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| The interest of the mining industry in the Chibougazuau arva
was firgt arcused in 1870 when Jaxmes Rich.rdson geolojlcully explored
the area and discovered sulphide-bearing zones.

Geological zmapping and prospecting wore done intercittently,
wlth a burat of sctivity between 1930 and 1936, Following the
constructicn of the highw.y, a progran of dotailed mapping was
initiatcd by the Dopariment of Kines in 1949,

he author spent the suzmer of 1952 with Dr R.B. Groham

investi;ating the active zining propertios of the aren and

continuing the detalled mapping initiated by Graham in Cbalski

township. During the swmers of 1953 and 1954, he mapped the scuth
portion of the southcast quarter of lelkenzie tqwnahip. At the sara
tize, Dr J.R. &nith was mapplng the southwest quurter of the township
and the north halr of the southeast quarter. |
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| , Tha Ch:l-:mjxgumau' area (Fig. 1) lics in the ezstern port of
r i sbiltibi-enct Cout%ty, Qbout 320 niles north of 2~oﬁtra ) and 250 zlles
‘ h\, | nortliesst of the 1P.cnwx;.---!\'czrcsru:ia zining district.

,r‘ ‘ The St..FeLcimi-Chibougumu i tway, bullt by tiie (uebec

- - l

|
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Departricnt of ldres in 1948 and 1949, provides easy wccess. A goood
motor ro.d coiinects this highway with Cuspboll Chibougunzu tines,
enly 3 mlles south of the arsa under conslderztion, Jerlal

trunsport.tion 48 avallible froa nuncrous privats conpunles,

PIYOICSR DY

The map-area lies porth of the heisht of ]:e.nd between
3. Laurenéo River and Jares Daye. Its reilef of 250 to 4CO fect 1s
greator than the average near this draincge divide,

The map~ares is crossed by east~tronding ridzes s'eparated
by lowlsnds and ouxll lokes. lost of it lies in the Doro Lske hilly
belt alon; the north shore of ore Lake. Abundunt rock outerops
occur on the ridjes. The belt is not a conf.inucua ridze, but 1s
ride up of a seorics of aizort ridgo=like hills aeparated by tr.cts of
lowlinds, The hizhest hill, locatcd just south of Little Gilman Lake,
is capped by & fire ruanger's cbservation tower, |

Gouin Peninsuls is a nerrow barnd of land eoparstin: lore Luke
froa Chibougamuu Lake. From the Oualekieiiofienzie township lire
wrihward for 1200 feot, .the Peninoula 1s very flut and covorud by
a duep sheet of glecisl gravel. Dlarond drilling indlcited over 150
feot of drift. Furtier north, Gouln Perninsula becoies a ridze that
rises steeply on the Chlbouzaziu lake side with a rore gradual slopo on
the Dore Luke side. |

-

DRALLAGE
P ————

The wap-urea dralns northw.rd lrto Junes Buy, but by a very

circultous route, Ilake Chibougrmau ls sbeut 1230 feot abuve sea levol.
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It drains through }wo outleta into Dore like which i3 12 fcet lower,
|

Doro Lake and Gllnmr Loke flow soutiwestward into Chilboupgunou River
s

and torough nuzerous lakes which are enlsrsed portions of thls river.
Tho waters of Chibougarau River dlschorie into daces Bay via

waswanipl and Nottéwuy Rivers,

| CLICIAL _GorICSY

Pleistocene ico-sheets ;reatly éodifled the surfoce. Glsclal
strise are nunerous and trend froa 210 dezrees to 220 degrees{azinuth).
The Leat strlae are téund wlong wave-besten lake sheres and on
rid;ce tops,

The southwestward moverent of the ice-shcet, cozbined with
the structure of the arcs markedly affected the regiocnal tero;rezphye.
Tie fice sheet left a thick bliniet of boulder till, sarnd, «nd gravel
cver rost of the srea. A litile east of Machin Poirt, a drill hole

(60 desrecs) penetrated over 2C0 feet of drift vefore it re:ched
bedrocke In that vicinity, a nuasbur of drill holes huve ;one throusch
rdghly altered abd weathered enorthosite with a deep red cclor, full
of vugs and cavities, scuewhit slsdlar to luterites., This ruy ilndicate
wn area from which the prezlaclial westhered bedrock wis nct resoved
by tito ice., This is rarely observed in glaclcted countries aid cculd
mean thv ¢ the ilce-shcet reinved little of the bedrock althcush the

possibllity of a deop depreéslon in the ori insl pre-gisclition
surfice should be considered.

Yoot rid;es have a steap rociy north foce uud a geatle scuth
slope covered with touldery gravels, No eskers were fourd ln thae

P=al@ie

Gouln Feainsuls probubly represents a war;inad recessivnal
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woralne between two ice lotes which covered Dore und Chibour.amou
Lakes respectively.
T:e plain on which Chlbougssiu villsge is locited his a
featureless flut surface, exce;t whero It is guwllicd by David Creck
and ita tributorlies. It is undorlasln by strutifled fine~to neodiune
ralned 8.nd that was deposited in a Flelstccero Lake.

FRRVICUS GICILCiCc L VCRK

The area wzs explored by Richurdson as early 28 1870, In 1224,
the Biznell-low l-istassini expedition passed through the rejlon.

In 1892 qnd 1905, A.P. low returned and further explored the vicinity
of Chibougamsu Lake., ALl theso oxpeditions followed ihe waterw.ys
end no genoral mapping was ctteupted, Because of pressure to build
a railway into the arez, the Cueboc Governuent decided to have an
wibiased and authoritative roport on the miner:.l resources wnd
cconoisde posalbilitios of the urea, iccordingly, the Chibougansu
Counission was appointed in 1910 and tleir report wus jublisied in
1911, They concentrated thelr work on the miner:l ccevrrences and
did little geclosicel mupplng.

Eebtty (1930; mapped ilciensie township in 1929 for the «ueiac
lepartzent of ¥irnes at a scale of cne wmlle to the inch. In 1527,
1930 and 1934, Mawdaley (1527) and Borm:n (1935) mapped at the saze
scalo‘an arca west of Ciibougatvau lake, includi‘—nc; iho area covered by
fetty. During the fcllowing yesrs, lorman extanded the cappins to
tho weat,

In 1950, followin; construction of the highway, Gralis{l95l)



—8—-

grarted wapplng Cbalskl townslilp at a scale of 1CCO feet to the inch.
In 1951, J.R. Sxith proceeded to rup the southern portion of lckenuzle

tovnship, ard JlR, Sulith and the writer completed this prolect =t a

geale of 500 feet to the inch by the end of 1954,

FI/ID 1T :€DS

The area was photozraphed fros the air in 1953 at 3 scale
of 1CC0 feet‘to the inch and enlarguents provided ut 500 feet to the
inch. lowover, the keavy forest cover (Fii. 3) linits the use of the
photographs, (n the other hand, wost of the map-arca has been covered
by gcophysical surveys and the cut=lines provided excellent centrol
on which to plot tho geology. The base lines were tied in to old
surveyed lines and to the topography. Eost traverscs were chained
wnliess chalnuge was still readable on the original pickets. In the
pbftion of the map-area where cut-lines were not avallublo, traverses
woro run on coupasa ¢nd chained, Travers.s were spaced 250 aﬁd 3C0
fect apsrt, exgcpt where no lines were avallible., In the latter csae,
0= or 5C0-foot sincing was used derending on the topograrhy,
availabllity of rock outcrops, end hicrigon m-rkers,

To underatund score of the difficulties encountered in the
capping, 8 few worda asbout the nature of the terrain are in order.
ost of the area is covered with glnclel drift, Ioclk exrosures
without drift cover ore plentiful but am.ll, YNoreover, they sre
gpncraily concezled by a hexvy blanket of moss, To cbuerve the -
btedrock, one hus to seok eliffa whore the rock is alrozdy exposed

cr olse strip the zo0ss cover fron driftlecs rociy exjosures. Tho
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Figure 3. Jjerial photograph (scale 1000': 1") of part of the man-rrea
igure 3 ghowingpthe genge ;&orest cover which blankets the area.
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latter method involves a aruf. deal of manual work, oapecia.l)q.i:;
heavily tinmbered areas. The wet moss acts like an etching roagent
-end the texture and structures of the rock are beautifully exhibited
when the moss is rolled off (Pig. 4)
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In many places, especially whers mdrotherml alteration has
been intence, the ltched ard muthored surface 1s the bﬁst. clue to
the identification of the ‘orii;inalr rock. The structure and textures
of the rock, and the outlines of th¢ orizlnal ninerals, are woll

displayed on such lurface:, but on & fresh surface one only cuserves

- & fine mst of chlorite, sericite, carbonate and other hydrothermal

-products which blury th@ orizinal structures and textuﬁrlea.
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| RESIGHAL _GRCIOCY

~ An understanding of the geolozy of this restricted area

“yequired some knowledge of the geolosy of the whole Chlbougamau

district.

G111's (1548) nomenclature of the different sub-provinces
of the Canadian Shicld is used (Fig. 5). The Chlbougazau district
lies in the easternrost portion of the Snpe;rlor ﬁrovir.ce. What s
row called the f.up;rior province includes the Timiskaninz sub-prm_rincc
and other sub-provinces in the western psrt. M.k, Wilson introducéd
the concept of sub-proﬁ.nces (1913) and applied the geosynclinal theory
to rocks of the Canadlan Shield: he interpreted the central belt of

laurenticn banded @eisbea, extending from the nor'rfh siors ol lake

- Buron to lake Miumslni, as the core of a Precaubrian rountain chain

wilch stood as & geanticlinal belt between géoayncums forced bty
the Abitibti group and the Grenville series.
The divielon in_: sub=-provinces was done to help in the

- correlation of siuilar rocks found over such wide ureus th.t outcrop

“cerrelzation was ixmpossible, local nexss were used for euzch
sub=-provinee, . Ho'aﬁvar; the outcrop situution and t.he‘ size of
the sub-protinéo rade éorrelation en inpossible t;ask in many
instorces. Thia led to & terminology which expre;aed lithologic
sinilarity without e:;u#.mlencc in tice. The tfrnm used=——

Keowatin-type, Timiskaning-tyre, sand Gronville~type = have a

. tize-otratigraphle significance in the type locallties but have

|
teen used broadly !?y wost geologists as purely lithologlcul terss

|
|
|
\
i
|
|
|
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rearrying m tlme conaotubions Thio 1 the usage folloved here, and

the terus seewatin=type or Timiokasing-type could b put on.rocis

) ~ found in‘any pmv+c0 dn Canzda or cnyvhbre olse lu tho worlid for

8 tiat zuttor without signifying enything about cquivalcﬁce in ti:a.

~ | The nature of the boupdury itoelf between the Grenvilie and

| the Superior provinces has not yeb becn sctiled. & corclusion
p- adcptcd by zarny is th.t thoe beundary is a feult- zore. The naces
‘ Yhurone-tiotassind foult zone® (‘J.T; ¥ilson 1949) or ;"Huroz'.-:istmm

8 * thrust® (U.T. kilson 1949a) or "Grenville front" (Derry et al. 1950)

_ have been used, N |

torsan (1936) bolieved that the provinclal bound.ry was a
- structursl feature resulting from “mountala bullding® - of the Crenville
crthogneisses and paragnelsses in lste Frecarbrian tisze, Folding of

B ‘ the Archean rocus of the 'i'i.r-:isk.:.mlns sub-provitce about eist-trerding
axes sntedated wmd was truncuted by tils boundury.
) Gill and wWilson have expancded on horman's theorys they divided
- . the Cunadisn Shield into provinces chirscterized by distinct structural
ﬁ'cndl. They refer to tie Grenville sub-province as the Crenville
2 Irovince, The 1lwita of the Tindskazing sub-province Luve beca
- exponded and‘ it is a Province. |
6111 (1942, p.29; 1949, ppél~67) considers thit tie Grenville
- ' Irovince iirks the sits of a late Freczubrian nountain telt which
has a trend followed fzrther jt.cr"t.,l’xo' gouthesst by the. P:aleozoic mourtalin
B ‘aysté:s, His reasons include
_m a) truncition of the eustern-trending structures
- ) of tne Superlor pruvince by the noriliecst-trendlog

piructures of the Grenville suv~;roviice,

) |



b) rudlosctive dating of the Grenville rccis.
Ho suscrites to lorman'e hypothesis that the rocks of the Grenville
sub-province h.ve becn raised rel:tive to those of the Iuperior
‘ I'povince by thrustirg. -
Rog:rding the Crenville front, Johnston sald(1954)
"the two sub-provinces are in fuult cont.ct u.‘_é:;g; a2 gone of
northecstestrining, e:st=dippis fouits, with displuccent
of the Crenville, or soutleast side, urw.ri. Tre ztount of
disrlace.snt at there fuults raiks ticu'with the olor
tectenic fextures of tre e.rta’s crust”,
: _
Pecently, Garland é(peracml cozzunication froa F.F, Gsborne) sucpested
that the ao—callcd! Crenville front in uetec i3 tho northwest ed:e of a

zore of injection }. ich correspends to a gravity low, |
Tho Superibr Province is typically underlzin by belts of

“volcanie rocks intruded by basic end ultrabasic siils end by zranite

‘ard dioritic batholiths and stocks, In th_e Chibou;;amg dletrict,

lerran  (1936) found that the sallo mxsses occury the anticiinal

positions whereas tho volcanic rocas and intrusive sills are in tightly

folded synclines,.
| The volcanlc secuences corprise basulta, andcslites, rhyoiites
and pyroclustics, ‘a.ll netasorpnosed to tho yreenschist facles, The |
area rupped by tho writer in.ludes the basal portion of a thick
succevsicn of flows that for.s the southern lmb of a nj-ncline stose

\ ~
axls is lavaded Ly nuserous baslc &nd ulirubasic sills, The sills.

. have beer napped for a length of 60 miles. Somo of thea show

pronourced dlfferoitiation, and D. Derry (1939) otates:

Rthis intruolve series sce.s to te soucthing of the s e tyre
8s the uoll kicwu Dushveld Coiplex of Irunsvesl’ (pel?7) o

One of the zaujer salle aues centlonnod woove Lls the Chlbceujuuau



.“lake batholith, This ses is surrounded by ancrthtosite: and gubtaq,

ﬁzou;ht. t¢ represent recbors of an oripinal flay=lying thick.sill arched

wp bty the intrusion of the Chibouygarau Lake bf.tlxolith;' “The anorthosite

and gobbkro were intruded in a flat=lying structure within the lav:s,
Herth of the arca otudicd, a few patches of flrt-lying

sedizentary rocks (hurenian?) cverlie steeply dipplnz volcanic

and ultrcbasic rocks. | *

GilENAL G CLOCY

| The area mapped by the writer 1s ipdicated on Plz=te 2,
It can be divided into two partst an area to the north underlain by
wlcanic rocks, and an ares to the south underlain by plutoric rocks
wilch ccoprise the various nexbers of the Dore Laxe Coxplex.

411l the consollidatod rocks of the arca are of Precusbrian age.
The voleenic proup, presumably the oldest proup éf the arca, hus been
assipied to the h;:cwatin by many worsers but it is called here the
feuwstin-type cerics, The tera Heewatln was qriglmlly Applied by
AC. Lawson in 1825 to & series of horntlende ]achist.a, disbascs,
dlcrites, chlcrihi.tc gchiste, and volesnie asslomorates in the lake of
the koods région. ‘Lawson found this assexbloge highly folded, |
rstunorphored, and cut by bodies of 5ranité 3 snd he, therefore,
coined the tern Iqleowatin to difrerentl.lnta these rocks fron the
Ruironian, generullly less wetasorp osed, end youﬁg,er than the ranite,
vhen det:illed studios of perthern Untsrio and <uebec wera dane, it
wes natur:d to uje the term Xeewatin when referrlng‘ to t 18 pre-liuronian

esoeablire, in spite of the fact thet gups which cennct be brid:.ed




by corrclation exist betweea rorthiern Ontarlo, leke of thlio: Veods,

F , .

j R
Qo | .
e

end lake tupericre Due to the lack of precise correl.ticn, the term

- kecw.tin has bLeen reploced Ly Heewstinetype, wilch fzplies a predoalnantly
o wlcinle assuabl.ge, llthologicaliy similar to U:m original reewatine
. tyje sectlon, |
Thess volcanic rocks cmé oﬁt in the northei-n‘ portion of t})e
- cap-ares and are described in greator detzil below. The suuthera purt
of the mp-krea. is undorlauin by rocks of the Dore Lake Couplexs
[~ - meteincithosite, metugubbro, a transition mexber belween wetaanorthosite
. and zetogabbro, and other minor facios including mst:ipyroxenite,
| minctite-rich setapyroxenite, magnetite-rich dicrite, pogmatitic
M~ ' clorita, snd granoptyre. |
~ A1l the rocks, excert a fow wexzbers of trha Lore lake Coaiplex,
8 h:fe beeon metn:xorphosedfjto the greenascnist fucles. UPractleally no
— orisin.l minerals remaln latict excopt for the mrgnetite and ilrcnite
in some liyoers of the Dore luike Complex, The metworp!:ic asoe.bluges
- vary deperding on the origzinal commgiuon, the orein size, and the
locz;tion with reapact to nearvy faults and irnecus intruslves,
~ The area ie trungsected by three sets of fractures, & major
_ . rortheantorly-trending set, parallel to the Gronville froat, and a
southeasterly-trending set which 18 very importunt econoxlcully,
- | Tie third set strikes olichtly east of north znd 1s still very poorly
| lnown, The southeusteotrikirg set £s z:de up of shaa.r?::cncs c¢f vurlcble
B width ‘alo::;; which ch-lecopyrite, sphalerite, aund si‘.derlte veing wre
O " loculized, lining is in prozress alon. five of Etheue routl: rute
r . trording mlneralized she-.r ZOnes. Iydrother=al alter:st:i.ox_a and

R
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intense shoaring sre churacterlstics of these fractures, - Carbon.&t.l t.ion

ad develor:ent of chloriteid are the maln types of hydrcthernil

- glteration, dut niucificatlon, chlorit.izaiion, ‘and sbéic.‘.tiz.-.tian

!
are alsu very couson.

STATS 20T CF  Tit  FROBLLUS

The dotailed =apping of this area focuses atteilion on the

following rrotlexs:

2) the orizinil nature and shape of the Dore Lake group of
rocks (es‘,celally the Dore loke Cospiex).

b) the relatlions batween t.x.o various menbers of the
Dore lake Complex .

¢) the regional structurc, its origin and history,
ard rel.tlon to ore Xocution ax‘d ore findinge.

d) thte nature and ch: racterictics of the hydrother w2}
slteration, with .speciz) attention to the chloritoid
problen,

e) ai co:p-rision between Keowatin and Recent or Tertiuvry
volecanlom ahd voleunle rosus, '

£) the ret.rerphisa and metamorphic processes as studied
in tids aroas. -

The srea aapped in deteil is too linited to pnvide a
co:plete solution to all trese prouless. llowever, they wre
discusscd hore becsuse any comsents und contributions are apt

to help others in unravellng this corplex picture;

KPOWATINSTY! ™  VCLC:.NIC RCOrS

-

The northern part of the map-srea is undorlain Ly wvolcunic
rocks of the Keew:tin-type. The extruslves, shortiy aftcr thelr

foruatlion, constituted a tiick volcanic series comparatle in rost



respects to the 1“r:'e iwecert end Terticry lava ?plateuua. - A8 scen on

Fl.te 2, tnis ch‘.n.c (.sso.mlm*e extended st la: ot Gl riles withcut

ny =o oy discosrxtir}mity, and 1t could hrve besn much uore extenslve
btecause it is terminated to the e:st &t the Cro..ville front. ‘restward,
lack of detalled mippins ikes it dLlffictlt tc extend the volc:mie

rocks fertner th n Openlsca township, west of the Cpexdsc: botholith

(Fl:te 2) but further work sy show an extersica westw:rd of sany
ciles, ' | .

As previously stated, tris voleanic series h:s been folded

into a syncline (Plate 2). The areas papped by J.Z. Sulth, R.8. Grehmn
rrd the writer eum1 all on the south licb of thls éynclino. The thickness

| .
-of ‘the volennie w.*-ics stogdtier with the interlecved bustc &illds, rungee

fron 19,600 fect t-o 22,CC0 feot, In a 19,000 feoct section casured

from Antoinette Lake to Half Moon lake, 14,000 feet mre volconic

rocks and the remainder 1s basic sills. A section south of the west
end of Lnrone Lake ahc;wo th-t 16,000 feot out 22,000 srs velca:-ie rocks,
md sinilar fizures «pply to a section drawn on the Mofenzle~Poy township
line which ip the eustern btound.ry of the mu.p-crvea, |

The top (north) of the eection slso s'.ows shreds of pyroclastic
rocka that huve been preserved in spite of tie intruslon ¢f nuicrous
g~tbro, prroxcnite, peridotite, and dunite sllls wid piwcs, Soue

of these pyroclastic remmantso attain a thiciness of 1,3C0 foet

~and* should ,bo«a‘d.}ed to the total thickness of the wvolcaiic series.

' 'meuo. ryroclastica prebably x-cpreaent the waning staiges cf the

volcanic sctivity.

- The buso of the wolcunlc series has not been cbserved., In
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the fleld, exposures of the lowor part of the series invariably .ond
areinst a fault zone or are intruded by rocks of the Dore lake Couplex.

- .lience. the ‘orlzinal thickress of the volcuinic sejuence may have.been

reator, ‘ )
Scize faults are nearly perallel to the strike of the wolcunic

rocka, but ouch 9! the movezent was stélke—sup and thero 1s little

evidence indicuting thickening or ropetition ‘or’ ti:a vcleonic greup.
Such & large thickness of voicanic recks is not unknown:but

rither uncommon. In the Yellowknife district (tbnﬁweét Yerritories

of Canada), Henderson erd Brown (1952) report |

422,000 feet of nearly verticsl flows is exposed between
ivesus Joint and the grenodlorite to t.he_; nertaweat ¥,

| .
In the Clympic Peninsula of washington Stute, Park (1946) rmertlons

Pet lenst 3C,0C0 fect of srgillitas, greywuckes, vo cunic
vocks and estones of ecrly-ciddle Eocene agze".

In the Koranda urea (northern (uebec), Wilson (1Y41) estin.ted the
totzl thickness of |the volcanle rocks at 25,425 foct. In tho

_lsweenaw Feninsula of Michigan, Wright ond Cormwall (1954) state that

“the total thickneas «f 17,000 feet includes stout 350
scpnrnte flows and approxim:tely 20 thin beds of sedicentary
rocis. lenrly sll the rlows zre less tiian 150 fcet thdex
und about hull of thea ere less then 20 feet thick”,

Fethoda of anurosach

\hon the note Archean was propoacd by J.D, Denu for tha

Precarbrion nd wus | later redefined by the United States Geolojic:l

Survey to inciude only ecrly Precacbrian formations, most geolcosists
thought that the Archean was conposed of crystelline schists and
geissea of igneous origin ¥radically differesnt in choractor® froxz

later rocks. The detadled mapping dene in Chibrusa.au surports the
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<contention of many molern geolozlsts that Archean. geolozy is very
-slanilar to poast-Coxbrian geolegy and can c:mny te unraveled provided

-enouzh deta are available to warrant a thorouzh compurison.with

younzer better known rocias,
The volcanic rocks were mapped in detail, cbuut 6C thin sections

wre studied, dersity zeusurcxents done on a group of reprvsentstive

specicens, and fusion techni:ues (i@thm 1451) used in an eflc

to study the variaticns tetwoen the rocks at the buse and trese

ot the top'of the ascries, In deoing the fuaion work, the sutlor also
Intended to teat the féasubui.tj of this cat:od in working out the

orisinal nuture of Archean wolcanle sequences.

N

3k:x'nnc1at.uré

¥Mapping of this type of rock slways involves problezs in

rozenclature. The criginal rocks huve been metzrorphosed to the
greenschist facles, and original miner:ls (exce;t masnetite and
pért of the ilrenite) are no lonier present. Various criteria can
be sot up as bases_otvclr.saiﬁcaticn. For exauple, textures,

sposltion of the plagiocluse, color, and other achoixes huve boen
used. The majority of ccoloclata huve culled thcse rocis audealtos,
Laualts, end riyolites, or basle, lnteruzediute, ard wcld voleunle
reckss The Lirst naves are cisleading bec..usa the rock h-s been
wstatorphcsed to thoe greenachist or wrhlbohte facles and shculd be
c.':.lled r.et.«basalt., ratsardesite, or ueturhyolite to iniic.te both the
ariu‘l.nnl n.ture of tho rock and the fact th.t it hus been rst.zorphosed.
The division into busle, interzedlate, and ccld is even worse bicause
tho tor.s pare p.)wrtly cheaical and rot ;eolopicul. loreover, they

do not convey tixo idea of compirin: the Archean vélca.nlcn with



Tertiary and Recent e uimlents. uince the lutter are butter known,

the criteria which serve to dl.t‘remx itiste rock varieties in uruetom

- rorphosed terrains should be t.eeted cid modified. for the purrose.of

papping Archesn rocis.

- hegarding the ares in which we ure interested, rrevicus
wr~ers have called the volounic rocks by different nuies, The
Chlbougatau Cocmisslon (1911) in their repert st tos

sThe Xeewatln fermunticn of the Chibou arsu regzion is nude
up principally of consolidated luvio, ranging in the
prevallling species from rocks of very bi.!iu t,.'pez to others
of interuedi.te cozposition" (p. 163).
Retty (1930, p.53) saldi
windesite constitutes sixty per cent of the Keewatin, <.
‘ithyolite amounts to twenly per cent cf the neowatia®
translation by the writer frou the French editlun)
Mawdoley «nd Morman (1935, p.12) reported thut
“highly altered flovs of interusfiiate compcsition, prob.bly
widesites, predoainate in the voleunic asseablsges Taey
are typicil gresnatones”,
Diatrlt uvtion
The t.cewatin-—typo voloanic rocks underlie the northern pord
«f the map-srea and exterd northward for three miles. Tne south
boundary is the lac Sauvage fault zone. A norrow wedze of wvolcanics
elov spLears on the north shore of Gouln Ferdnsulc, close to the

loy-ticienzle township line (Plate 1). This bund is only 10CO feet

wide and 3500 feet lon:, but its extension to the bast his not teen
: vaccu::atelyvdet.ermimd, slthough it is known to be present acrocs

woet of Portage Islhnd‘ (D. Borcoroit, pers. wmunlcaiicn),.
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- Charecteristic features : . S

The Keewutin-type volccnic rocks very froa metubasalt ot the

‘base to sltered pyroclostics at the top. Soue rocks of unknown

orizin are presont to the north of the area mapped by tha writer;
they are t.hought. to be metsandeaites and pessibly wmetariyolites., A

fow thin sectiocns were examined, but not enoyzh for a cocplete unalysis.

