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ABSTRACT 

The Breton breccia torms a Precambrian breccia pipe of 

a type which has not, so far, been found elsewhere in Canada. 

The pipe is oval in shape, underlies an area ot 1,350 by 

250 teet, and extenda to a depth of at least 1,600 teet. The 

breccia consiata ot a variety ot fragments embedded in a quarts 

and carbonate matrlx. The entire breccia is mineralised vith 

chalcopyrite and pyrite, with minor. amounts of sphalerite, galena 

and molybdenite. 

The ore zones are domal in shape, and are enveloped in 

hal08 of altered rock characterized by the presence ot seri-

cite, chlorite and clay minerals. 

Experimental data on the etfects ot the heating ot chalco­

pyrite containing exsolution bodies of sphalerite indicate that 
o the chalcopyrite formed at temperatures above 500 C. 

It is propoaed that the breccia formed by a collapae ot 

rocks due to removal of support caused by the withdrawal ot 

a felaic magma at depth. 
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INTRODUCTION 

GeDeral statement. 

M1neral1zed breoo1a p1pes, part1oular17 those 1n the 

soutbwestern UDited states and Mex1oo, conta1D some of the 

largest base matal depos1ts 1D the world. The vast major1t7 

of breoo1a p1pes, however, are relat1ve17 small struotures, 

notor10us for the errat1c d1str1but1on of pr1mar7 ore mine­

rals. This of tell def1es the use of select1ve underground 

miDing methoda. Brecc1as of th1s tTPe are uaual17 mined 1n 

the1r ent1ret,J or along contact areas 1n wh1ch m1neral1zat10D 

1s commoDl7 concentrated. 

The breco1a desor1bed 1n th1s thes1s 1s one of the rare 

examples of mineral1zed breoc1a p1pes 1n the Canad1an Pre­

cambr1an Sh1eld. The 1n1t1al e~nat1on of the breccla gave 

the lmpresslon that the structure conslsts of a heterogeneous 

mass of randoml7 d1str1buted rock fragments embedded 1n a 

quartz-carbonate matr1x w1th errat1cal17 d1str1buted sulph1des. 

Although the total copper content of the brecc1a .as obv1ous17 

large, the average grade seemed too low for prof 1 table miD1ng. 

Det&1led geolog1oal studles of the brecola gradual17 re­

vealed a oerta1n degree of ordering of the fragmenta w1 th1n 

the brecc1a, wh1ch could be dlrect17 related to the d1str1-

but10n of sulph1de mineral1zat10n. Th1s thes1s provldes a 

det&lled descr1ptlon of the breccla, and 1ts 1nternal structure, 

the recogn1t1on of wh1ch ultlmate17 enabled selectlve min1ng 

of h1gh grade zones. Posslble explanatlons of the avallable 
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taots are d1soussed at some length. 

Locat10n and Aooess. 

The Breton breoo1a 1s located on the property ot the 

Trlbag Mnlng CompaDy L1m1ted, ln T01lDShlp 28, Range 13, 

appro%1mately 40 m1les north ot Sault Ste. Marle, Ontarl0. 

The mine 1s access1ble by an all-weather gravel road 

wh1ch connects the property to the Trans-Canada H1ghway 

No. 17 North, over a dlstance ot 17 miles. 

Toposr&phy. 

The Batchawana area belongs to one ot the most scenlc 

parts ot Canada. Rugged hllls wlth steep clltts tormed b7 

res1stant dlabases rlse high above Lake Superlor, g1vlng a 

100al rel1et ln e%cess ot one thousand teet. The most pro­

minent are Mamainse Hill, and Ba tcha1f8.D8. Mounta1n wh10h 

rises to an elevatlon ot 2,142 teet and ranks second in 

Ontar10. The granites general1y torm a gent1e rol11ng hlgh­

land wlth 1ess prominent r1dges. On the shore ot Lake 

Superlor the Keweenawan vo1canlos torm a rugged landscape 

due to uneven eroslon ot the lnterbedded lavas and conglo­

merates. ln p1aoes where vo1can1os are absent, the ahore 

la smooth, and the bays are 1lned wlth .1de sandy beachea. 

The area ls dra1ned by three ma1n streams, all ot whlch 

f10w almost due south. Batchawana R1ver, the largest ot 

these streams, dralns the central part ot the area, and 1a 

t1anked by Pancake R1ver to the west, and Barmony R1ver to the 
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east. 

Histon· 

The Batcbawana area 18 one ot the oldest mlning centres 

1n C8-llada. Wh11e the presence ot copper was probably known 

to Jesuit miss10nar1es at the beg1Dn1ng ot the e1ghteenth 

century", much ear11er JD1n1ng attempts .ere made by the Da-

t1 ves, as w1 tnessed by old ft Ind1an d1gg1ngs ft near Sand Bal', 

not tar trom the present1y produclng Coppercorp Mine. The 

f1rst recorded d1scover,y ot copper was made b.J Dav1d Thompson, 

an explorer, duriDg bis v1slt to Mama.1nse in 1798. The slml-

1ar1ty ot the 1oca1 geo10gy to that ot the Michlgan copper 

depos1ts attracted much attent10n throughout the 1atter part 

of the nineteenth centur,r. Amang the compan1es engaged 1n 

exp1orat1on .ere the Montreal M1n1ng Company, (1856-57), 

Ontar10 Hinera1 Lands Company, (1882-84), canada Lands Purch­

ase Company, (1890), and the Nlp1gon M1nlng Company, (1892). 

Dur1ng tbat per10d several. sbatts .ere sunk at var10us p1aces 

and a large m1l.1 .as erected at the Mamainse m1ne between 

Mica Ba,. and )lama1nse Island. Al1 of these m1n1ng ventures 

concentrated on the exp101tat10n ot cbalcoc1te-tl11ed trac­

tures 1n the KeweenawaD t10ws and coDgiomerates, or depos1ts 

of nat1ve copper 1n &m7gdal01ds and tragmental. t10. tops. 

These depos1ts, ho.ever, 1uvarlably proved uneconom1c, and 

al1 min1ng attempts ultlmate1y met w1th tall.ure. On exam1n-

1ng the 01d min1ng camps, Moore, (1926, p.81) remarked that 

ta •• '. prod1gal. expend1 tures ot monel' seems to have been a cba-
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racterist1c of maD7 of' the operations of' the reg1on ••• " 

Beriou exploration of the Batcbawana area was resUllad 

~ Calumet-Hecla Company of' Michigan,' wh1ch 1n 1906~08 had 

a senes of d1amond drU1 ho1es bored in an attempt to f'1nd a 

repet1t1on of the Michigan copper depos1ts. The drU11ng re­

sul.ts, descr1bed by Lane, (1911), d1d not warrant further 

work: at that t1me, and. aJ.l operations were suspended. 

In post-war Te&rS the old copper show1ngs located on 

the Montreal COmpaD7 Sand Bay location were re-e%8m1ned br 

C.' C. Bus1oon, m1n1ng eng1neer for Macassa Mines L1m1 ted. On 

~s recomm8Ddat1on the comp&D7 carr1ed out a d1amond dr1111ng 

programme but lost. 1nterest in the property 1n 1950.: The 

8%pl.orat1on w&S taken over by C. C.' Huston and Assoc1ates 

in 1951-52, and. in 1955 the ground was acqu1red by Copper­

corp Htnes L~1ted. The portion of the property wh1ch 1nc1ud­

ad the k:nown ore was 1eased to Vauze Mines L1m1ted in 1964, 

and. subsequently purcbased br Sheridan Geophys1cs L1m1ted, 

who started production in 1965. 

The d1scovery of the Tr1ba.g depos1t was made in 1954 

~ Aime Breton, a prospector, 1n the bed of' smal1 creek 

~ch ruas through the present m1ne.s1te. The show1ng was 

opt1oned to BT1van1te Gold Mines L1m1ted, who &t'ter hav1ng 

dr1l1ed 22 holes total11ng 8,331 f'eet, rel1nqu1shed the 

option 1n 1956. Dur1ng the seme t1ma soma trench1ng and 

d1amond drUl1ng .as also done about one mile east of' the 

show1ng, 1n the area presently known as the East Brecc1a. 
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The name ot the company that did the work is not lm01lD, and 

the claims lapsed. 

Work on the original Tribag show1ng vas reswned in 1961, 

when three holes _ere drilled b7 private individuals. Tribag 

~~ COmp&D7 Lim1ted obtained control ot the propert7 in 

1962, and immediatel7 started an exploration programme, in­

volving geologicaJ. mapping. geophysical surveying. and dia­

mond drUling. The exploration concentrated on the Breton 

Zone _heret by the end ot 196" sutticient copper mineraliza­

tion was outlined to warrant underground development. In 

the SUJDmer ot 1964 a three compartment shatt ns sUDk to a 

depth ot 765 teet, and lateral deve10pment _as started on 

three leve1s. Encouraging results pr~ the decision to 

deepen the shatt to its present 1,251 teet, and b.J the end 

ot 1965 three new 1eve1s _ere est&blished. 

In September 1965 Noranda Mines Limited vo1unteered an 

agreement whereby it _ould expend tunds on turther deve1op­

ment. After additional dr1lling, Noranda chose not to exer­

cise the option. 

In August 1966 an agreement was reached w1 th Teck Corpo­

ration L1m1. ted to provide tunds and management to bring the 

mine into production. On March 10. 1967 power was brought 

to the property. and by the end ot AprU mos t ot the construct­

ion, inc1uding a 400 tons per day copper concentrator. WBS 

comp1eted. 

On May 10. 1967. thirteen years atter the original di8-
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covery, and atter "an estlmated e%pendlture ot over tlve mil­

llon dollars, the productlon ~t copper concentrate .as started. 

The conoentrate ls trucked to the Algoma Central Bal1road yards 

ln Sault Ste.Marle, and. shlpped by ral1 to Noranda tor smelt­

lng. 

The underground worklngs, lncludlng ralses, drltts and 

cross-cuts, total 17,884 teet. The underground dlamond drill 

hole tootage to June l, 1967 totalled 92,470 feet. Total 

surface dlamond drl11lng .as 138,588 feet. 

The ore reserve •• ere estimated to be 600,000 tons of pro­

ven ore gradlng 2.20 per cent copper. The mlne ls scheduled 

to produce 500,000 pounds of copper per month. 

Prevlous Geologloal Work. 

Geological reconnalssance ot the Batchawana area WBS 

started ln 1863 by '., Wll1laDl Logan, then Dlrector of the 

GeologlcalSurvey of Canada. Certain portions ot the area .ere 
... 

subsequently descrlbed by Thomas MacFarlane, (1863), Robert 

Bell, (1890), and A. P. Coleman, (1899). Flrst systematlc 

mapping ot the area was done by Moore, (1926), on a scale ot 

one inch to two miles. Detal1ed description of the Kewee-'. Dl 
Dawsm serles ln the .... 1 ... Polnt area is glven a report 

" 
b7 J. E. Thompson, (1953). Geo1ogica1 study ot the area dS ra­

sumed in 1963 .hen a aystematic mapplng programme ot the town­

ships on a scale ot one lnch to i ml1e WBS started by the 

Ontar10 Department ot Mines. 

The tirst desorlption ot th. Tribag deposit dS given 
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by the wr1ter in an address at the Annual Genera1 Meeting of 

the Canad1an Inst1tute of Min1ng and Hetal1urgy in 1965. This 

desor1pt1on, based on e1ghteen DIOnths of field work, WBS sub­

sequently publ1shed, (Bleoha, 1965). A second aooount of the 

geo1087 1s 1no1uded in a paper bJ G1b11n, (1966). A study of 

the wall rock alterat10n and paragenes1s at the Tr1bag depo­

si t .as done by Armbrust, (1967) • 

The wr1ter worked at the mine from September 1963 unt11 

Maroh 1968. Dur1ng tbat t1me he had the opportun1ty to log 

approx1mate1y 90 per cent of al1 the surface and underground 

drill oore, map the underground work1ngs, and carry out de­

ta11ed geolog1cal mapp1ng of the or1t1oal areas on a scale of 

1 1noh to 50 feet. The surfaoe geolog1cal maps of the pro­

pert y , as well as al1 leve! plans and sections 1ncluded w1th 

th1s thes1s are the result of h1s work. 
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The wr1ter~ to express h1s thanks to the d1rect-

ors of the Tr1ba.g Min1ng Company L1m1ted for the perm1ss10n 
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ed out. 

The thes1s WBS wr1tten under the d1reot1on of Dr. J. E. 
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He nshes to thank particularly Dr. W. H. MacLean tor intro­
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tor the use of the laboratory apparatus, and general advice, 
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mination ot the Tribag granite. 

Lastly, the wri ter .ishes to extend his thanks to Mr. 
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mited, tor permission to examine the breccia pipes' in Ca­
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Contribution to Knowledge. 

The writer claims the following of his findings as his 

contribution to knowledge: 

1. The recognition and descriptioh of a Precambrian 

breccia pipe of a type which is new to Canada. 

2. Recognition and description of the structural control 

of the ore present in the breccia pipe. 
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J. Additional experimental data on the effects of 

the heating of chalcopyrite containing exsolution bodies 

of sphalerite, and their bearing on the geothermometry 

of the ore in the breccia. 

4. Proposal of a new the ory explaining the origin of 

the breccia, its structure, and the origin of the ore. 
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GENERAL GEOLOGY 

BEGIONAL SETTING. 

