uralitie
hornblende. Aunhedral olivine {av. dla. U4 am) is crowded
into the apaces between augite gralngi according Lo 1its
indices of refraction olivine contains approximately 26¥ of
Fegull4 molecule, Huhedral to subhedral hypersthene (av,
dla. O.f mm) is with clivine in the inter<sugite spaces and
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ila pertly altered to tales acoording %o 1is indices of ree

fraction the hypersthene containg sbout 20¥ of PeSi0y. Ane

bedral lsbradorite (Angg) averages 0.2 mm In dismeter and

is present mbatly as inclusions In sugite. Apatite and mage

netite ars the accessory minerals,

Tﬁe‘minerml couposition of the rock is as follows:s

ARgLltomm—m . - 805
Olivingeeeewwenaax o 18%

Hyporsthenge=eew -1
Uralitic hmrubltndt~w~*«

Labraderite g;
Apatlitowewee- e
Haznetltomme e e womwens wﬁu

The cealoulated chemical composition of the rook is ea

i A ———————r
B hr
oo

The rock 1s a peridotite., In thin section it can be fure

rmiln#u:\

ther ia&n that the gadbbro reacted upon the inclusiocs. SHee

The intrusive rooke 1n the West Stock are principally
gabbro, quartz gabbro, and quartz dierite. Host of the ine
clusions observed were skern, marble, and amphidolitle shearw
#d greenstong.

Oabbro

The outer § mile of the stock near the Melhorn Reservelr




#ige lée Cogoate inclusion in gabbro. Hote embayments
forued by %mbm {1ight) in resorving part of the pyroxene-

rlech cognate inclusion, Plane light,
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is gabbro, which extends approximaiely to the large skarn
xenollth on the rldge to the SE, parallel to the contact.
See Plg. 15

In hand speclmen the gabbro is a medlum-grained darke
colored rocky in outerop, 1t is weathered to a lighter gray.
In thin section the following festures are seen, The grln»
cipal bexbure of the gabbro 1s sub-ophitis, with augite parte
1y surrounding lebradorite {Angg)e The labradorite, avere
aging O«4 mn In length, 13 eubedrgl to subhedral and ia
strongly elbtered teo excsedingly fine-grained brown aggro-
gates of clinosoipite and partly to aericite., Augite is
subhedral and 18 in grains aversging 1.2 mm in diawtam
it is pertly altered %o uralitic horablende, present moatly
as rims on eugite. Accessory magnetite snd apatite are
present.

The mineral composition 1s as follows:

L‘IDMD r’_t‘-nn u-mmqqubia’
ﬁu g& t D s v d B A D S «ﬂ”

B'@ mhlendﬁ-—*w—-m--w«wﬂ“
agne tite~ wnmmmnemaBl
Apabtite~ “ - i

The emleulated chemical ¢ ompesition 1s as follows:

T e 1o 1
013 OO

.*q-g--nuu“mnﬁwuan“m‘

—
’:3%---— B 1) 4

m-wt nnnwpan”w"q-du-tma

Quarts Dabbro

The southeast comer of the astock 1s made of quarts
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gabbro. In hand specimen this rock la indlestingulshable
frow the quartz diorite previocusly described; it la probably
an sarller slightly more basie phase of the quarts dlorlte.
In thin section the following features can be seen.

fuhedral to subhedral labradorite (Angg) foras grains
averaging l.0 mm in length., It 13 strongly altersd, partly
to serieite, partly %o very fine-grained prehalte(?), and
partly to exceadingly fine-gralnsed cloudy brownlish clinos
golsite(?)s In places labradorite is molded arcund euhtda%;
to subhedral green hornblende (av. length 1.6 mm) which u%}‘
plecohroic as follows: Z-dark green, Yeyellowish green,
X=1light brown. Cores of larger griinn are altered to epis-
dete (Former pyroxens (7)), some grains are partly altered te

clinoehlores Other grains have been altered to aggre-

gates of fineegralned elinochlere, penninite, and epidote.
Anhedral interstitial guartz has a polkilitic tendensy, single
grains extending over two mm and inmeluding smaell grains of.
&ll other minerals.

The estimated mineral composition 1¢ as follows:

5 o AN
ST toration protarrs. insimbed
in the above flgures.
The rock 1s a somewhat altered guartzs-hornblende

gebbros
guartz Diorite

The lmner portion of the West Steck is composed of




QUARTZ DIORITE T

GABBRO l

Piges 1Bs An outerop showing intrusive brececls at the
quarts digrite=-gabbro eontgt sbout § nile W of Nele
horn Reservolr, e




quarts diorite which is uniforaly gray in outorep and hasg
none of the ultrabaslc ineluslons that eharacherize the
gabbros In hand epeclaen 1% 1s & uniform medlum-grained
gray rock.

The prineipal unxturt of the rook ls hypldlomorphic
granular, Suhedral %o subhedral andagine (Angq) grains
average 1 mm in length and are partly altaved to seriolte
and partly to exeeedingly fine-gralned brown aggregates of
elinosolisite, Anhedral groen horandblende (av. dia, 1 mm) has
a poikilitliec tendency; partly enclesing andesine, It is
plepehroic as follows: S~blulsh green, ¥Y-yellowlish green,
A-1ight brownish green., It is partly altered te blotite
and partly to ehlorite, Dark brown aphedral bdlotite (avs
dla, le86 mm) forms at the expense of green hormblende;
tiny grains of epidete form 1i%ttle striungers along the blo=
tite cleavaege planes, Penninlts formse Trom blotite and ollinoe
chlore from hernblende, Anhedral guartz 1s present in graines
averaglag C.8 mm in dlameter., Apatite and wmagnetlite are
accessory ﬁlnurtla.

