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ABBTRAUY

For many yoere the genssle of the Judbury sopper-
niekel oree and the petrogenssls of the nporite, transition
zons, end mlerepegmstite have been the subjlests of numsrous
published srtielss snd reports by peclogists. The resogni-
tion of the ssquenss of pertinent geclogle svente hae
definitely disproved the theory of magmetle segregation, in
situ, of the orse from the fudbury intrusive,

Thet the mieropegmetite iz the result of cone
snexpiained prosess of mepmstie differentistion Trom the
norite, is etlll ths eonsensus of geclogie opinion, Ia =
etudy of seversl hundred thin-seetions of apesimens of the
fudbury mlerepegmatite, sollosted from many Aifferent plages,
the writer has besn unsble to find taxtures thet are sugges-
tive of prisary erystallization, in the mierographle intar-
grovihe, whieh constitute up to 7B per sont of the migro-
pegastite. The textures of the sieveprsphle lntsrerowihs,
whlen are composed of gusrtz and 5 wide range of faldepars,
sugzest that those sre sseondary znd thel they vers formed

by the progses of metasonstion,




GROLDGY OF THE BUDBURY BABIK ARES

DRTARIC GARADRA

I
IRTRODUCTION

The first discovery of ore in the Sudbury sves wes

mede in 1883, and in 1880

fovert Bell (4) first published o
description of the ore deposite. Although the geology of
thin ares hes been studisd foy nesely aixly yeare, ithere
g%1ll exist weny problems, the solution of which reguires
sueh sdaitional field end laborstory work. The geologle
nistory of this district nes been wmede coamplez by the sffacte
of tsotonic, plutonlie, wvoleanic, and metamorphic procesees,
and the interpretetion of some of these affeots yemaine
gontroversisl.

For muny yesre the genesis of these ores has besn the
gubject for leagihy end hested srgumente, and the literature

pn this subjset iz voluminous, However, sufficient avidenos



hes now been found to disprove the theory of megmetic segre-~
gation in situ.

Aithough most of the fleld and petrogrephlc siudles
epplied to the fudbury lntrusive have been devoled to the
norite, it hee been the consensus of opinion that the micro-
graphic intergrosth of guertz and feldeper, which vonstitutes

an important pert of the mloropegma

$ite, is the result of
primary crystelliiszation from the magms. In thie thesis the
griter offers evidencs %o support his beslief thet these miocre-

textures ars the result of leater and secondary provessas.

The %riterte Field Experiencs ia the fudbury iree

The writer spent thirtsen yesre in the Sudbury sres in
sharge of ell exploration, developmeat, minlag, and metellurgi-
csl operations in Esstern Csuasda for the Treadwsll Yukon Sor-
peration, Limlted. Duriag this pericd ke frsguently visited
the principsl copper-nickel mines in this districd for the
purposs of studying snd discuseing with the regident englnsers
end geologlets the problems relating 0 the generis of these
ore deposits. Ouring the pust four years & total of twentiy-
eight wesks wars devoted to field work in this ares, snd

through the courtesy of the mensgemént of the Internationsl




Nigkel Company, the fecilities of thie company's research
laborstories were extsnded %o him a2nd the voluminous date
that heve been collected and compiled by the geocloglesl etalf
weyrs mude aveilable %o him. #Hore then 1,000 thin sections
ware made in the unlverslity laborstory of rocke oollected in

the Sudbury arse; wmost of thess were made by the writer.

Location

fudbary, Oateric, the chief municipslity of the Sudbury
district, ie situsted about 38 ailes north of Georgisn Bay,
Leke Hurom. It ie & division point om the mein line of the
Canadisn Pacific RBeilwsy betveen Montreal snd Vancouver, sbout
440 miles west of the former olty. The principel wmines in this
syes are situsnted west, northwest, no¥th, snd noritheast of

fudbury; the distances range from teo To twealy-two miles.

Topography

The most prominsnt topographic festure of %hle sres ls
known e $hs Sudbury Basin, whieh hse s length of about &Y

milee from northesst to southwest snd 8 mexisus width of about
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17 miles. The deprassed part of this basin is enclosed by &
rim of rocks bhaving an aversps elevation of sbout 200 feet
above the bottom lsnd =nd & meximum slesvation of 400 feet
grester than ithe evarzge. In the centrel part of the basin

ig 2 series of low disconnsoted vidgss of ssndetons which is
entively eurroundad by velatively flat farslaznd compossd of
sand, 8ilt, and clay. OSlate, which underiiss the sandetons,
is exposed in only & Ffew pleces. The inslide of the rim of the
baein cvonslete of & series of voloapic rocks that range from
& fins-grained tuff et the conteot with the slate to coarse
fregmentel rocks next te o miovopsgwatite whioh forms the upper
part of & composite norite-mlovopepmetites mess kunown &e the

Sudoury intrusivs.

History

The pressnos of msgnetic ove in this srea wes firet
indicated in 1BEE8 when A, P, Zslter (33), provineiel land
surveyor, observed ang reported abnormal vsristions in compaes
readings nesr the present site of the (reighton mine. [During
the same sengon he describsd bie obeervatione to Alexsnder
surray (38}, who =as sngaged in geologicsl studizs in the sane
ares for the Gesologleal Survey of Urnada, The latter colliscted

some specimens Irom the magnstic locality and reported thet



these contelined magnetic end tltaniferous iron orse, Copper
and niokel sulpbides, and magnstic and non-magnetle ironm
sulphides, ¥These esrly reports caussd no specisl interest in
the minersl possibilities of the area, and it wes not until
18583 what the first orebody of copper-nickel ore wes found.
This diseovery was made, on the outerop of ths deposit now

Encwen as the Hurrayv mi

ne , while clesaring the right-of-way for
the Canadian Pacific Reilway (41}.

tost of the known deposite wers found in the next four
yesrs: the following is & list of the most lmportent of these

diseoveries snd $helir losationa:

Creighton I Enlder
Frood kb Hotim
Levaok Il end IV Lavack
Bnistle Iv¥ snd ¥ Sorman
Bo, 4 iy Znidey
horthington i Drury
Bo, 2 111 Helim
Copper B1if7 il Beids
#%. Hickel ii Blesgard
Etsople Hiegnrd
Crean Hill Lsnison
Eyane &énider
Jictoria sad Denison
Vermillion Lealsen
Chigage Drury
Geredoriiite Denigon
fultsns Trill
Zirewood Farson
Horth Star fnider

fpot. Bt

gv& 5
o

[ S ARt R SR

o ook
o oot

The early crospeciors obssrved that most of the gossens

wers found nesr the base of the norite, esnd that these Gxidized




surfacss wers indlontorz of ovebodies. The largset gﬁgéggé_
were found on the Frood snd Creighton properties; t%%%@%%%%?\&
properties heve been the largsst produders and canizin %@%;:\{
greatar peri of the develsped ore rsserves of the &iﬁ%ﬁiéiﬁ

In 1887 & shipment of ore from the Copper CLiff mine
sss sent %o the Orford Coppsr Uospeny's plent &t Uchetable
Hook, New Jerssy, Difficulty weas experisnced in smslting this
lot, and it wse then that nlckel was flrst resognized as an
imporisnt constituent of these ores (41).

tne minerel sparrylite (Pihs) wsa first éi@@%&@ggﬁ in
& ehipment of ore frosm the Vermillion mime by F. L. Bperry,
chemiet far the Usnsdisn Coopper Company. This mine wae firsi
operated for the gold contsnt, and one shipment of sbout 200
tons of ore, igken from the gosean, sesayed 4 ounces gilver,
4 ounces palladium, 1.6 ounces plaginum, snd 0.33 ounces gold
10} .

in 1887 7. L. %alker (48} ststed that the Sudbury.
jntrueive is composad of two varistles of rook which he con-
sidered o be the result of grevitative differsutistion during
the cocling of the originel megme. He wes the first geslogist
te suggest thet there was & yegular composition gradisnt upeard
from the norite, coataining about BO per cent silles, to &
mioropegmatitic granits contsinlng about 70 per centd gilica.
He slac ndopted the sugsestion mede by Bell (4) thety *If ths

aiorite {(asrite) flowsd out orlginally upon the nesrly



nowizontnl surface of the other rocks, the constitusnte of the
srs which it contninsd may heve sought the lowsy portlons of
the meeg." During the next seversi years Barlow (2 ) dsveloped

the theory of grevitetive differentistion ior beth the Dudbury

sptrusive ond the ores, After three years of study, Volsman
(14}'%éé&@% the principsl exponent of this %ﬁ%éry and continued
to support this coneept for the remeinder of nis Life (11).

garker (30) wae the first geologist to gquestlon the
sbove theory of Welker, Barlow, aznd Colemin as epplied to the
Spdbury intrusive., He found no indication of & regulsr ”é@@@%é
sition gradient’ in either the norite or the granophyre {micro-
pegmatite) conesidered separately, and he gonsiderad the trensi-
tisnal zone to consist of & characteristic hybrid rock. Enight
{35, 38} oollscted specimens 2% ghort intervals scerose saversl
sectlons of the intrusive end had these ghemicslly analyzed.
These snalyses proved that there is not = reguler gradation
fvom the norite to the micropsgmatite. Phemister (42} cellected
gﬁ%@i%@ﬁé noross sleven ssctions of the intrusive and made
Boasiwall snalyses of these specimens. These prove that the
most besic portion of the intrusive is found near the top of
the norite aznd not &t the basal contsct, and thet & compard-
tively narrow transition zone ocours between the norites snd
micropsgmatite, FPhemister concluded thet the Pudbury intrusive
iz not & single intrusion, but two.

puring the pericd of 1888-198%, W, H. Collias (187 ®ith



(32, 33, B1)

gsversl sssletants made 8 deteiled study of the Sudbury ares
and re-mapped the fudbury intrusive snd the *offsets.” Collins
goncludad that the result of their work ig sgesntislly &
%@gfirm&%iaﬁ of the opiniones and oonclusions thet had besa
gxpregsed by félker, Barlow, and Coleman,

Zince 1931 the Interanstional Hickel Uompesny of Cansde
hes suploved & lawrge eteifl of ekilled geologlsits under the
divection of Iy, &. B, Yates, with Dr. L. §. Graton ss consul-

tent., Some of the vesults of their work hes been published

£l

Importanege of the Ares ms & Source of Hickel and ss & Field
for the Study of Petrogenesie snd Sitruetural Features

4ffecting Ore Leposition

Gwing to the development in the Sudbury arves of the
worldle most imporsant nicksl dsposite, this distriel hes, fox
muny yesrs, been of speoial &ﬁ%@%@%% %0 geclogiets, The
investigstions of thie ares by geologists Trom many diffevent
sghools have resulted in smuch controversy regsrding the patro-
genesis of pome of the rock Tormetlons, the mechanlsm of
emplacessnt of the ore, and the %%Eﬁﬁ%ﬁ%&l feetures affeoting

the locslizstion of the ore.
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taet of the ares is coversed ¥Y Flaisisosne g&a@z%i
and lacustrine deposits, sud vagetation vanging from moes “and
shrubs to second-growth timber. This pan limited the ﬁ%ﬁéﬁ~ﬁf
the surfece mress to nalursl #Xposures and to highway @ﬁﬁ.?f
rellway cute. The spplication of geophysical metbods, &?
mining compiaiss in the aresa, has vielded much @aiuﬁ%lﬁ iﬁf@f«k
. mmtion; but the rock exposed in the many miles of ﬁﬁ&@tgfﬁﬁa& >
workings and ia dlamond ariiling offer the best apportunitlies
for the study of ¢he important controversial problems for

shich this ares is uoted.
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OREERAL GEOLOGY AND BTRATIGRAPEY OF THE SUDBURY AREA

Brief Beview of Pertinent Pre«Cambriasn Seeology

in studying the litersturs om this subjsot one [iuda
that thers is almost = unlverszl sgreement that this ares
includse rocks of =1l subdivieions of the pre-Uambrian excepi
the Hiddle Buronian; but there ie & general lack of agreement
in classification, correlstion, and nomenclature as spplled %0
the verious formations, =nd in the time sequence of soms of
the iatrusives. The fisld velatione of szome of ths rocke in
this mres are often cbsours and difficult to interpret. The
following Table 1 is made up from the latest recorde of the
{nternationel Hicksl Compsny. Tsble 2, compiled by Cooke {22)
{llustrates the laok of agrsement, among the pringipal workers

in the arse, regardinsg the correlstion of the sge veletlons

of the Sudbury and Pruce series. Teble I represents Cooke's

sonception of the post-Bruce geologicel evente in this &res.
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gauiéﬁr slay, g&aﬁy tili,
.and olay
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Olivine disbsse dikes
Layge trap dikes
Ehearing

Guerdz dlorits)
Eregolias

Age relations between
these sre 31111l con-
troversisl,

Small trep snd splite

éxk%@

Keweonawan ﬁiﬁr&p@gm&ti%@'} S _
transition zone) Sudpury Intrusive
%ﬁzit#

o : ; inbruelves

Uppar- izusgive :

?gfiﬁig? Ohebmsford Sendstons Kot known definitely
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PRE-GAMBRIAN CORRRLAT

5 LEDICATED FROM RECENT WORK

LT BULBURY ONTARIO*

lotrusion
intrusion

Gengle folding
Intrusion
Deposition
Erosion

Probable intrusion
Close folding
ipntrusion
Depogition

Lrosionsl uvnconformity

Daposition

*B, 9. Gooke (28)

Glivins gabbro dykss

Zurgsy, ureighton, and probebly
Zillarney granlie

“hitewatey synsline

Horite-nloropeguatits

Fhitewster laveg and sediments

30,000 to 40,000 feet of
gediments snd intrusives

Bireh Lake granite

Hipissing gebbro
Uobely series

17,000 fset or wmore of
sadiments removed

Brucs serise



stpucture and Teotonic History of the Zudbury Awvsa

The difficulty of corrsctly interpreiing the testonle
nigtory of the early pﬁ%wﬁﬁgbfiaa rogks in thlz ares is sesn
in Table 2, whioch =2hows the difference of opinloas ef competent
geologleste regerding the correlstion of the @ﬁé@gfy end Bruce
gsries, Ths evidsnse of intsnse folding end feuliing of the
rooke, south of Sudbury bLaein, can be egen iln thelr exposed
seotions, The dipe of meny of these sedimenis snd volounlos
sre naarly versical, sud the evidenoce seen in ¢ross bedding,
flow tops, ead pillow structures provs ihat some of thase
measures have basn ovariuraed.

Host geologists sccept the theory that the fudbury
intrusive wes smplscad ss s eill (Coleman) or lopolith {Grout)
between & matursly eroded surface of steeply tilted pre-Upper
Huronisn roocks and the lees folded %hitewster series, which
hes been clesssified se Upper Huroalen. Soms of the wmine work-
inge have now resched & dspth of more than & mile. The fact
that there hap been no flettening of the dip of the coantact
batwasn the norits and the oldsr footwall rocks hae led the
sriter to believs that the Sudbury intrusive has the shape of
an irregulsyr funnel snd reprasenis tue form af zn ethmolith
e}

& number of fmults sre shown on the agcompanying
geologicel wep of the distrist. The Ursighton &nd Worthington

faults ars bteo principel sast-wsst etructures, wiibh msarly




vertionl attitudes, snd appear o bs of the strike-slip
variety. The appaysnt horizontal dleplzcement of the former
ig 2,000 to 3,000 feet, snd that of the latter 7,000 fsed.
The fact that trap 4ikes, ijutrudsd along these two faulis,
sre gensrally brsgoiatsd, indicates thet these movements
sxtended avery 8 c¢onsidernble lenmgth of time,

In the sputhwestern pert of the basin severzl reverae
faults dipping 50 %o €0 dsgrees southesst and striking ln &
northeastsrly cdirection, offset the edge of the nlockel intru-
give. The largest of these sre the Csmeron Creek, Bulisna,
7ietoria, snd Falrbanke Lake faults. The Cessron Lresk showe
displocements of 12,000 feet horizontally and 3,800 feet ver~
tically. 4 horizontal dieplacement of 6,000 fset has besa
mengured on the Feirbenke Lake feult. The esepuryate identities
of these faults can oot be traced seross the lnterior of the
bagin, but continuetions of some of them sre seen in the faults
and sheer zones, in the w0ff and slate, in which several
gsopper-ginc-lead deposits have been developed.

Gn the aocrth balf of the bssin Golline 018, Vol. 29)
digooversd &= series of fsults that etrike nesrly norib-south,
and sppesy t6 have verticsl or very steep dlps. Tha horizontsl
displucements of the tudbury intrusive, eloag thess feulis, are

8,760, 2,000, 19%%@, 800, and

4G0 feet. He alac mapped & num-
per of faults on the ssetera side of the basin; sloang one of

thess borigontal displacewmente of the Sudbury iantrusive, of
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BOO faet and 300 fest vespectivaly, of the outer sdee and the
transition sone were seasured.

in sddition te feulting, Tolline oslled atiention o
the prevalence of sliciag which, in the sarial photographs of
the sres, appesr as deliosta, closely gpsaed parallel lines,
reeswbling those of & fthinly-bedded sedimeniery formstion,
Polding, faulting, snd shearing is seen throughoud the membars

of the Whitewster seriss withia the baain.