The Batchawana area lies in the south-central part of 

the Superior Province of the Canadian Precambrien Shield. 

The Superior Province. first recognized by Gill. (1948). on 

the basia of dominant structural trends. and by Wilson. (1949). 

from isotopic dates. is obaracterized by east-west trendiDg 

Archeen belts of volcanie and sedimentary rocks. separated 

by large masses of granite. and gneisses. (Plate 1). 

The Tribag property is located at the north contact of 

an Archeen belt which extends from the east shore of Lake 

Superior northeastward over a diatance of 50 miles. (Plate 2). 

In the weat it ia overlain by rocks classed as "Keweenawan 

Series" and presumed to form part of the eastward extension 

of the great Lake Superior syncline. The location of the 

Batchawana area in relation to other miniDg areas of the 

Superior Province suggests that it beloDgS to the large 

metallogenic Province which extends from Chibougamau south­

westward toward SUdbury. 8114 Propap],7 >oont1nues:. wès.tWàrd~to .. 
include the copper deposits of Michigan. 

GEOLOGY OF THE BATCHAWANA AREA. 

The followiDg discussion deals with the geographio dis­

tribution of the formations and their mutual relationships. 

It is based largely on a survey of literature, and on personal 

communication with Dr. P. E. Gibl~n. Resident Geologist for 

the Ontario Department of Mines in Sault Ste.Marie. The 
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wr1ter's contribution 18 restr1cted to observations made 

dur1ng deta11ed mapp1ng of parts of the Tri bag propert7. 

Deta11ed petrograph1c descriptions will be g1ven in the sect­

ion on the geolo87 of the Mine area. 

The Batchawana area 1s underlain b7 a var1et7 of rocks 

wh1ch can be convement1y d1vided into four main groups. 

These arel 1. The Archean be1t, 2. the gran1tic and gneissic 

rocks, J. the Keweenawan Series, and 4. the Paleozoic sed1-

mentar;, rocks, (Plate 2).' 

1. The Archean Greenstone Belt. 

The Archean greenstone be1t under1ies an area of an 

average width ot six ta seven miles. Moore, (1926), subdivid­

ed the be1t into two distinct unite. the older "Batcbawana 

Series" in the east part, and the intrusive "Mamainae Format­

ion" in the west. The Batcbawana Series W88 described as a 

"series of complex, highly metamorphosed 1nterbedded lavas, 

mostly rh7~es and felsites, and sediments, chiefly arkose 

and greywacke." (p.S9). The term Hama1nse diabase 1I8S given 

to rocks extend1ng over several townships in the west part 

of the belt, and torming the most prominent hil1s in the area. 

These rocks were described as a "monotonous formation, cons1st­

ing of great masses of diabase and gabbro, grading 1nto dio­

rite in places." (p.6o). Severa! occurrences ot banded iron 

formations within the areas underlain b7 the Jrlamainse format­

ion were c1ted as ev1dence tor the tormer greater distribut­

ion of the Batcbawana Series. 
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Recent geolog1cal mapp1ng, as well as data prov1ded by 

d1amond drUl1ng 1nd1cate that the west part ot the belt 1s 

a tar more heterogeneous complex ot rocks than had or1g1D8lly 

been thought. On the Prel1minary Geolog1cal maps ot Town­

sh1ps 27 and 28, Range XIII, (Ont. Dept. Mines , 1964), the areas 

prev10usly mapped as UDderla1n b7 the !8ma1nse tormat10n are 

shown as eompr1sed ot predominantly mat1c to 1ntermed1ate vol­

oan1cs, with minor coarse gra1ned tlows or 1nt~1ve rocks. 

On the bas1s ot detalled geoIog1cal mapp1ng, and exam1nat10n 

ot dr1ll oore trom the Tr1bag property, the author est1matea 

that these areas are UDderla1n by approx1mately equal amounts 

ot mat1c volcan1es, and mat1e intrus1ves. At least SO per 

cent ot the 1ntrus1ves are Iater d1abase dykes, wh1ch are me­

gasoop1cally 1nd1st1ngu1shable trom the older, (Mama1nse), 

d1abases.The or1g1Dal 1mpreas1on that the west part ot the 

belt WBS underla1n ch1etly by the "monotonous" Mama1nse diabase 

WBS probably oauaed b7 the tact that the older d1abases were 

the most res1stant to eroa10n, and tormed most ot the h1lls 

and outcrops 1n the areas. 

At the present atate ot knowledge, the geolo87 ot the 

greenstone bel t oan be br1etly s11mmar1zed as tollows 1 The 

ent1re belt 1s a h1gbly tolded complex ot metamorphoaed aed1-

mentary and volcan1c rocks w1th assoc1ated (Mama1nae) d1abases, 

cut by s.arma ot late XeweenawaD d1abase dykes. The metase­

d1ments and the felsie metavolcan1cs are restr1cted to the 

east part ot the belt, whereas the mat1c metavoloan1cs w1th ".." .. - ., 
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Table 1. 

TABLE OF FORMATIONS 

Glacial deposits 

Lake Superior sandstone 

Felsic dykes and stocks; olivine 
diabase. 

Keweenawan Series. &m7gdaloidal 
basalts and associated &mTgdaloi­
dal and "grey" dykes; interbedded 
conglomerates and minor sandstones 

Brecoia pipes 

Felsic intrusions; composite dy­
kes. 

Diabase dykes. porphyritic and 
non-porphyritic. 

Granites and gneisses. 

Matic volcanics and assoeiated in­
trusives and iron formations; 
relsie volcanics and B8sociated 
arkoae and greywaeke. 
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associated iron fformations predominate in the west. 

2. Granitic Rooks. 

The Arohean greenstone belt 1s surrounded by 1arge masses 

of granitic rocks in the north, east and south. Severa1 gra­

nit1c stocks occur in the north part of the be1t. The relation 

between the granites and the other rocks can be observed in 

several. places. In one local.ity described by Moore, (1926, 

p.61), "the granite 1s found outt1ng the older (Mamainse) dia­

base, cut by the latest dykes in the region ••• and overlain 

by the Upper and M1ddl.e Keweenawan sediments and 1avas. Il The 

re1ationship between the granite and Archean metavolcanics 

can be seen on the Tribag property, approX1mately 1,400 feet 

north-northeast of the shaft. Here, in one outcrop distinct 

xeno1iths 'of the metavo1canics, ranging in s1ze from a few 

inches to one foot, are enc10sed in the granite a short dist­

ance from the sharp contaot. The contact, we11 def1ned by 

diamond dr1lling in the v1cinity of the breccias, d1ps uni­

forml.y at 50 0 south. 

The granites are most1y massive in structure, but may 

10cal.1y grade into gneiss es , part1cular1y near the1r contacts 

northeast of the Tribag property. The co10ur of the granite 

ranges from sal.mon-red to grey, and the texture ls 10cal.1y 

porphyritic, vith coarse, round quartz phenocrysts. The mafic 

m1neral.s are mainly biotite, but hornbl.ende and pyroxene have 

al.so been noted. Severa1 intersections of syenitic phases have 

been observed in diamond drill core. 



- 15 -

These varlatlons ln structure, texture and' composltlon 

ralse the questlon as to whether the granltl0 masses are all 

ot one age or whether lntruslons ot severa! ages are present, 

a posslb1l1ty noted by MoConnell. (1926), when stud71ng an 

area 24 miles north ot Sault Ste.Marle. .Although there ls so 

far no dlrect geologlcal evldenoe for thls, recent lsotople 

age determinatlons suggest that the granltl0 rocks are not as 

homogeneous as present geologlcal maps would seem to lmply. 

A X-Ar age determinatlon on a oore sample of granlte 

taken trom a polnt 2,500 teet northeast ot the shatt, carrled 

out ln the laboratorles at McGlll Unlverslty, gave l,60~ 40 

milllon years. The next nearest sample, a granodlorlte col1ec­

ted about 20 mlles northwest ot the Trlbag property ylelded 

a X-Ar age of 2,340 milllon years, (LoKon, 196:3). Weakly 

corroboratlve evldence of the presence ot more than one 

lntruslon ot granltlc rocks ls provlded by magnetlc surveys whleh 

1ndlcate arelatlvely wide range of magnetlc lntenslttes ln 

areas shawn as underlaln by gra.nltlc rocks. Thls 1s also suppor­

ted by the occurrence ot several large outcrops ot a telélc 

porphyry, noted by the wrlter dur1ng hls reconnalssance mapplng 

north ot the Trlbag property. 

:3. Keweenawan Rocks. 

Dla'base Dykes. The Archean rocks ot 1ïhe Batchawana 

area are cut by swarms ot dlabase dykes and lrregular ln­

truslons ot at least wo ages. The d7kes, comino:nly attaln­

lng wldths ot up to 100 teet, cut the formatlons of the green-
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stone belt as well as the granites but are not tound in the 

Keweenawan Series. Moore therefore classitied them as Lower 

Keweenawan. From tield evidence alone, however, it is im­

possible to 8ay how mach tlme elapsed between the emplacement 

of the dykes: and the extrusion ot the Xeweenawan lavas. 

Distinct cross-cutting relationships of two dlabase 

dykes, both of which eut the granite, have been noted in se­

veral drUl holes on the Trl bag property. The dykes are in­

d1stinguishable from each other as well as trom the older 

(Mamainse) diabaae, except where containing porphyritic pha­

ses. These have been noted by the writer in several placea, 

particularly north of the West breccia. The porphyrltic 

phases are characterized by coarse zolsitized teldspar 

phenocrysts whlch range up to li lnches ln diameter. and 

comprise 5 to 10 per cent of the rock. Geophysical surv­

eys indicate that the dykes ditfer in their magnetlc pro­

perties. Whereas the non-porphyritic dykes give rlse to 

hlgh magnetic anomalies, the p~rphyritic diabases are not 

expressed on magnetometer aurvey maps. Al though no cross­

cutting relationships have been observed directly, the out­

crop pattern suggesta that the porphyritic dykes are older. 

Xeweenawan Series. Uncontormably overlylng the green­

stone bel t and the surrounding granites are rocks commonly 

correla ted wi th the "Keweenawan Series." These rocks, well 

exposed on the shore of Lake Superior, consist of lnterbedded 

amygdalo1dal basalts and aedimentary rocks, chiefly conglo­

merates, with m1nor shales and sandstones. The estlmatea of 
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the total th1ckness range trom 8.500 teet to 17.000 teet •. 

depend1ng on the interpretat10n of the d1ps. and ot the 

eftects ot fault1ng. The tormat1ons str1ke northwest. and 

d1p west at an average angle of )0°. forming the east part 

of the great. ba.s1n-sbaped Lake Super10r syncl1ne. 

A samp1e of the Xeweenawan basalts taken from the mouth 

of Harmony River y1elded a X-Ar age of 915 ± 140 million 

years. (Wanless. 1966). This 1s oomparable to the general1y 

aooepted age of the Duluth gabbro,- (1.120 m.y.). wh1eh 1s 

intrus ive 1nto the Middle Keweenawan rocks. (Go1d1eh, 1957). 
\ 

Paleomagnet1e work on samples of vo1ean1es from Alona Bay. 

(Plate 2.). however. suggests that the volean1es from that 10-

eal1ty oan be eorrelated w1th the Logan s111s in the Nipigon 

area. This would 1nd1eate that the per10d of volean1e aot1v1ty 

in the Lake Super10r basin began early in Xeweenawan t1me, 

approx1mately 1.400 million years ago. (DuBoiS, 1962)8 

An 1nterest1ng feature of the Batehawana area 1s an amyg­

dalo1dal dyke wh1eh outs the Breton breoo1a. The dyke. ave­

rag1ng 10 feet in thiekeess. 1s petrograph1oal1y and ehemieal1y 

s1milar to the Keweenawan volean1cs, and probably represents 

a feeder emplaoed dur1ng the last stages of the voloan10 aet1-

v1ty. 

Fels1e Intrusions. A number of fels1e dykes and 1rregu-

1ar intrusions ooeur throughout the Batehawana area. Some 

eut th~ Keweenawan Series along the shore of Lake Super1or. 

These were deser1bed by J. E. Thompson. (1953), as fine, 
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banded felsi tes, and quartz porphyries w1 th a tendency to 

form contact breccias consisting of fragments of invaded rocks. 

These intrus ives do not cut the Paleozoic sedimentary rocks, 

and have been therefore classed as Late Keweenawan. 

On the Tribag property numerous dykes, both porphyritic 

and non-porphyritic, have been observed in outcrops, as well 

as in diamond drill core. A smal1 stock of quartz-feldspar 

porphyry, weakly mineralized with molybdenite and chalcopy­

rite has been discovered by dri11ing on the Jogran property 

in By'an Township, Just west of Mamainse Lake. The stock has 

a minimum extent of 600 feet by 400 feet, and has been traced 

to a depth of 650 feet, (Gib1in, 1966). Felsic fragments are 

found in the breccia pipes, and are therefore older than the 

brecc1a. The Breton breccia is cut by the previously mention­

ed amygdaloidal dyke, be1ieved to be related to the Keweenawan 

volcanics. The volcanics, in turn, are clearly cut by the fels­

ic dykes. .Fe1sic intrusions of similar descriptions occur also 

in Michigan ln the vlclnlty of the Xeweenaw fault. The occur­

rence of felsltlc fragments in the Copper Harbor conglomerate 

of Michigan lnaicates that the perlod of felsle lntrusions 

must have begun early ln Keweenawan tlme. It probably cont1-

nued lntermittently throughout the Xeweenawan per10d, judg1ng 

by the detormation of the lat~st known Keweenawan rocks whlch 

ls attributed to the felslc lntruslon, (Butler, 1929). 

