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,The interest of the minin3 industry in the:Chibougawrl ana 

was tiret aroused in 1870 when James Rich:,rdson geologically explored 

the area and discovered sulphide-bearing zones. 

Geological rapping and prospecting wore done intera.itte ,tly, 

with a burst o: activity between 1930 and 1936. following the 

construction of the highx,y, a progmc►  of detailed mapping was 

initiated by the Department of l'aines in 1949. 

The author spent the summer of 1952 with Dr Rai. Graham 

investit ating the active mining properties of the area and 

continuing the detailed rapping initiated by Graham in Gbalaki 

township. During the summers of 1953 and 1954, he upped the south 

portion of the southeast quarter of )'cit'nzie township. At the same 

tige, Dr J.R. Smith', was mapping the southwest quarter of the township 

and the north half  of the southeast quarter. 

~ 
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IIJC'.TIC,'3 	'&t*CY..5 

Tiso Cté-iotu;;azau area (Fig. 1) lies in the eastern part of 

Abitibi-east County, about 320 ]ailes north of 'antra 1 aitd 250 miles 

northeaat of the Rouyn-horands mining district. 

  

The :it.Felicion-ChibougLr u hi) way, built by VA) Luebec 



Department of Lines in 194e and 1949, provides easy access. R:R000d 

rotor ro.td corrects this highway with C mpboll. Chibougamau Lines, 

only 3 miles south of the area under consideration. / cri,►1 

transportation ort..tion is available from numerous I•riv:;te companies. 

The sap-area lies north of the height of lead between 

a. Lawrence River and James Day. Its relief of 250 to 400 feet is 

Zreator than the average near this drainage divide. 

The reap-area is crossed by east-trording ridzes separated 

by lowlands and small lakes. boat of it lies in the Dore Lake hilly 

belt alon;; the north shore of Pore Lake. Abundant rock outcrops 

occur on the ridses. The belt is not a continuous ridLe, but is 

made up of a series of short ridges-like hills separat©d by tracts of 

fowl6xide. The highest hill, located just south of Little Gilman Lake, 

is capped by a fire r:u ;cr's observation tower. 

Gouin Peninsula is a narrow bard of land aopar«tinz Dore Luke 

frog Chibougam:su Lake. From the Obaleki-; odenzie township lire 

Northward for 1200 feet, the Peninsula is very Slat and covered by 

a dtc:p shoat of glacial ,ravel. Diamond drillin,; indic •ted over 150 

feet of drift. Furt!:er north, Gouin Peninsula bcco::.cs a ridge that 

rises steeply on the Chiboua:.au Lake sida with a tore Lr4dual slope on 

the Dore lake side. 

~.?r•Z~+t~~, ~  

The iaap-area drains northward into Ja:ues Bay, but by a very 

circuitous route. Lake Chibau ,,..ria is about 1230 fret above sea lovai. 



r 

It drain, through two Outlets into Dore Lake which in 12 feet lower. 

Dore Lake and Gilmari Lake flow co zt:.wcatward into Chlbouga u giver 

and tnrou;;h numerous lakes which are enlar;;ed portions of this river. 

Tho waters of Chibougu River discharge into James Day via 

% aswanipi and Nottaway Rivers. 

r 
r 
r(7) 

CL`.ï.I: i. 	C .Y 

Pleistocene ice-sheets great1y modified the surface. Clacial  

striae are numerous and trend from 210 degrees to 220 degrees(aziLuth). 

The Lest striae are found along wave-beaten lake shores and on 

riche toes. 

The southwestward movement of the ice-sheet, combined with 

the structure of the area markedly affected the rogional topography. 

The ice ehoet left a thick blanKet of boulder till, sand, and gravel 

over most of the area. A little east of Eachi.n Point, a drill hole 

(60 degrees) penetrated over 200 feet of drift before it re:_ched 

bedrock. In th:st vicinity, a number of drill holes h.4ve ,.;ore throwLh 

1-i hly altered and weathered enorthosite with a deep red color, full 

of vu„s and cavities, soe.owh; t similar to laterite3. This r-j;,y indicate 

an area from which the prealocial weathered bedrock w%s not re:..oved 

t7 two ice. This is rarely observed in glaciated countries and could 

mean U. t the ice-sheet removed little of the bedroek althcu h the 

possibility of a deep depression in the original pre-glaciation 

surfp.ce should be considered. 

};oat ridges have a steep rocky north f.;ce .end a ge:ltlo uoutji 

slope coot md with touldery gravel. No eskers wore found in the 

nip-i.rea. 

Gouin ïeainmulx probAbly represents a w.ir;;in.tl recessional 
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Loraine  between two ice lobes which covered Dore and Chibcumziu 

Lakes respectively. 

The pl;1n on which Chibouzaz.::u viLl ;e is loc:.tcd hk.s a 

feaLurelccs flat surface, except where it is eulltcd by David Creek 

and its tributaries. It is underlain by stratified tine-.to Lodiump-

srained s..nd that was deposited in a Pleistocene Lake. 

r 
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The area was explored by Richardson as early as 1870. in =84, 

the Biûneil—Low M:istaesini expedition passed through the re ;ion. 

In 1892 end 1905, A.P. Low returned and further explored the vicinity 

of Chibougamau Lake. AU these expeditions followed-the waterways 

•t;nd no general mapping was attempted. Because of pressure to build 

a railway into the area, the Quebec Government decided to huve an 

unbiased and authoritative report on the miner:1 resources and 

econo iic possibilities of the area. Accordingly, the Ch .beaks. au 

Co:. ission was appointed in 1910 and their report was rublis:.ed in 

1911. They concentrated their work on the 	cecvrrences and 

did little ;eclo4ical sa;:2'pin4. 

Ratty (1930) mapped k:aenr.ie township in 1927 for the •.ue ec 

Department t of Fares at a scale of one idle to the inet. In 1927, 

1930 and 1934, :%awdaley (1927) and ;sons-;n (1935) rapped at the same 

scale an aroa west of C::ibou azau Lake, includinz the area-covered by 

Fatty. Darin; the followiaz years, 2sorrwan extended the x.appin;, to 

tho kest. 

In 1950, following, construction of the hii:hw xy, Gr:sla.s.(19;il) 

~ 
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started mapping; Cbalskt township at a scale of 1000 feet to the inch. 

In 1951, J.R. Smith proceeded to map the southern portion of 1:che :Lie 

townships  and J1R. ; : ith and the writer completed this project at a 

=ale of 500 feet to the inch by the end of 1954. 

Flr;.f:D I..THCD`i  

The area was photographed from the air in 1953 at a scale 

of 1000 feet to the inch and enlare.nts provided at 5Cv Coot to the 

inch. however, the heavy forest cover (Fl[,. 3) limits the use of the 

Photographs. On the other hand, most of the map-area has been covered 

by geophysical surveys and the cut-lines provided excellent control 

on which to plot the geolo„r.y. The base lines were tied in to old 

surveyed lines and to the topography. Lost traverses were chained 

unless chainA;e was still readable on the original pickets. - In the 

portion of the map-area where cut-lines were not available, traverses 

were run on copes end chained. Travers'.s were spaced 250 e.nd 300 

feet apart, except where no linen 'were avail.ble. In the latter case, 

14:0-  or 500-foot s;.ncins was used dependinz on the topography, 

evJ.lability of rock outcrops, and horizon markers. 

To understand so: a of the difficulties encountered in the 

saprinJ,, a few words about the nature of the terrain era in order. 

Yost of the area is covered with gl%ciel drift. rock exposures 

without drift cover are plentiful but s w..11. Ysreovers  they Are 

eercr.11;J concealed by a- heavy blanket of moos. To cbaerve the • 

bedrock, one has to seek cliff* where the rocs is already exposed 

or else strip tea ;1.053 cover from driftlocs roc; y exposure*. The 
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Figure 3. Aerial photograph (scale 1000': 1?!) of part of the  
showing the dense forest cover which blankets the area. 
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latter method involves a great deal of manual work, especially in 

heavily timbered areas. The tot moss acts like an etching roacent 

and the texture and structures of the rock are beautifully. exhibited 

when the moss is rolled oft (Fig. 4)' 
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In many places, especially where hydrother=Ll alteration has 

been intense, the itched and weathered surface is the best clue to 

the identification of the original rock. The structure and textures 

of the rock, and tlo outlines of th.z.1 orilnal minerals, are well 

displayed on such urfaces, but on a fresh surface one only observes 

a fine mat of chlo ite, aericite, carbonate and other hydrotherr.al 

products.  which biur the original structures and textures. 

I ; 
? *. 	 tile t.036 has been 

'..4 • 	• ;, 	. 	rolled oft, '• 	• 
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RF:;IGsiAL Gr:CIZ..  

An understanding of the geology of this restricted area 

required some knowledge of the geology of the whole Chibougamau 
• 

district. 

Gille (1948) no anclature of the different sub-provinces 

of the Canadian shield is used (Fig. 5). The Clitouga au district 

lies in the easternmost portion of the Superior province. lihat is 

now called the Cuperior province includes the Ti iskaming uub rovince 

and other sub-provinces in the western part. M.L. Wilson introduced 

the concept of sub-provinces (1913) and applied the geosynclinal theory 

to rocks of the'Canadian Shields he interpreted the central belt of 

iaurenticn banded gneisses, extending from the north shore of Lake 

}iuz'on to Lake Niotass?.ni, as the core of a Precambrian mountain chain 

which stood as a geanticlinal belt between geosynclinos formed by 

the Abitibi group and the Grenville series. 

The division in.sub-provinces was done to teip in tho 

correlation of &;41 T' rocks found over such wide areas tht.t outcrop 

correlation was impossible. Local names were used for each 

sub.-province,, however, the outcrop situation and, the size of 

the sub-prokince made correlation en imposs.blc task in many 

instances. This led to a terminology which expressed lithologie 

similarity without a uivaience in tire. The teraa used-- 

Kecwr tin-type, Tirpiskamin4..tyJ a and Grenville type -- have a 

ti atratigrap:yi significance in the type localities but have 

been used broadly try most geologists as purely litholocicul ter::.s 

~ 
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, carryinz no time connotation. This is the usnre, followed: 2aera.,• elmd 

the terms weavatin*ty ie or TSnioas3:.,,Lng-type could tin put on-reeks 

round in 'arty Igoe' ce in•Can..da or-anyttbre oles , ia tho , voa•:.d ror  

  

that =attar wi.thoi t. sidnifying anything about equivalence in tile. 

The nature of the boundary itself between the Grenville and 

the Superior provinces haw not yet bean settled. A conclusion 

adopted by =any is th 't the boundary is e fnu1t •rare. The nazes 

"Burons- ist;,sains fault zone" (J.?. Nilson 1949) or 	. :.t aint 

thrust" (3.T. luilson 1949a) or "Grenville front" (Berry et al. 1950) 

hzve been used. 

foriazz (1936) believed that the provincial bouncLrr' was a 

oar ctur:►1 Sature resulting 'fro;a „zlountain buildln; ",'of the'GCrenville 

orthodneionrs and para osasses -ira Lite Precambrian ti::c. Folding of 

the Archaean rodeo of the Umiak: zips sub-province about east-trendir 

axas antedated and vas truncated by this bo::rd try. 

Gill and Wilson have expanded on Norman's theory: they divided 

the Canadian Shield into provinces ch.:recterired by distinct structural 

trends. They refer to tige Grenville sub-province as the Grenville 

h'ovince. The li;r:itn of the Timiskwaing sub-province Lire been 

expanded and it is a Province. 

Gill (194e, p.29; 1949, pp66-67) considers t'&: t the Grenville 

rrovirtce :orrice the site of a Late Precambrian rountatn telt xhict: 

has a trend tufoxed p:rther to the southeast' by the Paleozoic abur:tain 

wjstt:.s. His reasons include 

a) trt:nc.tion of the eastern-.trendin; structures 
of tria 3up<~riur province by ara ncrtst--trcr$in 
etructgres of this Grenville sub-; x.::it.ce. 
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b) re.dior,ctive dating of the Granvelle rocr.3. 

Ho auscritcs to ttor'an'e hypothesis that the rocks of the Grtn!.11e 

sub-prov'1nco hz.ve been raised relative to those of the urcrior 

• lSrovi.rce by thrusting. 

Rog :rdi.nC the Grenville front, Johnston said (194) 

"the two sub-provinces are in fc,ult cont:•.ct alc:t r: zone cf 
r.ortl:ecst-str L:ir.g, e=ot-dipp:.rk; S_:u+ts, w:th cispl..cc rcr:t 
of the Grenville, or southeast side, u,r.~... r.2. The a...otr^.t or 
d+.:srlace:~ r.t at there tlults ra::ks ti.c:»'uità t:~.c :...; or 

'tectonic fcatu.•eo of the e _ ri.h's crust". 
1 

Recently, Garland 41) 	communication from F.F. Gsborne) suae3ted i 
that the so-called':, Grenville front in ;uebec is the northwest ode of a 

sore of injection h:.ch corresponds to a gravity low. 

The Superiior Province is typS.cally•undorlxin b,y be-lts. of 

volcanic rocks .,rudod by bauic and. uïtraba.sic sills and by fr:snite 

acd d.ioriti, bs.tro the and .stooks. In the ChibouF,urmu dSetrict, 

Ii:r►..an (1936) tourt d that the Gallo masses occupy the anticlinal  

positions whereas he volcanic roene 4nd intrusive sills are in tightly 

folded synclines. 

The volcanic sequences covrise batsalta, eu+desites, ;hyalites 

!-Jyruclr.atics, all notaraorphosesd to the L;reenscbist facies. The 

area raap,.•ed by tho writer iir:ludee the basal portion of µ thick 

GuccEs;sion of flows that tor.1 the southern Iirab' of a syncline whose 

axis irs invaded by numerous bao•:c and ultrabasic oilla. The sills. 

have beer, :r.:appcd for a length or 67 miles. Soatio or them show 

.pronounced diffcro;,ti;;tion, and D. Dearry (1939) otateu s 

"the iz:truoive series sco...s to be u=cthi.r: - ot the. w . s typo 
as the sccll k;:ovii i;u3r:vuld CO-F:lcx of irur;sv::la1."  

One of the m;x,jcr aal.ie 	mer;tionnsyd above Is the Chibcu;;ci;:.aL• 
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'lake batholith. This ,.ass to surrounded by nnorthooite and-, btfros 

•thought to represent members of an original flay-lying .thick ciil arched 

u by the intro.ion of the Chibouza.au Lake bs,thoiith.' ' Tie . anorthosite 

and £ubbro wore intrueed in a t1atrlyin4 structure within the lave. 

North of the: area studied, a few patches of tic.t-1yirl 

scdientsry rocks (h'uronien?) overlie steeply dippin„ volcanic 

ultrabassic rocks. 	 • 

G'21U: L G':CLCOY  

The area mapped by the writer is indicated on ante 2. 

It can be divided into two parter an area to the north underlain by 

volcanic rocks, and an area to the south underlr in by plutonic rocks 

etlich comprise the various members of the Dore Lake Corplex. 

Ill the consolidated rocks of the area are of Precambrian, aga. 

The volcanic group, presumably the oldest croup of the area, has been 

assigned to the hocwatin by many workers but it 13 callcd here the 

Ycukatin-type series. The term Keewatin was originally applied by 

A.C. L,arso:s in 1.CE5 to s* series of roraleade ' schtss.s, diabas:eo, 

diorites, crlcrit,,i.c cchir.te, and volçania o1o.»oratQa in the LaSe of 

the Isoodss region. 'Lawson found this - aose..bl.:.Ee highly folded, 

set.urorpho: ed, a 

coined the term 

tironien, canons 

Vhendet:.ilad s3t 

was nstur ~l to u 

oa3emt+lr.ze, in e  

eut by bodies of granite; and ho, therefore, 

jeowrtin to differentiate three rocks from the 

ly leas met. morp: osed, and younger than the grailte. 

dies of northern (nt:-rio end .uebec ancre done, it 

e the term Keew.:tin when ref rrinz to t is Tre-liuronian 

ite or the fact th.t gare khich cannot be brig;:cd 



by corrcl&fion'exi&t between northern Ontario, LLko cf the.Ueods, 

end Lake :oparicr. Are to the lack of precise correl..ticn, the term 

Yeew;.tin bas been replaced by Keewatin-typo, which implies a -predominantly 

volcanic assn.ubl.,ze, llthologically similar to the original neewatin-

tq o section. 

These volcanic rocks crop out in the northern portion of taie 

map-area and are described in greater detail beloir. The o u*, am put 

at the map-area is underlain by rocks of the Dore lake CoLplexs 

ustaanorthosite, cetajabbro, a trnneition member between aetaarorthonite 

end metc.t;abbro, and other mirror facies including r..etapyroxenite, 

e notitc-rich Letapyrorenite, rraanetite-rich diorite, pcematific 

diorite, and firanop yre. 

All the rocks, excepta few sobers of the Dore lake Complex, 

have been metamorphosed'to the ereenschlst f.cics. Practically no 

oricir.:.l minerals remain intact except for the :ru:sr etito and ilicutte 

in so:r.c 14yere of the Dore Lake Complex. he ratr.mvrp::ic anse...b1uges 

vary depending on the on final composition, the train size, and the 

location with respect to nearby faults and ianecua irtr►.sivee. 

The area is tr..noected by three sets of fractures, a r:.i jor 

northeasterly-trending set, parallel to the Grenville front, and a 

southeasterly-trendinc bet which is very i.:.port<int econo:: Lc..11Y. 

The third set strikes slightly east of north and is 5t1?l very poorly 

known. Tho southR,Ar+t-otriki-:e set is made up of shear =once cf variable 

width•alos•.û which chAcoay rite, sphalerite, and•aiderite veins ::.re 

localized. Yining is in pro; regs alor. five of ;thaws otU .. r.at- 

trending mineralized cher zones. !' drotherral alteration and 

~ 
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inte:,se sl7uarinr; .ire ch4reetorie3tics of these fractures. Cart3ors:.tiza tion 

and deva3.o;cc:st of chloritc+id are the main types of hydre.thcr.L.l 

elter:ttr.on, but silicification, chleritixation, arid e:r.rlcltisv::tion 
1 

are also very common. 

STAT::' %'1 Qh' TWI F'F:GUui:S 

The detailed zapping of this aras focuses, attention on the 

fallowing problems: 

a) the on „inal nature and shApe of the Dore Lake group of 
rocks (especially the Dore Lake Con.pLex). 

b) the relations between the various members of the 
Dore lake Complex 

the regional structure, its ori;;in and history, 
and rcL.tion to ore Location and ore finding. 

d) the nature and ch.le:tcterictics of the ty+drother:ual 
alteration, with .especial attention to : tre ci:Ioritoiid 
problem. 

a co:.:p:.rision between léowatin  and Recent or Tertir,ry 
volcanism and volc:+nic rocks. 

t) the ret...mrphism and metamorphic procco ess as studied 
in this area. 

The area mapped' in d44l is too limited to provide a 

co:.plete solution to czll tr,eee problems. However, they ire 

discussed here because any comments and contributions ere apt 

to help others in unraveling this coc.plex picture. 

K?E ;4AT7t7.;Y; 7. S'C1.C:,':iC 1'.C:'3  

The northern part of the reap-area is undorlAin by volcanic 

rocks of the Keewatin-type. The extrusives, shortly :after their 

for:a;,tion, constituted a thick volcanic series compnra::le in rzost 

~ 

) 
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res;ecte to the 1trc e i;seer:t and Tertiary 1ava :rlate„tis. 4s seen on , 

i':.<.te 2, this volc.:nie bsaa;:bl►:t;es extended at livst 64 42r•s Wit'ic•ut 

any :;.njcr discontinuity, and it colad r.i:va hce3 :much more ex'.ter:rive 

because it. is 'term nttrd to the est bt the Gro:.viile - front. 'e:esi,ward, 

lack of detAled w;ppin: +. .:kes :t dl.Ffictlt te extend the volc;slic 

rocks fprt!cer th -n Openisca township, west of the Cpt:.isc_ b, t`.olith 

(pl.:ae 2) but ts:~rttier Work ray them an ex•..e:-sir,n westw-rd of ma.~ 

riles. 	, 

As previeu ly stated, this volcanic series h:s been t<acled 

into a syncline (i' ate 2). The areas rapped by J.+ . aith, R.B. Jrah:m 

md the writer are all on the south lir~b of this syncline. The thickness 

.r>f 'the:. vc+ic ratcie serries,togd-:t4r With the interletived:baaicti3.ls, .rangvs 

;('ron 19,GG0 feet to 22.,000 feet. In a 19,000 feet 'section _ caaurod 

from ;,ntoine:tte Lake to N1Ir goon Lake- 14,00X)-ferut .;r,e, vo.ic :.r.ic 

rocks and the reA,kinde3r is basic sills. A section a..uth of the' vest 

end of ï.rsrone Lake' chows th • t 16,CC0 feet out 22,000 are vi,lc=.::ic rocks, 

anti similar figures apply to a section drawn on the koi!e:ncie:-Roy township 

lino which to the eastern bound•xy of the mhp-,Kea. 

The top (north) of the section also sows shreds of pyrcclactic 

rocks that h::.vo been preserved in spite or the intrusion of nu.:e:rous 

gabbro, mroxcri.3.tu, prridotite:, And 'dunite sills and 1'+,u<:b. : oL:o 

of these pyroelaat.e rtar.v..,nta attain a thiov►erss of 1,30Q feet 

,and shoe:ld bo ad.4d. to tt.e tots:l thickness of the volcanic aeries. 

' Theetio, pyroclNsti'ce probably rafiresent the Wdflifa stages or the 

:'volcanic activity. 

The base of the volcanio aeries has not been observed. In 
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the field, exposures of the lower part of the series invariably  invariablyzed 

against a fault sono or are intruded by rocks of the Dore Lake Coeplex. 

limes-the original thickness of the volcanic sequence yr , have.::been 

gne►ator. 

Some faults are nearly parallel to the strike of the volcanic 

rocks, but much of the movement less strike—slip and thcro is little 

evidence indicating thickening or repetition o$ the vcic.x is getup. 

Such a larg e thickness of volcanic rocks is not unto own4 ut 

r..ther uncommon. In the Yellowknife district (Northwest Territories 
1 

of Canada), Benderson and Brown (1952) report 

"22,CCO feet of nearly vertical flows is exposed between 
L e;;us ;oint and the 2r .nodiorito to the nortnw of ". 

In the CZympic'Peninsula of Wauhinxton StAe, Park (1946)•r..r.r:tlons 

"ut lehst 3G,OCO feet of s rgi.'..litho, Cre;/ti+ack ca, vo cur,ic 
rocks and lirrestonee of - ea.rl,y—a.id:iie Eocene age". 

In the }oranda area (northern 4uebec), Wilson (1941) ceti-i.ted the 

  

total thickness of the volcanic rocks at 25,425 fact. In the 

  

  

taweertiaw Yentnsuln of Nicr.igan, Wright and Cornwall (1954) otite that 

"the total hickness Lf 17,c0O feet includes about 350 
separate t+oà:s r.r.d ap=roxim.::te1y 20 tan beds or seuic.Cr,tary 
roc:.s. e. .r :,y e12 the flows are less than 150 tcct tt;ic:: 
und about If of them are _less thl•n 20 feet thick". 

Yc tho:ln of r_ 15rAACt 

e.bon the nu  s Archean was proposed by J.A. Dana for the 

PrCcr,:mbri;:n i,nd was later redefined by the United rtntcn c',colo,;ic;.1 

Survey to include only early Prcc:a.brian form:tior.s, most l;eoloi;ista 

thought thA the Archean was composed of cryetulline scnists and 

gne+issrs-cf igneous orizfin "radically different in eT::-.racttr" from 

later rocks. The detailed rapFint; dcne in Chibr.ui;a_au surForts the 
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contention of nary coJeni Geologists th.,t Arahenn, .geology as _,aerie 

a llilar to post-Cambrian ;eologyr und•can easily bra unraveled provided 

enou;;h d:.ta are available to warranta thorou;;h. coop: riser% with 

youn;;cr better known rocks. 

Tho volcanic rocks were mapped in detail, cbLiut 60 thin sections 

were studied, density measurements dore on a group of respreuentative 

s Ci .ens, and fusion techni:;ues (:athe ws 1951) used in an effort 

to study the variations between the rocks at the base grad trc:,e 

at the top of the stries. In doing the fusion work, the author also 

intended to teat the reusability or this Let..od in workinz out the 

orian,al nature of Archean volcanic sequences. 

7k:;:onclbt... t~ 

Mappinj of this type of rock always involves proi)ler..o in 

nomenclature. The originsl reeks have been metamorphosed to the 

greenschiot facies, and original mineras (except rtaenetite and 

Fart of the ilizenite) are no lon;;er present. Various criteria can 

• be set up as bases of clvasi,tic ticn. For exaple, textures, 

oowiemition of the pixzlociase, color, and otter, schoz.ea h..va boon 

used. The majority of gvolozieta have called these rocha  

t:asrita, and rt:yolites, or basic, iuterWed. Lta, 	r,cid volc:nlc 

rocks. The first names are cisleudinz bec .use the rock h,s been 

  

r.etars orphcscd to the greenschist or t pi ibol.ite facies and should be 

called met.,bc3alt, ret..ariieadite, or Let.LrhJolite to indlc•Jte troth the 

ariLinal n ature bt the rock and the fact th;.t it hue been r• .. ore ►oacd.. 

The division into b►;sic, interrxediAe, and tad is even worse because 

the tor...s Pero p.+rtly chectc i1 and not geological. i areovcr, they 

do not convey the idea of corail :.rie.; the Archcaxi vvlc F.nics with r 
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'•Tbrtiary and Recent ec,uival.ents. Since the li-:tter are butt4r•.kno3m, 

the criteria which serve to differentiate rock varieties in ti:meta- 

rcrphosed terrains ehmld. be tested and r,cditicd < tor the inxg.osaT.of 

zappinj Archer.n rocks. 

Regardinz the area in which we are interested, previous 

torAcrs hava called the volcanic rocks by different naLes. The 

ChiLcaug au Commission (1911) in their repart St: tes 

The ? eewatin fcre .tien of the Ch bbou;a.. u rezion is- asile 
up principally of co so1i&ted lay..o, raiv;ing in the 
prevailing. species from rocks of very basic types to others 
of intervedi::.to composition" (p. 163). 

Ketty (1930, p.58) said* 

"Andesito constitutes sixty per cent of the teewatin. ... 
khyolite- amounts to twenty per cent-cf the t; r ,tia 
(translation by the writer from the krona',' edition) 

',Widely and "Orman (1935, p.12) reported- that 

"hicily altered flown of inter.:eBL,te composition, jtrob..bly 
andeoitQs, predo:ainate in the volcanic ssse-Ablsge. They 
are t;;pical gresnstones". 