The volcanie rocks were extruded on a flat surface as shown
ty the regularity of the flow contacts, Flow Sunctions strike
slightly north of east in a uniforn regular manner. The dip vurles

between €0 degress north and 80 dab'f'ees gouth,  Slnce the actusl

wurfice 1o a cross-section across the whole sequence, one can study

~the relation o; ‘the massive flows with repul:zr flow contacts:to beltls

of piilowed flows laid down under water. The belts of pllloved flows
ore elonzited p.rallel to the strike and ars of limited width, This
moans that shallow deprosaions forwed on the surfice of the flows

in which water accuzuluteds Theae were obliterated by the next
incoadng rush of lsva, Or 1t could be thit «djrcent volciroes poured
cut lava flows toward one c¢nother and bloched rivo:a to cro:te larze
witer bodica,

The voleunic rocks at tho basc of the series were of orliilnal

- -basaltic ca:apoaiuon.é . Geing upward in the strutipgrapiiic sesucnco, .the
-dava beca:e more andesitic, and the final cutbursts of volesulc uctivity

‘&wo rise to rhyolite and pyroclustle rocks,

Koot of the flows are massive, and show only nl.or slterition

of the ori ind structures and textures. At tho baco, about £0 per cent



of the flows are massive; the rexaining 20 i:er cent have well -
developed 'pmo‘w structure, North of the cx'and&neai-oad,'-*“p!nwed
‘flows are more abundant, The mineralogical alteration has, however,

: |
been profound in both kinds,

The passive flows of metebasalt are monotonously unifors.
They weathor t.oi a greyish green or dark green color. Thoy gencrally
give smooth rounded glacliated surfaces, Cnly a few flows could be
zeasured fram top to botton, but the thiciness of individual flows
appoar to vary froa 15 to 110 feet. From the observed grain sisze
of some flows, greater thicknesces are suspected, but lack of
outcrops comnor?)y provent exact measuremont or‘ individuval flows,.
The massive notlm are very uniform 1n appearance and mineralogzy.
They are much coarser than the bﬂ.lowed flows, some range up to one

quarter of an inch 1:; average grain sice, 'mgdaloi._dal layers are

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

coarse-gzrained greens;tome with typical intergranular texture |
through a sone dxhibiit.ing increasing omounts of amygdules, and finally
four or five feet of a slaggy flow tope Soze of the flow tops
are frapgrental, | |

The massive portions of the flows resist erosion much better
than the flow tops and amygdaloidai portions. This explains the
great abundance of rounded humps in the fleld, underlain by msssive

.metabasalt flows, and the relutive ‘ln.ck of well exposed flow tops

-and amygdaloidal layers. For this reason, workers in Precarbrian

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

in determining whether 1solated outcrors are the centors of flows

1



- the material.

or-ave Intrusive sills of siallar coxposition.: The- detallnd sork dore

by the writer e ows & conslstent pattern re;-cmted in. Suny- plicess

: -‘t.‘m»ceut:cr of the .ou.t.crop-. corresponds to the Cﬂ.'atcrf' of the flcw.ord

the low tops and amyzdaloidal parta underlie the interveninz draws,
Stripping of the ross alon; saull ach-iike c:’.itfa usunl
reveal elther wnygdiloldilerich lava or the intricate pstterns cue
to differestizl weésthering of the sl:;:-y flow t.qﬁ:s.
The ay.dwloidal hoxfizoaa are cenerzlly verzy ;.1;‘.134 an
pck-rarked on the weathersd surfoce because the rost coiron

adycdule~filling is celciteo. Chlorite and quartz are also found in

i -

wyg"u@s. i
~ 5 Thin zect:rlona of rocks that arpoab massive ard coarse-grailned

. coumonly. reveal w.ny arysules: indlceting the extrusive nature of

Flllowed lavzs ure much finer graincd than thelr masive
counterparts. They are also paler in color, belng nediuu to pale
ireens The plllows rﬁngo from a few inches to fifteen fect in
length, end cverase hbout  two feet Jong. Euch pillow hus a wery

fine=zraired rim, hulf an inch to one inch thick, aligmly durier

¢ puler grecn in color than the rest of the plllow., It is very
oorron to have a band two to six inches wide of &..J,_,dules or v.riales

(amygdules are core comwon) abu...nst this rin of “thm ed eri-inal

L Zluss.  The anyidules becoxg rarer proce~ding .u.ﬁ"drd towsrd tle cenlter

of the plllow, nd disaprear cocpletely in the larger ores (Flg. 6).
. The ‘moat comxon pilllows are the muttress ond bulloon-type

(chrock, 1948, p. 384). Only the brlloon-shaped wics are usoful in
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‘detersining the 0.8 of the flows, Tho illows greraver connected

cno to the otler; they are sepurated ty gl ssy rizs and lnters“til.ﬁ::\i.
r::.t.crlal.‘ Both patrix sxd pillov are heavi}y chloritized end c.urto-
n.tizeds In two pleces, in or o little sbove the center of the
fillow, u lerge cavity filied with quurtz wes noticed, Sicdlor
feeturcs vere reported by Aucer (quoted in skroek 1948, p. 3i1)
erd Herderson erd Erown (1952). Because they sre rzre in tils area
they have teen little used to indic:.te top from b;ttc::.

The slgnificznce of plllow lavas 18 hurdly debrted any core.
Mllow structure is a feature of lavas that have flowed into water,
fenderson (1953) h:s summarized the problem and argucents &o well
that it ls not neceasary.to review it hera., ienderzon (1953, .p.27)

. concluded

vpillows were deposited one on top of the oither
as globules of lava with tough but flexible glassy
ekin and with still plastic interior”.
As mentionied eérlicr, it is ;ossible that loskes foried
in depressions on top of flows or by the damzing of rivers. Another

posibility is that they foried in calderas, as sﬁg,.:,eot.ed by
Hlchey (1948) |

"piliow-structure is a feature of lavis th't have flewed
Into sta-ding weter, and the exczples frow the interier
of lul} indlc.te the rcje:ted cccurrence of l:kes ferred
during periods of quiescence witiin a vost erzter. The
floor of this wide crater, or caldera, sank rercatedly.
This is indicat«d Lhe ;reut thick:uuss of the rillow=liva
s8gerLbla e¥, ' ,

In the Chlbom;nmq’u'dlatrlct, ‘caldoras -could be deéterzined-only if°
“the lével of erosion was such «us to 'ax;oaerthe« ancient.; vole:nle necks
and the caldera walle. Such - festurss have not been found und the
true nature of tth bssin of deposition for the pillow iwm rezains
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.. an unsolved: problea, However, . the dinearity -end width of ‘the . pllliow.

L.ve bolts fivours extrusica into ,vshzsllow.mhkoa» not -coruicctad wWith
calderas., |

Tee lavas wero crupted quietly and intersittently. Tnoy are
wory rarciy interbedded with ash. Tho fow flow contacts observed
gicw 1o 8ign of wegathiering or &oil accusulation betwcen flous,
Tuis indicstes rapld oulpouring of the lava sciueince.

shen conip-red o th: basalts of - cllicr aress such 19 the
Inner licbrides (cailed Flateau lavas by Richey), tho Coluxtia
Ilver basait (waters) or the Catoctin greenstons(iiced 1955), .

it is remurkable that no columnar structures were observed in any

.-of -the flows, It 48 posaible that p.or exposures and unfoverable

oriertation of the outcrop surface ¢aysed this apparent lack of

 eolumns, tut it would be surprising that so many cbservations would

mwt hive ylelded any oigns of colunns anywhere. 7Thls situation 1s

ot uni?;uo howcver, Foxf ex.uple, out of 17,000 feet of lavaa in the

idchigan area (Wright and Cornwall, 1954), only two flows showed gocd

coluznur jolnting. The situstion in Chibougomau i3 in hermongsaith
trhe thinnces of the flowis. Unly {lows over 50 teet thick couconly
develop food colucns. |

The absonco or presence of ccluwun.r jJointing is dependent

upon the viscosity of the liva, the tcmporatmv, the rate of cooling,

. the hozogeneity of the laviu(Jsams 1920). iccording to Jeucs,
lowogeueity of the lava is. wvery Luperiunt and would not be rati.lned in

shellew surfice flows Luch disturued by wvovexent., Horcover,

in a thin flow, cooling will be too rupld to per.it develop:ent of
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' -ecoluunar Jointing.  Loue of the f.ows apped 4n ,t.hio{‘,amafm:ﬁx.mck
~enough {over 100| feet) t.:st vae would ems.c.t CoLuRns Lo Lo duwnigud.

~Fhey -aluo -silow gre.t. honogemu; in:the fliuid aand in th.n BECLLICH0

Flow tors

Yore than 5C flow tors were cbserved in the rotabasalis,

In over 25 cases, the exrceures were good snough to irdiut.e tre

 direction of the flow top. T pleslly, a flov top i cra’stionsl

into the enmy:sdaloidal pert of the flow, and is only o fow feob: t..:ick.
Sone axbicuities ¢xist in the literuturo as to the ter.s for flow tors.

- Richey (1948, p. 40) describing flow tors eimilrr-to those in tho

Chibougacau district seyos
“the middle tier is surrounted by a layer of slzz. The
- pas.cavitics (vesicles) of tho slags are .fllled vxx.h wincruls,
forming anycdules®,
"Should we then call thecse flow topa‘ "slaqgry flow tors®™?  (r-should

w follow Macdonald (1949, pe 59) and call them ®puciiceous flow topo® 7

- Sirco slur better expresses the nature of the m:teri.l, the tera used

here will be slac,y flow tops Ard slaisy fragmental flow tojs, Flze

7 1llustirates & weathered surface of scorizcecus flow top in contact with
the tassive bottom of the next fiow. Flguré 8 is taken on a plece

of drill core of acorinceous Llow top. Fig. 9 and 10 are taken on

a polished surfeco of a hand apoclosn of }flow top., Flye. 11 1s taken on
- \vth’m sccticn of a uécriacénuc 1‘.low t«op.l | | |

~ The distinctive weatnered surface is usually quite dark, rusty

. ;mo‘n, and full of holes and pits of all shopes end dizmonaicns, accom-

panied here and tliere by ribs of whitish sllieca th-t resists



~ to iheir borders.
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Leswathering. -better than.the carbonate and chlorite filling the anygdiles.
“Tag-cbundunt vosicles indicate that the magsa had a high volatilo

ocoutonte s Slappy frosreital flow: tops appear to ,'mve*-fbeo.-;rtunz.c'd

wiea tho luva was in uoveicnts Fragents of the ;mrtiy consolidated
l-ﬁva rind on top of thiv fiows were broken as tz.:".o flow cdvanced and
wre cavgcnt in the fast-freesing tops Host frasments are arycdaioldal
aud s0.0 attidn elshteca ilnchea In lengtie Thoey coaenly shcw a |
wory {ine- rali:ed chilled border and soxctizes slight buding puarallel

Flow tops wuich were used in deteraining the sirutigraphic
Wps are indicateqd on the map (Plute 10).

Porrhyritie flowa
- Flows ‘with phenocrysts studded unitormythmuah ~the - Llow
wre not observed in the zetubasalts. tiowevor, af sixl different
localities, imlicjltted on the map (Flate 1), layers fro= 9 inches to
4 feet tidck ure étudded with plizicclase ;:henocryst.s (fiz. 4, 12,
snd 13). iich of the. e outcrops showed the basal portlons of the
phenocryst=bearing flow and the top o.f the sdJacent lower f{low,
The plugioclase p‘hen&:cryata vary from 5 of an inch to 2 inches.

(n tho weatliered surfice, they stind out as white humps in a

- aooth fine-grained sreen matrix, T.e layered nuture ér the rheno-
<rysts-beurin: bands and their clese proxixity to the buse of

tho flow indicates th.t Lhe intrutelluric phencerysts setiled in

the «ultill 1i-uid ..lmr.:. -after ‘oxtrua‘ion. In one ‘noa},‘ tha,:phcnécryzts

are euhedr:l and rhorbeshaped, Fig; U, is a photozraipn of a tiin

scotion of a porphyritic flow,
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Fig. 6 Pillows with fine-grsined rins and a
decressing amount of any;duies toward
~ their center, Icale is 6 inches long.
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Flg. 7 Scoriaceous flow top (bottom) in
contact with tne botica of the nexd

flow. Scale indicated by boot. !
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CoRige 8- Plece of drill ccnachwmg. % -a:scoriaceous
- . flow top, Dark crystals are chloritcid
" griins. Fron a drill hole underncuth

little Gilman Lake, across the lap Sauvage

* fault sone, ( 3x) :
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Fige 9 Hand specimen of a scoriaceous flow top.
‘ diotve the excellent preservation of texture
in apite of folding angiretamorphisa.
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m. 10 Bol;ahod surface of a hand specirzen
- of bm;hcm Ll top‘. tote the larze
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' Fige 11 ‘l‘hin section of a acoriaceous ‘£low top.
The white patcnes are zade up of enlcite,
qu:tz s chlerites The dark broken frarmenis
ors devitrified glass particles now nade up
of rearly isotropic browm material which has
not been 1dcnt.i£ied. (6x)
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The white humps are. plogioclase phenocrystis.

- The tape in the coruer is 2% across,

12 Outerep of porphyritic metzbasalt.
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Meheandealie (?)

The mtahaeut. :lowa are gucceaded t.o t.ue north, and.in

e FL,;,.;. agpeur Lo be interfincered with, a 4 ssush Eore feidspatiic

ralor rock (Table 1) called here wetaandesite. This type of volcanic
rock is found about 1000 feeb soutii of Lio Gr:mil:fws road and

L o SR ‘ E
mrhiamrd. The lo'xg slope so.th of tiis roud 15 20 hcavm LOBTwEl =

trusa cavemd th=t only few 82211 eutcro o weu avaut.hh. Toacy are

_puch batler in Suith's area to the morth. ;..e rock weath:rs grecalsh

|

uiito to uhs.to ia mrad contr.mt to the grec&x and d:..r.x creon aurt«.ceo
of tie wetabasalts, " On fresh surfaces, the rock is fine ;;rmd to
sphanitie, in places porpigritic {outerop alnm the Gr..ndinea road)

wd palo groenish grey to uhiu. Further north, p..le groyawiite’ “r:x;:élité(‘?) m

Bukes 1t appearance, and finully gives way to reldspathic tyroclastics,
The surface of thepe feldspathic rocks is uaually blocky, andismill

. thgulay speciiens be picked up eaally, This con;ra;sta with.tho

cetabasalts which glve rounded polishred cutc:ors very ’h rd to s.iple.
: ?
The change in spscific gravity friz a meyizun of 3.C2 for the
netsbosults {average around 2.90) to a mindium of 2,64 for the recks -

|
further north (weraso mund ‘..75) is indic.tive of a proressive

- change &n orl‘,lrul atd actuul coapusition. és roted in Tuble 1,

tiie chunge in dcnii.ty" 1s reflected ii the wd.,.l 'ﬁml}-§oa of the

rock by & vory wrxed! ciecrtaae in the wsount of zasrgtitc » loudcxene,

epldote and sctinolite, sad a 5mdn4 anfe;.se’- in the azount of alb-&to;' ,
© JoRs - Suith supped the pyrocléstica to the ncz:ﬁh. The author

oguw tlon only during a :f!..eld trip under his gulduznce,  S-ith's descrirticn

-(1951;} of the pgToclistics rcads ss followa:

L
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" ®much- of the clastic rock is closcly similur in wppearance

~ Petr

and composition to the feldapsthlc lavas, wezthering to chalky
buff to white colers s corsiocting predozirantly of clouded

. sodic. plasioclese, Huch feldspethic clastic roci: is inzzny -
" places thinly to thickly bLedded, cud contains recognizable
“clastlc fraguents of feldspathic and andesitic rocks,

Massive, homoyeneous, evenly fine~grained feldspathic rock
of dublous orisin 13 inecluded with the clastic rocks of
the northorn part of the srea on the accounanying rup; 4
such rock may be in purt of intrusive or extrusive orizin.
ihere Lhe clastic rocke are thinly Ledded, the grain size
coconly varies from coarse to erhenitic Lron bed to ted,
and a....tl'oufh the composition is zenerally feldspathic, soxe
bqt.s en2 sezuence of beds are richer in chlorile and other
rafic constituents, Ilaninae of cherty appearance, varying

4in color from write to black, are comion, and & thick.

sequence of true cherts occurs in the north-central part of
the arca (see map). Tae recognizable rosk froguents in the
clastic rocks are almost exclusively similar to the feldspathle
lavas, and especially in the southera part of thc &area,

to metaandesitic lava, For this reason, the clastin rocks

. are thou-ht .to be.largely of pyroclastic.orizin, althoush

the thinly bedded types were probab],y ‘deposited in water”,

rg

Tbc volcanic rocks of the Rap-area are mt.mrphoud to

the monschlat facies. Field geolozists call these rocks green

sc%d.at.p or greensboma. The latter ‘term is praforrsd because of

the mpondemwo of maiva, unfoliated rocks encoun’eem in.the

rield., The uassive portionl of the flows -t.m show the oriJ.nAl

: uxt,urea and at.ruct.urea, and, for reasons ncnuoned bolov, the .

mthor‘ believes that vory iittle has b-on added or lost during

 the mfr.amorphim of these rocks,

- Along-flow tops, or éhea’r‘z'oma, the rock is comn]:

‘achjstose and cc+uld be called a chlorite schist, or «rbonato—
- -chlorite (sozetimes. chlox'itoiqi is pmsont.) tchiat. The -introduction

of carbonate, sikerite and/or siderite, modifies the color of the

‘rock. For a

» this mioled the author in the flield naning of
S
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 earbonate tircustiout the reek  glves it a auch piler endor, The

3

+. 0 odal anslysos wore done.on thlo.type o:altemdrc&meeizh : [

red

,,uwrolloving u:‘:.ounta of .albite (ul .‘390‘“ 3903, 36‘,’)03' Cent') E-i4 -
~ to indicste a falr reproducibility, Tre arount of slbita is probubly B
<« alweys a little high bocause of *t.hél{‘_reaencc of tiny sericite, culcite, '

oe of %hesa rocks, The dntrcduction of sutzlerc.ce; ¢ sr.ins of

o il

S ‘ .
- carbonnte=boaring sclutlens were very tenucus.uad-spresdout on

ouch alde of tie chianelways ln milva rocks. The carbon:te roplaces q
the origin.l constituent of the rocjka, capeclally pliclocleoe, and -

forig & aab F:‘ very tL::;‘ grains which are net recosnizzble as such

i te hud speclzen, They glve a pele brevalsh color o tie rocke

The chloritc azd/or carbonrte schists are very flire-srained:

. 'a::d“c::nnot be pesitively idertified ag voleanle in origin unleza

Loy contiln exyfules or heve the typleal interzrarular texture of
tusalts, Chlorite is thoroughly rediotr&pﬁted’_, in these rocks, end

LR

.

extrossly: voriable, nn:f does not x'epruonﬁ‘}tho original cenrositicn,
- Tho point counter: method develorod by Cheyes' (1549) proved

to be ?us;oful in modal analyslie of tho" qoarao-mincd rnetavoleinic j

récka. The muber of points counted on each section and the rosults ‘

- «r¢ 1ndic:ted on Table 1, The rerroducibility and atcuricy of soze

of thess modal anal; seg 1s not as good as the analyais of o courses s

gralred fresh grunite. It hss to be done at sediwa 2nd hiherover

- wd one uml;ai.;my t.am fron 4 to 6 hourn, caxclslly wicre beth

Gilorite and ;e;t.iraoutq‘ are mzcnt.; ixbwe"vor, the f-0t thit 4

aialyses of roes with siuller fleld 'relntio_ns and appeIrance £ove

chilerite, &nd maznetite inciusions in'the alblte, Ore, chlorite,

wd epidote estirates are close to the actual vidues.  Actinolite

!



. ™ ™ ™M M. ™M ™/ T
_ o | L

TiHIE 1a
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53-52

B-2y2

8-293
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CIEUICAL ANSLYSES

CALCULAT.D FRCH _MODES

o B-292 B-293 30 S-72 5160 5259 5219
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3.7 33 37 3.8 34 29
.9 26 . 1.8 2 3.8 18

&3.8' '

»

.08

e
.

6.2

4.2

B Y5
32

| 9.2

50.5
17
b

. "‘f‘tf‘* R

7.4

65
2

 tal

99.7

99.7  §9.8 100 . 9.8 999 998

99.9

ke



e

-~ - 'Q\‘__] ’;:-

T % A

aE e R R e RO
. .
. .

-

L1 13 m:mm. to: count bocaua: -of the: porphyroblastic nuture ¢f'ttds
s ninera.l with 1onz ra.,sed ends projecb.ng &nto the ads..oont%plablcclasc

le.tockum was deterained on the U-Staze using maxizun
extinction angles (Rittman wethod) ] (U10) and extinction encled.
to (0ul) and (010). The An content (uole por ecent) is prebably

‘ t"‘m’.

ot zore eccurate than 4 per cent. Frecise irdex work would te

. resulred to get better msulta, but the presence of ubisuitous

incluaions of sericlite and chlnr’.u in the ploz,ioclxso makes this
tfhod next to izmpossibles ‘
v Optlcal rroporties of act.hwnto and epidou weore alao
- determined .using the U-Stagc and' Mrchcn'a cuma(l%?, Peldi3
sead WA9) e
The textures of the motavolcanio mcko m u..arxnbly

. wniform, Intergranular and alo:neroporprwrit.tc are the rost cemmon ‘
textures., Porphyritic flows (wxglo c;ys;ala) without clotted jhenocrynts

wre encountered 1n a fow places as indicated in the fleld description.
Picroporhyritic textures are rare. The term intergranular icplies
thut the ;sbace betwoen plazioclise laths are occupied b}f credns of

| [yroxene ond olivlne and small grelns of magnetite und il-cnite,

s cannbt. always be pmven in those ultered r.lowo; perh.po in soue
ﬁowa tho int.c 98468 between Moclsso J,atha wore fﬂled wvith giuss.

A Pile wuld Zive an S.ntemrtal toxturc, but, ni.nco thls *problexz cun

- ~seldom be rcsolveﬁ, tho term intercran sranular is used thmwnout this work.

. ren.rk.:bl{:- texuural fe:ture 18 plct.urcd i.n Plz. 15 wlere

a chilled gono around an arygdule 1n rreaemd in apit- of coaplete

mtm.»orphla:n. The acyizdule is 'llled with chlorits and the aureole

i 0

o
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around 4t contsins ore minerals and fince rained pligloclase, cuch =
- sller than ttuv» Flagiloclase lat!-s in the ;S'QBt of the rocke Identical
. toxtures (ehilling around asyzdules)  are eax:won in umset.zorphosed

Tertiary ond Reccnt pillow busalts,

The graln size of theaeo rocks,v not mql'uqmg the rorptyritic

.axea, verics between 4 om X 7 m for tM"nicro;hemcx::aLs of syccizen

5207 to wry szall grzins in the order of .03 ms. In scue flows
tore thun 90 per cent of the albite is in lonj laths, 4 or 5 tives
a&f\lon.g «s wide, In other flows (e.g. spec. 53-52 and 53-252), rost

af the albite grains are oqmt euhedral to subhedrul graina.
¥igroscope work
The massive metabasalts are meds up of altite, chlorite,

' eotinolite, epidote, opague. (ucmuto, ilmenite, pyrlto )5 leucoxene,
- calcite and minor quc.rtl.

- Albite (Ano to An6) murn in long luth-shaped sr:d.ns

. rundoaly cistributed in the rock (Fig. 17). In a nucber of ccses,

tha lar;or gridns or micropheuoeryata are g;rcuped tohet.hcr proeducing
s typlcal glomroporrhyritic toxtuwre (Fig. 15 and 16). The albite is
tulnned followlrg the slbite, Carlsbad, and ulbitc-car;sbad luws,

In general, the twhmh‘,;* laczellae ard wide, only two cr tarce are
jresent in each grain. This follows the obsérvat.ilona oz muay suthors

~ (Donnay 1940). Mam' gr.u.na which sppear to be unt.w.iamd on the
flat stage rovoul a cempouuon plane when t.!.ppod cn tho U-.st.a. e ..row;d
: wo mrbh—uo\rt.h n:d.a. There are uhtwinnod grqina. but t.‘xay are rore.

Chlorite, | ur.tcitc, curtonate, oognetite, and small opidot-

" grains are diseeminuted throughout the albite in submicroscople grains,
A feature poculiar to the eguant grains is the ,proscn:co of a square core

B 7 R
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o oof chlorite. - This chlorite -is.apparently ‘t‘-hc'miteratioh o:mjaml o

. {lass or maznetite grains which are cox:.mnljﬁnetcd oscupying a glmilar
o poaition i the equant gro.i.na of f-’tmsh Tertiary ‘and ‘Recent ‘basslts,
" In the large lath-shiped grains, tiny incluslons of chlorite define

4 vague zqnin;; ahich is also cocxon in fresh voleunic rocus whore
gull zgnetite grains, or clase mldalm.' or both, follow the
mning bounduries of the phcioclau. .

In the light~colorcd rocks to t.bo mrth of the metabaselis,

" the a'lbito‘ is genorally much finer-grained.: ¢ It still nas the
fredocinant lath shape but it appeire to have & larger length to width
- ratlo than in the course. utabaaalt.a. The imture is still intergranuler -

hut tho gloweroporphyritic texture was not mbad, and a plmme
- arvangerant of the slbite laths is common {Pig. LB). :

Actinonu ia commonly present in the metubasalts of the
aran, capeg,izsll,y in the eome-gralned qL.rker ﬂ.ows cloce to the
base of the voleunic series. It is pale Ercen and woukly pleochroic
(ory similar to cblorito;i in ordinary iil.ght.) with §Az typically
16=17°. Tho following pleochrolsa formula would apply with mimor
wrlstions to ald the retabacalts studieds
X col#rlosa to very pale yellow
‘X3 pale greenlsh eyllow '

23 pue blulsh gfeen o
7 Actinoldite |occ\u-é,;‘olther as smaLlJ.;,imﬁvldMl grains between

/

s plagloclise luths or a5 large poikiloblusuc;cminé enchsim; rany
: ?‘b‘aina ‘of q‘lbltaﬂﬁfind‘ opaque. Sr:all individual p;froxene gruins in

optic:l continuity were obeorved in t.hel core of the ectinolito.grains
in only two thin sections, Small individusl gralns of actirolite are
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0 Fige 1 Thin seation of a typical porphyritic metsbasalt,
R T ~ Tae phenocrysts of labradorite are gone to albite
o e o U with-a et of tiny serdcite flecks. - The matrix

' o o ia & very fine-grained :ixture ¢f nlbite Jaths
' i T s - and ehlorite with the tynplesl intergranular
T } S texturs of basalts. (6x)
. Cl, : e : . . oo Yol 3o [ L
TR DI i -5 > L
; ‘ BT A T Ch i

’

t
WA
‘v

-
A,

N |

N

! vy ng\a.‘s-‘-."?‘ {'

t }V_ o8 B e

s . ‘ . ".r
}

- Fige 15  Typical ratibasslt. lobte the gloceropor-
' payritic texiure emd tho chllied rin oround the
chlorite~fiiled aiy;dule, lote the
irresular patchios of chilorite in the matrix
wilich by be pseudosorpidig chlorophasite. (9.5 x)
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cal metabszalt with well ‘developed
~gleneroporphyritic texture, ‘lote-the
larly-shaped petch of chlorite (C)
ly derived from ch.uoroplmeiu. {24 x)

.
5

"' e \‘ LR a3

. a:‘."'.." 4
] ’ ) h
l-lc. l? Loarao-,:mimd retwoasalt.. The a.lb te J.atha
psewdonorph tag original labradoritc. The
opuGue are pecphly conpletely cunverted to
leucoxene and grienc. bost of the n.af.x-ix ls
sctinolite, (Z4x
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: zm-kndly acleular and havc r;ggod onds with lon‘, nhroua xwm.}ccucm

~4n the adjacent plq,&oclanq ercsins, This indicates that the act.molit.c,
.mtrary-té the alblite, dou not perfectly. pnudomr;h.t.he»oriaiml
| ‘pgroxene, but has grown ouﬁward into the plagioclase, using up soze

of the calciua releagsed by;; the change frox labradorite (?) to albite,
. The local preservation of ophitic texture lidicates, however,
th:t in places the pseudocorpidng of the pyranmb:f act.lm;lto is
clase to perfect snd only the ends of the gralns, dus to a greater
force of crystallization along the o-axis, shcw fibrous penetration

into neiglbouring gralns.