Immediats Pra.Cambrian Stratigraphy

Esewaiin

The sein body of the Snider series, 8}

milss long snd 1 wile wide, occurs in the gouthern pert of
snidey tosnehip, It is cowmpoeed of mrkosic gusrizitse inter-
peddsd with besic volosaic flows ehich have ueen girongly
folded or brecolated snd, in places, intsnsely grenitized.
vates (51) considersd this to be the oldead unit of the Keewae
tin in this ares, but later work by dichener (38) suggeste that
the Znider sarises may be 5 parit of iths Zlsie gountain-Frood
garise of gresastonss and &%&im@ﬁ%ée

25

Series. This seriss le gomposed pria-

¢ipelly of baealtle aad andesitio gresnstones, gabbro and sephi-

boilte, & smell smount of gquerizits, anid &8 minor amount of



sgglomerate. These rocks lie aloag ths south contact of %the
norite except, for geversl miles along the central portien,
ghere they are separsted from the norite by the Creighton aand
gurray granite sesses. The thicknesa of this series veries
from ome~half to two miles, the generel etrike is northesst-
southwest, and, due to overturn, the dip is steeply to ths

northeest.

Sudburien {Timiskamian)
Lying stratigrephicslly above, but structurslly below,
the Feswatin seriss is 8 thick series of veleanic¢ and sedimen-

tery rocke whioh ﬁﬁlgééérﬁeﬁﬁgﬁ the Sudbury series. This-hes ——

been divides into thres sub-ssries.

i fub-ferie

Frog . The oldest Sudburian member lun ithis

srea hos been nemed the Frood sub-series; it consiste of vary-

iag samounts of rhyolitic snd sadesitic yoloenics with inter~

bedded graywacke, mrkose, snd grit, which have been latruded
by gabbro and Frood breccla. Its greztest recorded thickness
{38) of 3,000 feet ocours south of Lesch Lake, about two miles
west of Copper C1liff and south and southeast of O'Donnell.
Gopper C1iff Boyolite. The next member of the Sudbury
saries, which Colemen and @éh&rg gnlled the Copper ULifl arkose,
hes been named the Copper C1iff rhyolite by the geologisis of |
the Internationel Hickel Company. It has been traced for =

digtanee of nine miles wesitward from the town of Coppar Cliff,
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snd some rocks that sre 7ound 14 milss to (he acuthwest of
Gopper CLLET have the typlesl appasyanes of this mach zliered
member which in places iy coerse-grainsd and suesive and in

other plaess iz tuffasecus and ggglomeratic, i4s mapimum
%

S

thickases, which ¥ichensr (%8} estimated st £,300 feel, cooure
naty 1ie sastern end.

the relations beiwaen the Frood sub-ssries and the
Gopper CLAff rhyollte aye believed L0 DS gonformable; but these
ave not olear, owing to the presence of Frood breccis whish
gensrates thewm.

the %top wewber of the Sudbury saries

e oslled the MoRie greywscke; it ie composed of graysacke with
interbadded greeastons, pillow lavas, amphibolite, and rhyo-
1its. in some plages ths graywacke is thinly bedded, often
showing ripple marks and verve-like bandlng and in othar plscas
where the beds are thicker, cross-badding is commoa. In ths
vicinity of fudbury, Colsman estlented the thicknese %0 be nol
iess then 7,000 feet, but the weasursment is difficult owing
to the intrusion of gabbre and to the displacement by the
Yorthington fault.

It has bean suggested that the upper surface of the
Gopper C1iff rhyolite, on which the MoKim greywacke was depos-
ited, may heve been rathsr irregulsr, sincs the bedding af the

1atier iz not everywhers parsllel to the sbove surface.
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Huroaisn - Bruge %aries
“olline divided the Sruce sesries of Lower Huroniesn iante

the following five formations, from the youngest o the oldest:

cerpent guarizits

pagole lissgtons

Hruge gonglomerstie
élesissagl quarizite
sasgey Lake gonglomeysis

Feiroaira (28} sgrees with Colling in the above clagsification

¢f the bruge meries in the Zudbury ares.

Golling [19) considersd the
famssy Leke ovnglomerste (o be & reyoclitbic sediment and
believed thet it is sepsrated from the NoKim graysacke by sn
srosionsl unconformity and suggestad thet the conglomerste im
compoeed oi decomposition produsts of shatever rock forzed the
pre-turonian eurface, He stated $het both eonforeity sud un-
gonformity of formations hed been found, but that the conform-
aple relstions ere asppérent rether then real. Felirbairn (28)
disugress wilh this interpretation snd cites four localities
whers he bazlleves thet oonformeble relstions, betsesn ¥ebim and
Ramsay Lake, ars eévident. uichener [J8) sleo describes a gec-
%ioa across the Mokim-Hamsay Lake contact thet spoears to be 2
trensition bevween them. 1o & number of plagss thae contaet
between the top of the Sudbury eeries snd the bottom of the
Bruce series ie confused by the presesance of Frood typs brecoin

whioh bas sométimes been misteken for & conglomerste. The
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Ramzay Lske conglomerste iz iatermittently exposed parsllel to
the reglonsl struceture in & neyrow zone that extends for meny
miles sset and west of Sudbury. The meximus thickuness has besn
petimsted to be from 300 to 480 fest,

Cusrtgite. The most widespread forvmstion

in ths Zudbury ares lies stmatigraphliesily above the Remsay
Lake formation, 1t consists of cosarse~greinad, whits &0 gray
feldapathic guartzite layers from siz to twelve inches thiok,
often oross-bedded and séparated by thin layers of srgililte,
grayeaoks, or arkose, Colsmen (18} pleced this formstion in
the Budbury eeries and called it Wansplitel guartszite; but
Goliine [20) shifted it to Lower furonien and nemed 1t Missis-
sagl quarteite. He estimated ite mexisum thicknes: %o be
approximately 8,000 fest Lo the Sudbury sres.

Laweon (57) seintsins thet the etratigraphic segusngs
in this nres hes besn sizinterpreted and thet she Sudbury series
overlies the Mississsgl formetion snd ie therefors younger than
the basal Huronian, Hie conclusions sre baeed on very limited
sheervaiions and, owing to hie mesger fleld experience in this
distriet, he mistook & zoms of Frood-type intrusive breccle forv
& bessl conglomesate of the Moilw greywacke, He belleves thet
in some plsees this intrusive brecols is = grest tillite (43).

Coliins (17} was the Pirst geolegist to regognise the

Eruce, lspunole, and Serpent formstions in the Sudbury aves,
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The PBroee fTorsetion hes often been

mistalken for the Resmssy Lake, but Feirbeirn (28) distinguished
the Uruge, in Faloonbridsge und Uryden townships, from the HRame
gey Leke by ite differsnt 1lithology and by its stratigraphbic
position above the Mississsgl formation. He estimeted that it
hase & maxisusm thickness of st lesat 3,000 feet,

2tion. The Hspenols formation liss

stratigraphically zbove $he PBruce aad conslste mostly of thian-
bedded graywacke and leszer amounts of dolomitic limestons; its
total thickasss is sstimated mt approximately BOU faet,

The ferpent fTormation i the %op

membay of the lower Huronian in this ares. Felrbsirn (28) has
identified it in Faloonbridge township by Lte cheracteristic
fine banding snd ite dead-white onlor. He estimsted ite total
thickness 8t less thaeas 3,000 feet,

Burrows snd Rickeby (7, p. 13} grouped all the fore-
going Feewstin end lowsr Puronian rocks se mesbers of the
Yudbury series snd clesssified them as Timlskamling.

Ho pocke belongliang to the middle Huronisn heve been

identified 1o thils imeedivts nren.

Upper Buronisn {inimikis] -« Thitemeter Teries
The fovsptions thet lis within fudbury Paeln arse
teoleted from the lowsy HYuronisn rocks by the Sudbury intru-

sive, Coleman (13) clasesified them ss upgper Hurenisn (faimikis),
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but stated thst the correlstion wae uncerisin, siuce 1t wae

laygely lithologicnl. Colliins (18) suggested Thet, owlang to

their loosl nsturs, thess farmetions be glven the loonl neme
#hitewster series. Cooke (1), however, without etating hle
yessons, plaeed the Yhitewcter serlies in the Heweenssan; but
nearly 811 other workers in this sres sgree with Colemen thet
the forsetions sere probably Animikie in age. Howaver, Yates

{80) stsise:

It ie noteworthy, and msy be bighly significant
thet thers are mombers of the Huroalan series lylog
to the south snd west of fudbury thet sre unguestione
ably of voleanic origin, and resesble strikingly the
rvacks of the so-gulled Shitesetar series. Outorops
are soarge ot the eastern snd of the Besin, partiou-
larly on the innsy portion and relationshipe are
sbeoured by the prssencs of complez bregoiss; so thes
detaile of the strusture and timing ars diffleult to
detersine, 41l things considered 1% is probeble thet
further structural and litheloglioel studiss will dia-
¢lose that the Bhitewater series le mersly a part of
the recognigsd and known Huronisn, downfolded into &
rather complez synelinorium and thet the pre-exisiing
structure controlled and determined the position and
shape of the Pudbury Besls; the norite belng latruded
elong the limbs and up the Yroughs of the syanciins,

The writer hos often uoted the striking resesmblapce,
se describsd by Yates, of some of the rooke that ooouy %%ﬁiﬁ
of Sudbury besin to some of those of the Uhitesster series;
but much mors etyucturel znd lithologlesl evidense must be
found befors sn zoceptebls sglution can be offered regerdiag
the sge snd stestigrsphic pesition of the ihltewater asriec.

some debatable polnts regerding the sge relations of




the rouke in this ayes heve been needlessly confussd by men
who have sxpressed thely opluiones efter short and hurried

vieite, Lawson (57) stetes:

.+« W& heve us yecordsd cbuervetions g& 1§
jaﬁzify the potion thet this mpgulomersis {4uitowater)
bse suffersd contact wetemorphiee, In o brief sxns.
instion of the Sbitewsteyr servies, oxtendlug irom
Frirbanks Leke soroes the Dudbury Hasin to the leveok
dipe, & section effording weny sxoellent sxposures, I
faund no evidence of oonteol metamorphlise nor sy
dikes outting the Fhiitewater rocks. Therelfors, it
sgreare to me, both from the feiluve of the record
to seteblish contect metenorphbiem snd from ay own
field observations, thet the Fhitewster seviss may
poesibly be 3 late pre-~-Uambrisn resting on the
sroded surfsce of the amloropsgmetite.

The ¥riter considers the zbove statements by Lawson
unwsrranted. Colsman (11), "hemister (43), snd Burrows and
Rickaby (8} have recordsd thair @b@%%V%%zﬁﬁa g contast zeta-
worphiem, in the ¢hitswster series, sdjscent to ihs Sudbury
intrusive, Burrowe end Hickaby also describe three types of
dikes thas intruds the Shitevaier focks; wmany of these are
shown on the meyp Ho. 3Bg whioh eccompeniss thelr yepori; some
of them are expoesd along the roads snd highways and should be
recognized by sny competsut observer. The develppment of horn-
felges snd feldepsthization in the Whitewayer roeke sdjsoent to
the Sudbury intrusive is so cbvious thet it iz difficult fo
understsnd how this condition oan be ausetioned by 2ay obaerver,
o

Cnsping Jolesnles. Coleman {11) muppsd the Lowaer por-

tione of ths Uniteswster psriss s Trout Leke conglomerats and
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Opeplng teff. Vor many yesrs tuls clessificstiion wmas &é@%@%&ﬁ

f%ﬁkaﬁy f 8},
tun fiﬁié

by the workers in ihe §

sfter making 2 delniled study of
sessons, found ag evidence of water-warn bouldsys or 1%@&1
zedimentary beds snd donsluded thet Uslessn'e Trouy Laks cone
glomerute iv composed of voleualo brecelss, sgglomerats, laves,
and tuff. 411 workers who have followed Surrows and Bicksby,
in this sres, sgres with thes that bthese rocks appssr (o be &

gonrge phsga o1 the volosenlics.,

The:

i’&‘r

s il & grest verletisn in the dietributiosn snd size
of the fragsants fouad at the base of itne Cnsplng volesnics,
but the grestest nusber snd luargest sizes lie slong the south
renge. Thess fragmentes conslist of guartsits, gramite, quariz,
argillite, rhyolite, sud sndesits usually eabsdded in azundesitic
:nt found slong the pouth

tuff. Tae wost eomwon type of ire

range oonsists of fise %o ssdlus-grained cusrislie. Hany of
the fpagments that lis in the northssstern pury 0f Gerson towa-

ghip sre seversl hundred fset long; most of these oveur in 2

W&

breaols sgone, ssveral hundred feet wide, compcsed of epsaliler
g 2 4

snguler fragmente of similsr rook. Chuse (8) one of

7

these fragments for an expoeed length of 1,200 feet ond & width
that veriss from ZE Yo 100 feet. Some frigsente oy residusls

S

of eiwilsr rocke sre freguenily found within the micropegmatite
for distsnces ese grest ce BOU fest {rom the upper oontset.

Zowme pheses of the lower Unspling volesples thet sceur along the

L8
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aorth range, strikiangly ressuble some of the intrusives thel
soour in the gneise norih sf Sudbury Basin.

The conrse fragmentsl phege ie followsd by tuff that
ie cheracterized by an irregulay dimimation, in the size of
the Tragments, from the bottowm to the top of the formetion,
where 1% ig difficuls, in the fleld, %o distiagulsh it frow
the everlying slate,

The thickness of this formetion hee been setimated to
be from 4,300 to 3,000 fset.

TABLE 4
CHIUEIVAL ARALYSE® OF QHAPLAG VOLLANICED

5 & -
ey cent per cent per cent

74.00
ﬁ!é%
11,38
0.36
3,24
0.281
1.31
1.99
.08
1.81
3,74
0.08
0.05

ger ceny peY oent

510, 50.08  6l.43 89,60
T105 G.48 .48 ,
2158, 10.84 10,11
§@%§: 5,87 1.4
Fal 7.18 2.40
Fa {gﬁi‘ghz}%iﬁﬁi e 5 s e B
?ﬁ%?gi
Call

3.09 1.18
5.13 i.44
0.8l ¢.05
2.94 4.86
a.8% 5,38
0.18 0.18
0.08 0,12
0.48 ——
¢.91 srace e
2.08 1.73 1,80

100,21 99.86 100,37  100.8%
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fioe., l-2, by Colemsn, Hoors, sud Gslker (15}, represent
specimens fagen neay the type geolion nemr Onaplang Fells; He. &
represente & gpetcimen of agglomsrats or volesnic obreccis from
the northesstern part of the basin; bo. 4, by Burrows and
Hicksby {8, p. 17), reprssents & specimen of epherulite lava
from the south cesntral part of the bssin; and Ho. B, by the
same authors, represants e specimen of rhyelite frow the wes-

tern pert of the basin.

lete. Although the elate can be seen in only

& few pleoss, it is presumed to forwm a vontinuous bed between
the Onspineg voleésnlos snd the Chelmefopd seadetone. It hes
been proved, by diemond drilling, that it underiies auch of the
lake deposit thet forms the surfecse between the ocutorops of the
voleanies znd the ssndetone. In pleces, the fins-grelined tufl
has good clesvage apnd, sxcept for the sbssnee of beddiag, it is
giffieult, in the hend spegimsn, to distinguish it from the
glate. This hse led to the cenclusion thet these formetlons
ars conformable, 4n aversgs thickanses of the alste wae esti-
meted, by Coleman (11}, to be 3,700 feet. Buprows and Rickaby
(8) suggested thet the slste ie composed of the finer materisl
of thes Onsplag velgsnlies,

Some thip-ssctions of slste coneled of & few sontieved,

winute fragments of gquerts, esricite, chlorits, and patches of

serbonste ia & dengs, opague, carbonacecus metrix. Othsr sec-

tione conmist of thin bande, wmade up of & mixtures of the sbove
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minersls alternatiag with thicker bands 0

fee photomicrographs.

SRS -

per gant

58,62
0.70
.32
9.43
0.28
2,78
0.40
1.80
3.50
3,38
2.80

030

f the opague meterial.

£

per cent

B&.67
0,724
7.85
0.86
1.01
7.82
0.22
6.26
0.70
1.10
3.8%
0.31
.08

8.93

160,11 100,09

snslysis Ho. 1 by Burrows =b
{8}, g, 48, snd do. 5 by Col
dpope, and Ralker (15), p. 3

helee

ol
o
&
o

youngset of the Yhiitswater series and oul
the basin s& & succession of parts of opp
whose axes are parsilel to the long axle

cutcrops c¢an be traced slong e length of

d Hicksaby

SWER
8.

ford sandsione ls the
orope in the ceater of
peite limbe of folds
of ths bssin.

20 milee, and across
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widthe of from two to three wilss. Ths dips of thess limbe
ranze from 30 to 80 dasgraes. The graln-size, wbhish 12 mostly
iese than one =millimeter in diamster &t the gradetional con~
faot with the slate, incyresses towards the top, where zome of
the fragments spprosah five wmillinmeters in dlameter. Host

thin-sections show that the rogk is composed of & litile lsse

then 50 per cent gusriz, the vemeinder being mede up of verying
smounts of feldepsr, carbonste, mios, mmd epsgue carbonavecus
materisl. Burrowe snd Bickesby (8) state that they found
ogoasional grains of misrographic Lfatergrowth of quartz and
feldapar, end euggest %%@% the msterisl was gathered from the
surrounding micropsgmatite end voleenie rotks, It may be pos-
sible thet the msterizl lo the Jnwatln slate znd Uheimsford
sandatone wight have been derived frow the Unsping voleanles;
but 1% is lmprobable that say of this materisl came {rom the
migropegmstite, eince all the evidenos proves that the micro-
pegmatite iz later than both these members.

#ost of the thin-ssctions of sszndstons consisl princi-
paully of fine to medium-size greins of sagulsr cuarisz and feld-
gper with consldereble swount of wmica und varying ssounts of
chisrite and carbonste, Cee ?ﬁ@%é@i%?@%@&?ﬁ&:

Buprows end Rickaby (8, p. 30) glve the following
snzlyeis of & sampls of sandetons taksn from the ceniral psrid

of the basin,
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Fige 2
Onaping tuffe Location 12,700
.5, from Sece Noe 67+ X 203,
plain pole lighte
Sece. M0e 105

Tige 4
AMtered tuff with slabty cleavagee
Loce lioe 1 shaft Frrington mine.
%, plain pole lighte
Sece Moe 45

2

i e

Quartz, carbonates, and chloritic

material in altered tuff.