If thls ls so, and if the felslc lntrus1ves of Michlgan 
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can be corre1ated with those in the Batehawana area. then 

the 1atest felsie intrusions must be younger than the Tribag 

breccias. and the fact that the Breton breecia is not eut b.J 

any te1aic dykes must be regarded as tortuitous. This 

reasoning 1B Bupported by the tact that fe1B1c porphyry dykes 

eut the East breeeia whose age is probab[y the same as that 

ot the Breton brecoia. 

Olivine Diabase. Intrusive into the lavas and conglo­

merates ot the Xeweenawan Series are a number of dykes ot oli­

vine diabase. The dykes are not found in the areas under-

1ain by the Paleozoio sediments. and their mutual time ra-

1ationship is therefore unoertain. (Moore. 1926). 

4. Paleozoio Sed1mentarr Rocks. 

OVer1ying the Xeweenawan Series with an angular uncon­

formity are patches of f1at1y 1y1ng or gent1y dipp1ng sand­

stone. and basal conglomerates. At Mica Bay these rocks 

atta1n a thickness ot fifteen feet. The format10ns conta1n 

no tossi1s. and their age has been a matter of oontroversy. 

They were p1aced into the upper Keweenawan by Moore. (1926). 

but 1ater c1ass1fied as Cambr1an by~son. (1953). More 

recent1y.tho rocks have been regarded as upper Keweenawan. 

and corre1ated with the Frada sandstone exposed 1n Mich1gan. 

(Bamb11n. 1958). At present. the formation 1s cons1dered to 

be caabrl&D. (G1Dlin. personal communication). 

Brecc1as; Irregular1y distributed along the north con­

tact ot the Arohean greenstone be1t. in the central part of 
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the Trlbag propert7, ls a cluster of four breccla bodles, 

lmown as the West, East, South, and Breton breccla. The bre­

celas contain fragments of the Archeen metavolcan1cs, grani­

te and later ~abase, as w811 as fragments of a varlet y of 

tel.lc lntruslve rocks. Another 'breccla, resembllng those 

of the Trlbag property occurs flve ~es to the southwest, 

ln the central. part of the .Archeen be1t, (Glblln, 1966). 

~he slm11arlt7,ot the brecclàs, and thelr f1eld re1a­

tlonsh1pa with the adjacent rocks 1nd1cate that all vere 

for.med dur1ng the seme perl04 of dlsturbance. A sample of 

muscov1te from the Breton zone yielded a X-Ar age of 1,055 ± 
35 mil110n years, (Hoscoe, 1965). Th1s age 1s comparable to 

that of the Xeweenawan basalts on the east shore of Lake Su-

penor.' 

Al though the petrologica1 env1ronment, and the mineral 

assemblage are of a d1fferent type, 1t 1s 1nterest1ng'to note 

that t~e 1nd1cated age ot'the Breton brecc1a corresponds to 

one of the ma1n chronologica1 groups of carbona t1 te complexes 

1n Ontar10. These were dated at 125 m.y., 565 m.y., 

1,075 m.y., and 1,700 ~1on years, (G1ttins et al, 1967). 

Structural Geologz. 

The Lake Supenor basln, long regarded as of glac1al ori­

gin, bas recently been cons1.dered to be the result of an an­

clent r1ft structure, (Smi. th et al, 1966). Xumarape11 and 

Saull, (1966), have traced zones of predom1nantly normal 

fault1ng from the St.Lawrence valley westward into the Lake 
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Super10r reg1on, and suggested that the carbonat1te complex­

es north of Lake Super10r may be related to the Lake Super10r 

rift structure. Although this suggestion was later cr1t1c1z­

ed, (G1tt1ns et al, 1967), 1t 1s 1nterest1ng to note that 

the ~1bag brecc1as occur at an intersection of two major 

zones of normal fault1ng, (Plate 1). 'If the Lake Super10r 

rift system 1s of Precambr1an age, as 1s 1nd1rectly ,suggested 

b7 rad1omatr1c dat~ng of some of the carbonat1te complexes, 

then the spatial relat1onsh1p of the Tr1bag brecc1as to the 

normal. faults assumes importance. It 18 not suggested here 

that the brecc1as may be related to the carbonat1tes. It 18 

tempt1ng, however, to draw a parallel w1th the reg10nal struc­

tural 8ett1ng of soma of the porphyry coppers and aS8oc1ated 

brecc1as in the southwestern United states,' wh1ch have been 

postulated to lie at intersections of major l1neaments. 

Wh1le the above considerations are in the realm of spe­

culation, 1t 1s certain that structuràlly, the Tr1bag brecc1as 

occur in an area charact,er1zed by normal fault1ng. The 
se1is 

area 18 cut by three of faults wh1ch str1ke north, northeast, 
1\ 

and northwest, (Plate 3). One major east-west fault occurs 

along the south b9undary of the property. The north-str1k1ng 

faults are the mo8t prominent, and 1t may be s1gn1f1cant that 

theae represent the only north-str1k1ng structures in the 

ent1re Batchawana area, (Plate 2). Bach of the faults 1a 

character1zed bY fault brecc1a, and each 1s well expressed on 

aer1al photographs. 
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The Breton breccia lies immediately south of an inter­

section between two faults. One of these strikes north, , and 

extends southward toward the West breccia, which it probably 

offseta,' causing a left-hand separation, (Plate,). Its 

age relationship with the Breton breccia is, however, uncer­

tain~ The other fault strikes northwest, and is pre-breccia 

in age. 

Whether or not the association of the breccias with one 

of more faults i8 significant is open to question. The idea 

that the breccias were formed along zones of weakness provided 

by intersections of extension faults is attractive, but explo­

ration of such areas south of the Tribag property by other 

companies proved unsuccessful .. 

FoldiD6. As with most greenstone belts, the t'olding in 

the Batcbawana Archean metavolcanics and metasediments is in­

tense. The absence of distinct marker horizons and flow stru-
, 

ctures,' however, makes the determination of the folding pat-

tern extremely difficult. In general, the foliation of the 

metavolcan1cs, as well as the contacts between the metavol­

canics and diabases dip vertically or steeply south, and 

strike predominantly northwest. Locally, however, variations 

in core angle of graphitic horizons, and chlorite sch~sts, 

as well as the tight foldins of the iron formations, indicate 

that the folding pattern ia complex, (Figure l). 
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Figure 1. Folding in an iron formation, 1,400' south­
west of the Tribag shaft. 

Armbrust, (1967), noted that primary structures, as weIl 

as the foliation of the Archean volcanlcs are generally para­

llel to the granite contact, suggesting that the granite in­

truded concordantly. In the immediate viclnity of the Bre-

ton breccia, however, the foliation of the metavolcanics does 

not appear to be related to the granite contact in any partl­

cular way, (Plate 4). The parallel orientation of the foliat-

ion of the volcanics and the breccia contact in one out-

crop suggests that at least in part, the emplacement of the 

breccia was controlled by the structure of the metavolcanics, 

(Figure 2). 
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F1gure 2. Sharp contact between the Breton brecc1a 
and the Archean metavolcan1cs. Note parallel 
orientat1on of the contact and foliation 
of volcanics. 

Economie Geology. 

The Batchawana area conta1ns copper deposits of three 

types, (G1b11n, 1966): 

1. Brecc1a P1pe Depos1ts, located on the Tribag proper­

ty, are cavity-fill1ng deposits contain1ng chalcopyr1te as 

the principal ore m1neral. Molybden1te, galena and spha­

ler1te occur 1n minor quant1t1es. The brecc1as are sim1lar 

1n character, and each is regarded as contain1ng potential 

ore bod1es. Of these, only the Breton brecc1a 1s currently 

1n production. 
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2~ Copper deposlts ln the Xeweenawan Serles are ex­

plolted bl" the Coppercorp Mine ot Sherldan Geopb:yslcs Llmited; 

located on the orlglnal Montrea1 Minlng Company Sand Bal" Lo­

catlon." The deposlts are tlssure-t1l11ng calcite-quartz 

velns controlled bl" taults parallel and transverse to the 

Xeweenawan serles~' The prlnclpal mineral ls chalcocl te',' w1 th 

minor quantltles ot born1te,' chalcopyrlte and natlve copper. 

The Keweenawan volûanlcs also contaln minor amounts ot 

na tl ve copper ln trapental tlow tops and ln 8lIIl'sdules, but 

these have not proved to be economic so tar~ 

3.' A porphyrl" copper type of deposlt bas been outllned 

on the Jogran property, west ot Mamalnse Lake.' I~ conslsts 

ot minor quantltles ot dlsseminated chalcopyrlte and molybde­

ni te ln a quartz and teldspar porphn7 stock.' . 

The average grade of the deposlt ls too low to be economlc 

at present .. 

In addltlon to the copper deposltsi the Batchawana area 

contalne a number of lron formatlons assoclated with the 

Arohean metavolcanics. Several uranium showlngs oocur ln the 

north part of the area, near the shore ot Lake Superlor. None 

of these deposlts bave proved to be of economic proportlons 

so far.' 
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GEOLOGY OP THE MINE ABEA 

The propert1' of the Tribag Mining Comp&Jl7 Limited lies 

&1ong the north contact of the northeast-trending greenstone 

be1t. (Piate 2); The contact between these Archean rocks 

and the granites to the north trends in a NSooE to N600E 

direction. and bisects the propert1' into equal parts. The 

area under considerat1on straddles the contact. and occupies 

the central part of the propertY'* ~ 

The oldest rocks in the area are steepl1'-dipping meta­

volcanics with minor interbedded 1ron formations. Intrusi-

ve into them are irregularl1' distr1 buted masses of (Mama1nse) 

diabase and gabbro;' 10c&111' grading into diorites. These are 

cut b1' batho1ith1c masses of gran1tes in the north. The grani­

tes are in turn eut b1' Keweenawan d1abases. and relsic d;rkes. 

Irregularl1' distr1buted along the gran1te contact are four 

breccia bodies which contain fragments of all the above-noted 

rocks. The 1'oungest conso11dated rock in the ares 1s the 

amygdaloidal d1'ke wh1ch cuts the Breton breccia. 

PETBOLOGY. 

Metavo1canics. 

The metavo1can1cs in the mine area are mafic rocks, dark 

green in co1our, aphan1t1c to fine gra1ned. and generall1' 

* The base 1ine of the mine grid s1'stëm str1kes N60 0E. roughl1' 
parallel to the granite contact. Al1 mine maps and sections 
included in this thes1s are base on th1s grid. It should'be 
DOted that the grid north l1es 300 west of true Dorth. 
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massive to sl1ghtly fol1ated. P1110w structures are rare, 

and have been observed in only few outcrops, part1cularly 

half-way between the Breton and East brecc1as. 

In the field, the metavolcanics are character1zed by 

extensive ep1dote al terat1 on,' wh1ch forma streaks and patches, 

and pecul1ar rounded structures, up t·o 10 mm in diameter. 

These neyesn commonly conta in specks of chalcopyrite w1th 

associated carbonate,' and may represent remnants of amygdul-

es. 

In most th1n sections foliation of the rock 1s marked 

by sub-parallel orientation of hornblende sbreds, which make 

up about 60 per cent of the rock. The hornblende grains, part-

11' al tered to chlori te, average 0.2 mm in length, rarel1' ex­

ceeding 0.5 mm, except in sheared phases, where they form 

coarse, euhedral c17stals. The pleocbroism of the hornblen­

de 1s X = yellowish green, Y = pale green,' and Z = dark green. 

Plagioclase. compris1ng about 30 per cent of the rock, 1s 

present in fine, anhedral grains, rarel1' forming subhedral 

laths. It 1s partly replaced b1' ser1cite,' and 1ts .compos1-

t10n could not be determ1ned. In coarser gra1ned phases of 

the rock indistinct ophitic texture Dlay somet1mes be observed 

in th1n sections as well as in band specimens. In these cases 

the metavolcanics can be d1st1ngu1shed trom d1abase onl1' if 

p1110w structures are present. 

Fine gra1ned epidote 1s distr1buted throughout the rock, 

forming streaks parallel to the preferred orientation of the 
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amph1bole~ Minor secondary quartz and calcite .ith 88soc1-

ated·fine grains of magnetite are usually concentrated near 

late quartz stringers. 

Several sheared tutfaceous layers have been noted by 

the wri ter north of the East brecc1a. The tuf'fs average six 

to seven feet in thickness. and can be traced over severaI 

hundreds ot feet. 

Iron Formation. 

Although iron formations are common in the Batcbawana 

area, only one small remnant has been f'ound 1n the v1c1n1 ty of' 

the breccias. It occurs about 1,400 feet south.est of' the 

shatt in contact with granite. The iron f'ormation 1s h1gb1y 

f'o1ded, (Figure 1), and consists of' beds of' magnet1te averag1Dg 

o.S 1nches in width, 1nterlayered w1th thicker beds of' cherty 

rock. It bas not been studied under the microscope. 

Granite. 