The actimnu,vlnfpmcuculy every thin section, 1s

wll intersrown with -'o!'.lorits.- ‘l‘hc c’hlorﬂ.to ‘ocours 1n nmw?bmdo

prsllel to the cleavaze’ dimotionq of ncumlite s in patchca
throughout, -and capeclally in the qorea of. t.ho actinolite. gm.!.ns

(ne rock (specimen 54-163) is csunty_iauy‘ com,.osed of nothing but
wtinolite, chlorile, and minor orovgimr;ls(ng. 19)5. It wss
Lipceaible in the field to docide wiffher this 1s an o}z,;m zmafie
esgregation in tba botton of & t.m.ck Llow or in t.hp hottoa& of & am.
The lurge actinollite g,r.‘ins all have a rot.t.en-lcox.lng coro of chlorite,
In thias chlorite eorni tiy gralng of sctinolite are round in opticd -

continuity wdth the o.#unouta of the rin; It is often difficult

to decide the age relitions of the chlorlto and actimlite. Iin

afpl:sceazg»the actinolite mm to crow into ghlorite, tut t!mt relition
, ais»mw}:r 200 -evident.| In t.ho cuso of 5&»163, ard. many ot.mra, it "
"my be that the first itui‘,d of utnmrphlaa hus cnused o, dv.rclorment.
.. d’ acunollto around cores: of pyrorene, as exa::.pufied fux-t.hor rorth

O UL - e s - .

e
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: Fige AB - lhmrdcsito or Ketabasult Mith: Waamm.
“Kote the funelike ‘arranzesent of tho'slbite
laths, lost of the matrix is chlorite.
Comparidtively little opaque, (24 x )
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-~ Fige 29 Largs grains of actinolite (n) wit.h cores of
. gnlorite (C). within the core, the su.1ll

grains of actinolite are in opticsl coentinuity
(24 ox )

' with the surrcunding cctinolite,
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in the arca m;.podl by ‘aith where a pyroxenite sill contuins ;ruins

- of pyroXcno sumnhdcd by a nurrow rim of asctirolite,  lL:ter:-en, |
. aldght changes of cuwum, and aceeu of punum. “riter, wo..ld

ciuge the sltoration of tie rezaining cnlorit.o to m'mmuc. .»J.nccbou
actinolite hud alroac\y toru-d mund the zraina and alongs cleavalo

¢racke, it rexmsins unalt.ered Y scparato little Lsiands in the chlcrite

petches, alxays in opu’:a.l. oontinuity with the :wroum.ng actinolite.
Tie pctmcmuc algniq.caneo of qcu.noute will be discussed telow.

AB onc Fro; resus northwam. actinolite gives place to chlorite

in the zetawvolcanics, llthouah it was found in sills intruding the
wotavolcanics, The alunitlcm of this point will also be taken
w later, |
" Chlorite u the mst consp.i.ououa wineral in these: ocks,

ot by its quantity ag nuch as by 1ts--grun colox' which izparts to
the whole rock a marked M coloration, hence the term "gresnstone® -
:ppued to these rocks, i

l-.xccpt for eoxe teldap,thic pyroc).c.aucs to the north, chlorite
is ubiquitous in the gx-enmt.onea. “

k‘-oat. thin uctiom st.udigd ('tabh 1) oontnm cbloribe with

tho tonowln.g pleochroie terz:nh:

x: very palo yellow to colorlou,,

X palogmn g i“;,

.;: pale creen

© - and” fnterferyeonce t&nta v.;ryhzé fron Berlin bluo to violet. T. eae
"fehloriua are mga.uva and hm;th slow, A fow t An ucu.ons contain
ducriu with the tollo\dr.g plooclaoia:a:

RN .
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"It‘v.pale.;.ruu‘ - . ‘ -
' Yi1 pals green | ]l | |
Z3 pale yellow . |
* and the interferencs color s brown. This type of chloriwu ‘positive. E

Button (1540) reports similar results on the study of chlorites from

Western Ctazo, Now|Zealand:

_ sonce varies from 006 to very low values, when

anozalcus STILe (nesative chlorites) ard brosn (;\.sitiw
interference tints are stown (p. 19j".

Chlorite ocqurs in maumim but.wcon the plagioclase lsths.

"Patches of chlorite with 1mguh¢r putlines are comon 1n the coarse-

grained motsbasslts and may pocudmrph original chlorophieite patches

stiteh are so: comzon|in t.htuaoatédia of some busslt (Fige 20).: In

soze uctl.ona, chloqi.to hus a nbmus Babit and a:radisl srrugeent
wiich gives a woeplns extinction when the microscope stage is t.ux-ncd. 4
thlorite also occurs as axy dulo-tllnnu and in thies caso, it is
wually coam-graLWd. An unuonmd Ln the mgn.ecoplc description, |
and in the resarks on Jt;-u.cturp ’ cmorlte also occurs as chlorite
Tears, In thin aectioné, these appear to be zade up of a single

larze grain of green chlprih b;at. ;gndcx‘ crossed nicols, thc 8T8
gppear to be wade up of & I.S.ngl; tiisted large graln, or mary large
grains, ourved, twloted and interl;?ccdg or of n:anyx very smallwrorlented
flaxes, Chlorite and calclite are lver: woblle minerals in these rocxs,
and are usuaily found cut.ung acmu plu,gioclaso laths, even in frosh -
rassive rccks uhx.ch hwo snfi'eu* no defomuon, and no apparout |

| mramouc addltion of mterl»l. m: differs from the lute wma o.f

chlorite, calcite, qu.rts, «md opidotc shich transest the whole rock
and sre certalnly later thun the very minor vélnlots of chl.rits which

¥
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ng. 20 ’iypical meta.hasnlt with laths of albite in
) “a nutrix of chlorite and opaque. kote ‘tha
' ! :drrezular patchos of chlorite which muy
isuudom;rph ‘original chlorophacue patchta.
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ns. 21 Hem‘bined spherulitic rhyolite (?). liote the
. excollent prescrv.tion ¢f the opherulites znd
of the texture in s;ito c¢f tho intence
alter.;uon and coopleto ropla.ccxu nt. ot ports of
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transcct the indlvldq.sl albite graius, L , ;

‘Lpldote 18 nat couzon in these mcka, and is raatr,.ct.ad
|

o the dark Eetubasalts &b the bass of the sorise, ard t'tho baslc

stils intruded in w voloanle rockse Further north, in the lighter
colored metavolcanic mcks, no epidote ia tound.
Epidote ror.:.l sasll gran ules disaeximted here a..d ttere in

- the yocke larpe ouhedril crystals ars eccaazpr;.n: rcmd in

d:lor‘iu-n}.lcd azygdules. loticesble ploocnroiu(!x palt yellow;
it colorless) was only noted in a few sectlons, Fm tho Optlcd

data obtalned on sons of these opd.dotea (winchell 1927, p. 449) this
uimml is an 1m-hri,ch variety of pilthitq.

Epidote and quartz voinlects are vcry comzon in the moro

baslc flows, They ti,p. tcm.tonal:ractu:ca gnd they vury fron pure

Quartz to pure cpidoto. Soze of tlea attain 15 feot lon.gand 8 -
incles wide, In goner:il, they are saullcr than these extreis dimmions.;
The epidote-rich ones could be called epldosites, Tueir orig.‘.n will be

Table 1 siows the greut varlition in the quuntity of ores

 snd leucoxens botween the d.rk-colored z'iowa (xi;etabaap.lu) containing
up to 24 per conff{ coxbined ores and leuctixmo, and the 1ishtecolored ones

with 5 per cont, This £:0t was notod in'the fleld where soie dark flows

; attract & hand munt and cuuge a slight devi.ntlon or th 6 COIDass nec.le,

In general, what has been couputod as’ opaqun i.n thc wodes is n.q,netit.e

. and umnito. .4 few suhedral gralns of ;-yrlto sre includod with
the opajues The ilmenite gruins have a ::-m of leucoxenc. ‘In m socticns,

a core of opaque llrenite Mina’iubdct, and in other sectione,
; ' ( ‘

:
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Sy tr«nsfcmﬁ.on of 1abradorite (1) into albite.

“the Alrenitc 1o conjletely gore to leucoxone, By: leucoxese. is zmat.hm .

a greyish brown dirty cocs with high reilef and with a bireiriu. cice

,;zmrly.. aqul to that of ephicne, alt.ough it .'.apartl:r obscured by
A : P
- 8xd) gridins of hemitite or goethite or mrznetite ?ziapersed $n-this

raterinle With 10# power, the leucMe often appe.rs opuguo, but
with high power and a streng source d‘ Light, the leu:wne is
evidertly zade up lurgely of sub_icmscopic ar..ina of 5 he:.e. In-.

Qe Cases, 1eucmim grains show a close relaticnship wit.h grains |
of epidots, and aom{a graing of epidote have a cloar rin and s core |
mado up of leuéow.;c. leucoxere is th. result 'e: the mmact.ion |
of thc titaniun of the ilmenite with the calcium rolcnwd bz the

Tha voi -. rocka strike east to slizhtly no}th of
east, and dip bpt.w n 80 and 90 dezrees north, Very tcw dips to
the south were pecorded, and they are all steep, The strike of
the flows obtained from ;;tlou lines, flow contacts, lonz axes of
rllows, porihyritic luyers and variolitic layers is relstively |
rogular and uniform. letagabbro s1lls and bolts of pilloved
wolounic rocks also help in detornining the strike of ti-.é voleunio
rocks, Gver 50 flow top determlnations (shaj:o' of plllows, scoriaceous

- flow tops, position of ﬁbrptwrltio layers, uttitude of the varlous
ptrogsraphic units in t!@ diftorentia;ed s.etagubbro M) - evenly
‘distributed over the map-area and in tho map-area mapped by JoB. Soith
to ti.e west and north indicate & noml succesalon of wolcanic rocks

with t«opo fucing north.
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B Two horizons of varlolitic netqbaaalt'ahow a marked Mneation,
- o ‘ ‘ ' !
? -The boat exposures are on the east edze of the hizh hill, 6200.feet
% morth of Kokkoe Creck Bay, Varioles about 1.5 em in diazeter when
I , wdeforzed are slongated and teccwe lenticulsr bodios 5 em long at
N thelr paxicun by 1,6 en vide and 2,5 za thick (Fig. 22) .
|
i

% N -l .-{ ;' a ~ . . 3:.‘\‘41'.;\.*, - ‘5:_. o - i
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"Pig. 22. Virlolitic metabasalt atx-pt.ohed along a

s _sheur zone, The plane of schiletosity is

vertical and the elongotion of the varioles

o o cb.lncide with the "n-d.recuon" (naturul aculo).
"1 ! . | ! i .

Py The flows are near voftical and 20 are tho veriolitic horlzons. |

" , The long axis or the atretched varicles is wrticed.. Tha plare I T

of strotching is vc ical and is lirdted to a layer about. two feet
‘tidck. * Cn each nld , thtro 18 o gradusl decrease of tho flattening

~wntll the vnriolea are a?horical. to drag folds were notcd along

“those planes. Along the faults and shear gones vhlch:transcet
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this ares, drag folds ,‘ mineral oriantution, gesh veins, !md,.ouxer
- criteris irdicate rovenent in a horizontal pline, :: In:'the case:of

the stretched vorioles, tho elong:tion of the verloles, the wirersl

“orientation of the matrix, the: gradjual fading out ,.at'tho.strvtching b

end the absence of any nl.lcke’nzldea: in a horir.ont.ul direction point
to an' orientation due It.o slippage o!’ the ﬁows rast ore ancther,
then such a thick mess of flows ia folded from a horirontzl ¢o0 a
vertical pcaition, such elippage is expected to take Place, ard

the direction or nomént, defired +8 the "a® directicn, would be
marallsl to the mual long axis of the v.ariolu. ma is why this
lineation is referred to here 48 an "q-nnoe.uon" ) ‘ |

Chlorite smsu

- e e

_‘The mtabaulti, in the. Jower part of the wolcanic group,

. chumonly contain slongated spindle-shaped dark green:chlorite: szears. -
A large mmbcr of those were quurtd and they 1mriab1y plunge

fron 80 degrees north to 80 dogmc scuth,
The orizin and mct significance of these chlorite sxwars

h not clear. They ray have been phenocrysts of augite metamorphosed

tp ¢chlorite, or a:sygduie-fuunga of ¢c:lorophaeite. The lon; axis
of the epindles is vertical, ttu. mhrsadlntc axls is horizontul in
the north-south dirocupn. m oriontauon indicates covexzent in
& vertical directlon which cormppond; to the long exés of the

,stutchod varioles described abow. .The stretched varioles are lihlted

oa narrow band but the chlorlt)? BUESPS OCCUr over lar.e uress,

. They aay be the result . of pemwauve dofor.eatlon whlc:s took:place -

4
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1 el
o \ e L D ERTAE s e R

i
| | |

when the rlowawro folded to their actual |x sition, In the:folding
‘of ‘the flcws ‘tbe}direcuon of trancrort !.; par:llel to the 'lcx;-,;«; X

‘of the szerrs and the lirestion they prcduce should be eallsd an
nah Iino‘e.tidn ,"n"being defired ng thre digﬁctlcn of trinspert, - The

- age relations of the chlorite amsars to the'x’:.et:mrphis'a are

izrossible to deteraine. The chlorite sus.rs could jseudo.: or;h
se.red "mxeuo, or they could have been chr:"cd ts ch.Lch and
folded Utenrgrds. The change cox.ld alao have t..k'ea ace 3t .an
mter:cdiu& stege, bereu the end 9! the foldirg,

gx_}_lgtea or notnbaualto?
: In the dmripuon of the volcanic rocks, the u'iur called

-pmus or: A‘ot&bm bmurd

musn potrol:pgiata call rocks apilites widceh minerilogically
wgree with the m&&baaalto found in the Chlbm.g.;...au district. The
aimilarity is acmtua‘bed by the prosenca of miolitca and pillow

lavas, 1 :
ALL the mtwoicanie rocks of the area are apilitic if ow |
eritorion for clasau'ication is ohly that the rcldspar is albite,

Mt the bulk cornpoelt&on 1s that of a normul bﬂ.au.lt.. Epidote zu.d/or

clinozoisite takes the ;placo of the anorihite zolecule of the

 orlgtnal ealele plszioclase,

r .:\xndlua €1931)- -.tn‘ ‘Owoden-belioved ln *aibit.iza.ﬂcn%by
rw;i,cnnl r.ot.ssomntian.’ aney and Gr‘.bmm in 1909 thought

of the albitisstion ..,_ prnccsn otaelf-diwstion'ur'ﬁaut-olyaia. :




- of resurgent water

v

Devey and Flett (1911) believed they hud ovldencc to. pnm th:.tt the .
dh&ﬂuuun took pluce scon After the rocka hnd soudinod.
.‘koun(lﬁjf » to sceount for 'apiutu.jimoked;tho .action
the preaauﬁ of the wé.teroolwm- sbave the
flow, chemicil action of sea water, Joint sction of maguastlc
ad xetesoric wftcr s and self-digastion qtf _:hb lavs éadslng retention
of magzatic solutions. o . |
All these ple believed in ooz::o enrichuent in soda. Pat
awuruuauon:'(tm conversion of lubradorite or bmmiu
into albif.o and cpidote or clinozoisite) npu.es no anrichsant. in

sodu. The calelum liberuted during the change from lodrsdorite

conteralbite e taren “up by:the. aothzont;c : hoi'nhlend@ -and epidote or

clinozoisite. In scue areas where epidote i3 sbsent in the rock,

o CIeereus wa'u an:! epldote veins are found which could well sscount

for the lack of up;ldoto ln the mui.vo parts or some roc%s. In
still ot.lmr cx..n:plol, thu calcium reloased by alhi.tizauon of lsbradorite
=y be present in cale ito. o

" Falrbzirn (1934) plotied 127 anclyses of ,pzm.. and
mtadbaselts on an Anorb.utwﬁ.,.bua«crthoclau trics agular dlagrom,
9 found thoere is no brerk in the conti.naity of the field 1n which
pints ile, und noth!ng to diaun,gn..ah spllite &8 an ilolated nr.ociu_.
s concluded that o SRR
#spllite ia.chemically transitional tec-low-soda

matabasslt and the conception of a special
-apiidtic muyyma Le r.ot. Justified®,

o«

In tho case of the C:Abcumm motibasalts, & Lew thin

mtiona rawalad wroxem renxn..nt.: \d.thin ar..phl.holo sralns,

L w e
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mﬁuul studies, and etatistical observations throuzhout the ..
yorld point to the incozputibility of orystallizing pyroxene and

dbite al:gultaneouaior. The common occurrence is pyroxeno (augite
or pigeonite) and labradorite or bytmi&.
The auti:or eohcludu th.t the wlcanic rocks in ths |

- thibougamau district are nora:a.l baulta wiich have been setamorphosed

to the creenschist taeiu, . : * .

' Mon tachni.gg

The 1dea that the rofract:wq index of a glau is detcmj.md

-~ by 1ta c¢henlcal c_onposiuon haso long been known, Mchaal Stark
{1904) and Walter George (1924) nMptud to comiato refractive

indices of naturul g,haaec with tho cqntont. of thcir m,or constituent,
silica, but with onl;f limited success ‘because slnca alone does. not

' éetepzine tie Ni‘ractivo ixdcx of the glase, ] '

The n.cthod md herc ia an sdaptation of that pmpoaed by

¥athews (1951), He dle.:onstrated that within a sinzle mazuutic
mrovince, artificial Q.uuq proq!pcad by fusion of the rock show

a close correlation batmrl t.hoq' index of refracuon‘w‘d the budk

cheadosld coxposition, The procou of fusion should bc auch as %o

change the éompositican only in volat.ilo content and 1n thc oxidation
state of the iron, Hathows used t carbon are lump to ruse his

- specimens. 1lhe suthor used the agpa_ratua described belouf.

A welding elgotrode holdar s flxed to & cerbon rod and
eonnoctc‘d to & varlaIlo resistance. A carbon block ;10 drilled and

clso conrected to the variable resistance., The latter is plugged




-
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. «Qg.ction_pf tize during ming.

in & 110 volt D.C, outlet, A small hole is zouged out er»wth-r:_nrrag_c.
of the carbon block and & few ntmsrm of the rock powder is poured

into the hole. The carbon electrode 1s brought in contact with the
~ bloek & tow mnum-o w from the :pccmn and mlng takes place. . . |

The electrode is moved to the opeclmn which is molten attor a mond
e two of srcing. This producss a series qf clobules which float on
the surfuce of eithar the block or the unfused ;ﬁruon of the rock
powder. They have o very wnm surface of contact with either.
From the expcri:unt.a done, it lQoms that the secret for obtalning
a clear and bo:nogeneom glass 1p to huve the rock powdered very fine.
T do this, the specizens were pw,hly, broken in a steel mortar,

y

- ground by hand-in.an ,.éuga?,,t mortar, and then ground for two ‘hours in

a Fisher machonical mortar Examlnati.on of the broken glass bead

nder the - micmcope ronnhd very littlo to no- contaminat.lon of

the rain portion of thu b«.d.
Early in this .tnustigatlon. mastor (pors. comunicauon)

pointed out to the author thp.gr_ut eane of volutilization of

alkalies in the arcing of a ',l:p_ocmn." Ahrens (1950) gives the
following curves for the volatilization of different elecents in
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N A cxpld.ncd abovo, u tho mck u ‘very finely. poudergd, Wvﬂ maom

or lens is necessary to praduct a glass boad. Prox Mmm curves,

- it would .appear. that tho voluu.ucauon of alkalics: would not be too .

osricus here, loreover, studies of the mm m)-mno-swz vy
JoF. Bctadrer (pers. communication) 1mucato th.t loss of alkulies
is considerable only 4if the mixture is very low in silica (Fiate 3).
In the case of metabasalt, silica wo:ld vary betwsen 45 ard 55 per
cent o:‘tho rock and the alkalies make 3 very miror portionof the
rock. The loss of aka;}m through yolatilizstion should therefore
te noglizible, | |

letabasalts oontain a grest doal of chlorite and/or- actinolite

(’tabla 1) mtdeh, on’ Mon, is-cxidiced (mp to 'Mu less of Kon).

mo Lerric Smm 1s reduced o .terrpun Lrou and-even to

mtallic iron if urcing in the carbon are (roducing atmcuphero)
4akes place over a hng, pericd.

Theoretigal st.udiaa of ternary snd qua:qrnaﬂ systei.a often

noiude a dotermination of the index of the gluss of different
cmruaition produged during the bomb Tuns, A fow of these are grouped

on Plete 3,  Those cxpormonta ohow on increass in t.he index of the
Zaes with en incresse 9!‘ K0, o\hO;, Has0, Cao, H.«;O, re203. But
all theso studies are for 3-couponent systems. In a rock, like the

. zmtubasslts studied here, where six or seven oxles are present, snd
©the chunges of index are linked with charges in the .amount of
18102, pmount and state ot oxidau.cn or the iron:and ditrorent apounts
" af the other oxides, ona cannot hstnbu.ab the completo cmm.tc.d aignj.-

ficsnce of the index of \m glass. Lven if cne cannot exactly

}
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Ceorge . (1224) vhvs
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o~l conposition of a rock: frou determination =
this work, like the work of deticus (2951) and
the pruacticabllity of studving t.‘m ward. .t.io-m

ieroes a stratigraphic unit, within a 1izitad area, ?o,:.n1rln;. frosh

rocks to retazorp o
snd tho author, wit
is not roédy to sy

sed onos is difficult wit.hmkt ciwuicul nnalyses,
!

hout an extenslve net of 50.d chemleal unalyscs,

that the fusion technlque is ap;licable to the

deterination of cn?amn composition, tut 4t 1s a practical and

mywtocompara

a aoup of mhu vlthin a district and within

s matlgmﬁxlc oorlca. hblo 1 shows tho mult.a obtained durirg

the prmnt. work. mcindim ‘were maaurod umuhnhhtmds
mmmmummmotmcm
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BETAGARISO  SIL1S

In the mrbhcm part of the map-sres, three: uta‘,ahbro

*-‘gllls’invade: the metavolcanics. f‘!hqy erop out ia- mmdedfhina
‘which provide excellent exposuru. 3111: are nore abundnnt. in

the area to the north, mapped by J.ﬁ. Snith. ‘
The sllls are concordant and help in eutlining the structure
of the area. Their resistant wtcmbs m—aw. the trend of the

| wilcsnie b;.n.. The a:..us are dirtcront.‘a”d and afford good.oriteris

!br top ard bottoa dutqmlmtion Dttemiarﬁoho of the atrike

md directicn of top of the wolcanics as. indicatod by pillows,
~ﬂ.ow tors, wte, m everywhore confirred by the uilh.

‘The sills atudud are approximately 400 foet. ‘thick:and

becozs thicker to|the- north. Far exazple, J.R. Sndt.h mpped a
4

- 8111 2000 feet thick, ' i

In the field, the author divided each siil into tires
aubdivisions on eralog,iéal gnrmc a éafic-rich ;.laynr at
the base, a normal feldspathic metagabbro at.the conter, and 8
Quertz~chlorite-rich portion at the top. o

| The threativuiem are ogsy ;to idaentify in hand specimens,
e malic-rich p- on; concists of equant grains of anphlbole and
zinor quantities 61_' saussuritized ph;gioclhni. The rock is medium
o da;-k yrnh and weathers bmwnlsh ﬁroy. :The- taldsmt.hio mtdgabbm
is vade up of - ohixw gah green arpnitole in eqmmt araim, -and

olive~-greon nussprit.lm plegloclaseo, ' Gradually, mu type of rock

. passes into the quarug-riéh portions. First, a few cleur grains of

quarts cun be detected. Procceding upward, more and rore quarts is




-

‘ © wisible and saussuritized plazicelase and p.{loamphibolo zive way

T' | - ;ho.,c;loar ;Mocluao u_nd chlorit,o.; .'.'Sparéqx cryotals of pyrite:snppesr -
. tiroughout, Magnetite 1ncna¢co in amcunt in the quartz-rich xoruom ]

—} T a‘hand shecimen will att.ract a umull hand m:gnet, |

j Heports conccrnxng sreas underlsin by amLLsr rocks normally

mt.ion the difficulty or recogniaing thick nowa rmn eills, In
-

the ares under oonsiderat.lon, it is easily pussible to differeztiate

- T Dbetwoen sills und flows in the field or by thin sécticns.
P . . | y 1
T uerdlomy |

| 16 thin section Srom thch 3 ma analyses (mm 2)

sare uade form the buitfor this discuuion. The opccimns

—

- caosen for modald. analynlq come {rom & suite taken »mmo the-aill
imzedlately mth of tl'xc Grundiul road &lonz a line mmin.g
. cparallel tp the cnpek whj.ch flow southward ?m vers out.wsrd a

7[ ‘ L.t.ble ooutn of th sill (Fate l). - "The al}l is close t.o 1.00
- B foet thick and g well exposed from a fow fest above the base to

-‘ j a point th«ﬁ .tl'i;“;}p:v;a_bably_ only a few fest below the bbllhd top

H contact, ‘. : ,

_‘ Flagiocluse forzs suhedral and euhedral lrecmngular tzblets
- w to aue in length fwit.h no muried orientation, It occurs e ither
| - s individuals, or Jrn poikiliue‘ interguowthg with actirolite and

£ - in a few instances \hth ohlorite and negnetite. "In the lower p-rtion -
T ©of the eills, the ,1 1oclase laths are dark brown to black when

IR - @nined with low 7 minycatioa (¥ig. 23) apd platn ui.nz. Kith a

| - |
ity High magnificution, and erossed nicols; the
dark brown. mtorial has the properties },lnozoiane and epidote.

.; stronz source of

A vory nurrow rix o olcar albite and s.muvum mll pat.choa of albite
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ijc.lmn purber

Helght above base of aill

i

Clinozoisite o

Clear plogioclase

' ulorite

- opaque

Isucoxene

- o
. Qarts , |
: |

 Calcite

Pyroxene

Fine quarts & chlorite  °

3 ;

- Tauber of pointe

|
: Spocific gravity '

S
e
2.4

Lt

70

"2.94

2.89




‘teisining ere still|visible throuch the clinosolsite mit, In the
upper port of the sills, the plnf,ioclaso gradually chhrs until,
in tho quartz-rich| rortions, the: h\,ioclaso is fairly p.lear, ‘although

o 60 com
‘r_]% ) b eurround the clinozoiaite. In aomo rocks ‘t,.raccsn of cleavuze and

-~ ssricite, lere it 1s weld twirned according to the albite

1t is still duttirth tiny inclusions of pm.ome, calcito,
S ad Carlsbad lave. ‘
s B , In the ulJaunt woleanie rocks, the dbiu is clear (Fig.16) . '
’ sxcert for soua ohlorite snd mignetite which replase originul magnetite o
and lass inclusions, |The differeance between the Plsglocluse at the
‘tase and top of tpo oilhhdm tocdurmmoinoriahhlcompo-
 sition. This will be discussed below, - |
: Anphibole aypom from the base of thc sills to tho qu- :
- yich portions but h not present in the latter. The mphibolo is a
- pale to culorleap astinolite, practicany non ploochm&o | A |
fov thin sections show fuint. ploochor.tm w.lth |

;c alnt. bluish grnn

™ /M

B d § '

I

"’ I . X colorless ’ e

o | o n men 5

‘ - Thise mamnu has en index N 3 1.651 and an extinction mgln
i i of 17-19‘. ‘Im wgeat £rains very from 1.7 t0 445 mm. The

| " wrerage is mund 1.2 2m. Most grains are subrounded and equant

i | - Mth few blude-shaped ones, Twinaing is cosmon. ‘
: H . o Smald pyroyene ;rains with mmucu. or.l.c &auon cnclo:ed :

i », : \&tmnf‘htao grains of actinolite are avideggg ; mt the !ctlwuto

" haw passudozorphed origlnal pyvoxene. The pyroxone is clesr, colorless,
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- plazioclsoe and chlorite or actindlite, The
larpe clear prains are actinolile (i) grains
pseudororphing originsl ryroxene sraing, lote
the ophitio texture preserved, (0.2 x )
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m tho pleochroic | omulu v S l

ron ploechmic, but the g,r.slm are too m.u to obtiln couplete opticd. -

operties. Tuo. acbinolite pao..domrphn nhaw excellert orhitic end
pnmuc toxt.uros tmm-d the ylar,&oclm ble ndes, enclosing them -

uxony or in part (Fig. 23). "hlp, plus. the pyruxsne-shzpe of ‘the

u'“m is corroborative widmco thit ther pooudomorph or.u.n.\l

LY YT :

~ Chiorite putchn are cozzon within tho acunonu & :AnSe
Ia sozs t:in sectlons, cu.lciu is J.nt.mtoly associ-ted with

~wetlnolite and is not found outside of the actinolite. This calcite
ay reprosent the excess of caloiua relessed by transforuation of

Jyrossne into ncml.te. | - | .
mmwmumuuummmmuamum S

. grains of chlorits in their &nterior.