Hoe 2 shaflt Errington mine.

% 20 in pole light.
ece Moe 50

loce

ngS

ig
lornfelsic tufl. Locs 1ot38{
cone IV, Dowling twpe £ 205,

X=nicolss

Secs Moe 26
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Fig. 6 Fige 7

Interbedded fine-grained sandstone ~ Coarse sandstone. Loc. lot 12,
and slate. Loc. lot 10, con. II, con. IV, Balfour twp. X 20%,
Balfour twp. X 203, X-nicols. Xenicols.,

Sec. No. 13 Sec. No. 28-B

Fig. 8

: Fig. 9
Grephitic slate with querbz and Hemfelsie - slabe almost com-
carbonate deposited along cleav- plebely replaced by quarbtz and
age. Loc. Anthraxolite mine, carbonate. Loce No. 1 shafll,
lot 10, con. I, Balfour twp. Brrington mine. X 20%, X=-
X 20%, plain pol. light. nicols.

Sec. No. 47 Sec. No. 46
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Granites

The Creighton greaite, the largest of the granlitie
bodies in the south range, extends from Joppsr C1L1£Y southwset-
ward for & dlietsnce of about 12 miles, snd veries in widih frowm
one to two and oune~-helf wmiles. Altbough thie mase has besn
mapped 88 & single ani%%-%gg rook showe variations in colop,
texture, snd struoture. The color rengee from dark gray to
vink; the texture vearies from porphyritie or crystalloblssiic
to equigranular; end the structurs, slthough gneissio in most
Bress, 18 sometimes msesive,

ibe sge rsletion of the Orelghton gramite to the aorite
iw oontroversisl. Celline (18, Vvol. 30) believed that this
grenite le older than the norite and sxplasined the graunite
intrusions in the norite as the result of fusion of the granits
contact by the later norite inbrusive snd the injesction of the
fused gresits into the aorite after the selidification of the
border phese of the latter. Kaight (35}, Phemister {42},

Tates (61), and many other workers in the field heve ﬁiﬁaé
evidenos to prove thet tﬁiékgy%ﬁi%% iz luter than the norvits,

end Colemsn {(11) conoluded thet %aigrig & g%mﬁiéité“ﬁeéy‘tﬁat

includes both pre-morfte and post-norite granites. Nichemer
and his staff have studied this mass in considerable detail,
and although he does not consider his evidence entirely con-

clusive, he states (38):




L

Petrograpkically, it has been found that =ll
the dike-liks masves of granite in the norite have
strongly recrystallised feldspar phenceryets and
gtrainsd end sutured gquarts aggregates similar %o
those of the gneissic Oreighton granite. Epecimens
of norite on the other hend, from 5ta. ¥1l&, even
though zpparently surrounded by grenite, ars Iresh
end show no evidence of recvysiallization or meie~
morphiss,.,.. In & few instences there i & slight
grapuletion due to later movement along the contact,
vut this elight granulation doss not approseh the
granuletion &nd recgrystelliszation of the pranite.
w2 heve thersfore the psrsdoz of etrongly melemor-
phosed texturss in the granite dikes spparently
intruding a norits which is fresh and unmetamorphosed
in 81l cssee.

$ut later in the report he describess snother dike as follows:

The most convineling graaits dike in the norite oocurs
in lot 2, con, I1I, Znider %wp., whers s porphyritic
grenite dike 80 feet wide snd s% lesasi JBC feet long
sirikes Horth 70 degress Weet into the norite. It is
composed of ooarse massive porphyry snd mey e Tiner-
greined &t the norite contact., The one contaet obsarv-
able is sheyp and appeers to be slightly sheared on
the norite side. The posesible connsotion of the dike
with the mein greanite body le drift-covered &8 lg %he
farthey end which dissppeare under an extensive 4rift
aras, The length is therefors not knosn., & itzin
gection shows thet the phencerysis are not reorystel-
lized to & Tine-grained weab but the miorographic
guariz~feldspar intergrowth ls very well daveloped,

The writer believes that asuch adcitionsl fleld and
laborstory evidence ie required before & definite conoclusion
san be offered regarding this probles.

The durrsy grenite i@ the second lergest gronitlc body

found esdjmcent to the southern sdge of the norite. Ii hes &

length of & litile move than thres milss snd 2 mexisue width

af & 1ittle morse than one wmile. 1% iz fine to mediusm-grained
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snd Ll compossd chisfly of guaris, microperiiite, bioctite,
miorocline, and orthoclase. A number of apopayaee ¢f this
body extend for variocus dietsnces inte the norite, and lrreg-
ular maeses of eimiler gramite, up to 400 fest wide, sre found
intruded into the novite more thea & mile west of the Wurray
grenite-norite contuci. ?ké following chemlicel analyses given
by Colemen (1%} show the similarity of thsse irregulsr intru-

give messss to the granite at the contect of the morite.

TABLE 7
CHEMICAL ANALYSES OF MURRAY GRANITE

78 80

Sii, 76.40 T4 .40
?i@z e84 «ab
izggg 12»§é lﬁsgi
Fof ° w1l
Gad 1.48 T8
gl 76 7B
Ml i) 01
Kol ﬁ§§§ %«gﬁ
Hol} .. 88
%, v 4
,‘;31 =03
29,88 99.60

78 - Granite, 2 wiles northwest of ¥urrsy mins (in norite).
80 -~ Granite, ¥Yurray mine conitaet with norite.
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The similarity of these grenite massee wes confirmed
by the spectograpbic snalyses of the minor elements, shown in
fable 8, Sampls Mo, B216-17 wae teken from the edge of the
plug zad contalned inclusions of norlte material; thie saccounts

for the relatively low ¥ in this eampls,

Cusrtzr Diorite

L number of dikss that iatrude the footwall rocks and
gome irreguler masses that pocour 2t various places along the
bage of the norite have un sverage chemical composition of the
norite, but they have & finer-groined texture with more micro-
graphic intergrowth and an averags mineral compnsition of
gquertz diorite. Coleman believed that these fiikes sre apophyses
from the norite snd oslled them "offsets," and meny later
workers have agreed with Colemsn's observation. The Foy offset
hae often besn desoribed as continuous wish the aorite, how-
sver, sn excellent surfmee dontsot of this offsst wiih the

aorite wae shown to the writer by Dr. A. B, Yates, and several

o

dismond drill cores were shown to the writer, by Dr. ¥. E.
Spvage, in which the contmct between the norite snd the foy
offsat rock is definite and sharp, although no chilliag could

be recognized in elther rTook.




Yates (B1l, sp. 183188 shows thet no evidence hue
been found to prove that dirset connsotlons exlet between ihe
Goppor Cliff, Foy, ¥orthington, or Frood offeete and the main
norite mass, However, & norite dike thet pensirétes ths oot~
gall rocks sdjacent to the Creighton bay sppeere to have a
trensitional ¢ouniaet with the rock within the bay.

the rock in the msrginel meeses diffsrs, somewhst, from

thet in.the offset dikes in that it iz usually less aliered

&

nd contBins moys orthorhomble pyroxens snd less gueris, sad

the texnturs is wors often hypautomsrphic granular,

i
i

Thase dikes snd mesees differ from the usual intrusive
type in that they ars composed of varying amounts of angular
to sub-angulsr fesgments of older rocke embedded in & malpix
thet, in the dikee, is usuelly compoeed of andeeins, secoudery
smphibolss, mioregrapbic intergroeth of querts and feldspar,
and minor amounts of quérte, bilotite, spetite, mugnetite, and
leucozene, The meairix of the marginal masess ususlly is com-
posed of andssine, oriborhowbic snd clino-pyroXxenes, swpblibole,
guarte, biotite, apatite, and sagnetite. The fragments consil-
.ﬁaza from O to 75 per cent of the roock snd renge from miero-
gcoplc sizee to musees more then 100 fest long; wany of these
fregments differ {rom the well rocke snd must have bsen trana-
ported {yom consicerable dlsiences.

The miorotsziure of the matrix of thess rocke ranges

from norafelsic in some seciions to finme-prainsd Aypautonorphlo-
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gysnular in otharg: in weany eseotione cowme of the matrliz has
& :

baen rveorystallizad to & alory intergrowth of queris

sad feldapar.
Yates (Bl, o, 180} in the followinp teble compures the
averszes for meny anslyeee of offset rock, precented by &, H.

Collins, #ith the sversgze for twenty-five nnalyees of uorite!

Proad Average
rortn | Frood Foy Sorth Borite
ington O, Cliff .

87.78 58,18
i\g@% i%vgg
2,89 4.588
7.4 8.65
£.81 7.40
&.80 4.57
3.98 3,47
5.08  1.89
1.20 1.14
0.77  0.88

76 68,50 64,35 56,88
- i6.21 18.28 17.83
150 518 memme 1,88
B8 £.72 11,83 £.49
g 5.48 §.88 .18
06 4.87  4.54  B.5i
288  5.38 .36
g.41  0.87 1.64
{}vgg }sﬁﬁgi 203%
0.84  0.76  0.73
0.87 e 0,18
O.88 G.10 e e
0.0G5 0,18 G.12
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wmtative specimens 51 guarte diovite from
the varioua offgets cod eiz typlenl specimens of ke dorite from

various parts of the intrusive were gelsotad for enunlyels (28},
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a very smsll ?ﬁ?i& iua %% w@ﬁiﬁ ﬁ% &ﬁ@é a8 an ints Kﬁ%l
stendard o detersing shether Lhe expesures wire the
sama for &ll ssaples. The ailics lines wers found o

ba approximaniely equal in uil the gamples 8o the
walghte of any lins of an elameni were e@&%ﬁf%@l& sad
indicated sporoximase conosniraiions of toe element

in the sample.

Table 10 presents hichener'z spectoogrephic anslyees,

followad by the statement:

The aspectrogrephlic spalysse of the minoy glemanis
of the norite and cusrtg diorite ¢oniirm the evidence
of the Q%@%i@%l enalyees of the mujor slsmenis la
showlng thet Lhs %%%%2@%@ w%%@@&l% s of itae twoe vooks
gre very sigilsy. The phic ai;f&zgﬁ@%
that showsd ag at #ll a% iﬁ ﬁ%w ' s
sven in this cose 20 ovar] iog : '
of the aume r@aﬁ shemics) snslyses of the rocks &1@@
showe that thers iz no ponsistent difference ia the
smount of titsnlum in the two rovks.

Yates (81, pp. 189-180) states:

The rock from plage to ;;?a% yeries consideravly,
meinly due to slierstion sad to siverslisetion so0
thet 1% bs difdiculs %o determine an &?@?%ﬁ% GORpE-
sition., Ths followins teble indigstes the range of
peroentages of the componant ﬁ&ﬁﬁ?%ﬁ% ges Table 1l .

Colling (18, Yeol. &8, pp. 18E-1B0]

ﬁzygﬁﬁ g?u% ka? t#& b éi»@ i ,
hed 1y ghemicel or g&ggﬁgr:%ﬁiﬁﬁz means,
gompoeition is indicsted by the following
ﬁ%ﬁi@ %f %@%i%gi sptlyses,




TABLE 10

COMPARATIVE SPECTROGRAPHIC ANALYSES OF QUARTZ DIORITE AND NORITE

Pb Sn Sr Ti V En Si

Mg Mn Mo Na Ni

K

Cua

Cr

Ag Al B Ba Co

Quartz Diorite

Tumber
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Elements sought and not present include Bi, Cd, Ce, Cs, Ge, Li, In, Ir, Se, and La.




43

TABLE 11

ANT MIBEBALY [N OFFBET ROCK

Yutes Collins
per caat per cent

htadesine feldepay £ - 80 —— -
Plagioclnse , - e 4.8 = 43.0
Hyperethene sad disllage 30 o ——
tmphibols 15
Horableade e
guarte a0
Bilotite , 106
hpatite and ilmanite 2
Titanifsrous magnetite
ApBtite

fulphide

#icrographic intergrowth
Titenits

ot
&

§

b g?gg
18.0
14.0
4.7
1.0
0.7
8.3

& s

¢

(3N I A
ot L
wwmmwgmm%t
B o8& w9
¥

Y R e T e R RS

LB A

L2 E L5 & B
LI B

t el

The mineral composition of some of the samples of the
offest rook taken by the writer corrsspond Lo Yabtes' snslysis
and others sorrespond to Collime' analveis,

Celline (1B, Yol. 30, p. B2) stetee that samples of
rock from the Sorithnington offest and aorise {rom the Ursighton
mine wore submitted in 1834 o Profesmeor 4. ©, Lane, chairmen
of o committes of the United fdeies Research Council for the
Yeasuresent of Geologlc Time by Radiosctive Esthode [sccording
to thelr contents of vadiocsctive slemente and helium, the gse-
sous end product of redionctive decay). The follewing results

gers reported:
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Quariz diorite, » :
¥orthington dike B30 plue or minue 186 gillion years

doriie, »
Greighion mineg SE0 plue or minuve 156 mililon yeses

Ags indicstors: Ba, Th, He.

Provd Typs Brecclus

The braccis et Sudbury hes been desorived by Yataes
(81, pyp. LB9~17L) and Fairbairn end Pobson (87). This unuseel
type of rock ocours over s wide sree ln the Sudbury distriet.
It is composed of all shepes and sizes of Iragments of various
vogks swbedded in & fine-greined matriz. Althouph come of the
fregmentes are of rocks thet must have besen conveyed over long
dietences, most of the fragmente ere from the adjasent wall
vogkes. The composition of the matriz varies with the characier
of the included fragwents. The verisbility of the matrix is
shown in the wineralogicel snelysis given by Yetes (B1, p.170j,
presented on the following page in Teble 12, The compoeltion
of nne seotion is given as 80 per cent quarte and 40 per cent
sugite, These minerale have none of the charasteristics of
thoss found in orthomaegmatic rocks; they sﬁé& ne opder of erye-

tellation.




N TABLE 12
“RANGE OF PERCENTAGEE OF COMPONENT MINERAL IN MATRIX

agy cent

Lok
§
e

Horablende

&

Biotite B -

%
8

Guartz B -

o
§

Oligocluss
Urthoclase
kigrocliine 0 ~ 10
Albite

Spasns G- 3
Y¥otalllics I« &
Chlorite

Clinozolelite o

Galolte
Epidove

Palrbsirn and Robson (37, pp. 20-Bl} divided these
bresciss into thres types: (1) veln snd stockwork brecclas
seour antiraly within & single formstiong {2} sonisct breccles
seonr 2t the boundsry of twe formations; (&) injsciion
breccise have similsy cheracteristios to thoss of (1) sad (8)
but sre composed of fragsents and metrix thetv ars forelgn o
the host yock.

Eith the one exeeption, thet of the Ureighion granlite-
norite contaot, (2) typs of brecois ie found, in sowe places,

along every major coniact in the aren.
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ghiliing pdisesnt to ibe sslls of fhe Frood

preccis hes never been pbserved. 4e reporied by Peivbeira

snd Rovson (37), nydroxyl {Uli-besring) winersle - ghlorite,
sericite, epidote~clipozoisite, eto, - 272 usually =ors asbun-
dan: in the matrix then in the fragmentvs, snd the margins of
gome of the fragments srae picher in the hydroxyl minersls than
the centers, They also reported & marked gsin in moda in the
petriz of all typee thet were studied.

The provess of bregviation is believed %0 have begun
by orushing and partiasl rotation of fregments, followed by the
introduction of corrosive flulds and geees, The continued
sttrition of the fregesnts produced & satriz shich rangse from
26 to BH per cent of the total velume. in thie gondition the
satrix possessed some of the propertise ol =n igneocus magma
and trensported the includsd fragmenis for distances up 0

thousande of feet,
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FIG. 10

FROOD BRECCIA IN CUT ALONG SUDBURY-CAPREOL ROAD
Lot 4, Conec. VI, MgKim Twp.
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Trap bDlkes

Two ages of trep dikes, which sre separated In time
By the Frood breocia and the ore-bearing gueriz diorite, ocour
in the southecentral ond scuthwestesrn pery of the ares. 7he
slder treps have been recognized la only & few plaves, where
they sre chilled sguimet Ureighton greaits and cut by 7rood
breccis. They heve sz {ntezgranulary jexture, with hovablende
sopetituting 56 to 70 per cent of ths vouk, the remuinder being
feldepar and ausriz. Ths youngsy traps resswble the older
trepe in sppearence, sad form & prominent gngt-gsat systien
betwesn Cresn Hill and Copper U1iff. They ave composed of
§6 to 70 oper csnt andesine feldspay, 30 to 40 per cen% horn-
blends, snd minoy smounte of quaris and magnstite. One of
these gute snd iz chilled agrinet wineyslized %ﬁ%%%ﬁ diorits
of the Copper CLiff offset, anad saversl have been observad

that out snd ars ohilled against Frond typs bracola.

Glivine Dlasbess Dikes

The youngsst and most prominent syatem af late intru-
sives in the ares is wade up of & series of oliving disbese
dikes that vary from & foot to more then 300 fest in widih.