The mineral composlition 15 sz followss

Anfeglrgmecemmncnoeannand Sy

EGmalﬂn{l’-n-:w“u--nu-“ﬁls‘
Blotltoercocnscnsmans nuqﬁ“

RuArtEe=eseceeesesassees]l 5%
FPerninit ch'n*“n“ncmuﬁ&’
Apatite~ g

Clinochlordessoweneeassnnl
K piﬁg%’nnnnmumu-‘mmnm
x‘ﬂﬂa bitﬁq-ﬁ-gqn»anﬁm“u-&n

The caleulatsd chemieal composition 1s as follows:
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Intrusive Brecclas

About tws hundred yards weat of the end of the "finger”
of sheared greenstone which protrudes into the stock, and
at the base of the hill is a prominent outerop of "breccla”,
fee FPlge 1G. :

The inclusicons are well=aligned, strike parallel to
the contact, and 4lp steeply, probably paralleling the conw
tact vertieaslly. Thelr elongation may be explained as
tollaia: They were somewhat softened by the nagma, and,
in this softened condition, they were drawn out by differe
ential flow,. | |

The matrixz of this rock is gquartz gabbro, which makes
up most of thls corner of the stock. The dark inclusions
are fine-grained varietiss of the quartz gabbro; the horne
blende ls leses altered, the plegioclsse is al;arod beyond
recognition, and the guarts 1s minor, Thess inclusions
are probably cognate; thelr well rounded fourm suggests that
they have been carried upwaerd by the magme for a considepr~-
able diastance.

Occaslonal large dikes of intrusive brecois are found

in the marginal gebbre of the West HStoock, nsar 1lts contaoct
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blends gabbro ln quartz-hornblende gabbrn in the SE part

of the Te
stone.

Aligned elongats sognate ineclusions of hornw

st Stock, near the sheared amphibolitic grﬂkn~



with the guarte

el 40 e
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bditie greensione exsctly like those deser

rix ie & basie guartz disrliie conbdalin

iral andesine (Ange), anhedrsl green horablende, miner
guartz, and nagretilte,

Dapk-colored brecela dikes in ths skern seem to repre~
sent the sarly baslc phase of lotrusive sobivity, sorrese

to the chilled conteact zhese snd coznate zlusions

the patriz is

ich is part-
rite grains sury %@ﬁ%@% by rilne of nage

11itle sugllbe (87ve 418s 0o5 mm) ine=

hormblends Tovas a% the expense of sug

¥ %3%%% ‘gﬁm¥ gﬁ

&rk brown, T-

yellowligh broen,




Flgs 174 Intvusive breceia In marginal gebbro of the
West Stoek, contalalng Pragments of greenstone, sheared
greenstone, perldetite, gabbrp, and guarts dierite. The
matriz 1s quarts dleorite.



75

The estimeted ninerel compositlon le sz Foliowse

Auglipess ot e s o £, £
Clinosolisit @**”*”“”””“““%Qﬁ
Tralitic “@%%%E%xﬁgmwwunlgg
DLivingessoas o s s i
Antlooriigsess , e |
Zagnabliltessosvssssnssnanely

The rock is thus an altered pabbro. The dark inelua-

sa bt exaectly the sase minerals as the vook just

lens have als
degeribed, bub in ifferent proporilons.

The setimated minevraloomposition of ons of the dark

inclusions 13 as follows:

£ 31&?%%««;@%*““““4“*@%2‘ :
AUglEgm—mmmnm- osen ]
Uralitie %a?ﬁ%l@ﬁﬁ@wawmw?ﬁﬁ
i”“l inpzolsltgmmomamanvenel0f
fagnetitewesenne v axem syl

The rock L8 sn altered olivise pyrozenite; an sarlier
basie phage of the gabbre. It may hevs been carried inte
the dike as & cognate Ineclusion by the intruding gebbrog
it may aloo bave been en eariler basgic dike whish was

shatisred end re-intruded by zabbro.

Contact Phase

The contmet of the Yest Yook with the gresnstone wns
cbasrved al one place st 1t%s northernmost end, The conbact
relations ars soweshat pbesured by & hornblends pesmatite

hich 1z Lntrusive In the corbact, BSee ¥ig, 1B, Home horne

Blende crystels attaln s foob In length: the pegmeiite sane
ple chossn was finsr-grained. In thin section the fallowe

lang Teatures can be seon.
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BB HORNBLENDE PEGMATITE

U] ALTERED INTRUSIVE ROCK

A X1 AMPHIBOLITIC GREENSTONE

Plge 18, Intruesive hamblendo egmatite in the conta
betwesn the VWest Stoek and the grgmatem. Hote gg: :g-
usual follation in the sltered intyusive rock. It is

caused by the hornblende matlt The mann
formation la not known, o ;s A g
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nedrzl green hormblente (av. le

chrele as follews: Z-dark brownlsh green, Y-brownish green,
Zegals broun. It imcludes quarybz and feldspar and 18 partly
altered to epidele and elinochlors. Iubsdral %o subhedrel

andesine (ocompositlisn lles belween Anggeinsg) exhibilts

al goning as well as

poeaslional stronz saclllatory ner
seessional micvographlic Intergrowithe with gquartzs. 1t is

gtrongly altered to seplecite gnd excesdlirgly fline-gralined

brounish masses of slinosolslte. Quartz is partly intere
stitial. DCubedral zphens 1z 8 prozinent acceszory.