- .Cllorite is alxost ubiquitous: in these roeka. It occurs

|
: m the gmlna acunouu s..nd in the mtriz of the Mr and

ocsuitrol ,;oruon the 8llls. In the guartg-rich layers, chlorite
tikes the pluce of acunoli.te.. The chlorito ’iu{ of thrdo different
m.tetiea. One h.u a brmn tnterforence tint.. 13 poliuve, amm
the tanowlng pleoc ‘molc fomula:

Zia ve:y pale yellow

X yale srecn to medium mon |
Y pa;lo green to cediun green f

. iotber has blulsh or viclet interforcuce uuu,, 1is mgmvo. and

[ i
i

i

» SR
Y medlum green . |
- X3 psle yellow | o {

0 nd.&ungrun

y i M ) £ AP L i ek 3N UM 8 s TGO 5,0 b i P 2es
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« The third varlety ls ~MG'my, undar?qmsod nicols and is positive,
3. o ploocreote with ' | -

. pale num t-o eo.orleu :h

RN ¢ very mlo goeen to cu].orlnaa o

I3 very pale grcen to eo).orleaa

Qur knowle;dgo of shlorites ls tﬁo'-limitod at the“- Fresent to asgess
the pstrologic siznificance of these different ehloritu, cs;-tchl.y
& resgaxd to utamrphiu and zsetazorphic proccsscs. It is
significont however th. t the thud type 1is found in the lower and
centrul parts of the d.ll. The brovn pcoitivn type (plecchroic in

. darker tints) cecura in tht uppep pert of the sills, =nd the nagative
.hlm type ocours in the t.emt pu*t where the sill is richest in
. qnu-t: and magnetite,

& l’bolmrtmthimdnpttheaiﬂacontdnuimrmunuo:

mgnetite-1lzenite wheneg.q m Quartzoce parts have considerable

magnetite and mivor mv\‘vmn:ot.ﬁ, ilrenite (Table 2). The ores appear

{0 have erystalliud later tlgqn the pyrox-ne and plngioclano. Due
to the prefersrtial alteration of ilmenite to fine brown material

- (probably part.idiy erystalliszed srhene, though commonly called

leucdmm), there is no nwed for rolishdd section work on these rocks,
The magnotlite is eit.her mscmd or slightly chloriuzed.
‘Klcrographie patchu of quarts and plai,xoclau are coxzon

in the upper p.srt of the sllls (Fig. 21.) 'qm ﬁ.rat quarts grains
%o appear are clear, anhedral, often wedze-sh: .ped grains without any
. mierogfaphic texture, Which 11l the angular interstices betwecn
‘H.gloclase laths, Proceeding upward {n the sidl, the nicrographle
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; - Rtches becoze Ecre u‘.d aore atundant.” Tle. pla._,a.uum ls:clowdy |
- znd could selidox bo ;dsz.uvcly uuntJiod.

~instunce, & group of epidote grulns surrounded a gruln of avgietits,

~ In volume, it does nct axouat to mo than a fov per ceut of tle rock’.vi

jotn 5 Samus TR

" cannot 'bdédohmimd‘ ed froz the evidence Aia‘:hnr‘d) _fbho whole assezblag . .

Betauorphisa cannot be decidod, although the presence of chlorite

' the world ‘over. The absence of olivine and patite is noteworthy.
*"m“iplfsioclau of the lower portion of the -;m was more calcie than
 the original plagioclau?or the voloanica, It was goned, with a very

. content of the plm;ochn decreased euhsideubh. This explnains

. i ' !
s R IETNRTARE . et i
[ ] - ’

s %

“clear gr«i.fu of epidote locally ep;ear in .the éhlarlt.c
fatches, They are clear, colorless and do not show tne brown color
of the clinozoisite which paéudo:népha the pligiociase, In one

&d ghowed muried pleochroisa from  yellow to colorless. This
is due o some diffusion of 1ron' in uw cpldcte, |

The matrix or megostasis of tbgsc rocks i8 varisbls and
contulrs quartz, calcite, chlorite, 01003' Magloclrse, and opaque.

Fetpolozy :

~ The Mrograpby and ﬂeld nlauou wggut. that the gatbro
allls wers lm-rudad in &h&-b&m wlcanic mka. Dur.lng cooling,
the sills were strongly difforentiated, later on (how much later

hos been metanorphosed to the bmmch%st facies and tilted to the
vortical. Whether tilting o:curred before, ofter, or during

swars in the wlcanics indicate that come zovetent took place after

didaorite an forued in the mot.avolcanica. L - ‘
S‘kn sills before metumorphisa vere niular to gabbro sills

narrow outer rim more sodic. Going upward in the sidl, the ancrthite

| :

i
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~ the presence of elm pla:iosl.se and little cpidoto end clinosolsite.

l'nua vayiation fromja very -calele phgtccln» ab the beae to:more
+2lbitic at the top ia *‘cm\rac&srlatlc of dﬂtmntiatcd gahbro and

 ~dolerite bills:: ¢ An?o to 0lisoclase in the mxsades 81

(iadker 1940, p. 1069); fLrom Ayg to Angg in the 'l‘a.smnih dolerites
(Lawards 1942, p. 550); from m& to Angg in the Siaerzanrd (bnaar

l

&d Deer, 1939)¢ ‘ . ‘ : o
The incre:se in qurh and microzrarhic putches of Guarts
ad plagloclsse (or rosash feldspar) 1s vell shown in the 3 model

amlysecs (‘rab,ia' 2 ) where the Quarts cortent goes from O through

842 per cont to 21.4 per ;,cqnt.. This ls also comxon in the intrusions
© - peferred to above.

’ ! j

The ucnaoi ini'f.om',omuet,,.and especially : the increaise
of the misgnetite/ilzenite ratio from btttom to top is also well

- ghown in the modal analyéol"whrq loucoxene represents di'lsinal
- ilmenite, ond opaque original q:aémtitn. This enrichzent in iren

toward the top s particularly well illustrated in %he Siasrgased.

" In Tasmania, Edwards also mentions that. the maximum developnent

of iron ores is in the pogratitic ugx‘c zations,
A more coriplete discusalon of t.ho metamorphism \d.ll be

dncluded {n the discussion of the utamorphiaa of the metuveicanls
 reckas | |

4 The bulk coﬂpf a;u'.ion of the sills, or thn compouiuon of
tho orig}.ml. magmA. uy hn.v- been very close to tho ca::.ponlt.ion

i - of ‘the” wlcud.o rofp‘:a.muhsthe--ains intrude. ‘me sills uppoar

only abuve a certain hui.zht. in the vnlcmic scriu and t.hj.s &y be

exrlained by the e;ceaal.vc lwd over the lo-or part or the voa.c.m.o
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} alon,, mimrauud ahear zonn.

- pile. m&mr up in the nrua. t.no force of Lntrusion o:’.‘ ‘the. magaR .

right have been susficlent to m apart tho volcm.;ca and zake roon
for the A between the nowa. S | i‘ J | |

...on | ' ; | : ) l
‘m‘DoroLa]koConplexhalayond mtmsiwmdeupof
muny different rock tyres varying fron ultra.aatic zonbors to very
sllicle obes ard including a large body of anorthosito.; This thick

- gtratiform sheet has been arched up by m,fintmimgpr?tmimer

Gatbougamsu Lake batholith. The Complex hus b«nm@rpaom to

_the greenvthist tn ims, ad soxe of the mtn:ncrphic pmdmts are |
~Klids thst huve no been described in the geolo lcal Zutar..tm'e.

The mtr.v'orphim
with res;sct to later intrusives, origlnal chealcal comxsition,

its effects vary aeougding to the é.Loc.-,f..a.on

. &raln slzo, etc. jho presont minerzl) comnosition hn nlao been

infleenced by the Uype aud Intenslity of mrdrotzwml slteratio

n..g,icm.l acggﬁ» = , - R SR !

mporior Prwinoo L9 wnderlain by balta of volcmic

rmc‘m, ‘Basic and u).trabasic eil.s, and c;rantti.c massaa. mered
- complexes. contnhung anorthosite and ultrm.xf‘c rocka aucb as
= the Doro ‘Lake Cozplex have not been reported froa this Pro.-l.uco
except in the Ch:l.bougamu area and axv\md Waswanlpl Lake (Fig.25).
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~ Tray may be pronnt in othor areas but dotnnad aapplng has been
Unmited to mininz districts and they han not t«n .ldentlncd as auch

 in mlle-to=thowinch mapping. Figure 25 shows the distribution of

ls\yered oo.n,wloxu in the oastem paﬂ. of thc Superior Frovince, close
to the Gronville contact. The Gpa\dcpjw_d Bcn.;l’.iver tasaes huive
not besn mapped in detail, - o
The sputial distribution of sizilar layered cocplexss (as
Mummtmneomdmswwm (2939) and
m(l‘)”) ia such that it mgs«tt a asuctic and pwbablo ttmhn-n :

. comnection between them.

I"roa the c:d.st:lng uuratm, thoy ares all chamcuriud

&y the large proportion of anorthosite, tbouenticalmim

of the plagloclase in the unaltered and unmetezorphosed layers of
anorthosite (Angp) and the effects and Mu of RM
zetanorphisa, | R .

The presence of these layered cozplexes with so much

anorthosite so close to the Crenville contact has broucht up the

Question of poseible correlation between the large batholithie
meses of Mxosih, corzon in the Grenville Province, and ‘
mort.hoaiu of the Doro Laico Complex, But receit dot.ailod mpm o

 and petrocraphic studies by the writer mke it clear that t.ho
anorthosite of the Dore leke Complex is just a thick leyer within
 the Complex. Field evidence does not leave agvsdoxibt as to the

layefinz, and folding of the mass, Mlneralozically, the 'plng;ioclmA

_af the Grenville anorthosito wacees varlca fron - Anu to Anés (F.Fo

Caborne, pers. cmunlenuon). u scen on Plate l.. ‘the An content
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| .
cf the plagioclaac{’ in lsyercd corplexes varies tetween Anag end

dngge  Yoreover, t}m Dore Like Couplex and the other mssses shiown

on figure 25 are woll within the "Superior Province petrographically,
structurally, and geographicslly. ' i

a large

The orlainql mapping of the Chibougacsu dist.rict. disclosed
area underlain by amcrthosite ard associated rocks surrouniing

Dre lake and adjscent parts of . Chibougazsu Lske.

In 1911, the Chlvougamau iidring Cozxissicn repert salds

"In addition, a rock which scems peculiar to this area
has teen called anorthosite tecause clthouph 1t is of
gebbroic typs, there is usually a marxed absence of
ferromagneslian ninerals, which are prcaent and soietises
quite abundant in typleal gabbros, Tie prevalent phase
of this rock hi;uly resecile the highly feldspithic

-gabbro to which the tern unorthosite was first applied,
and which is characteristic of the formaution forierly
classified as Upper laurcitian,

The Keewatln formation is madoe up of a series of
decoxposed and deforued b.slc nagresian rocks which may
in general be described as grocnstones and grecn selilsts,
They cre the oldest rocka of the district. Thcy are
penctruated by the batholithic moss 8 of the anortlicoite
already centionnedsves”

fetty (1930) dqacribeo the “oligoclase ancrtliosite®? tut does not

suke any cocents as to the rreaémo of gonetically related gabbros.

p.27

Ppel9 *

Mawdsley ard lorman (1935) ssid:

"Tra northern sass of anurthosite for-s a belt 2 to 2% miles
wide thit extonds in a direction alisitly north cf east

aliost continucusly acrosc the centr:l purt of the map-arec
from Lake lavid to lkepton bzy. Aneortiosite 1s tiw predozdnant
rock of tiis belt, Tie associowd £ebbro oCcurs as a narrow
snrginsl phinse along the northern side of the anirtlecsite
dolt and occurs with serpentine Luth as nwrglncl:phaces and
&3 sanll masges wittin the nnort.',qgite northeast of Lake
Chibouganau.”

Gabbroic yrocks conposed oither in part or entirel; of

dark ferromsgresli:n minorils and their alteration products
are closely asaoc.atcd with the anorthoslte. Tuoy are
belleved to be closcly relited to the ancrtrosite in origin




and to be of approxinstely tho suce age®,

Pe29 "The ascocizted zabbro margin.l to the ancrtivsite west of
Bear bay, in places show a trinsition into ancrthcsite. Away
Lrox tio c.mrtt.oute, these rochks fer the rost part crade
into highly|altercd enes thit hove little resesclince te
tho anorthesite and closely roseible reciku described as
gabbro, dlorite, quarts diorite, amd their alt.nrcd oguivalents.”

Froa these exceppt$ Mawdsley and lorman oeem to h.xV'O t.ho impresaion
that the diffeore;t xchx typ« around the anortliosite ua.u are zeretically

related. - ; . ‘

i
[
I

In 1951, Craham subdivided the rocks of (balaki township in
two groups: the David dake groug and the Dore lLake grou;%. Fron
detalled zapping done since, it appears that these ﬁm er!oupa are
penbors of what the suthor calls the Dore lake Cozplex,

This COxzploxl- is getting nmore snd more important economically
since the major ore deponits and ahc»wmga in the Chibou.g*x..au district

- s found in the u;orthoaito mmber of this Coxplex, 'l'hls is part

of tho resson why .‘.,t. haq been studied in grestor detail than the
surrounding rocke. Moreover, the presence of mignetite~rich bands
and other wombers with greatly different msgnetic propertics makes
it possible to work out the structure éf the area. Alrborne magnetoreter
surveys ere thus very useful in outlining the Cozplex and its various
geabers, : ! | -
Gereral seolozy

The Dore “a}:e Comialex, asccording to seolozists who rapped
the area on a lurge gcale, is intrusive into the Keswatinetype

mt.avol‘cunic rocks, In ihe map-area studied in detall by the writer,




-

the contact la the Lac Sauvpge fault zone, No well ex;osed contucts
were obuerved between the metazcbbro j.fmcl the sotibasait Jeas on Couln
Fealnsula, between Dere lake and Chlbougazau lake, Suie shearing

i3 indicated in the outcrops. near the contact aud the contact itcelf
is likely a slearzone. .

There 1s coneensus cf opinion regardirg tho younier aze of : |

the virious mecbers of the Chibo:rgarau Lske batho}lith. The writer

cbserved nany mtanoos of blocks of metuarorthosite in the clorite,
gunodiorite, quartz diorite, and 'granltc of the béf.tholith. Dykes '}
of graiftic material cut the Dore lake Complox near its contact

with the Chibougamsu lake batholith, |
‘Originclly the David ‘ake anorthosite mé'xse and ‘the :Dore Lake
mss were thousht to be independent budies but recent detalled mapping
shows thet they are probably folded portions of the save Hesbers withls
the Dore Lake ' Complex. | '

Ctructure of the Complex o |

There is m:'.1 1e evidence f;ginting to the originul (seo p. 99)
horizontality of the Couplex, 1Ihwe orlzinsl mass coul@! hive been
& 8ill, laccolith or lopolith but the intrusion of the 5runit1c
Batholith hes obliterated part of tho core, Horeover, fuulting
ard lack of outcerops make it impoaaib;q to establish t.ho: exact
ar’ zinal shape of tIe bocy. | |

The Do:e La}’&e Cemplex hus been arched by the Chidousazwu Lake
(omplex’ into an anticlinal structure. In the area mupped by Groham
and the writer, northwest of Chib;pngmn and Dore lakes, tho dip

of the primary follation and layortng is to tiie nortimeat. The other
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lcb 1s very little knowa, Neale and Pentstone (persen:l corzunications)
rave observed follation and layering with a southesst dip. a\irbcrne
n;az_:noto:r‘eter work (Dozinion Gulf Cpy, peraonal commuriication) also
indicutes an anticlino \fith a wrapping of the magnetite-rich luyers
ground the nose of tho ﬁntlcuno in i:dCorkill township (Plate 2),

As rontionned earlier, tho north boundary of the Coxplex is

8 fault gore of za'or geologic and eccnomi¢ izportance. it xill te
discuseed in the chapter on Structural Geolozy.

i
i

Fleld data o , | | |
The description and conclusions which follow are bused upon

- detailed mapping of a portion of liokenzle townshlp done in 1%52,
1953, ard 1954. To facllitate the study of the Complex, the

axthor tgok the opportunity to loz many eritlcal drill holes in
‘the surrounding townchips . during the summers of 1952, 1953, and
1954, Adrborne geophysical date belonging to Deminion Culf Cgy
wre also very useful. The ccoperation i.xid fruitful diécus'nion |
wth the scologists and min..ng engineors wora:ing for the voarious

sining companies was a great help in improving our mdcrst.andlng

of the Dore lake Conmplex. |

Fetro;raphy ‘ '
| The Dore Lakc Complex ie made up of nany du‘rorent rock
tyres. A number ot then are only local and havo not been found in
the eout.hcuatem qnu-t.or of icihenzie township, but Iorm daefinite :
_hor.tzons witiin t.hd Dore lake Complex olsoahore and are included

|
for suke of cowpletecess.

i : 3
! )
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The following 1o a list of the uajlor rock tynes encountered
beginning with the lower meubers and proceeding generally urvard in

i

-the Complexs

anorthosite (mmor in quantit;)
~metaanorthosite (m.a.jor in ¢ u.,ntit.y)
metagabbro |
‘transition betmn mtwwrthoalte setazeblros
3&bbro§c zetasnorthosite
mrtnoslnc setagakbbro
mtapyroxnnit.e (poszibly ecce mctapqridotltc too0)
mgnetlu-rlcn wetapyroxenite
wetapyroxenite
magnotite-rich diorite (pegmatitic in places)
granophyre
The principal primary minerils were byt.om_itc » labradorite, andesine
and olisccluse, depending on the merber lnvulved, zmonoclinic pyroxens,
mgnetite, titaniferous ;fxxncrxetitu, ilmni.te,‘ spatite, and rossibly
rhozble pyroseue und olivine. No direct evidence of the presence
of the latter twe was found. The minerals actually present are
rinor bytownlte, andesine and olg.,g,oclaao in the diorites, large
quantitles of albite, clinozolsite, golsite, urd epldote, ectinolitio

tornblende, very minor clinomroxene, trezolite, various types of

. ehlorite, leucoxene, sphene, rutile, may: netite, titaniferous

magnetite, llmenits, suricits, aputite, and cartonates.

fnorthesite
-Frosh unzetamorplosed anorthosite 1s present on tiie north
shore of Last Island, on a number of islands in Chibougausu lake,

east of Chibougazau lake, and at dlfferent places along the contact
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tut not at the iunediate contact, between the Chibousivau lake

batholith and the Dore Lake Complex. In sore places, the
anort.roait,e and aataa:zorti'aosita occur side by slde, but 1t.hc.v
mlauon betwaeen tT two could not be studied in dotall, The
islands are thi ck]qr forested and only & very narpow strip is
eosed on the snores at low water levcl. Better outernps and
drilling are needed to study the spstisl amd ,,eretic re‘ Lens betweon
unxotazorphosed md zatazorphosed anorthosites.

The fresh anortiiosito is pale grey to white in hend specimen
and wosthers white. The interstitial minerals are less resistunt
to erosion than the plagioclase and tc‘rn pits which acceutuate the
texture of the rock on & w eathered surfsce.

The rock is course- to very courss-gralned. FPlagiuclase
tablets with shiny cleavige faces and ¢learly visible twinning
flanes attain 5‘ em long. 4 nuwdber of U-itige determinations glive
wrisiions betveon ingg and ingz. JeR. Saith (personzl comamsication)
rerforzed for the writer a careful texperuture-~controlled

dsiernination of the index of this plu;locluse and found, using his

~eurves (Lulth, 1953) a cozposition of Angg,5 (gt 1.5670). The
kytownite crystals co not show any zoning. The texture is hypautomorphio |

granular (Fiz. 26). Yore than 85 per cent of the rock is Lytownlte and
the rest const ota ef muscovito, chlerite, zoisit.e, clinozoisite, and
a few grains of hucoxlnlzod {Imenito,

Volnlcta Qt f.lw albite, chlorite, and zoisite are couron,
The vd.nlets of c}.uar albite (Fig. 27) are eimilor to those found in
the metaanorticsite but are easy to detect because they cre in
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Fig. 26 a section of fresn anurthosite. Kote the
rosd twinning lanellae of (o bytownite
erystals. bcte also the minor a...ount of
protaclasis. (5.5 x)
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ﬂg. 27 Thin sociica of fresh anorthosite with & velniet
of civar albite in paticd cryut-llo, Jraphide contlnu*ty
but mob la ¢ptical cun.l:.uiu:f. Loupa.e vithh Fige 33
where the aibite velulot is cuttiny scruss
smetuatioyrthosite, wta the later develor:ent of a

gruin of zoisite (;.). (42x) :
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rertial to total cryste.l)i.o,;rap!;ic ccr.tinultj with the crystals on
each slde but. are not in opticel continulty boecuse o¢f the lorce
Giffererce in chele:l composition. |
Sone of the vair@ cortoln chlorite instead ¢f alblite, ant
mlﬁite appears along the walls of the veins. [ydrous solutions

travelling along fractureas h:ve converted the bytovnite to zoisite.

Crain boundaries are izportent in the sltcrotion and seteorphisa
&« this coarse-gralned rock. Fiz. 28 illustrates how suscovite

ds predominanb;y between the plasioclase gi-nlr.s, in ecve caécs
marly couplstely encircling the bytownite ccystals, The introduction
of cuscovite sveus to be lirked with the intrusion ef the granitic
membeys of the Chibou@amﬁ Like butholith, The plagioclase grains
of the anorthosite show very little sigh of ortering around the
edges or very little protoclistlic texture as one so cozmonly observes
in the Jreuville-type anortlcsites. o -
|

¥etaanorthosite |

Fetaanorthosite is the ost eomon rock type in f.ho Dere Lake
area. In the fiaeld mapping, a& rock was called ngataamrtl;osita ir

|
slizhtly different from Duddingten's (1539) clzssification, but was

| .

recessary for corraljat.ioq with jrevious geolosists'werk in thie area

it had more than 60 to 85 per cunt of altered plagicclase, Thin is

and with local smdning geolozista? nonaongl«turo.
The mWnt nincrals are aldbite, zoisite, clinozolsite,
and chlérite. Leucoxlniced ilpenite, sphene, and rutile are very

minor a0cessorios,

The rock is white with pale yollowish Sreen and dark groen

|

i
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interstitial arcas (Fig. 30, 31,32 ). If: weathers groyish white
end buff and the texture is brought out on the weathered surface
ty the differentlal weathering of the Lnﬁeratitial chlorite and
the lsrge crystals of mt@mhoaed plagioclase (Fig. 29).

No stratification was cbserved in the anorthosite but a

crude layering rust be present to account for outcrops of very

- coarse metaanorthosite next to outerops of fire-grained meta-

amorthosite, or outcrops of anorthosite with a peculiar sindstone-
like texture where all the grains are rounded and nexrly sphericsl
(Fig. . 38). |

In the David Lake area, along the shorgs ot‘ the lake and on
the munerous islands- in the middle of the lake, lenses of trezolite-
chlorite rock (probably a mvet.apyroxenito)‘ in the metaanorthosite
define the originl layering and the attitude of the Complex.
The nmetaanorthosite ﬁ.selr_doea not huve any primsry foliuticn,
at least none obaQWablc 15 hand :spccimén, but the transition
rock on the meaita side shows & well developped folistion .
wich defines the attitude of the folded Oomp]gax.

The plagioclase crystals, in spite of intense zoisitization, -

aften have shurp graln boundarles (Fig. 33 and 34). Cloavage faccs
end twinning plane traces ‘!m readily identified in hand specimens.
A few thin sections showed elonzatién of the euhedral crystals,
parallel to the a-axis,. 'ﬂ‘helr aferage dioensions are about hslf an
inch to two inches although larger crystals were obscrved.

The composition of the plagioclase was deternined with the

“Universal Stage. The lirdt of the plagioclase grains can be

|
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Fge 28 Freoh anorthosite with good developmont of
ruscovite () at the pgrain boundories. This
illustretos the eflect of grain boundarios
on travellng soluticns in & coarse-grained
rock like anorthosite, (80 x )
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Hge %9 wWeathered outerep of zetaanorbiosite. Tho plu-
glocluse grains stund cut in relief with respect
to the surroundlug chlorite matrix. The zagnet
is one inch acroes. '
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Flg. 30 Hand specizen (natural plze) of the
setucnortliosite frem nawr Lore Aake,
Buddin;ton's classification weuld
mske this & gabtbroic ampthosite but
in tte Chibougsusu mining terminoloyy
this 18 metusnorttosite. ‘
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Fig. 31

Hand specizen of metaanorthezite. The
white crystals are sauvssuritised bytownite
(or lubradorite} grains and the dark green
interstitlisl patches cre chlorite
aggregates. (o6 x )
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Hand speclion of metaanoythcslie close to
gabbrole metucnerthenite, 1ihie patches of
saussuritized piaslioclsso roepresent ori-sinal

sin-ls ygruoins of bytovnite. 7Tie dark interctitial
vyroxens, (.6x)

patches ave chlorite pseudouorphing
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‘dotermined because of the fow clesr patches in optical continuity

throuzhout the sectlon, but the presence of irrciulur areas of dirty

- trown to ‘grey fine-grained zoisite and/or clinozolsite make optical

wrk very difficult, (n the U-Stupze, the method ot‘ oaxizun extinction
anzle perpendicular to (010) is the only one applicable because of

the very linmited size of tho clear albite patches. Ca the curves
wed (hinchell 1927, p.26§) positive and necative ¥alues ars pcssible
and the use of the angle alonw can lead to erroneous results,

The angles obtained in nearly one hundred measurcments vary between

18 dégrcca and 15 degroes and average 16} degrees. This ropresents

a plagiocluse of compoai.t.ion Anp_e»  Cver 60 check 1ndices zeasurexents

- agalnst baleam showed that the plagicclase has an index lower than

balsan, Thia index comparison eliminates the higher An content
a3 obtained from extinction angle measurements proving the 'piagioclaso
is an albite close to the pure albite end meuber. .

Primary inclusions, such as apatlte, gircon and similer
accessories are pbuent.. |

The :Lntoraticeu batween plagiocluse zraina are eltror
anzular, or rounde¢d, or both depending cn the euhedraliam of the
Lytownite in the original rock. The chilorits in these interstices
1s pale yellowlsh green in hand specimen. In thin 'qocuon, it is

very pale yellowish greon to colorless with very weak plecchroisa.