Thess dikes oceur in eggusate, up to 10 milee in leagih, that
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are often offeet to the lefd end frequently sverlep emch
Gther. They appser %o have Fillsd tension fissurss thet sers
produced by torsionsl etrsse, Thelr atrike varise from . 20
degreee %. to N. 40 degrees ¥., 2nd their dip is nesrly verti-
oel. Their terture le intergrenular, except at the chillad
sdges, =nd veariee from fioes {o coarse-grained %o perphyritie,
The golor on fresh surfeces le groy, but westhersd surfscse
are brown. The prineipel minersle are labradorite, supite,

olivine, wugnetlite, and ilmenite,
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THE SUDBURY INTRUZINE

rield Helations - Shupe nnd Size

The outorop of the Budbury intrusive hes the form of
en irregulsr ellipse heving & major exie spproximately &7
miles long and & minor axis of snproximately 17 miles., Dirsct
sbservations vegarding the shape of the intrusive have snly
peen made in the mines and by diamond driliing., This work has
indicsted thet the outer esdge of the Sudbury intrusive on the
north remge has sn everags dip of approximately 40 dagrees
toward the center, The very limited smount af work on the seat
range indicstse the dip o be nesrly veriticel in that arse.
Obeeapyvations @@ﬁg‘iﬁ the minee sltusied in aress slong the
south renge indicante the dip to be between 40 spd B0 degress
townrd the center; the dipy of the oulter gontaey of the iﬁ%¥§~
sive hes besn obspursd by faulting % Garson, Falponbridege,
Kirkwood, sad Crean Hill mipes. There avre 0o oparsting minesg
on the wést range, but dismond dpilling along the contect in
thie ares hes indicated & dip of epproximetsly 30 degrees

toward the center (44},
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b fik

Bipe Cbserved Along the Ouger idge ol the Horive

50% &, to wertleal

Grean H111 (frult csntsot)

¢reighton (intrusive contect] sveregs of about 45°
toward centery

Herth ®tar (intrusive contaci) 7EY-807 towsrd center
Gertrude {intrusive contact)  BE"-877 woward center
surray {intrusive contact) 557407 voward center
Eirkwood (fmult contach) vertiosl
Gsyson {fault contsct) %ﬁg g,

=8

Falconbridge (feult contact) 887 9. %o vertlesl

Range
Yery iittle informstioca, but indicstione are that the

Zast

dips sre yeysicel,

Limited infarmstion indlestes dlp of 309-489 toward center.

Levack and adjscent srves {(intrusive and brecelsated contacts)

%ﬁwéﬁg g &




Desoription of Uontacts

The lawer conteot of ithe corite, &8 seen in the surface
gxpogurss slong the North end Zast ranges, is & Tine-gralined
phass, It ie highly feldaspathic with vielbls greins of querie,
most of which arve milky white, altbough sn sccssionsl sapphire-
blue gralo can be gean.

In the underground workings in the Levack mine snd in
diesmond drill gores from thet vielnivy, an upususl conditlon
is scmetimes sesn &% the lower contzot of the normel norite.

At soms of these plagee Yhe oormal asrite is underlein by en
irregular scne, £6 to BO feet inm width, consistlng largely of
recryetelilzed plagioclase; below this is & sone of beels

norite, snd balow the latter is & pone of peridotite breccis.

The norite slong the Douth range conteoct varies from
fine-gruined to gosrese-greined phesss. Thase contact phoses
usually hsve an abundance of sapphirve-tlue guerts graine snd
cansiderable amounts of blotite. In some places, slong the
Jouth range contasy, the norite shows the effect of shesring
end the development of chlorite snd bictits in sligument oro-
dussg an inciplenit schistosily.

Oply & smell frsction of s$he sotual contast of the
mioropegmetite with the Oneping voloanics is exposed; in woet
of thepe plages the contact sppears transitionsl over widtha

varying from & few to many fest.
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Theories as to fmplacemsnt and Differentistion

¥any geologists avuspt Uolsmen's conception (18] of
the Sudbupry intrusive ss & besine-sheped lasceolish. (Later Grout
(22) emlled this foram of intrusive "lopolith.¥] Hoore and
#alker {15) supported Colewman in developing the thsory that the
norite-micropegmatite iz the result of magmatic segrsgation in
& homogsnous ssgas thei was intruded, &8 & shest a mlle znd &
quarter thick, slong & plane of weakness beneath ths Fuitewntsr
series. They interpreted the shape of the basin tc De due to an
ebb in the magms chamber, while the magma wes llguld, thus ocaus-
ing & collspss of the underlying floor of older rocks.

¥alght {36} wes the firet worker to guesiion Coleman's
goncest of & basin with gentls slopes toward the center. He
stated thut the dip, ia meny plsces along the south edge of ths
intrusive, ie nearly vertical and in some places the dip is sway
from the basin. He sugeested thet the present sbape of the
intrusive may be the remult of down-feulting of the baein in one
great fsult bloock and that the intrusive may be in the form of &
huge ping-dike that surrounds the fauld block.

Golline (18) stated his veasons for belisving that the

“udbury intrusive was intruded ss & thick sheet or sill, slwost

exactly horizontel, betwsen the ¥hitewster seriss end ithe maturely

eroded floor of older rockes on which the Fhitewater seriss was
geposites, He believed shet the norite, irsneition zome, and

sioropegmetite are the result of magmatic segregation, end thet
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thie aompositz alll solidified in thile position, the preasent
ghepe belng esuged by later organle forees,

Bain (1) ettemptad to show that the Sudbury intrusive
heg ssaimileted an amount of roek sgulvalent to tw@~thi&§§ of
ite originsl volume, snd possibly twe to three timas that
amount. He soneluded that the intrueslive shows s varlation
surve, from the bggé ypwards, which ean not be explalinsd on
the basis of simple magmetie differsntistion, regardiess of
whether differantiation occourrsd by greviteationsl satiling
of @?g%%%iﬁ or by lisuid lsmlselbility.

Phemlster (42) mede minersloglesl snalysees of samples
which he had sellsated, st regulsr intervals, aloag %l@?ﬁﬁ
traverses serogs the Zudbury intrusive, snd concluded that é
theory of gravitativse differsntistion in eitu esn not ageount
for tha dlffsrent phaees of the ZSudbury intrusive, He ?@g&?é%é

thes porifte and mleropegmatite as two separats intrueions,

Pstrogrephlis Deseription of the Sudbury Horitse

Hagascople end Wleroascopis

The geologlesl ataff of Internstional Hiekel Company
has been sangaged Tor meny years in studying snd mepplag in

deteil the Sudbury intrusive and the adjagent footwsll rocks,




4 part of tble work oonslisted of runanlag Tifty traverses
moyoss the South renge, st ilatervals of about one~nelf mile.
Hore then 800 epscimens oI ths Judbury intrusive wers collectsd
to pepressnt all the spparent chsnges in the rocke. Spescific
gravity determinetions wers made on all the specimens, snd
thin gections of many of thes wore siudiad.

The writer wee given permission to etudy ell the
information vosplled in counnection with ths sbove work. In
sddition 1o saveral bundred spesciwena oollecied by the writsr

sloag similsr treverses acroas various parts of the infrusive,

he was glven more then 100 apecimens osllested along seven of
tha shove-mentioned fifty traverses meds by the geologleal
steff of the Intervnstionsl Hiockel Uszpsny. These geologistis
slaseified the norite souording to color, texture, snd epesuiflc
gravity into the following four types!

1, ¥ormal norite is oherscterisivic of woat of the South

range snd gonetiiuies wmore than cns-balf of the
aorite in this sres.

8. Orsy norite vskes the plage of the normel norite &t
the eaptera znd westeran ends of the Touth raage.

%. #argios]l norite iz & mivsceoue, somewlstl more
gilicesur phass wlhioh ocours %iﬁﬁ% the footwsll
of the central one~third of the Zouth rsngs norlite.

regmatitic norite ie & cosree-gralnad, veriable
phass wiioh offen otvure betwesn normel norite snd
transition rook.




Degoription $f~t§@ Four Tyopes

Normal norite iz & medium-grainsd rock varylag in
solor from derk gresnlish gray Yo almost blsek, The bisek
norite is confined longitudinslly to the dentral purt o lhe
South range; this werges with » gray-green type shich odours
slong the samlern snd western parte of thie renga. Both types
uye cheracterized by the dark eolor of the letheshaped plagio-
glese which, in most cesss, is go derk thst in the hend spael-
wen it wizht be wmistaken for asmphivole.

The rare fresh specimens of aormel norite Leve &n
intergrenular texturs and are composed of 80-80 per csat felo-
spmy (BB-65 por vent 4n), 1B-50 per cent pyroxsnee (hyperstheus,
plgeonite, diopside, snd sugits), 6~10 per cent qusriz. 0.55-0
per cent megnetite, snd minor smounie of apatite, rutile, und
giveon.

In most of the thin-segtlons the pyroxenss ars sltersd
%0 o fibrous mizture of tremolite and sotinollie, and biotite,
Thess ssooadary produsts asre often confined within the original
grystel ocutlines.

The feldspar ocours in lerge lsathe, usually colored
browa with minute inclusione of megnstite or ilmentite. Ths
feldeper iv earlisr than the sugits but leter then the otbher
pyrozenss, Uoures-grolmed guarte eometimes Tills the later-
stices betwasp the feldspsr and the suglite orystele, sith some

sorresion of the esrlisr winerals. Hegnetite is closely




sssosisted with suglte »nd is comsoply surrounded by & ris of
leucoxene, Apstite snd zircon ars miner acvessoriss, oegurring
in the feldsnar,

The groy-gresn phees is elightly more faldspatiie then
the black, and, in gensral, is more sltered. The tremelits end
gotinnlite tend to spread frow the %E%ﬁiﬁﬁa erystal boundaries
sf the pyroxense, and rveplace the faldspar zlong glesvages ana
fracturss, The faldepar is mostly gray ﬁ%l%?%m gnd the ocores
mre parily sltered to epidete, zoisite, ond amchibole. Rosiwel
snmlyeie of ¢ typlosl thin-gection showed spproximately 70 per
gant plegioeclase, 18 per cent smphivole, 13 per gent qusriz
{includes thet contsined in minor amounits ef migrogrephic
intergrowth), & per csat blotlte, sad sinor mmounie of spatite,
epidote, magnetivs, ead solelte.

Gestarn grey norite le & medium o conrgse-grelned rock
wlth & bypsutomorphic-granular texture. The feldspar tends o
bs egquidimsnsional ip form, sod i light grey, white, or pink
in color, and is move Or less guupesuritized, Ths pyroiepas
neve besen =ltered to hornblends, sctinolits, tremolites, and
biotite. Oray norite contsine wmors gusrte then the dsrk, uor-
sal tyos; Rosiwal analysie of o %ypleal shin-geciion showed
epproximstaly 20 per cent feldeper [ulmest somplstely eaussur-
itiged), 20 per cent quesrtz (lnsluding Thot sonitained in the
miarogrsphic imterprowth), 18 per cent amphibole snd blotite,

1 per cent magnetits, end o small smount of apatite.




durginel norite ie light-colorved and ressmbles the
weetersn gray noryite, sxeept thai it contsing coneldsrable more
biotite, It differs from noreel pnorite in that the feldspar
iz elightly more celole snd le free from brown incluslions.

Sost of the qumriz i cosyes and corrodes the feldapsr laths,
but some ogcurs as & wioPopraphic lntergrowth with the feldspar.
Gosiwsl snelyeis of 8 typleal thin-sestion sbowed B0 per caud
iabradorite, 20 per cent guartz (includiane $het which osours

s8 micrographic intsrprowth with the feldspar), &0 per cent
amphivole, 4 per cent biotite, and & small smount of &%gﬁ%ti%%
and spatlite.

The pegmwetitic norite is charscierized by %%zi%%i%
grain-size and varisbls, but high, original pyroxens content
now completesly uralitized, with these slterstion products heve
ing pertly replacsd the igtervvening feldspsr which is almost
gompletely saussuritized. Hoeiwel snelysie of o typlosl section
gshowed approximstely BU per esnt feldspazr, 30 per ¢ent amphl-
wole, 10 per cent gquartz, 4 per ocentl blotite, and sinor amousis
of apatite sad magnetite., ‘feansnte of the originsl feldspar
were found to be less eslelic then the feldepar in the novesl
norite.

the description given for the wssatersn norite also

goplise to the noriis of the aorthern rangs.
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Transition Zens

the width of the iransition zone varles from 400 to
several hundred fset. in some sections this zone cunsliste of
& confussd mixture of gramitiged rooks intruded vy eplitic
dikes. In other sscobions thers is a predusl inoreaass of
feldspar snd & deorssse in mafic ainsysls soross the mone
until the rock becomes & typlosl micropegestite. lu some
septions, slong the South range, the ro¢k in this sone hes
the sopesrance of an swphibolite; thin-sections of this type
slweys shos & large proportion of eplidots,

Yatea (61} compares the range ond average analyees of

25 specimsae of norite, ssleoted frowm sll svelleble sources,
with the aversge snalysis of the gorite specimens collescted by
solline (18) along his Levaok, Ospreel, sclenuan, sand Urelgh-

ton treversss. (fee Tabls 15.}

gicropegmatite

gegsecopic Ussoription

Hope thon ona-hslf of the expossd surface of fhe
sudbury intrusive is micropegmatite. The color variss from
sinkizh red to derk or greenieh gray, sod resembles & medius-

grained greniie in soms places and grenodiorite in othere.
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TABLE 1.

CHEMIOAL AHALYE

Gollina®
Lyerage Renge Average

B5.23
17.82
.72
G.16
1.88
6.49
7.18
8.51
1.64
8.36
1.54
Trnge
0.12

68,85 B&,18
21.84 16.88
1.39 0.83
4.30 1.94

03 8.80
g&%g : ?sé%;
7.98 5.17
2,80 1.28
&.87 .87
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*Garsful czloulntions made by Ur. H. J. Freeer on specimens
eloge to the above aversgss eshow the following winersl compo-
gition, whers the rock i rensonsbly frssh:

TLBLE 14

CALOULATED MINERAL QOUPOEITIOE OF HORITES

ap Cant

Labradorite
Potash Taldepey
Hypersthens
Disllage

Guaris

Biotite
Amphibols
Titanite }
iimenite )
Hagnetite)
Apetite /4

L

oo




Boet of the faldspars heve & dull appsarsned, snd the mafic

migerale supear t0 be sltered and heve vegyed outllnen.

$isroecoplic Deseription

The migropegmetite of the Zudbury lutrusive is composad
of verisble smounte of microgrephic intergrowibe of querts sad
feldsper, granuler guarts, chlorite, epidote, bornblende with
rare residusls of gyroxene, leucoxsne, golsite, enleite, aznd
minor asounts of otheyr accsssory snd secondsyry sinernls. The
spount of guartg-faldepsr intergrowih verles from zesroe o 75
per cent of the rock. The latergrowths show & great veristy of
c¢etail, wnd dimenslone of the coumponsnts sre not uniforn. Nost
of the fretls sre comonsed of intergrowine thet ers finest at
the eenter 2ad cooursest a% the mergine, but occossionslly & fret
ig seen wsheys the GosYeest teXiure osoours betwsen flaosr inter-
grosthe at the centar snd the outer mergine. In some fretls the
pounderies betwaen the guaris end the feldaper spusar o be
feirly sherp, but in weny osses they are ragged ead hesy, s=ad

many patterns do not resewmble cunifors chersdters.




The Sriter's lpterpretetlion Aegsrding the Forselion of the

Wiorogrephic latergrowiths in the Tudbury Mieropsgmatlite

For the pamt ity yemrs moa2t goologists have accepled
. L, ¥alkerts (48) theory thei gravitative differentiation, in
the wolten magms, had resulted la the formstion of norite st
the bese zad micropegmstite st the top of the Judbury éﬁ%gaw
sive., It followed, sulte naturslly, thet the consensus of
geologio opinion has besn, snd s%ill is, that the micrographic
intsrgrowthe of guarte snd feldepsr ia thie roek srs the result
of oryetalliization fros the origloal mages. The writer doss
not agres with the sbove opinion snd submits the Tollowing
gulte of pbotomiorosgraphs %o support his beliel that these
intergrosthe aye the result of replecessat of feldspar by
susris. These photomicrographs were amsde from thin-secilons
sf specimens that were colleoted sloay the Usnadlan Pecific
Beilwsy from the base of the norite nesar Vipdy Lake to the top
of the micropsgmstise soutbesst of Levack Station. These
shotomicrographbe show thet the latevgrowibs of guariz sad
feldspar sre not confliaoed %5 the mioropegmatite, but also oecur
taff. Come specimens collectesd by the writer from wldely sep-
aretad plegee in the miovopegsstite, show no wicrogrysphic
interzrowuths of guarts and feldespar) the rock represanted by

thess specimens i¢ s mediuvm-gralned granite,
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The sriter bee found that the composition of thass
intergrowthe iu & eingls section le varisbls, Zome intergrowihs
congiet of guertz snd albite; there svre mowe in which the feld-
Bpsy nesar the center of the fret is alblte end that nesr the
cuter margin ie orthoclase contsinlng ragged patebes of alblite,
gad some rare cases in which the feldepar is snorthoclsas.

Yometimes the intergrowsith radisntes from a partly o
slmost wholly replaced Teldspar corystal, but often not even &
repnant of the older crystsl remains at ths center. In some
orystals the replacensnt began &% ithe esdges snd ende or slong
twinning and clesavegs planse, and in othars at the @@ﬁ%gr;

st of the faldspey which has not been veplaced by the guarise
faldespasr intergrowth hae bsen alterad to sericiie, epliots,
ohloriis, carbenste, and ksolinltic metsrial, and sost of the
gurly mafic sinsrels bave besen aliered Lo secondary saephibole,
ghlorite, msgnetite, sand lsucoxens; but resnanis of pyroxene,
horablends, and biotite ars esen in pome zeciions.