In the mine area, the granite 1s a pale grey rock. gr.ad1Dg 

to pink, and locally salmon-red, (F1gure :3). The rock bas a 

medium grained. hypidiomorphic granular texture w1 th local. por­

phyritic phases characterized by medium to coarse, round, ~ 

hedral grains of' quartz, which range in size up to 6 lIIID. 

Microscopie e:z:am1nation of' f'itteen thin sections sho.ed 

a considerable range 1n the relative amounts of' the rock­

f'orming mineraIs, (Table 2). The main const1tuentà are pla­

gioclase and quartz. Microcline 1s present only in some 

specimens. In the vic1nity. of' the mine, biotite was the only 
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Figure 3. Granite near the shaft on the 1,050 level. 

Figure 4. Granite, plane light, x4. 
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prim&.r7 ferromasnesia.n mineraJ.~ Epidote and sphene are 

accesso17 m1Derals~ Traces of disseminated p,-rite occU%' 

locaJ.lJ'. 

PlagioclaSe. t7Il1versa1 stage determ1natioDS of the 

anorthite content ind1cate an average composition o.f ADl.2 to 

Anl.) ~ The plagioclase gra1ns are anhedral to subhedral. show 

well developed albite and carlsbad tw1ml1ng. and range in s1ze 

from O~S to ,. lDIl. An 1nterest1ng future of the plag10clase 

is the high sericite alteration concentrated 1n the central 

part of' the grains. Along the rima the seric1te ia absent. 

leaving distinct rima of clear,' white plagioclase. Armbrust. 

(1967). noted that the anorthite content of the rima shows a 

decrease to An2. 

Quartz occurs interst1tial1J' between the plagioclase 

c17sta1s as anhedral grains ranging in size from 0.1 mm to 

S mm 1n d1ameter~~ A few of 'these show unclulato17 ext1nction. 

Mi crocl ine.' .hen. present, occurs in.terst1t1allJ' between 

euhedral plag10clase c17sta1s~' Gra1ns range 1n s1ze from 0.20 

ta 2 mm,' and. are eas11J' ident1f1able bJ' t)'p1ca1 twinn.1ng.' 

(F1gure S). 

Biotite occurs as shreds and subhedral c17stals rang-

1ng 1n s1ze trom 0.1 ta 2 mm.' The m1nera! 1s stronglJ' pleo­

chro1é" w1 th a formula X - J'ell01l,' and Y = Z - redd1sh brown.. 

In all spec1mens the b10tite 1s partlJ' replaced by cblor1te 

wh1ch shows an anomal.ous blue 1n.ter:terence colour. 
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Table 2è" 

Modal Analyses of Granite 

2865 ...L. ~ !.Q.L !Q.L !.Q.l.. 104 !Q.L 106 lQL 108 !.9.9-.. 

Quartz 35.'3 36';5 32'~;0 19.3 29."2 38."0 22.1 28.6 25.8 22.0 31 .. 1 24.9 

Plagioclase 49.7 49.6 48 .. 5 46~9 57.7 51.1 59.'2 59.3 55.7 59.4 50.1 73.6 

K-fe1dspar • 9;2 7 .. 4 11.2 20.'2 4.'3 8-.0 6 4.7 12.2 15.0 15.1 

Biotite 2.'0 2.-4 ----, 10.4 9;;5 4.'3 7.6 6.1 6.0 3.2 ,3.5 0.'7 

Chlorite 2.4 1.6 8.'0' 

Epidote 1.0 2.5 2.'8 3.6 2.3 1.8 0.9 0.2 1 ----
, \i» 

Pyrite 0.'4 0.'4 0.7 0.4 0 .. 3 0.2 0.2 0."1 ... ---- 1 

Note: Modal analyses of samp1es 2865~' 6-. and 469 were done by the writer. 

Modal analyses of samp1es 101 to 109.' inclusive, are by Armbrus, (1967). 

Samp1e locations are entered in Table l in the Appendix. 
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Figure 5. Microcline in the Tribag granite: 
X-nicols, x4. 

Red Alteration of the Granite. The red colour of the gra-

nite is restricted to the immediate vicinity of fractures, 

(Figure 3). Near the mine, where fractures are abundant, the 

red alteration halos coalesce, and the granite is uniformly red 

in colour. Numerous outcrops of red granite have also been 

noted, however, at considerable distances from the Breton 

breccia, and it is doubtful that the colour could be used as a 

guide in exploration for breccia pipes. 

Microscopie examination of the granite shows that the 

red colour is due to staining of the plagioclase grains by 

hematite, which is restricted to the centres of the grains, 

leaving the rims clear, (Figures 6 and 7). Microcline has not 

been affected by the hematite alteration. 

Armbrust, (1967), believes that the clouding of the plagio-

clases occurred during regional metamorphism of the granite, 
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Figure 6. Granite with red, hematite alteration 
of plagioclase. Note clear, narrow r1ms 
of the plagioclase grains. Plane light, x 7. 

Figure 7. Granite, same as in Figure 6, but with 
crossed nicols, x 7. 
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and tbat the iron was treed during the breakdown ot pr1ma%7 

terromagnesian JD1nerals'.' 

The tact tbat the red alteration is restricted to the 

vicin1ty ot tractures,however,suggests an external rather than 

an internal source ot the irone 

Classitication ot Granite. Modal analyses ot the granite 

are given in Table 2. C.I.P.W. norma and complete cheJD1cal 

analyses are shown in Tables :3 and 4. respectively. 

The gran1 te is JD1neralogioally and chemically similar to 

trondhjem1te, and has been so olassified by Armburst, (1967), 

on the basis of teldspar ratios.' 

Q 

or 
ab 
an 
C 
mt 
en 
ts 
il 
co 
py 

Table :; 

C.I.P.W. Norms ot Granite 
(in weight per oent) 

.. 

2865 2868 -
)6.1 25.2 
14.5 14.0 
)1.0 48.'0 
10.0 ).5 
).8 2.8 
0.6 o.') 
1.8 ).0 
1.2 1.6 
0.4 0.4 
0.4 1.0 
O.) O.) 

2865 - Grey, tresh granite, (1,200 level near shatt) 

2868 - Bed, tresh granite, (DDR V-JO • 700 1 ; 10,800E) 
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Table 'J. 
Chem1oal. ArJallses of Gran! te 

-.- - . - ."- - ~ ...... 
2868 2865 8-1 TroD4hjem1te - -

SlO2 71.0 % 74.0 % 68.0 % 69.30 % 
Al203 15.2 15.4 13.'9 16.81 
Fe203 0.')1 0.50 0.03 0.28 
FeO 1.48 1.35 3.45 1.26 
»gO 1~09 0.62 3.'16 1.'08 
CaO 1.22 2.25 0.68 3.30 
Na20 5.32 3.45 0.16 6.00 
1:20 2.35 2.-45 6.02 1.39 
H20 + 0.48 0.84 2.65 0.50 
~O- 0.18 0.12 1.27 ----
C02 0.35 0.15 0.02 0.15 
Tl0 0.26 0.27 0.17 0.23 
P205 0.'06 0.06 0.10 0.03 
S 0.10 0.12 0.)6 

0;:04 
.---~--_. 

MIlO O.Ol 0.03 Tr 
Total. 99.43 101.61 100.41 100.37 
Ba 300 ppm 800 ppm 200 ppm 
Sr 200 600 30 
Cr 10 20 10 
Co 20- 40 30 
Nl 60 40 20 
Cu 800 200 800 
Pb 10 10 10 
Zn 100 100- 100 
Ag 2 2 5 
Sn 10 lO- lO 
Ho 20- 20- 200 
Ga 30 40 30 
V 50 50 50 
Zr 200 100 100 
B.G. 2.63 2.65 2.63 

2868 - Red, fresh granite, (DDR. V-30 • 700'; 10,800E) 
2865 - Gre7, tresh gr.anlte, (1,200 1evel, near shatt) 

• L1 - Highl7 altered gr.anlte. (DDH. V-32 • 500'; 10,900E) 
Trondhjemite - TroDdhjem.' NOrw&7, (Turner and Verhoogen, 1960) 
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Diabase. 

Three diabase dy1ces occur in the irr~ediate vicinity of 

the mine, (Plate 4). The dykes are pre-breccla in age, and 

their fragments are contained in the breccia pipe. 

One of the dykes occurs 320 feet east of the shaft, and 

is found on every level of the mine. It strikes 1';30°\.;, dips 

unifoI'Dlly 80° west, and has an average thickness of 40 feet. 

Its contact with the breccia is gradational, and near IDinerali-

zed zones is cut by fractures, filled by pyrite and chaicopyri-

te (Figure 8). 

Figure 8. Diabase dyke in contact with breccla on 
the 625 level. Note the transition from 
fractured to brecciated diabase. 

The second dyke outcrops 1,150 feet east of the shaft, 

where it attalns a width of 130 feet. The dyke strlkes 

;':30°:1, and is c"J.t sharply by the eastern extremlty of the 
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brecc1a. 

The th1rd dyke outcrops 150 feet north of the shaft. 

It str1kes N45°E, d1ps steeply to the south, ~nd 1s cut by 

the central part of the brecc1a. 

The dia base dykes are dark f!rey in colour, medium 

gra1ned, and have a weIl def1ned oph1tic texture. The rock 

1s generally massive and fresh, and shm·rs distinct ch1lled 

marglns. It consists of 50 per cent plagioclase, 25 to 30 

per cent augite, partly altered to hornblende, and occasional 

grains of quartz and blot1 te. The plagioclase forIns 'l'lell-twin­

ned., euhed.ral and subhedral 18.ths, averaging two millimeters 

in length. V-stage measurements indicated a range in com­

position from An46 to An52. The augite occurs Interstitially 

Figure 9. Diabase, crossed nicols, x4. 
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between the plagioclase grains~' It is common17 twirmed. 

and bas an extinction &Dgle ot cAZ • SOo. 

Pe1sic Intrusivest 

Pe1sio d7kes are wide17 distributed in the entire Bat­

cbawana area.' In the vicin1t7 ot the mine. a number ot te1sic 

d7]tes have been eneountered in diamond dr111ing. but on17 a 

tew bave been noted in outo~ps.. The te1sic d7kes eut the 

gran1 te and diabases.· and their tragments are tound wi thin 

the breecia pipes';: The d7kes range in width trom a tew inches 

to s&veral teet. 

Al1 ot these d7kes are pink inco1our. but show a wide 

range in tuture and composition. A petrogrographic stud7 ot 

these rocks to permit deta11ed, comparison with the te1sites 

tbat eut the Xeweenawan series. and with the mineralized por­

phJ'r7 stock on the Jogran propert7. would be a worth whi1e 

project .. :At this time on17 briet descriptions ot the tbree most 

common rock types will be presented. 

1. Palsites are pink. aphan1tic. s1l1ceous rocks. con­

sist1ng predominant17 ot plagioclase and quartz. with 1esser 

amounts ot potash te1dspar. and minor chlorite and epidote. 

The te1s1tes are JDOst17 equ1granular. but p1agioolase and 

quartz show a tendeno7 to torm coarser grains. thus provid1ng 

a complete range trom tels1tes to telsoph)"res. As w1th the 

granite,' the p1nk colour ot these rocks is the result ot 

stain1ng ot the te1dspars b7 tine hematite. 
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2. Pelsophitres are more abundant tban tels1tes. On 

the basis ot ·the oompos1t1on ot the phenoor,rsta, taree main 

types are d1st1ngu1shed. !hese are quartz talsoph7res. 

teldspar telsopb7res, and quartz-teldapar telsoPh7res. (11-

gures 10 and 11). The phenoor,rsts. are embedded in an aphs-' 

D1tio matri% whioh is oomposed ot appro%1mate17 equal amounts 

ot quartz and teldspar, ri th minor biotite and epidote. 

Plagioolase phenoor,rsts are most17 euhedral, ~d range 

1n s1ze up to 7 or 8 millimeters. In soma d7kes the7 show 

distinot osoillator,r zoning rith·the oomposit1on ranging trom 

An20 to An4.5, (ligure 11). Quartz torma anhedral. rounded 

phenocr,rsts, averaging 2 millimaters 1n diameter. The tal­

sOPh7res, as well as the telsites. oommon17 ~ontain up to 10 

per oent tine17 d1àseminated P7rite, and traoes ot magnet1te. 

Table .5 shows a comparison ot the ohemical oompos1tions 

ot a quartz-taldspar telsophyre and a composite sample 

ot talsites oolleoted trom various locat1ons 1n the Xewee­

nawan series. The telsophyre has a lower sili08 content, and 

is higher 1n .Al20" FeO, )l'gO, CaO, as well as in Na20, and 

K20• Oonsidering the great varièt7 ot the talsio1ntrusives 

in the Batohawana area, however. ~a great number ot· ohem1-oal 

anal7ses would be required before sign1ticant oomparisons of 

the various rook types oould be made. 

3. Aplite. Severa! aplitio d7kes,.averaging a te. in­

ches 1n width have been noted in diamond drilling. The ap­

lites are pink, and ditter trom the falsites and felsophyres 
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Figure 10. Feldspar felsophyre, plane light, x 4. 

Figure 11. Zoned plagioclase in a quartz-fe1dspar 
fe1sophyre; crossed nicols, x 7. 



Table 5. 
-

Chemical Anallses of a Po~hYrl Dlke 
and Keweenawan Fe1s1tes. 