The %zaf%%@ near the eonbact has an unusual folisted
structure norwal to the aa%@%&%fwiﬁﬁ;%ﬁﬁ hoemblenda psg-
matite,. 43 shown in the figure above, the Follstion swirls
out smoothly end dimappesrs ints messive dlorite. The appar-
ent follation is caused by the concentration of maflies in
ssrtaln layers. it is seemingly relsted in somes way to the
hornblende pegmatlte becsuse the swiris follow irrepuliare
itles of 1%. In bhand speclmen the Follistion 1s less apserent
thap in the outorepi in detall 1% is hardly follation, only
& very lrrsgulsr goncenbretion of magleos in certaln zones
and feldspar in others. In thin seollon the Pollowing foa-

Lures are seen

Irregular graing of antigorite are gensrally snrvrounfed

A

by & rather thin rim of tremelilite; surrcundling both minerals

are large snhedrsl grains of horvnblende which are BiPongly
poliilitie, including such sltered nleglecliane. Hornblende




ig partly sltered te clinocnlorve snd 1z varlously pleocchrole

%

brownish magses of olinosolslite
raoryatallized %o larvger grsins of recognizable elinozole
2.

slte, Later interstitial ﬁ%ié%;&? is ﬁzﬁ@w% ‘completely

‘]fjg@ grain of %%ﬁﬁ@%f ta. %ﬁﬁ%m% Bomplstas

“altersd to ae

@3 one relatively fresh graln of felde

of 4% least Angr. On the sesle of
& thln ssetlon, the folistion iz barsly visldle, and only

=

igned consentration of green hernblende and

The rock wes orviginelly part of the sarly basic 4iffere

antisted phase of the Intrusisn zad has be 37
setions The formation of the foliation

el with the sanls

1%
wﬁ“
Bl
Bt
o
o
L
o
7
4
s
b
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b
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o

nermal Lo the eontast iz probably saspeist

ing of the bormblends pepnstits,

Guarte diorits dikes from four to twanty fest wide

poour speradiecally thre ul the ares. A particularir

Ztoek and

dense gwars ocours in ths north thiyd
in the greenstone Just te the north.

ﬁ????% 2ikes alse present 1o the aret

& sopselzen collecteld fron such &

.

g 4 guarter of
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LAMPROPHYRE
QUARTZ DIORITE N

\\y GREENSTONE

Flzs 190, lasmprophyre dlkes eutting & gquartz dlorite dike,



hand specinen & medluvmsgrainsd 1light greenisnh rock cone
talning guartz, feldspar, end chiorite. In thin sectlon the
follewing fesbures ave gseh.

Andesine (Angg) hes en eulsdral temdsncy although most
grains are subbedrel (av. dla, 08 mm)e It Lo wosily une
twinned: only & few gralos show alblte twinnlngs it Zg
partly altered to serlelite snd to sroscdingly {inesgreined
brownish masses of olinsselsite (¥) and to xenpblastie eple
dote, LIron for the epldote game fron aliered maflc minerals.

Guarty 18 present parily as icherstitlal gralss and partly

a8 slovogranhic intergrowthe with andsslice. Seattersd irrsgs
ular graing of elinechlors represent former mallc mlanerals,
Eae ?i zs B0

The eatinate

4 minsral compositicn 1z as Tollowss

Lule sl vigm e nmqwmgm*ﬂ#‘?@%
T wmmnnlBE
%@i@%ﬁ@ﬁ%% i qum*mm%ég
o 3%@@@@1%3@&» - »ﬁﬁmﬂ«u%@nwugﬁz

wﬁ »@igig o o v i e 4 0 N S e e i T

Another specimen of one of these dikes was colleched in
Yhe presnstons Just asreth of %%ﬁ Weat Btotkts do hand apec=
éﬁéﬁ,gﬁ is 8 dense medium=colersd rock with phencerysts of
guarts, feldasper, and hornblends, In thin seotlon the follow=
ing featupes gan be sedns

Lerge (te 8 mm Gis.) eubedral phencerysts of andespine
(composition lise between Angnwingg) @?é untwlinned and show
strong normal senlng, Some lavge grains sre fresh and exe
hibit tiny growth ollia eztending ¢ short distance inte the

groundsasgs, These gralos are fravarsed by oracsks and zones .




Flge 20 Quarts dloxdbte In plane light. Zpidote bss
forwed at the expense of forawr mallica sod andesines
Some pale green chlovite is presents. (¢ - epldote, ch =
chlorites) lane light,
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of inciplent miorebrecciationy some wider oracks contain
very fine-grained groundwmass material, Other equally lavge
graing are strongly altered to serlelte snd fine-grained
clinosolsaite, Huhedrasl hornblende (ave 0.8 mm length) 1a
pleochrole as followss E-blulsh green, Yeysllowlsh green,
X=pale brown, and partly altered to clinochlore and eple
dote along oleavage planes. The groundmess contalns biay
anhedral gralns of blotite and hornblende (av. length 0,04
wmm)e Quartes and oligoclase(?) have an average dlameter of
0408 mms The oligoclase(?) is untwinned and hes positive
relief,
The estimated mineral composition is ae follows:
Phenoorysts

Andoginge=~ -mmn&o%‘ﬁ’

Qu”“uuamnnuwnﬁﬁnles

Hornblondewnsewwnwws i

Blotitesmemanw ou'nib.ma’

Groundmass

Oligoclase(?)mwwweelsl

TR 1 oo o e e v 0 v

ﬂﬁmbl’m."‘-" - unn“a’

Eigtit.nnvnnntu nu&“”

The rock s a quarte diorite porphyry.