Diotrit'ut ion  

The Eeewatin-typo volcanic rocks underlie the northern part 

of the map-area and extend northward for three miles. The south 

boun&Lry is the Lac Sauvare fault zone. A narrow kedge of volcanice 

oleo ap/Aars on the north shore of Gouln Peninsulas close to the 

Iby-Ect,enzie township line (Plate 1). This bend is only 2000 feet 

tilde and 3500 feet ..long, but. its extension to the best h.!ss not been 

accurately -determined, aslttiouzh it is known to be present across 

root of Porte Island (D. üomoroft, pers. cor.,c►un3,cat-cn).. 



Charteteristic features  

The .Yeewutin-type volc;:nic rocks vary troc metabasa1t et the 

base to altered.ryroclûstics at the top. Some rocks of unknown 

origin ara present to the north of the area x appod by tho writer; i  

they are thouuht to be zetaandeaites and possibly metarhyolites. A 

few thin sections were examined, but not enough for a . co-.;>lc te emaly a its. 

Ya,ssive trd_pilloved flows 

The volcanic rocks wore extruded on a flat surface as shown 

by the regularity of the flow contacta. flow junctions strike 

alikht„ly north of east in a unicorn regular manner. The dip varies 

between SO degrees . north and , 80 degrees south. since the Actual 

surf ee is a cross-section across the whole sequences  one can study 

the relation orthe'massive flows with recul r flow contacts-.' bcats 

of pi.11owed flows laid down under water. The belts of pilloued flows 

are elon .tea p•-rallel to the strike and are of limited width. This 

roans that shallow depressions formed on the surface of the flows 

in which eater accumulated. These were obliterated by the next 

incoming rush of Lava. Or it could be th.:►t udjr cent volcanoes poured 

out lava flows toward one another and bloacd rivers to crotte lame 

rater bodies. 

The vale:.nie rocks at the base of-the series were of original 

basaltic composition.HObing.upward in the etratigrephic ec ucncc,.the 

lava bec. e more a de itic, and the final outbursts :of volcScnic activity 

pro rise to rhyolite and pyroc14.stic rocks. 

root or the flows are rassie, and show only r1:.or alter..tion 

of the ori,:;in.J structures and textures. At the bate, about CO per cent 



r 23 w 

of the flows are massive; the remaining 20 per cent have well • 

developed pillow structure. forth of the Grandineeroad,pllowed 

'flows aro more abundant. The mineralogical alteration has, however, 

• been piofound in both kind°. 

The massive flows of metabasalt are monotonously uniform. 

They weather to a greyish green or dark green color. They generally 

give smooth ro ded glaciated surfaces. Only a few flows could be 

measured from p to bottom but the thickness of individual flows 

appear to vary om 15 to 110 feet. From the observed grain sise 

of some flows, seater ttiicknesoes are suspected, but lack of 

outcrops commonly prevent exact measurement of individual flows. 

The massive flows are very uniform in appearance and mineralogy. 

They are much coarser than the pillow(' flows, some range up to one 

quarter of an inch in average grain sise. Amygdaloidal layers are 

abundant and it is common in the field to go from a massive 

coarse-grained greenstons with typical inter granular texture 

through a song exhibiting increasing amounts of amygdules, and finally 

four or five feet of a slags flow top. Some of the Slow tops 

are fragmental. 

The massive portions of the flows resist erosion much better 

than the Slow tope and anygdaloidal portions. This explains the 

great abundance of rounded humps in the field, underlain by massive 

>metabasalt flows, and the rel ►tivellack of well exposed Slow tops 

and amygdaloidal layers. For t his reason, workers in Precambrian 

terrâneo, when doing mile-to-the-inch mapping, have great difficulty 

in determining whether isolated outcrops are the centers of flows 



cr are intrusive sills of _similar cozpoaition. The detailed :irk der.. 

to,  the writer e.ows a consistent pattern repeated ted in :»tao, ,places: 

the center of the .outcrop corres;rands to the ce:ter of :,the. Slew azd 

the flow tops and acy ,da1oida1 parts urdcrlie the interveninz draws. 

Mtripping of the rose alorz s.:►.lZ etcj -like cliffs uo:.a ly 

reveal either w-  ygda1oid.r.1-rich lava or the intricate ; atterns due 

to differential witatherirg of the sly flow tops. 

The a.-4Lduloidal horizons are ;;ener:.11y very pitted and 

pock-marked on the weathered surface because the most coi:r.on 

n ycdulo-ti'l  i i ns is calcite. Chlorite and quartz are also found in 
.40 

salygdules. 

Thine sections of : rocks that appear massive and ecarso-v.ainett 

coaronly reveal tiny seorgules: indicating the extrusive nature of 

the a ateria 1. 

Fillowed 11.avas are much finer grained thz.n their ezteeivea 

oo;unterparte. Thy are also paler in color, being rediu' to rale 

Green. The pillo . ran4e from a few incnes to fifteen feet in 

lc nath, ezd ;:voraa -e about two feet long. lath pillow hoe a very 

tine-zr.i.ined rim, Lit an inch to one inch thick, ali6ht1%y d.:: ker 

cs paler croon in color than the rest of the pillow. it is very 

covz.on to have a band two to six inchee wide of ar.y,;dules or 'v riolee 

(a yr;dules are core co os) al;einet this rim of Altos ed cri,in4l 

z,L;.a3. The aa. y doles become rarer -proce .dip:;; ,inirard toward t .e center 

of. the pillow, . t.d disappear coapletely in the larger once (-fig. 6). 

The raoat co=on pillows are the saattrezsn ' Lnd ba,lloon-t;,: pa 

(;:hrock, 1948, p. 364). Only the b:aloon-shal.ed c:1r11 Ara uaoita.l. in 



dotcr«.ininÿ the to;:e of the flows. The rii.lows ore r,wer connected 

=o to the other; they are separated r, ÿl sey rire And interstitial 

r.:.tcrial. Both II:atrix r+nd pillow ore heavily chworitized and 
4 

n.t:zcd. In two Flacoe, in or a little y,bove' the center of the 

x3.11orr, t. lerûe cavity fii's Qd with quartz was noticed. .^.icSlzr 

Statures wyro reported by Auer ( ;+:otcd in :troek l9::r3, p. 3=%1) 

and tier.dEreon ard Brown (1952). Because tt.ey &re rare in this area 

they have teen little used to thdic:_te top from bottom. 

The aiznificsnce of pillow lava° is hardly dcbr:ted anymore. 

allow structure is a feature of lrvas that have flowed into water. 

Iienderson (1953) has summarized the problem and arguments so well 

that it is not necessary to review it.here. Henderron.,(i9 3r p•27) 

concluded 
"pillows were deposited one oh top of--t :c other 
s;s globules of Lava with tough but flexible glassy  
skin and with-still plastic interior". 

As rcntioru.ed earlier, it is l nseiblo that lakes for:aed 

1n depressions on top of flows or by the da=ing of rivers. Another 

possibility is that they formed in calderas, as su;N;ooted by 

Richey (194e) 

"pillow—structure is a feature of l:av::s th , t h:.vm flowed 
into ata-Aln;; wt,ar, nnd tho ex:•z.ple3, fro-:, the interior 
or l:ull inaie.i.te the rcï:c...tcd occurrence of 11-tr3 fcr: ,ed 
d;arir,3 i►crioc:3 of quiescence .within a' vast crater. The 
floor of this wide crater, or cal-dcra, saas rer eutcdly. 
This is Lndicatt:d the zre::t thickness of the pillow—lc,va 
a8seî.blik6". 

In the Chibov;aai4u' district, . cbldoraa -could be dctex'.tin cd dr.ly if' 

the level of ~oros on woe ouch r~s to expose the ar:cler,t' volcanic n+ecks 

,o~ t3se~ ea3~dera tll3.e. Boch 4ea►tuuas -1ri.zve; not ïeen found -;:nd the 

true nature of th basin of deposition for the pillow luvc.s realains 
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an ,unr.olvrd.problcm. Yaxeveer, .:the linearity and width ,of tbs,4piLlov-. 

1:vc: bc+lts. tavowcrs. extrusion into , s,hallow..le.kea not =tariiecte3 with 

cal.dt.rAil. 4 

The lavas were erupted quietly and intear:.,ittently. They are 

very rarely interbedded with ash. She fcw flow cont.cts obzervod 

chcw no sign of weathering or soil accumulation between flo..u. 

This indicAe:s rapid out~urin,b or the lava seque:xQ. 

When comp red to th.: basalts of . ct3sr areas such a9 the 

Inner lkbride:s (called Plateau Lavas by Richey), tho Columbia 

Liver basalt (Waters) or the Cetoctin gree:r,stons (Ïccei 1955), 

it is remerkable that no columnar structures were observed in any 

of the..alowa. It is possible that pevr exposures and unfavorable 

orientation of the outcrop surface mood this apparent ll;ck of 

columns, but it would be surprising thht so many observations ,would 

not Wive  yielded any o,igns of columns anywhere. This situation is 

not unique however. For ex:.mp3.e, out o: 17i000 feet of lavas in the 

ilc:iigr,n area (t►ri4kit and Cornwall, 1954), only two flows ohcwed gccd 

Ucilw.n::r jointisg. The 'situation in Chibougcmau is in h::racsyos,rith 

the thinness of the flows. Only Slows over 50 feet thick couraonly 

develop Lo03 columns. 

Tho absence or presence of oclw.:n..r joint#.n6 is dependent 

upon the viscosity of the lava, the temperature, the rate of coolina, 

.the homozene:ity . of , tner lava(Jr+ms ,1920). i.ccasrding to .Jassa, 

,hae.ozeucity :of the lava : is : ,very iupx>r.e:a2t and .would : not be °att.ined in 

sh::llcw eurf:.ce►  flows ,much , d:sturecd by -movement. Forcov.~ r, 

in a thin flow, cooliuf; will be too mpid to pem3t devrlop:.cnt of 



~ colu.s~xr ;jointing. ::v:ao of the t-ows mapped in this .area.̀ :►IV,1•i11ck 

etwuuii (over lUA i'eee ) t, ,.,t cile would expsc.t columna 'to :.c ;.delal►ni ed. 

ûioy,t►lqo snow.zv.-it hosw,3en+eity. Jail ,the timid and in. thinocticsa. 

~ 	 . 

Fion, w tors 

Yore thrn 50 flow tops Were observed in the r,ot:ibas,lts. 

In over 25 esses, the exposures were good enough to indicate the 

direction of the ticw top. T•picaly, a .flog top is ,.r ation -.1 

into the awdaloid:el part of the flow, and is only a tow feet ̀thick. 

bee axbi ;uitiea exist in the literuturo ris to the ter: a for flow tops. 

Richey (1948, p. 40) describing flow tors similar-to those in the 

Qzibougacrsu district soya t 

"the middle tier is surmounted by a layer of s].aL. ̀Tho 
gas-cavities (vesicles) of the slaga aro fi3.l:i:ci :with'Mbleruis, 
forming ackndulnsts. 

Should we then call these flow topa "al, zty flow tore? Ur Should 

tao follow Macdonald (1949, p. ;59) and call them "pumiceous flow topa" ? 

3irco elrs" better expresses the nature of the 	the term uacd 

hure will be alaga flow tops and alaga fragmental flow top. 

? illustrates s weathered surface of acoriaceous flow top in contact with 

the ii i sive bottom of the next flow. Flows ue'e 8 is taken or. a piece 

at. drill core of scori ceous flow top. Fig. 9 and 10 are taken on 

a polished surface of a hand apocimen of flow top. Fig. 11 is taken on 

a thin section of a ocoriacec us flow top. 

The distinctive weathered surface is usually quite dark, rusty 

:~,~reon, and full of holes and pits of all stapes ;and dimor.aicns, accom- 

pacried here and there by ribs oT Whitish silica th:='t resists 



.uuat.hcrins ,batter -than .,the carbonate and :chlorite 'riLl:in„,t310 .amytetilateks 

'~zo..:iawx:,azt 

 

vesicles indioate that the maur:4a h44 a hiai'volati b 

coutet.t. • 31 '~y- t'ra,;iac:it,il, flow, tops .ep,xar. to ,have .., bcei. ~f e.+r::.cd 

wnan the lava was in «:ove.;.cnt. Frag:~ntss of the partly consolidated 

lava rind on top of the flows were broken as the flow 'advanced and 

Lare Cunt in the fast-lreezinz top. F:ost tra.,; ~cnta are ~wc;dai.oidsl 

an3 so..e attain elishtecn Inches in len;t:r. raw co=o.-.l,y stow a 

very line-~ raii:ed 

to hoir borders. 

Flow tops 

tops are indicate 

chilled border and sometimes clt;;ht  

which ware used in determining the stratigraphie 

on the map (Plate 10). 

T'orj,h~ritia flowd~ 

Flows wit2 

ware not observed 

localities, indic  

i phEr.ocrysts studded unifarmt,j►  through ,the .flaw 

in the metabasa.lts. however, at six different 

cted on the rap (Flate 1), layers fralt 9 inches to 

4 feet track are studded with plAgicclase phenocrysts sts (:'iz. 4, 12, 

cnd 13). Each of the. e outcrops showed the basal porL_ur:s of -,the 

phenocrystrboariuz flow and the top of the adj.5ccnt lower flow. 

The plceriocL+se F,heriocr^y ats vary trom 	of an inch to 2 inches. 

en the weathered surface, they stand out as white humps in a 

s.00th fine-{,rained croon matrix. Te layered nature of the rheno- 

crysts--bearing, bands and their . close proximity to -the base of 

tho flow indicates that- the .intr.tellurie pbenoerysts settled in 

tk̀ ~c still li;ruld .1r.Yr, After , extrusion. .In or.e ilot+t, , the , Fh.rr.ocrycts 

are euhedml and, rhor»b7ehpad. Fie. 14 is a photograph of a ti:in 

section of a porAyritic flow. 
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Outcrop at porpk;yritic auatwbasualt. 
Scale is 6 inches long* 
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The rstssbaesia.t flows are succeeded : to the Yxrrtty and-in 

rlas:ca appov.r ` to be intcrtitccrrod rel.tis, d 	r.ora feldsp;,t=:i.o 

ralar rock (Tati2.e 1) ce,llod here ssataandesito. :hie type of volcanic 

rock is Sound about 1000 feet south of tho Gran::ities road and 
~ 	 ! 

rurt.arurct. The long a14e sro..tj: of t.jis ro=ad is so heavily Loss—ur:d-. 

tr'ssà covered th. q. only few s=alt outcrops were available. They are 
~ 	. 

as:ch better in : ath's area to the north. The  rock tceas, ra greenish 

Mato to white id ratir:cad oontrast to the green and dark greoc: surlr.,c+eu 

of the astabasalta,. On fresh surfaces., tho rock is tine grained to 

cP:uwi,tid, in places P:rp4priti.: (outcrop along  tho Grandines road) 

and pale groanioh grey to t►l,,ite. Further north pale 4r+Qy-rxhi er'rybliti(̀  

1r41:68 it sppetwanc , and tinu.2y gives way to feldspathic Tyrociasti.ce. 

the surface of the folciepathio rooks la usually blocky,  

r;ng+,ti4r apeci.-aena 	bc picked up easily. This contrasts uith the 

r.atatiasalts vr.irh vo rounded polished outc : opa vcry i h. rd to s,:.:,.ple. 

The change~ in specific gravity fr<:z a maxis= of 3.02 for the 

uaet4busaits (average around 2.90) to a miniwusA of 2.64 for ue -.rc/cke 

further north (average around 2.75) is indic,.t:.ve of a pro;;ressive 

chùng` ' in or%iral and actual compusitiou. 	noted in Table 1, 

tx:i.a ai,.ame in d`nsity is reflected in the rr.cdal analyses of tho 

rock by a very uu.riedi decrease in tho azount of. sw;;,uatits, Icuccxcr.e, 

rNidot.o and iccLinolits, and agradcsal increi.se in the azxrunt of albtto. 

' J.A. • Swith uapi:ed the pyroclustias'to the north. The author 

saw the= only during a field trip under hio gu:ids.ncs. ' Ltit.h's doscrirticn 

(1454) of the wToclalitics mad* as follows:. 

r 
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pnneh;, of th.e elastic rock is closely simliarlitiappeerence  
and .composition to tho feldapet,hie lames, weathering to chalky 
buff to white colorn and corAicting predomir.eritly of clouded 

, sodic. pleaioclase.. Such feldspathic clastic rocl: is iA:::.,:4py .. ': 
gaccs ' tt,inly to thickly bedded, cad contains °rccoLn3.zables 
elastic fracmcnts of feldspathic and andesitic rocks. 
MWAve, homogeneous, evenly fine-grained feldspathic rock 
of dubious origin is included with ' the elastic rocks of 
the northern part of the area on the accor,rn.ryint,; mop; 
such rock may be in part of intrusive or oxtraseive3 origin. 
Where the elastic rocks are thinly bedded, the crain size 
commonly varies from coarse to PFhcnit:.e f ron bed to boa, 
and a? ti:ouch the composition is generally .feldspathic, some 
beds and sequence of beds are richer in chlorite end other 
rsfie constituents. Laminae of cherty appearance, varying 
in color from white to black, are comL.on, and a thick 
sequence of true charts occurs in the north-ce:ntral. part of 
the area (see map). The recognizable rocs Sra6.::e::zta in the 
clastic rocks are almost exclusi•roly similar to the feldspathic 
lavas, and especially in the southern part  of the area, 	. 
to meta:uuieSitic lave. For this reason, the clastin rocks 
are thowht .to be -largaly of: pyroOl:astic :.origin, 4aUhamgh 
the thinly bedded types wore probahly.deposited in water". 

Petrag4baphy 

pie volcanic rocks of the Nap-area are metamorphosed to 

the arsenschist taciea. Field geologists call these rocks green 

schiste or grccnstones. The latter term is preferred because of 

the propomderazice of Massive, unfoliated rocks encountered in the 

field. The scaeeivv portions of the flows still show, the original 

textursa and structures, and, for reacons mentioned tioned beloK, the 

author believes that very little has been added or lost during 

the a,e#aamorph.ise of these rocks. 

Along flow tops, or shear ar.oaes, the, rock is commonly 

schj.stose and could be called'a chlorite schist, or carbonate-. 

-chlorite (soret
, 

s chloritoiOg'is present) schist. The introduction 

of carbonate,al:s erite andfor -̀ siderite►, modifies the color of the 

rock. For a a~,le, this misled the author in the field naminz of 

1 
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The intrctluction of- submierc..co, .o.;,.r,:ins of 

carbon•rte t1.rt;Lhcut the reek gives It a :tam::: p:_lcr etnlor. The 
• 

ca.rL•o:,=•f~+-bo.',r.~~.^,E. sclu~̀.ic:~ were yen' tenuous ::t.:i~1 A~~t•d nut on 

evch aide of t;:c ctu:n..o3:t3y^!s ia a.»ssive rocks. The carbon-:te replaces 

the oriuiru.l conctituant of the rocks, trepaci3].iy pl-zioclr.ce, and 

f4r.;.s :+ soaZ of very ti:;M Crcins which are not reco ;ninz,b2e as such 

in Cm h..nd sslciXcn. They Eitre npa* rrcr.z.ish color to tls rock. 

:7.e chlorite and/or carbonate schiste are very fire-arsiretd 

and Cfnr.ot be pcsitivesi;y identified as'volean:Lc in orS.it:n unIc-rs 

they cont‘in r. ;y2uleti or have the typical intear;rar.u2.ar  texture of 

buatslta. Chlorite is thorout hlr redietrieuted in thee* rocks„ end 

rr3 nodal ana.';.yaoo > were : done , on tile : type of altered rod: 'C3.r►cy 

caraway variable* end does not represent the original conrosi.ticn. 

The point counter= method develorod, by Ch~yos'>(l9k9) . proved 

to be useful in nodal axi.zl.ysio of the coarse-trained r•etavolc;ric 

rocks. Then umber or points counted on each section and the results 

crE indic;.ted on Table 1. The reproducibility and aocur:kcy of sons 

cf these modal as~.a.i.,; seaq is not as goad as , the anal,nis of a;co=sve.. 

tor.:lr.cd fresh s,ranite. It has to be done at r.ediva and r:;>-;over 

c.•:d ono ana1S•ci,f 421 ta."Ke frac 4 to 6,I.our*y ca;x.ci.*1.3y x::cre both 

c:lor:.to and actirolite are l^recQnt. However, the fs,ot tI3.:.t 4 
analyses of rock with a4 r' il  r:t field relations and ap~aranoo 

,the follawinf, orsow.ts of. albite (41, .39.4, 39.3, 36 per cent) > seen 

to indicstc a fair .reprod►acibi►l.ity. Ttwe =aunt of albite is rrobably 

aluays. a little high because of the :areeenco of tiny sericite, colcita, 

calcrita, aid ma,-negtite inc.ùsions in ; the albite. : Ore chlorite, 

and epidote estirxatee are close to the +actual values. Actinolite 
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Specimen No. 
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4.6 8.1 ,, 5.2 
7.5 7.1 7.2 
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1.9 , -2.6 1.8 
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3.8 

53-292 53-293 54*-30 54-72 54-160 

~ 

52 	49.5 

	

9.9 	35.9 
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'is . difficult to count ;be+ceusg .ot the : por ~ ~~roblacrtic .tu►tureaC.ztio 
> rineral with long ragged ends praject:ad into the adjacont Tl Eoclas+s 

+ crjix1e. 

Plagioclase was dctviained on the 11-.Stase using a,riximuct 

extinction ant,les (Rittman taethad14„ (U10) and extinction r:z,led.,. 

to Oa) and (MD). The An content (:wle per cant ):rs prc.babl,7 

not sore accurate than 4 per 'cent. Precise inctex worm ticuld be 

rs;uired to Let better results+ but the presence of ubiquitous 

inclusions of soricite and chlorite in, the pla►ciocicse makes this 

Atiod next to impossible. 

Optical properties of acstinolite and epidote were also 
- 	; 

deterained ausin$ the . U-Stace and' 1iir.ahe3.l f s. curees (l927, 

,and. 449), 

The textures of the metatrolcxnic rocks : are re:::aricub],y 
, 	 . 

uniform. Intergranular and ciomcroporphyritio are the most common 

textures., Fbrplxyrit.ic flows (single crystals) without clotted r.hr:nocrysta 

ware oncoruitarad in a few places as indicated in the fieid description. 

picropo hyritio tsitures are rare. The term intercrariuLar implies 

that the, apace between pladiocLisse laths are occupied by ~,rr.;ins of 

m roxene and oliv and small crains of macnetite and ilmcnite. 

This cannot always e proven in those altered tlowo j , per.h.spa in 8or:0 

flows the inte rpti a between plr.eioclaea laths were filled with class. 

-"Zia wuulà ' cl.ve an tsrssertal 'texture, but, ; since this ° . probloct=c,:n 

saidopt be ratio' a the ;term.inter,,-̂ runuhirr is used th.rous,bcsut this work. 

<: A ram:4rkwb1~s textural fe:.ture is pictured in Fis. 15 whore 

a chilled son* arouhd an amycdu1e is preserved in spits of complete 

metamorphism. The arly~,rci::l.e is : idled with chlorite and the nurrcale 



~~,r..wame uork 

The massive aAstabaeal are made up of albite, chlorite, 

aatix.o3.i.te+, epiglottis opaque 	notits~, Limonite pyrite), leucerrsns, 

calcite and minor quarts.  

Alb/to (Arlo to An6) *count in long lath-shaped grains 

rund o:.2y a,istributed in the rock (Fig. 17). In a *umber of cases, 

the lar,F;er ;;rains or ad,crophenooxystss are grouped toLe3thar producing 

a typical gl.oraoroporXtwritie: texture (Fig. 15 and 16). The albite is 

tarixuzcrd fol.lowirk, the albite, Carlsbad, and nl..dyi.to•C,:rlsbr.d laws. 

In general, the twinning lamellae aro wide, on2y two or three are 

xresant in each grain. This follows the observations of mAy authors 

(Donnay 1940). Many grains which opium to be untwizt.-ed on the 

flat stage reveal, a composition plane when tipped on the U-tita;;e around 

the n-orth.south ax3.s. '' There oace 	 grains, but they are r~ro. 

Chlorite, cericitc, cart.onate, z~ gnetite, and small taFidot. 

grains are disseminated throughout the albite in submicroscopic eraino. 

A feature peculiar to the :eçuanE grains is the presence et x square core 

-- 39 
around it contains ore minerals and finft-i.raiaed ~z~,icolr~se,, ruch 

a:.allcs than the plagioclase laths in the rest of thw rock. Îdcntic:1 

textures ,(e:itilling aarounc! ascrzeiulas ) are con in urr.et .a.orphoseci 

IktrtiarY and Recent pillow bas:.lts. 

The grain site of these rocks, not Including, the F,orFsfkyritic 

unes, varies between 4Taxi x .7 an for the , aicrophe•nocr;sts of srot:i:eA 

54-207 to vc ry s.:all grt.ins in the order of .03 gs. in *cue flows 

mre th-42 90 per cent of the albite is in lean.3 latLs, 4 or 5 ,ti;lss 

as long as wide. In other flows (e.g. spec. 53-52 and 53-292);i most 

or, the albite grains are equatst euhsdral to subhcdrsl grains. 
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o! .chlorite. - This chlorite ., is ,yapparor.tly ths , al.teratiott <ot -Jarleinïel 

blase or'r~getitee ;grains which are eu,~.~.onl,y,  , noted o4:cuwitg a e:ac3lar 

s: poaition An the sgussst ; grains of , fresh Tertiary 'and -necetttt qbaaa].tse, 

In the large lath-shaped grains, tiny , inclusion* of chlorite define 

♦ vague soninio.hich is also coca= in fresh volcanic rocks tt-~.eere 

rh:fll mugrtetite erairks, or glue inclUseions, or both, follow the 

zoning bovand..riea of the plagioclase. i 	 • 

In. the light~•colorcd rocks to the north cf the sate" 

the albite is generally much finer-grained.' It still has the 
, 	 . 

1-rcdauane»t lath shape bût it appp:.rs to beat. a larger length to width 

ratio than in the coarse mstab=sssl.ts. The texture is still int .~raaaelar 

,- tut ` `tho gleceroporptyritic texture was not noted, and a plumosee 

arranger.snt of the albite laths is common (Fig. 3.8). 