After ezamining bundreds of thin-sectiocns of gpeclimens
of micropegestits, collscted {rom sidely eepareted plsces within
Sudbury basin, the writer hes been unabls to find say petro-
graphic evidengs thst indicates that the micrographic Lntergrowtn
nf suerts asnd feldspar, in this roek, is the result of primery
crystellisation from & silicaie melt. On the other hend, the
evidencs se shown and expleined in the following photomiorographs,
appesre to him %o be most cogent in favor of the formation of

these migrographic intsvprowths by replacement.




Yutee {651} compiled the following table from thirty

sslogted analyses of the Sudbury sicropegmetite.

Aversge of
30 inalvees Range

87.8% 63.28 -~ 75.60
15,36 11.48
0.88 .19
Q.51 G.10
1.28 0.64
4,30 4.88
.04 1.08
L 1.50 0.8
.82 1.88
3,50 1.98
1.81 0.81
49,86
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Fige 15
Labredorite partly replaced by

quartz. Loc. base of norite neer

Windy Leke. X 20%, X=nicols.
Sece No. 67

Fig. 16
Lebradorite partly replaced by
quartz. Loce 710 £t. S.E. from
Sec. 67. X 205, X-nicols.
Sec. No. 72

Fig. 14

Lebradorite partly replesed by
quartz. Loc. 665 ft. S.E. from
Sec. 67. X 203, X-nicols.

Sec, No. 70

Fig. 16 .
Almost completely seussuritized
feldspar partly replaced by
quertz. Loc, 1365 ft. S.E. from
Sec. 67,

Sec. No. 75




Fig. 17
Andesipe partly replaced by

quartz. Loc. 1450 ft. S.E. from
Sec. 67 X 20%, X-nicols. Nobe:

these feldspar are much less
alterad than those in Sec. 75.
Sec. No. 76

Fige. 19
Andesine partly replaced by

qu&rtl’:o LOG' 1545 ft. S
from Sec. 67. X 45, x-nicols.
lote: zoisite orystal partly
replaced by quartz.

Sec. No. 78

69

Andesine peartly replaced by

quartz. Loc. 1485 ft. S.E.

from Sec. No. 87. X 203,

Y=nicols. DNote slivered end

of feldspar crystal near cenber.
Sec. No. 77

Fig. 20
Seussuritized feldspar partly
replaced by quartz. Loc. 1895
4. S.E. from Sec. 67. X 45,
X-nicols.

Sec. No. 79




Fig. 21
Almost completely ssussuritized
end kaolinized feldsper partly
replaced by quartz. LoOc. 1495 ft.
S.E. from Sec. 67. X 203, plain
pol. 1igh'bo '

Sec, No. 80

Fige. 23
Almos t completely saussuritized
feldspar pertly replaced by
quartz. Loc. 1995 £b. S.E. from
Sec. 67, X 205, X-nicols.

Sece. No. 81

70
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Fig. 22
Almost completely semssuritized
feldspar partly replaced by
quartz. Hazy twinning visible

in residual feldspar. Loc. 1995
f't' Sele from Sec. 67 X 20%’,
X-nicolse.

Sec. No. 81

Fig. 24
Almost completely saussuritized
feldspar partly replaced by
quartz. Loc. 1995 fo. SoE. from
Sec. 67, X 205, X-nicols.

Sec. No. 81



Fige 26
Almost completely saussuritized
and kaolinized feldspar partly
replaced by quartz. Loc. 2195
ft. S.B. from Sec. 67. X 205,
X-nicols.
Sec. No. 85

Fig. 27
Albite partly replaced by quartz.
Loc, 2875 ft. S.BE. from Sec. 67
X 20%, X-nicols.
Sec. No. 87

Fig. 26
Albite pertly replaced by quartsz.
Loc. 2775 ft. S.E. from Sec. 67.
X 20%, Xenicols.
Sec. NO. 86

Pig. 28
-Albite partly replaced by quartz.
Loec., 2975 ft. S.E. from Sec. 67,
X 45, X-nicols.
Sec. No. 88



Fig 29
Albite and orthoclase partly
replaced by quertz. Loc. 3076
£t. S.B. from Sec. 67. X 20%,
Xenicols.
Sec. No. 89

Fig. 31
Albite partly replaced by quartz.
LOCe 4150 ft' SoEo from Sec. 67.
T 20%, Xenicols.
Sec. No. 91

Fig. 30
Albite partly replaced by quartz.
Loc. 3150 ft. S.E. from Sec. 67.
X 20%, X-nicols.
Sec. No. 90

Fig. 32
Albite partly replaced by quertz,
Loc. 6650 ft. S.BE. from Sece 67,
X 45, Xenicols.
Sec., No. 92



Albite partly replaced by quartz.
Loce 9100 ft. S.E. from Sec. 67.
X 45, Xenlcols.

" Sec. No. 93

Fige 35
Albite partly repleced by quertz.
Loc. 10,350 ft. S.E. from Sec. 67.
X 45, X-nicols.
Sec, No. 95

73

Fig. 34
Albite partly replaced by quartz.
Loce. 10,300 ft. S.E. from Sec. 67.
X 45, X-nicols.
Sec. No. 94

Fig. 36
Orthoclase, conbaining remnants
of elbite, partly replaced by
quartz. Loc. 10,350 ft. S.K.
from Sec. 67. X 20%, X=nicols.
Sec. No. 95
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Fige 37 Fig. 38
Albite partly repleced by quartz. Orthoclase, containing patehes
Note small reomnant of albite in of albite, partly replaced by
center of fret. Loc. 10,400 £t quartz. Loc. 10,950 ft. S.E.
S.BE. from See. 67. X 45, X-nicols. from Sec. 67. X 205, X-nicols.

Sec. No. 97

Fige 39 Fig. 40
Albite and orthoclase partly Albite and orthoclase partly
replaced by quertz. Loc. replaced by quartz. Loc.
11,025 ft. S.E. from Sec. 67. 11,125 ft. S.E. from Sec. 67.
X 20%, X-nicols. X 20%, X-nicols.

Sec. NO. 99 Seco NO. 100



Pig. 41
Albite and orthoclase partly
replaced by quartz. Loc.
11,200 £t. S.E. from Sec. 67,
X 205, Xenicols.
Sec. No, 101

Fig. 48
Anorthoclase partly replaced by
quartz. Note eubmdral form of
fret., Loc. 11,875 ft. S.E. from
Sec, 67. X 20%, X-nicols.
Sec. No. 103

Fig. 42

Albite and orthoclase partly
replaced by quertz. Loc,
11,725 f6. S.E. from Sec. 67.
X 204, X-nicols.

Sec. No. 102

Fig. 44
in feldcpathized tuff
replaced by quartze
ft. S.hhe from Sec.
Xe=nicols.

Sec, No. 104

Loc.
67




Fige. 45 Fige 46

Saussuribtized plagioclase partly Albite partly replaced by quartz.
replaced by quartz. Loc. N.E. Looc. 3000 ft. from base of norite,
corner lot 12, con, I1III, Wisner lot 1, con. 111, Wisrer twp.
twp., 1500 feet below base of X 20%, X-nicols.

norite. X 205, X-nicols. , Sec. No. 2185

sec. No. 419

Fig. 47 Fig, 48
Anorthoclase pertly replaced by Albite pertly repleced by quertz.
qeartz. Loc. 3000 f£t. from base Loc. 6100 ft. from base of
of norite, lot 1, con. 111, Wisner norite, lot 1, son. I11, Wisner
twp. X 203, X-nicols. Wp

Sec. No. 2185 Sec, No. 2186



Fig. 83
Feldspathized tuff partly repleced
by quertz. Loc. lot 2, con. II,
Reyside twp. X 45, X=-nicols.
Sec. No. 245

Fig. 65
Hornfelsic mabrix in tuff partly
replaced by quertz. Loc. 1ot 3,
con. III, Rayside twp. X 20%,
X=nicols,
Sec. No. 247

Fig. b4
Feldspar in feldspathic quartzite
fregment in voleanic breccis
pertly replaced by quertz. Loce
lot 3, con. 111, Reyside. X 45,
X=nicols.
Sec. No. 246

Fig. 56
Feldspar in feldspethic quartzite
fragment in volcanic breccie
partly replaced by quertz. Loc.
lot 3, con. II, Reyside twp. X 203
Y=nieols. Sec. No. 362



Fig., 87
Micrographic texture, clinozoisite
in partly altered augite. Loc.
6100 ft., from base of norite, lot
1, con. III, Wisner twp. X 45,
X=-nicols.

Sec., No., 2186

Fig. 59
Micrographic jntergrowth of clino-
chlore and orthoclase in sulphides,
(black) pyrrhotite, pentlendite,
and chalcopyrite. Loc. Falconbridge
mine. X 45, plain pol. light
Sece. Noe 7

Fig. 58
Seme photomicrograph as Fig. 57,
X=45, plain pol. light.

Fig. 60
Mierographic intergrowth of
saussuritized feldsper and
magnetite. Solid black consists
of pyrrhotite. Locs Murray
mine. X 205, X-nicols.

Sec. No. 378
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gritical Diecussion of the Seversl Hypotheses in Belation to
the Flslc and Petrograshic fvidengs Hegarding the

fmplacemsnt of the Sudbury Iatrusive

Gelsman's Gravitative Hepsrstion Theory

The theory of gravitative differeniistion, B8 devalopad
by Colemsn snd acuspted by many geologlets, does not take into
considerstion the relative posikions of the nporits, transition

sone, end micropsgmetite. Only the uppsr micropegmatite layer

would now be visible if, ae they believe, the pressnt shage of

the basin is the result of st ebb in the msgwe chember, csusing
& gollapee of %ﬁ% floor underlying the intrusivs, befors gravi-
tative separation took place.

Purthermors the statoments that thers is & regulur
gamposition gradient upward from the base of the aorits 1o the

top of tue aloropsgs

stite have besn disproved by boih chemicsl
end mineralogical anslyses. 1% has been proved that ibe rook
#ith the highest epeeific gravity does nol ogour et the bass of
¢he norite but nesr the top of it. Careful studies of both the
mieropegmatite &nd the norite heve failed %o reveal any siga of
an upward composltion gradient in =ither of thess FoGk typse.

she only suites of rook spscimens thet show a gradsiiopsl com~

position sre those which were gollected, alony some traverses,

sopoes the transition zone.
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¥night'e Theory of the Jautrusive as & Ring Dike

o one hes offersd eany sdditionsl evidence to suppord
raight's suggestion (56, 1817, pp. 115-134) that the Sudbury
basin wes formed by & gresat down fsulted blosk, and that the
porite-micropegwatite was injectsd sround the faulted slock,
slthough by refersnce (40) he cowparsd megmatlie differeniia-
%ion in the Zudbupy intrusive with thet in the Yiplsslng
disbase sills, be offsred no explanation s to how this sight
neve teken place in the dike form of the Sudbury intrusive.

#s wmlso presentsd evidence that failed %o suppord
Colaman's theory of magmetic differentistion. Hs groved, by
chemical snalyses of sultes of specimens collected seross the
intrusive, thet there is not s gredusl traneition from braio
to 80id rock. Hy tha same method be confirmed Hagker's (20)
cbservation that thers is no indicetion of 2 yegular cowposi-
tion cradisnt in either ihe norite or micropegeatits, consld-

ared separately.

cuth raoge, the
aip of the contmet st the base of the norits with the footwall
rooks varies from nearly verticsl to stesp angles sway from

the center of the basin., £night based his theory on the belief
that these steep snd reversed dips were on intruelve contachs;
but later studiee by ths geological staff of the Internationsl
Nicksl Company have proved thet these excepiional structures

sye the result of post-intrusive foultling.
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B

phemisterts Theory of Te6 Beparste Intrusions

&

T, U, Phemister (428) sede gusntitetive winersl saslyses

of specimens which he hed collseted sl sleven travarsss

sorose the Sudbury intrusive. The following is o beriaf sumsery

of bis fisld and laborstory observelions:

1. As the midropagmatite is approscbed, the f@1é§§%? £@
the norite bescomes sliered to & wass conslsting of @%&%éﬁ% and
shite mice. Aleo, neny the wmicropsgmatits, there is %-éé%%iﬁ?w
ment of ﬁ&ﬁﬁ@l&éé@_iﬁ the morite, and an introduction %f;%ﬁé?%ﬁ
and alkali feldspar. .

2, There is no sharp coataot between the norits %§§ %2@§§f

pegmatite, except on the shore of the soubh-ventral purt of

Zniteon Lake, but the junetion of the noriis =nd mioropeamntite,
gensrslly, has the charscteristics of & consact and &ﬁ%f%ﬁﬁﬁ% af
e grsdetion between phases of ons imtrusive. |

5. Lt the vouihwest corner of the basin the micropegmatite

has been forged into the crust spart from the norits.

4. Worth of Creighton mine a dike of wicropsgmstite, about

& foot ia widih, wes found intruding the norits.

Baped princibelly on she above observeiions, ?#ﬁ%i%%gék
attesptad to prove that the micropegsatite and the aﬁ?%@% %&é
besn emplaced as separate intrusions. He sttributed iﬁ% ;
abesnos, except in & sinzle ouse, of & distinot ﬁ%ﬁ%%gﬁ“&%ﬁ%@%ﬁ

thees two rouk iypes to the elapse of & short time imt&ﬁ%&l
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batween the two intrusions. He belisved thet the intrusion
and solidification of the norite werse clossly followed by the
intrusion of the aivropegmutite, while the formsr wss still
hot, snd that the zlieration of the minersls in the zone
between the two rock itypes ie the result of contast metemorphic
aotion.

The definite contact of norite snd micropepwatite whiah
Fhezister reported he hud discoversd slong the south shors of
Fhitson Lake could not be located by the writer, and Colline
{18} states:

Although we croseed from norite to micropegmatite

&t intervals of BO0 and 1000 feet around the entire
nickel basin, we found sverywhers betwesn thez, whare
the drift cover permiited cbeervation, s transitional
gone B0 to BOU feet wide,

Phemister’s obssrvation thet st the southwest corner
of the basin "the micropegmetite hes been foresd into the orust
spart from the norite® feils to rscognize the effscts of the
Cameron Creek fault which, 8% ithe above looslity, shows & hor-
izontal displacenent of ssveral thousand feet,

The writer does not bslisve that the iantense altersiion
of il the prismery migsrvale in the trensition sone would result

from the emplagement of sn overlyiag inirusive snd, slthough he

hnag examined many exposurss of thie transition zons, he hes
found no evidencs to indleate thet an iatrusive contaot exists

betwesn the norits end mieropegmetite.
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Bain'e Theory of Assimilation by the Rorlte
of the Overlying Hocks

3. %, Bein {1) attempted to prove thal the sleropeg-
wntite of the Sudbury intrusive is the result of sesimilation,
by the originel megme, of &n amount of vock sguivaleat %o iwo-
shirds of ite originel volume, and possibly ee mueb ss two 0
thres tiwmes that sazount.

Beints theory never zained any support, since his
caloulstions wers based partly on published snalyses of ssmples
that had bsen collscted by previoue workers Trosm random polnte
rlong the South raage snd parsly on &ﬁ&l?%@% of samples thel
ned besn colleseted from & gabbro mase north of %y@&iga Biver
which is not & part of the norite-micropegmesite thatl forms

the suiey rim of Dudbury basin.

Colline' Theory of ¥sgm

stic Differsntiation

Golline, with the sssigtanos %f sevpral sxparisnced
geologiets, spent the paricd 1928-1032 in studying and re-
mepping the entirs Zudbupy intrusive snd the Faffeete.” In
sddition o the numeroue chemical and minsralogioel sntlyses
that hed been published by former workers, the series of papers

suck nes material.

prepered by Collins (18) contain
ifter clesrly polnting out the inadequacies of the
theory of mageatic segregatisn by the prosess of fractionsl

erystellization, to sccount for ths distribution of titasmiferous
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megnetite, spatite, sud in some degree pyroxens, he stated nle
velief that the intrusive hed differeantisted 23 imalsoible

iiguid fractione in & common megme. By plottiag curves showing

the varisiion in speecific gravity slonp elght ifrsverses acrofs
the intrusive, he concluded that the density of the nourite
portion of the imtruelve varies in 2 fairly churacteristic way
from sbout 2.88 to & pesk of 2.9% - 5.04 near the itransition
zone. He suggestsd that the density iaterval between 2.70 snd
2.85 wes the governing faoctor in geparsting norite, transition
rook, end migropegmstite. UHe congluded that this deneity
intervel acted sz & sorpeen, which permitted sany material witn
5 spscific grevity of 2.8 or more to pRes downwsrd but held
up saything with & epesific gravity of 2.70 or less, and caught
in its zeshes snyibing betwesn thess two flgures.

The writer hae never bzen sble {0 follow the above
reasoning, sinee the materisl having the highest speoific
gravity ie found st the top of the norite, and not &t the baes,
sheps 1% would be if the process suggested by Collins had been
in speration.

Finally, he cospared the Zudbury intrusive eiih the
Hushvald Complez, im that the gons rieh in sitaniferous augne-
tite in the former ogours in the same relative position as the
titanlferous iron ore luyers in the latter. Bui even this
analogy fsile to socount for the relative pegitione of the

thres typss of rocke in the Sudbury ilutrusive.
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Suddington (6) in reviewing Colline' srticles ststed:

The finzl sonclusion thet both norite snd misros
tite differeavisted as ligulds fros & comson
ma iz nst Lo socord with o ratlice opindon; bus,
2 peversl geologlets have poinied &aﬁé there is at
present no really posltive éﬁ*@?iﬁgﬁ 8 ] ??ﬁ%f ﬁﬁ@%
grenitic megmes y@i&%i?@zy rich in water cac i
imeienible with basio types, slibough the

dets sys in general unfeyvorsbls to iv.