Humerous denee black dikes of nearly idestical composltion
are found in all the intrusive rooks and adjecent greenw
stones and arkosese They ocecasionally intersect one aw
nother; &s weny sy thres ages of dikes could be dlsserned

in pleces. A specimen of one collected from the Central




as

Stock exhibits features common to allethus the following
deseription will suffiee for all the lampreophyre dikes and
the lemprophyre stook &t the ecuth end of the Central Stook.
Flge 21 shows the often-seon form of thess dikes in Quarts
dlorite. .

fuhedral to subbedral green horhblende cocasionally
econtaling inclusions of reliet angite, Two vericties of
horablende ars presents Larger grains (av. dia. 0,8 mm)
are subedral and plecchreoiec as follows: Zedark greenish
brown, Yegreenleh browa, X-light brown. Ocecasional phenoe
orysts are altered to ragged masses of blue-gresn horne
blende. Smaller sublhedral grains (av. dla, 0,15 mn) and
rims of larger gralns are pleochrolce ag follows: Z=dark
blulgh gresn, Teyellowlish green, Xepale brown, Hernblende
occanlonally has Ineclusions of feldspar in the outer edges
of grains. Plagloolase exhiblits strong nermal zoning$
genters of orystals are labradorite and rims of orystals
are oligoclase (Angg), It Le altersd pavtly to sseriecite and
partly to exeseding fine-grained brownish masses of clinoe
golsites It iLg mostly subhedral except against quarts,
whieh 16 inberstitial, 3Zee Plg. 28,

The estimated mineral composition is as follows:

P Oreen hornblend@s~-=~ene768
Labradoritas~wesesvescenlbf
e e

The rock may be called lamprophyre. All of these dikes

are flone-grained and most of them, 1f not all, exhibit




LAMPROPHYRE
QUARTZ  DIORITE

Pige @14 An outerop in the West Stock showing the irregulay
form of many of the lamprophyre dzku?
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chilled borders. This means that the rock Inte which they
were intruoded was rether cool and that they were chilled
rather quicklye. Thus they must have been intruded conw
siderably later than the stocks, because the stooks had
had time to cool more or less completely.

The marginal stock of lamprophyre at the south end of
the Central Stock has all the minsralogle features desw
eribed aboves It contalns vocasional xenoliths of arkosie
‘fuff, derived from more tuffacecus layers in the tulf-
acoous arkoses
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The rocks of the Figh leke aresa may be subdivided
into two bread groups in a discuselon of thelr petrology:
(1) pre~intrusive rooks and (£8) intrusive rooks.

 PRE~INTRUSIVE ROCKS

Included im the pre-intrusive rocks are the tulle
aceous arkeoses, the varlous kinds of greenstone, the
lime-gilicate rocks, and marble.

The tuffaceous arkeses are not considered part of this
theels and will be discussed only briefly.

The areal extent of the arkoee ls not known., Because
it is conglomeratic, 1t was probably deposited fairly close
to & granitic area of high rellefs The tulffsceous adulixe
ture indicates that voloanism was goling on nearby,

A oontset metamorphic sureple exists in the massive and

gheared greenstones and arkoses surrounding the stock., Ine
sufficlent specimens were collected %o a&udy effects on the




or no eflecta

GrHniad.

~ the only slgn an seogslongl sean op

a
erack in the rook aleng whlech & 11ttle recrystalllisstlon
af ths reldasar has sgourreds Un the geologle mep the aur-

sple is showa disgramestleally beesuse not eacugh evidence

sumnlabed bo map 1t scourstely. Contect metamorphie

effecty axtend at least 1500 fest from the stocks and pers

hape over 3000 Tesl,

Boga(ll) haz disoussed the origlin of the gresnsionest

, « & » the effunion of Parmian sndesitie
{lows acecnpenied by nolable explosive act-
1vity « + » the spuptions evidantly toeck pluce
nesy the ges, as thelr deperite are assooisted
with mevine gedinents. Some of then may well
heve besn submaring,

Flge %;%%ﬁﬁﬁ thils put,

Two important differences exlat bebtween the Clover
Creek gresnstone as described by Hoss on & reglonsl basle
and the Clover Creek g?&@aa@gaﬁ in the Flsh Lske ares, (1)
The Clover Upsek g?ﬁﬁﬁ%%%ﬁﬁ nesr Fish Lake 1s of basalble
cosposition wlith gargﬁyfiﬁiﬁ textures and peoasionsl disbaslie

textures (former s11ls or dikes T), snd finer-gzralined tex~
tures cheracteristic of basalt, (2) The Clover Creek greens
gtone near Fish Lalke is lurgely unalbersed from 1% original

ignepus stabtey snly & few psy cent of chlerite (sufilcient

te eolor the rook) and epidote hes dsvelsped. (Zes page 18

for Bosa' deseriptions)




Fsel grsenstong was She formatlon of gresn hornblende,

Hear the sonbast, grsen homblende snd mstamerphils

labraderlis were fomad, Lher sul phencorysts of labe

radorite had survived the orliglinsal low tenperaturs shass of
gresnsbong~nukling anld have survived the labter therssal mebas
morphulan, The prineloal effect oo the rocks was pecrys
atallisatlen of orizinel ohlorilte and epldeie to green
hornblende, B6111 Zarther ool zoue pyrozene has persistad
and hornblende and splidobte ave bhe newly sade minerals. The
most distunt rocke eollescted exhiblt only thin rims of green
berablende on vellet pyroxens; theses rogks are so unslbered
that they stlll exhibit mestly lgnecus texbures,

The greenstone zenulith in the Horthosst Stook saxbibits
fresh bytownite, evidenes of the higheast mstamerphie %%ﬁg*
epatuve Indicsted in any of the zenolithe; control of this

feldepar pust heve been thearsal, baesause the rock appars

ently had snough €8 tp make as calele plagloclsse as the

temperaturs would permil. Beliet plaglosless shenooryebs
in this rook ars somplsbsly altersd to excsedingly Tine=
grained e¢linozolsits,

Hineral assewblages indlestive of the highegrade sone
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ef statie setwprohlsn were developsd nesy the sontact Lee

tween the pebbre stecks and the gresnstoné, Fallling %@@§w 

ersbure is in ovidence al progresaively greatsr distance
from the sbooks.