‘The blre;ringenc, color is a pals olive grey greon. The : index

is Nys- 1.6170, It is positive and would fall witnin tle prochlorito

~family according tmkinchell'a table (1927, p.333).
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In some cascs, the chlorite-fillcd .‘mt?rut.iceo hive very
aharp boundiries aguinst tﬁo saussuriticed plazioclase (Fiz. 35:ond
36)s \hether the chlorite is the mctamorphle pseudosorph of a
roxons or olivine can selduw be positively established beceuse
there are no relicts of either glner#i wlthin the chlorite patches,
In a fow instances, the ehlorite pitches fora single cryst.3s with
wigue orieatstlon over large areas and enclese many plagioclasze
grains, This is a miict ophitic texture yﬁlch su;zests the
chlorite w;a derived froa pyroxene (Fiz. 35)§ Yiitoin the cilorite
Fsins, a numb«jar of very suall grains rot popitively identified
ut rescabling sphone sr;o alined along what ‘llcok iika an orizinal

: cnqt.uuog,x_'aphic _qu'ecubm The dirocuon could_ba the prisuitie .

cleavaze of ryroxenes or thu exsolution lmellnojot one pyroxene

in arother (Fig. 36). | |
‘ZOhi.t'o‘ and clinozoisite are the predocinant miner.ls in the

retoanorthosite (Table 3). In scne places, t.hcy. make only 40 to

0 per cent of the orlgim plazicclase and in other cases thay

cocplotely pseudozorph the originil bytownite, These mectemorphic

risersls occur in three diiferent ways: as a mat of extrecely

ﬁt;o gralns with dark grey to durk brown color in a background of .

dbit.o which is noarly cbliterated (I-‘Lg. 33). They slao occur

as cleur irresular crystals dispersed in la?go Zruins of elour

twinned albite. ?inallyl', zolsite occurs n;’ clexir crystuls without

any albite. The _j-ock, in the latter case, j;::*v'rer;r fire gralred,

massive, quite dgaco (d13.2) ard resexbles a marble. This

resocblance is algso ourked in thin ssotion wiere tho zolsite grulns
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clinozolsite. ihe lght patches in the protograph
are chlerite Interstiti:l between ths placicciase
grafns.  lote the oxeellent jreserveticn of the

eriglual texture end graln bowdurics. ( 5.7 x )
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Fig. 36 OCane e above, tut mscnificd to show the
alinereat of 8i:dl spuene (?) grains in the
ci.lorite. Tuls probubly represe;ts an originul
erystallograpaic direction in the jyroxens,

Wwic tne sharp voundary of the ci.lorite against
the suussuritized plagloclase. (£0 x )
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' lave a mosaic texture (Fig. 34). The rock is co~yosed then of wore
~than Y0 per cent of gleur soisite. The rest 1s muscovite and chlorite,

"Mis faclds of the metuenorthosite is cozmon ;Ln tho David luke are.

snd along the Calbouga. au lake bstholith contzcte ALl the broken
rieces of anorthosite engulfed in the diorite, quarts diojrit.c,
granodlorite and granite of the Chibougzzau f‘nko butholit-n have
teen converted to tils fine-gralned uosale of solsite. They weather
to & saooth bulfish white surface,

Tue predomi.nmb accessory mineral in the anorthosite is

- fimenite and tltanugrous magnetite, IXlzenite is altered to

loucoxene, a dark brown mixture which looks opague under ordinury
o .
1.lusination and low powor, but is transparent and has properties

closely akin to sphene when exumined with a very strong asource of

Ueht. The Widmanstatten texture due t.o‘ exsolution of ilnenite from
ragnetits 1s evewywhere viovible in thin section, provided a strong
source of ligat :l. used. On cooling, the ilmenite lazellae tend to
arient themselves with thelr (CUO1) direction parallel to the (111)

dlrection of the xugnetite, Under zeotavorphism, the 1lmenite coxbines |

with soue of the calciux released by s:;uaauriul.ation of the
Hegloclnse and forus spx;ne, or leuco:ge::c. e magnetite, through
diffusion of sillica and aluaina, 1s converted to chlorite. In hard
specirzon, this is pendily seen becaucs of the dull green color of the
chlorite and the bright ci:mga or turple of the leucoxene (Fig. 38).

" In soxo tuses, instead of a triargular network of urange blades (F}.g.B‘)),

~ the legucoxene stirips are paruliel -throud,hout. the whole grudir. (Fig.40).
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TABLE

MODAL  AMALYEVS OF  ANGRTHOSITH,  METAMLCRTHOSITY, AND
BETIGABERO FRCH  THE _DLik iaig _ CLaPIEX
|

Specicen mmber 15-357 54~263  S4-19a  ShelSH  53-600
Flagloclase  63.29 - -, 8. —
dltered plaglo. =— - 35.3 528 - 53
Zololte N2 osn2 @ - -
tuscovite ‘k.z ol - - —
Rutile %— ‘ol 2.8 ' -; | —
Opaque #r o 2.1 7 5.8
CCmlerite . b7 12 1.2 L9
Sphene tr tr 8 | — ——
Culolte tr - - - -
Quarts .5 tr - - 1.2
Amphibole - —— — ' 38

Junber of } ‘

points 227 1933 1912 2802 1656

15-357: fresh anorthosite. Fisure 26,
54,~263t netuanorthosite,
S54~19ar mtmort;t:oslto _(ac tual),

54~19bt metaanorthesite{ori;inal). The chlorite roported here
probebiy rercresents pyrorene, Tne wo.e wes donic on
the xetaancriliosite assundng that the ssussuritized
plaglociase patchies ré;resent originul fresiv plagio=

cluse (rains, aud the chlorite patches origlnal

PYyTOX6I.O
63600t zetarabbyro ‘
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Fige 38 Ekniarged photcgraph of a piece of drill core
showing cn ordsginal graln of nosuetite and
¢xvolved l1.enite complotely sltercd,

The llienite lg caznod vo leucorens(oran:e-
: golored bludes) sad waguetite vo culorite
(reaainder of the ygruinje. (2.4 x )
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Plg. 39 Metsanorthosite with sauesuritized plagiocluse

graing and interstitial patch of chlorite, Large

grain of titanifercus magnetite vith excelleutly

preserved hidnanstatten texturo (blades of
leucoxane in & watrix of chlorite), ibte the
gharp grain boundaries in spite of tiw complote
Retanorphisa of the orizinal rock. (16 x )
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Suwro a3 abtove with oran:e-colored biu.des of

leucoxene parcllel throu-tiub the crain. Clhlorite

arces betucon the bludes contain abundint 0.all

grains ol sphenes iwst of the rock as &n ¥z, 39.

(16 x)
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Fig. 41 LBlocky structure in anorthcsite. ('Scnlo ;
s 6 inchas long). - The qutcrop is wave~poliched,
The @iin part of ths outq*on is massive anorthosite
: wvith & block of gubbroic 'rnurihosite in the
widdle of ib , and without sharp contacts,
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Fige 2. iwteacrtiosite, Heavily seussuritized plagio-
¢l:s0 with a few Lnlerstitial patchos of
. : ¢hlorite ard opague minerals. (V.2 x)




. the llmepite to let}coxene.

e 90‘-'# L i

This may have heen sa original grain of Mmtite with exaolvid
hlades of ilmeniteﬂ The hexatite is convertod to chlorit.o and

|

ansition rock between setuanorthosite and :etagabb

. \ .
There is & cbmplet.o transition froa mtaanorthjosito' to nets-

&bbro with no 'slwr} contscts between the wurious Eecbers of the

| . }
i |
seguence,

The ’mtqano hosite, by a decreaso in the amount ot plagioclase
and an increass in ie¢ mmrall, gradoe into what has been called
transition rock. TI::
morthositic gabbro and gabbroie anorthosite, but the lack of sharp

transition gone should properly be called

oontacts and the tranoiti.onal nature of this gone make it more
slnple to call the whole mexber "transition zone"
The description ‘glven for the metaancrthosite applies
equally wcil and will not be repeated hore. The plagioclase
is heavily saussuritized (Fig. 35) and the maffic minerzls are gone
over to chlorit.e. The ilmenite 1s partially altercd to Zeucoxsene.
Hiﬁhin this zenmber, thore is a repstition of thin lenses -
of metaanorthosite with very licited lateral extont.. There are
also gones rich in mgn@tlte and/gr titoniferous magnetite. A few
lenses of a very coarse amphibole?rich rock are apparently the
wstuiorphosed équlvalent. of conce?tr:.:iions of course crystuls of
;yfoxem. A generul characteristic otf the transitlion sone is the

wry eoarse grain size of the plagloclase grains,




Mtacoronite

T:dls veriety of metaarnorthosite or gabbrolc anorthosite was

found in tho Grand Chibougamau ¥ines drilling in Cbalski township,

. betweon Cache Lake asd Dore lake, ard along the waat chore of Dore

leke, close to the Cbalskl townghip centre line.

The rock is mude up of larges cryastals of ahuaaurlt.liad plagio=
clase ard & matrix of chlorite and quarts. 7The rockn very
ooarse-grained ard differs frea the transition ka ozily in having
coronas around esch plagioclase grain, | .

Figure &3 shows & piece of drill core and Figufe b4 18 a thin
section photcmicrogmph of the sume rock. The chlorite interstices
are wade up of a dark green chlorite rim around t.m:; vhite' plagioclase
orains cod the center bt the interaticos le much paler green and is

‘mude up of & rlne-grained mix‘cur‘ of quarta and c‘xlorlt.c.

In thin aocuonL the corona is made up of coarse ¢rystala

of clea.r chlorite, Amtar to the chlorite normally i.‘om.d in the
The

mtaanorthosite, terstices are mdd up of an ac,;regato of

| the sane chlorit.c and Lmll quartsz grains,

No rellicts of tpe original uiner«ls were found. éoronites
are comzon in snorthosite ard gobbrole masses, The orlgina:l ray have
consisted of Syt.ownitp Jacketed by biotitc or nornblerde oﬁ sore
octher amphibole, and tTﬂ interstices may huve been: mado up of
fyroxeno, . However, thém are gome many co‘.bmztions of ainerals

encountored in oorpnit.oa that it 13 defiqu,t. to estabd.ah the

~ardginal naturo of the Chlbougamu coronito. ’ g
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Fige 43 Cabbrolic metianorthosite with corona structure,
(Secale in em). White patches are heavily
M saussuritized plzgioclase grains. Interstices
areo coanosed of a fine mixturo of pale chlorite
and quartz separated froa the. plugioolan by a
"*D ‘ | vim of dark zresn chlorito.
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: Fige 44| Thin secticn of opeciiien represented Lt Fl . 43. !
P Tie dorg putches eore the sauesuritized placioclase
eraing, The center of the fnterstices is a fix;e
alxture of quarts snd chleorite, The two ar
- ) szo,). rat-c)d by a vhecll of coarae-gral“ed cle.w chlorite,
' 5.5 x P
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Ippngtite-rich lavers

Hagnetite, titunifercus r.uf;notite; and llrerite are couson
accessorlies in every secber of the Dore Lake Complex. Concentrations
of thoso aineruls in cortaln layers has lod upim xining coupanlies
to explore the pussibvldities of iron oreimiaing in the arex, Tco
much titanius makes treatzent of this iron ore I:Bpract.‘.cal for tle
mocent. Drilling by Grand Chibougazau Hines Itd and other cozpanles
.83 given tho writor sn opportunity to study the ﬂ.old relations
of those layo: 8, but not encugh thin sections and poliahed sectiona
wre mado for a comlotu otudy.

The magnetite~rich layors are absont 1n the southesat

-~ quurter of Mekenzie. They form a distinctive horizon in (baloid

townohiip, west of Dore leke, They also occur on the north and

- goutieast elde of Chibougamsu Lake, Here, alrborne magnetomenter

aTveyo rwc.;led high mgnet.ic anomalies,

Tho mxaot.ltc—rit:h la.yurs «re easentially a n..gneut.e-beuring
astupyroxenite, The rock u conposed of tunphibola, zaznetite
(mootly titaniferous) and ilmewite. Soze bands contaln surpentine,
lo detailed work was done on these but trey may have been peridotite
or dun_;t.e originally. Tie fmphlbolo is very fino-graincd in (belski
tomship, but courae iu thc‘; cotapyroxenite on Cbuin Foninsula
in the southe.st c;uart.ar of the map~srea (Plate l}. Zach type of
zagnetite-rich rock has a limited latersl extent and dces not extend
all srourd the mass a8 ; single layer, but the diffe;ent cagnetite

lensos appesr to Lo rQu;hly'at about thoi saxe horizon in the C(j:.ﬁplcx.
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The (rand Chibougamsu type (Fig. 45 and 46) is a dark creen
to bluck rock with a pecullar 3ramu11£ic texturc: rounded silicate

_grains are unifornly distributed in a mognetite-ilmenite matrix.

| |
The silicates cwata}m:r.ed first. Table 4 below contains two modal

analyses of this ro!ck. The original silicate mwy have been pyroxens

or olivine. No relicts of pyroxene were found. Soze original grains

resecblinz pyroxcne in shzpe were returorrhosed to a sinzle grain
of p:le actinolitic hornblerde, and others to an array of s:sll
wnorlented blades of colorless tresolitic améhibolc. Sowe have a
core apackled with magnotite dust probubly released durjing the
transfornation of an iron-rich pyroxene to an iron-poor axphibole,
Soxe of the single gruins have a col;mdoaro- ard pale -to -
colorless rizs, even if the graln 1s in contact with magnetite.

- ome of the large single grains also have exsolved mugretite, .- Some

slngle gralne are patchy with colorless pntpixcs’ and {rregulsr pale
to mediws green zreas., No differences in Optlcal propertics were

‘ !
) |

TACLE & |
}f:odal‘ analyses Er A etitn-rich retaprroxenite
Speelimen No, _ 53-.116 13-225
Maznetite und ilmenite of the matrix 3.8 40.2
Releasod moagnatite : B 4.2 18.2
Amphitole ‘ 52 S 'S ¥ §
Nuncor of points . - 1008 R 1963” }’
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Flg. 45 Hagnetite-rich metapyroxenite, * iote the roundness

of tne wafic siliccte grains in tne matrix of
mugretite, Soxe prains have a core dusty with
relessed nugnetite, fhe amphibole is nearly
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FPlg. 46 lHognetite-rich retapyroxcnite. The sune
renarky given zuove apply to this fisure,
S , (102 x)

colorlesss and i probably a trcmcl;.tic amphitole,
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roted botwoen the colorless &nd the colored patches, Slngle grains

“lave an czunctlcn angle 2 A o of 17-19 degreen (Xg1 2.653) ~and

4 around 79 dc(,reea. The pleochroisa las 3
"‘ ‘Xt pale yellow to colorless
Y: colorless to pale sreenish yoellow
21 patchy green to colorless
The mll acicular greins of colorless trezonto sre too sxall
for accurate optlcal work. | T
The mtrix, exanined in polishcd aec?_lcns, 1o mnde uwp of
dargoe grulns of pagnotite with molved' bladen of Ll=enite ‘
end individusl grains of ilmenite,
The nasnetlu-rich layers are 1ntorbmded with well
lbliated feldspathic n:ot.ag,nbbro (Fig. A7)s The latter becczas
ore and zore atundant b;é,her in the Cozplex until the n@gnetitc—
rich metupyroxenite gives place ex;.t.i.rely to metuzabdbro. Fig. 49
llustrates dlagrameticaily the w.riauom of the iron and utaniua
content acruss a sectlon of this layer obtained in dla::.ond drill -
lole ¥o. 11 of Urand Chibougarau Mines Limited. |
Magnctiw-rich layers are frequeant in 1:.hwulg layered} conplexaﬁ
found throughicut tx?e world, but the litwrature appears to contain
no exauples of mtin.orphosod magnetite pyrosenits,

szong roporta on t.mset‘.mr;houd oceurre:ces, Du Tolt describes

sliuilar iron ore lz\(ew in s gsbbrc-p;froxe;;;tp =885 in the KNautal.

Tue ficld rolatlions zateh the Chlbougaieu ocgurrences very well but
 the miherulo;y 1s difforent. He rojorts (u Tolt, 2919)

"titunlferous roznetito, basic stradonte, dlalla're,
hypersthene, spinel, lhorrivlende, olivine”,
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EZ3 FELOSPATHIC METAGABERO

MAGNETITET REMOLITE ROCK

(%] anosTHOSITE, GABBROIC
. w ANORTHOSITE

wcagenn

SGection throuzh a drill hole (liole 11 of Grand
Chibougsarau tinen) showin: the relations
between retaanorthosite, metasabturo, and |
magnetite-rich cetapyroxenito, Also stows the
variustions in the azount of iron and tiltanium
through the magnetitoe-rich leyer, | ‘

|
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Aemwa and Barlow (1930) described the Glamorzan gabtro and the Fusoy
iron orebody which is zaude up of pyroxens snd iroa ore. The pyroxene
his a purplish ocolor, is falntly pl?ochroic, ard hold biLaches of
winute bl.:.ck spicules toward the center, The pyroxene 1ja enclosed

kv ircn ore and is soparated frow the latter by a rim of Lrown hornblends.

Buddingten (1939, p. 9 end 81) menticns murnetite~ilucenite
Fyroxenite layers within shenkinitic syenite brnds. The ore forss
20 to 40 per cont of the rock and asugite of a durk };mn vorliety
constitutos about half the rocke Hyperstherio &s a minor acces:zory.

Palrmnsen (1925) describes an ilmenite-magnetite olivinite
cozposed of (0 per cent olivine, 36 per cent ilxenite and mszretite,
epinol and brown herrblerde.

Johannsen (1931) smenticns several rock typss roughly sicilar
in compoaition to our magnetite-rich metspyroxenitet

', ancbohltsites an olivire and hornblende=tearing pyroxenite
with 30 por cont ilzenite and rugnotite.

avegacite: an ilmonite-rich pyroxene~besring horablendits,

cusborlandites a rock vade up of lsbradorite, hyalosiderite,
znafgnetlte, ard ilmsnite,

1lrenite dunite: rounded ;rzins of olivine » green cplirel,
brown hornblende in a mairix of iron ore.

Jacupirangites eighty per cent augite and twenty per ceat
} pagietite and ilosnite

Ultrabusic sllla to the north contudn heavily serpentinized dunites
and pyruxenites in which the pyroxcne greins are surrounded by a rim
of actinolite, Wituin t.h:a Lore iake Cozplex, soxe s rpentine wus
mportef; by Mawdaley and Horuan (1935) to the northeast of Chibougarau
lake. On Gouin Foeninsula, B0z asphidbole~-rich zetupyroxerite contain
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5:all sralns of serpentine and rm.gnotite which are likely derived

frews oli#ina. This .lnqircct. evide:ice sugreats sn olriginal tyrc:.eno

g3 the a.nceet.or of the acrhidole in the tinc-gmineé! regnetitce-rich
vetapyroxenite illustrated in Fig. 45 and L6, The two types ¢f amphltole
could be pseudosorphs c;)f two different ﬁymxoncs. The fact thut scxe

ef the larrer single s:;aina ‘ct acphibole have a rin wvhich is colorless -
end auprosedly poorer in iren ec:ld bte due to an orlg!:ne.l: déficiency
in iron i the rim of s zoned prroxene or possibly cus to diflusion
of the Liron in the magnetite matrixe Tho textural m:.m:émnta of
the {lmcnite litho within tho magnetlite vrolns 1s such, howgvcr,
that <iffuaion is ruled out for this minor:l, Morcover, the

- - rasence of gralns with abunmt relecsed magnetite in the cores

(Flz. 46) also surpests an oﬂglnal soning of the pyruxens,

Yptarabbre

The metagabbro of the Dope Lake Complex was a coarse to
rediumegrained gabbro now nwimgp&us”d to a rock compesed Qr
saussuritized plx.gioc'la‘u ’ Iaouno;ttic herznblends containing minor
Fyroxens, magnetite and titanifeprous magnetite, chlorite, apapito,
and other ninor accessories, A '

The rock weathers pale sreyish white, On a fresh surface,
shite plagloclsee and dark ‘reen hornblerde .appecr to be in oqu;l
mogortion, - Primary foliutlion is commorly well developed and ‘pomita
accurate :.-e;.surcmnt af the attitude of the Complox.

The texturs is hypusutamorphic graﬁular or gi-m;itald.

Flg. 50 s:owa pleturesc tiken of a thin suction which cut across o

band of gablrxo and a band of magnetite~rich uotapyfoxenitc. Flge A7
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n,g. 47 Hand epecimens (drild qoro) of banded ret:zabbro

Fige. 48

F’*"?}“\ ‘- ' B Ptv—wo‘w'«mm B, 1

and retapsrozenite. %The boundaries betwsen the

bands are sharp but there 59 a:geod interlocking

of graing across the bomdarlos(ue Pig. 50).
t.ural sice)
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La.rga actinol-itlc hanSJ.ebde mf.d.n w th rt .tict.
patohes of pyroxene (P). The ryroxene patch s
have a co.mon opticnl orientation. (20 x )
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sleo show hand aj.ccmna (drill core) of the t.yp;cal Lotbig.bbro.
In the ficld, tho arorthislte grades into an.rthesitic g.bbro

. and getbrole anorthcsite (cailed trunsitlon rock). The latter gives

place over 4 very siort distance to either finc-gralned sagiotite-rich
amtapyroxenite (in {Lalekl toviuship) or to the wetagubbro. In the
area ikaprod in detuil .b,y the autuor, the tr-as.ition zons is
succtoled by wetasablro. Thne u.gmt.ité-rig:x sctepyroxenite is
iaterbunded ard Linuly crades into mbag:.b&ro. |

Tae orizglnal labradorite (poss;.bly bytownite) L3 wltered
to albito with seattered gralns of cl&jnozciaiu ~nd shreds of chlorite,
a to a granular sgeregete of clmozoi;lte and curtonate with
vory mknor albite in the backiround. In thp gubbro, the plugiozlase
laths are euhcdral to subhudral and r.l?n;;atcd parallel to the a-axls,
Ths foliution is marked, but thore ie no lineation witiin thst |
follalicn plane. |

'ihfro are enoush patches of clo.ir albite to peruit aextinction

angle ceasuromcnt on the U-it:sge. 7The pla;loclase is very close to

the pu:e ond meater albites 1ts extinctlon angle varies between 15
and 17 degrocs nnd ita indices are alvways lower then baloais.

The pyrovxens is nore reslstunt to m@tamorphlam_thm the
faldspsre Mo relict lubradorite was found, but rulict pyroxers

(Fige 48) was observed in two tiin sectivns, {ule greun cctirolitic

“lornbicnde plutes puwudocorphic after pyroxens are conp.ruble in

sizc to Uie orlé.:,nr.l PYTOGERLS [yTUXENS. Tids horntlerdse hus a
putchy euvlor dlnt.ibuuod, 8cuo &roas of the s gruln belng
dark groen and others very pele gresn. In sone specizens, the




|
' |
sctinolitic hornblende is both in agiregi tes of fino shreds, aid in

lurzo single grninsi. de ia possible thut the two modes of occurrence

reprusert two differe: . original p;:roxenoa.“rbt enourh gsectiors of
the ‘metag‘abbro contalned relict pyroxene to per=it en accurate
dotersination of the optical properties of ?izo pyroxens itself, but
it 18 & clinopyroxene with large ortic mglo;; Soze gralns of this
frroxene have a grid of fine opague lines thgzt. rese:ble diallace .
texture (Fig. 48). | |

Clirosoisite and epidote are slways present in the cetas
wrphosed plagloclase grains or in granular nsgregaiea. 'Clinozol.ai.to

is npore frejuently tiied \;p with the metamorphism of the origlnal
p-gloclase, Ar.d‘gpiidoto id.th the matrix or 4t may occur in crosse
autting veinlets com;nonly accompanied by qua&rta. |

Miuor calgite, quarts, and serlcite are cowwon but it is
diffioult to ascrl;t‘xe then to any particular orizinal mineral,

Kagnctito amd titaniferous magnetite are comonly preserved.
‘The Widuanstatten tnxtm psevdowrphed by leucoxene, aph;m, and
chlorite are cozzmon (Flge. 50).

¥otapyroxenite
(n the south side of Gouln Perdnsula, between Dore Lake agd
Chibcugazau Lake, larers of coarse-grained amphibole-rich rocks are -
interlayored with anorthositic £abbro hnd gabbroic ancrthosite. |
&ortioaite occurs to the south Q%.oweri in the Complex) and gabbro
to the north. | | |
| Anotncxj layer 18 found onf the north shore of lore lane, close

%o the boy-ticlongle township L’Lno;, but the exposures ¢re limited to
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tto sicre. lLagictuister surviys over the dce ¢f Dore leke indicate
that thls loyer extcnds further south under Dore luke,
Thoe rvek 15 scediws to very cosrsemgroired, Sose specizens
¢ !

are bede up of lsrge dark greéu amphibcle crys als in a finc-; >sined

" pule sremxah_ yellow patrix, Lther feclow of t:is rock ceasist of

leng redlsting needles of a dark green to pule green owphibole, d{ther
rres ere cede up' of large. anliedral petchios of derk _@:j'oen ‘chlorlto
and evhedral pziches of rale green exphitole reedles. |
Cometimea, thece dirferent fxcles contaln nr.;-;ﬁctite «r

ilzenite or beth and t;hére geews to be a goncentr.tion of those
zinerals olong certain la;ira althouzh thoy éoulrl Pot be nL:ppcd
sepurstely on Gouln ?énimula becnuse of the naturc of the: torod
gxiphy and the very hc{mvy bi:mi:et of moes covering the whols leninoula,

f rhg vesthiored surfuce of the mmm'roxenite 1e very Jagsed
ond réuch. The different t;pes of suphilbele westher differentially
and the amphibole projects In wmarked rolief when assocluted with

chilorite., The mognetito end ilmenite gralns also stard out on the

worthored surfece. The rock viries fro. dark green to brownish red.

In t‘hin aectiln, the larie crystals of d:rk zreen

lornblende are weoll z%ned (Fig. 52, 52, and 53)e They have an index

H ¢ 1,665 ard ZAc of 16 dogreen, ard ZV of 72 dc;f.;-ecs for the

outer rin and conter part and €2 for the' intersedli:te rim. Those

fleurcs were obtalned on tre U=ituge hut are net too accurate. In

the sae thin necuon; with ell tie osre prssibie, the varluticns

-belreon recdinsz takea cn different gr=ins wore 60 lorgs as to

raiie the detarzdnatlons ain.ost seanincless. Budilngton wnd lecnurd

(A951) zentionned the saue difriculty in thelr work oa hornblendese

i
iv
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I"ig. 53 Hata;yroxenite with lurge cryotals of colored
ho‘..blendo in o melrix of very fince=gzreircd
coloricss asphitcle, liote the colurleus ria
arcund the colored grains, end the erac«s in
the lorce crystals filied with the a::pt“bolo of
the m&trbﬁ. ( 10.4- ’
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flg. Sk Save ng utove, l.t.t onln. mt £ Ve 11 dcvcloped.
Hov: the faw . rains of pa.opa jue zecompinied by
a:phibcle und eerpentine, Tm:f ara prob\.bly
derlved from ollivine gcrains. (10.2 x )
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The plecchroic foraula for this amphibole iss
X1 creax yellow

Y:| dork green center .
piler ireen on the outside i

23| pale to cediun yreen with blulsh tints.