The Uriter's Thwory Hegarding ‘smplecement of
Hopite snd Formotion of Hicropepmatlte

The Sudbury intrusive hes the shape of & huge, lrrepguler
funnel; Salomon (48) hea gliven the naome I Ethmolith® {iigerslly
funnel-rock) ts this form, The writer believesz ithat this shage
wie mostly conirollied by & synelinsl structurs thet had bsen
daveloped before the @%?1%6@%&&% of the intrusive.

Petpographic evidenos suggests that much of ths slter-
stion in the sorits iz the result of deuteric provgesses) but
aons of this type of evideucve indicnies thai the micropegmatite
ie the result of primary oryssallizetion from & liguid silicate
malt, The rallet texztures seen in the thin-sectlions and ths
relict atruciures sesn in the fisla suggest 4o the writer that
& large vart of the wmicropegmetite was forwed from the lowest
formstion of ths Woaltewater series, by the procees of metasone~
tism, and that the sciive sgencles of this procese were solu~
tione end geses thol opiglneted frow ithe seme eouree ee the

norite.
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OUTLINE OF CHARACTER AND DIS
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WETAMORPHIC ROCK® I THI SUDBURY AREA

rracticslly a1l the rocke in the Tudbury sres mbow
signs of dynsmiec regional metamorphisa, whioh varies with
their minerslogiesl =ad chemical composltion; the lzast wmloer-
slogleosl snd textursl chaages ars found in the highly silicecus
rooks, &nd the greatest chenges of this character occourrsd in
the more besio rooks, Added %o this reglonsl setamorphbissm,

the effects of variocus types of mors intense metamorphiem can

be recognized in certsin loeslized areas.

fpecimens of Ketamorphosed hooks Gollected in the Sudbury Arves
There is considerable veristicn in the minerslogical
composition of rocks from & single formetion, 80 the following
deseriptione mey differ somswbut Irom those, of ths game clas-
sificution, collected from different localities. |

ite (porth shors Leks Panache). This

rock is composed wostly of medlum-grainsd guariz &nd lesssr
smounte of orthooluse and wiorocline, ewbedded in & metvix of
finer-grained auartz snd feldspsr, end minor smounts of sericite

gnd ehlorite.
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ste (north shore Lake Pensche). Thie

rock conteine bouldere up %o move then & foot in dismeier in

& matriz wbich consists of coarse gralns of gquaris, osrthoclaes,
and plegicoclese thet ars smbedded in s matie of mivas and
carbonate.

Bruge Limestone (north ehore Leke Panache}. This

gpacimen conslets of souttered gralne of gquartz in & partly
revrystalllized oarbonaie.

This

epgcigen consists of smedium-grained cuarisz, oriboglass, and

slagiopluee in & =mateix of carbonsis, white mice, snd chiorits.

iwake (Carson grevel pit on boundary of

darsca-Yeelon toenshipe). Thisz specimen vonsists of & bornss
feleioc matriz of ocusrte, feldepsr, smics, and opegue msterisl,
with soatisred porphayroblesis of gusriz asnd sulphides.

{norsh shore Loke Peusche}. Thise

specinsn is composed of gueris and feldepar grelne, up o

one-haif wmillimeter in dlameter, io & metrix of fige-prained

s

recrysinlliged guarte and feldspar, 2ad shrsds of bioitite and
geriolte, and sireaks of shlorite. fowe &lmoet subedrsl
porphyroblests of fsldsper, up L0 two willimeters long, enclose
srowded grainz of reoryveitallized guertz and sericits in & sleve
sirugturs.

te-fatriz (Jarson gravel pit,

boundary Cereon-dsely townshipe). This apscimen is composed of
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aporoximrtely 50 p@r gent guariz snd ihe rewms

indar consints of
albite, §@?%ai§%§ snd miorocline: thers iz & smell smount of
iateretitial sericide nnd chlorite.

{10t 10, con, IV, Holim twp.).

this epecimen is compossd of fipe-grained rescrystnlllized quaris
and feldspey with & 1itile intersiitial spidote and ¢linosol-
gite; this metrix contsing a fer scettered “ayes” of recryatal-

lized cusyriz

hyollite that was
tuyen in lot 11, eon, V, ¥o¥ism Sowaship, le composed of
reorystellized quaris, alblte, and grthoolass, with conslder-
able amounts of green ond brosn bioltlle, ﬁii%ﬁ%%i%iﬁég harn-
blsade, aad glausophens, asd lsgser amounts of lsugoxens and
zipcon., The horablende sad glsucophans porphyroblasts enclose

of ths minernle of i$he matrlz.

{10% 11, vom. ¥, Helim twp.).

i Zeriss Amphibolite

this specimsn iz osowposed mostly of porphyroblzsts of amphl-
boles (horablende snd glaucsphune), sows of which enclossz a
1ittle reoryasellized guartz and feldspar) thers are 2lso 8

fow patohes snd sirsake made up of reorysiailised guariz snd
faldspar, patohss of blotlte, shreds of shlorits, and goatiarsd
graing of ileentite shst have rims of lasucoxens.

] {3,%3‘%; i}»g B0, z?;

Hekim two.). This speciwen is componsd of reoryatallizad

greine of gquartz and faldspar, with interstitisl esricite,
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mugcovits, and chlorite; & large denee patoh of saricite with
soms included muscovite =nd chlorite mey be the slserastion
producia of staurolite.

Blessrd twp.). 4 specimen itzken from this rook ie composed of
& matriz of sugery-grained plagloglszes, diopelds, and byper-
that

sthene in whieh oscur larges vorphyroblesis of hovablends
enclose patehas and grains of the matriz materisl.

A large sres of saussurite-gabbre and ssupeuriie-norite
socurs in Drury and Denlson towashipe; the following four ape-~
cimens wers collectad sgrovs & vone sporoximetely 400 feel
wide northeast of Urean Hill mine.

te {lot 4, eon. ¥, Deanleon twp.). The

specimen taken from the bass of the zone is compowed ol largs
grystels of labradorits thet are partly sltered to slbite,
s#icrocline, olinozeisite, epldots, soisite, and carbonete; the
gark sinerala consist of ohlorite, blotite, ilmentlite, aand
leucozens.

The speciwen taken sporogismetaely 200 feat {rom the base
ie cpmposed of floe-grrined mess of completely revrysisllized
minerals that gonslst of slbite, epldots, clinopoisite, leucox-
ens, actinolite, chlorite, blotite, and quariz.

The spsoimen taken epproximstiely 500 fest from the beee
of the zonz is @i@ii&? to the ope above but contalne aore or
less altered wafic sinersls; & little repidusl sugite still

remains.




& spsoliman token from & drill eors sporoximsiely 400
fest from the bese of the zone il composed of residusis of
labradorite, wmost of whieh has been aliered %o albite, eplidots,
goisite, and clinogzoisite: the mafic winersls consist of trem-
elite and sctinclite, and blotite; the guerte is strelined and
regrystalliiced, snd & fine veinlet of gqusris-csrbonete cute

saross the segtion,

bre {(lot 3, eon, ¥, Drury twp.). This

speolmen is composed of patohes of fine-grained recrystsilized
feldsper, spidote, zolsite, clinozolelte, and strelned and
resorystallized cuaritz, snd petohes &nd strveaks of chlorite,

spidote, end ssoondery smpolibslss.

Vicheney (38), in the following Teble 18, comparsd the
chemioal snelysis of & speciman of ssussurife-norliie, taken
from thie aren, in the esrly stage of sltersilon, with ithe
svsrege of fiftesn anslypes of the norite specimsns @%Z%@@t@é
by ¥. H., Colline sorese the Ureighton esction. In Tebls 17

ig presented his compsrison of the chemicsl snalysis of &
gpecinen of ssussurite-gebbro, taken from this avea, la an
gdvancsd stege of slisration, with the avarags of 1H4 gabbros
from Eurcpe snd Amsrics (34). |

whioh has sometimes been called “oyush-conglomsrete,® ism known

bregoia. The Frood type ialrusive bregols,

to ba widely distributed over the ares south of Sudbury basin,
end receni work hes proved thet simllsr brecciss coeur in the

fontwall granits snd gnelse of the Horth range.
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TABLE 18

CUMPARIBOH OF CHEMIGAL ANALYSES OF SAUSSURITE-NORITE AKD
AVERAGE RORITE CREIGHTON SECTION

| Limite Betwesn
Sfaussurite-Norite Ayarage Horite 15 snslyses
TE34-8 Creighton Section Ureighton fection

8305 52,68 64,41 61,94 = 56,80
41303 18.73 17.61 16,33 - 20,18
Fesls 2,15 1.17 0.66 -~ 3.88
Vel 7.18 8.97 0.85 -~ 8.19
ﬁ&§ %g%l ?g%% gc$§'W ggg?
g0 6.83 8.01 G.68 -

8
gg% } g%é% Ew?i %4%@ oo %:ﬁ@

&

0

20 2.00 0.81 0.56 -
ﬁ%g ﬂ§&%§ g 2% &;@? bt

$3.88 98 .70

TABLE 17

COEPARIBUN OF CHESLUAL ARALYSES OF SAUSBURITE-GABERD
WITH AVERAGE %ﬁ?&ﬁ%

Saussurite-Uabbro  Averags Usbbro
Drury Townahip furope and Amesries

49,88 42,26
82.08 17.49
T z*%% g@?ﬁ
Fad 5.82 5,98
Cal 8,08 i0.81
%gﬁ mkwé %ugi
E%ggw b ﬁg{; *%3 & !ig%
Hgo 1,26 1.8
GOz 0.31 _0.08
88.08 98.95
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Poliowing his cempirison (Tsbls 18) of the mineral
gomposition of the host rotks with thai of the brecvcis matrix

meterisl, Robson (4B) comments:

o q regencs of the intpoduceéd minersle, micas,
faldsphre, =cep0lite, ownrbonete, ainc pyrrhotits ingi-
cxtes thet the solutisne entering the breceians muet
hewe gontalned sodium, oaleium, sulphur, carbon
dioxide and chlorine. Jpeatog io anslysss show
thet nicksl, selanium, and venadium ware slso pressnd
ig minor swmounts. Toe sinepsls latroduced indicute
‘hydrothermel gonditlons,

dount the solutions were derived from the
from which soms of the lete lgneous youke of
she spes hove cose. The similerity of rosk-breceis

: : .nd thalr pocurcence im thes vooks of

ne posuibility of & common

15

the 8
origl

-

i

Cogyp foleenies, Thres distinot ateges of metanor-
phism heve been recognized in this formation, w0 pf woloh are
gipsotly relsted to the Budbury intrusive, The first stegs
produced & borafels which grades from & fins~greined phase,
regembling 4bhe tuffecsoue metrix, ab the outer sargin of the
wetasopphic surecle, 10 & sedium-grained phoge regsembling, in
tapture snd sinersl composition, the miopopegaatite with whieh
1t 4z in contset st the isoer mergin., Toe srincioel minerals
anneiet of sustis, &lbits, orthoglses, and perihite , with sloor
amounts of shlorite, epidote, hopnblends, anc leuooxens. The
second stage produced large Bnd small austes snd veinlets,
sonsieting principslly of slbite, guariz, snd orthoglass; the

texturs variss from fine to sedium-grslued. The third staze




roaulted in the replecemsnt of exteneive arvess of fime~grained.

tuff by querie snd carhbonate,

;  Eiste. The prinvipel mstamorphic effect seen
in this rouk ie the well developed cleavege, It le composed
principglly of black, epague cerbonscscus meterial with ainor

smounts of quertz, ecaricits, and chlorits,

jstons. In addition o wenk cewsaldation,
largs ovel conorsticas, composed of the ecerbonktes of iron

and esloium, have been developsd in wmeny aress of lnls fores-

Ths metemorpblic effects, in
the mioropegratiss, as sesn snd interpreted by tae writer,
nave besn described in detsil under the heading "Eloropegms-
tite.® Various typse of slievstion sre found in the norite;
theas pangs Trom those that ere gonerslly Aocepted ae deuterioc
effscts of & Gooling msgme Lo some thet sppesr o be the
recult of locsllized dynemic foroes, snd others thst show the

sffeots of either thersnl or nydrothermal sgencies.
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THE SUDBURY ORE DEPOBITE

General Dessoripiion

The copper-nickel deposite of the Sudbury sres have
besn divided into two gensyael ftypes: merginal snd offaet
depoalis.

The merginel deposits are found adjacent to the contast
af the norite snd the footenll rocks znd ususlly oconelst of &
series of orebodiss that opour salong faulied, shesred, or
breccieted zones within both the norite znd the footwall rocks,
The shepe of the orebodies verles in detall; soms are Sabular,
some ags lentioulsr, snd others ars plpe-like iﬁ fora. Tho

gize of these deposite varies fros those thet heve produced &

few thoussnd tons %o thoss that have prodused many milliones of

sons of ore. The lergest of these are Ureighton, Garson,

Levaok, Faloonbrides, and Cresg Hill.

The offest deposite sre those that arve found in dike-
like intrusive bodies of quartz diorite snd Frood breccis,
#hieh ocour outside the nickel latrusive. These dikes Garry

many frag

mente of older rodke which very {rom amicroscopic
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gsizes to memsses more then 100 fest in dlameter. The ghape

of the ore depoeits found in theuss offsets 1s ag varisble

&5 that Tound im ths msrginal deposite. The size of the
individuzl orsbodies varies from rsther zmall lenses, such

as have been devaloped in the Foy offeet, to that b@iﬁgk
mined et Frood-Stobie mine, which up to Oectober 1, 1945, had
produced more than 80,000,000 tons of ore, and still géﬁﬁ&iﬁﬁ

the bulk of the ore raserves of this distriet.

Hinerslogy

The fudbury eopper-nlekel ores have been divided into
the following four types:! disceminsted, messive dlsseminsted,
mspeive sulphide, and breccis eulphide,

The disseminated ors conslsts of spote and patches
of sulphideg that wvary from mieroscopie slzes to mors than
sn ineh in dismeter, These sulphides are found in =1l the
footwall roske as well ss in the norite and quartz dlorite;
the smounts vary with the differsnt rosk types, but the
minersls present and thelr proporticns are indepsndent of
the nature of the host roek.

Usually the epots and patehes consist of pyrrhotite
wlth ragged inclusions of maghnetite snd gangus minerals, ang

erystals snd velnlete of pentisndite; shaleopyrits, in vaerying




emounte, oocurs se veinleis cutting both pyrrhotite and pent-
lendite, snd a8 fine-grained disseminetions around ksrnels of
syrrhotite, The lese gommon minerale such ns nickel srsenldes,
galena, sphalerite, silver, gold, snd the platinum groun sin-
%2%1%; ere often Touad with thess fia@éﬁﬁxtaggﬁ phases.

The dissewminsted ore varies in sulphide comtent from
& fraotion of one per vens, whers the sulpbide spots wad
petehes &rs spaged widely aperi, %0 naarly 100 per ceat whars
the ore i# claseified ne massive dlsseminated. FExcepi for
some merked loczl varistions, the relstive proporiicns of
pantizndite , pyrrhotits, and gheloepyrite appear 1o bes falrly
constant in the disseminated ores of all grades. Tie texture

of this type varias with the ftzxiure of the hpst Togk.

¥sseive sulpbide ors invariably conisins incluelions
of nssrly every pre-ore rock in the viclaily. These vary in
sige from = fragtion of sn ineh %0 fragnents many feet in
Adisgetsr. The texturs of this typs af ore is Gosrser then
that of the dissesinntsd ore. This bes besn sttributed to the
textual Aiffevences of the rocks thet emch type replscsd.
gracoin sulphids ors is & type ia whick large end
smell frezments of ghogue Tooke, fysa fyom eulphide diessnin~
stione, are enolosed in 8 matrix of massive sulphide wminsesls.
rxoept Tor & difference in degree of coneentystion of
metellic minevsle, the mimerslogy of sil thess typss of oras

is sssentislly the eanme.
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Hichener {32) bas conteibuted the 1latest and most
detailed iaformstion releting %o the wminerslogy of these oras,

and the follewlmg no%ee have bessn taken from hie disssrtstion:

in general the minerslegy ie wsors complex than
the litersture would lead soe %o beslieve. The thrae
sulphiden: pyrrhotite, chuloopyrite, znd pentlandiie
ars presant in a2ll the ores but undsr special oir-
vumatenoes a6d espsolally in the offsst deposits, 2
esunslderable number of other primery metzlliie minerels
- are W0 bs found, Yvenity-oine primery minersls sers
studled. Of theee twenty are ors wminerals. The
nickel minevels iaciude magmetic pyrriotite, none
magnetic pyrrbotite, pentlendite, eilver-bearing
pentlandite, oobali-bssriag pentlasndlte, meucherite,
niecolite, gersdorffite, WiBiB, snd pyrite. OFf thess,
HiBi% le & new nickel mineral and twe others sre new
variaties of pentlandite., The copper minersle includs
cheloopyrite, gubsnite, tstrshedriie, nnd bornite,
The platinum group wminerals are sperrylite, PuBis,
snd FdoBliz, two of which sre aew pallzdius minerials,
The minsrels of gold and eilver sre native gold,
eleotrusm, hesslte snd eilver-bearing pentlendite.
Tellurium ainerels ore hessite and tetradymite. Hage
metals present in ewall guantities and represented by
veriocus groups of minersls include blemuth, cobelt,
lesd, sine, %in, osdwium, areenic, sntlmony, aad
titanius.

oesible dechenisme of fmplucemant of the Sudbury

Coppear~Sickel Orsg

e asvount fur the Sudbury copper-piokel deposits,

the Jollowing Sheorles have been proposed.