In the petrogrephle deseription 1% was ghown that the

shearsd gressnstons consiste of sppnlbollible gresenschilsh,

&1 horms

gresnschiat ln which a 1i8%le erystallablastic gre
blende has developedy
bollte 1o wlich the
blende, mimstle afber the Tellation of the gresnschist and

and sehistoss enphibolite, amphie

mallo mineral i3 enbtirely zresn horne

thus oaly poorly aligned, The feldspar in soms aspecluens

of sehilstose smphibolibe is wostly andesine, vecaslonally

rizmed by labradorite, The feldspar in other of the amphi-

normal soning {more sollic rims),
A problem lles in the origin and dlstribuiion of the

sheared Clover Cresk gresnsiong. Hosa wae guoted on page
{15) as saying that the gresnatenss in & few places ars
schlistose. Un the geologle xep 1% can be gesn that the

belt of shsured greenstens la present ouly along the northe

sast side of the Vest 2%ocks This rock Lype was not Tound
anyshere eles in the aress It is posaible that the belt of

shearing may contlisue to the ssubh in the ssdimantary recks;

however thed prasibllity was not checked in the fleld. Wo
prolengatlon of 1% could be found in rocks to the nortlwesty
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it %&? have been feulted cub or 1% may nob have been Tovmed
theres

The general form of thie belt supggests that 4% has been
shouldered aside somewhat by the intrusives Its south end

iz interesting in that 1%t was betber ebles o withetand the

§1ﬁ$&iﬁ@ aobtion of the mapme then was the maseive gresnstonsg
end thus remaing as & "finger®™ projecting inte the atoek.
“he shouldering aside iz beast exhiblited Just nerth of the
dalhorn Beserveir, whers the Little Stock bas seemlngly bend

the sheared groonstons around end pinched 1t off sgalnst

sasaive oy this sbonldering aside
should be visible in thin seobleong unforit

wore collected in that eritical ares

senatones The effects of

netely noe speclaens

&

The shesred greenstons ls clearly older than the stosiy

its relations te the stoock as well as the preéssnce of sheare

g8 greenstone xenplliths withls the stosk Lmmedlataly pre-
clude the possible ides that the schistosiby was made through

sheaping induced by the

intrusions A4s shown Iin the petro=

graghle desoription, the originel rook was & greenschlst,

wmed by ghearing under eplsonsl tepmperature,
one possibls causs of the localization of such & belt
of comparatively intense deformsiien in 8n ares of mostly

undelformed rocks may be somewhat as fellows. IU hes been

srevisusly shown that the lmpurs dolonltle iLlmsstones ware
srobabily present as 2 lens or lenses in the greenstonee I
thig lens wers of any size 1t would cause & "weak spot” in the

gesanstonge & sone of relative lnocoupetence.
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lLavgs wasslve unlits sre gone ¥ Qiffleultly defopne

L the foress of deformabion are not ebrong, or if neligh-
bering rooks are relaebively lnecompstent and will sbeaurb most
of

arge compotent bodlies ig sometlmes shearing in certaln

of' the stress. The manner of ylelding to deformetion

loosliced zones which ebeoyd the stress, leaving
pard of the
£ greenstons bto the ssuib, interbeddsd with quarbtsites,

rock comparatively undeformed. Thinper units

nrgiliites and limpstones were Lssclinelly folded, acourds

irg %o Fitesiowona{lid). lamer lagers, interbedd

ey vecks, the presnstones wers much less compebent,

Alse, upper Triagsis limssbones only & few miles %o the

north have baun lspelinelly folded. The relatively lncomp~
shent vooks %o the nopth and zouth were shtronsgly deformed
whereas the lapge greenstons blook falled only slong 8
fow locsllged soness 4

Yhe locsllized zones of fallure would probably have
been in the weakest parte of the reck - in this instence,
& large lens of limestone Tormed & wesk spot. Zster ins
trusive sagna, working upward and encountering sudh & weak
zong, would tend fto Pallew L6,

As shown In the pabropraphle desseriptions, the shenred
sraensbone La purily rellot greessehlist and parily saphis
Ballitic. Detailed mapping of the distribubion of theae

roolks would be A1ffleuls beesuss they look sxaetly allke

in hand gpoclumen, Foobebly the only way would s %o collset

spaolivens on & grid pstbern, sauwming then potrogra:hleally,
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PPRF

ard plob thelr distributlon on & map st pervhaps 200 feet

oo BB 4 vaphs
te the inchs

tme specloen of greenschlet wee collected nesr the con=

tgp vI%h the intrusive, Other samples, asphibelitle,

gavre oollecked Parthar sway frem the cortaels This shows

shat rocks sdlasent te the Intrusive dlf not respond wnle-

formly bo the effscls of hesting.

s petgen Por the differine swwunte of veerystalls

wevhat gs fol iig%%* Racks Lswe & 0ETw

will

gatlen iz pevheps 8@

.
i

ia se thet #lmple {dry) heating

npt sanee pecrretallisation ts beglin wntil temperatupe 1a

esnsiderably hisher than the point at ~hlch reorystallisation

: bugun hed other spents such as het solutions or

R

shasrlins heen svesent to "trigzer® the rescblion.