Actinolf.t; `is commonly present in the metubassalte or the 

area, eapec(i.~.l3y' in the coarse-grainedd:rker flows cl ozre to the 

base of the volcanic series. It is pale green and weakly pleeoctroic 

(170r7 	 to chlorite, in ordinary light) with cA c tnically 

I6-17' . The following pleoch ratsra formula would apply with mince 

variations to all the sratabasalta studied: 

XI eolorleas to very pale yellow 

T: 	pale greenish esy llow 

Zs pale bluioh &teeR 

'Aetinol►ita , occurs '' either as sr•.•a►:l.l , inciividucc;l ,graisssr between 

. plug.tocl,;ale lathe or as larjro paikiloblrsetio grAns enclosing many 

grain:vof a3teite.,and opaque. ars,all individual p'Jroxene grains in 

optic:a continuity were ohsorved in the core of the ttctinolito.grairss 

in only two thin sections. LI.193: individua,l graine of actinalit® are 
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enrkedly: sacioul.r and have r+c$god ends with lonc fibrous rrpjoctiona 

lathe adjacent piaglocla4e grains. This indicates that the actinolite, 

contrary to the albite, doss not perfectly pseudcusrorph ,tha or »S~,inRù 

proxetne, but has crown outward into the pla;t,ioclaaeaw , usins up some 

of the calcium released by , the chance from labradorite .(7) to albite, 

The local praserv.aion of op.`sitic texture iidicatce, however, 

t`a.t in pla;.es the peerudxarp:ins at the Fyraxeeno b;y. 4ctinalite 13 

close to perfect and only the ends of ths grains, due to a greater 

force of crystallisa►Licm u3ong the ...axis, ahcw fibrous penetration 

into neighbouring grains. 

The actinolite, in practically every thin section, is 

bell intergrcwn with chlorite. ̀,Th. chlorite occ3ur3 in.rnammt, 

pc;rallol to the clearms ` d3.recti,onq of actinolite, in patches 

throughout, and especially in the 'ores of the actinolite -grains. 

tte rock (specimen 54-163) is essentially cor.rosod of nothins but 

actinolite, chlorite, and sainor ore pinerals(Fig. l9);. It was 

Impossible in the field to decide wtither this is an ori6in:nl mafltt 

eagregation in the bottom of a thick flow or in the botto~ of e,s:in. 

The large actinolite grains all have a rotte:n»lco ,~ core of chlorite. 

In this chlorite coro j tiw grans of actinolite are found in optic.31 

afntinuity with the a:rtiAoYite or the rim. It is often ! difficult 

to decide the age reihtionse of the chlorite and actinolite. In 

plz►cetvlthe actinolite 

ia nsvor Uo -ewident. 

sae,rze to crow,l,tct.° chlorite, but that relation 

In the aaase of 54-1E3, and r~rg ôtirwra, it 

my be that the first Stags of metaOrphisa has caused .a°d0vclopwent 

of actinolite around  res of pyrwera, as ext plified further north 
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Fig* 19 Large grains of octinolite (,.)' with cores of 
aniorite (C). tiitt;in the core) the 
graine of actitsolite are in optical continuity 
with tra surrounding cctinolite. (24 ex ) 
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kith* area swiped by Utith Where a pyromenite sill taont:,ins aains 

of Fyr©xc no surrounded by a narrow rim of , actirr©lite. i I.zter on, 

sli{;,ht ctLargos of t:badititns, and - access of plentifvl, •tL:ter, tro.1d 

vase the; alteration of V* remaining  chlorite :to, :trjroaaue.- ~11incOoMe 

actinolit• had al.rgadY foracci around the grains and along cleavage 

Cracks, it remains unaltered as separate little islands in the chlorite 

patches, always in optifal continuity with the surround:.ng actinolite. 
, 

D. pstroüe~t~etic significance of acLinolSta wi3l to discussed below. 

As one pro„resses northwaap+d, at:tiAolite gives place to chlorite 

in the :rretavo2Qanics, althofth it was found in sills intruding the 

wetavolcanice. The significance of this point will also be taken 

up later. 

' Chlorite is the most conspicuous m:nertil in these °<roc:ks, 

not by its. quantity as mUch as brit* green color which imparts to 

the whole rock a marked green colorations hence : the term "greenstone" 

applied to these rocks. 

ixcept' for some feldsapw.thic pyroclG$tics to the north, chlorite 

is ubiquitous in the grconstoncs. 

tost thin sections studied =Tab2a l} contain chlorite 

the following pleochroic;l torr.rzia s 

very pale yellow to colorless 

Y: pale green 

Zs pale Crete 

and ' interference ,'tints v.iryinâ from Fserlin blue to violet. '' T• ese 

chlorites aro negative and lant,jth slow. A tcw t:.ln sections contain 

chlorite With the following ' pleoctroisaas 

r 



r~ 

Xs pale aeon 

Xs Pals green 

pale palms 

end thei ~ ntsrf 	color is brown. This:lFpe , of' chlorite-lis-'positive. 

Nutton (1W44) rep r 
j
ta sisailsr results on .the.. study at chlorites fracs 

Western Otago, Now Zealand s 

*the birafr -once varies tram .006 to very lox values, when 
anozalcus ' t:e (negative chlorites) and brown (p;sitivs 
tihloritcs) interference tints are shown (p. 19)". 

Chlorite oc ure in small grains between the plsCioalasialaths. 

Bitches of chlorite with irregular outlines are coasscn in the coarse- 

grainod asts.basaa.ts and may pseuda~aorph original chiorctphaei.te patches 

'sticks are so , mass= in thems:eostasis of some basalt (Fig. 20). 

y 

ZS 

8:0e sections, chlorite has a fibroa habit and ,. ârudia.i arrangsmant 

ehich gives a swooping extinctl64 when the microscope stage is turned. 

Chlorite also occurs as amyzdule-fillinLs and in this case, it is 

tmt3ally coarse-frai.c.ed. As q.ent,ionruui in the negKscoFic description, 

and in the remarks on structure, chlorite also occurs as chlorite 

=ears. In thin sectians, these appear to be made up of a single 

largo anfan of green chlorite but under crossed aicols, the =ears 

appear to be made up of s single twisted large garain, or many large 

grain*, curved, twibted and interl4ccd, or of many very smal,lur.orientcd 

flukes. Chlorite und calcite are very mobile minerals in those rne:ue, 

and are usually found cutting acmes plagioclase laths, even in fresh 

mantes,rccrockswhich ,havw, suffer ~~k mantes, rocks 	deformation, and no apparent 

extraneous addition of material. This` differs from the hate veins of 

chlorite, cnloito, qu.:rtx, and epidotc trhich trsu1seat thi: whole rock 

and are certainly later than ' the very, minor viirsots of chiçrite which 
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Hezatised < apherulitic rliyolite (?). Lote the 
excellent prescrvr>tion cf thQ a; :craliteu and 
ot the texture in sr ito cf the intense 
altcr:ation and complote replacczu ot parts of 
the rock. (E#.$ x ,) 
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transact the individtal albite grains.  

Lpidoto is not : cour.on in these rocks, and is restricted •  

to the dark rr.et.:;baaalta at the base of the snr~~laa, and to 'the basic 

sills intruded in tiui volcanic rocks. Further ttorth, in the »'ltcr• 

colored sraat::volcani4 rocks, no eFidoto is found. 

Ipis:ote for.z.s small E,rar:ulas disseminated here a:.4 there in 
. 

V. rock. large out•.erdr:.,i crystaie are occr►si,ajr:,lly toad In 

chlorite-filled arjgdulcs. noticeable p].aoc;proism(Zt pais Sc.Llow; 

Zs colorless) was only noted in a.fow sections. From the optical 

data obtained on some of these epidotes Oginchm13. 1927, p. 449) this 

mineral is an âron,rich variety of pistscite. 

Ipidote and quarts voinlots are very common in the mors 

basic) flows. They fill tensionfs3.  fractures  and they vary from pure 

quartz to purs epidqto. 3o:~e of tlo.a attain 15 teat long and ].e 

inches wide. In general, they are scWl].cr than these ex,treas dimensions. 

~he epidote-rich ones could be called epidosites. Their origin za wiLl be 

taken up later. 

Table l show* the c,reat v:ari:.tion in the quantity of ores 

and lsucox.rno between the 4.,r&.-colored flow* (u;ctabasslts) containing 

up to <24 pet cent combined, ore* and Xeucoxano, and the lit;hc.•,colc►rcd ones 

4th 5 per cent. This ftast was noted in the field where ea.* dark flows 

attract a hand most and amuse a slight deviation of the compass neeJle. 

In general, what has been cozaput.ed as ` opaque in the wad es is ss:c,ne tite 
. 

and i.lmsnite. : A few euhadral graine of pyrite are in:luded with 

the opaque. The llzumni.te graine huve a rira` of J.eucoxerte. in sale soct:ionsy 

a care of opaque ilmenite rea.,►ine intact, and in ottrer, sections, 



the amesiitc is completely - gone-to leucoxone. :13Y, 3suooxer41.W-ia. -;401z,i. 'hflrs 

a grtsgth broen d:r~r' we with b3s,h rel3.ef. and witk! a tirarr:;utAs.c8 

ne;.rir equal to that. of apr.ena, alt•-.o411 it ..s. partly obscarred :by 

s.all alans of h+rmalito or goetûite or m►.:gwt:.te dispersed in this 

material. With lop pçwe r, the lcucoxene often appc.»ra oiaquo, but 

with high power and a strong source of : t~~:t, the lec:cw:e~zs is 
~ 

er:de::t,ly ca:do up largely or submicrQs¢opic f,r:.ing of ' s; ,bet.f+. 

same casses,• leuccser.e Eratins show a close relationship with grains 

of spidote, and sonie grains of epidote have a clear ria and a core 

cnulo up of ieucozer.e. 1euooxcrne is the result of the interaction 

of the titantum of jtha ilmenite with the calcium _ released bji the 

transformation of :,lpbrddQrits (#) into . albite. 

• 
Attitude of tthe : Ietawatira-tril volc-,.nic rocks 

The vol 	rocks strike east to slightly north of 

east, and dip between 80 and 90 degrees north. Very . few dips to 

the south were reco eat, and they are , all steep. The strike of 

the flows obtained row flow lines, flow contricta, long axes of 

~stllows, poryhyritiQ layers and variolitic layers is relatively 

regular and uniform. tetaEabbro sills and belts of pillowed 

volcanic rocks also help in determining the strike of the volcanic 

rocks. (mar 50 flow tdp determinations (shape of pillows, scoriacaoun 

nowt tops, position of porphyritic layers, attitude of the vikrious 

petrographic units in the differentiated c.etat;abbro ei,lle) evenly 

dtstrib
.
utsd over the map-aras and in the ,amp-area napped by J.N. Lmith 

to t::e west end north indicate ' a normal succession of 'volcanic rocks 

with tops facing north. 
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: _tro!•ched v iriples , 

Two horizons of v:►riolitic r•etabaisalt show amark,cd lineation. 

tle boat exposures are on the east edge of the high hill, 6200#ftet 

north of Xoki:o Creek Dati,~. Varioles about 1.5 cm in diameter when 

tmdeforr.id are eloni;ated; and become lenticular bodies 5 cm long at 

their maximum ty 1.6 en wide and 2.5 am thick (Fig. 22) 
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Fig. 22. Variolitia metabasalt stretched along a 
e ie;ar zone. The plate of cchi.etonity is 
vertical and the elongation of the varioles 
ciincide with the "a-direction" (natural scale). 
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The flows are nearly vertical and so are the variolitic horizons, 

7he long AXie of the stretched varioles is vertictl. The plbr.e 

of stretching is vc ica4 und is limited to .a layer about two`feet 

't+ick. Cn each bald a there is-a gradual decreses of the flattening 

until the varioles re s horicel. No drag folds were noted along 

thaw planes. Al the faults and shear torus which transect 
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this area, ,drag i'olds, mineral orir,ntation, gash veins, and other 

criteria indicate movement in a horizontal plane. .} In the 'a/mega 

the stretched varioles, the elong::tic►rs o! ether verioles, the mineral 

orientation of the matrix, the grMdual fading out of ' the ̀-stretching 

and the absence of any oliekonsides in a roril.ontal direction paint 

to an orientation due to slippage of the flows pant ore another. 

tien such u thick csass of flows is folded from s horiroraal to a 

vertical position, such slippage is expected to 'take place j and 

the direction of arove:..ent, defined to the "a' directiczt, 'mould 'be 

psLrallel to the adtual long axis of the varioles. This is why this 

lineation is referred to her. as an "ts-lineutioA". 

Cblorkts. smeaEs 

The taet►abasalts, in the: lower part of the volcanic gra~, 
olr.rsonl,q contain elongated spindle-she.prd; dark green: chlorito smears. 

A large number of those were smasured and thcy invariably plunge 

gnOaa 80 degrees north to 80 degrees south. 

The origin and exact significance of these chlorite surs 

is not clear. They ray have been pheaocrysts of a►ugite mctasswd 

to chlorite, or azorgdule-fil.  js of ca©ropizae,L#.+e. The low,  axis 

of the spindles is ver ~taco►l, t.to. iaterzediate axis is horiaonta in 
the north-south direction. This orientation indicates movement in 

a vertical direction which correpponda to the lor4; axis of the 

x-stretched varieties described at~ave. The stretched varioles aro, 2.#thitetl 

to s narrow band : but the chl.oritp smears occur over lsre,. areas. 
~. . 

They may be the result , of >petastrative deforlation which -took: place • 



r 
"Awn the flows were folded to their actual, p( sition. In the}folding 

of the 'flous the  direction of trarsarort Le ps~11+ct to VA itor: ,sates 

of =the sr v•rs and the lir,e ltion they rrcd t»cc should be cal]''d r~r, 

saw lfne
.
i.tion,"a"beirg dffir.ed as tr:e dirccLtcn of tr.:r.atxrt. ;: The 

ate relations of the chlorite aware to the r.et_= acrphis » are 

isvossiblo to determine. The chlorite sme .rs coc..3.3 ;-seti3a~orrh 

ca.,red, pyrozeree or they coUd Nate been chrr sQd ta chicr+te and 

folded afterwards. The ehsnce could also hare taken place at .an 

inter:.edir:te step, before the end of the folding. 

5nilit~s or no t,nb a o al,ta? 

ln the description of the volcanic rocks, the writer called 

them;a»t..brustats. Mother they are apiEites or retabasaite eh`aivTd 

be studied. 

British petrotoaists Qa1l rocks ai*yi2itea.:wiwLch m3,ner•::2otical],y. 

agrees with the restabasalts found in the Chibo>Lg:a~u district. The 

te.salaritg is accentuated by the presence of 4~oriolites end pillow 

lavas. 

All the raetawlcantc rocks of the area are spilitic if our 

criterion for classification is oh]y that the feldspar is albite. 

Dit the bulk composition is th.+t of a unrtau7. basalt. Epidote and/or ' 

c2inozoisite takes the ;place of the anor:hite molecule of the 

original calcia plA;,ioclaae. 

aundius (1931) in,:Meden.believed ;1z}• a3.bitization~'by 

regiçnnl raetaaonatisa. , Bailey and Gr;:btt.ua in 1%9 ;tl.ot;cht 

of the c+lbitissf.tion is a, 'process of self-ri,ü;rst:on r auto2ysirt. 



r 

r 

Nifty and Platt (1911)   believed they had evidence to , provst . thrst the 

albitisatiun took pli soon after the rocks had solidified. 

tiells(1923?, to . account for apilites. invoked the action 

of resurgent water the pressure of the water colva:,n above the 

on of sE►  water, joint action of magmatic 

* and self•d.tgaation of the lava causing retention 

of magmatic solutions. 

Al these 	pie beliewed in some ymrictuzerst in soda. . - But 

asuafluritissation ( 	conversion of habradgrrite or ba►toxnit. 
- 	 ~ 

into eibite and op ta or clinQsoisite) 'Lmpiies no enrichment in 

sada • 1T.p calcium berated during the change from labradorite 

taj, eabito ; s tar.en up by. the aotii,oli.tic hornblende :and epitlote=.or 

cl.inossoissLto. In slat* <areas where epidote is 'absent in the rock, 

-< numerous 4uar#.s aYni epidote veins are found which could well account 

tor the lack of epidote in the massive parts of some rocks. In 

still othar examples* the calcium released by albitiza.tion of labrasùsrite 

any be present in cea3oit.e• 

' 	f :1r.bzirrs (1934) plotted :.27 aneiaes of spi: JUN* and 

raet►e►busalta on an AnorLalte-Jl:.bit.e«t,`rthoal.aas tri.c:+gilar diagr:ar, 

fe found there is no brsnk in the continuity of the field in which 

pints lie, and nothing to disstin~~:,sh' apixita as an itolated species. 

Es concluded that 

"spiltte is ct;emicaly, transitional to low-uoda 
sstetab3sr.lt and the conception of a special 
o~*i~?3tic, al,pua is not justified". 

.In the case of the C.hS,Lcuiamau sr.mt4bassn3.tea a few thin 

emotions revealed pyroxcne i*eran;.nts within amphibole i,rains. 

r now, chemical act 

and meteoric water 



'!lzeoretical studies, and statistical observations throughout the 

world :point to the incompatibility of crystallising pyroxsc,e and 

albite sirculta:neouely. The common occurrence is pyroxine , iaugite 

or âfgeonite) and labradorite or bytcwnite. 

The author concludes th:~t the volcanic rocks in the 

- Chiboeepamau district are penal  !paeans xaich have been metamorphosed   

ta the greensehist facie*. 	 , 

Fusion techniq e  

Tho idea that the retreat/we: index of a glass is determined 

kr its chemical composition has lôns;, been known. Michael. :Ma* 

(1904) and Walter George (1924) atteseptrà to correlate refractive 

indices of natural glasses with the contant of their) major constitucrit,s, 

silica, but with only limited success because silica alone does not 

'determine the refractive i:adex of the glass. 

The method used here is an adaptation of that proposed by 

&thewa (1951). He demonstrated that within a single magmatic 

wince, artificial alusseel prodrsd, by fusion of the rock show 

a close correlation betwes:1 tk4.i' index of refraction and the bum 

chemical composition. The process of fusion should be such as to 

chic the composition only in volatile content and in the oxidation 

state of the iron. 	thews used e c:.rbon aro lamp to fuse his 

specimens. the aut r used the apparatus described below. 

A welding el strode holder 441 fixed to a carbon rod and 

connoted to a varia, 1e resistance. A carbon block is drilled and 

also connected to th variable res&stance. The latter is plugged 



r 

in a 110 volt D.C. outlat. A mall hole , is gouged out of the +: surface 

or the carbon block and a tow mtl t4Etsms of the rock powder is poured 

into the hole. The carbon electrode is brought in contact with the 

block a few millimit.eers awey from the specimen and arcing takes place. 

The electrode is moved to the specimen which is molten after a second 

or two of arcing. Thio produces a series of globules which float on 

the surface of either th. block or the unturned tortion of the rock 
• 

powder. They have a very limited surface of contact with either. 

From the experiments done, it she that the secret for obtaining 

a clear and homogeneous' glass ii to have the rock powdered very fine. 

Tb do this, the specimens wore ough1y broken in a steel mortar, 

Dung by hand in : an , mato mortar, and : then- ground ,for -two • hours tin 

a Fisher meohAnical mortar. Emanation of the broken glass bead 

under the microscope . revealed very little to no contamination of 

the main portion of the bead. 

Early in this investigation, Eugster (pers. communication) 

painted out to the author the great ease of volatilization of 

alkalies in the arcing of a specimen. Ahrens (1950) give* the 

following curves for the volatilisation of different elezta in 

/Unction of time during arcing 
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-.4 explained above, it the rock is very finely. ; paw3+arei, :*WI 

ear lees is necessary to produce * glass bead. From .Ahrens curves, 

;tt would .appmar. that .the volatilisation of alkalies would ,not be too 

serious here. tiereoveri studies of the system 11-16041a20•3i02 ~ 

J.F. 

 

Scheirer (pers. cosanun3.cation) indicate th:.t loss of alkalies 

3s considerable only it the ss:ixture is wry low in silica (Plate 3). 

In the case of 4st3basalt, silica woad vary between 45 an.3 55 per 

cent o!' the rock and the alkalies make a wry minor portion es", the 

reek. The loss of alkalies 'through volatilisation should the+re~tere 

tm neEltgi.bls. 

ttet.eabasalts contain a gract deal.ot chlorite aarad,/or, ac.tinolite 

(Table .,I) whioh, on Puston, is oxidised duff to the aloe Of Or). 

The .ferric iron, is reduced to terxeius irun and-even to 

m►tal.lie iron, it arcing ; in the carbon ara (reducing eatmcaphe<ra) 

r 
r 
r 
r 

takes place over a long, period. 

Tttsantioal studios of ternary and' quaternary systc:.#a often 

include a determination of the index of the glass of different 

eamr+ositl,on produced during the, bomb runs. A few of these are ; Drouped 

al Plate 3. These esxpoxisaunts 'chow an increase in the index of the 

glass with an inoreane of lC2Oe 412O3, '/Jai), CaO, k~;O, Fe203, But 

al]. these studies are for 3-component systems. In a rock, like the 
;  

reetubaeelts studied here,, where six or seven oai:es are presort, and 
the ahontss of index are linked 'with chartes in the anouht of 

SSOz, ,emount and state of oxidsttion of the iron_and different amounts 

cat the other oxides, one cannot ietablish the complete °chami.c:1 

ficaance of the index of the glass. ivon if one cannot exactly 



detcmina the chualio+a.conpoait#.an of a rock from detornination 

cf thti, f,l..sd in2s.r, this work, like the .work ot iiathews 1(3951) uni 

-Qaor40 49%J+) ui»r•s the pract.i,crzbility .of utudyins; ta vtri.ttions 

=rocs a strKtigraphia unit, within a limited area. Co.Tarinz fresh 

mks to r:eta3orp csed on©s is difficult without cimrrica.t nnaiysea, 

and tho author, xi hoat an extereaivo .et of goçd ct:e:aic~l analysca, , 

3s not ready to ^ that the Anion technique is ap;•licaible to the 

datt►arnunatiora ol ehcical eoeposit.ion, hut it iu a practical and 

easy way to compere agroup of rocks within k` district and within 

a stratigraphia series. Table 1 shove the results obtained during 

the present work. The ladle** wore ssaowrnd usine Na :Libht arad a 

I ::jw7. 0? k"r,w %A.:TIOy OF ARTIFIGIAL GL.t:,.;65 



I~~,,~`/,!iPL'ii"0 SILTS  

In the northern part of the map-areas three set.a;;ablrro 

'sills irr6tde the netatrolcanics. ,They crop out :. in rounded fbills 

tèac23 provide excellent exposures. Sills are mere abundant in 

the area to the north, nsprAtf by J.4. Smith. 

The sills arc concordant and help in outlining the structure 

a the are. Their resistant outcrops Farallel the trend at the 

,volcanic belts. The sills are diPterent:ated~and afford goad. , 
fbr top snd bottom determination. Deternin~:t:i~ohs of the strike 

and direction of trap ot the wlâanias as indicated by pillows, 

t3.ow topa, etc, 	everywhere confirmed by the sills. 

The sills studied are appcaxfeaatoly 400 teet thtck tand 
~  

become thicker to the north. For example, J.R. Smith napped a 

sill ZüOG feet  

In the ti d, the author divided each sill into three 

subdivisions on 	craloEi.esA grounds c a mfic-rich ,lsg+er at 

manor quantities of sausauritised pl..:,diofllâse. The rock is medium 

ta dark green and weathers brownish grey. ,,,The teldspathio attietagabbra 

is ruade up of shiny Dale green amphibole in et uxnt sins, sin s-and ~ 	Er 

oZive:ween saussuritis♦d plagioclase. ' Gradually, this type of rock 

passes into the quarts-rich portions, First, a few clear grains of 

quarta can be detected. Procc edin,g ' upward, ruore and more quarts is 

the boute, a norm 

quartreschlorite-r 

The three 

The vatic-rich p., rtion consists of squant grains of amphibole and 

feldspathic' metagabbro at,the oentaer, and a 

h portion at the top. 

divifiona are easy to identify in hand specimens. 



rtsible and saussuritised plkrioalase and pale :amphibole Siv. way 

to cl+var,iala+,z3rociuse and chlorite. Sps,rse,;:cryotals of pyritelMnuem 

, tllrvugtusut. Magnetite iia<crehscs in amc=unt in the quarta-rich t ortion j 

a hand sje.•oimen will attract a omail, hand soimnet. 

Reports concerning areas underlain by similar rocks nors.tll,y 

mention the difficulty at recognising thick flows troc sills. 2n 

the area under considerations it is easily ,p;asible to differentiate 

between sills and flogs in the field or by. thin "actions. 

Antral.olr,ir 

16 thin section from which 3 modal t►W,ya~ra (Table 2) 

were uade ,toms the basis for this discussion. : %ts specimens 

chosen for woôal ana]yuie come from a suite .:taben 4caross 

Immediately south of the Grandines road axopg a lips running 

walls' to the *reek which flow southward and veura eastward -a 

little south of the sill (Plate 1). .The sal is close to 0 

feet thick and, is. well exposed from a few feet above the bass to 

a point that is prObably only a few feet below the !chilled top 

contact. 

Plagioclase ; forms suhedral and euhadral .rcctanvlar tablets 

vp to 2maa in length with no =rr.od orientation. It occura either 

as individual*, or 4n po{killtic intergoowths uith actir.olit:e and 

in a few instances +ts.tlt  chlorite and magnetite. ' In the lower ps•rtion  ,      
of the sills/ the 	;ioulass lathe are dark brown to blocky/An 

examined with low mifiioation (fig. 23) and plain 	With a 

strong source of 	A, high ma;,r>i„ticatione and crossed niaole, the 

dark brown material has the properties of 4inosoiatite and epidote. 

Avery narrow rim Q  clear albite and individual small patch.. of albite 

r 
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DAT,. Atagsgs 07 MIN' s;LI.s 

Specirsu camber 544e5 	; 54487 

3 1ght above baga of sill ca 44 foot câ 150 feet 

Clinosoieitr 34.47 	} . 57.78 

Clear plogioolaso .11.3 . 	tr 	; 

Iatiuolits 25.9  6.1 

Chlorite 4.0 23. 

Opaqu• .4 tr ; 

Lwcozons 3.3. ' 2.4 

Quirts zone 8.2 

Ca].cit.o .6 3.4 

Pyroxone tr . now  

Yin* quarts & chlorite none .95 

lkubor of points 1520 1470 	; 

Ve,cific gravity 3.03 2.94 

r. 

54-189 

ca 300 feet 

none 

34.57 

MVO 

31.8 

11.2 

tr 

21.4 

.5 

aous 

1582 

1 

2.89 
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surround the *lino laite. In saw .rocks tracea of cleavage and 

twinnin4 ars still visi4le through the olinoscoiuitee alt. In the 

upper xst of the ills, the pli•;r,iociFse gradually a.tears until, 
• 

in the quartz-rich portions, the p zi.ocleae is fairly ~aloar, ,altho~i , 	. 	i 

it is still dusty { ith tin, inclweionc of chlorite, calcite, and 

ssricit.e. here 	, it is will twinned according to the albita 

and Carlsbad laws. 
. 

In the adjacent volcanic rocks, the ` e►lb~ite is clear (F3g.16) 

accept tor soas chlorite and magnetite which replace origina.t. tta,gnstitet 

and glass inclusions. IThe difference batmen the plagioclase at the 

base and top of t*p sills is due to a difference in original coapo• 

al.t,Lon<. This r1,14, be discussed below. 