Lack of precise chemicsl work mukes it difficult to nate this
mphibole, but from Winchell's (1527) dlagrems, the acphibole is a

czleiferous horrbiends, close to hastirgiite,

ThaSo large oryst:ls of hornblende are comronly s:esred, bent,

cracied, and twjoned, The hornbiende crystals have the éxt.emal
wtlines of an mspkdbolf but the Interior of l,uma' crystols, due to
tiny opaque inciusicns (Fiz. 51) su. gest & relict ryroxene texture,

The pule yellowlch zatrix 1is made up of very tiny needles
'y colorleia trezolitic amphibole,  They are too smull for accurate
Opt,.léal work, but the Xeruy diffractoncter pattern positlvely
ldertified this mcteriasl as animphibolo. Tois colorlaess am_x:hiz.olo‘
of vhe mt.jrlx «180 fills the c:;-acks in ?.ho large breken colored
crystala, ‘The index of the colorless jag.phibole is N3 1.640 and
the extinction angle is 17 degrees. .

In so:.e dections, larco colorle;s.porphyrcuaata grev
throuzh the color.ess anphidbele Qf the mutrix. lIn other cases,

soe crystilas of eélorlea’a tresolite ar{) growing through the matrix

and through adjacent colored hornble.de grains. The chlorite patches

a9 durk groen to black in hand speclien, but. in thin sccticn the
chlorite 1is . pale green , nearly Laotmpig ‘with an ollve :grecn
iuterferenco tint, &:new:cs, & few ngadléa of colorless uxydiltole
orow through the ci:lorite patches, | ‘ | |

Scue gectlons contiin anhodrual gmins of sergoutine with




sbundant releasod zagnetite (c1z. 54). ‘X‘hdaa are likely derlved'
'i‘rom olivine graine. '

flmcnit.o io a vory common accessory in the amphibile~rich
rocks, - Many ilmenlte grains are broken and tho cracks are filied
with sphens, Ilzonits irains are generally rixuaed ‘by. splicne,

In cne section, yrains of original ilnenite sre altered
to cores of cal.cito and rutile and rims of ophom._;

Yo . other accessories were noted, ‘
For .reasons wentionsd above » thece mptdbolo—rich rocks

¢ould bo ¢alled m‘tap;' roxenite or metaperidotite, The pgrewth of ’

the hornblende cryaist.ala tock placs in steps: Sirst, & pseudororphing '

of ‘the origlnal pyraoxene, followed by growth of a rim arcund this

Tucleus, At the sage time, the origisal matrix was converted to a

trezolitic felt in which grew soue large treuoclitic ;Sorplvrablaata.

The growth of the ends of soxe of these intp the colored hornblende
indloates that it vas one of the final minersls to develop in the
rocke 1

Similar rociks have rurely been reported in the l‘iter: ture,

dhannsen (1931) meﬂzt.iona a rock froa hussuolinkvasire, Laplasd
(:dkkola and Sahzm) cow; osed of colorless moncclinie amphibole
(62 per coht), pyroxene (22 per cont), cartonate (19 p-r ocunt),
end spinel (7 per cart). The pyroxene io g'é_placed in places by

-tornblende, The intersilces are fi.led by fine fibrus acphitole
-and cuarbonate. The rock resexiles the wmphibole-rich layers of

‘the Dore lake Couplex, but Johnunsen does not descriie the field

relations and the nature of the originud rock,
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lornblende diorite

Bajnelitesrich dlorite

Porpryritic dierite |

Fomiotitic diorite

These rock typos were not seen in the area mupped Ly the
witcr, but vere found in Cbalski t&vnahlp and are inc.uded here for
aske of completentss, lot enough thin scctions were studied to get
all the duta necessary for a cozplete pemgrgphic description,

The hornblende diorite is a very tino—é;miucd rock, dark -
colored, with a falnt follxztion and fresh plazioclase, The pl:csloclase
13 markedly lath-shapcd. The few equant}graina show strong zoﬁing
{rom An, ¢ to An33. Oroen hornblende is coxson and associsted with
mgretite and aputite, There is a spatial rolation betwoor; apatite
and aagnetito (Fig., 55). 'l'ho latter cccurs in s2all roundod grains
or in long corroded grains full of exdayments and full of apatito
grains. The green hornblende is altered to chlorito.

The magnetite-rich diorites are composed of fresh anhedrsl
interlocking gi-nins af ondoﬁina and grains of pymxcnc; in a matrix
of nagnetite and Qﬁrzite. - The oro minerals have the ¥fllling-in®
texture with anh«-di'al inlongﬁted patches £1lling the gaips botween

“the plaglocluse gr;ina‘. The plazloclzce grains ara aeparated from’

the ore grains by » nalrrow corona of bruwn hornblende.

The portphyrit}.c dlorite is sicilur to the lhiorrblendes dicrite
dascrlbed above but, 1.‘!'. has lnr,:,o phienocrysta of original calcie
pagioclase row hoavily saussuritised, The matrix had a plaiioclave
lass calcic which vas ttame under the cenditiona of wetszorphlien

i ' | :
. |

Teramgsze




R | hua not been modificd,

The pegmatitic diorite is similar to the msnet.ité-rlch

dlorite ?ut. has a rather cosrse srain size.

ranophyre, I

| A body of grunophyre (called quarts gabbro by Crahas (1953)
and mebasozatic complex by Scith (1954) underlies tho hills north
of Zore la.e pear the Mcienzle township center iine (north scutl).
Mother body was found north of Simon lake but was not zap;ed in

dotail. It was calied granite by Norman during his rogiond niloe
 towthe=inch sappinge

The extent ¢f t.hq bodioa of granophyire i3 quite lixmited,
relative to the oxtént of the anorthoaif.e end gibbro nass.s. In
a nuwer of plscen; the granophyro has been: ercded off, and in
others, it hus been so iqtomely altered as to be unrecognizable,
espocially along the lao Sauvige fault gzone whare intcuse carbona-
tization hus ohlitersted the nature of the original rocke

The granophyre body in icien:zie township coincides with
the lurge hill on which the fire rznger's tuwer 1s located. The
peserval of this body 1:?) partly an effect of toposruphy coupled
with relutively low dips:ito the northwest,

Tho essential mimcrals are quartz, chlorlt.e, and turbid
oodie plasloclase. Quarts 'cyaa ara prescnt everywhere arnd viry frea
o5t to 5wz, Alblte and Guarts cannot alwsys be separated in
tand spoclmen, but where a goodfeathercd surface is svuiluble, the
distinction is easy to make, | '

In a feu instunces, granophyrs was traced into good
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retizubbro or into transition rock . The passaze 13 very grudual

and muvhed by the appearunce of few clear t;;uart.z grains :at Lirat
ad comp]‘.er.o di s:xpp}ownnco of saussuritiged pla;;iocglau.f

Thin section etudles showed th:t this rock is a trus
granophyre which I'L'qll been altered and metamorphosed., The granoptyric
toxture is woll pmfsar\-red in spite of intense alteration of the
aripiral placioclase and asfic minerals, The cle.:.r Guarts grains
wich ap;€ar to be sinjle crains in hand specizen are od.:posed or'

. |
a groat nunber of irregularly-shaped fragrents haiving identical optical

crientation (¥ig. 56). The interstices between the fragants are |

filled with chlorite and heuvily sericitized and/or chloritized

pagloclose,  The plagioélaao comonly occurs as lsths coanletely

‘ebedded or partly exbedded in the quartz grains (Fig., 57).

laths of plasioclase ars often chloritised with little plagloclase
left, Tiny sericite flecks are com.on in the plagloclase.

A few sections contaln ectinolite. large needles of apatite
are couxon. Fyrite, spheno, culcite, titaniferous magretite,
and 1lmenite ocour as accessories. Ths magretito is chloriticed
ad the ﬁmxito cnenged to sprene and ;. leucoxone. Tabie J shows
two uodal analyses of grunophyre |

The ﬂeld rélationa und microgscopic data obtasined on tals
type of rock 1ndicut§ that it is one of t.hr;‘la:'at. cesbers to
arystailice in the térzmtlon of the Dore ieke cﬁ;.nplox. .Ihc :
du'fergntiuuon of the original busie magma ﬁroduced a rest li,uld

rdcher in 5iCa, witer, ka0, hg0, w ich gave risa. to the ;ranophyre

“Just deacribed. A simllar eitustion has been doscribed in newrly




¥lg. 55| to.ublendo dlorite., ite tae latimsiupo of the
S plagiccieze greinis and Lhe aputdsl relutions
Bolican the apatite (i) groins asd the mgnet.ite-
ddrwnite gralns, (1244 x ) :

‘ N
[ e AN
v, 5% R TPy S .
t im Mx’ T fnﬁmtwﬁﬂﬁ.
Fig. 56 Granopiyre. Tho clear quirtsz 'fr..:uus wre scrposite
Cwilh ey dndividual oralns acvi e adentical
‘oplicul crient.ticl,. Cllerite, aciinclite,
opague, and ..p..*.it.c forz the n.atrix. (Quez x )
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&ll layoered co.jlexes and large basic silis, Tho proxiilty of the

g
granophyre arvus to tie lao Sauvige fsult sone and other ponus of :
lydrothernaald alteration mukes it : Lopossible to differentiite-between
the ustasorphic products and the minerals resulting froa hydmthorsal |
d.tf;auon. o |

i
i
i
|

iHIT - .

Yodal nnalyses cof granophrre fron Dorg l-ke Complex '

Speclren nuzber 53-151 53=241
 Quarts % s
Altered plogloclase 8.8 394 .
.ohlorito B - o moe &S | ;
Actinolite | 5.8 20,2 1
Cpaque | . Bs . ug :
Leucoxens a o mme L7 ;, &
Apatite - - ; S o9 L W07 , %
Sphene ‘ . . T ’ i
Fpldote A none
thidentiflied | —_— &
Busber of points | L | 35

-




Jroblex of the position of tho memetito—rich las ers within the

mrar.sesd With other ered Conplexasn,

The Dore icke Complex hos boti simu'ar!‘.ty and diffcrences
with ot wer layored complexes, These lurge mafic ignevus wasses
ers characterized by a wide vuriety of rvek types, banding parallel
to the floor, ;ryptic differontiation, and unicue rock tyres. 7The
pincipal reatures of soms well known mnca are tubuluted in
‘&b}.o 6 and the Dore la:e Complex is included tor eo.aparim.
Coopor (1936) divided stratifors shggts in two typess

ushveld type | - Duluth type

: .
Hafic ziner:ls poor in iron Mafic ainerals rich in fron
Troctolite raro Troctolits corzon _
Pyroxenite cezmon Pyroxenite ehsont(or very scarce)
Quiorito concentrations in lower tlo chromita concentraticna

vart (titanifervus pagoetito »
| i in lower part as well as upper)
i ‘
i
, The Dore Lake Cocplex resexbles the Duluth tyse in the hizh

tonor in iron and in the absence of chlronite concentr:ticns, It

 reserbles the Busiveld in hoying prraxenita and rore trectolite,

althcugh the astamorphlsn co.ld have obliterated 'tho oriztnal
clivine. ;b i3 unlque by the great sbundancoe of ancrihosite and
sabbrole anorthosite (tho ancrthosiie and gabbrole anorihosite layer
vay reach 10,(.‘00 Leet thick in plapes where the whole Cozplex
eappears to be 12,C00 to 15,00C tgzct. thick). t?:e netasorpiien and
r:st.a...orphio rroducts of thia Co.p}g; ere also unique. |

-

C1ore Lwe Colrlex

The orizin of leyored coumplexes by ditrcrontlction raises
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the jrobles of wiy the heavier magneilte-rich luyers ere on .top

- of the anwvrthoslitc ia;-o:s » ard often quite m.‘,h strotdgrophiesdly

Witadn the cuaplesess ' )

43 described sbove, the meotaancrthosite grades izperceptibly
ypuard into transition rock (gadbbroic ancrthosite und ancrthositic
gabbro). iilthin three inches, this transition rock passes to &
saznetitv-rich setapyroxsnite with thin interbeds cf feldspeothic’
mtagabbrd.- Hany specizens of the magnetite-rich rock have a
spocifie gravity wound 3.8 while the metaanorthisite varies frea
2.9 to 3.2. T frwsh anorthosite has a density of 2.8,

A almilar situation is re;orted from the bushveld Couplex

- vhere homf,y titanifurous magnetite ocours near the top of ‘the norite

(Rall, 1932). A detailed section below Kagnet lefzhts showa a

bazd of magnetite 70 inches thisk overlying anvrthosite and

overlain Uy asdluo-grained norite. 7Tols is 8 azall scale version of '

the ore Lm\.e Coiplex. .
Sifailaru, chremitite hands are both’ underlain and overlain

ty anort.hcfclte, and in the hustenburg distr!._,ct, the lower chowalte

torizon r;atu on angrthosite and 1is ovo}rlaih. by pjroxanito. A

ainilar situation was de;soribcd in the Adirondacka by Budiington(1939).
Almonaq ppét. loyered complexes (. Table 6) ahow sirilar |

foaturce, tiere ip no dofinite horizon whore the magnetits or

flmenite terds to bp coucentrated. GCererally, the ilmsnite and

noiyietite bands nrp,ﬂr.aar the center of the m;j.na{ broderick (1935)

S explsined a sizidAr concentrition wit.in lava flo:s as due tw gua

tranufer, “agor f.n..l Decr (1939) in their ;pg.ugr of the Skaorgeard
ghoet show that during the consolidution of €0 yeor cent of the
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g:horole mngma, thnrd wes ralatively little change iﬁ the corposition
of the residual 1ijuld but zost of the Fe and ’n crystallized -
after 75 par cert :nd bafore 95 per cent was crystzlline and
that thoérmop!vric rosiduun aounted to cnly 5 rer cent, Ia the
cise of the Skaeraaard nass, the iron-rich mineral is an olivine,
hhether the iren ccncentrét.ion shows in a ferrogsbbro rica in
ircn-olivine or in layers of m:ugretite-rich mt&p:m#eauia, or {a
zagretite-ilzenite layers, is unlxpcrtant as leng u in eitker case
the course «;r differentiation in mafle atratii‘ofm sheuts leads to
a raxinun concentration of iron and titunium st an intermediute or
relatively laote staaé. | I |
Newhouse (1936) pointed out that in mfic rocks the iron
axides are not ..mngf tho first. ainerals to orysteliisze. (i the
other Ahand.‘ they mcnrly in the erystallisation of felole magaa.
Thie explains, why, L.n the Dore lake Cozplex, the iron oxtdes did
ot appear in thoe anorthosite layer near the bese, Tuéy only started
erystallising in u,gr.m cAnt quantity in the tranuuon rock and at
a lster stag o -
It 1s un{o_mrmata that this Dore igke Cozplex 1s coapletoly
mstanorphosed and no| study can be made of tm varlstion i.n tho iron
ocontent of the Qiucntea. A eryptic uirfuxﬁ:.biation Wa8 ‘cuservod
in the Palisade sili| (#alker 1940), Gkaergaard cass (‘.:agor and Ceer

‘1939) » and other massecs whore dotailed jetrographle work has beea

done. In our c:se , Yerictions in the snortiifte coatort of the
pl‘gloclaao frox the anorthcsite to the £FanoRhyre wis like...y
accoxpanied by an irun enricizment of the silicates.

If 41l the minerals coadng out of & crystillislng magza

i
N
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wre forsing to&um‘gr, thuey would setile down throucn Lhe 1i5uld xag=a
ed density would bocone a controlling factor. Bni in the caze of the
Iore lake Cocmplex, bytownite wus the first mineral to crystellise. Tho
lquid left betweon theo plagicclaue grainn §.t the bott.oa# of the cass
had the composition recl‘ulred to give pyroxene and ilmonite, There
was less than 3 per ceat of this liquid at the base but tho quantity
increased upward in the coxplex until it formed 50. per cint of the
rock mass by woluze and gave rise to thp anorthniitlc gabbro re=der.
e pyro:ufno is now metamorphiosed to ghlorito and the originil
Lzenite to leucoxens. The withdruwal of the calcium, silicon,
aluzinum, andim, and other elements cdtering the anorthosite left

the remalning 1iquid relatively enriched in iron, titanius, and

mgnesiun, When the proper cond}.tion; of pressure, tenmperature,
and concentrations occurred, the mxé 9llicates and the masnetite
ad ilxenite crystallised giving rise to the megnetitee-rich
yroxonite. The texture of this rock (Mg. 45 and A6) indicates
thut tho silicate grains wore cryat.allislni-; in a matrix of magnotite
and mmnlto. During the cooling, the titanium with the raznetits
exs0lved to fora ilmenite laths insice ma;mot.lto grains. The excess
titanium which was not taken up in the nasnot.itc etructure -gave
md*vidun.l grains of ilmenito, | |

Temturnl evidence, paragenssis, M-éaborabory studies on
‘sllicate melts, show thut the position of thg maguetite-rich layers in
tho Loye Luke Complex, as well as in other }wqred cozplexes, is
controlled by the cgyatallimtion history ahd tiie differentiation
of the magua rather than by the density of the difforent minerals
crystallising out of t.hc LaSTa e

|

!
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. f :
l.adquuLJ of transformation of sediments as the origin of the
“Dore Lake Complex

Thf idea of dransforming'sediments into rocka which some
mople uscribe to magmatic origin goes back to the beginning of
the 19th century when European geologists described gr#nihization
in the Fyrenees., Granitization became a subject of much discussion,
ad a proveﬁ fact in many instances., More recently, rocks like
anorth:site;.gabbro, énd other members of basic complexés;have also

been ascribed to metasomatism of sediments.

" Ramberg (1952P p. 161) says:

anorthosite peries of plutonic rocks belongs to the
granuiite facies. The explanation lies in the conclusion
that these piutonic rocks’ are not igneous but are created
through metamorphism and metasomatism under P-T conditions
corresponding to the granulite facies".

nIt is intereEting to note that the so~called charnockite-

Barth (1952, p.229), on the same ﬁnbject, said:

HPerhaps anorthosite exhibits a similar mode of ofigin,
thus confronting us with the problem of metasomatic
anorthositizatiun,of'batholithiq dimensions",

One of the classical examples of Layered Cowplexes is thé Bushveld
Complex of South Africa. It is also one that has been studied in
great detail, recently, S. Van Biljon (19&9) wrote a lengthy paper
where he attempts to ehuffle chemiéél analyses until he can show
that anorthosites are derived by th; transforzation of calcareous
cherts. The same process is applied to magnetite~rich bands and he
concludes that ‘ ' {  i

fithe zenetic relationship qﬁich has been suggested by fielg
and microscopic work is tberefore proved by chemicul data

and the magnetites in the Main Zone of the Bushveld Ccmplcx
must be considered to have originated by metusomatic
replacenent of limestone bands on different horizcns by
-r;n-be;ring solutions, This fact is crucial for it

o
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- dispreves the suprosed orlsin of the m:gnetites by the
differentliction hypothonia" .

As uerntionned eariler, the lore lake Coxplex differs from |

-other Cozplexes, the Bushveld Complex inciuded, by having a:imuch

larger thickness of anortnosite and mrtﬂoaitic gsbbro in prerortion
to the other rook mexmbers, To transform a ceul: ent into anartmsit.e,
&s siown in Table 7, & large quantity of waterisl zust be added and '
aubstracted. Granitization of an ariose is rclatiﬁly a six:le
chexical oporativn but the msking of sxiox'thoszte ‘u & pr;oblea ro;uiring
large volume of Qxchaﬁged zaterial, |

As soen {roa the snalyses of average scdl.nc;nta and anorthcsite

“(Table 7), the latter has a much higher cogtent of aluml.m » calclm
 (except for a: J.imoot.om which 1o deficient ;n mary c?.her eletenta)

ad a lover content of potush, Amrthoaitl::-.tlon of a thin interband
aof sedizent due to J.iquid and solid diffusion may be possible but .
the Dore luke anorthosite layer 1s epproximately 10,000 feet-thick
ol 3h wiles long. }This would require wass migration of enorcous

mounte of materlal for which we huve no evidence.

Horeover, t! ¢ orliiinal plagioclase within tho?Con-plcxvaa
proaroanlvely core Lbitic upward in the successlon rrom bytcwnite

at tho buco to oligoclase or albite in the grunophyre.: Why would

the anorthositising| sclutions or the cheulceld com;osition of the
arisinal éedlment. b such a3 to prcduce this cryptic ‘di‘rferentiat.lon?
I the metagzoblro: a?d mugnetite=rich mt«pyroxonlto, why would the
mck olcw the pcrtoct lsyering, excellont fpliuucn, and the
Interlocking of ¢rains frux cne dbind to t.hq pther? No chilled

facles was observed as yet in the mapzing of the Doré lu.ce [

Complex, but thoy were ;Lu otrher Complexes, oapeuu.lw 1n the Lushveld
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510, 5800 833 509 57.95 A0 478 5315
T0;  0.65  0.25 006  0.57  tr.  tr .00
CAlaoz 1540 A7 081 13,39 30,00 3234 23.25
Yez03 402 107 0.k 347  0.50 0.0 0.95
FeO 245 030 | e 2,08 130 038 225
B0 24h 116 | 789 2.5 055 038 0.5
ca0 301 550 4257 5.9 260 0 1600 115
Nag0 130 0.5 . 0.05 13 195 192 4.35
1,0 3.2 131 033 2.8 015 03 195
Ha0 500 1.3 07 323 010 0.2 2.5
P20 017  0.08 | 00k 043  tr 0,20 0,10
oy 2;63 5.03 ‘i!.l.ﬁ 5.38 tr 004 ¢p
503 0ih  0.07 005 054 —- -
BaG 0,05  0.05 - - e - -
c - — 00,66 - - -

0.08

. w2~ Average sandstone (saue, p. 82)

=1~ Average shale (Pettijohn, F.J., Sedicentary Hooks, Harper 1949)
\ ‘ | |

3~ Average limestone (sazs, p. &2)
-l Avorage sediment (sace, p. 82)
~5- Anorthosite from Driekop, Lydemburg District, (iiall, A.L. 1932)

Contains 964 plagioclase (“‘63) and 4% bronzite. Sp.gr.: 2.79

<6~ Anortlosite froa Viakfentoin hoe 902, ftust.enburg District, (Hall,A.L. 1932)

- . Contains 984 plagicclase (Angp) and 25 bronzite. Sp.zr.t 2.728

«7- Anortiosite from the immedlate vidlrdty of the principel zagnetite

horizon in the zaln sons below Magnet lelghts. (Hall, A.L. 1932)
Contadns 94% plogloclase (Angg) and Gi bronzite. = Sp. rer 2,79
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teon o frequertly oboerved in diabase dy.es, slils, iresh flows,
eto, to be denicd even by the most ardent transformationlets,
While it may be possiblo to derive anurthcsite froa sedlucnts |
in local excertlional cases, the author supports tho view that the
Dore lake Complex is a plutonic hyered cozplex produced by differen-%

tisticn of a gabbroic =agna.

1

 METALCHPEISH

The degcr&puon of the dirforent rock types in tho chepler
o Petrography ghm that the wholo area under study has been
mtamorphoged to the greenschist fucles. The basalt and andesite

flows have boen changed to motsbasalt snd ustaandesite. The
differentiated sills betwsen those flows have slso boen changed to | ;
the saxs degree as tho fiows. The xeubers of the Dure lake Compl#x ’
have beon thoroughly metamorphosed or left intact depending on the
originil couposlition ang?. the geographlcal location. Sous layers of
ties Complex have producfd pructically unijue rock tyres through

metancrphlams metaancrthosite and pure soisite have rarely been
reported,

The flows and sij.ls wers gompoqed chiofly of plazlcclase,
(lé:.br&doritO in flows, and zore calcié in the botton of soze
differentisted sills) and pyroxene, with ore minerals aud other rare

-

sccessories, This asiembluge has beoen chansed to albite, chlorlite,

end/or actinolite, epidote ard/or clirozolsite, culcite, mugnotite,

sphene and lewcoxene. Coiuonly the texture hos been perfectly
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- preserved, avc;n in the flnest of details (Fi;. 15)e For example,
the ophitic texture in the lower gaburolo pait. of a sill is well
 <preserved: (Fig, 23) in spite of the totul ninoralogical'ch.'.nge
during metazorphisam, The saze is true of t.ho g,runophyrio portion
of the sills betwecn the flows although tho quarts has not beeu
recsystalliced during zetamorphisa. ‘

In the flows, the typlecal interzranulasr (q%:rvinter;atitial)
texture is woll rrourvod, even if there is sore extensiocn of
sctinolite neesdles i.lnt.o the ulbite laths, Many smoeba-shuped patchies
of chlorite probibly represerve original a:mn vosicles orizinslly
f1lled with chlorophaeiteo, Where chlorite io tlie only n:o.n.c mineral
messnt, there 18 :u,tt.le Infringuent of the chlorl.t.o 1nto ‘the:albite

laths, |
The scoriacecus and fragcental tope are x:e:-.t'ect,l,vfi precerved
even in pminute microscopic details., Thie in apii.o of m;.worphism
@d folding which has tilted the flows fron an origiral yemhoriwnul
fosition to t.bg vertical,
The rol.j;uon !o.f folding to metamorphiam is not entirely cleayr,
The prosence in zr.w Llows of elongated vertical chlorite sucurs is
tost axplained if we apsww the chlor&to to have been maent. bufore
tho foldirg or at lo.wt. before the ond stiges of the roldin“. The
chiorite scears uay bo paeud_ggzorpl.s of original pyroxene (or
oclivine) phenocrysts or of chl&rophaeito patchies. Frca studies of
~yecont flows, the chlororhaeite ip rolatively short-llved ard
decompozes to chlorito and nont.rgnite. if theose ch:oritu s.curs

aro dorived from chilorophucite, .Lt. ia posszible that thuy are

pe-istazorphisn, If they wore original phenocrysts, t.t.-ey are linked




With the setazorshlua but they are not necessarily rre-folding, They

could have been formed before the last eteze of folding.

The nmajor tranaforzition took place at caonstant velure (cozplete
4

[reserval of toxture) and at mar—cumt&@t corposlition. The mzjor
‘chonge 18 an addition of water, lvrcmne-;and lsbradorite contaln
ro water in tholr compesition, while chlgfita contains around 13
per cent of water and zoisite or spidote nearly 2 per ceat. Table 1
{z0dsl #nal&au) chm a varistion betwen 1.8.azzd 36 per cect
for the chlorlfo conte:j:t. ‘When the wh-le rode is recalculated into
E.hemicél co::.p'osiuon.g this gives between 1.9 and 4.4 per cent of
wter bs' welght. |

The provenance and role of tlis pgter is important, There

are & fow bands of tuff at flow contacts or especially at the bottom |

of the whole series. The Lac Ssuvage fault mcne could have been
part of a tuffaceous horigon. Dut this szal) volume of tuffs (and
poasible sedlsents) could hardly irovids encuzh vater fer the
mt.anorbhiam of a thickness of 5 miies of fiows and sllie,

The Dore leke Coxplex has also besn nué,}oct.ed to metacorphism
wthin £he greenschisvt faclea. In the anorthoa.i.fc » bytownlte was |
converted to albite plus golsite or clinozoi'u.&tof. ‘I'he pyroxene
{or olivinc) was changed ;ﬁto chlo;lte and t\hét ilmenlite into
laucoxene. Thin sections studies - indicate an equivoluse chsnzo,

In tlio napgabhro and xépiapyroxenlta, the pyro?xcne’ hus been
conv::rted to anphibole and um plaaloélaao haa been saussuritized,

: all_thcsc chanzes requlre q'.!d;t.lop of water, but only mi or

rearranrexent of [the other cor;gg.ituent.a. The introduction of l;mter

!
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~:i8 controlled by availability, water pressure, grain size, porosity

~of the rock, pressure and te.perature of tt;;o rock vass, and the

. presence’ of hydruus minersls in the oriaiu:ii rock.