Porphyry Keweenawan 
Dyke Fe1s1tes 

(2878) 

8102 71.0 % 77.50 % 

Al. 20 3 15.'2 13.'46 

Fe203 0.'64 0.58 

FeO 1~'58 0.82 

MgO 1~49 0.01 

CaO 0.78 1.05 

Na20 3.55 0.50 

~O 5.88 2.82 

H20+ 0.66 2.90 

~O- 0.11 0.40 

602 0'.30 0."70 

T102 0.18 0.09 

P205 0'~'07 0.04 

8 0.31 

MllO 0.03 0.06 

Total 100.88 100."93 

2878 - Porphyry dyke from dr111 ho1e v-65. at 295.0'. 
Locat1on: 12,300E, 10 ,'460N, (Plate 4). 

Keweenawan Fels1tes - A compos1te sample of fels1tes 
taken from 6 locat1ons near the shore of Lake 
8uper1or, (Thompson, 1953). 
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b7 a coarser, typ1cal1y s1lgary tuture. No th1n sections 

of these rocks have bean preparedo 

Compos1 te Dlkes. 

Two remarkable dykes occur in the 1mmed1ate v1c1n1ty 

of the Breton brecc1a. They are paral1e1 in attitude, and 

occur 900 feet and 1,lS0 feet east of the shaft, respect1ve-

11'. The dyltes str1ke msow, and d1p Uniformly at SOo west. 

They have been traced by d1amond dr1111ng over a strike 

1ength of 1,300 feet, and to a depth of 1,200 feet. 

Bach of the dykes 1s composed of a pink, s111ceous 

member sandwiched between two 1dent1cal, mafic dykes. The 

composite width of the dykes averages 20 feet, w1th the 1nner 

part ranging from a few 1nches to 8 feet. In several places 

the fels1c dyke cuts across the upper maf1c dyke, and extends 

over a 11m1ted distance as a separate single dyke. 

The contact between the central and outer dykes 1s sharp 

but not ch1l1ed. On the 1,200 leve1 the fels1c dyke conta1ns 

a number of rounded xeno11ths of the maf1c dyke, wh1ch 

average ~- 4 inches in d1ameter. 

The central dyke 1s a quartz porphyry cons1st1ng of rounded, 

anhedral quartz phenocrysts and anhedral green spots 

embedded in an aphan1t1c matr1x. Onder the Ddcrosc~pe, the 

matr1x 1s seen to be composed ot approx1mately 60 per cent 

feldspar, ma1nly plagioclase with minor potash teldspar. and 

of 40 per cent quartz, with approx1mate1y 2 - 3 per cent chlor1te 

show1ng anomalous b1ue 1nterference colours. The green spots 
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represent clusters of fine ep1dote crystals. The rock 

conta1ns 2 - 3 per cent of d1sseminated pyrite. 

The outer, matie dykes show a well developed oph1t1c 

texture, with narrow laths ot plagioclase averag1ng 3 mill1-

maters in length, and rang1ng in composition from An48 to AnSO. 

Interst1t1al to the plagioclase is fine, green amphibole, 

almost completely altered to chlor1te, and minor amounts of 

biotite and quartz. The rock 1s stronslY magnet1c, conta1n1ng 

10 - 12 per cent fine magnet1 te grains. It 1s -.gascop1cally 

dist1ngu1shablefrom other d1abases by peculiar, fine, rounded 

grains ot a redd1sh mineral, wh1ch occurs sparsely, but 
.. 

cons1stently throughout the rock, at an average fret(Uency of 

tbree to tour grains in one square foot •. They were not found 

in thin sect1ons.-

~kes of th1s type are usually regarded as products of a 

mu1 t1ple intrusion of two or. more magmas, or as a resul t ot a 

separation of two magmas in place, e1ther by the processes of 

different1at1on or by liqu1d 1mm1sc1b11ity. The cross-cutting 

relat10nshipa between the outer and inner members of ·the dyke, 

as well as the occurrence of xenol1ths of the maf1c dyke 

in the central, fels1c member clearly 1nd1eate that the 1n­

div1dual dykes _ere 1ntruded in succession, and that the 

central dyke 1s younger. The remarkable spatial relat1on­

ship of the two rock types can best be expla1ned by postu­

lat1ng that the intrusion of the younger dyke was controlled 

~ a zone of weaknees in the central part of the maf1c dyke. 
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Figure 12. Composite Dyke; outer, mafie member. 
Plane 1ight, x7. 

Figure 13. Composite Dyke; inner, fe1sic member. 
Pla.ne 1ight, x7. 



- 45 -

Such a zone could have been present in the torm ot the un­

conao11dated core ot the bas1c dyke wh1ch .as st1ll 1n the 

process ot coo11ng at the t1me ot the 1ntrus10n ot the tel­

s1c dyke. Th1s would account tor the absence ot ch1lled marg-

1na ln the younger dyke. 

One ot the problems concern1ng the or1gln ot dykes ot 

th1s type, 1s the genet1c relatlonsh1p ot the two types ot 

magma whlch 1ntruded lnto the same tracture wlthln a relat1-

vely short perlod pt t1me. Two vlews are generally advanced. 

Accord1ng to one, both rock types are dltterent1ates ot a 

slngle parent magma. The oppos1ng v1ew 1s that the two· rock 

types are the products ot two entlrely separate magma chambers 

wh1ch exlsted at approxlmately the same tlme. In the case of 

the composlte dykesdescrlbed here, the second theory has more 

merlt. cons1derlng that lt ls 1UÜ1kely that one magma could 

dlfferent1ate lnto two chemically entlrely dlfferent rock 

types wlthln a short perlod of tlme. (Table 6). 

The composlte dykes provlde eas1ly recognlzeable markers 

trom whlch the pos1tlon of thelr fragments wlth1n the breccla 

plpe can be used to deduce the amount and the sense of movement 

withln the breccla. Another lmportant fact ls that the dykes 

do not show any offsett1ng across the breccla plpe. These re­

latlons wlll be dlscussed ln some detall ln the last chapter 

deallng with the orlgln of the brecc1a plpe. 

Amygdaloldal Dlke. 

The &mTgdaloldal dyke ls one of the most remarkable 

geologlcal features ot the Trlbag property. The dyke strlkes 
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Table 6~1 

Chem1cal Analyses and Norms o-r the Composite Dyke;;' 

2866 287+ 2866 28'l! -
S102 51'~15 'f, 74~-7 % Q 8.2 30'.'7 
A1203 15~'6 14'~10 or 9.5 40.5 
Fe203 3'e'80 0~:20 ab 20.-0 19.5 
FeO 8.-26 1.17 an 24~'5 3.0 
MgO 5'.;.~26 o'.:j6 C 2.-1 
CaO 7-~"43 0~90 wo 5-;'4 
Na20 2.-16 2.'16 mt 4.2 0~'2 

K20 1'; .. '50 6.80 en 15 •• '2 1~'6 

H20+ 1.~50 0.-43 fs 7.5 1.1 

H20- 0.'08 0.09 11 2.8 0.2 
C02 O~10 0.125 cc 0.2 0.6 
Ti02 1.88 0.16 py 0.5 0.8 
P20S 0.01 0.-04 
S 0.16 0.04 

MnO 0.-20 0.02 
Total 99.44 101.'52 

Ba 100 4000 
Sr 600 100 
Cr 100 10 
Co 100 20 
Ni 100 60 
Cu 200 1000 
Pb 10 20 
Zn 100- 100 
Ag 1- 5 
Sn 10 10 
Mo 20- 20-
Ga 30 30 
.v 300 30 
Zr 300 200 
B.G. 2.93 2.60 

• 2866 - Matie, outer member of composite dyke 

2871 - FelS_ic, central member o-r composite dyke 
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due north, and ranges in dip from 58° to 85° west, changing 

to 60° east on the 1,200 level. It occurs on every level of 

the mine, near the shaft where it cuts the granite, (Figure 14). 

F'igure 14. Altlyp;daloldal dyke cutting the grani te 
on·the 375 level. 

and the diabase dykes, and extends to the north, cleanly 

cutting acrcss the entire breccia pipe. The dyke ranges ln 

width froru 4 to 12 feet, and has several branches that gradual1y 

narrow down ~nd plnch out a short distance from the li~in dyke. 

~ithin the breccie, the dyke cuts indiscrilliinately across 

rOCK fragments as weIl as across the quartz-carbonate uatri]. 

~he contacts are sharp, and are u~rked by distinct chilled 

iii8.rgins, pal er in colour th2Ü the central part of the dyke. 'l'he 
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chllled marg1na local17 conta1n narro. carbonate ve1nlets that 

tollo. the contact tor cons1derable d1stances~ 

The d7ke 1s cbaracter1zed by the presence ot round ..,gdu­

les rang1ng 1n d1ameter trom 1 to 12 D11111meters. The ..,gdules 

are largest.', and most abundant 1n the central part ot the d7ke. 

where they const1tute as mach as 20 per cent ot the rock. They 

cona1st ma1Dly ot calc1 te. but some are t111ed wi th a p1stach1o 

green, soft,' chlor1t1c mineral, 1dent1t1ed b7 the wr~ter as 

thur1ng1te. (8FeO .. 4(Al.Fe)2036S102.'9~0). a minera! cOJD1llOn 1n 

the Lake Super10r reg10n of Mich1gan'. 

In several places, part1cular17 on the 375 level of the 

mine. the d7ke appears to cons1st ot tbree separate 1ntrus1ons.' 

(F1gure 14). The central part 1s sta1ned red by hemat1te. and 

conta1ns abundant aDIl'gdules. The outer parts average 2 teet in 

width, are dark grey 1n colour, and conta1n relat1vely tew aDIT-, c 

gdules .h1ch are concentrated in a zone about 10 ~ches from 

the granite contact. The contacts bet.een the 1Dd1v1dual parts 

ot the d7ke are sharp and irregular. and conta1n no chllled 

margins.' 

The d7ke bas a d1st1nct oph1 t1c texture. Euhedral to 

subhedral. laths of plagioclase are enclosed by aug1te, chlo-

r1te,' and b1ot1te.' (Figure 15). The plagioclase laths range in 

length trom 0.2 to 1 mil11meters, and tJ-stage determ1nat1ons in­

d1cate an average compos1t1on of AzJ48. The d7ke 18 strongly 

magnet1c, conta1n1ng 10 per cent of fine gra1ned magnet1te gra1na. 

A modal analys1s ot the rock 1s presented 1n Table 7. 
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Figure 15. lœ,ygdaloidal dykej plane light, x4. 

l'able 7. 

l'.oda1 .imE.l~/s 18 of the .l~Lygd.alo i:1al Dylce. 

Plagioclase .............. 48.7 per cent 

AU:3" 1 te •••••••••• C •• e ••• ..;& 14,,5 :per Gent: 

Chlorite ................. 15.9 per cent 

l'.agneti te ................ 9.9 per cent 

Biotite •••••••••• e ••••••• 10.8 per cent 

In addition to the amygdules, the dyke contains coaTse, 

reddish inclusions of fe1dspar up to O!1e inch in diameter. 

No thin sections sh:)';'ling these inclusions have bee:n obse:rved 

by the l'Tri ter, but ArI:.brust, (1967, ~. 40), identified them as 

, 
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microc11ne, and suggested, that they are res1dua ~rom granite 

~ragments, ~ter resorpt1on o~ plagioclase and quartz by the 

1laf1c magma.-

T.he dyke 1s petrograph1ca11y s1m11ar to the Keweenawan 

~gdalo1da1 ~10W8 that outcrop on the east shore o~ Lake 

Superior, and probably represent one o~ the teeders. A com­

Plete chem1ca1 analys1s o~ the rock 1s presented 1n Table 8. 

This shows 1t to be s1mi1ar to the Keweenawan vo1canics except 

tor 1ts higher potash oontent. Th1s may be part1y due to 

microcl1ne inclusions ment10ned above. 

Graf Dlkes. 

A number o~ ~1ne gra1ned, grey dykes occur both ins1de as 

well as outside ot the Breton breccia. The dykes range in 

thickness ~rom a ~e. inches to over 12 teet, and cut the 

granites, loca11y enc10sing large, angular b10cks o~ the 1ntru­

ded rook, (Figures 16 and 17). Inside the brecc1a pipe, they 

appear to have squeezed their way between the rook ~ragments 

Yi thout outting aoross them. The grey dykes show 1mportant 

structural re1at1onahips with the ore zones in the Breton 

brecc1a. These will be discussed in a separate paragraph 1n 

the chapter dea11ng with economic geology. 

Hegascopi cally, the dykes resembles the ch1l1ed margina 

o~ the ~gdaloida1 dyke, and oan be distinguished trom 1t 

ônly Dy the presence ot euhedral pyr1te cubes, concentrated in 

layers in the central parts. The pyr1te cubes range in size 

trom a ~ract1on ot a ml11meter to almost one inch, and in se-
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veral places 1n the mine, part1cularly on the 625 level, 

at lO,390E, 10,215N, 1n the v1c1nity ot ore, they mate up as 

mnch as 30 per cent ot the rock. 

Under the microscope, the dykes show a great variety of 

textures and compos1t1ons. ln most th1n sect10ns the texture 

1s oph1t1c, with t1ne laths ot plag10clase and 1nterst1t1al 

ohlor1te, (F1gure 18). The laths range 1n length trom 0.1 to 

1.0 mil11meters, and show a preterred or1entat1on sub-parallel 

to the att1tude ot the dyke. Occas1onal subhedra1 plag10clase 

phenocrysts with a compos1t1on ot An70 are present 1n the rook. 