Amphibole; appears from the balm of the . sills to the Wirtz,-

rich portions but is not present in the latter. ' The amphibole is a 

peie to ewlorlsss aartinwlite, practically non pleuoahroic. ' A 

few thin emotions show taint plaaohorism with 

$e faint bluish green 	 , 

is colorless 	 i 

Ts green 

This aeatinolite has an index Dis s 1.651 and an extinction angle 

of 17-19'. The largest ,grains vary from 1.70 4.5 mm. The 

average is around L.2 sal. Most grains are subrounded and equant 

with far blade-shaped ones. TwinninZ is cozmsA. 

Small pyrosener t.rains with identical arialtatl.on enclosed 

within large grains of actiAolite are evidence that the actinolite 

has ps.udo..orphed original prroxer►s. The pyroxe:ne is clear, colorless, 
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k~Y.~a~:... 
'typical feldspathic raetagrabbro. The dark 
bxck,;round is a aixturti of sat.sstt:rit3scd 
pla;,iocLoae ' and chlorite or, ac:;inalite. 
lar;+o c1ahr crains are Rctirralite (r) crains 
peevdororphing orizinA ryzoxenei ~,•s'aius.ilote 
tho ophiti.o texture preserved. (10.2 x )  
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1r~g. 24 :us`.rt4—rici, portion of the 4:_bbro 6i41s. Note 
the cla:;r t1:ir.r.Ed raw ,ioci4r.e(P) a.nd the 
ch:.vrito b.:c!,cro:.nd. +ilaa the abundant opa;tiw 
crains. C3A.2 ac ) 
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non -pleootucoic, but the grains are too =all to obtuiA complete optical 

properties. The actinoiites pse4icr.00rphs shay oxcclle;:t ophi:tic and 

pQià:ilitieT textures toir.,rd the plagioclase bl.:deas, encloeinz tt~,ea 

wholly or in part: (Fig. 4). +~ , plus the pyrwwre.shwpe .cf  the 

grains is corroborative etv%ùsaces ihrit they peseudos+ori,h ora,inal 

l,}rDaehe. 

Chlorite p~st.ct:ees are co=on vitt~ the acti~i#.e~ s,r:zisss. 
_ 

lo 

 

socs t#.io sec#.:.ons, calcite is Intimately assoei .Led with 

uctir,olite and is not found outside of the actir>olite. Tide calcite 

asy represent the excess of calaf.un released by transtorw,=tion of 

piroasno into actir.o3ltet. 

t3r,4.43 	actinGlite-with :pir4xers 

grains of chlorite in their interior. 

Chlorite. is . almost ,., u}aic;uitous in these ,. rocks. It . oecu.s 

In Use. drains ce a►ctino].ite and in the matrix of the lower and 

central ;Artion q: the sills. In the gnarLz-rich layers, chlorite 

Woes the place of act.irao3.l.tes,. The chlorite i~ of three different 

varieties. One has a brovn interference tint, is posit.ive,_ a h,, 

the following pleocaro Zc

, 

formulas 

Zs very pale yellow 

X 	paie green to medium green 

Is pale b.reen to medium green 

tnothar , tas bluish  r violet interference tirats, is 

hws the pleochroic eyre»ula s 

X sadtum green 

pale yellow 

medium i;reea 
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lbe third variety is pale grey tinder I sad ntcols and - is positive 

It. So p3.00cleamic with 

Z s. pale. pillow to Colorless* 

X= rry pale green to 04:2.or2+ass 

Ts very r3l.a preen to colorless 

Qar knowledge et chlorites is too limited at the presor:t to assess 

the petrologic significance of these different chlorites, especially 

as regard to metamorphism anti matRar.orpbic proccssscs. It is 

significant however th.°.t the third type is found in the lower and 

central parts of the sill. The brown pc>siti.ve type (pleochroic in 

darker . tints) occurs in the upper port of the sills, and the negative 

bliss type- occurs in the topmoot part *bars , the :si33. is richest ' in 

warts and stwgnetite. 

The lower two thirds 6t the sills contain minor amounts of 

magnetitesiLr,enite whases►a the $uartsoea parte him: considerable 

magnetite and minor amount* of ,, ileanitee (Table 2). The ores appear 

to have crystallised later than the pyrox►-ne and plagioclase. Due 

to the preferential alteration of ila»nita to fine brown tutorial 

(probably partially cr;,►rrt.ftllised Isphene, though commonly called 

l;oucoxene ), there is no need for polishôd section work on these rocks. 

The magnetite is either preserved or slightly chloritized. 

Kl.crographie: patches of quarts and plaeioclas• are coszon 

in the upper  part of the sills (Fig. 24). The first quarts grains 

to appear are clear, anhedral, often wridgs—eh..=ped grains without arty 

miarogtaphic texture, which fill the angular i.ntarieticers between 

pt~ gioclass laths. Proceeding upward in the si~kh the micro~rapt~io .  



ptchas become core and ..ore at.undar.t. Tis ploavo1dcs ie'cloudy 

could ruido2 bo FdsitSvely identified.' 

Clear grains of epidot.e 	+ipsoar in ,th.s chlorite 

patches. They are clear, colorless and do not show tna brun color 

of the clistiozoisitc which passudmmorphs t4s pIALlac144e. la one 

Instances Q,erour of ellidote grains surrounded aauSn of z.z.etltc, 

uld s::orad mcr:.rd pJ.eochroisa from yellov to color2esat. This 

Is due to acme dii'tusion of iron in the cp4Ckte. 
. 	~ 

The matrix or mesosta►airr of these rocks is variable and 

vente:ira ttiem►rtz, ca3.cite, chlorite, clear plagioclase, and opaque. 

1h volume, it does not caourrt to more'
, 
than a►  tca.* per cau4 of the rock. 

The petrography and field relations a~,g.r ost that the gabbro 

sills wire intruded in flat,-],ying .rolcaaiuc rooks. During cooling,; 

the sills were strongly ditforentiated. Later on (how much later 

cannot be , deterraiusd !rota the evidence at hand) the whole assemblage 

has been metamorphosed to the greensohist facies and tilted to the 

vertical. Whether tilting o::ourrad before, after, or during 

metamorphism cannot be decided, although the presence of chlorite 

moors in the wlcr.n.ios indicate that come movement took place after 

chlorite was formed in the wvtavo}.canics. 

The e3.1le beforemetamorphiaaa were sim,llr•* to gabbro sills 

the world over. The abalones of olivine and apatite is noteworthy. 

The Lpligioclass of the lower portion of the sill was more calcic than 

the original plagioclase of the valoaniee. It was coned, with a very 

narrow outer rim a.ors *odic:. Going upward in the aitl., the anorthite 

nLent of the plagioclase dbcreda►ed considerably. This expl.Aine 
, 	, 	~ 



Us ' presence of clear pla,,,iocl&ss and little epidots and clino=isite. 

This vaiation from a vvarT ,,ewSaia plagioclase at the base to mere 

albitic at the top characteristic  of differentiated gabbro and 

dolerite sill.a s f 	Anv to oligoe:lase in the Palisades sill 

(dallier 1940, p. 10 ) i from ias73 to An in the Tasmania dol.eritea a5 I 
(ïàerards 1942, p. j )= from Ana to ttn3p, in the Skaergar+rd (Wager 

mid Deer, 1939): 

The incremst in quarts and microae,rhie: pat+cl3e a of quarts 

asd plai;3+Qchaaee` (or Fotairh feldspar) is well shown in the 3 modal 

analyses (Table 2 ) rrtere the quarts content goes from fl through 

8.2 per cent to 21.4 per cent. This le also common in the intrusions 

referred to above. 

The increase in total ; opaqueese , and 'especially ` the increase 

of the a:agn+etiteriLmenite ratio ltrom bottom to top is also well 

shown in the modal analyses where lauceascene represents Qri,ginal 

flnenite, and opaque original srabnet3.te. This enrichment in iron 

toward the top is particularl,y well itlustrateui in the Sr:et4rgseb.rd 

In Tasmania, 1Gdwards also mentions that the maxia+n'1 development 

at' iron ores is in the povaatitiQ . segregations. 

A more cor..phete diacussion of the metamorphism will be 

Included in the discussion of the metamorphism of the rr,etzvviac.anio 

The bulk .compr.eition of the sills, or the composition of 

the original magaa; aay liftvee been vers ,close to the ~° composition 

of the v6lcamlc reeks wirich the :sills intrude. The sills appear 

e~aol,y► 

 

above a certain height in the racanic series and this r'a7' be 

explained by the excesai.ve lo4d over the lower part of the tro3.et,aio 



r 

rile. Hit:her up in the serl+es, the force of intrusion et the, .22416an 

night have been sutticient to Pry apart thé vcicsns.ca and my,i:e; room 

for th! ak;p,ia between tha flows. 

&,Yrr.zo Ĉ ':!'_;
' 

w 	~ 17  

• 

~trcrdec,tiaa  

The Dore Lake Complex is a layered intrusive made up of 

caly different roc types vuryind trocs ultrama&ic cambers to very 

s,LliQLo ones aid ctSulinL  a larie►  body of ünorthos:to. This thick 

estr::t:.foxra sheet s been arched, ..up by t,he intrusion . ot ' the, y+sunc;er 

Chibougaaau Lake : Lhohity. The Complex has been metamorphosed to 

the greetaaithist fa iva, and some of the metamorphic products are 

kinds thA h,:zve no been described in the geolowl.cal literature. 

The ns#ryr.or*~izism 	its effecttt vary accl.rrdi.7d to the ; lac .tion 

with rssiect to la r intrusi,rsa, orlyinel chotaicaloanosS,tioa, 

main st.asb, etc. he present mineral composition has also been 

influenced by the ype and intensity et hydrothermal *iteration 

al,on;; mineralised shear zones. 

The Superior Province is underlain by belts of volcanic 

rocks, ' bacia and uitrsbasic sil,s, and vanitic ceases.' Layered 

àmple3ces containing ancrtLasite anJ ultraautic rocks such as 

the Dore Lake Gozplex have not been reported from this Province 

except laths Chibougr.msu area and around b.asaranipi Lake (Pig.25). 
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Trey ms,~►  bo present in other areas but detailed mapping has been 

limited to minin ; districts and they have not teen identified as such , 
in a:àle-to-thc.inch mapping. Figure Z5 shows the distribution of 

layered co:nkd.exes in the eastern part of the Superior Province, , close 

to the Grenville contact. The Opaxicai : and Ball. River manse* htve 

not been mapped in detail. 

The spatial distribution of similar layered complexes (aa►  

Ares we know from retronnaaiss.uace surveys hy Sbeat (1939) and 

prseetara(1939) is such that it suggests a genetic and : probablestructural 

connection between them. 

From the existing literature, they are all characterized 

4, the large proportion of , atnorthosites ' the . identical. ,camposit.ioA 

of the plagioclase in the unaltered and ;upnntamwrphosed layers of 

anorthosite (rngo) and the effect* and products of regional 

artaaaorpta#aaaa. 

The presence of theee layered complexes with so zilch 

rthosit.e►  so close to the Grenville contact has brought up ttas 

question of possible correlation betatser, the large bat.tolitsis 

assess of inortlaosite, common in the Grenville province, and 

aaaorLhosite of the Dore Lake Complex. Dut recoa;t detailed mapping 

and petrographic studies by the writer, make it clear that the 

anor6hositeof the Dore Lake C~apleac is just a thick layer within 

the Complex. Field evidence does not leave any doubt as to the 

k$yering and folding of the mass. MLneralg;;icnlly, the plac;ioclaas 

of the Grenville araortho8ite mutes %aries frou An42 to Anta (F.F.:. 

Worraa, pers. commuua,Ecat.lonj. As seea on Plate b, , the An content 
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cf the plagioclase in layered eonp3.cxee varies between An70  and 

Mn90. Eoreovor, trie Dore Leke Complex and the other meeees shown 

on figure 25 are well within the Superior Province petrographically, 

structurally, and geographical3.+. 

The original mapping of the Chibouga ;:u district diaclosed 

a large area underlain by ancrthosite and associated rocks surrosn41r 

Dare Lace aad adjacent parts of _C,hibougrrau Ls . 

In'1911, the Chibougazzan:hiring Commissicn revert acids 

"In addition, a rock which seems peculiar to this area 
has been called anorthosite because clthou h it is of 
gebbroic types  there is usually a narked absence of 
ferrornagnesian minerals, which are present and sometime 
quite abundant in typical gsbbros. The prevalent phase 
of this rock hiielly  rcceble the hichly feldsp;..thic 
gabbro to which the term enorthesite was first applied, 
and which is charadtcriatic of the formation for;,crly 
classified ac Upper I.aurc.,tian. 

The Keewatin formation is made up of a series of 
• decomposed ard 'desforsed Laie magresian rocks which Dv 
in general be described as eroenstc s;es and green achists. 
They ere the oldest rocks of the district. They are 
penetrated by the batholithie mass o of the snort ocite 
elrcady rentionned...." 

Betty (1930) describe° the "oligociase anorthosite" but does not 

nuke any comments as to the presence of genetically related gabbros. 

Hawdsley and Norman (195) ea►id i 

p.27 "The northern saes of ane thoeite fors a belt 2 to 2i miles 
wide that extondo in a direction eli.;tly north of east 
alnost continuously across the centr:.l p::rt of the rasp-aro. 
from Lake David to i;epton bay. Ar orL:.osite is tsw predominant 
rock of Vie belt. Tito associated getbro occurs as a narrow 
rs.rginel phase along the northern ode of the anertxosite 
belt and occurs with serpentine be4h as r; iz L i:haces. and 
is small manses, within the anortcigite northeast of'Lake 
Chibougo au.'' 

p.29 " Gabbroic rocks composed either in part or entirely of 
dark forrosa=iron:;,n sainor:Jlo and thalr alteration products 
are closely aseoci ted with the anorthosite. ;noy are 
believed to be closely related to the nnerthosite in origin 
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and to ' be of approximately the sis age";. 

• p.29 "The accociatcd gabbro marâiri..l to the an rthosito pest of 
Dear Bay, in  placet how a tr.insition into an::rtacsito. Away 
from.: the rnti;rthocite, these rod:s for the ,cost cart ; rade 
into highly a torcd ones th ;t h::vo little rese:.iii;•nco to 
the anertho4ite and closely resetlo rocks described as 
gabbro, diorite, quarts diorite,, and their altcrcd equivalents." 

From these excerpt , Mautsley and » rman seem to hiitro the impression 

that the different rock types around the anorthosite nass are gem sticaI1y 

related. 

subdivided the rocks of Cbal.ski township in 

Lake groul3 and the Dore Lake group. Fran 

detailed napping dart since, it appears that these two groups are 

members of what the ilithor calls the Dore Lake Complex. 

This Complex is getting more and more important economcical]y 

since the major ore deposits and showings in the Chiboug-.wau diotrict 

are found in the az#orthosite member of this Complex. This is part 

of the reason why it has been studied in greater detail than.the 

surrounding rocks. Moreover, the presence of magnetite-rich bands 

and other members with greatly different magnetic properties makes 

it possible to work out the structure of the area. Airborne magnetometer 

surveys are thus very useful in outlining; the Complex and its various 

members. 

General gooloay 

The Dore Lake Complex, according to geologists who mapped 

the area on a larks scale, is intrusive into the Keewatin-type 

metavolcanic rocks. In the map-area studied in detail by the writer, 

In 1951, Or 

two groups* the Da 



r 
~ 

r 
r 
r 
r 
r 

Cle contact is the Lac Sauvage fault zone. No well ex,:osod coat cts 

ware obuery d between the netagcbbro and the £:ott.basait Lens on Gouin 

Teninsulat, between Dcre lake and Chtbouga:.au Lake. 5one shearing 

is indlc,xted in the outcrops. near the contact and the contact itoelf 

is likely a shear terse. 

There is consensus of opinion regbrdi'g tho youn7er aEo of 

the vr_ous embers of the Chibouga.au Lake batho},ith. The tinter 

observed many instances of blocks of r..etaarorthosite in the diorites 

granodiorite, quartz diorite, and firenite of tige battolith. Dykes 

of granitic material cut the Dore Lake Complex near its contact 

with the Chibougansu Lake batholjth. 

Originally the David hake anorthostte mesa and tare.{Dare'Lake 

mss were thought to be independent bodies but recent detailed mapping 

Shows that they are probably folded portions of the sis reabers within 

the Dore lake Complex. 

Ctructure of tho Complex 

There is auz 

horizontality of th 

a cal, laccolith o 

batholith has o:liti 

and lack of outcrop  

:le evidençe pointing to the oxi&ihal (aso p. 99) 

Co.:Tlex, The original rasa could h:,ve been 

lopolith but the intrusion of the granitic 

gated part of the core. Moreover, faulting 

►make it impossible to establish the exact 

or ginal shape of the body. 

The Dore Lake Complex has been arched by the Chibouusmau Lake 

Oamplex into an anticlinal structure. In the area mapped by Graham 

and the writer, northwest of Chitugau end Dore Lakes, tho dip 

of the primary foliation and layering is to the northwest. The other 

r 
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limb is very little known. Veal* and r'entetone (pereonr1 co=unicationa) 

hare observed foliation and layering with & southeast dip. Airbcrne 

sagnotoreter work (Dominion Cult Cpy, personal communication) also 
f 

indicates an anticlino with a wrappin;; of tho 	petite-rich l:ycrs 

around the nose of the anticline in :.:dCorkill township (Pl::te 2). 

As mentionned earlier, tho north boundary of the Complex is 

a fault zone of ra; or geologic and economist importance. It will be 

discussed in the chapter on Structural Ceologr. 

Field data  

The description end conclusions which follow are based upon 

detailed mapping of a portion of 1aKenzie township dons in 1952, 

1953, and 1954. To facilitate the study of the Complex, the 

author took the opportunity to log many critical drill holes in 

the surrounding townships during the summers of 1952, 1953, and 

1954. Airborne geophysical dates belonging to Dominion Cult 47 

were eloo very useful. The ccop©ration a:4 fruitful discussion 

with the jvcolocists and minim engineer° working for the various 

rifting companies was a great help in improving our understanding 

of the Dore lame Complex. •  

Fetrozra p}hp_ 

The Dore Lake Comple=x is made up of racer different rock 

A number of them are only local and have not been found in 

the southcaotern quarter of V.chenaie township, but form dot.nito 

horizons within thé Dore Lake Complex elsewharo and are included 

for sake of completeness. 

ti7Pws• 



The followin3 le a list of the major rock types encountered 

beginning; with the lower members and proceeding ee'neraliy upward in 

the Complexe 

anorttiosite (minor in quantity) 

aletâanorthosite: (major in 1:;ualtity) 

netagabbro 

transition between metaancrthoaite and aetavabbro2 
gabbro;o xetar.nortbasita 
anortr.ositic aetagabbro 

metapyroxenite (possibly sox* metaporidotite too) 

magnetite-rlc;i lostapyroxenits 

aetepyroxen to 

magnetite-rich diorite (peg? atitic in place's) 

granophyre  

The principal primary minerals were bytownite, labradorite, andesine 

and olieool.se, depending on the member involved, monoclinic pyroxene, 

magnetite, titaniferoue',maenetite, ilmenite, apatite, and Feasibly 

rhombic pyroieue und olivine. Uo direct evidence of the presence 

of the latter two was found. The mineralo actually present are 

ainor bytownite, andesine and oli.400laae in the diorites, large 

quantities of albite, clinoaoisite, aoisite, and epidate, actirolitic 

hornblende, very minor clinoiryroxene, tremolite, various types of 

.chlorite, leucomene, *phene, rutile, magnetite, titaniferous 

sagnetits, ilaenito, sericite, apitite, and carbonates. 

/northcsite 

Freak unmetamorptased ' anorthoaite, is prese:zt on the :north 

shore of Last Island, on a number of islancla in Chibousa:.u.0 Lake, 

east of Chiboug=au Lake, and at different places along 'the contact 



but not at the i 	ate contact, between the Chibougvrau Lake 

betholith and the re Lake Complex. In some places, the 

anorthoaite and :;s ac:orthosite occur side by aide,; bit the 

relation between the two could not be studied in detail. The 

islands are thickly forested and aniy a very na rr..w strip is 

exposed on the snores at low water level. Better outcrops and 

drilling are needed to study the spatial and genetic relations between 

unmotamorphosed and ratamorphosed erorthosites. 

The fresh enorthoaito is pale grey to white in hand specimen 

and weathers white. The interstitial minerals are less resistant 

ta erosion than the plae;ioclass and form pits which accentuate the 

texture of the rock on a w eathered surface. 

The rock is coarse- to vary coarse-grained. Fla;i eclase 

tablets with shiny cicavkle faces and clearly visible twinning 

pinres ntLin 5 cm log. A number of U-Sti e determinations give 

variations between Ln?5  and i.no. J.R. Smith (poreuw1 coc,. :.cation) 

performed for the wr :.ter a careful temperature-controlled 

determination of the index of tktu pl:a;;ioclase and found, using his 

cakes (Lath, th, 1953) a coayoeition of An79.5  (U3  : 1.5670). The 

tytownite crystals do not show any zoning. The texture is hyprutomorphio 

granular (Fig. 26). Eore than 85 per cent of the rock is Lytownite and 

the rest consists cf muscovite, chlorite, zoissite, cUnozoisite, and 

a few grains of leucoxinl.zod ilmcnitn. 

Veinlets et clear albite, chlorite, and zoisite are common. 

The vainlets of elear albite (Fig;. 27) are cir.il.►r to theca found in 

the zot.aanorthosita but are easy to detect because they 4'e in 
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Fig. '27 Thin section of Preat& tinortY,osite with a vcsiniat 
of ciu.a' albitd in p..r tiul cr•vet:.11o:r.srl:ic continuity 
but not. 1u optloa.t conLir,uity. 	ti.itil Fig. 33 
where th.., aib:.ta veiuict iu ct:ttir._; across 
sat;,anorthoaite, ik)t6t the later tleveio; :..ent of a 

erein of zoialto(b).'; (twx) 
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partial to total crystallograpUc contincity. with the crystals on 

each slide but are not in optical continuitytecute cf the IL.rLo 

difference in Chemical composition. 

Some of the veins contain chlorite instead of albites  anl 

zoisite appears along the walls of the veins. 	droue solutions 

travelling along fractures hive converted the bytowite to zoisite. 

Grain boundaries are ir.portent in the alteration ani metcmorphimm 

et this coarse-grained rock. Fig. 28 illustrztes how szuscorite 

is predominant:4 between the plaLioclase grains, in boas caues 

nmarly completely encircling the bytownite crystals. The introduction 

of muscovite seals to be linked with the intrusion of the granitic 

=abet.* of the Chibougamau Lake butholith. The plagioclawgrains 

of the anorthosite ahow very little sib of mortaring around the 

edges or very little protoclaatic texture as one so commonly observes 

in the Creeville-type anorthosites. 

14btaanorthosite. 

Netaanorthosite is the most common rock type in the Dare Lake 

area. In the field mapping, a rock was called matnanorthosite if 

it had more than W it() 85 per cent of altered plagioclase. This is 

0114htly different from Buddingtones (1539) claasification, but was 

xacoaeary for correlation with previous;geolozistalwork in this area 

cool() zarstal nomenclature. 

The predozinent minerals are albite, zoisite, plinozoisites  

and chldrite. Lauc xinized ilnenite, aphene, and rutile are very 

minor accessories. 

The rock is white with pale yollowleh Lreen and dark green 

and with local mini 
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interstitial areas (Fig. 30, 31,32 ). It weathers greyish white 

and butt and the texture is brought out on the weathered surface 

by the differential weathering of the interstitial chlorite and 

the large crystals of metamorphosed plagioclase (Fig. 29). 

No stratification was observed'in the anorthoeite but a 

crude layering crust be present to account for outcrops of very 

mares rnetaanorthosite next to outcrops of tine-grained meta. 
• 

anorthosite, or outcrops of anorthosite with a peculiar sandstone-

like texture where all the grains are rounded and newly spherical 

(Fig• 	)• 

In the David Lake area, along the shores of the lake and on 

the numerous islands. in the middle of the lake, lenses of trerolite-

chlorite rock (probably a metapyrouenite), in the metaanorthosite 

define the original layering and the attitude of the Complex. 

The ©etaanorthosile itself does not have any primary foliation, 

at least none observable in hand specimen, but the transition 

rock on the anorthoaite side shows a well dev lopped foliation . 

Which defines the attitude of the folded Complex. 

The plagioclase crystals, in spite of intense zoisitisation, 

often have sharp grain boundaries (Fig. 33 and 34). Cleavage faces 

and twinning plane traces are readily identified in hand specimens. 

A few thin sections showed elongation of the euhedral crystals, 

parallel to the a-axis. their aterage dimensions are about half en 

inch to jwo inches although larger crystals were observed. 

The composition of the plagioclase was determined with the 

Universal Stage. The licit of the plagioclase grains can be 
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rte. 28 Freeh ' wiorthouite Kith good devcloi^ment ot 
r:.uscovi.te (:.1) at the grain boundaries. This 
illustrFtos the efiect or grain bound3ri.oa 
on travoling solutions in a coarse-grained 
rock like anorthoaite. (F;o a ) 
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(or labraaioritc ) grains and the dArk green. 
interstitial patches &re chlorite .• 
aggregates. (.6 x ) 
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d,termined because of the few clew patches in optical continuity 

throujsout the section, but the presence of irregul r areas of dirty 

Crown to'grey tine-grained sciaite and/or clinozo.ieite-make optical 

work very difficult. (n the U-Stage, the method of maximum extinction 

angle perpendibular to (010) is the only ono applicable because o! 

the very limited size of the clear albite patches. en the curves 

used (Winchtll 1927, p.262) positive and necative *slues are possible 

and the use of the angle alone can lead to erroneous results. 

Z. angles obtained in nearly one hundred measurements vary between 

18 degrees and 15 degrees and average 16i degrees. This represents 

a plagioclase of composition Ant  6. Over 60 check indices measurements 

against balsam showed that the plagioclase has an index lower than 

balsam. This index comparison eliminates the higher An content 

as obtained tram extinction angle measurements proving the plagioclase 

is an albite close to the purs albite end member. 

Primary inclusions, such as apatite, zircon and sini1A.r 

accessories are Absent. 

The interstices between plagioclase grains are either 

angular, or rounded, or both depending on the euhcdralimn of the 

trjtownite in the original rock. The chlorite in these interstices, 

is pale yellowish green in hand specimen. In thin section, it is' 

very pale yellowish green to colorless with very weak pleachroism. 

Abe biregringence color is.  a pale olive grey green. The index 

is Ny  s - 1.6170. It is positive and would fall within the prochlorite 

family according to kinchelles table (1927, p.333). 



In acme cases, the chlorite—filled irteruticea hu.ve very 

sharp bouz4 rise against the eauo uritieed plagioclase (Fie. 35 and 

36). thether the chlorite is the metamorphic peeudo:,orph of a 
t 

igroxons or olivine can seldom be positively established because 

there are no relicts of either mineral within the ctlorite patches. 