1. Hugmatic differventistion in situ frow the Budbury intru-

give, by the setion of grevity on en lmsiscible silicste-
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sulphide melt. Thie theory has beon supported by Berlow (2],
Goleman (11, 14, 18}, Hoore mnd ¥elker (1B), Collins (18),
snd many other geologists,

£, Deposition of sulphidas by hydrothsrmal sgensles, Thie
theory hes bsen supportsd by Disksen (28, Campbell and Knight
{8), ¥andke sné Hoffman (48), Fhenleter (&£}, =nd many others,

%, Peposition of sulphides at s late magmatioe %ﬁggﬁ, by
the section of @iﬁg%&&&%@rgﬁ This theory wse proposed by
Tolman and “ogers (47},

4, Deposition by intrusion of sulphides whieh had differ-
antletad from the sillesntes in ths magmstle reservolr, and
et in the ochamber of ths %ﬁé&ﬁ?g intrusiva. This theory was
proposed by Howe (31}, _

6. Deposition of sulphides by progressive minsralizstion
that eubrsses parte of =1l the theories sdvaneed sbove, This

idss was proposed by Batemen {3}.

fvidenes that these soppevr-nickel ores wers emplsced
s considersble time after the norltes bad solidifled can be
esen &t sll the producing mlnes. The writer is convineed that
pre~ore structures sueh ag fsulting, shesring, and brecelation,
&1l of whieh involved, in part, %%ﬁ colidifiod norite as well
ae the older footwsll roeks, constitute the etructural frame-
work that eontrolled the deposition of these ores.

Thet the sulphides replaced sarlier silicste minsrsls

i suggestedby the similerity of the textures of the sulphides,
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to those of the host roeks in which they oscur., As early za

1908, Goleman {14, p. BR) noted this faet; in deseribing the

texture of the ore on the dump st Nurray mine he ststes thet
. . . a8 2t post other slekel minee in the dletriet, the ors
[isl in cosrse grains vhen the roek is cosrse-grained, =nd

¥ice-verss, "

Dengription of the Varioue Mines in the Zudbury ires

Orelghton Hine
The Creighton mine is situsted sbout 11 miles west

f Sudbury. The ore deposits lle in & distinet embayment in
the footwall roeks; in addition to norite, this ambayment is
partly filled with an irpeguler mess of breccis, somewhat
similer to the quartz dlorite *affsat® rock, even to the extmt
of having 2 thin meseive merginsl phese sontaining no fregments
of older rogks, The contset of thie breeeir with the norite

is not slweys sharp; there is often sn setusl gradation, over

2 fav inehss, from the breesis conteining sulphldes to cosras
norite free from sulphides. Large and smell fragments of
noeresl gray nprite are found within the breesisa,

In additlion to granite, the prineipal footwall rosk
found in thle ares, various other typer such as quartzits,

arkose, gabbro, snd greenstons are in contaet with the norite
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gnd breccisz on the south side of the embayment. On the south-
went side, the stirike of thess footwell rocks is purallel to
their contact with the norite, but on the ssst side of ths

bay they sre trunvated by the norite., fince bthelr dlp to the
northeast is etesper then that of thelr contacy with the
gorite, the different mesbers of this asries progragsively
gome into contact with the norite with depth.

Bost of the original orebody, which axiended from itbs
surfsce %o the 38-lavel, occurrsd in ihe footwsll rocks. The
length of thls orebody renged from BOD %o 1,000 feet, and the
width veried from 80 o 300 feset, Its average dip wmas 45
degress west, The sbove description of & relstively simpls
structure can not be spplied to the orebodies thal are now
being mlned from this deposit.

& system of faulting snd shearing, having & northessl-
southwest strike zad & northwest piteh, latersecis %gﬁ cuss
the norits und breccis of the bey intc thin slabe, snd tersin-
stas in the footwall rocks as breocistion. The distribution
of ths sulphides iz definitely controlled by thess sbructurss.
Hmssive sulphices ocour slomg the shesrs, 28 the matrix of &

bregols composed of fragmenis of all typss of footwall rocks

and norite, nnd ss veins in dissesinsted ore and faotwall vooks.
The dissemisated ore iz confined to the novitle rock, and,
generslly, decressss in grade with the incresss in distancs

fpom the above structurss. A seriez of massive copper sulphlde
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orebodies couur in rones of brecvistion in the footwall rooks
along the projected plenes of shesring.

The ratioc of pyrrhotite to penslsndite is & to 1 for
the copper orebodise, and 3.4 to 1 for all other are., The
spproximete ratio of copver to nigksl is 3 %o 1 for ibs copper
ﬁ?@%%ﬁi%@ and C.B to 1 for @3@3&%?? passive ore, snd 0.7 to 1

for the disseminsted ore.

Frood Yine

The Frood ains, the lsrgest in the district and baving
the sloplest struoturs, is the only offset deporit being mined,
by the laternational Hieckel Compeny, at the present time. 1
is situnted about one mile eouth of the msin &ﬁ?i%g‘%agg snd
about two miles north of the oity of Budbury.

The offeet in which this deposit ocours ie ceomposed of
& series of lenses, or fragments, of quartz dlorite in Frood
breceie, The ovebody sirikes northeast-southwsst and dipa

about 75 degrees tu the norsheest. It ie 3,500 feet long sad

avarages 55 fest in width at the 1,800-foot level, but above
the 1,400 level the bangingwall steepens g5 thut the widin
igoressee Lo 80U fest nt the surface.

The explanution of the relation betssen the querss
diorite "lenses” znd the Frood brecois is still cuntroversial.
One feature that has mede correct ianterpretation of relation

4iffioult ie the faot that the "lenses,® of quartz diorits,




which form the cores of the orebedies, cvontaln incliusions,

thersby causing this rock w0 be confussd with the Frood bragcis,

i

i}

‘nees inelusions, which sre of veried siszes up te 100 Test or

B

mors io leagih, 2xhibit the same oulline &e the Ifragmentz in
the Frood breccis) many bre well-~rounded, tbe majorliy are

subangular to rounded, snd & faw have sharp anguler sdues.

Phis guariz dioriie vrecels differs fyom ths Frood brecgein in
the following deteils: =moet of the inclusions are of the same
rook; & gray gebbro in verious stages of slisvalion, from &
{resh quaris pyrozens gabbro to an sad product cowposed mainly
of tremolits and products of feldepor alterstion, suoch os
%@iﬁiﬁ% sng ssrieise. These pabbro inclusions ave currentiy
being correlatsd by the wine geologlete with the peridotite

at Levack, i.8., & product of ths moin porits mees. These
inclusions ars practically uamineraligsd, snd contecls baiwesn
them ani the guartz diorite ars slways sharp.

The ore is clasaified ss disssmiceted ore, brecols ors,
snd msssive sulpbide ore. The grester part of the orebody is
componed of disseminsted ore inm guarts diorite, the sulpbids
sonisnt of winloh varies widely, from less thaa one por vent 0
asarly 100 pew vent, The esasntisl minerels are pyrrhotite,
shaleopyrite, sad pentlandive; the voppar-aiskel ratis is sbout
i;z, sad the pyrrhotlse-psutlendlte raitio is sboud £.411,

The breccia ore asd the magsive sulphide ore cecur as

discontiauous shellis oy savelopes aprounc cores or groups of
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sores of Aisseminsted ore, snd their proportione progreséively
ingresse with depib. Thess types srs characiarized by =a
trregulerity of texture which appears io heve been inherited
from the host rocks in which they ocour. The brsccin ore con-
sists of resnantes of scbist snd pertly rounded Irsgments of
.ﬁégé resistent rocks in & metriz c¢omposad of & WiIRture Qﬁ
fine~grained sulphides and residusl silicate minerale from the
Frood brecois estrix. The speentisl misersle are pyrriotite,
sulpharssaides of nickel us mocessories. The ratlo of copper
ta nlekel is sbout 131, snd ths pyrrhotite-pentlandite ratio
iz sbout S.4:1.

The mssaive sulphides ore gocurs with the couniry
rooks of the salle, snd appesrs to have inherited the textures
and structures of the hoet rocks with whielh they sare found.

At the walle of an orebody snd parallel to fhes, no mutler how
irregulsr they may be, there is usuelly = slighi zoning in the
ore soross widthbs of s few inches up o meay fest. The messive
pyrrhotite of the general orebody gives way to pradtically purs
chaleopyrite, followsd by u band of gi%&&li&%'&ﬁé‘ﬁhaa by &
mergin of verious shite cobalt-nlokel arsenides. The edjscent
sallrogk, no matter what its compomition, 18 ggﬁﬁfaizy
intensely sliered, over » nerros width, %o ﬁ%?éi@ﬁi%; biotite,
sni geraet, This sliarstion say be preseat zhethey or not the

evesnldes ococour at the contact. In other nlsces, quarip and
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psarbonats, breccisted and partly repluced by sulphides, coour
&% the gontaet. 7The sssentlel minerale in the waassive ore srse}
ghaleopyrite, cubanite, pyrrhotite, snd pentlandite, sna the
socsesory minersls sre galens, snd arssnides and sulpbarsenides
of cobelt and nickel., The vatioc of copper 1o nickel sveragss
sbout §:1, snd the reatio of pyrriotite to pentlsndite is var-

iable but sversges lower than thet for the disssminsted ore.

Paurray ¥ine

The Hurrey mine is situsisd about three mliles northeest
of Eudbury. A part of the ors ogours in lentioular mesees of
bracoiz at the buse of the norits., This breccis is composed of
en shuadance of fragments of altered gabbro, greeustons, gray
norite, and feldspathic rocks embedded in e fins-grained mafrix,
which migereloglonlly resembles norite, sxcepd thet the plagio-
clese is lass caleolc than lebradorite. o moet plaucges iths
aoyitic watriz hss been almosi cospletely repleced by sulphides.
The contact betwesn ithis brecoie ore snd the hengingwall norite
is definite and sharp) but, in some placgen along the footwail,
the breccit oys merses with the high grade, msssive sulphide
ore ihai ogours in ths underlying grsaite snd greenstons.

The genersl strike of these orsbudies ls northesst-
gouthwest, and the sverage dip ie about 40 degrees northwast,

The sssentisl sinerals sre pentlandise, pyrrbotite,
and chaleopyrite. The patic of pyrrhoiite to pentlandits is

B.68:1, end the ratio of copper o nickel is 1:3.
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Garson Eine

The Garson aine iz sivusted in Gurson tosaship, sbous
10 miles northeast of Sudbury. 1% wes operated for about 20
years by the Hond Hlckel Compeny which, in 1929, was merged
into the Internstional Hiokel Company of Caneds. Olivey Hall,
generel superintendent of the former compnny, gave the {ollow-
ing description of the orsbodles that had been developed, under

bBig direction, in this mine,

darson mine is & series of orsbodies with & some-
wh&t complex relation. The mein ore zone has & north-
engt-aouthwest strike, and dige southesast at about 58
degress, and the dip ig 8%ill definitely in this
direction Bt the deepest level, the 140C. This abnormal
dip is sppevently due to sharp foldingz ia the norite-
%m&f?giﬁ% and norits-greenstone vontact. Tonis mein
gons has the shape of an are spprozisstely sne-ouarisy
of & olrole, The dip is o the canter of the vircle;
the hengingwall occuples the Inslde of the are. 4Along
this zone the ore i irreguler in width, plaecning out
vartically and borizontslly &% inservals, snd opsning
to widihe of sver 100 feet vetwsan pinches. Jour
other zones Goulnln extensive ore svess: & northwest
zone, orebody 18, &n sasi-wesl zone wiih vertical
walls at tha g@at&%?iy 1iwit of the meln zone, snd &
slmilay parellel szone 8% the northesst end of the usin
zons.

Three bodles have been mined slong s padial zone
ga%giﬁg the msin zone, ozlled the northwest zone.
Orabody 18 has bsen »iagé down t0 the BUO lsvel snd s
5 high-grade vain-liks body outside ithe wain %one, with
2 gtrike and dip similar thervetsn, Toe two vertioel
gnser gones with sagt-west sirizes and ﬁ@%rig verticnl
walls have besn imporiont sources of ore. in these the
ore rakes sspt., The southerly gone contsined only a
short orsbody nesy the surfmce, but ithe ore zone in
this ie over TOO feat lomg st the 800 and 1000 levels,

%idths very from pinechee %o over 100 feet. The
a@fﬁzggiy gone wos first found o bs importent at the
800, and hes & aldih of 20 to 100 Tast and & lengih of




over G800 fee§ up to the 600 level. ... At Jmpaon
“he yarious bodles are irregulsy, sni the unraveling
of the ore gomes et eagh level ususlly takes from
two 1o three veavse.

&

A% the time of the merger it sppesred thet this mine
was epproaining the dapletion of its coammereisl gre, and fhare
wes & possibility that the operstion would scon heve to be
considered as& cne of sslvage. But the azolution, by the gool-
ogloal steff, of the provles concerning the strusturel patiern
thet controlled the deposition of the ore, hes vesulted in the
development of thas largest gre reserves in the Listory of the
wine .

Bost of the orve has besn developed, on the lower levels,

elong two sheers having ssei-west strikee. These shesre luter-

8ot & bay in the norite, resulting io siructures Lhat ars
somewhst similar to those found on the lowsr levels &t Creighton
mine, The dip of the northerly shesr is 55 degress south, sud
that of the southerly shesr iz 80 degrses south; the latter
formas the fault contact between the norite znd the older base-
mant rocke. The fletter dip of the noriperly shesr results in
its junction, ot depib, with the soutberly shesr. Nost of the
ore that is found along these structures is masgive aand Tine-
grained and vontelos weny vieible rook fragwents; some of the
ors i cosrser-grained sad containe fewer rock fragments, and
appears o ose Llis texturs to the less-orushed hoet rock in

which 1t iz found,
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variss from s fev degress Horth to 2 few degress fouth: in
the latter gsse the noribe forms the Tastwall of the srabody,
There ars @ﬁyﬁa fgensral typas of are! breseis owve,
%i?% eulphide ore, and dlsseminsted ore. The bressis ors

ecnetitutes the bulk of ths orsbedy sud is sompossed of nuser-

cuz reunded to subanpulay f&&g@@ﬁ%gg most of whish are from
the wallrooks, but soms are of clesr, plassy susrts, esbaddsd
in & melrix of Tine-gralned sulphides; this fins-gralned
texturs sppears to Bave been inherited from the %@ig%ﬁ%& roek
metrix. The messlve sulchide ors ls eoaresr-greined than

the broselsz ore, end is ususlly cocapossd of pyrrhotite, pent-
landite, chalespyrifs, end remnants of silisste sminerzls,

The disseninsted ore ir found ag veplsesment of both the
nerits and the older wall roaks,

Pyrrhotite, pentlandite, =2né ehaleopyrite are the
prinelpsl metellic minerasle, with sebalt 2nd nickel arsenides
20 acesszory minersle. Hlpor smounts of galens snd sphalerits,
of ne sommarelsl vslue, seeur with the ethker sulphides. The
ratic of pyrrhotite to pentlendite is about B 1, 28d the ratic

I niokel to sopper is sheat £11

ievaek BEins
The Levesk mine iz silusted sbout four miles northeset
of Leveek Ufation, whieh ie on the main 1lieke of the Cansdian

Faeifle Hallway, 20 miles northwest of Sudbury, 1% is thé mest
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‘ Hsllte dsseriotion of the main orve gone havimg ". . .
the shape of an arc spproximately one-guarter of & cirele
ete., applise %o the zone in the west side of the aorile bay
betwsen the two essit-west shesre, This zone ls composed of
& heevily wminerslized brecgis, elwilsr to that found st the
bage of the norite in the Hurray mins.

The sseentisl wminsrsle sre pyrrhotite, ?@ﬁﬁigﬁﬁiﬁﬁs
and chaleopyrite with lesser amounts of geraderfiiits and vio-
larite. The ratic of pyrriotite to pentlsndite is 4.7:1, and
that of cogpper %o nicksl is sbout l:1. i

Faloonbridge dine
The ¥Faloonbridge mins, owned and sperated %?kﬁﬁﬁ ﬁi**

Feloonbridpe Hickel dinee, Limlted, iz situsted in fvzﬁﬁﬁﬁ %ﬁg@

townsbip about 13 milee norhheset of Sudbury. Tha ors ﬁ
pocurs slong a fault zone thet generslly followe the ﬁﬁ'

the norite and the slder pre-~Huronlisn sedismenis and ?ai&%.igﬁf

but both the norite apd the oldar rooks have besn zf@@i"&;ig

bodies of these yogke poour.
the mein orebody clnches snd swells, both verties

ang borizontally, resulting in widthe thut vary from %'ﬁ%%

to more then 50 feet, and hes s tofsl length of sbout 8

feet, It has & strike of about N. 80 degress E. znd & di h%ﬁ&t
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6 %ﬁ%gg pof the hest yooke in which they cesur. 42 early se
1808, Colemsn (14, p. 823) noted this fact; in desoribing the
texture of the orve on the dume et Hurray mine he statsz thet
f. v o BB BY @géﬁ other nickel aipes in the disiriet, the ove
belng in cosree greine shen the rock la coares-grained, sad

gige~yerse ”

Deseription of the Yariouws ¥ines in the Zudbury Aves

Creighton Hine

The Creighton wine is situsted sbout 11 miles wmast of
fudbury. The ore deposits lis in & distinet embayment ié the
footeall vovks; in additlon 1o norite, this embaysent is

pertly filled with an irregulsr mase of bregels, somewhet

similer to the quarts diorite "offest” rock, sven %o the sxtent

nts

of having & thin messive marginal pheee containing no Tragms
of older rocks., The contect of this breocjs wiith the norits

iz not slweys sherp; there iz often en ae%a%% g&&ﬁ@%i%@, aver
& few inches, from the brecoia contuining sulphldes tv cosrse

norite free from sulphides. Lerge ang emell fregments of

aofmal gray norite sre Jound within the bregois,
in sddition %o grenlite, the principel Iootwsll rock
found in thie sryes, veriocus other types such as guasrizite,

afkoss, ghbbro, and greenmtons sre Lo contéct with the norite




importent ore deposit found on the %grﬁﬁ,%&ﬁggﬁ and was firet
developed by the Yond Hiokel Compsny, Limited, and wag operaied
by this compsny until its merger with the Internationsl Hickel
Company of Cunaeds, in 1928,

Thres principal orebadiss, separsted by ssversl thou-
sand feet along the strike, heve been developsd st this mins,
Hout of the ore gucure neey the footwall of 2 zone of grasits
brecela that charaoterizes the norile-gnelise conteot in this
ares snd extends inte the fractured foosiwall gneise Yor dis-
tences thet range from & fow fest L0 & mexismum of sbout 8EO
feet; it ravely extends %o the heagingwsll norite.