In other th1n sect1ons, the rock bas a pseudoporphyr1t1c 

texture character1zed b.J ~edral gra1ns of quartz, and clus­

ters ot f1ne ep1dote crystals, (F1gure 19). Elsewhere, par­

t1cularly on the 225 sub-level, 1n the v1c1n1ty ot late frac­

tures, the rock 1s completely chlor1t1zed, and conta1ns large 

growths of secondary quartz crystals wh1ch atta1n up to wo 

1nches 1n length. 

A complete chem1cal rock analys1s of the .grey dyke 1s 

presented 1n Table 8. The rock 1s chemically comparable to 

the amygdalo1dal dyke and to the Keweenawan amygdalo1dal flows. 

to wh1ch 1t 1s probably related. However, cons1der1ng the 

great textural and mineralog1cal var1ety 1nd1cated by microscop1c 

exam1nat1ons ot relat1vely few th1n sect1ons, an analys1s ot 

one spec1men may be mislead1ng • 
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Figure 16. 

Grey dyke intruding gra­
nite on the 1,050 level. 
Note large granite blocks 
enveloped by the dyke. 
(Photo by Giblin) 

Figure 17. 

Grey dyke intruding gra­
nite on the 1,050 level. 
Note control of the dyke 
by fractures. 
(Photo by Glb11n) 
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Figure 18. Grey dyke; ophlt1c texture w1th paral1el 
orientation of plagioclase laths, and pla­
giocla.se phenocrysts; plane l:1.ght, x lf.t:,. 

~':Le11~(~ J,9. G!'CY d.yl:e; pseudopo!'phYl~i t:i.c tc.::tu:r<: :i'i ":;ll 
grains of seconde.r;;T quert~; 
;>lane 118ht, x 7. 
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Table 8: 

Chem1ea1 Anallses of AmygdB101ds and 
Grey Dykë~ 

A:mygdaldl1da1 Amygda10 1dal Amygdalo1da1 Grey 
Dyke Vole. Vole. Dyke 

(2869) (2870) 
B102 48.3 % 41'.'94 % 41.62 % 47~'1 % 
Al203 17.0 17.33 12~44 15.9 
Fe203 3.43 2.87 10.82 3.00 
FeO 5.55 6.28 2.51 8.14 
MgO 2.16 5.40 4.55 5.06 
CaO 7.57 9.76 9.'74 8.24 
Na20 3.18 3.79 4.48 1~83 

K20 5.24 0.75 1.05 1.62 
H20+ 1.86 4.24 2.37 3.26 

H20- 0.42 0.35 0.'35 0~1.9 '>' 

C02 4.25 5.'41 7.25 3.24 
T102 1.'51 2·~30 2.06 2.14 

P205 0.32 0.23 0.'23 0.01 
s 0'.11 0.26 
MnO 0.13 0.48 0~24 0.17 
Total 101~03 101.13 99.71 100.10 

Ba 2000 ppm6 300 ppm 300 ppm 
Br 1000 500 
Cr 10 50 
Co 100 100 
N1 60 100 
Cu 200 200 ppm 100 ppm 200 
Pb 10 10 
Zn 100 100 
Ag 2 I-
Bn lO- lO 
Mo 20- 20-
Ga 20 30 
V 400 300 
Zr 200 300 
B.G • 2.76 2.83 

• Anal7ses of the ~gdal01dal volcan1csI Thompson, (19S3)~o 
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GEOLOGY OF THE BBE'.OOB BBECCU. 

Structure. 

The Breton brecc1a 1s a heterogeneous mixture of a var1ety 

of rock fragments embedded in a matr1x composed pr1mar1ly of 

coarsely crystal11ne quartz and carbonate. It:- forma a p1pe­

l1ke body, underly1ng an area l,3S0 feet in length, w1th an 

average w1dth of 2S0 feet. Its outl1ne in horizontal sections 

ohanges from an elongated oval on the surface to a more o1rcular 

outl1ne on the 1,200 level, (Plate S). The depth of the brecc1a 

1s unknown. It has been encountered to a depth of at least 

1,600 feet~ and the oompar1son of the surfaoe plan area, 

(340,000 square feet), with the ares_ on the bottom level, 

(3S0,OOO square teet), does not 1nd1cate bottoming out. 

Desp1te the relat1vely large amount of surface and under­

ground dr1111ng, the exact shape of the brecc1a 1s not well 

known. Al though 1 ts full l1m1 ts appear to have been determin­

ed on the surface and on the bottom level, severa! 1rregula­

r1t1es in 1ts shape suggest that at soma horizons the brecc1a 

may extend over greater areae t~~ 18 presently known. 

The most prom1nent of these 1rregular1 t1es 1s an appa-

rent "protrus1on" of the brecc1a to the south, as 1nd1cated by 

undergroun4 dr1ll1ng on sections 10,SSOE, and 10,600E. (Plate 4)~ 

The east-west extent ot this protrus1on 1s yet to bee'determin­

ed. A second, and equally s1gn1f1cant 1rregular1ty 1s the 

widen1ng of the brecc1a to the north, 1nd1cated on section 

10,BOOE. It 1s not yet known whether th1s 1s due to the tlatt-
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ening of the north contact. or to repetition of the breccia by 

faulting. 

Several huge. massive granite fragments are present 

within the breccia boundaries. The largest of these occurs 

between the 625 and 750 levels in the eastern part of the 

breccia, (Plate 26). It is conceivable that other similar 

fragments are present, and that they are being mistaken for 

the massive granite wall rock. Such misinterpretation could 

lead to underestimating of the extent of the breccia in places, 

but major changes in the size and shape of the breccia by 

future development are doubtful. 

A second breccia body occurs at a distance of 400 feet 

east slong the str1ke of the Breton breccia. The two breccias 

are petrologically similar, and it is possible that the y are 

connected at depth. 

Composition of Fragments. 

The fragments are composed of rocks found ip the immediate 

vicinity of the breccia. In order of abundance, the fragments 

res, and pieces of the composite dykes. No fragments foreign 

to the area have been observed e 

Single fragments may, however, be composed of more than 

one rock type. Fragments of this type are usua11y composed 

of granite eut by diabase or felsite dykes, or of breccias 

made up of fragments of diabase or mafic metavolcanics embedded 

in a fels1te or granite, (Figure 31). These are described 
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as "pr1mary breccia", and are thought to have been der1ved 

rrom brecciated contact zones. 

Distribution or Fragments. 

In gener81, the predominance of fragments of a particular 

rock type reflects the nature of the massive wall rock. Thus, 

in the east where the breccia cuts across maf1c metavolcan1cs 

and d1abases, the fragments are predominantly maf1c. Corres­

pond1ngly, in the central and western part of the brecc1a gra­

n1t1c fragments predominate. 

In the central part of the brecc1a to a depth of about 350 

feet, however, most fragments are mafic. This suggests that 

the fragments have been der1ved from mafic metavolcanics which 

overlay the granite pr10r to brecc1at1on, and wh1ch subsequently 

slumped down to their present position. 

An important feature of the brecc1a 1s the relatively 

high proportion of felsit1c and felsophyr1c fragments. The 

wr1ter est1mates that these felsic rocks form o~~y a fraction 

or one per cent or 811 the outcrops on the Tr1bag property. 

ïet, w1thin the brecc1a, fragments of these rocks amount to at 

least 5 per cent, and loc81ly may even predomina te over fragments 

of 811 other rock types comb1ned. 

Although these generalizat10n apply on a large scale, 

local1y the distribution or rragments of var10us rock types 

may be erra tic. Thus, ror example, in several places where 

the brecc1a 1s in contact with massive granite, the fragments 

are predominantly d1abasic, (Figure 20). Instances of the 
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reverse re1at1onsh1p have &1so been observed, part1cularly 

on the 375 level. 

Figure 20. North brecc1a contact. Note predominance 
ot d1abas1c tragments opposite a granit1c 
wall rock. 

Bize ot Fragments. 

The tragments range in s1ze trom a te. mill1meters to about 

20 teet. The commonest s1zes are between three 1nches and three 

teet. Bevera! tragments, measur1ng over 100 teet, are present, 

but te., 1t &DY, occur in the 20 to 100 toot range. 

An 1nterest1ng teature ot the brecc1a 1s the absence ot 
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reverse relationship have also been observed, particularly 

on the 375 level. 

Figure 20. North breccia contact. Note predominance 
of diabasic fragments opposite a granitic 
wall rock. 

Size of Fragments. 

The fragments range in size from a few m:tl1imeters to about 

20 feet. The commonest sizes are between three inches and three 

feet. Several fragments, measuring over 100 feet, are present, 

but few, if any, occur in the 20 to 100 foot rangea 

An interesting feature of the breccia is the absence of 
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comminuted material. This hes important implications in 

relation to the origin of the breccia. 

Small fragments averaging two or three inches in diameter 

predominate in the east part of the breccia, and in the central 

part, to a depth of about 350 feet. There appears to be no co­

rrelation between size and composition or distance from the oUt­

er boundaries. 

Known ore zones are all associated with relatively fine 

fragments, whereas the weakly mlneralized parts of the breccia 

are characterized by coarse fragmentation. In zones of sulphide 

mineralization, the footwall contacts between the fine and coa­

rse phases of fragmentation are usually gradationsl. and the 

hanging wall contacts are sharp, (Figure 29). 

It should be emphasized, however, that although these 

sorting patterns are readily recognizeeble, the degree of sort­

ing is generally poor. Zones of fine brecciation invariably 

contain some large fragaents, (Figure 26), and in the coarser 

phases, large fragments may be separated by fragments of much 

smaller size. 

Shapes of Fragments. 

Regardless of their size, the majority of fiDgments are 

higbly angular, with only a small proportion showing slight 

rounding of corners, (Figure 43). The shapes of the fragments 

as seen in two dimensions i~ the underground workings are 

irregularly rectangular or triangular. Elongated t slab-like 

fragments are common. These generally show a parallel orienta-
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tion, and their attitude is mostly horizontal or gently 

dipping, (Figure 32). 

Yatrix. 

The matrix of the breccia is composed main1y of quartz 

and calcite, with minor amounts of dolomite, fluorite and 

laumontite, with traces of biotite. The total amount of these 

matrix minerals ranges from less than 5 per cent to over 90 per 

cent of the breccia, averaglng an estimated 15 per cent of the 

rock. The abundance of the matrix is directly proportional to 

the amount of sulphide minera~ization, and has been carefully 

noted in underground mapping, and in diamond dr1ll logs. 

The matrix is generally coarsè grained and vuggy, part1-

cularly in the vicinity of ore, (Figure 21). The vugs are 

usually a few inches in diameter, although larger ones, measur­

ing several feet are not exceptional. These are commonly l1ned 

with well-formed crystals of quartz, calcite, and occâsional 

fluorite. 

The boundaries between the matrix and the rock fragments 

are mostly sharp, and the shapes of the fragments are clearly 

dis tingu1shabl e. In areas of'coarse brecciation, where little 

movement of the fragments has taken place, major irregula­

rities in the walls of the fragments can be matched with those 

in the adjacent fragments. Matching of finer irregularities 

in detail, however, is not always possible. This led to the 

sUggestion that partial replacement of the rock fragments by 

the quartz present in the matr1x has taken place. ~dcroscopic 
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F1guré 21. Mineral1zed breee1a with eoarse, VUSgy 
matr1x. 750 level, at lO,650E, lO,305N. 

exam1nat1on ot t1nely breeeiated rock eonf1rmed this, but the 

amount or replacement is very minore 

Quartz. In the matr1x, quartz 1s by far the most common 

mineral. It 1s est1mated that 1t predominates over calc1te 

by a rat10 ot 20:1. Local var1at1ons of the relative proport1-

ons of the~e two m1nerals are considerable, but do not appear 

to have any s1gn1ficance w1th regard to sulph1de minera11zat1on. 
. . 

Several generations 'of quartz are elearly d1st1ngu1shable 

1n band spec1mens. 

1. The oldest quartz oceurs in narro. str1ngers'wh1ch 

cut the granites and d1abases, and obviously pre-dates br~e-: 

c1at1on. The quartz is milky white 1n colour, but may be
i 
fa1nt-

, 

ly sta1ned blue by the presence of f1nely d1sseminated 
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molybdeni te. 

2. Clear, coarsely crystalline quartz ~orms the bulk o~ 

the breccia matrix. Here one finds intricately intergrown 

crystals o~ qua~tz up to ~our or ~ive inches in length intima­

tely associated with sulphides. Per~ect crystals are o~ten 

~ound in vugs in whioh the y developed to an almost optical 

quality. 

3. Fine, white, milky quartz is ~ound locally in the ~orm 

o~ a thin, (i - 1 mm), coating on orystals o~ sulphides, as well 

as on crystals o~ older quartz. 

Late, qu:artz occurs also in narrow stringers which cut aoross 

the ~ragments, as well as across the matrix o~ the breccia, 

(Figure :30). 

Caloite. Caloite is mostly white or pale pink, and rare­

ly clear. It is later than the second generation o~ quartz, 

and was probably introduced before the quartz of the third 

generation, and at the same time as chalcopyrite. Well-form~ 

ed crystals of clear calcite are often ~ound to contain, as 

well as to be coated by t1ny: euhedral 'sphenoid~ ... o~ chaloo­

pyrite, and fine pyrite cubes. 