Laborutory studles so far xuwoj Jdealt with high teuparcture
and pressure but very little is known% uboutgﬁluta:.:orphic rexctiuns
which are thouzht to occur around 2OOL c. ‘l'odex- (1952) has shown
that chlorite and sericite (actinolitic tprébléndc can perhars also
bo included) will form over a wide range of pliysicul conditions,

Fpidote and quartsz veins

In the metabasalts, numerous veins 9; spldote and quarts

- (they vary from pure quarts to pure opidoto‘) £411 tension Iractures, .

khether they are hydrotherzal veins or are segregations due to

~ diffusion during metamorphicm is difficult to establish tut the

recalculated analyses (Table 1) when cocpared to unalyses of fresh
basalts, suggest tm diffuslon of eilics, galcium, alumina and
iron out of the rock to Lcako the quartz and epidosite veins, Some
of the rooalcuhgt;d analyses are undoubtedly in error dus to the
difficulty in aaking a good modal unalysis gon tisds type of rouck,
andialso in aélecuna the proper cf;az.ical co.position for each
mineral which enters into the mode. Uut the fact thot the malority
of the metabasalts are tbo low in both silicu and lime sugyests

a setaworphic origin for the nunerous quarts and epldote veirs,

(hlorite wvas amrhibdole

In the xotibasalts, scze flows have aburdunt actinolite (Tablel ),
cotheras sbundant chlorite, and others huve bxth. In the Dore lake
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Coaplex, the mafic riner:l in netuanorthosi&f.o is c¢:lorite but'in

the metczubbro, scxetiies only inches or t&ét away, the orisinal
pyroxsne‘ is pseoudosorphed by actinolitic hornblends. |

In both cuses, the solutioh to the problea would roc;ulré better rock

exposures, a large nusber of thin ucti&m, and many more modal

anal: ses and cho:r.iﬂal analyses thin were availablo for this study.
In the mt»bualt.a, the apnual rc}.auons do mot help in

mlving the problo:n. Actinolite appo«ra to be more coson in the

motabssalt at the base of the serles than in the metaardesite

to the north, but this stuteisnt is based on too Lew observations,

and shculd be checked with wmere detniled petrographlc work.

The modal analyses (Table 1) of Specimen 53-292, 53-293,

5!;—30, and 54=72, show abundant ;ctlnolitc in the rock but no
calcite, On the other hand, ;3-{;2 and 5L=249 contain no actinolite
but calcite. Thore are exccptlgno to thia relution whieh could be
sasily be explained since carbonm.e is a comron mineral alt.mg the
eicar mones. The oarbonate Foxjéieutee the wall rock of the shears,
lowever, and ras no connection with actinolite or chlorite. It is
a hydrotherin) preduct imd 1§ nqt 8 breakdown mineral due to
mtaporphism, As fur as the"-méumorp?dc calcite is concerncd, the

cormection bat.woen actinolite und culcito is easily expluiiied by

_ the presence of caleiun in aqunolite and its wbsence in chlorite,

Sexs calelum is releused by pt;e ct.‘m,_,e fron pyrozene to o;ther actirolite
or chl‘orlta and if abundant wator is rresont (norually accomppnied

of carben dloxide) chlorite and calelte cay form. If water is preoent |
in ninor quantities, the cnlciun is taken up Ln actinolite and epidote.
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-In the metagabbro sills of the Eeewatin-type serles, the

jyroxone at the brse and in the centor of tie sills has been changed

 “~to actinolite, but the original hornblende and/or blotite froa the

quartz-rich differentiutes have been changed to chlorite, This

difference could be. explained by the chexmical aurémca between
the ori‘_,im.l minerslss pyroxene contains lqae iron a.nd aluzina,
aubstinces neodtd for chlorite but not for act.lnouto.
The oontraat. between tho mtamor;h;naj; of'maﬁc ninerala in
the anorthosite md; gobiro of the Dere lake '2Complex is best explalued
ty the pozf’calty, groin size, and avallability of water , in each
TOCck WW; The anorthoaite (Fig. 30) is ﬁry coarse~grained, and
and hss a high pom}aity while the gabbro (?ig. 47) is finer and
more ovenTgroimd. In tho ancrthosite, thq interstices betwoen

plsgioclnia grgina gan transait circulutins waters. In the gabbro,
the rock is tighter and loss water can reach the pyroxene resulting

|
|
i

in conversion of tT pyroxens into actinolitic hornblende,
Dlffusion |
Yodern utev'aturq: contains numercus references to solid
diffusion, fluid diffusion, lo:lc diffusion, mizration of naterial
wder one form or énot.hor. The ardsnt granitizationists will

transfors mountains of @edizcnta into granitic rocks by vne of

~theso typen of diffusion. Slnce tho rockgliescribed above have

all suffered radical mineralogzical chaiq;es » the quoatio;x of diffusion -

- eho.1ld be raised, low much materlal has bben added or lost curing

mstamorphisn?
Froz field and microscopig evidence, the author belleves there

P
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- has been alxmost no migration of material dui-;ng metamorphisa, .In ..

the metsbasalts, as mentlonned esrlier, the constitucnts making up
the quarts and epidosite veino may have migrated through the: rock
to the neurcst dilationsl openings, But thuse winl_c:u ore small
and closely spaced; wmi:sration has pmb:xb_l‘,_‘g; Enot excceded a fow
tens of feot, and has produced almost no chang,o in th.e bulk |
cheaicsl e@msiuen of large rock u'&.“.“ | . . ‘
The pseudezorphing of lsbradorite by albite, #nd pyroxere
ty actinolite, and the excellent preserval of textures indlcate a
Wreahdown of originsl minerals in situ with voryi little migration
of msterisl. | |
-In the Dore Lake c§mpl§x, the .seﬁn reumarks ‘apply. - Cne
thin section of gabbrolc anorthosite shows t,ho very limited extent

“of aiffusion (Fig. 58). largs grains of byt.wnltoor lgbradorite

\-ro‘ in contact with pyroxene., . The core of ‘t.he plugioolase grains
has been changed to clinozoisite but on the outside of the gruins,
where the plnaioclau is in contact with pyroxene, a small quantity
of iron has nigrated from the pyroxene and epldots was forzed instead
of ounom}site. This is godd evidence of diffusion, but diffusion
over only n few millimetres, The sane is true of the lurge
titaniferous mognetite gralna where the ilxsnite blades have been

converted to lphen? (Fiz. 39 and 40) or leygoxene and the megnetite .

to vchlorit‘o. This double change re;uires ;_u;truaion to .the ilnonite

of some_calcium and recoval of -sque iron, ard in m;,mt.ito rexoval

-of iron and introduction of ailica, alumina, magnesia and water.

The nagnetite graim are alwzys found in the chlorlf.c interstices
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ond the introduced components emuerated above mry ccxo from the

change of the pyroxene into chl.ox"lte; Dhffusion m.y thﬁa have taken
Flace over only a rgw millizetres. The water md carbohdioxlde
mcessnry to all the notamorphic changes are the only coxpcnents |
which have travelled considerable distances. The veinlets of albite,
(Fig. 27 and 33)vhich are present in nearly all specirens of anortihosite,

. setaanorthosite, and nrtagubbro nay have been int.roducod with the

intrusion of tre granitic batholith, zsy be nnked with thc
gaussuritisation of the orizinal bytewnite, or with the hydrotherral
solutions rcaponsi.plc for the formation of the orcbodies. The fact
that most vei.nlot;@_ cut through the mék irrespective of original

. grains sugsest thut the rock was shattered during fclding. But the
|

albite in tho cracks is often limited to the places where the

- winlets are cutting original ,.lazioclase grains, Wiere the veinlets

are cutting uscroos mafic patches, chlorite tukes the place
of albite. This nu‘-;;_:oa)to that the crack filling may be linked

- with ut.morphim and t.hat the mtarj.al nllin., tha cracks has movad

only slight distanccs by diffusicn. |

Cno thin section ‘(}‘lg. 59 and €0) shows interesting metumorphle
effects, The orizinal rbck wos an anorthooite with a sandstone-like
taxture, The bytownlte grai.n;b were completely saussuritized.
Carbon dloxide-bearing w‘atera'~ paé-:r.oa.ted the whole rock traveling
especlally at grain bonn&arlcs. Sozs calcium was teken from the

gisito and calcite cds were forzed. This left a narrow riu of

‘albite around the grains, Wiere a larzer Interstice was present,

a 'larger patch of caleite was fgimed clearing tho rolsite froa

the alblite over a larger area. The alblte grain mext to the calcite

0, o et e
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Fig. 59 betaanorthooite with very heavily aaussuritized

. plagioclase grains, livte the developuent of a wery

" narrow riu of clear albite arcurd many grslns, and

- limited to grain bourdorics. lNote also the voinlets

. of cleur albite golinyg through tlhie whole rock.

. This clsarin; of the albite at the graln boundaries
is rrobably due to hidrous carbon=dloxide~bouring
aolutions traveling along grain boundsries and taking

26 of the calciua out:of the clinoeolsite, leaving
nlbit.e.( 8.8 x )
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Flg. 60 Oace as above, but detalled. Shows an interstice
where calcite (C) hus for.ed, and & lerger srea of
albite (A) has cleared itself of the clinpzoislte.
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_Cause_and tenrersture of set:corphism

is clear of inclusions but the twinnlng larellae can be truced

inside ard throughout the golsite~rich areas,

Students of metanorphisa have suggeutsd' 1ncfoaao%1n preasure
ind/or tesperature to explain the mt.morphlam: of pocka over
considerable areas. Recontly, Yeder (1652) put roi'w;rd the idea of-
different zstamorphic facies produccd st oce tezperature level
becsuse of -variastions in water centent of the rocas. Ditferemo
in original chemical composition also strongly ;trect the metasorphic
roducts, ' |

The source of heat and water required for setamorphlsm is not

+ clearly evident, 'Hgat .gould be given of { by cryotallizing magma.

The end stage »naidh liquida gi;van off by granitic magma could
also provide scue OT the water negessary for the metamorphlsm of
adjacent rocks, Whether the Gxib#ugamu Lake 'bathollw could have
glven off cnough water to metasorphose the Lore Lake Coumplex is a
difficult question to answer, The amount of water prese;nt in
the i.ﬁltial and final stages of a sran;te nagaa is 'stilf an
wnknown tactor‘ in our calculations,

The te:purature necessury for "low~grade" metamorphisa
hus not been established with certc;i.nt.i. Billings put the
chlorite zone betwsen 150°C and 250°C, Bopencviat'o (19:2)

~dleerans indicste a teuperature bolow 200°C ;‘of the greenschist
“fucies, If the heut wis due to a granluc%a;,a;:q:a, a tecperature

* gradient should be observed. It la difficelt to compars the

ketamorphlen of anorthosite with other rock ty;es which have been
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wed by Esiola, Turner, snd others in cl.ansifying" retarorpide rocks,
The tlocks of anorthusite fo.rd in the tr:;nltll‘c‘rockn ‘a% tho ‘edie
of the bathollith are motarcrphoscd to a £1no,,-grai-‘-od rock rude up
of a ropale of cloar erystels of rolsite (Fi;.v 37), ‘Thias differs
froa the mtsmrphiam’ of the anorthosite turf.hor north where it 4s
:etn;-;or;hoaed to a mixture of alblte and clinorolsite or zoislte,
Cur knowled:-e of the epicdote group of minerals is too limited to
eatblish the rressure-tezp. rsture significance of gofsite. The
plxturs slbite-clinozoiuito is & norcal lov-grada product fer
lytownite underzeing metamerphisn, tut a cor.-.pleto change to golsite
wvith the texture shown cn Fig. 37 mnay be the equivilent of mediure
or even highegrade metazorphiem. Thio difference could be explained
ty the teaperature gradisnt necessarily prescht st the contact

of the anorthosite and tho granitic rocks of the Chlboug&au Lake
ktholith. The follation end banding in the David lske area are
steeper than in the Dore lare arez and the cnokt.hos;to is lhieavily
wisitized, Thers is a possibility that heat geiersted during
folding cculd produce & thorsal gradient similar to the gradient

pstidated at the granite contgcbg. {

| !

hadioactive dccay ia anvthoer scurce of noinmq,m\tic heat,
Jazes (1955) cnleula‘;tm that ‘with a granite having ten tises the
mdlonctivity of the} nvefage granite, a vertleal cylinder oxtending
to the level of the ;rmsmt m*tqée would have to be 20 km in

the neooaury thermal gradient. The Chibougauuu

diuneter to prcduca
Lv.l'o grunito has a ox‘y low radioactivity as shown by aeri.al

ecintiliozoter ourveys., Thcse gqologically rcaaonablo ccibination

|
|
i
i
|
|
|
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of dlnonsions and rudioactivity rule out. the poaaib ity of rudiocctive
decry a3 the ultimate source of hoat ror tho wetuworphienm,

Tl:ia leaves three sourcus, all of uhicq could huve been
operative concurrently or alonet heat from subjacent bodies of
zagua, geotherzal heat of deep burial, and frict.ioml heut generated
during Ioldius. |

The source of water is difficult to deterzire. m. voleonie
flows ard associated tuffs could cor.t.nin abundunt orizinal vater.
Fillow lsvas extruded in lakeo ang rivau could trep a groat deul
of wster, .But a nass like the Dore Leke Complex contained very
littlo water orisinally, Scme ;;nnitea are remarkable by the large
. mmber.of pegratites present in ?.hoir wviclnity, -Tbe eutror hus never
socn any pegRutites in the area ;ronnd the Chibougamau Lake batholith,
~(n -the other hand,: thore are num_&rouaoro sows -and large shear gores
vhere the original rock has bem chasnged to a sericite-chlorite and
chloritoid schist. The voluxe o{ watar necessary to convert the
snorthosite and gabbhro into a sen;.cite-chlorito scliiat is very great,
Dere 18 a posoible connection bqt,yoen the lydrotherinl colutions
which gave rlse to ore goaes, th; Tﬁall'rock alteration, and the
retacorphiam. They could have a{ coion origin but the period during
wilch each rrocoss was operative n.?st have been lonz. If m&tuox-phisw
&nd hydrothermzul altsration were qé;o;aoly connected, one would expect
-the metamorphisnm to vary with the proxizity to ore zones. Thls
was: never observed, : '

:If we assure that this arqa. is part of a aiz.:ble ;,eosynclim
whiich wus deformed in Prccambriag t.!,m, the watex' could te derived
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* from sedlzents which have never been observed us: such but could be

Trocent at ard.'.tor dejtn or »cc.wld_mvo been sotazorphosed to

Cgmaiulités or é;r.-mlti.ned ‘with sizmultanevus expulsion ot setamorphlic

witor, o |

CULCHITCIB=E AN ING  ZCHS

In the sumrer of 1952, the author found & dark green mineral
clong the eidorite vein focund on Coprer Clizt Consolidated Mning
Corporation prﬁpcrty. On tte basis of its external charuct".riatlca,

- the mineral was teatatively called chloritoid. It was the first time
thls mineral had been reported rron Cﬁibougmau.‘ -Fappingz of i the
~southienst quarter of McKencle twnsmﬁ ghowed that chloritiod

ds-ebundent and is prevent in most alenr gones,

Chloritoid was nozed by G, Rose in 1837 (Dana, 5th edit.,
p. 509) from mpterial at Kosoibrod in the Ural liountilns, It was
subgeguently tb;md in mny locallities throughcut the world, The
iror.l la cougonly rounﬁ in dynacotheraully uetazorphosed sedizents,
tut ity exact meaning wi;t.h respect to the faclies principle is still
111 defined, rinrlfer t!wﬁ;ht thet chloritoid wis a stress minéml.
Turner and Verhoonen (1951, Ps 468) mention that |

#there 18 an irportunt [roup of alusdnous achists,

relatively low in K0, in which chloritoid aprezrs,
gdving rive to the sccend pelitic cosesblaze”.

Rakerg (1952, pe -146) dncludos chloriioid in the miner.l asserblagos

-of the greenschist fucles,

Chloritold has boen reported as a hydrothermal slterstion

jroduct alonz ore gones but iu rath.r uncozmcn, It is found at
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jal;ocrllie, ;.uaprali:; (cizpoorn 1551) (Pridor 1947), I‘arcupiho, Catario
(Gusﬂafcon 1946), Yerth Carclina (Stuckey 1526) a; »ill a2 at
Chibougazau. It occqra in veins eith:r around ore depoaif.s cr in

the a‘ssoci;ted 1ow-gx;adc xetoxorphic rocks. In the arex anyed

ty the auther, chlori‘t.cld occurs in shear 20nes in z:et;;anérthosite,
retagaboro, transition rock, and :-.at..r.baaalts. A nuber ol" these sheur
wnes are coppsr~bearing (chulcoryrite) ard mining is éc;msaing

on five of these sones., Flate 1 shows the gixatribut:Lcnv 2 extent

of the ehloritoli:-bearing sones. During the presext investigztion,

22 thin sections were studled and thousands ¢f feet of diumcnd dril)

[
i

core ware lozged, | |
The field ichhficuuon of clloriteid vas corfirzed by

A ,
petrogrephic work snd I=fay otudies. The X-Rsy doter:inaticna

were orocked Ly V. Hurst (porsonal communication) who comrared it

 with Dutchess County epocimens ard by L. lislferdanl. Halferdahl

reports that the Chilgqvc%mu ci:loritoid ia recr thé iren end-uenber
contalning leas thah ono per cent Mgl and half a per cent of MG,
e followiny anulysis of jbhe Chibougarau chloritold was reported
ty Halfordshl (porsoral comzunlcation)s

$02  24.30 | Ca0  0.09
Toz 0,12 ? Ka0 0,01
N0y 39.92 K0 0.6
Fez03 1.80 | Ho0e 6,86
KO 25,63 W0~ 0.07
WO Ol | F __0.05
M0 0.77 loos OitF 0.C2
| 100,13




thiese shear sones,

Chloritoid in the sheor mones occurs wth siderite, anierito,
chlorite, sericite, and quartz. Typical locslitles aro the sxall
island &t ‘the mouth of a bay in the sout!mest corner of Gllrzan
lake, ard along the shesr gone at the southesst corner of Cllman
‘vke, Dlacond drill holes on the north shore of 1ittle Ciluan lake
(drillin: sout!ward) provided excellent spsci.nezb of chlc;ritoid
in the setabaszlt along the walls of the lao Suuvage fault ard in
the fault sdnc itzelf.

Soze of the best specimens of chloritoid corme fron the
footwall of the aiderito-ch.alcopyrlte vein on the SLderit.o H1
showing of Copper 9,}5.:1‘ Consolidaud Kining Corpomuon md from
both walls of tle Jaculot. ore sone and tho Haphin Point zono whore

- ghaft slnking is Lp ;:roareu. The latter occurx-cnccs ars 1n

retaenorthosite a.nq L’l transiuon rock betweon metuanorthosite
od motagobbro. 1toid 19 also present in the dykes along

Tho iac Sauvage fault zone is chloritoid-bearing throughout
tho map-area, Whether the chloritoid should be regarded as a
product of reglonul metamor hisn or hydrotherzal alteraticn
along the fault zomr:s npt. entirely cloar. The main ninerals

fourd alon; this fault gono are cartonate (siderite and/or ankerite),

chloritoid, chlorite, quartz, mintr sericite. little cro his teen
found along this zo Io although it appears to be a controlling
etructuro for many known ore wones., From field evidence, tlore is

a possibllity that this fault took place along a tuffaceous hurizea,

1
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ad that therefors not tll the mterlc.l' rouad in the zone was

introduced hydrotherzally.

- Fetrosrarhy

The chloritoid in the Chibougamau area occurs as roesottos
(sheafs of twinned individuals) (Fig. 63) or as individusl prisme,
The mineral is durk grceln o bluck and is easy to differentizte '
froa chlorite because it is much harder, has good -cleavaze, and
different optical properties.

The pleochroic formula 1is |

1 2 galo yollow to ireen yellow
b ¢ d;rk to wediunm green
Yt bluish tc pale green
The high dispersion and index of refraction make optical work
difficult, The index of refraction was deteruined but more
zeasurecents should be made in order to get a better average,

| Mgt 1.724 ond Ngt 1,729 |
These propert.iv:? correspond to those obtained by lillne, Slspacn,
urth ard Balk, and Stuckey, |

leferout analyut.p have reported varying results for the
chenlcal composition of éluorltoid, tho variations being likely
derendent uron the moun;?, of inclusions so often found in this
mneral. It is po,a'alble: that there 18 & faxily of lchlorit.old

i {

- minerals with ¥Fe, Mg, and ¥n endesenbers. This would explain
~ why ottrelite, siscmondine, salxite, msonit.é, and other nares have

~ bson proposed for minerils very closely aliko in thelr chexdcal

cozposition, In ar{y cavse, the majority of the unalyses indicate
| .
| f
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CFODAL  ANALYSES  CP - CHICHRITCID=DYARING TCCXS

tpecizen nurber 53-73 53-102 53=120 C35-145 54-2 5l=166

Carbonate - 48.6 = 2.2 a2 = =
Chloriteid 282 9.2 19 170 21 305
erts | 182 2.5 163 12 7 662
Muscovite -~ - 2 2.3 é1 2
Opaque - 2.6 2.2 2.2 1.7 32

| Leucoxens 5 - - - — .
Chlorite. | == | 6 == - 56 =

Faibor ol points 15G7 1739 1753 | 1545 2765 . 1506
Spocifio gre 2.99 - — 3.3 - -

v

53=733 typical metasomatized crennst.ono dyte nlono the ors gzones. The
ori:inal intergranular texture of the ruck cun bu secn best with
reflected 1i:ht, Speclion at the top of figure 61,

53=102: durk green rock :‘on the north side of the siderite vein at the Side-
rite liill shewing of Copper CLLr Cons, #iin. Corporaticn.

83=120: well banded rock, drag folded, in the she.r gzone soin: across
: little Gilmzn lake, about 1000 feet eust of the lane shore,

C35~1451 mixture of sicerite and chloritold on the north wall of the
slderite vein. Contains very little chulcopyrite.

8~2t - muscovite scidst on the south wall of the Siderite Hill .showing.

upecizon at the bottom of figure 61, and photomicre;reph of
I.;f,ure &3. :

,51.-166: banded quartz-chloritold ruvch in a rcplaced shear zone on

achin Fodnt. Slightly contorted. Flsure 68,



~that the rdavrsl forzuls Feo;A1203.3102.1120. is a very close

epproxduation.
The. followln:;' ninersl assenbleges have bocnnreicc-rdcd;;alor.g
wlth the chloritold in the study of thin and polished se?ct.ions:
carbonute (sllerite and/or ankerite)e-guartz—opsQue
carbcnate (siderite and/or mkar&to)-chalcoz&yrit; or pyrite

quartz~-opasue

Guarts—-sericitc——carbonsto~—oraque (&leucaxane)
quartp-aorléibe——opaquo
quortz--chlorite-—opuque-=sericite = 75 o
pyrite o | |

The nost comzon. uaembl»ga .’w qwtw-carbonate sericito. Quarts

-pay ‘predoninate over carbonnto on ‘vice versa. The extreme lypes

(Table 8) cccur less frequently’ nothing but quartsz arnd chloritoid
in a drag folded shear néne npla&:ont et Fachin Point (Spec. 53-102);
sagsive sldorite anl chloritold at the Siderite HILY showing
(Spsce C=35, 1u5); pmctically nothlng but muscovite and chloritold
along the same ore gone (Jpec. 54=2) und chloritcid and pvrite: uclualvely‘
along the jyrite ore zone, south of tho lag Sauvaze fsult zone, end
south of Little Gllman Lake, N

Chloritoid vurles in oize from &n aver.ge of .3 mm to prists

3 im iong snd o5 mn wide. The olze varies with the host rock wd

~this.1is shown in Fig. &1 *whero-:aw:ples are pietured side by side.
In-the ruacovite schists(Dr H. Iodér- ideatified this white ~lca as.

|- 24 nuscovite frou an X-Ray Diffractometer pattern) chlorlitoid

abtaina 1lte asxioua dimensiona. In the rezil.accd‘grconutone dykes

along tiie 0.6 gonea (the dyke was a basalt oriilnally but is now




- - carbouate-guarte~chiorituid-leucoxune) chioritodd is oveiiy distributed
| throushicut the rock wnd averoges o um (Fig. "61&).' The dift‘efcnco |
8 may bo tue to the fuct thut tue dyke rock, in spite of compleic |
_ mpluce;c;nt; is sldll very musulve wherous Uw inswvito scuist 1s
| jermecble and peruits logrese of coiutlong and cm‘;y srowth of ihe
-~ ciloritold. ‘ I
The hubit of éh.lorit.old veries fron single aaix?u (fig. 62)
5 o radlatin crystals or susafu (Fig. 63). It u noticeabie
_ that the & .thln sections (33-73-105-165) frow rucka po;.‘.tiwly
| ddentiticd as d,'.ce-; uhov.;e.d only dlsueainatcd individual gralise
ol ‘ ( the other hand,;all the specivens from shesired well banded
| rocks show sltornablng bands of nearly pure chloritoid and
HC) | tande contauining c-{:u'bonq.t.e-qu.art.s-serlclt.o (Fig. 64, 65, «nd 66).
. -In thesvs, tho chlo%it.oid alwuys occurs w8 shusfs of crystuls with
| a fan shupe, cuns uficted at the ceuter, und feuning out. ab the ornds.
ol In places, portoct Tudlal rosetres vere obaerv«d. In t.ueu, the
cliloritold dosg not show the typioul bourg_l«ea structure, and
5 polysynthretic t.wi{mi,ns 18 vury well dev:ag;oped. liho dilfforanco
- in the orpiology cfaf chloritold betweun tlb differant rock types.
canriot Le oxplained frosh the evidonce at hwd. There is & suzgestion
o T that the pliysical nsture ol the rock (hard;pas, britthnssa, compactness,
o ariginul groin s.h.ok, ingress of lolutions,‘ avauabllit} of solutions)
- . lmg aach to do with tkleiw differences in zorpnology. ;
— - In the well biuded rocks, the mlnurals refloct the intenuve
@ o r;nneu:ativc‘ cofora.ticn cuffered by the rock: saail qﬁarta,gmim

(averz;e of 02 um) wre, lubey, well stralued, with good woseic texture,
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depending on

tho type of host
rock.
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in o replaced
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b) sericite schist
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6) sacs as b) but
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d) saue as b) but
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{2 variety) and
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Fig. 62 Chloritoid porphyroblasts in a sericite
. schist., kote the schistosity going through
the chloritold in the form of suall inciusions,
ihe hourylass structure cozmon in chloriteid
is woll developod, ( 9.7 x )
]
| N
A
3
L :3
| - 3
‘ Mi
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Fig. 63 Chloritoid in a muscovite schint, Compure the
shieuf-hablt of tihe culoritoid In this rock
with the incividual gralns of Flz. 62, Also

noto tho lack of inclusiors giving the hourgliss

| structure ard the gocd tuinninge Tac vein across
the photogra;h is chlorite ard qu35tz. (8.5x)

o | !
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Pig.' 64 Chloritoid porphyroblasts in muscovile scuist,

' Tne vuzcovite «buts ip the sides of the clioritoid
erystils, but the dirgction of schistosity is
jreservad in the chloritold bes:use of siall
elongated quarts sra.i.#as, and other inclusiocns,

(16 x )
g SR ;
s,
zi
A
e
ko
i :.'éﬂ
S
5
o
4
- :.' \t "l;'."":p h “® i‘l“')
; s-'“;‘.. M. :.rbt»‘ S W

Fig. 65 Well banded rock, frox a she.r zone replacescnt,
dock {9 mude up of alternitlin; bands & chioritoid
end bunds of sericiie and carborate. The opacue
sLrouxs alony tue achistousity planes are muds up
of leucoxene derived froa ilnenite, ( 6.8 x 2
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Fig. 67t Chloritoid in a veln., The host rock

is a mas:ive fine-gralonod siderite,
speockloc with pyrite snd other opaque

minorals. sho vein is wado up of

muscovito, chloritoid, chalcopyrite,
and quartz . (9,8 x)
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Fige 62 Tain section (nstur:l li-ht 6n the lcft and cropsed N
_ o nicol on the ri hit) cf a bauded roc rade up of luycrs - _

o chloritold w:d layers of very fire cuartze. The
rigtt side photcorupi shows the very fine-criined
alze of this hydroctherzal quartz. Tuls rock is a
giesr zone replacerent froa Machin folnte (5.5.x )




— 145

b
P

their lons axes parallel to the long wxes of the carbon:to grulns

curad the long dlrecticn of the nuscovite fl'akss. The quartz, howevor,

£newWa no ~rmulat. wen or rortor strusture. erourd the edjs of the
rrains. So::e larger creins, up to ) o in diasseter, are ssldon
encountered and stow intease struin effects, and cracking, the
er«cka belng filled by curbonate, sericite, snd fine-;ralned
Qarts of & younger generatlon., This fins-jrained guariz ,_-;re{
after most cf the shearing teok place, but bsfore the finsd phase
£ the det;mat.ioq. These features coabine to give a schistoco
Yook to the rock yéhan ex.rined in thin secstich, although the hand
spucicen 1a commonly very massive. Uometices, a strong foliated
structura 1 hreusht cut by tho alternation of bands rich in
chloritoid and chlorit.:m-»rree laysrs {Fig. 65, 66, and €8).