The granite breccls le composed of numerous anguler {9
sub-sngular fragments of gneles, sltered gabbro, and perldotite,
gnd Tine-graipned diorite in & completely reoryetallized granitic
matrix. The greatar pert of this zone of bregeis is barren or
only slightly siasrelized, but in soae places sulphides ocoour
ag irregular veinlete, petenss, snd disseminsted 6018 and
grains, ia %af%i@i%ﬁ% smounts , throughout the matriz to coneti-
tute orebodies; this type of ore serges with stringers and
lenses of sulphides in the fractured footwall gneise. The
footwall ggéiﬁg iz unguestionably & product of granitization of
gediments and igaeous rosks; in many places the prissry strac-
tures, such az bedding of the %géiﬁﬁﬁ§§ and flow structures of
the volcunics gre dlesply preserved. It is evident that the

grenite bregois is later then the norite, since the norite




sdjecent to the contsot is alisred 1o & conrss~prained apggre~
gate of epldcte-golsite, chlorite, and amphibole, In aoms
slages the grénite breccia iptrudes the msin norite mass for
distsnces up %o several hundred fest.

The ore ocours & three dlstinct types: (1) spproxi-
wately BE per cent of the production hes been digseminated ore
that oococurs sa veplscement of the matrix of the granits brecoclis;
{2) approximetely 30 per cent has been massive sulphlde ore
that occurs &g stringers and mesges in ths granite brecgia and
in the fractured footwsll gneiss; (B) spproximately & per cent
has besn dissaminsted ore in sltsred norite, The disseminated
gulphides corrode, vein, and easbay the sillicets minerzle in the
sltered norite and thoee in the matrix of the granits breccls;
bat the lavger fragmente are graétiﬁ%zly barren of sulphides;
the same ie trus of the rocks thst ere adjseent to stringers,
veins, or bodies of massive sulphidse.

The orebodiss ususlly parallel the contest of the
porite end grenite breccis, and have an sverage dip of 40
degress South; their form is controlled by brecclation and
this has reeulted in $hick, irregular-sheped lenses which
sometimes change abruptly, either vertically or horizentelly,
from comparatively narrow widths to seversl hundred feet.

The principsl minersis are pyrrhotite, chaleopyrite,
snd pentizndite, with lesser smounis of pyrite and sagnatite.
the ratio of pyrrhotite to pentlsndite is sbout 6:1, and the

ratio of copper te nlckel is about 1:8.
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FIG.—668. THE SUDBURY INTRUSIVE
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Errington Eines

Yhie property 16 situsted about 17 siles, by highway,
northwest of Budbury. The strong feult sysiem thet offeets the
rim of Sudbury besin st i{te southwestern end passes into saslley
faults snd brosd ghear sones in the slate and fulfl of the
inner basin. The =ost i@yﬁ?%&ﬁ% of these gzonss ocours netr the
southeestern contact of the slate snd fine-grained tuff, A4
gseries of gquartz carbonates lenses, which have replaced sectlions
of the fins-grained tuff slong flanks sad cresets of folde, heve
been found =long this zons for & distunce of more then siz
miles. Hore or less of this qusrte carbonsie hes been replaced
by complex ore coneisting of pyrite, sphalerite, ohaloopyrite,
and gelene with wminor smounte of pyrrhotiie and pentlendite.
These sulphide deposits range in size fros small lenses that
contsin & few thoussnd tons to one that containe mors than two
willion tons. Saveral millisn tons of meterisl w»ith 8o sverags
grade of 20 per cent pyrite, & per cent zine, i per cent copper,
1 per ceat lead, & ounces silver, sad 0.07 ocunces gold were
developed in these mines, but the operations ware disconblnued
when the pries of vase meials dropped to figuvss which made ths
treatmwent of thils grads unprofitable. Tentatlve plans for the
raopening of these mines sre now baing sade LY tha Datario

Fyrites Uompany, Limltsd.
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Fig. 72
Plagioclase, pyroxens, and biotite
partly replaced by pyrrhotite,
chalcopyrite, and pentlandite. Loc.
Creipghton mine. X 20%, X-nicols.
Sec. No. 424

Fig. 74
Plagioclase, secondary amphibole,
and epidote partly replaced by
pyrrhotite, ohalcopyrite, and

pentlandite. Loc. Murrsy mine.
X 205, X-nicols.
Sec. No, 450
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Fig., 73
Plagioclase, secondary emphibole,
and epidote partly replaced by
pyrrhotite, chalecopyrite, and

pentlandite. Loc. Murrey mine.
X 20%, X-nicols.
Sece No. 450

Pigeonite, enstatite,

Plagioclase,
and biotite partly replaced by
pyrrhotite, chalcopyrite, and

pentlandite. Loc. Murray mine.
X 20%, X-nicols.



FPig. 76 Fig. 77

Hornblende, plagiooclase, quartz, Biotite, hornblende, plagioclase,

and chlorite pertly replaced by and quartz partly replaced by

pyrrhotite, chalecopyrite, end pyrrhotite, chalcopyrite, and

pentlandite, Loc. Frood open-pit. pentlandite. Loc. 1800 ft. level

X 20%, plain pol. light. Frood mine. X 20%, X=-nicols.
Sec. No. 42 Sec, No. 347

2

Fig. 78 Fig. 79
Biotite, hornblende, plagioclase, Secondary emphibole, biotite,
and quartz partly replaced by quartz, and carbonate partly re-
chalcopyrite, pyrrhotite, and placed by pyrrhotite, chalcopyrite,
pentlandite. Loc, 2800 ft. level and pentlandite. Loce H.W. 1600
Frood mine. X 20%, X-nicols. ft. level Garson mine. X 203,
Sec. No. 344 X=nicols.

Sec. No. 263




= 1 , L]
o Fig. 80
Fragments of quartz, chlorite,

feldspar, carbonate, and epidote

partly replaced by pyrrhotite,

pentlandite, and chaleopyrite.

Loc. 1000 ft. level Falconbridge

mine. X 205, plain pol. light,
Sec. No. &

Fig, 82

Secondary smphibole, plagioclase
biotite, and quartz partly replaced
by pyrrhotite, chaleopyrite, and
pentlandite « Loce D ill=core,
Whistle mime. X 20%, plain poi.
light.

Sec, No. 300

Fig. 81

Secondary emphibole, biotitse,
plagioclase, and quartz partly
replaced by pyrrhotite, chalso-
pyrite, end pentlandite. Loc.
1400 ft. level, Levack mine.
X 20%, plain pol. light.

Sec. No. 297

Fig. 83
Quartz and carbonate replaced by
pyrite, and pyribe partly replaced
by chalcopyrite, Loc. 500 ft.
level Errington mine. X 203,
X=nicols,
Seec. No. 44




Zummary A8 to the Mode of Origian of

the fudbury Hdickel-Unpper Orss

The observetions of early workers in thils aree that
moet of the commercial orebodies oveurred uesar the outer
margin of the norite x&%a&%%& in the toeory, first suggested
by Bell (4}, thet the orsbedies wers geneticnlly closely
related Y5 the norite. Belker, Barlow, Uolemsn, and Hdoore
(4B, 2, 14, 11, 1B} ecuepled Bell's gug%%é%iﬁa, gnd 80 con=
vincingly developed the theory of megmetlc segregation, in
sttu, for these ores, that, for msay yeere, mosl geologists
and authors of text booke %%%Xiﬁg with the géﬁ%%i%'ﬁf artellic
ores, cited theas deposits es clessic examples of the sbove

SGYUOEBE .«

ko

¢. %, Dickson (2B) wae the firet worker im this srss
fo seriously Kiaauiﬂ the above theory. He spsnt the field

gessons of 1BCL %ﬁé 1802 in the study of &3&%1%%@@% &t the

minas thet were in production or ﬁﬁféym@ﬁﬁﬁlﬁﬁﬂﬁag at hst
time, The remainder of tbe %@&%& two-yeayr period waes devoted
to mitroscopicsl and @%%?3g$%y§i$ i1 &za@i@@ sf the gﬁzﬁfiai

#iiioh he bad collected in the fi%lgﬁ* iﬁ ﬁim gorelusion he

gLntas;

1% wmight be salely dﬁ%g=g»*,%a &% praesat the

shols weight of svidencs poinls %0 the formsticn ol
the Sudbury ors-bodisge as reud seemenia clong orushed

and feulted wones, with ooly %iﬁﬁf indications of
gpsn csvities.
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Previous Duservers Lave paturslly besn lmpressed
by the msselve cheracter of the sulphides, ia shieh
are fouad the migerals of the sunciosling rovk, and
this seems Lo fall ino rzadily wiih the ii%% af &n
ignesus &rigia«

The elus to ths interpreistion of the ms ttar,
hnowever, aposars %o be furniehed by the leansy
material, where the valations hsve not besn sbsoured
oy %ﬁiitér&%@& by the ezoesseive devalopmenit of

sul ?ﬁi des,

o

The publisbed results of Dickson's careful and systenm-
atic work were overshadowed, for meny yeara, by the voluminous

published statements of contemporary and lster workers, who

fevored the theory of espmetlc segrspetion, in situ, end it

ig only in recent yesrs thet seversl workeys in this sres,
insluding the writer, recognipe thet the norite had solidified
pefors the formation of the structursl featurse Lhet have

conirollad the loealizstion of the ore depouslite.
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CATALOGUD OF BETALLIC SINERALE FOUND 1IN 9 sunsuw

BHOT fa@% L187), the most sbusdent sulphids in
éﬁa;y ares, é@%ﬁﬁiﬁ% from .40 to .50 par oant ai@k&l
aithar in %%%%2%&1 gombination with it or ss finely ¢ igié&g
pentlendite,

: 56 : , fe } ogouys in the same wenney
snd with ga@ same miﬁggﬁi @%@Q@g%iiﬁﬁ ag the mepnetic variety;
But, in the hend specimen, it hee & mors briliisnt luster snd
a ﬁ%&gﬁf ved golor.

PEETLARDITE nseoure as thin blades snd veialsts in pyrrhotite,
g "syes® or ¢rysiszls in massive sulphide, and &2 coarsely
grystelline maesss,

LLVER-BEARLEG PENTLANUITE, & new mineral, whieh Wichener
desgribed se having & éfﬁ&»%%ﬁé golor, hes only been jound is
the ore Irom the lower levels of ths Frood sine, It cocurs es
gmell greine less than ons milllesier in dilameter, ssecciiged
§i§§ galsas and as oriented intergrosthe with normal ceantland-

e,

UOBALT PLETLABDITE was firet found in the GBreon %iﬁﬁg ogour-
ring 24 ﬁ@é&i%@ ﬁiﬁﬁg s shesy zone. 1t was first examined and
isolated by U, &, Heyoourt who described it 28 =5 minersl that
in polished %&ﬁﬁi%ﬁ shows & rough, vellow surfsce, is havrder
then normsl sentlendite, is wesikly smagneiis, znd ie imotyropie.

BAUCHERITE and HICUOLITE octcur &8s velns snd bande sround the
gontacts of some of the orebodise, s reslicessnt resnents in
sulphide ore, end 28 stringsrs veplacliag susriz und carbonsis.
HSicheney ﬁﬁiﬁ%l@%%% the formuls for %&&@&%ri%@, from chemionl
analysis, 28 Hiyqideg.

QERBDONFFLITE in the Tudbury @%@% is & gombinetion of Uolde® znd
Hikss with s considerable smsunt of iron.

H1BiZ, one of the new minervsls dlscovered by dleohener and
degoribed sz having ths following g%%@%%%i“%*‘%@i%f; dark
bronze on frssh %1@,%%§&$f Luster geisllis, %t@gg plack,
Fpecturs uneven. Harduess 3; sopsoific geavity 7.0 (sstimated
from its bebavior a6 the superpsaner), It is f%&ﬁé in the oras
in the Frood wine thet contzin gelens.




(% is found aw seesive sulpbide, as %%?iﬁ%@?%; G
of the srsenicsl ores, and 2e & purt of the dis-
ﬁﬁﬁrgﬁs Oyey 85 ser gent ﬁf the gopper produced i
%ﬁ;% ﬁiﬁ%?iei peours se ahaleopyrite,

HITE iw closely sewoolstsd with pyerhotite ﬁ%% eheloouyrite,
and %@ sften Tound s = lemallsyr intergrowth with the lntter
sinsral, Almsst 18 ey %@ﬁ% of the copper p %ﬁﬁﬁ%éxi, thisg
ar¥es ocours ss cubanite

'RAHEDRITE havs been reported from tes loeslities,
- yEye %ﬁ%ﬁ??&ﬁﬁ%«

g LATE de found in oesmsll %ﬁ%ﬁi g in prectieslly a1l the
copper-nickel orsz of ths éig%riﬁ%, i% poours as ?ﬁﬁﬁﬁ%; CEYE~
tels in wvaricus forme of the cuble system, sometimes ) having
inclugions of geld and other vars snd precious metsllie minerals,

PABi . and PdgBig, t¥o new minerals discovered by 4ichesner, ogouy
with precious %@ﬁ%i@ and minersls associatsd %1tk the nickel
grssnides in Yhe Frood mins, éi% ie described us &@#iﬁg the
following propertise: color gray; Stresk blesk; britils, hard-
negs 2.5; luster matalliic, spleadant on fresh algaf'g' but
tarniehes veadily; ecleavege (001} perfset, (100) isse perfeoi;
gpsoliic %£§?1§§ zg&w {Hare “dsBly iz desorived se
follown: ¢ s Elreak %1%@&1 fracture uneven; britile
baydness 2 gull metellicy cleavage, nons ssan.

BLBIVE, spd RUTHEHILE nave baen identified upe
; ieelly as ﬁ%ﬁ&titﬁﬁﬁz% of other wminsrels. Boerrylits
sometimes conteins iridive in sdditicn to rhodium and nallsdius,
Iridium =nd ruthegiusm have been datectes inp teiredynite concen-
trite, and ifiéxa% 28¢ yvhodiur in the vonvenirets of the psl-
lediue minarele. [erk-goloved gold showed the presengs of
§@£§%§i§$ ang iriciue,

» i ke found ®most sbundenily in swsll fesotares in the
contact rocks, 88 pletings on secondery ﬁ%?ﬁ%i@ﬁﬁ%%g as
inclusions in the platinum g s minerale, snd in the érgéﬁi@&
type of mineraligstion. Ite somoposition %ﬁfiﬁ Cron 2
mately equel parts of gold apd silver 1o asar

B i sasmocisated with galens, sphalerite, o
aad ir found #1%h other precious metals in the contsct rogk
Hoet of the silver producsd in thise aves comss frow this minerel.

%&ﬁﬁ%i } %ﬁ%ﬁ %é%iﬁ%iﬁ%g %a% aa 88 &%ﬁi&% %ﬁ%ﬁ%ﬁ%é ﬁ%% gﬁ% besn
pecognized in the ore.




TER %%ﬁf%if@ hes besn found as small zraine in non-magaoetic
%grf,gﬁ &, a8 intergrewihs with ﬁ%%i?% bismuth in the galens
end EiBi® typs of minsrslizetion, and a2 smsl) graine in gslene,

BETALLIU BIZwUTH is found in the EiBig mg%iﬁaﬁ type of minsrsl-
“izetion. The e&*”r'¥%£i$§ from cresmy white to proaszy sink.
Epegtrog lyeez zhowed that sows was fairly sure, zonme
anteine - amount of silver, snd soms conteined both
%i;%&g aad lasd., In the procsse of ??&?%@i%% cme of this
materisl for golished sscticus, some of 1t melied, in a2 bekelite
prass, 4% B %%%?%?ﬁ%ﬁ?% below %ﬁ%i of the melting soint of the
ours %@%&3; iz lesd Yichensr bo belisve that some of the
blizauth le slloyed #ith s2all smounis of lesd znd silver.

BIGBUTHIEITL 1g found in the sems wliersl sesociationes &= native
bismuth, i% i% usually fTound a2z spsll grsine ia galens from
shich it i distinguisied by ite strong %aigﬁzgﬁ?igxa

GALEHA, in the Frood zine, poours as a minoy ﬁﬁ&%%i%ﬁ%&%
throughout the massive Malgﬁi§§§ #nd more sbundently in the
gulphide arsss 2% the ende of ibe orsbody snd in the lowsr nert
af the flat-bottomed %&igﬁiﬁa mesges, 1t i zlszo found
egeocinted with sphaleprite, sercseite, and caleits in velnlets
filling frecturss in the sariier sulphides.

BAOBETITE 4= uwsually found as roundsd octenedra in sll the
eulphide ores, In soms Creighion ores bigh in syrrintite it
forme ur %o 20 nar cent of the totsl volums, The larsey
gryets sls ure @%?%i? replaged by sulphides,

LEERITE ie smueh less gomnon ihen megnetite, but 2% the sontaots
1% is somatimes found as bladas us to ons milliseter in widib
and ssveral centimetsre in length, =ad s» remnrnts dus 42
sulphide repluosment.

ETAREITE wiis found 2z sanil graine i the galens-bismuth type
of minsrnlization.
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