In a few instances, the chlorite patches torn single cryst..Ia with 

unique orientation over large areas and enclose many plAeoclata 

grains. This is a relict ophitic texture which suu;ests the 

chlorite was derived from pyroxene (Rig. 35),  Within the c:.lorite 

wins, a number of very small grains not positively identified 

but resembling sphone are alined along what look like an original 

crystallographic 4ire:ction. The direction could be the prise. do 

Gisava,?e of pyroxo es or the exeolution lseell ae of one fiyrozene 

in arother ('z. 36). 

Zo$site end clinozoisite are the predominant minerals in the 

aetaanortroeite (Table 3). In some places, they make only 40 to 

CO per cent of the original pla„ ioclase and in other cases tray 

cov plotu]y pseudomorph the original bytownite. These metamorphic 

anemia occur in three different ways: as a mat of extremely 

lire l;rains with dark grey to desk bran color in a background of 

albite which is nearly obliterated (Fig. 33). They also occur 

as clear irregular crystflle dispersed in large grains of clear 

twinned albite. Finally, zoisite occurs as clear cry:tale without 

any &.bite. The rock, in the latter case, is eery fire grained, 

z aasive, quite dome (14s3.2) and resembles a marble. This: 

reoemblanco is ale° narked in thin section w .ere the zoisite grains 
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Fig. 33 Typical zetcaznor tr;ositis with oriziz,.al. rl~~.icalnse 
&rwlna ci,F}n,;osi to a c.4t of r,,l.hit•e with 14.uti.n.L6h 
clS.nosoisitc. 	1.i&!rt p:tcnes in the r.}otozrwrtt 
are chlorite intvrstitixl between t::eJ ` 1.1:.icieciabe 

i.c.te the excellent rreserimticr, cl the 
cric *,.' texture cux& Lr4s.in LoL:44r..ca. ( 5.7 x. ) 
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Fia. 36 Oame' am aLove, but icas:nificâ to show the 
al.i.mee:it of az 11 s,,i:ane (7) graim in the 
chlorite. Vils probady reE:sase;:ts an ora.ginscl 
eryot‘ilozrvp.tic dire:ction in the i:yroxene. 
t:atc tche sYurp bokatic:ar^J of the chlorite .:gainat 
the saussuritiitrd plaE;ioclaee. (D0 x ) 
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(Fig. 34). The rock is co- oscd then of ,terre 

leur soisite. Tho rest: is zruscoyite and chlorite. 

taanorthoseite is cowson in the David Luke-.area 

s • au Lake bstholith contact. All the broken 

engulfed in the diorite, quarts diorite, 

to of the Chibougamau 'aka butholitn have 

)r ve a mosaic toxtur 

than YO per cent of 

' This faci4a of the err 

and along the Cbibou; 

pieces of anorthusiti 

ranodiorite arid• gta►  
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been converted to thl.s tine-grained mosaic of soisite, Tiny weather 

to a smooth buffish white surface. 

The predominant accessory mineral in the anorthosite is 

limonite and titaniferouus magnetite. limonite is altered to 

leucoxene, a dark brown mixture which looks opaguo under ordinary 

ilum nation and low power, but is transparent and has properties 

closely akin to s'hene when examined with a very strong source of 

light. The Widmanststtei►  texture due to exsolution of ilmenite trou 

magnetite is everywhere visible in thin section, provided a strong 

eourie of light is used. On coolie;;, the Limonite lamellae tend to 

orient theme elves with their (Gti01) direction parallel to the (lll) 

uireotion of the magnetite. Under metamorphism, the ilt►enite combines 

with some of the calcium released by saussuritiiation of the 

FlegioClri►so and tor.: up:rne, or leucoxehe. The magnetite, through 

dittuwion of silica and alumina, ie converted to chlorite. In hand 

specimen, this is readily:seen bécanes of the dull green color of the 

chlorite and the bright orange or purple of the loucoxcno (Pig. 3e). 

In soese 'buees, instead of a trianguler network of orange blades (F .39), 

the leucoxene strips are parallel throuc,hout the whole ,;cuir.. (tig.4O). 
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Altered pl3gio. 

Vdoiaite 

b:uacovite 
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Quarts 
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1f~L M;AI.Y44,`i (,`F AKbiïTrf+:..I'iY, MFTAA`.c-FcTit<i:;ÏTr, AND

('.Z.;T%,V1tiF, 	F Litt: r.l.A WI; Û4;.;. J..hIÛ.  

Specimen rroMber 15-357 54-263 	54-19a 	54-19b 	53-600 

35.3 52.8 53 
57.2 • 27 

.1 

.2 2.8 

tr 2.1 31,7 5.8 

7 32 11.2 1.9 

tr .8 

tr 

MOM 

110011 

1.2 

38 

Number of 
pointa 	2274 	1933 	1912 	2802 	1656 

15-357t fresh anorttsoaite. Figure 26. 

54-2631 :aetaaiwrthosite. 	. 

34-29ar metaanorthos.tto(actual). 

54-19b t motaar+orthosito (ori,;inal). The chlorite reported here 
probabi;r roprccents pyrorgne. The :an..e 	dcr:c on 
the metaruyc:rtt:oa:.tQ assu:.-+in;, that the aaLaauritized 
tzli~~tocl~:ao patchea res; a-csent vri6in41. Srcatl 0.46io- 
clatto crainaa ar,d the chlorite patches original 
pyroxer.o. 

51-600s trestae.abbro 
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Fig. 37 lietaanorthositm couverted to aosaic of 
ciaur cryotaaline 	(12.4 x ) 

• 

Fig. 38 Enlarged photograph or a piece of drill core 
showi:lv ~.Z orip;in.a gr?i:: of i.o :,ijctite and 
CXiolved .LL;.ey.it•o completely altered, 
The iL:.enitQ lo c:rr.,.,od to .teucoxana (or.u).,o— 

1 	colored bie:ae) end ,.z;,2atité to c:tiarito 
(reaaincler of the t.;rmin). (2.4 x J 
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Fis. 39 ::etaanorthosite with eauaxuritiaod piasiocl:se 
grains and interstitial patch of chlorite. large 
grr:in of titsniierous ealrstitc t'+th excellently 
preserved V►idaanstrattor texture (blades of 
leucoxene in a matrix of chlorite). ?ote the 
sharp grain boundaries in spite of the complote 
retau:orph3sr4 cf the orWinal rock. (z) 
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Fig.  44. Blocky structure in enorthcsite. (Scale 
is 6 inches long). The outcrop ie wave.pollohed. 
Tho main part or the outcrop ie massive anorthosite 
with a block of vibbroic'rnJr‘hosite in the 
middle of it and without oharp contacts. 

Vid. 42. ieetaa...orti.oaite. 	ser.v.itritized pleiao—
;1.1iso with a Lew ishAirstitiai.  patches of 
ciJ.orito und opaquu minerala. (1U.2 
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Tais may have been an origin.►], grain of he:Atite with exsolv.d 

. hlades of i]sxenite . Tt.e hematite is converted to chlorite and 

the iLr,epi:te to le~eoxene. 

Transition  rock between zeteanorthoslte and ctaaabbr n 

There is a clomplote transition from m etaanorthosito to sseta— 

gr.bbro with no sharp contacts between the various members of the 

seçUsnce. 

transition rock. T s transition zone should properly be called 

anorthositic gabbro and gabbroio anorthosite, but the lack of sharp 

contacts and the transitional nature of this zone make it more 

simple to call the whole member "transition zone". 

The description given for the i etaanorthossite applies 

equally well and will not be repeated hero. The plagioclase 

is heavily sausouritised (Fig. )5) and the mafio minerals are gone 

aver to chlorite. The ilmenite is partially altered to &eucoxsne. 

Kithin this member, there is a repetition of thin lenses 

at metaanorthoeite with vory.limited lateral extent. There are 

also zones rich in mtsgnatite and/or titaniferous magnetite. A few 

lenses of ,a very coarse arnphiboleerieh rock are apparently the 

meta:orphosed equivalent of concentrations of coarse crystals of 

lyroxene. A general characteristic of the transition sone is the 

very coarse grain sise of the plagioclase grains. 

The metaanorthosite, by a, decrease in the amount of plagioclase 

end an increase in ie minerals, grades into what has been called 

:4 
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tbta.coronite 

Tris variety of metaarorthorite or gabbroic anorthoeito was 

found in the Grand Chibouuaau )fines drilling inCbalsri township, 
~ 

batweon Cache labo and Dore Lake, and along the west chore of Dors 

lake, close to the Cbalaki township centre line. 

The rock is made up of large crystals of sausauritised plagio-

clase and a matrix of chlorite and quarts. The rock is very 

coarse-grained and differs troa the transition rock only in having 

coronas around each plagioclase grain. 

Figura 43 shows a piece of drill core and Figure 44 is a thin 

r 
r 
r 
r 
r 

section photomicrograph of the same rock. The chlorite interstices 

are made up of a dark green chlorite rim around the white.plagioclaee 

,graina und the center of the interstices is much paler green and is 

made up of a fine-grained mixture of quarta and chlorite. 

in thin sections the corona is made up of coarse crystals 

of clear chlorite, 	ar to the chlorite normally found in the 

e taanort oaite. The tersticea are madd wet' an aggregate of 

the same chlorite and small quarts graina. 

the relict, of the original minerals were found. Coronitos 

te and gabbroio masses. The original may have 

consisted of bytownito jacketed by biotite or hornblor~te or some 

other amphibole, and t e interstices m~y have been made up of 
~ 

prroxeno. ï}iowever, there are some many eoubin:stions of minerals 

encountered in corpnitea that it is difficult to establish the 

original nature of the Chibougamau coronite. 

are common in anortbus 
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11g. 43 Cnbbroio mast;aanorthosite with corona structure. 
(scale in cm). White Eatches are heavily 
sauesuritized pirgioclaao grains. Interstices 
are composed of a fine mixture of pale chlorite 
and quartz separated from the plagoclase by a 
rim of dark green chlorite. 
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Fig. 44 Thin aection of apeci.:,en rcprecer,te:à :.. FI,;. 43. 
Inc d,=rk pAc"ea are tr,o saueaaritized pi~,,ioclaso 
zrAr.y. Tile center cf ttJe interstices la a fine 
mixture of quarts utu3 chlorite. The two are 
sop-rated by a uhel1 of coarse-gra.i:.exl clear chlorite. 
(5.5 x ) 
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Hv nctitc rich 1arere 

ii gretite, tit hniferous m:i6netitc, and ;Aconite are coZ:on 

acceseorles in every :ember of the Dore Lake Complex. Concentrations 

of these minerals in certain layers has led sops mining companies 

to explore the possibilities of iron ore mining in the area. Too 

zilch titanium sakes treatment of this iron ore impractical for the 

moment. Drilling by Crand Chibougamazi Mines 1i.d and other companies 

:as given the writer an opportunity to study the field relations 

of those layera, but not enough thin sections and polished sections 

tare made for a complete study. 

The magnetite-rich layers are absent in the southeast 

quarter of HeLenzie. They form a distinctive horizon in tbaloki 

township, west of Dore Lake. They also occur on the north and 

eauti.eaat side of C ibougamau Lake. Nero, airborne mabmetomenter 

surveys revealed high magnetic anomalies. 

Tho ua notite.-rich layers are essentially a magnetite-bearte 

aetapyroxenite. The rock 1.1 composed of amphibole, magnetite 

(meetly titraniteroua) and ilre4to. Some bands contain serpentine. 

Da detailed work was done ..on these but trey may have been peridotite 

or dunite originally. TLe amphibole is very fine-grained in t:balski 

township, but coarse in the c9otapyroxenite on Gouin ronineula 

in the southe:‘st quarter of the map-area (Plate 1). tech type of 

aagnetite-rich rock halve United lateral extent and does not extend 

all around the mass as a Jangle layer, but the difto. ent magnetite 

lenses appear to be rou4h4 at about tho sans horizon in the Cccplex. 
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Number of points 

The grand Chiboujacau type (Pig. 45 and 46) is a dark green 

to block rock with a peculiar granulitic texture rounded silicate 

rains arp uniformly distributed in a m ignetitc-ilracnitc matrix. 

The eilicutes crystallized first. Table 4 below contains two modal 

analyses of this rock. The original silicate may hava been pyromene 

or olivine. No relicts of pyrcaxene were found. Some original grains 

rasetbling pyromane in shape were met orpbpsed to.  a single grain 

cf pale aetinolitic hornblende, and others to an array of e.all 

unoriented blades of colorlesstren.olitic amphibole. Some have a 

core speckled with m.,rnetite dust probably released during the 

transformation of an iron-rich pynomene to an iron-poor amphibole. 

Some of the cingle:grains have a colored coreand pale to 

colorless rims, even if the grain is in contact with magnetite. 

Sore of the large single grains also have e csolved magrstite. 

single graine are patchy with colorless patches and irregular pale 

to medium green areas. No differences in optical properties were 

TABLE 4 

Modal analyses Csf mrEmetitn-rich wetapyroxenite  

r 
r 

f..2pccimen No.  

Magnetite und ilmenite of the matrix 

Released magnetite 

Amphibole  

53-110 	13-225 

33.8 
	

40.2 

3.4.2 
	

18.2 

52 
	

43..1 

1963
.  

A+ 
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Magnetite-rich r,etagyroxenite. ' Acts the . roundness 
of the ~:zatio silicate graines in the matrix of 
ta~~Gnetite. :~ozIe Grains have a ccir~►`'duesty' with 

released magnetite. Vie amphibole is nearly 
colorless and is probably a treaiclitie amphibole. 
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the nlheraloa is 

oltitaniferou 
hypersthene 

aa 56 

noted between the colorless and the colored patches. Dingle grains 

have an extincticn angle Z A o or 17-19 doar000 (Nui 1.653) and 

27 around 79 degrees. The pleochroism Liz 

X: pale yellow to colorless 

Ts colorless to pale ovenish yellow 

Zs patchy green to colorless 

The small acicular &reins of colorless tremolito are too small 

for accurate optical work. 

The matrix, examined in polished settlens, is made up of 
• 

largo grains of magnetite with essolved blades of ilmenits 

end individual grains of limonite. 

The magnetite-rich layers are interb4nded with well 

foliated feldspathic metagabbro (Fig. 47). Tie latter becomes 

more and more atundant higher in the Complex until the mat:petite- 

rich noLpyroxenite gives place entirely to metegabbro. Fig. 49 

illustrates diagramatically the variations of the iron and titanium 

content across a section of this layer obtained in diamond drill • 

hole V°. 11 of Grand Chibougamau'Nines Limited. 

Nagnetitu-ridh layers are frequeht in the layered complexes 

found throughout the world, but the 1Wrature appears to contain 

no examples of metamorphosed magnetite proienite. • 

*mons reports on unaetamorphosed ocourreaces, Cu Toit describes 

alAillar iron ore lafero in a gabbro-pyroacalte mass in the Natal. 

The field relations catch the Chiboughatu oocurroncee very mill but 

Ifferent. He roi:orts 	Toils  1919) 

mlznetite, basic labrsdorlte, diallage, 
homhiendos  oliv1n0. 
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Figure 49. section throuah g drill hole (fiole 11 of Grand 
Chi.bouza:-su I:inou) stwwir2, the rc2:►Liono 
between metnanorthosite, retaLataros ancl; 
mai!.notita-rich r.Ietapyroxanito. Also shows the 
varic:tions in the w::IounL of iron and titanium 
through the mar}zgtito••rich layer. 



r 
r 
r, 
r 
r' 
r 
r 
r 

Ms= and Eirlow (1910) described the Glamorz;an gabbro and the Pusey 

iron orebody which is made up of Tyroxene and iron ore. The pyroxene 

hua a purplish color, is faintly pleochroic, and hold b,.nches of 

minute bltek e iculee toward the center. The pyroxene is enclosed 

kir iron ore and is nop,3rntfd from the latter by a riri of brown hornblende. 

8uddin€tan (1939, p. 9 and 81) mentions magnetite-ilutnite 

roxenite layers within shcfkiritic syenite bonds. The ore forms 

33 to 40 per cent of the rock and ew tte of a dark jreen variety 

constitutes about half the rock. H persthsr►o is a minor accessory. 

Palmunsen (1125) describes an ilmenite-magnetite olivinite 

composed d of 60 per cent olivine, 36 per cent i1 enite and magnetite, 

spinal end brown horr►biende. 

Johannsen (1931) eentione severel rock types roughly similar 

in composition to ourmagnetite-rich metrpyroxenite e 

anabohitsite s an olivine and hornblende-bearine, pyraxenite 
with 30 per coat ilr enite and ncânetito. 

avesacites an iluwnite-rich pyroxene-bearing hornblsndite. 

cuaborlandites a rock made up of labradorite, hyaloeidcrite, 
magnetite, and it nenite. 

limonite dunite s romded er :inn of olivine, _green epinel, 
brown hornblende in a matrix of iron ore. 

jacupirangite t eighty per cent augite and twenty per cent 
magnetite and il .enite 

Ultrabasic sills to the north contain hoovily aerpentinized dur tea 

«nd yyrrrxxenites in which the pyroxene grains are surrounded by a rim 

of actinolito. iiituin the Dore Lake Complex, ooze se:rpentine wus 

reported by Y►awdeley end Norman (1935) to the northeast of Chibougarau 

lake. On Couic Fonineule., sumo amphibole-rich .etapyroxerite contain 
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brains of serpentine and ml.gncttte which are likely derived 

frcu olivine. This indirect evidence su reets an on irai rytexene 

03 the ar:ceeetor of the arrrhibols in the fine-grained magnetite-rich 

let p roxcnite ifluetrrted in Fig. 45 and 46. The two types cf amphibole 

could be pseudonorphe of two different pyrcxenes. The fact that acme 

cf the l rrer single Freins cf amphibole have a rim which is colorless 

and sup,osed:y poorer 

in iron in the  ria of 

of the iron in the 

the ilmenite lathe with 

that diffusion ie rule 

pwsence of grains .wi 

(rig. 46) also suKr•ge$ts 

iron cc•;ld be due to eus orijinal deficiency 

toned py roxene or possibly dine to diffusion 

tits matrix. Tho textural arranger-ants of 

the magnetite grains is such, however, 

out for this minor41. Horeover, the 

abundant released magnetite in the cores 

an original zoning of the pyre acne. 

r 
r 
r 

YetxeFabbr» 
... w'~ w w 

The reetagabbro of the pore Lake Complex was a coarse to. 

te iium..j raieed gabbro now ,s etaroorphc'sed to a rock composed of 

esuscuritised pl gioclaee, actino3itie hornblende containing minor 

prroxerse, magnetite and titaniterous m. rnetite, chlorite, apapite, 

and other minor accessories. 

The rock weathers pale greyish white. On a fresh surface, 

moite placioclr.oe and dark ;•reen hornblende .appear to be in equal 

p'oportion. Primary toii:tion is ,couu:or•ly well developed and permits 

accurate s: .e .suro:nent of the r:ttitudo of the Complex. 

The texture is !>ypüuteur,orphic g>"4nulwr or ;rahitoid. 

Fig. 30 st.owe p.ictureea ti.kon of a thin es,c:tion which cut across a 

band of babLwo and a band of rnazMctiito-rich iaetapyroxenits. fig. 47 
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1~ïg. k!V hand specimens (drill gore) of banded rwetagabbro 
• and uiatap„7 i'WCRs'1i.til. The boundaries between the 

bands are ahürp but there 5.9 a:gr•cxi intorlocking 
of crains Across the botmdariea(seoTic. •50). 
(!4•sral nice) 
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Larde actinoiLtic hornblende f;raJ.n with re•lict. 
pr.tct:ea of pyroxene (P). The ryr•oxor•e pr.t.chi s 
have a cooaon optical orientation. ( Co x) 
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Fig. 50 YivotoüraPh taken arrose the contact cf a c+ctanatro 
and :.,-otapyrü ~cr.ite <<::z:Lneti.tt-rich j layer. Note 
the elo:i<<lted sh4e,-of the ccussuriti.Ÿcd p1.~üio• 
clase (r) ~,r:~.iz:s ~tict: ir_.~:rt a distinct foui .tico ~- 
to the rock. ilote also thea sm11 pyretwcno t;rr.ir.e 
(p) ic'ft in the rorai.le:r.de iJr the rare r.aSic crd~ 
and the zrescrv .tion of the kicL_:a:stattcn tr•xturo 
of the ore mir.era.is. ( rx) 
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oleo show hand sj:eeia:ar,a Will core) of . the typical t:ot.f;...bbro. 

In the field, the ar.orthzeit:e grad into an...rt.Gouit+c e,..bbro 

wid Er,bbruic anurti.4sito (ca.:.:.6d transition rock). The latter gives 

place over u very snort distance to either line-grained r'•a;;i:otite-rich 

fwt:pyroxer,ltw (in 4Lalsid tc► b,r:ahip) or to the r.otai;abbro. In the 

area mapped in detail by the autc:or, the tr •asit..io:: acne is 

a..ccereNte.t by ..et.R:sbLro. Tite reE,.',e tit4-r Ic,i :..c: tapyn:xe.^.its is 

Irrtar`.anded' and f:.nu:y t,radoa into .:etaz:.bàrJ. 

Tao oriilinal labra.dor:.t.n (possibly tytoti+nite) is altered 

to albito with scattered grains of clinoaoiait.e nnd shreds of chlorite, 

or to a granular ag;;ret;ato of clinozoiriit.8 end carbonate with 

wry bsirnor albite in the ba►ck4round. In the gubbros  the plag,iowlase 

laths are euhu:drr.l to subhc.dr..l and elongated parallel to the s,-axi0. 

Trs foliation is marked, but there is no lineation within thst 

foliation plans. 

ibbre are enough patches of clear albite to pe..ait extinction 

angle rwaaewroa.cnt on the L'-:,tag©. The plaaoclaso is very close to 

the pule ond aemter albxtïa f ita - extinction angles varies between :15 

and 1? degrees and its iadicea are always lowor thLn balsam. 

The pyroxeno is more resistant to metamorphism than the 

tsldap:,ar. No relict lsbradvrite was round, but relict pyroxer.e 

(Fig. 48) was observed in two thin socti4rua. 	aeon t:ctir.olitie 

borravlcr,+de pls.tes pseudo:..orphic After pyrc:xei:o aru coa:p_ re.ble in 

o.isc to. the original pyrogcnie pyrr+xerea This hor,iOler.da has a 

patchy cc:lor w1sL. ibution, !MLA uro:cs of the same gr:►in heirs 

dirk green and others very pale green. In 0043e specimens. the 
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actinolitio hornblende is both in a,gÿrer Aes of fino shreds, avd in 

lF.rEo single grains, it is possible tht.t the,  two modes of occurrence 

rerrr.ser;t two differo:. `f original p;+roxenas. Not enow;h sections of 
4 

the metagabbro con fined relict p,,rraxene to permit en accurate 

dster.ination of th optical properties of .he pyroxene itself, but 

it is s clinopyro 	with large optic angle. Sole stains of this 

pyroxene have a gri of fine opaque lines that rese.:ble diallaze 

texture (Fig. 48). 

Clirosoisite and epidote are alw4ys present in the mita, 

torphosed plat iocla e grains or in granularaggregates. Clinozoteite 

is more frequently t ed up with the metamorphism or the original 

pakgioclsae, and epidote with tbL matrix or, it may occur in crosse. 

cutting veinlets commonly accompanied by qt rta. 

Minor calcite, quarts, and serlcite are common but it is 

difficult to ascribe thin to atm particular original. mineral. 

Magnetite and titaniferous ma.,netit• are commonly preserved. 

rho Uidmanstatten texture paeudoiorphed by leucoxerie, apbene, and 

chlorite are compora (Fig. 50). 

}btaiyroxenite 

Cn the south side, of Gouin Parainsula, between Dore Lake alld 

Chibcugamau Lakes  lavers of coarse-grained amphibole—rich rocks are 

lnteriayored with s►northositic gabbro and gabbroic anorthosito. 

kortLoraite occurs to the south (.ower' in the Complex) and gabbro 

to the north. 

Anothr r layer is found on the north shore or Dore lake, close 

to the Loy.. cLonsie township limey but the ex ouures c re liritod to 
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that ale Z.i.yer extc:x2o tU.rther eouth under Dora Lake. 

Tho ruck is s:cdiw:r- to very co.:rsc..gmir.ed. Some cpecizans 
< 

are r►wle up'of 13 rgo dark i: recq ::Stpnibcl+a cry _, a3.o in A f 3 ctie-t;: 3 ined 

pule greertilch- yelloh• matrix. 4thrr ff:ciou of .thin rock ce n::iut of 

long r«dtatinz r.oedl¢a of a dark green to phIe green o= .;:2~.ibole. ether 

tyres ire cede up of largo, ant.edral pitches of dr-rk croon chlorite 

anc! euhcdrr.l .pzt.c?:cs of raze green s:.:phitole r.eec'les.1 

tometi,:mea, these different facies contain net;r.ctite or 

limonite or both and there . aeeu►s to be a poncertr.:.tiUn of those 

nintrrctls nlong cart%in layers although they eould not be r*4pcd 

eepara►te1y .on Gouin Peninsula becnuae of the nature of the tore4 

g raphy and the very heavy bltcni-.et of noce covering the whole l'erinouLa. 

The weathered surface of the metLtpyraxenite is very jagged 

md rough. The diffa nt types of amphibole weather differentially 

and the amvhtbole projects in marked relief when aseaociuted with 

chlorite. The mLgneti to and ilmenite graine also stand out on the 

wauthered surface. The rock v rice troc dark green to brownisü red. 

In thin secticne the iamo crystals of dprk green 

hornblende are well zoned (Fig. 51, 52, and 53). They have an index 

tIrs s 1.665 and 2/%0 of 16 degrees, anal 2V of 72 de:sees for the 

outer rira and center part and É2 for the intear a-ed L te rim. Those 

  

turcs were obtained on tt:e U-Stage but 4re not too accurate. In 

the sews thin section, with all the a,re p'eoibie, the variations 

bet.b.een reE:d:.r.c: taken on different grrrips: wore , so large aa to 

rake the deteminAione alr..orat L_ean:r►zlors. 5uc#zlinzton und Leonard 

G1551) swentiunnad the saws dit: iculty in their work on hornb:urnics. 

... 104,. Airse. 

tt o s: cre,. iagr.cts.►:utor 3urvvys o:er the ;co 4f Dare Lake Indicate 
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The pleochroto formula for this amphibole is: 

Is cream yellow 

Ys dark green center 
C. 	 pater Lreen on the outside 

Zs pals to medium croon with bluish tinta. 

Lack of precise ch0;Iesicn1 work makes it difficult to mite this 

amphibole, but from hanche l's (1527) dia~,;r oss the amphibole is a 

calciferous hornblende, close to hastingeite. 