5 thess pocks some sord of controel by frastures must

ve poetulated, bocsuse the conductivity of the rock must have

Basn wniform. Thus the adelasion of Mot splublons to ger

sain parts of the reck by Tractures would csuse that pars

af the pesk to be peeryaballiszed wheress nelghboring rocks

wight renaln unchengeds

The pressace of sndasine with reverse zonlng and

of labrsdorits in soms of the schisboss awmphibelites ls

1rdtentive of Malng tempspature which abtiained st leagt

sguivalance te high=grads temperature. Heerystalllsatlon
was suffisiently souplets to partly fres gresn homblende
Preom 1ts mizmstle alipnment after the origlnel gresnschist,

Temperaturs wog not bigh enocug

1, howevar, Yo psorystallise
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he gtlll more calele rellict labraderitve phencerysis pre-

t‘"’@*

gant in places in the greenschlst, Thersivre, conbtrol of
the compoesition of ils newly uwade isclase was prosably
thermel rether than chemicsl, IT temperature had risen
auffieiently high So reorystalllisze rsliel salele labradorite
and the newly ssle fel ésf%» wae only sndeslae, Lhen cobe

trol of feldspar cowpouitlon would bhave been chealosl bew

%

ssuss only suough Ca was present to make andesine wheress

temporature condibtlons would have pernlited the formetlon

140t salcie labpadorit

of ealeole labradarites. ﬁsf%%% e

was not vecpystallized, 11 sesus likely thet the sodic

labraderite 1s 63 calele as the temperature condliilons peps
mitted; had btespeveture rlsen higher, suificient Ca was
probably present Seo nelke even were calele feldgpars To
sepsat , thery the feldsper composlition was probably control-
led by tempersture rather then by chesleal compositlaons
Aw provisusly zentiened, spall asphilibelitic zenoliths

within the stock are wore thoroughly revrystalilzed than
smphibelite sithout the stock,. Only vestigsl alignment of
hornblends gyeine venelng and ne ?%Zi%§ §%$ﬁ§$?3%§% of
pisgleclase yeye found. These rooks were subjected fo pro=-
longed besting and recryetallizaticn end thers was tlme loy
& more comslebte ndjustzent, & hoscpgeniszallieon of the rocke

g% :”i i%% ,g,%

In the ppeciesne exsxlned the feldepur wves &
has been ghown previously that temperature slithla the stocks
correspondsd to ab lsast the high-grade zone of stalle

thermel sstamcrpblen; 1% was probably even higher, especlally




shigm
trals The vank 414 net contsls sulflelent Ts to form move

nre ghieh was high

The feldspur in thin (1Y) sosse of schistose

in 1ieesgilicate 2onelltbs Ly clope Ye snpunh
s te uske anerthite 1f the hemporaturs hed permitbedy thie
indleates that traaafer of Cd a2 net gebive undey sons

ditions of statle mobepprphlen, sven in 2 retiglith within

The pure merble zenclithe remsined unchanged ezespt

for & gensral recrystallization and coarsening of graln slize,

i“%

i@, of ecvpurse, 1z what one would sxpect. In srder to asake
many of the lime~sllicste minerals, aluminns, lron, and
sapecially silles would hevs to be metassmetically added to
the marbls ﬁé@%g in the espling tlme of the gsbbreic oy
diloribic magme wxesss sllics would not be gresent {(end pers
baps not much waler, ss basglo magmes are comparatively
fapy®), Aluminum ls net transferred metugomatinelly with
saps undsr any esnditlona, and is nobt fransferrsd at all
under mosts iren, psrhegs, would be available lats in the

asoling %ime of the rook as would silieag however, theas
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Lime=

“he taour
fzed
ths ware
If this
of the lize-silicats rochs
saburs withlin the stoeh

aooling hists

appasnt In

rosks prissry guartz and

ia gensrally considsred thet the guertze~caleite resction,

sollastonlés, merks the beginning of the pyrozens

horafals zZoneé,
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Thus one minsral iz present which proves that temp=

erature was highe-grade and twe other minervals &re present
whish, supsrfielally, seem btu show that teumpsreture §id
not abtaln the highegrade zone. Heveral possible explane
atione are az follows:

(1) Temperature distribution wes not enifers withis
the xenolithss This poseliblility can be eliminated ng soon
sz 1% iz mentiened. TYemperalure %%%ﬁiﬁ the mapne was surely
well above that of ths highe-pr

ade sones Tarther, conduch
ivity was surely sufficlently effsctive %o hest the xeno-

1ithe uniferaly-the largest is perhaps & k
in dlametere

{2) Enststibe can form 1n & narrow bempsrabure Ine

terval Just below the tempersturs st which calelte and quaris
react to form wollastonite, Agsin, this possibllilty cen

be guiokly eliminsted, The hlgh tempsrabturs within the

stock preeludss the necessity for pestulsiing & temperature
of formatien for enstatite below that of Lthe quarts-caleite
peaction. Evidence Tros no other pluce exlests to shew that
enstetits can form 2t tenmpsratures lowsr than that of the
guartz-caleite reaction.