A second generation of calcite occurs in late veins which 

cut across the breccia fragments. These have been observed 

on the 900 and 1,050 levels, in the north-central part o~ the 

breccia, (Figure 22). The veins are several inches thick, 

and characteristically conta in yellow sphalerite, schalenblende. 

gal ena , and minor chalcopyrite. 
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·P1gure 22. Late carbonate 
ve1n cuttiDg steePl7 aoross 
the bre.1a on the 1,050 
1eve1": 8ca1e 1s 6 inches 
10118. (Photo b7 Xoslt1 ta10) 

Do1911 te. Do10mi te was 1dent1t1ecl b7 the -.ri ter b7 

X-r&7 41ttractomet!tr in one drill oore speo1JDen, aM 18 ter 

notecl iD .eyera1 p1aoes in the JD1De .0rk1nss;" !rhe m1neral 

1s tound in the matri% in assooiat1on with caloite, trom 

wh10h 1 t oan be 8&s117 d1st1DgU1shed b7 ditterent1al etohiM 
" 1 ! 

ri th iQ'droohl.or10 ao1d. !rhe do1omi te 1. oharaoter1zed b7 

a botr,ro1dal struoture vith oonoentr1c 1a7erB rang1ng if °f-
" /-

10ur troll phe gre7ish 78110. to brown and green. The üneral. 

18 c1ear1y 1ater than the second gener.at1on ot quartz, but 
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Figure 22. Late carbonate 
vein cutti~g steeply across 
the breccia on the 1,050 
level. Scale is 6 inches 
long. (Photo by Koskitalo) 

Dolomite. Dolomite was identified by the writer by 

X-ray diffractometer in one drill core specimen, and lster 

noted in several places in the mine workings. The mineraI 

is found in the matrix in association v·ïi th calei te, from 

which it can be easily distinguished by differential etching 

with hydrochloric acid. The dolomite is characterlzed by 

a botryoidal structure with concentric layers ranging in 00-

lour from pale greyish yellow to brown and green. The mineraI 

ls clearly later than the second generatlon of quartz, but 
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lts age relatlonshlp ~th the calc1te 1s uncerta1n. 

F1uor1te. F1uor1te 1s found 1n smal1 quant1t1es through-

out the breccia. It occurs 1n f1ne1y crysta111ne masses, as 

well as 1n wel1 formed, large, s1ngle crysta1s, mostly octa­

hedrons, occas1onal1y comb1ned w1th cubes. Green and v101et 

var1et1es are most common. Bath of these co1ours may be pre­

sent 1n a s1ngle specimen, and show d1st1nct bands parallel 

to the cube faces. Deep v1olet, almost black fluor1te was 

noted on the 750 1evel, and wh1te cub1c crystals are found 

occaslonal1y. Crystals of f1uor1te are usually less than 

one 1nch 1n slze, although severa! spec1mens measured over 

2i 1nches. 

Fluor1te 1s associated with quartz and carbonate, but 

does not bear any part1cular re1at1onsh1p to the abundance of 

sulphides. Its age relatlonsh1p to the quartz 1s uncerta1n. 

However, the presence of calclte crystals on top of crystals 

of f1uor1te can be cons1dered as good ev1dence that the calcite 

ls 1ater. 

Laumont1te*, CaAl2S140l2.4H20, a minera! be1ong1ng to 

the zeo11te family. 1s common 1n the east part of the brecc1a 

wh1ch 1s character1zed by the predom1nance of d1a~slc and 

mar1c volcan1c fragments. Local1y, 1t forma as much as 10 

* Laumont1te was f1rst recognized megascop1cally by B.Gos11ng, 
an undergraduate student of geo1ogy at the Mich1gan Techno­
log1cal. Univers1ty. Subsequently, the 1dentif1cat1on was 
eonf1rmed by X-ray d1ffract1on, and spectrograph1c analys1s 
carr1ed out by the Ontar10 Department of Mines. 



- 65 -

per cent of the matrix, occurring interstitially between quartz 

and carbonate. It is pale orange in colour, and forms aggre­

gates of euhedral crystals which average two or three milli­

meters in diameter. 

It is important to note that the mineral occurs in large 

amounts in association with the copper deposits of Michigan, 

where its presence invariably signifies a decrease in copper 

mineralization. Although the east part of the Breton breccia 

is insufficiently explored to justify such a generalization 

for the area, preliminary investigations indicate that the re­

lationship here may be similar. 

Laumontite is also common in the West breccia on the Tri­

bag property, where, as in the Breton breccia, it occurs in 

association with mafic volcanic, and diabasic fragments. 

Amphibole (?). Needles of a dark greenish mineral, up to 

20 millimeters in length, have been noted at several places in 

the vicinity of ore zones. The needles are wholly enclosed by 

quartz, and are commonly arranged in a distinctly radial pattern. 

The mineral resembles amphibole in its rhombic cross section, 

and amphibole-type cleavage, but X-ray examination by the Onta­

rio Department of Mines identified it as muscovite. Examinati­

on under the microscope confirmed this, showing fine grained 

aggregates of sericite. Spectrographie analysis indicated a 

relatively high potassium and aluminum content, (Table 9), 

again confirming the identification. 
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Table 9. 

Semi-guantitative spectroyraphic Analysis 
of Amphibole (? __ Needles. 

(Analyst: Ontario Department of Mines) 

si over 15 per cent 
Al 5 - 15 'per cent 
K 0.5 - 5 per cent 
Ca 0.5 - 5 per cent 
Mg 0.5 - 5 per cent 
Na 0.1 - l per cent 

The shape and the clea~ge of the acicular crystals 

suggest that the minera! was originally amphibole, and was la­

ter replaced by fine g1·ained muscovite. 

The minera! does not occur in sufficiently large quan-

tities to be of importance as a guide to ore, but serves as 

an aid in correlation of drill hole data. 

Biotite. Biotite 1a w1dely d1str1buted throughout the 

brecc1a, but 1t 1s restr1cted to quartz stringers cutting 

across d1abas1c fragments', (Figure 23 )'. Microscopie exam1-

nation of the brecc1a also revea1ed the presence of fine biot-

1 te crystals that formed along the interfaces of mafic rock 

fragments and the quartz, matr1x, (Figure 24) .. 
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F1gure 23. ' CrJ'stals ot blot1 te and magnetl te 1n a 
quartz strlnger cuttlng across a matlc 
tragments. Plane llght; 4%.' 

Figure 24.' Biotite cr7stals tormed along atertacesl' 
ot dlabasic tragments and quartz JIa~lx.: 
Plane llght; 7 %. ' 
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Figure 23. Crystals of biotite and magnetite in a 
quartz stringer cutting across a mafic 
fragments. Plane light; 4 x • 

Figure 24. Biotite crystals formed along interfaces 
of diabasic fragments and quartz matrix. 
Plane light; 7 x. 
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CLASSIFICATION OF BRECCIAS WITHIN THE BRETON PIPE. 

Detai1ed studies of the various types of breccia within 

the Breton pipe were undertaken in the hope that some structu­

ral pattern would emerge that would be useful in locating ore. 

Three classifications were devised, based on: 

1. The compositions of the fragments. 

2. The physica1 character of brecciation. 

3. The intensity of a1terations 

1. Classification based on Compositions of Fragments. 

This classification is based on visua1 estimates of the 

relAtive amounts of fragments of various rock types. The vi­

sual estimat'es have been noted consistent1y in drill logs and 

in underground mapping, and have been expressed in terms of 

percentages. Thua, certain phases of the breccia may be de­

scribed, for examp1e, as consisting of X per cent granitic 

fragments, Y per cent diabasic fragments, and Z per cent fe1-

sitic fragments. In order to stream1ine this type of descrip­

tion, and at the same time to reduce the e1ement of error in 

estimating the percentages, it has been found both convenient 

and satisfactory to express the relative amounts of fragments 

in more general terms, such as "predominant1y" granitic, or he­

terogeneous breccia. 

The classification is presented diagrammatica11y in the 

fo11owing illustration, (Figure 25). 
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G 

HETEROGENEOUS 

DIABAS1C FELSITIC 

o F 

Figure 25. Classification of breccia on the basis 
of composition of fragments. 

2. Classification Based on the Physical Character of 

thé Breccia. 

The physical character of the breccia ia described in 

terms of the type and abundance of the matrix, the size, shape 

and attitudes of the fragments, and their mutual relationship. 

The following types of breccia have been recognized within the 

Breton pipe. 
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Table 10. 

Class1f1cat1on·of the Brecc1a Based on 1ts 
Phys1cal Character. 

1. ~atr1x-r1chBrecc1a, (quartz-carbonate matr1x > 10%) 

a. D1sordered 

1. Fragments of S1ngle S1ze Range 
2. Fragments of Dual S1ze Range 

b. Ordered 

c. Ve1n Brecc1a 

II. Yatr1x-poor Brecc1a, (Quartz-carbonate matr1x < 10%) 

a. IV.arg1nal 

b. InternaJ. 

1. Hang1ng Wall Brecc1a 
2. Deep Br~cc1a 

III. Brecc1a ~th Igneous Matr1x 

a. D1abase or Fels1te ~~tr1x 

b. "Grey" Dyke Matr1x. 

1. Matr1x-r1ch brecc1a 1s character1zed by rock frag­

ments d1st1nctly embedded in a quartz and carbonate matr1x 

const1tut1ng at least 10 per cent of the brecc1a. (Figure 26). 

The relat1ve amount of the matr1x 1s governed by the degree of 

pack1ng of the fragments, and the1r average s1ze. As a rule. 

the amount of the matr1x 18 1nversely proport1onal to the ave-

rage s1ze of the fragments. l>'latr1x-r1ch. or "open" brecc1a con-
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taining over 25 per cent quartz and carbonate usually consists 

of relatively small fragments, averaging only a few inches 

in diameter. 

On the basis of the attitude of the fragments, two types 

of matriX-rich breccia are distinguishable. 

s. Disordered Breccia. In this type of breccia, indivi­

dual fragments may be completely enclosed py the matrix 

and are arranged at random, so that matching of wells of ad-

jacent fragments is not possible. 

The fragments are usually of a Single size range, measuring 

between 3 inches and 3 feet, with a few larger fragments present 

. occasionally. 

Breccia with fragments of a dual size range ls relatively 

rare. Itconsists of large, angular fragments separated by 

quartz and carbonate matrix containing fine, angular fragments 

of another rock type. Most commonly, the coarse fragments are 

granlte, whereas the fine fragments embedded in the intervening 

matrlx are felsites. 

racterlzed by parallel or sub-parallel orientation of slab-like 

fragments separated by guartz-carbonate matrix, (Figure 27). 

The best example of this type of breccia occurs on the 225 sub-

level, where the breccla is mineralized with 2 to 3 per cent 

chalcopyrite and 3 to 4 per cent pyrite, concentrated in layers 

parallel to the attitude of the fragments, whlch ls mostly ho-

rizontal or gently d1pp1~~. 
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-Figure 26. ,Matr1x-rich breccia. Note large, angular 
fragment in the upper part of the picture. 
375 level, inth~ northeast part of breccia. 
(Photo by L~O.Koskital.o) 

, 
1 ; . , 

p'.",gure 27. Ordered breccia, cbaracterized b7 sub-par8].lel 
orientation of slab-ltke fragments. 
625 level. lO,800E. lO,100N. 
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Parallel orientation of elongated fragments 1s fa1rly 

common throughout the Breton brecc1a. It 1s 1nterest1ng 

to note that in the v1c1n1ty of m1neral1zed zones, the atti­

tude of the fragments 1s not necessar1ly conformable to the 

attitude of the ore. 

c. Ve1n Brecc1a. This type of breccia occurs in ve1n­

l1ke structures which cut across older breccia, and wh1ch 

are composed of quartz and carbonate conta1n1ng fine, angular 

rock fragments. These are petrolog1cally fore1gn to the 

1mmed1ate v1c1nity of the vein, an~ seem to have been trans­

ported to the1r present position from depth, (Figure 28). 

i 

Figure 28. Vein brecc1a cutting across older brecc1a.' 
900 level- at the west brecc1a contact. 
(Photo by L.O.Kosk1talo) 
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II. l'Jatrix-Poor Breccia, or ntightn breccla contalns 

less than 10 per cent quartz-carbonate matrlx. Although there 

ls a complete gradatlon between matrix-rlch and tlght bre-

ccia, each has a sufflclently characteristlc appearance to 
a 

be consldered as special type. Several types of tight breccia 
~ 

are recognized, mainly on the basis of their positlomwithln 

the Breton pipe. 

a. ~arginal Breccia. Tlght breccla of this type occurs 

at the east and west extremltles of the Breton breccla. It 

can be observed at the east contact on the 1,200 level, (Figu­

re 29), and at the west contact on the 625 and 375 levels. 

In each case, the breccia is c6mposed exclusively of fragments 

derlved from the adjacent, massive wall rock. The fragments 

are tightly packed, and are cemented with less than 10 per cent 

quartz-carbonate matrix. The tight breccia extends for a 

distance of 20 to 30 feet from the contact, and it is marked 

by progressively higher amounts of matrlx tQward the centre of 

the breccla plpe. The contacts wlth the matrlx-rich breccla 

are gradational, and the lncrease ln the amount of matrlx ls 

accompanied by an lncrease ln the amount of other rock fragments. 

b. Internal, matrlx-poor breccla has two modes of 

occurrence wlthin the Breton plpe. 