These large cryst::_ls of hornblende are commonly e: s :red, bent, 

cracked, and twinned. The hornblende crystals have the external 

outlines of an amphibole but the interior of suie crystals, due to 

tiny opaque inclusions (Pig. 51) su„cest a relict pyroxene texture. 

The pale yellowish matrix is made up of very tiny needles 

of colorless tremolitio amphibole. They are too call for accurate 

optical works but the X—rty ditfracto: ester pattern positively 

Identified this material as an amphibole. This colorless amphibole 

of the matrix also tills the cracks in the large broken colored 

crystals. The index of the colorless amphibole is its: 1.(40 and 

the extinction anale is 17 degrees. 

r 
r 
r 

In sox:e sections, largo colorless. parphyrcblusts rgrrw 

through the color::*ss amphibole of the r Arix. In other cases, 

come crystals is at celorleas tre alto are crowing through the =trim 

and through adjacent colored hornblea de trains. The chlorite patches 

sre dark green to black in hand sçeciLen, b4t in thin section the 

chlorite is 	pale green s nearly isotropic with an olive green 

iuterfertnco tint. So:LW-I:cas a few ne. dl a of colorless ;capIiibole 

wow through the chlorite patches. 

Some sections cor►t 4in .cnhedrel grains of aerpoc.tine with r 



abundant releasod magnetite (fig. 54). Those are likely derived 

sum olivine Grains. 

Ilacnito le a vary colon accessory in the amphibc,le-.rich 
4 

rocks. luny iluenite grains are broken and the cracks are filiod 

4th aphone. limonite grains are generally rig mcd by aphone. 

In one section, ,rains of original limonite are altered 

to cores of cacao and rutile and rims of aphone.. 

t+o , other accessories vere noted. 

For :reasons mentioned above, these amphibole—rich rocks 

could bo called motet}; roxenite or rataperidotite. The grclrth of 

the hornblende cry!tals took place in etepot first, a peeudomorphing 

of .the original pyroxeno, followed by growth of a rial around this 

ruoleua. At the oeu 

tre olitic Felt in i 

The growth of the i 

indicates that it 

rock. 

e time, the original =trimeras converted to a 

hich grow *ode large trewal itic PorpIsyroblasta. 

nds of soma of these into the colored hornblende 

as one of the final minerals to develop in the 

 

  

Similar roua have rarely been reported in the liter. turne. _. 

tiohonneen (1931) metions a rock: from tuaauolinkvaa.re, Lapland 

(:.ikkola and Saha►  a) cor; osod of colorions monoclinic amphibole 

(62 per cent), pyroxone (22 per cent), carbonate (19 p=..r 

and spinel (7 per cent). The pyroxcne is replaced in places by 

l rnblendo. The interstices are fi.1ed by tine fibs ta 'amphibole 

and carbonate. The rock reaemaes the amphibole-rich layera of 

t e Lore :Lake Co:.;plox, but Johniineen does not dcscriZ•e the field 

relations and the nature of the original rock. 



r 
r 
r 
r 
r 
r 

r 
r 

Iiarnblende diorite 

F,a:•r.c•1.:t~~-rich diorite wr~r 

4b;;pr,;yrit iç ,di«rlto 

Fozr! tittc d arr,ito 

These rock types were not seen in the area mapped by the 

writer, but were found in Gbalski township and are inciuded here for 

sake of co=pleteness. Hat enough thin sections were studied to get 

all the data necessary for a complete pe,rographie description. 

The hornblende diorite is a very fine-grained rock, dark • 

colored, with a taint foliation and fresh plagioclase. The pl:.loclase 

is markedly lath--shaped. The new equant crains show strong zoning 

fore An46 to An33• Green hornblende is common and associated with 

magnetite and apatite. There is a spatial relation between apatite 

end magnetite (Fig. 55). The latter occurs ins all rounded grains 

or in long corroded grains full of embayments and full of apatite 

grains. The green hornblende is altered to chlorite. 

The mAgnctite-rich diorites are composed of fresh enhedr l 

Interlocking grains of otndesino and grains of ry roxene in a mat.rix 

or zagn4tite and i1.R, r;. to. T e ore minerals have the "filling ine 

tfxturo with anhtdral elongated patches tilling the gaps between 

the plagioclase grains. The platiioclace grains are separated troc 

the ore grains by * narrow corona of brown hornblende. 

The portpr,pit,ic diorite is similar to the hornblende diorite 

described above but ib has lare ptienocrysts of original cslcio 

plazioclaee now heAwily eau3suritised. The matrix had a plaz;toela'ce 

leas calcic utich VAS e taule under the conditions of metr:morphism 
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red has not been modified. 

The pegmatitio diorite is similar to the magnetite-rich 

diorite but has a rather coarse grain size. 

A body of granop Lyre (called quarts gabbro by Graham (195j) 

and aetasomatic complex by Smith (1954) underlies the hills north 

at tore .e near the Wenzie township center line (north scut.:). 

Another body WAS tourin north of Simon Dice but Kas not aaaped in 

detail. It was called granite by Nor min during his re ior.:1 Lilo-

to-the-inch mapping. 

The extent of the bodies of granophyre is quite limited, 

relative to the extent of the anorthosite and gabbro ras, s. In 

a number of places, the ,granophyro has been!, eroded off, and in 

others, it has beep so intensely altered as to be unrecognizable, 

eopeciAliy along the Lao wauv:+ ;e fault zona whore roteras c rbona-

tis;ation han obliterated tao nature of the original rock. 

The granophyre body in ile4entie tuwru'hip coincides with 

the largo hill on which the fire ranj er'e tower ifs located. The 

Freaerval of this body ià partly an oLtoct of topograpky coupled 

*kith relatively low dipsito the northwest. 

Tho essential minerals ara quartz, chlorite, and turbid 

osdic pla loclaase. warts ayes are present everywhere and vary from 

.5 caca to 5  mm. Albite and quarts cannot always be separated in 

rand eiocirwn, but whore a goodfreatherc i surface is available, the 

distinction ie suai to make. 

In a feu instances, granophyre was tracrd into good 



retnabbro or into transition rock . The passage is very crt dual 

and marked  by the appearance of few clear c uartz grains at first 

end coi plote disappearance of saussuritized pl:ioclate! 

Thin sectio1 studies showed t.kwt this rock is a true 

granophyre which hap been altered and metamorphosed. The granophyric 

texture is well preserved in spite of intense alteration of the 

original plagioclase and patio minerals. The clear quarts grains 

ttich appear to be single grains in hand specimen are cowposed of 

a great number of irregularly—shaped :repents havixi; identical optical 

orientation 013. 56). The interstices between the fragments are 

filled with chlorite and heavily aericitised and/or caloritized 

plagioclase. The plagioclase cemmonly occurs as laths coagleteiy 

:embedded or partly embedded in the quarts grains (Fig. 57). 

laths. of plagioclase area often chloritised with little plagioclase 

left. Tiny sericite flecks are coœ..on in the plagioclase. 

A few sections contain actinolite. Lare needles of apatite 

are common. Pyrite, aphone, calcite, titanifsrous magnetite, 

and ilaenite occur as accessories. The magnetite is chioritia d 

and the maronite cnanged to spnene and leuco ;pane. Table 5 snows 

two nodal;  analyses of granophyre 

The field relations and microscopic data obtained on tale 

type of rock indicate tti:.t it is one of the last r..ewbess to 

crystallize in the târ ation of the Dore Lae Complex. The 

differentiation of the oriflinal basic ri  grrn produced a rest. liquid 

richer ici :31C2, water, Na2O, t.ZO, w. ich gava rise: to the i:ranophyre 

just described. A similar situation has been described in nearly 
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Quarts' 

Altered plagioclase 

chlorite 

Actinoli.te 

Cpaque 

iA YvY AiMY 

Apatite - 

Sphene 

ipidote 

thidentitied 

/Umber of points 

26 	; 25.8 

53.0 ; 39.4 
Er- Re 4•5 
5.8 	130.2 

13.5 	111.7 

mu) 	1.7, 

.19 

.06 	tr . 

.57 	none 
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1572 	1345 

r 

r 
r 
r 
r 
r 
r 
r 
n 
r 
r 
r 
r 
r 
r 

a11 layered co:;,;:lexvs and large basic *ilia. Tho proxi1 ..itr of the 

F„rac:ophyrd aroae to the Lao Oauvu,,e fault sune and other sonos of 

2ydrot:ir®rma]. ;ûtdratIan makes it impossible to differenti,te-betwecn 

the u:otru:orphio products and the nintrala resultinz from iydrn.thc:r:.a3 

alteration. 

S~E.nir 	 . 

Yodal nnalysen of granoptTre from Dore lake Complex ' 

Specimen nuaber 
	 53-151 	53-241 

r 



other Layered Co:::,,zcx'n. 

The Dore ace Complex has both aisailarity and differences 

4th other layered complexas. These lane nano igneous masses 

ara characterized by a wide variety of rock typais, bandi..na parallel 

to the floor, cryptic differentiation, and tzai. ;ue rock types. The 

principal features of Dose well known masses : re t:Abul:.ted in 

Tuttle 6 sad the Dore Laie Complex is included for corapariaora. 

Cooper (.1936) divided stratiforss sheets In two types  

pushveld t3trlr  

Mario ainerAe poor in iron 
Troctolite' rare 
Pyroxenite common 
Wior;.it.o concentrations in lower 

part 

Duluth tyce  

Maio minerals rich in iron 
Troctolite coon 
Py roxenito absent (or very scarce) 
Uo ci.romito concentratices 
(tita.lfer,us z etito 
• in lower part, as well as upper) 

The Dore Lake Complue reeeemblcs the Dul4th type in the high 

tenor in iron and in the absence of eblrorite concentra.tiana. It 

resembles the Eubr veld in hevine yr, ro mite and raru trcetalito, 

althc.ue,h the metamorphism co.+ld have obliterated the orirtnal 

Olivine. It is undue by the Brost abundance of sncrthasite and 

4abbraic anorthoaito (the anorthosite and gabbrolc anorthosito layer 

My reach 10,C00 toet thick in }lepes where the whole Complex • 

sapçearn tee be 12,000 to l5,O00 feet thick). The metamorphism and 

zrctaworphie products of this Corplex are also unique. 

J~~blesr of the pot3it:nn of tho r.:~►Ntite--rich Ive1rs within the  
1.oT•e3 1.1A fl Co•:. r•1.Cx 

The origin of loyored complexes by differentiation raises 
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the proale.n af wIy the heavier uapetlte-rich layers ars on ; top 

or the anortk~,ccitn layers, and often çi:it,+ i}i4;11 str..tigr:.;ii:.c;:3.1,y 

within tkl4 ccmplc.:oa. 

An described above, the mataarwrtbosite grades imperceptibly 

upward into tr:.nsitiop rock (Eabbroic anart.3osite and arwrthoaitic 

gibbro). Within three inches, this transition rock has33est to a 

saasetit•--rich maLapyroxsnite with Ulu interbeds et faldss .:thia - 

natagabbro: Reny apeeiwens of the magnetite-rich rock have a 

specific LTavity around 3.8 while the metaanorthr,aite varlet from 

2.9 to 3.4. The fresh anorthasita h ►e a density cf 2.8. 

A.eiaailar situation is re;..ortsd from the Bushveld Complex 

, where heavy titanifurnus magnetite occurs near the top of ''thrw'mrita 

(Hall, 1932). A detailed onction below p•aEnet Meig,hts chow a 

band of magnetite 70 inches thick overlying zuwrthosite and 

overlain by sodium-grained norite. Tau is a small scale version of 

the Dare 141.0 Complex. 

5i milarl j►, chrcrmitite bands are both! upderlain and overlain 

tir anortnocite, and in the hustenburg district, the lower chvocaite 

horizon recite on anerthoaite and is overlain by pyrcxenite. A 

r~ni3rr situation was described in the Adirondaeka by 13ud:ington(1939). 

Although n et layered complexes: C. Table 6) chow similar  

features, tl.ere ira po definite horizon where the sagnetite or 

ilmenite tonds to be concentrated. Generally, tae mita and 

ancietii.e , bands arp ,near the center of the race, l:+roderick (1935) 

explained a eiLiLAr ccrcerstr ation wit:4n 	as due tog s 

transfer. .'a ur alai Deer (1939) in their 00 of the Skaorgaard 

sheet show that during the consolidation of 0 her cent of the 
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segrcgati'r 
peridotite 
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bands 
	

Cs-!i 
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:scarce 
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Small 
sons 	gabbro 
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g:htroic rslrys,, there wEs relatively little change in the ca-position 

of the residual li^uid but most of the Fe and ti crystallized 

after 75 per cent Ind before 95 per cent was crystalline and 

that the ;irzno;hyric residuum amounted to only 5 For cent. In the 

case at the Uksergeard masse, the iron-rich mineral is an olivine. 

ktether the iron concentration shows in a ferrogabbro pica in 

Iran-olivine or in layers or mi gratite-rich :aetupjroxe:lta, or Sa 

aagretite.41 enite layers, is unimportant as long as in either case 

the course of differentiation Inman* strati form shouts leads to 

a s aximua concentration ut iron and titrinium at an interuedlate or 

relatively late atagi. 

Newhouse (19361 pointed out that in paefic rocks the iron 

Oxides are not Ja.onsl the first: minerals to crysteliixw. Ca the 

other hand, they area, curly in the Cryat43 4set iun of foisia ram. 

This explains, why, Ln the Dore Make Cor.ùax, the iron oxides did 

not appear in the 4rthostte layer near the base. T'„ey only started 

cr; etailioing in si,gniticant quantity in the transition rock and at 

a later stage. 

It is unfortunate that this Dore Lake Cowplex is coa,p etoly 

rotas orphoued and no study can be made of the variation in the iron 

content of the silicates. A cryptic diffarebtiation 	otserved 

in the Palisade sill (:calker 1940, CkEaergaerd A48e (:.ader and Door 

1939), and other macaws whore detailed patro raphio cork has been 

done. In our a:.se, vx.riatione in the anorthite contort of the 

plagioclase from the naorthcsite to the oKnophyro k4a likely 

accompanied by an iron enr:o3.went of the silicatea. 

If all the minerals oozing out of e cryettalizix i.agwa 
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were torminz together, they would mettle dower t: rcuGh the 	magma 

caul density would become a controlling factor. But in the case of the 

lbro Lake Complex, bytownite wi s the tiret mineral to.cryatallise. The 

liquid left between the plagioclase graine st the bottom of the mass 

had the composition required to give pyroxene and ilmonite. There 

sae less than 3 per cent of this liquid at the base but the quantity 

Increased upward in the complex until it formed SO per cent of the 

rock mass by volume and gave rise to the enorthositic gabbro  mairaber. 

e pyromane is now metamorphosed to chlorite and the original 

itmeuite to leucoxene. The withdrawal of the calcium, silicon, 

aluminum, sodium, and other elements entering the anorthoaite left 

the remaining liquid relatively enriched in iron, titanium, and 

ingnesium. ahan the proper conditions of pressure, temperature, 

end concentrations occurred, the s afie silicates and the swnetite 

:md ilmenite crystallised giving rise to the magnetite-rich 

;rroxonite. The texture of this rock (Yig. 45 and 46) indicates 

th t the silicate grains wore crystallising in a matrix of magnetite 

and ilmen .to. During the cooling, the titanium with the magnetite 

exsolved to fora ilmenite lattis inside ma notite grains. The excess 

titanium which was not taken up in the magnetite structure ..gave 

individual grains of ilsenito. 

Textural evidence, parc genesis, and laboratory studies on 

silicate melts,' show that the position of the magnetite-rich layers in 

tho pop) Lake Complex, as well as in other layered complexes, is 

gontrolledby the crystallization history and the differentiation 

of the Jaara4a rather than by the density of the different minerals 

cry ota2lising out of the magma. 



lnadecuaey of transformation of sediments as the; origin of the  
Dore Lake Complex  

The idea of transforming sediments into rocks which some 
4 

:ecpJt• ascribe to 	tic origin goes back to the beginning of 

the 19th century whe European geologists described granik.ization 

in the Pyrenees. Granitization became a subject of much discussion, 

d a proven fact in 	y instances. Ire recently, rocks like 

ano: th :site, . gabbro, d other members of basic complexes have also 

been ascribed to meta omatism of sediments. 

Ramberg (1952 p. 161) says: 

"It is interesting to note that the so-called charnockite-
anorthosite series of plutonic rocks belongs to the 
granulite .facies. The exilanation lies in the conclusion 
that these plutonic rocks are not igneous but are created 
through riletamorphism and metasomatism under P-T conditions 
corresponding to the granulite facies". 

Barth (1952,  p.229), On the same subject, said: 

"Perhaps anorthosite exhibits a similar mode of origin, 
thus confronting us with the problem of metasomatic 
anorthositizati'dn of batholithic dimensions". 

One of the classical examples of Layered Complexes is the Bushveld 

Complex of South Africa. It is also one that has been studied in 

great detail. recently, S. Van B},ljon (1949) wrote a lengthy paper 

mere he attempts to shuffle chemical analyses until he .can show 

that anorthosites are derived by the transformation of calcareous 

cherts. The same process is applied to magnetite-rich bands and he 
ii 

concludes that 

'the genetic relationship lhich has been suggested by field 
and Microscopic work is ttlerefore proved by chemical • data 
,and the magnetites in the *lain Zone of the Bushveld Complcx 
must be considered to have originated by metasomatic 
replacement of limestone bands on different horizons by 
irc>ri-bearing solutions. This fact is crucial for it 



dieprovee the eunposed origin of the magnetites by the 
different:a:Lion hiypothoaia". 

As me tianned earlier, the Dore Lake Complex &Stare tram 

other Complexes, the Bushveld Complex'. included, by , having a t:*uch 

larger thickness of anortnoeite and anorthoettic gabbro in proportion 

to the other rook members. To transform a ce.A'-:_.oat into anorthosite, 

as drown in Table 7, a larde quantity of catertal must .be added and ' 

e*batracted. Gris itiration of an ar: ode is relatively a eim le 

chemical o,:*ratie n but the making of anorthosite is. a problem raauirin 

large volume of exchanged material. 

As seen from the analyses of average sediments and anorthosite 

(Table 7), the latter has a amah higher contant of alums_, calcites 

' (except fora imestone which is deficient ja many other elebiente) 

• end a lower content of potash. Anorthositis:(Lon of a thin interband 

of aediz.ent due to liquid and solid diffusion may be poseibl.e but 

the Dore Lake cnortl ooite layer is approximately 10,000 feet • thick 

and 34 iules long. This would require mass migration of enormous 

• amounts of material for which we have no evidence. 

  

Horeover, t e: ori,;inal plagioclase within the Cox.plex was 

progressively more bitio upward in the succession from by tcwnite 

ait the base to oliL class or albite in tige 4 r inaphyre. , Why would 

the anorthositisins solutions or the chemicc1 com;osition or the 

original sediment b such as to produce thio cryptic differentiation? 

An'the metagabbro aid z gnetite-rich metnp romenito, shy would the 

rock phew the perfect 14yering, excellent tpuizs.ticn, and the 

interlocking of trains from one band to the Other? No chilled 

facies was observed as yet in the map inü of tige Doré tats o 

Complex, but they -were din other Complexes, especialy in the nushveld 
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. 	7 ~~,~~;  
-1. -2- -3- •!r 

51.02 58.10 78.33 5.19 57.95 

TiO2 0.65 0.25 0.06 0.37 
4‘1203 15.40 .4.77 0.81 13.39 
Fe203 4.02 1.07 0.54 3.47 
Fe0 2.45 0.30 2.08 
M~,-0 .2.44 1.16 7.89 2.65 
Ca0 3.11 5.50 42.57 5.89 

Na20 1.30 0.45 0.05 1.13 
K20 3.24 ,, 1.31  0.33 2.86 
H20 5.00 1.63 ! 0.77 3.23 . 
1)2°5 0.17 0.08 0.04 0.13; 
CO2 2.63 5.03 41.54 5.38 
5v3 0.64 0.07 0.05 0.54 
Ba0 0.05 0.05 

C 0.08 -- ..• 00.66 

T5. 	-6•. 	-7- 
48.90 47.48 5345 

tr . 	tr 	0.00 

30.00 32.34 23.25 

0.50 0.70 0.95 

1.30 ' 	0.38 2.15 

0.55 0.38 0.85 

,t6.90 16.00 2.1.15 

1.95 1.92 4.35 
0.15 0.43 1.95 
0.10 0.23 2.50 
tr 0.20 0.10 
tr 0.04 tr. 

,~. 	.... 
.... 

-- 	-- 

OM% 

-1- Average Shale (Fettijohn, 0.J., 8edimanta* Books, Harper 1949) 

..2.. Average sandstone (same, p. 82) ï 	~ 

-3.. Average limestone (saws, p. C2) 
-4- Average sediment (same, p. 82) 

.5.. Anorthosite from Driekop, Iiirdenburg District. (Hall, A.L. 1932) 
Contains 96A plagioclase (An63) and 4% bronzite. 5p.gr.: 2.79 

-6- Aasort2so3ita from V.akScntoin Po. 902, nusrtcrtbura District. (iiuZZ,A.L. 1932) 
Contains 98A plagioclase (An80) and 	bronzita. ap.gr. t 2.728 

..7- anortrboaite from the isur.edixte viaistitr or the principal .x:agnetita 
horizon in the main so:.e below ),yagnct Heights. (Bali., A.L. 1932) 
Contr.ins ,91+;. ` p1a;,rioclr.ae (An59) and GA bronzite. ; Sp.Lr.: 2.79 
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(j'JLplax. A chilled contact, and a baking of ad;;acort rocks h..s 

teen too frequently obeerved in diabaee 	alley i resh flows, 

etto, to be denied even by the most ardent tratinatorma tionlots. 

While it may be poasibl o to derive a northc sito from pediments 

in local exceptional cases, the author supports the view that the 

Lore Lake Complex is a plutonic layered complex produced by differen"-

tiaticn of a gabbraic magma. 

t.ZÎ`~4i'i`4t11)I514 

The description of the different rock types in the chapter 

en Petrography 'bows that the whole ares tinder study has been 

setsm rphosed to the greenechist facies. The basalt and audesite 

flows have been ` chan ed to sabtabasalt and metaandesite. The 

differentiated sills between those flows h ve also been changed to 

Us) sauce degree as the flows. T e members of the Dore Lake .Complex 

have been thoroughly metamorphosed or left intact depending on the 

original composition end the geographical location. lanes layera of 

t e Complex have produced practically unique rock types through 

retuct.rphiems metaanc,rthocite and pure roiaite have rarely been 

reported. 

The flows and sills were çompoeed chiefly of plagioclase, 

(l .bradorito in flows, and more calcic in the bottom of soze 

differentiated sills) and pyroxeno, with ore miners and other rare 

acceeeorica. This ao:.c b3. Ce rag been chaned to albite, chlorite, 

end/or actinolite, epidote and/or clirozolaite, calcite, m.,retito, 

*phone and leLcoxene. Commonly the texture has been perfectly 



preserved, even in the finest of details (Fig. 15). For example, 

the orhitie texture in the lower gabbroio part of a sill ;is well 

preserved, (Fig. 23) in spite of the total rainoraloaic;l ch nee 

during metamorphism. The same is true of the grunophyric portion 

of the sills between the flows although the quarts has not been 

recrystallized during netamorphLsm. 

In the flows, the typical intergranuler (Or-interstitial) 

texture is Well preserved, even if there is sore extension of 

mctinolite needles into the albite laths. Icy amoeba—shaped patches 

of chlorite probabli reproserve original small vesicles originally 

filled with chlorophaeito. where chlorite ip the only rxatic mineral 

present, there is little infrinvaent of the chlorite into the-albite 

laths• 

The ecoripeec, s and fragmental, tope are perfectly preserved 

even in ninute wic ecopio details. This in spite of a ettaorphism 

and folding which has tilted the flows from an original near-horizontal 

position to the fro ici 1. 

The relation of folding to metamorphism is not entirely clear. 

tua presence in many f low° of elongated vertical chlorite smears is 

best explained it we assume the chlorite to have been prevent before 

the folding or at least before the end stages of the folding. The 

chlorite a~.e3rs may be l paeudomorphs of original pyrazene (or 

olivine) phonocryets or of chlorophaeits patches. From studies 'of 

-recent :Slows, the chlorophkeite ip relatively short-lived and 

decomposes to chlorite and noiitrgnite. if thesis chlorite smears 

are derived from chlorophaeite, it is possible that they are 

ire—Lat amorphism. If they were original phenocrysts, they are linked 
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With the motamer2hiei but they are rot necessarily fre-foldinz. They 

could have been formed before the last ctaze of folding. 

The major transformation took place at constant vcluxe (complete 
l 

prescrval of texture) and at' roar-constant composition. The major 

*chanaa is an addition of water. Pyrcxene and labradorite contain 

to water in their composition, while chi rite contains around 13 

jeer cent of water and zoisite or epidote nearly 2 per cent. Table 1 

nodal anal ses) shows a variation between 1.8 and 36 per cent 

for the chlorite content. bben the wh.•le rode is recalculated into 

chemical eowposition,this gives between 1.9 and 4.4 per cent of 

water by weight. 

The provenance and role of this Ater is important. There 

are a few bends of tuff at flow contacts or especially at, the bottom 

of the whole series. The Lacs 5auvnSe fault suns could have been 

part of a tuftaceous horizon. But this small volume of tuffs (and 

possible sediments) could hardly Provide enough water for the 

metamorphism of a th i  clonas of 5  miles of flows and sills. 

The Dore Lake Complex has also been subjected to metamorphism 

titian the krcenschiut facies. In the anorthosite, bytownite was 

converted to albite plus zotsite or clinozoisite. The pyroxene 

( or olivine) was chanced into chlorite and the ilmenite into 

leuooxene. Thin sections stu4ies , indicate an equivolune ch nyo. 
i 

In the meta3abL••ro and i tapyroxenite, Ithe pyroxeni has been 

converted to emi .tbolo and Pm pla $oclace has been saussuritised. 

Ail these er.4rage require a::d ;tion of water, but only mi or 

rearrangement of the other constituents. The introduction of water 

r 
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as controlled•by availability, water prossure, grain-size.,:porosity. 

AA' the rock, pressure and tesperature of the rock mass, and the 

recence' of - hydrtus miner*le in the original, rock. 