In thin section, tho chloritold ohows no prefecred .orientution.
'lho‘ chloritoid po;*bhyroblmts pregerve the opaque and saxctizes
tho olongated quurts grains as helicitic inclusions mar.llel to

“the follation (Fig. &b ard 65). The ehloritold 1 rot broken and

sicws no sign of doformation. This indicutas that it ;rew after
the finil phase of dcforxu,tion in a st.tic modiun, and could not‘
tbsord all of tho quarta: and opague in the originsi ehe.red rock.
tn tha other ‘mm, muocovit.e abuts into t.m aldes of the chloriteid
erystslo and 18 net preserved xs inclusions, This i1~;1lies that it
has been tuken up ty the jchloritoid during growtht the ;ham-;,e {roa
mscovite to chloriét_.cid involves x loss of 21 fer cent ullics,

1.8 per cont o0, and a ;5nin of 28 per cenf Z- FezQ, ;nd 2.5 per cont
wtor. The zzin of aahr ard 4iron 18 eunlly eh‘lluit‘cd ‘: the

assoclation of chlorit.old with hydrotheraal nolut.igns whlch give rise

o o bag
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to so much sideprith, ankerits, pyrite, and ch:lronyrite, The loso

'of K50 18 zore difficult to explain since ro other minerwl in the

rock Vi1l take up K20, This excess K,0 does not appesr to be fixed

_ywhere ‘.in the rock znd one 1s fcreed to conclude thit 4t escaped

frox the rock following growth of the ehloritoid. Tho size of the
otaselum lon m}:eﬁ solid diffusion throug‘};\v the rock unilkely, but
it could esslly be remv:d by water vapor since steam easily
extracts alkalies fro= rocks (Morey ard Coranson, i937). In a few
sactions, n‘armw ycinlntq filled with csrbom{te cut the cnloritoid-
rich barnin ard irdicate that solutionsl ware prosent aftor the growth
of chloritoid. | |

In soue rocks, the nuscovite is wrinkled on a very minute
scales Some of the chloritoid is clear (Pig. 63) and 95 per cent
fres of inclueilbna, but locally the chloritaid has hardly sturted
to develop and 11'. is atill s0 full of 1nclu§10ns (Fig. 65),
eapecially acrbg;pnu, that 1t s hard to idomfy. |

Dyre rocks rich in chloritoid

The dyke (Kodal cnalysis of bo 53«73, Table 8) and specimen
abt the top of figure 61 ) wus considered to be intrusive in the

field mapping because of its shirp contacts, loreover, tlhe c¢lose

relationship bet«een ore und dyke rocks i{s thuiht to be core thun

coinciderce acd will be discussed ia the chapter on struciuro, undes
the headiné Structure anid relation to ore depocition.  This dyke rock
w3 oxsnined in & number of outorops and drill holes, but is so
altered to a mixture of .x‘lm-araimﬁ clnlur;téid, gcarvonate, and
qaarts that Ats orislnald nature céuld nat vbo estublisneds

There are four different types of dyxe rock in the areat




- foldspar porghyry, Quarts-feldspar porphyry, “arey dykes®

(:n\etadlorlté ?) ‘ i1 grecnstone dykes, At ‘the end of the sumer

1554, the suthor 1ozred drill hole no € 27 and at a dopth cf 432

foot found that this extremely altered rock, which was asgumed
to be a dyke, Lipercepntibly praded inte a ;'ol:e.tlvely ﬁesh
sroenstone dyke, somewh.t earbonatized md with ﬁpme ehloritold
gralns, but etill positively MQnuflabl.{:}p a greeastone Gyke. This
is the chilled ccntuct of the dyke

(ne t.hin sectlon (o, 53-73‘) shewed & fulnt intorgrenular
texture with plazicclzse lathe completely .replaqed by I. posalc
of fine quarts snd minor carbonnte and the rezatnder of the rock

« replaced by cartonste. The originel ilwenite 1s outlined as tiny
Joucoxene clusters disgeminsted througheut the rock, |

Chlorliteld ~nd carbonate

As a genural statemont, one coldd gnert that zore than
% por cent of all the chloritoid in the Chibougamau area is
assoclated with an iron carbonate, o.'..t.her ankeritc or sidorite,
In cages, whore it is associated w.bh mcovite, quartz, or nyrite
there 18 curbonste in the sawe zcne, 10? 1ngt.hc iznediate vieinity.
In x:lacei, this carbonate was identified as siderite. In others, -
thie dot.omlnagion 43 not oo definite because a mixture of siderite
ad very ti.noguarts can look very m.ch like anikerite, Siderito;
o westhering, sproducca & docp brownish red woathered surfaice while
ankeri‘u glves a dicht yellowlsh brown color to the surface., This
flald observution was verified by'part..u‘;l malyscs done by the uebeo

Depurtient of kines laboratories. But, as mentionned euriier, a fine




mivture of quarte snd siderite m:y glve a weathercd surfoce zuch like

om-orito, ' '

' &’_-dmtho:rhal ‘oricin

The hydrothermsl origin of the chlorito;d is evident from
the ninoralogical asserblages, the spitial ﬁl«ﬂ.pnb to shear
wnes ard éro-bearing gones, and the fact that 18 is found in
shear somws cutting such diverse rocis as mtxbagalta, zetagsbbres,
ntamorthoéitu, and in the altered dykes tmmdE along these siear
wnes. The conatant, association with shew gones mrked by extensive
penstruative detomation » Totasomatism, and hydrothermal slterstion ,
sad by un iron carbgnate filling, are teatupga which have to be
considered in order to get an idea of the ngf.uro of the ore solutions
axd the conditions leading to the formation of cﬁlorlt.oid.

In other loca:llt.l;a, the presence of iron-rieh minerals is

also indlcuted. &t Forcupine, Cntario, Gupt.areon(l. a6) sentions that

tgheared fsewatin lava flows ranging froa albite dacite

to elbite undesite underlie the wine ureun... The mlcrcocope

revoals & Meh cospiecd of SV pur cont or more of ankerite®,
In the Deep River ?egion ¢f tiorth Carolina, Stuckey found chloritoid
in the foctiall of the ofrebc.»-dy (;yrophyliite). 4n ircn breccla wakes
the foutwull of t.hc‘oreb" 7, snd Stuckey (1926) saye:

“"gore of the co.rue acld Lreccla contilus con cidérablo
iron in the foru of pralocof henuatite and megnetite and has
beon callcd an liron breccia®, ‘
In Xalzoorlle, AuntraLn, the situstion is aiziler to- l-orcupine
in thet ankeritisation is co;_mon in the volcanics,
In tre Chibeugazau areu, the ore soluticns must huve been

rich in Fe, AY, K, CO,, ard 51C, as ovidenced by the alundint
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develorment of chloritold, cuscovite, siderite, and quarts. The
ratlo 8 / CC2 / Fe must be the critical factor which doterclnes

the zin ealogy of tho' sulphidea, At Camptell Chibougacau lires,

to the scuth, chioritoid is present only at oae or two places, The
znin sulphidae is pyrrbotfitc. In the area mp;;ed‘by the autlor, there
i 11ttle jyrite and no Fyrrhotite and the zain culphide is
chsleopyrite. The zain wlterstion mireral is chloritcid. Ike iren
wich vent into pyrrhotite and pyritq in the Cuspltell orczons

forzed chloritoid and an iron earbonz;ta in the Copper currj and

Mw Foyran orezones, Thers was more sulfur resent at Cwmll

tut by forsing p_y;;hqtiﬁo and pyrite thers was less sulfur left

40 make chalcopyrite and the ratic  pyrite or pyrrhotite to

dulcopyrite is 1pss st Coppor CLLLL wnd Ngw Royran although the
e can be econozdcally &8 good, L | | A

The parageisoais o{ any one ore zone cuniot. be accurntely
dotermined becauce the specijens collected and studied cover a
lirge area, snd there i3 o certalnty that two cre zones with
sluilar sinorslogy have doveloped at the osame ti..-e. Cﬂloritom
appears to be one of thQ latest mineral to fom in theso 201,08,
thou:h a few speoinens q:.ow narrow veinlets of quurta and cartonute
cutting the chloritoid. There could b two agws of chloritoid, but
it could not bLe jroven durlng this limited study. m a; proxin.tion

‘of the seuence of levents at the Siderite 1i1l11 ehowlrg ‘perhaps
typioal of other J(nas uso, would be as follows: ’

Iracturing ,
introduction of dykes, in swura, with soutieast otrike

fracturing, |shearing of the arcas betwean the dyxes
: ‘ ‘ |

T
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F(:” hydrotherral «lteration pruduci-z(g sericitigation, chloriuznuon,
. . . - and s0:e carton.tization ox‘ the wotarnurthiosite.and

sstugabbro ‘

B shearing ?

vory intense development of lericlto along the rain sheurs

major period of carbonatlvatlion, silicification, and possiile
dovelopcnt of so:ze chloritoid

) sulfidess pyrite first, foilowed by chalcopyrite. Soze
: chloritigation with the ore.

- fracturing '

abw:dant. development of chloritoid -
B fructuring, very minor
_ very minor siMcification end carbonutization

Chloritoid, stress mineral ¢ -
’) ' The influonce of htrois on the formation of certain winerals
_; has led to many argmmnu'n and discussions.
~ larker, studying mlneruls forwed by dynozothoral end thermal
e sstamorphisz put forward the ides that euch process gives rise
to éi\uractorisuc winerals. He qalled stress minersls those

R foraad in cryatalliné schlatsvand inocluded chloritoid acon;.st the
. ' stress mineruls (larker, 1932, p. 150)3

Hgnze may te oald of other distinctiy stress minerals,
_ such au chloriteid, ot?trqlite, and atourolite”,

Turner (1948, p. 30) ssids
- *The numter of sinerals belonz.ng to tha first category

(stress ulneruls) ias very lizited, chloritold and possibly
Kyranite being the only com.on ox» ples't,

h }' “The mcesalty of stresees for the forzstion of chiori‘uoid
ﬂ\ ‘ was diecussed «nd rejacted by Eskola (1934). A rocent study L7

Jo llchot (1Y55) included & coazplete review of the literature on
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examples of chloriuaid occurrences where stress was mt o,wr‘.t.lvo.

ﬁa algo added his own studies rade on the 5eneala of uhlorltoid

along a suartz veln in phyllites. 7The Chibougurau ocourrence should
be added o the 1ist of examples reutionned by Lichot. |
Custalson (19&6) believes tfx«t the ceric!.uz.f.tiorx and
akeritization took place «fter the rock had been :hc:.r;d and
lapinsted under the influence of dlrected stresscs. Chloritold
grevw after the:e minorals. In the sumo areus, veina ef guarts
and snkerite contaln chloritoid, This is ancthir case where
chloritoid-bearing veins and hydrothermally produced chloritoid
e .prescnt. 5
Prider (1947), however, thouzht that in kalgcorlie the
chloritoid was tomd after the period of hydrotherwal action, ‘
The latter has prepsred the environment mcking &b chesicslly suitoble |

" for-the formition of chloritold which developed under the influence

of slresscs,

The writer prefers Guata.l'son'a‘ version for the recsons
glven befors, DMoreover, Prider glves c:u..\plca of loolated crystals
of chloritold 1n a dolerite strongly altered but contalning undeforzsd |
soricitized plagioclasa, This is very limilar to the cliloritoid-
boaring altercd ;reenstone dykes do.scribed in tiio Chibouuu.mu area .

¥{chot's conclusions (14Y55, p. l.é) are identic:d to the
witer's although they are derived froa thgé study of a complotely
different nreus, lie saids :

-

"Toutes ces occurrences, Jjolntos & celle que nous avons etudide
duns le preaier chupitre, dewmontrent 3 suffis.nce gue le
ohloritolde, tuht wanguneux que fcrreux, €st un mineral,

Four la pencue dujuul lcs forces ectiniues ne scut pus
intarvoriuos,
lo chloritolde peut etre enzerdrd on miliou jurescut statique.®
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STRUCTURAL  CTCICOY

The Chibourazau ares is logated in the oast&rmoat. port of

- the Superdor Province (Fiz. 4)« The northern ;ort.iono:"-thoarea.

1s undorlain by wclcanie rocks and ultrabasic nii.lln. They fora the

scuth limb of a large e)ucline whose axis lies 3 milqs r%or'.h of

Glmen Lake. The a;j:uthorh portion ¢f the ares is unlerl:oin by

sexbers of the Dore lL«\ko Cozplex, a t.hiék l;t.rafifom cocplex,

arched up bjr the intrusion of the Chibuugemau lako Co:;plox, made

up mostly of granite, dlorite, and quarts diorite (Plate 2, 5, and 6).
The attitude of the wvolcsnic rocis \ms deturained by the

zapping of flow top , direction of flow ca.nt.écta, layers of phenocrysts,

- sygdaloidal horizons, belts of pillow lav?qo. ‘The attlt@e of the

[ore luke Couplex was doteramined by the pz;mary Ioliat.lgn within
tom umbofa, eupaci]nlly the metazubbro ~and mtupyrbxoniia zerbers,
the layering and eoth.a.cta between layers of du‘forent. coupusition,
and the dlst.ribuuon of aspecific rock types along cort.aln horizona

Wthin the Ccuplex. |

F.ults snd; gheur Tones ‘ |
The: ares is trunscoted by three acts':or shears (Plate 6),
tso of which are lcportints one strlking:nort.heast., «nd the other
wuthoaat.f Both sets may be coxplecentary in origin, tut have had
different hi..at.ery tollowing thelr inception. by definition, a fault
should hn.ve reasurable displucerwnt along ua course, but in this
&ros, no mra.aro are avallable which pern.lt. dentlrlc.xtlon of the
|




‘only mentlion of th
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ghear goros o8 faults with measurable disnlacements, 7%The nujor

rorthcust=striking fault zone was cualled the sac Jauvege Fuault beczuse

of the remarkable continglty, intensity of shoaring and Alterat.ion,

and ez.cei.kont. drap toldif\g exposed on the high hill close to the
custern bo.ndory of the mapearea. All the shear zones are x.ried

k- extonalve development of carbonute (ankerite and siderlite), quarts,
ciorite, chloritold, and muscovite. An atteupt has been sade to
differentizte between sheir soncs with different r.:.imruog'on't..'-o

zp (Plate 1), but the division is somewhat arbitrary since the

sheayr sones vary in compoaiticn ;Aloz:g strike when they Ezo frou one

i

type of host rock to another,

‘ghe_Lag Sauvars frult zone

This fault gone derives its nate from a smsll lake west of

Little Gilzan lake, - Suith map,cd this fault in detail for 5 niles

axl the guthor mp_bed_ it for on mudditionsl 5 zilos, Horscroft
(p«,_rsoml comrunication) traced 1t across Portuse Ialanh glving it

w1 additicnal 3 odlos and &t is inown to be preuent at Villlucs Loke,

3 ulles west of tho[ western linit of Swith's map (1953), ;lving it
& total length of f}t least 16 rdles, It w& contlnue westward
much farther. ‘! sho.;rlna had bteen reported at varlous places
along this fault but Lt;uas not recosnized es a mujor ﬁbmcwral
feature of the Chij uga.imu district until this deta.".jled zapping.  The
rstrﬁcturo Rade by Mawdeley and horas (1935)

is the followlings | , i

“The zone of c.rbunated and she-red rocks that cglxtcnda

westward Lor. 33 tdlos Lrou the nerthern part of Uere «ake
and passea 4 ulle north of the lwad of Cedar bay, forus




an inportant part of .tho wck:iatrucnuro neur Dore luke,

It smuy be a gone of faulting, bub its relction %0 oticer

gones of shecring and fuwlting on Lore dake is ot kuownt,

In the area rapjed by the writer, it ia & wide :zone of shearing
murked by extensive develomuent of an lron cerbonute and chloritolid,
Soe sections' of it m.rich dn chlorite, quaits and serlcite, but
the predo:.inafit_. oinersl 'along the fuult 1a this iron curteni.te vhich
fivws a deep brownish red color to the weatlered surface. orag folding
w3 observed in 3 or‘l. pincea snd glwayé indicstos a duplscc@nt
of -tho north block to the esst with recspect to tho south block
(Plabis 1). Since there are no ayxilable horizon burrers, the true
direction and anount of powmnt%cannot be estsblished, In'cany
localities, the rovck ia &.aaaivo Jat ext.reuiy well: barded, especially
uxéro alternate luyers ofl carvcnate and chloritoid make up most of

.the rock.

In the eastern portion of the map-area, tils fault zone
oepée;rat.ou two msjor bodies of rocks, the aesewabinetype volcanic
rocks to the nerth and the loro lake Coxplex to the south.
Hurthor west, tho fault splits irto two branches: the ncrth branch
carri: 8 through the vulcanles, and the south branch angles to tho
southiwest and ,},a calied the "pyrite gone” beéauae of the body cf
fyrite which m;& drilled on top of the large hill south of Littlq
@lzan lake, Fy?ritiz;;tidn is couuon along this southern brench cf
the Lag Sauvage fa,\&lt.r This pyrite sone rscxxa;xggxtes . the Keesatin-type
wlcunice &nd the Dono i-uk. Complex. IExcept for the pyrite bedy ’

- peutivned esbove, wilch ccntaing J.bwcopper and zirc values, no

i
conercial ore Lodies huve been found along the lag Stauva;e fuult




wne itsclf, | _
gedded tusfs were found inder 4 localltics aleng this

ranch of the bfuult (carked T on Flate 1), and thore 16 a strong

sisgestion that the s‘a?nt took place along a tﬁf:aéeous! horizca,

Dore *aks foult (lMckengle Karrows fault zone?)

This controversial structural feature was nased after the
Kcitenzie Karrcws at the northeast corcer of Cbiboé:ar:.u lako by ‘
Yawdaley u:)d lor=an (1935). In that area, it brings in ¢ ntact
moarly flué~lying (Huronian ?7) scdicents end steeply-dipping
Keewatin-type volcanics. Further south, Hawdsley ond Norman

b

reportss | |

"the strilsa and magznitude of the Hickenzie flzrrows fault in

-~ tho nortilgastern purt of tire nepearea cugcest that this fault
say extend southiwestward across Dore *ake and alony the
stralght, narrow arm of ti:is lake that recelves the drainage
from Cachy Lakos A fault line cccurs along the strow. bed
boslde the first portage frcm bere to Cacle iuke und 1s in
occord with a poasxible contlnuition of the ichcnzie darrowa
fuult to tids iocality. The faull line iz indiented by the
mrrow trench, tromiiang nurth 30 du:-rees eust, throu b which
thie etroam desconds Into Dore asake, and also by the intouse
shatterins of tie rocis along the wulls end conter cf Llw
trenchis  Abund.nt evidence of cefon.:llon iv presented Ly
toth abear gones wnd Joints in the rociis are nd vore Luke,
Sub thelr correlation with any systea of fzulting cannot be
aade from the infqra.tlion obtained up to the jresenth,

Grahan in hls report (1951) mentlchs that he found the fault

in the creek which Joins Cache loke .ith Dore Lake and that it is

indicated by drilling ouat. of Merrill lsland.

These reports brlng the fault to the o ndar.!.u of the rresent
mp—arou, but within the .arcy studied by the writer, tho tault. is
everywhore concealed by tie waters of 33;orc leko, Indirect evidence
points to the prosence o: a fault Joining the two soctions xentionned
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- by liawdsley and kbrm;un and by Uraham. The toposraphy q‘.mngly:‘-nuppom

the 1de: of a mzjor shcuy sono along the axis crt‘ Yore lake:

. enorthosite is hard and guite resistant to erosion when pasolve, &8

cvidenced by the ;_:Loup of hizh hills in the western part of the

zap-area, rorth of Dore lake, and the presence of a iajor ohear

2one aight be the c:ontrqnnz Luctor in the dovelopaent of the

u:»t,u:«l toporrspiye *

Cne disrond drill holo (hole D~2 of Copper ClLff Consolidated
Mining Corporation/ drilled froa the point of land across Lore Lake
fron Kachin loint intersected a core len;th of about 175: feat

\(holo at &5 ds, rees) of a very heavily ‘ohgimrod ohlqrito-}sericiu

echist, ’;-itl\out-a@itional ‘drill holes, this ohoax; zemj cannot be
puélt..tvely J.dontlfi%cd au the extension of the hcionzle iarrows
feult and the name Dr.re lake l‘ault_nhuuld-bc applied to the fuult
whiich Crakax ;u-o;oc‘ted along Cache lake &and vest of rorrill Island
axd to the fault indlested in the rilling botween “achin Foint and
the main hnd to tho weadt., If furthor work provca this fault to te
the cmtifmation of the Xelenzie Marrows fuult, the na.w Lore Like
fault eh.vld be dropred and the nexo xbr.quo Narrows spplied since
it has tiue priority. |

outhe:st-trending shear zonca

> & 8ot of scuthe.dt=trending shezr gones 1o very well develo;od

in thebupeorea and s ioportant ecoxmo:;clea&ly since they are the

cooprer=besrin, gores. A nuwber of tﬁcm have been driiled and ainlng

ceveloyzent 1o progresciig a},pn;_; five of tl.gse goues witlin the

ZP=8Teéde

G ¢ ettt s it i e

T
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‘ ‘l‘huné goncs &re g:har:-:ct.orlzed by irtensive shearing,
extena.ve hydrotlcmeal .;-.lt.er;‘t.ion leading t.o a co pleta replace=ent
«f ‘the hoat rock by/ c:'s-bonate (siderite mostly), chlorite,
dxlorlt;ld, sericlte, and quarta, Very s;\;rso draz folding indicates
thet tie zoveieut, st least In the last stzze of the defer-ation,
tock place in & herlg.utsl direction. lo horiszon k:az-‘nors indicute
the extest and directicn of the covezent., The ao'::theast-trez:ding
ghears are shorter thaa ‘tha lsrgsr nertheast-striking fuult sones, " ‘
Lyxes cre very corzon in t'is ares, and (gc;nera.lly have a southeusterly
trecde A grest nuzber of thoa heve been introdﬁced along shear
wones. Ihe cajority of comrercial orebodies are found along dyxes
ard their eipiacerent was structurally ccntrollcd% by tho dy-es.
The dykes sy or ”‘f" rot be sheared thensolves andi are comzonly
Peavily altereds - o

| 7he mincrelory of these shear zones de;:e#‘da on u’;;- presenco
or abnenc;: of oro\:gdiea and hydrotherzal wlteration, degree of
ghearing, and chondicc\l cémponit.ion of t:he hoast rock,  In the |
aorthooite, wien hydrotherrsl alteration igg &b a ninimum, the rock
is,‘cmngcd to a eericite schist with niror éd.ctt.; end chlorite,
vhen the rheur gone 4o accompanied by minoraliz.ntion,; the ek
tscores quite chlonitic. If gobtre or tranaition roc;k is the . -
tost rock to the ohéar.chlorita end arkerite with ninor;acricita
ae the most comron mincrals, If nineralization ie pre.?;.ent, sidurite

xd cliloritold are jresent, All these are e,cr.era.luatléns which

-

ouffer exceptions, but which have a wide rin e ¢f sprlications
wid can bo usoful &n Jrospecting fur copper-bezring shear zoncs.

The third se:t of shears strikes in a northenorthesst direction

erd is very poorly known., Fleld nap;ing does not suggebt, shearing



por duy mill. wuobece Ch.tbougamu boldtlolds is shuft oinking and

P A

in thut direct.on, tut recent od:inz work and drilling hes
e.ocested the ';-rx.:wnco of this sct of ghears. They m.y have been

3.::,:ox°t..xrb In the ccnt.rol of the mincr: limt.f.o'x but under, round

| \or!cin‘--,u Wil be mcessm tw-tom troy cin bo ubm-ased pro'aexl;'

Ore deposito and etrm-ture

The Chibougamau disirict is becoalins an importunt cog;ox;
producing area. Ct.npbc.!u Chibouzamau ¥ings weat'in producticn in |
Juno of 1?55, and is mlning 1750 tans a duy aversging close o
3 per cent copper and .10 ounce of pold pur ton, At the sune
tire, Copper CLff Consolldated ¥ining Corporation and liow fioyran
Copper N.xies did extensive exploration work and started shaft
sinking on the two prcperuu. Thoy Laterf aralgaxated and forsed
Copper &'md Chibuwgamau who ie eorte.nputm,, building & 7CC0O tons

planning to bulld & OOV tons per dy sill. Douzan Mines i also
planning 'aha.rt sinking, Canptell Chibougamau kines ls unwatering
its Cadar Bay shaft arnd plans have also been made to sink a shaft
<n the hokko Creek oro gone. Fecently, Ghibougmm Juculet kines

ras found a large tonnage of gocd grade chper ore in three ore

Oones. 'Ihcy are planning shuft s.t.mdng in tho Fsll of 1956.
1), thoso ore gores are located within the arca mapped by the
witer (Fl.te 1), | ‘

Ir ald cuség, ‘the ore matcrlisl 18 a choir zcjmo replacenent
dong & dyke. A1l the ore-bcar:n}; gones have a uouthcaét,strike and
dip stecper thun 45°. The ore replaces a seric%to—chlorlto schist.

Chloritoid is & comwon alteration minarel and it has besn discussoed
l .

|
l




)

| - 1 -
™~ woves Tho exact redutlivis ¢f tiec oro to Lo Il 70 & wd to the N0 K
Jdienr gones beve not yet Leun estublishivd tut the distx:ibution of |
i o ore ‘z.uuen Youry 8 cloge wo.;u;:!d.c.d relallion to-tie Dore luke
- fault wid to the Lac duuvage Laull zoie. Ay ova.ent Jdong t use
faulte, uafter tie Introducticn 61‘ hurd brittlo dy.os wilhin the
B . ducorpetent shear zcneu, would tend to craate dilation:l openings
o each slde of the dykes, Cne sldc‘{; of the dyko. =iy bs  xore
" Zavourable for ore deposition bccausi of the daxming effsct of the
— q}'ko on the ore solutions, Do
Underground work vd.ll huve to -bo done befom treno hypothecoes
r can be verificd., liowever, asourytions along this iine of thought
lave been used in proopectlig snd exploration for the last thres
years snd bave been very successful. |
- . f
) ;
.
|
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