{3} Temperaturs was above thet regulirsd for quaris-

and caleite $o resct to form wollassbonite but the vesction

did not ooour because hot solubtlons or shearing wers not
present to "trigger” the resetion. Burely tempsrature withe
in the mapme was high enough to overcome bthe nsturel lnertlas

of the minerals in guestlion, to cause them Yo react even in
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the absenoe of Lot sslublons, Therefore, this ides sseus
uniikely, slthsugh remofely possible, The one fseb that
makes 1t even remolely possible was clited in the discussion
of =marble; 1% wes shown there that ss the marble was nol
aiteved metasematleslly, it was probably nok panetrated by
hot minsralising soluticns,

{4) Perbaps the partisl pressure of carbon dioxide
o8 %affiﬁiﬁﬁtlg high te prevent the wollastonite reaction
from socurring. The mapme surrounding the zencliths was

under high pressure; wapor tenslon must slso have been high.

Thus it seems reasoneble to sseume that carbon dloxlde 1ib-
ersbad by the wellastonibte resetion would be unable to s~
s that

gape inte She mugma, Therelfeors, 1% is postulat

guartz and eslcite exist bogebher in these highegrade rochs

beeause the sartial pressure of carbeon dipzide was sufficlent=
1y high %o prevent the wollastonite reasctlien from cecurring.
It should be mentloned hers that the enstatite 1l these
rooks =87 not be psrfectly rellable &g & zone Indlestors As
mentioned in the petrographic description, 18s BV is prob-
ably less than 10 desress (the laterference Flpure appears
uniaxlial abt first sizght) and the pleochrolss sppears abe
aorzally streoag, although this last zay have been only the
effect of an uvnuaually thick sestion. BV in snstetite
sommonly ranges frem 8830 degress {Hogers and Herr). It
iz normal in 4ll other pespects, Iincluding indlces of re=
fractions This optieal snomaly might represent an unusually

high Semperature of forsation, &n unusually low temperaturs
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af formation, sone unimown factor of chemical composition, or

5&%&

gn ehnormel oressure of formstion. In the absence of evis
dence to tha contrary, 1t ls probable ihet the ancmalous
eptical charscter of the enatablts la net elgniflicant with
respset to tempesrature, that the enstatite 1s s1lll re-
1iable 88 an lodicator of the high-grade Zonse
A4 mers diffisult problem remains to be emngldersd,

Prom the viswspeint of chenlesl composition, spaiatits iz

Taut of plees” in soee of these rocks, In the pyroxene
hornfels fasies & sone of overlsp exists between snatalits-
nypersthene end dlepsids in mors calelc rocks exactly as
existz bebween cordleribe and enststiteshypersthens in less
calele rocke. Ko probles exlsts in those rocks desoribed
in whieck enly €lopside and minor enstatite are present.
Ypwaver, others described contaln, in addition fe snstate

ite and diopside, gressularite and calelteg %ﬁ%ﬁ% rocks

are =uch mors ¢alele then these in whish 8 pure pagnesium

siliente opdinarily forme. 1t g Brue thel preferential

silication of megnesims is operetive ir these more calole
rocks: on the other hand, this prineciple sccounts for ihe
formation of dippeide in preference Lo wollastonite in lesas

oure marbles. Therefors, 1t is lsmposslble fo sccount cheme

1eally Sor the presence of enstatite in asscolallion with oale
cite and presgularite. It ip remstely possible that the
anpmalous opbleal charseter of the enstatite wight be lne
volved in an esplenabtion.

Zetrogression of zeraet to épldate cecurreld during the




he lotrusive rocks in thig sres sxhiblt e varistion

in epmposition from olivineshypersthens gebbre to (labrador-
jte-nuzite) gabbzre, to hornblende gabbre, bo guarbta=horos
biends g@%&?@ to guartg<nornblends diorite, lore selidis
vock may exlst in the sentral part ef the steck; in the

de that the dioriitle rocks wers

field the sgsumpllon was me
peasenably unifore and the central part wesz not asxpled.
This was %@%'& valid sssumpbliong however, the fact %ﬁ%ﬁr
jater dilkes assoclasted with the steok sre quarisz dleritie
itz compositlion bands to bear 1t sul,
The four small stoeks are probebly cupolas on & layger
body in depth, Several lines of svidence suppert this ides,
{1) ¥imeralesic content of gabbre in all the stocks
iz veasonably sisiler

{8} caleulated cher’cel compusitinsns of gabbro speg~

imens fres the 4ifferent stocks are glmilar.
{8) Copgnabs inclusiens in sll the stecks are simllap,
(4) Zntrusive brecsiss in the West snd Central Stocks

sre simllar,
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while senfing

&

cupoles, 48 1%

more acldle

sl lsaving nove

Foroe

1 treded

the greensbunes partly along lines of woainezs esls eblilighed

by tha prasence of ls of morble in the greenstuns, It

ner of Latrusion, whethsy
prinelpaily sisg prizmeipeliy shouldering aside of the

clder rockss

The oniy struetural elewent which lande s clue ls ths

- greensgbene, and ss previoualy

f@%%%ﬂﬁ%ﬁi ity Torm
ative of a shouldep the intrusive rockse

15} faeela that stepliog is the prinsipal mechenisnm

A

sporative in the enslacement of a stochk or batheliths

e prasence of foreizn inelusions at inbernal
contset belis of sbocks and %@%&ﬁliﬁﬁ%, gnd the
detsiled phenomena associsted with those ineluse
iong, ars facts of nmature ezpectsed on the hy»
pethegig. It ls fmplied that the rempval of




blecks ran the ehaabor vanlt s conparabls §

the work of %»ﬁ€¥$,¢ %ﬁ@ &éﬁiva sorrasion of

% sbrean 1o 1%z youlh Is rapld and corresponds

to the rapld stoping of an intrusive body in

iba fipst leng stage of high tewpsrabturs and

f;&iﬁi EY » o » The conelusion is Grawn thab,
ander the snergetid eontiitlons of high 129%*i§i?s