Laboratory studies so far have dealt 'with high temperature 

and pressure but very little is known about a.cta.:orphio reactiols 

which are thought to occur around 200! C. Yoder (1952) has shown 

that chlorite and sericite (actinolitic tornbl rde can t.erhaps also 

be included) will form over a wide range of' physical conditions, 

ytdoto and quarts veins  

In the netabasalte, numerous veins of epidote and quarts 

(they vary from purl quarts to pure epidote) till tension fractures. 

khether they are hydrothermal veina or are segregations due to 

diffusion durit , metamorphism is difficult to establish but the 

recalculated analyses (Table 1) when compared to analyses of fresh 

basalte, suggest togs diffusion of silica, calcium, alumina and 

iron out of the rock to take the quarts and epidosite veina. Some 

of the recalculated anulyoes are undoubtedly in error due to the 

difficulty in making a good nodal ,analysis on this type of rock, 

and also in selecting the proper chemical composition for each 

mineral which enters into the mode. Dut the fact that the majority 

cf the Letabasalts are too low in both silica and lime eua,;t;sate 

a meta orphic origin for the numerous quarts and epidote veins. 

tiorito vs amphibole  

In the zett.bssalta, aoss flows have abundant actinolite (Tablai ), 

pothers abundant chlorite, and others have bath. In the Dore Lake 
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Complex, the mane mineral in metaanortho:'ite is c'lorite''but'rin 

the metagabbro, s ~ ties only inches or feet away, the original 

prroxeneis pseudo rphed by actinolitic hornblende. 

In both cases, the solution to the problem would require better rock 

exposures, a large 'number of thin sections, and many more modal 

anal ses and ch+:.i(1al analyses than were available for this study. 

In the met:basalts, the spatial relations do not help in 

solving the problem. Actinolite appears to'be more comaon in the 

metabssalt at the bass of the series than in the rretaaandeaite 

to the north, but this statoàant is based on too few observations, 

and should be checked with more detailed petrographic work. 

The modal analyses (Table 1) of Specimen 53-292, 53-293, 

54.30, and 54.42, show abundant aptinolite in the rock but no 

calcite. On the other band, 53.p and' 54-249 contain no actinolite 

but calcite. There are exception's to this relation which could be 

easily be explained since carbonate is a cor.non mineral along the 

shear Bones. The carbonate permeates the wall rock o! the shears, 

however, and [gas no connection with actinolite or chlorite. It is 

a hydrother sal product and ie net a breakdown mineral due to 

smtamorphian. /s far as the`ae4wnorphic calcite is concerned, the 

connection between actinolite and  calcite is easily explai,:ed by 

the presence of calcium in aetirolite and its absence in chlorite. 

Sca+e calcium is released by the `ct:ar;o from pyroxene to either actir,olite 

or chlorite and it abundant water is present (noru:all,y accompanied 

re7 	
of carbon dioxide) chlorite and calcite may form. It water is present 

in minor quantities, the calcium is taken up in actinolite and epidote. 

r 
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In-the metagabbro sills, of the ieewatin-type series, the 

Tyroxone at the brae and in the center of the. sills has been changed 

to actinolite, tut the original hornblende and/or biotite from"the 

;quartz-rich differentiates have been changea to chlorite. This 

difference could be. explained by the chemical difference between 

the original minerals: pyroxene contains less iron and alumina, 

substances needed for chlorite but not for actinolite. 

The contrast between the metamorphism of cafic minemls stn 

the snorthosite and grrbLro of the Dore Lake Complex is beet explained 

Ir the porosity, grain sise, and availability of water ,s  in each 

rock type. The anorthoaite (Fig. 30) is Very coarse-grained, and 

and has a high po ity while the gabbro (Fig.' 47), is`finer'and 

more even-grained. In the anorthosite, the interstices between 

pLagiocl+ess grains can transmit circulating waters. In the gabbro, 

the rock te tinte and loess water can reach the pyroxene resulting 

in conversion of t pyroxene into actinolitic hornblende. 

Diffusion...... 
Modern literature contains numerous references to solid 

diffusion, fluid diffusion, ionic diffusion, wijration of material 

under one form or another. The ardent grunitivationists will 

transform mountains of sedL.cnts into granitic rocrs by clue of 

these types of diffuoien. Since the rockeIieecribcd above have 

all suffered radical minerùoüical changes, the ruestion of diffusion 
e 

eho.id be - raised. low much material -has bben added or lost during; 

metamorphism? 

From field and mioroscopi, evidence, the author believes there 
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	Fig. 58 Gabbroic metaanorthonite with largo cuhcdral grains 
of plagioclase, They are converted to clinozoisite 
(Z) in the center, and to opidote (i) around the 
led,es where tIls plaziociaao was in contact with the 
5Froxenc(now ohicr....te) (C). S...ous trio liwited 
distance of dit:usion. (14.4 X ) 	: 	• 
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has been almost no migration of material during metamorphism. In 

the metabasalto, as x* entionned earlier, the constituents making up 

the quarts and epidosite veine may have migrated through the rock 

to the nearest dilational openings, lut these retracts are small 

and closely spaced; migration has probably not exceeded e few 

tens of feet, and has produced almost ma ch;e in the bulk 

chemical composition of large rock ras.oa. 	. 

Theppseudomorphing of labradorite by albite, end pyroxene 

by actinolite, and the excellent preservvl of textures indicate • 

breakdown of origin41 minerals in situ with very little migration 

of material. 

In the • Dore Lake Complex, the suas remarks apply. One 

thin section of gabbroic anorthosite shows the very limited extent 

cf diffusion (pig. 58). Large graine of bytownite or lsbradorite 

ware  in contact with pyroxene. The core of the plagioclase grains 

has been changed to clinosoiaite but on the outside of the grains, 

There the plagioclase is in contact with pyroxene, a small quantity 

of iron has reignited from the pyromane end epidote was formed instead 

of clinozoisite. Thin is godd evidence of diffusion, but diffusion 

over only a few mizlimetre$. The same is true of the large 

titaniferous mmgnetite graina where the ilm nits blades have been 

converted to sphene (Fig, 39 and 40) or lei gçxene and the magnetite.  

to chlorite. Thin double change requires diffusion to the ilmenite. 

of some calcium and removal of . soie iron, and in magnetite removal 

et iron and introduction of silica, alumina, magnesia and water. 

The sagnetite Crains are ,always found in the chlorite intereticee 
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end the introduced components enumerated above awy acme from the 

change of the pyroxene into chlorite. Diffusion may thus have taken 

place over only a few millimetres. The water ind carbon dioxide 
4 

necessary to all the metamorphic changes are the only co.:.pcnents 

which have travelled considerable diatancee. The veinlcts of albite, 

(Fig. 27 and 33)which are present in nearly all specimens of anorthosite, 

_astaanorthosite, and metagabbro may have been introduced with the 

intruion of the granitic bat olith, may be linked with the 

suussuritisation of the original bytownite, or with the hydrothermal 

solutions responsible for the formation of tho orobodies. The fact 

that most veinlete cut through the rock irrespective of original 

. gains sug;eet that the rock vas shattered during fclding. But the 

albite in the cracks is often limited to the places where the 

oinlets are cutting original ,:'L,aÿioclsse grains. where the veinlets 

are cutting across matis patches, chlorite takes the place 

of albites. This sucests that the crack filling may be linked 

with metamorphism and that the material filling the cracks has moved 

emit' slight distances by diffusion. 

One thin section (Fie. 59 and 63) shows interesting metamorphic 

• effects. The original rock was an anorthooito with a sandotore-like 

texture. The bytownite grairp were completely saussuritised. 

Carbon dioxide-bearing waters ' pe-meated the whole rock traveling 

especially at grain boS.ndaries.`.Soie calcium was taken from the 

soisito and calcite pods were forked. This left a narrow rira of 

albite around the grains. W'1 ere a lamer interstice wan present, 

a larger patch of calcite was formed clearing the soisite froc 

the albite over a larger area. The albite grain next to the calcite 

r 
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Yig. 59 Eetaanorthoeite with very heavily e.ussuritized 
plazioclase grains. WU: the develor—ent at& ,vry 
narrow rim of clear al bite around many Lrains, and 
limited to grain bourxiaries. 1cte also the voiniets 

' of clear albite going through the whole rock. 
This clearin,1 of the albite z.t the grain boundaries 
is probably due to kdrcus carbon—dioxide—bearing 
solutions travelin& along grain bounddries and taking 
some of the calcium out of the clinozoisites  leaving 
albite.( 8.8 x ) 
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afferent metamorphic facies produced at one te perature level 

because of variations in water centcnt of the roc'e:s. Difference 

in original chemical composition also strongly affect thu metamorphic 

products. 

The source of heat and water required for metamorphism is not 

clearly evident. Heat could be given ;.off by cryatallizine ,aagma. 

The end stage residual liquide given oft by granitic magma coald 

also provide some of the water necessary for the metaaorphiem' of 

adjacent rocks. Wh t1hcr the Chibougamau Lake batholith could have 

given off enough va 

difficult question 

the initial and fin 

unknown factor in o'  

er to mateocrphose the Dore Lake Complex is a 

o answer. The amount of water present in 

1 stages of a granite magma is still an 

r calculations. 

The te::.peruture necessary for "low—grade" metamorphism 

has not been eutabliehed with certainty. 1ilhin a put the 

Chlorite zone between 150'C and 2:4°C. Ropencvist'o (1952) 

dierrams indicate a te4erâture blow "400°C. for the .greenschist 

tciee ; If the beat was due to a granitic ,p; a, me, a temperature 

'gradient should be observed. It is 'difficult to compare the 

uotar orpbicua of anorthosite with other rock types which have been 

is clear of inclusions but the twinning lar..ellae can be traced 

inside and throughout the zoieite..rich areas. 

Cluse and te:arerhture of rlet_ zori:hisz 

Students of metamorphism have suggested increase in pressure 

end/or te•.zperatu re to explain the metamorphismof rooks over 

considerable areas. Recently, Roder (1952) put forward the idea of- 

r 
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used by Thr:ola, Turner, :.rd others in classifying retamorp1tic racks. 

The blocks of anorthusitu fo,.rd in the trt►ritic rocks at• the _.cd,_, 

of the bAholith are metamorphosed to a fins, rti• od rock made up 

cf a r:osaic of clear crystals of zoisito (Fia.• 37). ̀ This differs 

from the metamornhisa of the onorthoe Lto further north whore it is 

metamorphosed to a mixture of albite and clinowoi&ite or zoisite. 

Cur knowledge of the epidote group of minerals is tao limited to 

establish the ,rrt ssure-tezjxrature significance cf soisite. The 

mixture albite-cljnozoiaite is a normal low*grade product to 

tytoz rite Undergoing sxtamcrphisa, but a cozplete change to zoisite 

with the texture shown en Fig. 37 may be the equivalent of medium. 

or even high-grade setw:orphiem. This difference could be explained 

by the teu►parature gradient necessarily present at the contact 

of the anorthosite and the granitic rocks of the Chibouga:au Lake 

tutholith. The foliation and banding in the David lake area are 

steeper than in the Dore Lae area and the snobthozite is heavily 

soiaitized. There is a possibility that heat generated during 

folding cauld'produc'e a thcrrat gradient similar to the gradient 

postulated .at the granite contact. 

Fadioactive decay is another source of not zatic heat. 

James (1455) calculated thv.t'with a granite having ten tues the 

radioactivity of the average granio, a vertical cylinder extending 

to the level of the present surfacer would have to be 20 km in 
• 

d al:Ater to produce  the necessary thermal gradient. The Chibouga:zau 

:e granite has a ÿory low radioactivity as shown by aerial 

ecintil .ometer surveys. These gernlo jically reasonable ec:tbin<;tion 
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of dimotsions and radioactivity rule out the poasib.:J.ity of .radioactive 

decay as the ultimate source of heat for the metamorphiam. 

This leaves three oourcas, all, of which could have been 

operative concurrently or alone: heat frota aubjaoent bodies of 

lass, geothermal beat of deep burial, and frictional heat generated 

during folding. 

The source of water is difficult to detez ice. The volcanic 

flows and associated truth; could contsi.n abundant original water. 

Pillow laves extruded in lake° and" riven could trap a great deal 

of water. But a mesa like the pore Lae Complex contained very 

little water originally., Some granites are remarkable by the large 

:rumber,of,pegmatites present in their;'vicirity. > 'The author haa > never 

seen any pegmatites in the area &round the Chibougael u Lake , batholith. 

Chile , other hand,. there are numerous ore sotws and large shear : zones 

there the original rock has been changed to a sericite-chlorite and 

chioritoid schist. The volume of water necessary to convert the 

anorthosite and gabbro into a ser.ite-chlorite schist is very great. 

There is a posoible connection between tae 1.ydrothor al solutions 

which gave rise to ore tones, the wall rock alter:: Lion, and the 

metamorphism. They could have a Common origin but the period during 

rhich each process was operative must have been long. If eavtazoiphim 

aad hydrothermal alttirntion were gloaoly connected, one would expect 

the metamorphism to vary with the proximity to ore zones. This 

sus,  never observed. 

.1f-we.assume that this , arqa L,rx part .of a sizable ,i;eoayncline 

which was deformed in Preeanbria ti e, the water could be derived 
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from ss,•.li::.tnts which have never been observed as ssucb but, •covld ,bre 

°rrmas,t: at gru„tor de;.th or could, r.avo been :.otasz:orphosed to 

,ty,.r4ulitts. or cranitisoei with simultaneous axpuloion. ot r.et=orphie 

k►tcr. 

Ci;'C'~Ili Is.-G:.i,i;::  ~ 	_  

• 

In the summer of 1952, the author fob a dark green mineral 

clone, the aids rite vein found on Copper Cliff Consolidated pining 

Corporation property. en the basis of its external charectt.ristice, 

• the mineral was tentatively called ahloritoid. It was the first time 

this r incral rind been ::reported from -ChibougaL au. pappin 	>the 

—southeast quarter- of HcKensie tr.Mnahip showed that chloritiod 

is -abundant' and is prec+ent in moist s.e:,r zones. 

Chloritoïd was named by Q. Rose in 1837 (Dana, 5th edit., 

p. 509) from aotarial at kosoibrod in the Ural :.ount4ina. It was 

subaeçuently found in many localities throughout the world. Tho 

r.iror:a is coumonly found in dgnamotherm;illy uuata:sorphosed sediments, 

but its exact r.eanine with respect to tho facies principle is, still 

ill defined. darker thot:ht that chloritold x.zd a stress mineral. 

ZUrner and Yerhoo,;en (19;51, p• 468) mention that 

"there is t.r. ic.port._nt ;.roun of a2u3:inoe,ts achi$ts, 
relatively low in f►20, in which ct.loritoid amears, 

_:. 61vin;; ri:so to the,acccr;d > pclitic ssstmblaÿe". 

4h=bor4 (1952, p. ,31,6) 1r.clu:doa chloritoid in the .minera aase..~blagob 

at th.. grecnscttisit facies. 

Chloritold has been reported as a hydrothermal alteration 

product slow.; ore zones but ise rath.r uncommon. It is found at 
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Talosorlis, 4ustralla (Elcpson 1951) (rrider 1947), rorcupins, Cntario 

(Guetafeon 1946), North Carolina (Uuckey 1526) ai well as at 

Chibouga:tau. It occUrs in.ve!..na 'Attn: around ore deposits cr in 

the associated lowgrade metamorphic rocks. In the area mn.,:;:ed 

tor the authcr, chloritoid occurs in shear zones in metaa=rthsalte, 

netaghbbro, transition rock, and meta:oats. A number of these shear 

core were logged. 

The field i4e4ification of chloritoid was conlimed by 

petrographic work and 1-riay etuclies. The XmHay dateminations 

were ci:ecked by V. Hurst (poreunal cOmmnication) who owared it 

with Dutchoss County specimens and by L. Ualferdahl. Halferdahl 

reports that the Chlhougamau cilloritold to near the iron end-member 

ountainina less than ono per cent 140 and half a per ceLt of lino. 

The following analysis of the Chibougamau chloritoid was reported 

hy Halfordahl (personal communication)k 

81.02 24.30 CaO 	0.09, 

7102 0.18 420 	0.01 

11203 39.92 K20 	0.06  

FS203  1.60 H20. 	6. 

Fe0 25.63 H20- 	0.07 

Mh0 0.41 F 	0.05 
iL0.1 

0.77 less Osa 	0.02 

100.13 

manes are copp*r-be ng (chaIcoryrits) end mining is Ixocressing 

on five of these cone 	Plate 1 shows the distribution and extent 

of the chiorti -boaii. sones. During the ;resent investigation, 

' 	:2 thin sections were studied end thousands of feet of diamond drill 
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Chloritoid in the shear zones occurs with siderite,, ahrerito, 

chlorite, sericite, and quartz. Typical localities aro the small 

island st '  the mouth of a bay in the southwest corner of Gilman 

Lia, and along the shear sons et the southeast corner of Gilman 

j ko. Diamond drill holes on the north snore of Little Gilman Lake 

(drilling southward) provided excellent specimens of chloritoid 

In the metabasalt along the walls of the Lao SauvaCe fault and in 

the fault eons itself. 

Soma of the best specimens of chloritoid tore from the 

tootwall of the eiderite-chalcopyrite vein on. the Siderite Mill 

showing of Copper 44iff Consolidated Aining Corporation end from 

both walls of the aoculet,ore sone and the Machin Point scone whore 

Met oinking is 	progress. The latter occurrences are in 

setaanorthosite ana ,n transition rock between metannorthosite 

and motagabbro. Chl ritoid is also present in the dykes along 

these shear zones. 

Tho Lao Sauvage fault sone is chloritoid--be6ring throughout 

the sap-area. %het 

product of regional 

along the fault son 

r the chloritoid should be regarded as a 

ta..or;,hissa or hydrothermal alteration 

is not entirely clear. The main minerals 

found along this 
fli 
a 1t tope aro carbonate (siderite and/or ankarite), 

chloritoid, chlorite, quarts, min,r sericite. Little ere tuna been 

tbund along this tone although it ippo:.rs to be a controlling 

structure for many known ore zones. Yrosa field evidence, there is 

a possibility that this tdult took place along a tuffaceous horizon, 
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and tt.wt therF!"oro not al the materiel fo%:td in the zone w3s 

àntrvduced hydrothe.rr,411y. 

Fe tro rsç:hy  

The chloritoid in the Chibougcuaau area occurs as rosettes 

(shears of twinned individuals) (Fig. 63) or as individual prisms. 

The mineral is dark green to black and is easy to differentiate 

troc chlorite because it is =Rich hardera has good-cleavages and 

different Optical properties. 

The pleochroic formula is 

Z: pale yellow to green yellow 

X: dark to wediva green 

2: bluish to pale green 

The high dispersion and index of refraction make optical work 

difficult. The index of refraction 'was determined but more 

measurements should be made in order to get a better average. 

Nx: 1.724 and No 1.729 

These properti*: z correupend to those obtained by L tl ne, lampoons 

i.rth and Balk, and Stuckey. 

Different rinslyets have reported varying results .for the 

chemical com oeition or chlori.toid, the variations being likely 

dependent uron the amount of inclusions so often found in this 

mineral. It is Feasible that there is a family of chioritoid 

minerals with Ye, !(g, and Mn end e. bers. This would explain 

bby ottrrelita, sise ondine, . salmite, m►sonite, and other names have 

been proposed for ninarlls vary closely eliko in their-chemical 

composition. In any case, the majority of the analyses indicate 
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A'cAt)zL A:IALYSI:S CF CHIUITCïi)-Bi'AnIt3G tit:ent 

:►pocimsn number 53-73 	53-102 	53-120  C35-145 5~: L 	54-166.  

Carbonate 

Chloritoid 

4uarlrs 

Muscovite 

Opaque 

Leucoxens 

Chlorite  

- 48.6 	w 	2.2 	61.2 

28.2 69.2 19 17' 

18.2 	27.5 	76.3 	17.2 

.rr 	 ~.. 	2 	2.3 

~.. 	2.6 	2.2 	2.2 

5 
	

OM* 

.6 
	

.r.. 

w 

27 	30.5 

.7 	66.2 

61 	.2 

3.1 1.7 

9.6 

Umber or poia,ts 1v7 	173v 	1753 	1545 	2765 	15C6 

a;x+cifio gr. 	2.99 	-- 	-.. 	3.3 M 

53-73; typical cvetaeQn tined &mo:notone dq}.e alonz the ore zones. The 
ori~;ina1 igtvrgranular texture of the rock can be seen beet with 
reflected liLht. 5peciz.:on at the top of figure 61. 

53-102: dark green rock on the north side of the aiderite vein at the Side-
rite 13îLl showing of Copper G1î6 Cons. an. Corporation. 

53-120; well branded rock, drag folded, in the she, r tone coin;, across 
Little Gil ne n Lsi;e, &Lout 1000 feet east of the lamie shore. 

C,35-115: mixture of aiderite and chloritoid on the north wall of tue 
aiderite vein. Contains very little ch:lcopyrite. 

$4-Z: 	muscovite scU t. ri the south wall of the aderitc • hill showing. 
bpecircn at the bottom of figura 61, and photo:sLcrc;;raph of 
figure 63. 

54-1661 bandrû quartz-chl.oritoid svcf, in a rahlar,ed shear zone on 
lhiachin Taint. Slightly contorted. Figure 'fi$. 
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thht t:e -.arinersl formula Fe0.A1203.31C2.1120 is a very close 

approxiz:ation. 

.2he,.lollowln; rai:usral asscmblagco hwve bocn reccrdcd:<a3.ora; 

with the chloritoid in the study of thin and poliehad sections: 

carbon:.te (si erite and/or ankcrite)...c,uarts-.opsa.:e 

carbcaate (ei erits ar,df or anker3te )--chalcopyrite or pyrite 

Suartr+--.vai 	 . 

quarts..-serieite—carborats--oFaque 41sncoxene) 

quarta--soricite--opaque 

quaxtrr-•.chlorite--opaque--eeriaite 

pyrite 

Trie a+ost coamon asavmblage.-,ie qu4}'tzr-carbonate-aericito. G;uBrti 

ravprodon;3:nat.e ~ovc.r carbonate op ̀vice versa. The extrere+ types 

(Table'8) occur leaa=troquentlys nothirs but duarta and ahloritoid 

in a drag folded shear cone reeplr.c:ent at hachin Point (Spec. 53-102); 

saoaive aldorite and chZorit.oid at the Siderite Hill showing 

Optic. C-35, 3.45); practically nothing but muscovite and chloritoid 

along the sums ore cone (j1aee. St,-Z) and chloritoid and ;;►rite ' axelusively 

alor:g the pyrite ore zone, south of the Lao : auva ;e fault zone, and 

south of Little Gilman Lake. 

Ctsloritoid varies in aime from an aver,ige of .3 aa to prisms 

3 z long and .5 en wide. Tho oize varlet: with the host rock and 

,this As is shown in Tig. 61 Nhore aaumples -are • pictured s3,da .by ,side, 

In a1w ,uacovite sc3iiste1Dr H. Yoder ideatified this trhite r.ica aes 

2M: muscovite from an $-Hay ̀DiffrLetometer pattern} chloritoid 

att:eS.n3 itd 014xinum dimenaionu. In the refaaead grconJtor:e dykes 

along the o: e tones (th. ' dyke was a basalt ori6.inall,y but is now . 



carbotwtu-c,uartz•-chiarito;d-leucoxane) eiioritc+id is ,uve,iùy ea,.itstribute;d 

throuzfi4ut the rock end avenges .4 Lae (rig. 61a).- The, difference 

:A,y be duo to the feat that We dyke rock, in upite of c:ompl.rto 
. 

rapluces.::ont, is Lti3.1 very =MAIN whorous the muscovite uchi:3t is 

rx,rr.A:.blee am; permits inae:us of so:.ution* and e:,cty brc::th of the 

caloritold. 

The habit of chloritoid writs from si.ctio draine .(ïig. 62) 

to radi..tlnL crystals or sne.►f+s (ri4. 63). It âa notie:e..b.ie 

thr.t. the 4 thin sections (33-73-105-164 from rocks positively 

Identified as diacca e+hoxe.d only disuemi.nated Individual grA.;e. 

Ln the other hand, , all the speciewinrs from tihes:re.~d well banded 

rocks show altarnatt:ing bands of nearly purp chloritoid and 

' bands containing carbosiwte-çuarter-bericite (Yid. 64, , 63, and 66). 

7n tr.ase, the chle4toid always occurs es sheaf's of crystals with 

a tan stwpe, conet~ieted ut the center, und fanning out, ut the ends. 

In places, perfect radial rosettes were) observed. In thee., the 

chloritoid does not show the typical hourglAse structure, and 

polysyntretic twinning is vary well developed. The difference 

in the r:rorp4u;a.opr ef chloritoid between the diffc,rant rock type*. 

cannot be explained from the evidence at hecd. There is a su;zestiun 

that the physical nature c:." the rock (hardneas, brittleness, compactness, 

cs•idin,al crc.in sise, in„ rass of solutions j availability of r.olutions) 

Wvatitch to do with ttliese differences in :~orpizoloa. 

In-the well, banded rocks, , t'ne +ainurala rcflo.a the inte►xaue! 

-pc►netrr.tivea deformation suffered b3►  the rocks small quarts drains 

(aver:.zae of .02 =au) i.re, lc.necy, well *trained, with oc:4 mosaic texture, 
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pu. 61 

Chloritoid-bearinS 
-roc4s st4mIng 
different grain 
size of the 
aloritoid 
depending on 
the typo of host 
rock. 

r 
tor  

. 	1, • 

- • . L 	N.1 	• 

, 	. 
f 	, 	„hi • 

•-•• rz 	$ V• '1 • 	1. 	‘116 
Ç *, 	 • 7." 	**, ; 	• 

,,'• • .64 40" • 	• • 

• 1 
" 

' 	• 
./i•'••>‘..1:- 411--  • , 

a) very finerained 
in a replaced 
greenutone dyke 

b)  

1 

o) gaze As b) but 
stronger shearing 

All natural scale 

sericite schist 
fron the repla-
cement cf 
anorthosite 

sane as b) but 
extrez.elyslomred. 
Contians lLost 
notidni; but 
muscovite 
• (2.i variety) aLd 
tto gr,.ins of 
chloritold 
even on the photo?. 
gr4h. 



Fig. 62 Chloritoid pnrphyrobinsts in a seriaite 
.schist. Lots the schisto3ity going through 
the chloritoid in the form of suall inclusions. 
'lhe hourglass structure common in chloritoid 
is well developed. ( 9.7 x) 
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Fig. 63 Chloritoid in a muscovite echint. Cozp4:e the 
she;if—habit of tiro chloritoid in this rock • 
with the individual Cr$na of Fig;. 62. Also 

note tho lack of irielualovs zivirk, the itour;;L.:so 
structure and the Cood t lnninz. The vein across 
the photwa,- h is chlorite and quartz. (8.5 x ) 

~ 	i 



~ '~ t 	,',~..'f.~„~ 	~. ~r:!•I_ - y ,+~,,.""-'. 

i~ 
~ 

. 