8 mBENA MAY open, in the inveded formation, &

cde =y of alge sporonrlete te & %ﬁ@gﬁ oy Bathe

If steping had besp predominant, the istrusive rosis

hould shound in zenclithe of greenstone. However, wery

(0

sw xznoliths of preenstons were chasrved, A lerge zsnoe-
11tk of massive greenstons in the Horthesst Steck could
aigo be & roof pendant. ¥Yone were chbserved in the Central

Skgsl nor iz the Little Dtesk. Twe very swmall zenoliths

fe

of shearsd grosnstons were obessrved in the West Stock and
only one of thess was lerge ensugh to show on the geclogle

supposed thet nll the xencliths hed sunk

mape It might be
in the mspsa mnd would now be sut of sights Daly(is) says:
TEleeks of the basie epuptive rockes would gink in 81l 4 + «

magnes sxeept In 8 very baale peridetife.” Howsver, I the

proceas of Intrusion le a conbinupus cue, right down is

the #lme of finsl freszing, & conbtirmous "shower” of xeno=

1iths shetuld be sinking Jdownward 1o the magma; surely many
of thess would be arrested in their ﬁ%ﬁﬁ%&%ﬁ movesant by the

final Presgivg of the magns end be visibhle in any orouss

seatlon of the steck. Purthermers, evidence will be glven

in the disecusalon of copnete inclusions %o show thet upeard

flew nay have been =obive in the sesoe and that although

genaliths may bhave been carried upward, 1t geesnz vnilkely that




) el
they were, / /i

Tnerafore, it &?Q@&?% pessible that the major nechs
anism of intruaslen ﬁ&& a sﬁaaieﬁﬁﬁggnaﬁﬁée of the oldsp
rocks by the %&g@ﬁ% 4 faet which bends %o subataantliate
thiez posbulate i@/aa sgllﬁ%az ﬁﬁﬂ siderable variation exlists
in the @?@éﬁ%i%ﬁ% pear the stoeck; perhaps ths manner of
failurs of the graeﬁa%@a@ w&e breaking inte lsrgs blooks,
This would account for the sudden chenges of rock type obe
sepved from roche moeubonnes te roche moubtoennse. Stoping
was probably singr. ,

Une relsbively lsrge Ifsature g?@%&&%g'&ﬁéé;%§ gtagm
ing is the "Tinger" of shesred greenstons %yagﬁﬁtiﬁg into
the soubthesast corner of the Yeal Stock. Hueh of this
material nay have @@%ﬁ'gé?ﬁlg incorporatad in the oagma
highsr up or lowepr down; no svidenes of Incorporation was
noted in the adjacent quartz giabbro. The lack of evidencs
of stoping near a feature c¢leuarly made by ztoping tends %o
weaken the arguments prssentad sglinel stopling s the mode
of intrusion of the sbocks. If steplyg wes sctlive hers
and is not in evidemes, 1% may equslly well have been op=

erative through-out the steecks and gblll not be in evidence.

nate Inclusions

In the dloriiie reciz %he soy nate ineluslons are
maatly more basic rooks of slullar compositions They wers
probably formed by the shattering of earliar shilled resk

and the ineclusion of shattsrsd blocks inbe the magms,. The




pelong wores foraed in similar

pPrebably formed by Giffer-

5
B at enllles conbsetr.

9-'
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&aﬁﬁﬁaﬁ'@aaag of the mechanical destructlioen
i ths W&éﬁt » » = mAy bs fouwd In the gpeclal
eondl ﬁiﬁﬂ of %%yaiﬁ ag%g%éﬁg 8L » « « wcontscbs,
Troe 4 sraturs of the ilnvaded vock ir ralsed
§§ the &éjagaﬁﬁ nAzna @@gy hundred degress
Centlerude abeve %»% fenparsturs Lthe rock way
be agsuped to have had belfore the intrusion
bﬁaﬁsﬁ An much g8 %@% per cent of volumetirie
inerease could %ﬁﬁ& be produced in the solld
roek oloss Yo Lhe mepmas Ferbher seay, al=
though s%ill near tﬁé sontact, the elevation
of Lepperature and corresponding expansicn in
%@a country-roek would be of & such lower ordsy,
it Iz svident that snoreous strelizne would be
ast up in the %@iaﬁiV@1y~ﬁhim shell of the veult
boundad by the . « » conbaeel. The stralns
gould be ﬁaﬁ%&%ﬁblﬁ £0 those observed in asure
Tege ¢liffe and guerries exposed to rapid bub
small changes of temperature, but on & mich
grecber sealss The cozplex slress i%&&&&@ might
%ﬁﬁﬁﬁi?ﬁ%l? result in the extensive shattering
sd sxfelistion of the country rocks

A similer wechanlss might operste te shatter chilled
sarlier phases of intrusive rock. The broken blocks would
then be cognats lsclusions.

The inbrusive rocks of this ares geen Lo exhibli a
continuous seguence showing the Fermstion of copnate ine
elusions, If enly fors, 208 nobl compositlon, bDe considered,

An early stege ls shown by gebbrp inclusions 1n quaris
diorite {pe 89)s Thess a2ill have falrly anzulsy form s

they have not besn tes long broken and lmmersed
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¢ Ll savun by Gernbiende gsbbro

2 horablende gabbre (pe 7). Herve Lhe

: famwrsed Lo tho sssps for & ponside

Ing with the meges, Thess inclusions are falriy cless bo
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