	

►~ 

 

• 

 

	

..+ 	~+j, 	• r ^t ~ ~~i ~ 

	

~.fi~r i... 	+. . rr 	~ •AN ' ti•r,,,~ , 

. •010. ..q', 	. 	y •r î •,• 	', 	~ . 

f~ 

' 	 .. i 
~kr ryf` 	

.~.. -w. ,~ 	! 

~~~i►fL+.r~~ ", r• r 	n 

• 

145 .... 	~ 

Ctil.oritoid px.rp:~probli~ts in muscovite aciiist. 
rine i:a~.covito .kbuts i0 the aides of the. 	cl~ioritoid 
cryst.la, but the dir*‘ctir,n of echiutosity is 
preserved in the Chlqritoid bce'=~uee of 8.~,1l3 
elongated quarts ' gratis, anti other iricle:izi.or.s. 
(16x) 
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Well banded rock, t'ro:: a sf~~e.:r tone r~aplace~=,.c'r~t. 
4wck is ir.~.~fe up of altcrr...t.ir.:; b::,nd:~ ~_ f c•rjiorito:d 
End br.r.du of e~;ricite :tnd carbo: a,te. The opte 
s1.roK'r.s ülo23z; ti'~e ac~ti.t+tG:~it.;f planes ere iLc:CU up 
of laucoxene derived rrc~ ilz:~e:xite. ( 6.8 z J 
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Fl,g. ;67 1 Chloritoid in a vc:in. The host rock 
! 	is a zuas::ivo Fine-graiiiod sidorito, 

spocicloc: with pyrite and othor opaque 
minerals. Tho vein is i::a4o u_ of 
muscovite, ;chloritoid, ahalcopyri te, 
and quart::: (90 x) 



Fig. 6e 111.1n section (natur:2 1.1.3ht on the left and crossed 
nicol on tLe 	ht) cf a bz.nded ruck zado up of !Avers 

chloritold 	.1.nyera of very ris.a c,u4rtz. 4111a 
risit side r1oto,L7apa shcos the veri fine—zr•Lined 
size or this bydroth4:m.al quartz. Dais rock is a 
shehr zone replaceLent froa Irachin ioint. (5.5.x ) 
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their ion:, i:.Ycs .pxrall.cl to t: e lon;; owe of the carbon zto crains 

csa t!:e lon:; dIreeticn of tho .uucovite ilAkes. The quartx,' however, 

&cwa no ;rinulattcn or rorLr otrt.cturc .ar,)%r.d the ad,;o of the 

trains. a3;:e 1:rgcr zrQir:a, up to 2. 	ir, dia,».etEr, are esldo-.; 

encountered and a':ow intense stran cfi'ectss  and crac3cinz, the 

emeka bring filled by carbonates  aericite, orsd fine-;,raincd 

quartz of s younger generation. This fine-zrainod quartz (rev 

after east cf the shearing teak places  bt.t amore the fiwa ;esse 

cf the deforr4 tior}. These features combine to give a ac. 'stoce 

look to the rock when exrtined in thin sseuticn, alti ou,ih the hand 

rsrucicen is commonly very mascive. .;omotimea, a strong folioed 

structura in briuk;tit out by tho alterrution of banda rich in 

chioritoid tend alorit:id-.free layers (Fig. 65, 66, and 60). 

In thin section, the chloritoid shows no preferred orientation. 

Tho chloritoid porphyroblasts preserve the opaque and sometimes 

the elongated quart, grains as he.àicitic inclusions ;gar:! 1e1 to 

the foliation (Fig. 64 and 63). The otiiorittoid in not broken und 

shows no sign or deformation. This indicates that it £;rorw after 

the finA1 phase of deforrztion in a st:.tic mediums  and could rot 

absorb all of the quartz :.and opaque in the original ehe%red rock. 

Cn the other :urn, c►uecotiite abuts into the sides of the chloritoid 

czyst:lo and is not proeerved as inclusions. This im;.lies that it 

has been taken up by the ehhlori toid during gr owth c the chance from 

muscovite to chloritoid involves 4 loss of 21 per cent 

11.8 ref cent Fes  and a 'Ervin of 28 per cent. Fe203 and 2. S per cent 

water. roe gain of water anci iron is civilly eupl...ircd by the 

association of chioritoid with hydrothemal euluti:ns which give rise 
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to so much sideritb, ankerite, pyrite, and ch lcomyrite. The loss 

of V is more d! f_ :cult to explain since no other sine r-.l. in the 

rock will take up V. This excess 120 does not appeor to be fixed 

my here 
.in 

 the rock and one is forced to conclude ths►t it eacwt:ed 

fro: the rock following growth of the ahloritotd. Tho size of the 

potgssium ion :tithes solid diffusion through the rock unlikely, but 

it could easily be remov<:d by water v*por since stead easily 

extracts alkalies fro- rocks (Morey and Cora^aon, 1937). In a few 

sections, narrow veinleetr< filled with cerbon4to cut the cr.toritold 

rich bande s.rd indic'te that solutions were present after the growth 

of chloritoid. 

In some rocks, the nuscovito is wrinkled on a very minute 

scale. Some of the chloritoid is clear (Fib;. 63) and 95 per cent 
free of inclusions, but locally the chloritc!id has hardly started 

to develop and .t is still so full of inclusions (Fig. 65), 

especially carbonate, that it is herd to identity. 

Dira rocks rich in chloritoid̀   

The dyke (kodal analysis of No 53-73, Table d) and specimen , 
at the top of figure 61 ) was considered to be intrusive in the 
field napping because of ;its eh4rp contacts. t oreovsr, the Close 

relationship between ore and dyke rocks is thcw;ht to be acre than 

coincidence and will be discussed in the chapter on structure, under 

the heading Structure end relation to-ore deposition. This dyke rock 

ems examined in s num wr of outcrops and drill holes, but is so 

altered to &mixture of fine—grained chime ri.toid, erbonate, and 

arts that its orizinal nature could not fro estabiiehed. 

There are four difi'erent typas' of dyke rock in' the area: 



feldspar porphyry, 

(wtadiori.Ce ? ) 

w4, the author 

foot found that th 

to be a dyke, is pe  

quarta-feldspar por hyr3, "try dykes" 

grecnatone dykes. At the end of the  ter 

cd drill hole no C 27 and at a depth of 432 

s extremely altered rock, which was sassed 

eptibl.) grAded into a relatively fresh 

treenstono dyke, e newh...t c rbonatised and with sparse chloritoid 

C ins, but still ,ositivel y identifiable iee a grsenatone cyke. This 

is the chilled Contact of the dyke 

One thin section 00. 53-73) showed a faint intcrgranular 

texture with pla ,iocls;ae lathe comrlctely replaced by a mosaic 

of fine quarts end lainer carbonate and the remainder of the rock 

replaced by carbon*te. Tho original il enite is outlined se tiny 

leucoxene, cluster. disseminated throughcut the rock. 

Chlorito.id and carbonate  

As a gensral statement, one coad assert that sore than 

cp per cent of all the chloritoid in the Chibougumau area is 

sassociattd with an iron carbonate, either enkerite or eide,rite. 

In canes, where it is associated with muscovite, quarts, or pyrite 

there is carbonate in the same'ssono, or in the immediate vicinity. 

In places, this carbonate was identified as siderits. in others, 

this determination is not W3 definite because a mixture of siderite 

and very fine , quarts can look very n .ch like an write. 5iderite, 

an weathering, produces a deep brownish rod weathered surface while 

ankerite gives a light yellowish brown color to the ourf ce. This 

field observation was verified by partial analyses done by the quotes 

Department of 1 ines Laboratories. Eut, es eentionned earner, a tine 
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mixture of quarts and siderite may give a veathercd surface : ucb like 

cn'- oritQ. 

wdrothrrhal origin  

The hydrothermal origin of the chloritoid is evident from 

the ninoralocicr►1 assemblages, the epstisal relations to shear 

zones and ore-bearing zones, and the fact that it is found in 

sheer sonos cutting such diverse rocks as astsbssarlts, zetazabbres, 

zetaanorthositcs, and in the altered dykes found a1on these Wear 

zones. The conatantr  association with shear ;ones m°irked by extensive 

penetrative deformation, me asomatism, and hydrothermal  alter ttion 

and by un iron carbOnite titling, are features which have to be 

considered in order to get an idea of the nature of the ore solutions 

and the conditiono .ending to the formation of chloritoid. 

In other localities, the presence of $►ron-rich minerals is 

also indicated. at 

"sheared tree 
to albite a. 

revoau a r 

Porcupine, Cntario, Qustafeon(l 46) mentions that 

satin lava flora run ;ing fro;i albite dacite 
tdeeite underlie the wine Area... The microscope 
ea comp, sea of 5u px.r cent or more of w crite". 

In the Deep River 

(

egion of North Carolina, Stuckey found chloritoid 

in the foctua l of the orelx dy (pyrophyliite). An ircn breccia makes 

the footwall of the'orebody, and Stuckey (1926) says: 

"oo .s of the co:.rs.o 4%c1.d Lreccia contrat e cor:cidsrablo 
iron in the tom of cr4►insof he odtite and urznetito and has 
been called an giron breccia". 

1z' ûal; oorlie, Australia, the situation is similar to Porcupine 

in the ankeritis Lion is coron in the volcanice. 

In the Chibcuz eau area, the ore solutions must 11:4ve been 

rich in Fe, Al, b, 002, and SiC2  as evidenced by the abunu.►nt 
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develo;ment of chloritoid, nuocovite, siderite, and quarts. The 

ratio S / CO2 / he must be the critical factor which determines 

the win s:Jlo;,ry of the sulphides. It Campbell Chibouaamau Lines, 

to the ewuth, chloritoid is present only at 	or two places. The 

rain sulph:do is pyrrhotite. In the area upped by the author, there 

Is little pyrite and no Fyrrhotite and the main sulphide is 

• dmlcopyrite. The rain alteration mineral is chloritoid. Ile iron 

Which went into pyrrhotite and pyrite in the Campbell *rezone 

formed chloritoid and an iron carbonate in. the Copper Cliff and 

11bw Royran orezones. There was more sulfur present at Campbell 

tut by forming pyrrhotite and pyrite there was less sulfur left 

to make chai.copy4te and the ratio .  pyrite or pyrrhotite to 

chalcopyrite is leas at Copper Cliff and hew Royran although the 

ore can be economically as good. 

The para et esis of any one ore cone cariot be accurately 

dstLrnined because the specite:s collected and studied caver a 

large area, end there is no certainty that two ore tonca with 

similar caneralofy have doveloped at the suas tige. Chloritoird 

appears to be one of the latest mineral to fora in these zonas, 

though a few spooir ns ee:ow narrow voinlets of quarta and carbonate 

cutting the chlori.oid. There could be two ages of chioritoid, but 

it co'.,ld not be 1•rovon during this limited study. An a; proximation 

'of the sequence of events at the ►iderits 11111 ehowing, perhaps 

typical of other a nes also, would be as follows: 

fracturing 

introductio; 

traaturins;, 
of dykes, in swarm, with lout: e: st otrika 

shearing of the areas between the dy cos 
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hydrothermal alteration producing ser3.citisation, chiloritizaLiozs, 
and ao .e oart:oru.tissation of the yotaanvrtt.oait;a+ and 
motngabbro 

sheering 

very intense development of sericite along the main shears 

major period of carbonatieution, silicification, and possiLle 
development of eo::a chloritoid 

cultidess pyrite first, t.'l1owed by ehalaop rite. Soma 
chloritisation With the ore. 

fracturing 

abwidant development of chloritoid 

fracturing, very minor 

very minor silicification und aarbonutisation 

thloritoid, stress riz "rat  T 

The influence of Struts on the formation of certain minerals 

tacs led to many arguments' and discussions. 

Harker, studying minerals ford by dynamothermal. and thermal 

metamorphism put forward the ides that each process elves rise 

ta characteristic rrinrirals. Be galled stress minerals those 

formed in crystalline schiste and included chloritoid amoniast the 

stress minerals ( Laker, 1932, p. 130) s 

"ems may be said of other distinctly stress minerals, 
such as chloritoid, ott.relite, and aLaurolite". 

. 	Turner (1948, p. 30) said; 

"The number of minerals belons. ng to the first category 
(strces uiracrals) is very li .ited, ci;lor told and possibly 
kyanite being the only comaan ox>r.:ples4. 

The necessity of streaees for th. forx+ation of chloritoid 

was discussed and rejected by Lskola. (1934). A recent study by 

J. Kichot (1955) included a complete review of the literature on 
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id occurrences whore stress was rot o;, ire tivo. examples of chlori 

its also added hie own studies cade on the gene5to of chlorltoid 

along a quarts vet in phyllitee. The Chibougumau occurrence should 

be added to the list of examples cet,tionned by Cachot. 

Gustafson (1946) believes that the a eericiti$.tio.i and 

ankeritization took place .f ter the rock had boon sheared and 

laminated under the influence of directed stresses. Ghi.oritoid 

grew efter.the.. minerals. In the sane areas, veins cf quarts 

and snkerite contain chloritoid. This is another case where 

chloritoid-bearing veins ana lhydrothermal1y`produced chloritoid 

are present. 

Prider (194?), however, thou ht that in Xalgoorlie the 

chloritoid was formed after the period of hydrothermal action. 

Tho latter hais prep ►red the environment =king it chemically suitable 

for•the formation of chloritoid which developed under the influence 

of' stresaos. 

The writer prefers Gustafeon's version for the reasons 

given before. Moreover, Prider gives examples of isolated crystals 

at chloritoid in a dolerite strorzt ly altered but containing undoforcad 

sericitized plagioclase. This is very similar to the chloritoid-

tearing altered ereenstone dykes described in the Chibouwàcau area . 

Iiichot's conclusions (1955, p. 46) are identic a to the 

writer's although they ars derived tram the study of a completely 

different area. the raids 

"Toutes MI occurrences, joir►tos â celle quo nous avor>s etudae 
. dans' le premic•r cl.pitrer,•damontre;it -1 LuPt'iaï.nco que l6 
ahloritoidot  tc.tat sant;..neux que ferreux, est un mir:cr+al, 
roar la t;enouo duquel les forces actiniques ne scut pas 
intarvor;uos. 
is chloritoide peut ;kris en„er,dre' on milieu iure::.eut otatitiue.M 
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The Chibougamau area is located in the easternmost part of 

the aupertor Province (Fig;. 4). The northern portion or the area 

la underlain by volcanic rocks and ultrabaoic pills. They form the 

south limb of a large sy .cline whose =ill lies 3 :ailes north of 

Gilman lake. The southern portion cf the area is un:er1d.n by 

members of the Dore Lake Complex, a thick strutifotr complex, 

arched up by the in ruston of the Chibuugamau Lake Complex, made 

up mostly of granit , diorite, and warts diorite (Plate 2, 5, and 6). 
The Attitude of the volca~nio rocks wilt dot4rairaed by the 

napping of flow top direction of flow contacts, layers of ph.nocrysta, 

Aelygdeloidalhorizo e, belts of pillow Lavas. The attitude of the 

Dare lake Complex w s .determined by the primary foliation within 

tome z eraàorn, especitally the metaga bbro and metapyroxenite members, 

the is ripg and contacts between layers ot`difforent coop*sition, 

and the distribution of specific rock types along certain horizons 

within the Complex. 

F..ulte and &Iota- zones  
I 

The area is transioted by three sets of shears (Plate 6), 

two of which are important: one etrikin„ northeast, and the other 

s uthosiat. Both seta may be compleLent4 ry in or:.CLn, but have had 

different hiakry following in ; their inception. : definition, a fault 

ch:Auld have measurable displacement along its course, but in this 

area, no marker; are available which permit identification of the 
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cheer sores as f++ults with measurable dte;>lricesoents. Tho raaZor 

northcust-striki ., fuult•zone was called the :e,,a •ijauvc,E,e <Fault,.bccause 

af the rcr•i;rkablsa continuity, intens3itsy of shearing and alteration, 

and excellent drag folding exposed on the high hill.'close to the 

eastern bo:•fini ry of the nap-area. All the &-.ear zones are m. rgod 

t~ extenelve development of carbonate (ankerite and sidorite), quartz, 

chlorite, chloritoid, and muscovite. ,An xtteipt has been rade to 

differentiate between shear zones with different cineraloa can the 

sap (Plato 1), but the division is oomovhat arbitrary since the 

sheer zones vary in corrpositicn along strike when they go trou one 

type of host rock to another. 

Arhel.ac, Sauvire fruit zone 

This fault zone derives-its nape from a emall lake west of 

Little Gilman Lake. Smith nap: cd this fault in detail for 5 miles 

and the author capped it for on additional 5 miles. lioracrort 

(p<:rsorwl communication) traced it across Portczee Island giving it 

an additiunal. 3 miles and it is icnown to be present at illians Lake, 

3 ailes west of thé western lirait of Smith's map (1953),  

a total. length of at least 16 miles. It ay continue westward 

r 
r 

nuch farther. 

along this fault b 

feature of the Chi 

only mention of th 

is the folloIringt 

she. ring had been reported at v .rioue places 

t Aims not reconnized as a major structural 

ougaMau district until this detailed sawing. The 

structure made by.:2awdeley and I`ioman (1935) 

"The zona o~ c:.rtx,natcd and ehs~red rocks th.•.t extends 
westward t 	tales frw.:, the r,crthern part of Dore ~aka 
and passes 4 wile north of the Wr<4 or Cedar bay, fC: ru.s 
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an important part of the ruck strucl ure near Dore Luke. 
It trey be a sono of laultin4, but its relation `.,o otnar 
zones of shearing and faulting on Lore 40ake is not known". 

In the area Lapked by the . writer, it is a wide zone of shearing 

marked by extensive development of an iron carbonate and ch2.oritoid. 

:ose sections' of it are rich in chlorite, qual'tz and sericito, but 

the predominant mineral along the f::ult is tris iron carbcn.te which 

arts a deep broirn:sh rid color to the weathered surface. Zrag r. din 

tes observed in 3 or 4 places and ,shays indicates a displace eat 

of the north block to the east with respect to the south block 

(Plate 1). Since there Are no açailable horizon r rivera, the true 

direction and amount of aove.vcnt carnaot be established. In'ea.ny 

localities, the rock is tassivo :but extremely relL bardedi especially 

*ere alternate layers of carbonate and chlor told make up most of 

the 'rock. 

In the eastern portion of the map-area, tas fault sono 

eepx•ratee two major bodies of rocks, the reewatin»type volcanic 

rocks to the north and the Dore Lake Complex to the south. 

Farther west, the fault splits into two branches: the north branch 

Barries through the vt lcanice, and that south branch angles to the 

suuthveµut and .}.m ci L od the "pyrite zone" because of the body et 

ririto which ants drilled on top of the large hill south of Littlq 

Oilman Lake. Fyritis:_tign is cowaon along this southern branch of 

the Iae Sauvage 441t. This yyrite zone se jk rate S the, ivesa atin-type 

olcanice and the Dore Duke : Complex. .ycce?t for the pyrite body 

ceutioned rbove, which contins lox copper and 'bine ! values, no ry  

commercial ore bodice have been found along the 1.44 tauva:,e fault 
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zone itself. 

Bedded tuffs were found in 3 cr 4 i.oea,litioa: along, this 

branch oF the bfa.ult (narked T on Plato 1), and there is n atrung 

rs,cneotion that the fault took place along h tt,ffaccouo horizon. 

Dore eke fault (Ncüensie Narrows fault zone?) 

This controversial structurai feature tais named after the 

Itt.enaie > arrows at the northeast corner of Cbibougamnu Labe by 

} wdaley and Borman (1935). In that area, it brima in c= ntact 

nearly fle4.lying (Huronian ?) sediments and steeply ppine 

MewAin-type voican ins. ! Further south, Ftawdsley and !Norman 

reportes  

"the strike and m nitude of the KHciitnzie tl rrows fault in 
the northeastern part of the a4 .p- Grua cuaest that this fault 

extend southwestward arrose Dures and along the 
straight, narrow am or titis lake thrt receives the drainage 
from Cache Lake. A fault lino occurs alond; the stroma bed 
beside the first porta6e frcm dore to Gael,* 4ke aid is in 
accord with a Iua.•ible cantinuw,tion of the i•,ckcnzie i.arrows 
tu4it to this iocality. Tie P. Lt, line is indicted by the 
narrow:':tre: ch, tru din, north 30 de.: roes e.wst, tl.rou; h which 
the etru.+:n descurdu into Dore 	niai also by the intense 
ehntterinc of the roc:e along the walls arnci conter cf the 
trench. Abu nde.nt evidence of c:et'ori:.,:Lion in prevented by 
nth shear zc,u s ►,nd joints in the roc::o aro .nd iJore Lake, 
but their correlation with any sy:►tc a of faulting cannot bu 
Lade f ro:a the intgr:a..bf.oa obtained up to the p r8:: ent". 

Graham in his rexort (1951) centicha that he found the fault 

in the creek which joins Cache Lnke .•Nth Dore' Lake and that it is 

indicated by drilling oast of Eerrill island. 

These reports bring the fault to the to ndaries of the menant 

tep-area, but within the.,arca} studied b;' the writer, the fault is 

everywhere concealed Ly the waters of 3)ore Lake. Indirect evidence 

points to the presence of t, fault joining the two sections z entionned 
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ty 2;akds:oy and ZJc7rm:,n and by ::ra`.W►m. Th:e , tapo4r:►p4 QLron~~q iaupporta 

the ide a- of a , ma jor shear  zone :lone the axis et Dore lake: 

anorti osite is hr:►rd and quite resistant to erosion when s:ansiva, as 

evidenced by the Lr, oup of hi4h billa in the western part cf the 

zap-area, north of Dore Lake, and the presence of a major shear 

  

zone saiiht be the controling factor in the doverlopaent of the 

actual topo raAy. 	 • 

Cni dia::ond rill hole (hole D-2 of Copper Cliff Consolidated 

lining Corporation) drilled froi the point of land across Dore Lake 

from Machin Point tcroected a core lenzth of about 17$ feet 

(hole at 45 da{:Pee) of a very heavily eh ,red ohlorite.sericite 

echiut. Without addditional'drill holes, this shear zone cannot be 

positively identified au the extension of the g:eLenzie Varrows 

fault and the name Dc:ro Lake fault should ipe applied to the fault 

which Graham projected alone Cache Lake and went of 	island 

and to the fault indicated in the drilling between r̀ achin Point and 

the main land to thn west. It further work provice this fault to be 

the c nLinurtion of the Wcnzie harrows fault, the nase Dore Lake 

fault shtUld IN; dropred and the two 1:orenzie Narrows applied since 

It has tine priority. 

3cuthe►.=.:t-trc: dint, shear soma 

A set of ecuthe,.st-trending sho.:r sense is very well dovelo; ed 

in 

 

thetutpliarea and ie icport..nt econow.Loo►lly since they Are the 

oop,:er-be:.rim, zones. A nurbear of them have been drilled And mining 

development is proere::cine 4QW five of Ups. zones within the 

cep-area. 



These zones are chary. et rrizcd by  intensive shearing, 

extensive hydroth‘r.i l iteration leading to a co plete replacement 

cf the host rock by c3rboriete (eider:to .mostly), chlbrite, 
4 

chloritoïd, si ricite, and quarta. Very sp.;rae drag fo?dina indicates 

th=t t:.e :..ovoL.e t, at least in the last at:ge of the defer.-::also, 

tock place in a hcris.utal direction. no horizon marker° indicate 

the extent and dirccticn of the movement. The southeast-tremens; 

sheers are shorter than the lsrger ncrthtaut-strikingL1alt zones. 

dykes are very common in this area, and generally have a southeasterly 

trend. A great number of them have been introduced along, shear 

zones. The majority of commercial embodies are found along dykes 

and their e`.piacei sent was structurally cortrollcd', by the dynes. 

Tho dykes zzvy or may not. be eheare•d. then solves, and' are corm only►  

heavily altered: 

The mineralogy of these shear zones de;onde on the presence 

or absence of orebcdien and hydrothemal eltercetion, degree cf 

bhearinc, and chewical cemponition of the hoot rock. In the 

z orthoaite, when I ydrotherr,al cslteration is at a minimum, the rock 

is changed to a ee icite ech et with minor calcite and chlorite. 

Alen the rhear for io accompanied by mineralization, the rack 

becomes g ite chloritic. If gabbro or transition rock is the 

toot rock to the orear,chlorite end arkerite with minor sericite 

are the moat common minerals. If mineralization le ?.•re..ent, siderite 

and chloritoid are 

suffer exc‘pticns, 

und can be useful 

:resent. All these are E,erera its ations which 

but which have a wide rq;,e of ap.lications 

urospectir c for copper-bearing shear zone. 

  

The third set of shears strikes in a north-northeast direction 

and is very poorly known. Field owing does not suggeàt shearing 
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in that direct:ono but recent miAng work .zni drillin;; h4.3 

su Bested -the• , rs:sencey cf this st't cet she^re. They t .y have bccn 

important :.n the control of the minert1ization tut under;,round 

iorkinzn will be necesauxj Wore they am be ause,ss©d properly. 

ere dcnolita nnd et.rvzrture  

The Chibou;;arssu dis t rict is becoming an Lmp orLrmt cop; or— 

produein; area. Campbell Chibour;am.tu Antos xent'in production in 

Juno or 1,55, and is mining 1730 tons a drtiy averaginz close to 

3 per cent copper and .10 ounce of gold prat ton. At the same 

tires Copper Gliff Consolidated Mining Corporation and star ïtoyran 

Copper tdnee did extensive exploration work and started shaft 

sinking on the two properties. They later amalgamated and ford 

Dapper Eland Chibougamauedua is contemplat4ng building a ?COO tone. 

per day mill. Luobec Chibouga au Goldfields is sh:.tt sinking and 

planing to build a 1000 tons per dAy gill. Doman }`,inea is also 

planning shaft sinking. Campbell thibougaa:au Fines is unwatering 

its Cedar; Day shaft and plans have also been made to sink a shaft 

tea the t okko Creek ore zone. Recently, C4bougaraau Jaculet Z inee 

ras found, a large tonnage of got d grade copper ore' in three ore 

sours. They are planning shaft sinking in the Fall of 1956. 

All theao or zones are located within, the area mapped by the 

triter (Elate 1). 

Snell cusôs, the ore material le a show seine replacement 

along s dyke. All the ore•bear: ng zones have a southerst ,strike and 

dip steeper than 45•. The ore replaces a seriaite—chîorito schist. 

Chloritoid is a ç a7;on alteration mineral ,and it has been discussed 

r 
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r, Os cz. The exact rulativas or ti-.0 ore to the il 7 i; w::: to the 11 20 >~ 

c,zr 

 

coats have not yet Leon euLblichtd Crut the distribution of 

L:e ore 2.(44412 bears a cloue Leo„raphi.e..l relation to .the Lore Lake 
t 

fault l:ii4 to the ....,C :44.uvA;;C fault so..e. Any xuvç..:erit j.onn t: t+ee 

faults, after tit introaacticn of had br. ttlo 4y..ou ulthin the 

luco:rl tsut shear zcreu, wood tend to cranta dilation:1 open n45 

on each aide or the dykes. (pne side of the dyke tzr be gore 

favourable for ore depseition because of the d ie effect of the 

dyke on the ore solutions. 

Underground work will havre to be don© before these hypotheses 

can be verified. however, asnug:l.tione along thin ..irae of thought 

have been used in Fmos ectirt and exploration for the last three 

yeere and have been very eucee:haul. 

r 
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