1. Hanglng wall breccla ls a relatlvely tight, but 

heterogeneous breccla which forms the hanglng walls of many 

ore zones. It is partlcularly well exposed in the maln north 

cross-eut on the 750 level, at 10,550E, where.''bight, barren 



,- 75 -' 

Marginal breccia at the east contact ot the 
Breton pipe,·on the 1,200 level, at 10.150N, 
11.06SE. lookibg south. Note gradational 
contact between the breccia and the massive 
~te wall rock • 

. _----_ .... _----_.~~--------' ! 
-. . .. -- ... ----.-- . - r 

Figure 30. Sharp contaotbe~ettn "open". mineralized 
breoc1a. and "t1ght"·, barren brecc1a ODJth8 

750 level at lO,350N. 10.550E. look1ng we~t. 
Note the late quartz str1nger cutt1ng a ro~s 
the contact. 
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breccia ia in sharp contact w1th "open", mineralized breceia, 

(Figure JO). This i8 of importance from the mining viewpoint, 

since the sharp_ contacts permit the mining of ore with minimum 

dilution. 

rJ '2. Tight breccia a t depth occurs in large areas on the 

1,050 and 1,200 levels. It consists of tight1y packed fragments 

whose boundaried are obsoured by alteration to the extent that 

their shapes are diffioult to distinguish, (Figure 31). The 

oolour of the rook ia greyieh green, due to green serioitization 
, . 

and chloritization, and carbonatization of granitio fragments. 

The oocurrence of this type of brecoia at depth was at one time 

considered to be a sign of the bottoming out of the breccia 

Figure Jl. Tight, breooia on the 1,050 level. 
Outlines of fragdlita are obscured by high 
alteration. (Photo by L.O.Koskitalo) 
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plpe. More recently, however, severa! drll1 holes penetrated 

through lt lnto "normal", matrlx-rlch breccla. 

III. Brecola wlth Igneous ~atrlx 

a. Breccla wlth gran1t1c, fels1tlc or d1abaslc matrlx occurs 

rarely. It 1s found 1n large fragments wh1ch themselves cons1st 

of smaller fragmen~s of fels1te or gran1te, embedded ln d1abase 

or felslte wlthout any 1nterven1ng quartz or carbonate, 

(Flgure 32). Th1s "brecc1ated brecc1an 1s relat1vely rare, and 

occursma1nly on the 750 level 1n the central part of the Bre­

ton p1pe, and above the 375 leve~ near 10.700E. The brecc1a 

1s cons1dered to represent older brecc1ated contact zones bet­

ween gran1tes and dlabases or fels1tes. 

F1gure 32. "Prlmary" breccla, conslst1ng of arigular 
fragments of granlte embedded 1n dlabase 
w1thout any lnterveftlng quartz or carbonate. 
750 level, 10,650E, 10.320N. 
(Photo by L.O.Kosk1talo) 



, 1 

- . ...,... ,~. + -l .. J 

· .. ·1 

l, 

Il 
J . 

~ : 

'- , - r 

i __ , 

}, , ~ 

- ~-. " l' 'r 

~:. ,. 

,-: 

:U· 



-·-~e-

- 78 -

b. Brecc1a cons1st1ng of rook fragments embedded in a 

matr1x oomposed ot the grey dyke mater1al 1s rare. It 1s best 

exposed in a smal1 area on the 625 l~v~l, atlO,800E, lO,l25N •. 

The fragments are fine,' angular and h1gbly altered, 

and the matrix looally conta1ns large growths ot secondary quartz 

crystals, (Figure 33). 

Figure 33. Igneous brecc1a, oonsisting of rook fragments 
embedded in a matrix composed of the grey dyke 
ma.terial. Note large growths of quartz c17s­
tals within the grey dyke. 
625 level, at lO,800E, lO,l25N. 

3. Classification of Breocia based on Alteration. 1 
i 

The hydrothermal alteration ~n ~he Breton brecc1a consists 

of sericitiZat1on, clay mineral alteration, chlorit1zat~n,\ 
: i 

and minor oarbonat1zat1on. Binee thetype.ofalteration depends 
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largely on the petrological nature of individusl rock fragments, 

each of these alteration products may be present in a heteroge­

neous phase of the breccia. As a result, it was found convenient 

for the purpose of classification, to distinguish between ove­

rallintensities of alteration rather than between alteration 

types. 

On this basis, five classes of alteration are disting­

uished in the Breton breccia. These have been consistently 

noted in drill logs as well as in underground mapping, and 

have helped greatly in defining the complez structural pattern 

within the breccia pipe. 

The criteria for recognition of the various intensities 

of hydrothermal alteration are the colour of granitic and fel­

sitic fragments, and the hardness and colour of fragments of 

diabase, and mafic metavolcanics. 

1. Relatively Fresh. The breccia is composed exclusively 

of fresh rock fragments. It is characterized by the distinct 

red col our of granitic and felsitic rock fragments, and by the 

hardness and dark green colour of dia base. 

2. Low Alteration. The breccia contains a small propor­

tion of acidic rock fragments bleached to a pale, pinkish green 

colour due to sericitization and kaolinization of the feldspar, 

but in general, the original colour of the granite predominates, 

(Figure 44). 

3. Medium Alteration. The breccia i8 predominantly 

greenish grey and soft, with only occasional remnants of the 
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original red colour present, (Figure 43). 'Fragments ~f basic 

rocks are soft due to high chloritlzation • 

. 4. High Alteration. The breccia is ,characterized by a 

complete absence of the original red ëolour of the felsic 

fragments. ,The rock is grey1sh green, very soft, and the 

distinction between felsic and mafic fragm~nts ls often impo-

ss:1;.ble megascopically, (Figure 21). 

5. -Extreme alteration. , The breccia .is marked by an almost 

complete disintegration of individual rock fragments due to 

~ntense clay mine~al al~eration. ana particularly the presence 

of illite. In most cases it is impossible to identify the ori­

ginal composition of lnd1vidual fragments. Zones of intense 

alteration usually border Joints and faults. and ,may have 

sharp boundaries with adjacent, relatively fresh phases of the 

breccia. 

The contacts between the zones of the first four degrees 

of al teration may be sharp or grada tional. In uncertain 

cases, intermediate descriptions such as IImedium-hlgh" or 

Itmedium-low" alteration have been used, and the 'correlation 

of the rocks is then established more definitely by other means. 

An example of a brief desf~ription of the various types 

of breccia in terms of the three main criteria is given in a 

typical diamond drill hole log in the Appendix. 

ECONOMIC GEOLOGY 

ORE NlNERALS. 

Chalcopyrite and pyrite are the main ore mineraIs. Gelena and 
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sphalerite are locally abundant, but their overall amounts in 

the breccia are not sufficient for economic recovery. 

Pyrrbotite, ·marcasite, molybdenite, scheelite and magnetite 

are rare. 

Chalcopyrite. 

Chalcopyrite occurs in coarsely crystalline aggregates, 

as weIl as in single crystals in association with the quartz­

carbonate matrix, (Figures 21, 43, 44 and 46). Single chalco­

pyrite grains average over 5 millimeters in diameter, rarely 

exceeding 30 millimeters. Several large, single, weIl twinn­

ed but deformed crystals have been found associated with kao­

linite masses inside large vugs. Euhedral sphenoids 1 - 2 

millimeters in size, have been noted rarely, mostly inside 

crystals of clear calcite, and in small vugs. 

Microscopie examination of polished sections of chalco­

pyrite revealed the presence of myriads of star-shaped ex-so­

lution bodies of sphalerite, ranging in size from 0.05 to 

0.1 millimeters. These commonly coyer areas estimated to be 

1 to 2 per cent of that occupied by Chalcopyrite, (Figure 34, 

35 and 37). The skeletal bodies show a parallel orientation 

within individual chalcopyrite grains, and are elongated in the 

(Ill) plane of the chalcopyrite, (Edwards, 1954, p. 100). 

Etching of the chalcopyrite with a 1:1 solution of H202 and 

NH40H revealed that some of the sphalerite bodies are pseudo­

skeletal structures which formed along the interfaces between 

individual chalcopyrite grains. These probably represent 
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. Figure 35. 
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Skeletal ex-solution bodies of sphalerite 
in chalcopyrite. Noteparallel orientation 
of the ex-solution bodies. (x290) 

Skeletal ex-solution bodies of SPbaleri~e 
greatly enlarged. (xl200) 1 



?ipUT~ 34. SJ-::elctal ex-sol utlon bodios of sr)Jwleri te 
ln chulconyri te. _:ote Dar81101 orj_ent8tioD 
of the ex-solution boc} ies. (:.::290) 

.'lê'UT8 ;:5. Sl\:clctal ex-solutioêl bodies of sn[-;oleri te; 
e'TeDtly c:::-l1o.r.-::'ed. ():1200) 
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F1gure 36.' Pseudo-skeletal bodies of sphaler1te formed 
slong interfaces of chalcopyrite grains. 
(x290) 

Figure 37. Deformation twinning of chalcopyrite ca~se~ 
by the ex-solution of sphalerite. (x12~): 
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Figure 36. Pseudo-skeletal bodies of sphalerite formed 
along interfaces of chalcopyrite grains. 
(x290) 

Figure 37 • Deformation twinning of chalcopyrite c8.used 
by the ex-solution of sphaleri te. (x12:0) 
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ex-solution bodies seggregated into surfaces of weakness, 

provided by the contacts between the individual grains. 

(Figure 36). 
r 

True skeletal ex-solution bodies invariably occuring 
h 

inside the grains, are associated with deformation twinnir~ in 

the chalcopyrite, as shown in Figure 37 .• 

The ex-solution bodies of sphalerite were used by the 

writer in an attempt to determine the temperature of formation 

of chalcopyrite. This will be discussed in a separate para-

graph later. 

pyrite. 

Next to chalcopyrite, pyrite is the most common mineraI. 

It is estimated that the two minerals occur in approximately 

equal proportions, although in ore zones. chalcopyrite pre­

dominates over pyrite. Pyrite-rich zones, with only minor 

chalcopyrite, occur in several places. particularly on the 

375 level. 

Pyrite occurs in coarse grained aggregates, as well as 

in individuel crystals which attain up to 2 inches in size. 

The cube is the most common crystal form. but pyritohedrons, 

and combinations of cubes and pyritohedrons have been noted in 

many zones. 

Aggregates of pyrite occur mostly as masses. separated 

from other sulphides by gangue minerals. In places where py­

rite grains are in contact with other sulphides. pyrite 

invariably shows its own crystal outlines. Individual py= 

rite C~YBtalsare commonly fractured. and the fractures may be 
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filled with galena, chalcopyrite and sphalerite. 

A later generation of pyrite occurs as finely crystalline 

coating on crystals of calcite and fluorite. Occasionally, 

pyrite is found replacing fragments of maf·ic metavolcanlcs 

but this is considered to represent pre-breccia mineralization. 

Galena. 

Galena occurs in association with sphalerite and chalco­

pyrite. It forms aggregates of coarse, euhedral crystals, 

most commonly showing cubic or octahedral faces, or a combina­

tion of both. Individuel crystals may reach up to one inch in 

size. 

In polished sections, the galena, easily identifiable 

by its softness and typical triangular pits, shows mutual 

boundaries with chalcopyrite and sphalerite, and occasionally 

contains isolated Islands of these minerals. Inclusions of 

chalcopyrite are usually oriented parallel to the cleavage 

direction of the galena, (Figure 38). In several specimens, 

both galena and chalcopyrite occur along the interfaces of 

sphalerite gralns~ (Figure 39). 

In some massive sulphide veins, galena occurs in narrow 

stringers which cut across all other sulphides, as well as 

the grey dyke with which the massive sulphides may be associ­

ated. 

Sphalerite. 

The distribution of sphalerite is similar to that of gale­

ï~. Tlïrëë varieties of the mineral have been identified 

within the Breton breccia. These are: 1. black sphalerite, 
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F1gure 38. Galena conta1n1ng 1so1ated 1s1ands of 

chalcopyr1te or1ented parallel toa d1rection 
of cleavage. (%120) 
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Figure 39. Galena and chalcopyrite formed at the i ; 
1nterfaces of grains of sphaler1te. Nbte!well 
developed emuls10n texture slong the grain 
boundar1es of the sphalerlte. (%120). 
S-sphaler1 te. G-galena. C-chalcopyri te. 
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Figure 38. Galena containing isolated islands of 
chalcopyrite oriented parallel to a direction 
of cleavage. (xl20) 

Figure 39. Galena and chalcopyrite formed at the 
interfaces of grains of sphalerite. Note well 
developed emulsion texture along the grain 
boundaries of the sphalerite. (x120). 
S-sphalerite, G-galena, C-chalcopyrite. 
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2. yellow sphalerite. and 3. schalenblende. 

The black variety is the most common one. and occurs 

particularly in the "North" and "Outer" zones*. The sphaleri-

te occurs in masses that are usually separated from other sul-

phides by quartz and carbonate. In matrix-rich portions of 

the breccia. the sphalerite tends to form narrow roughly concen-

tric layera around a~gregates of chalcopyrite. 

In polished sections. sphalerite shows an excellent em-

ulsion texture formed by ex-solved blebs of chalcopyrite, 

concentrated near grain boundaries. (Figure 39). The emul­

sion texture is present not only in grains adjacent to chal-

copyrite. but also in areas where chalcopyrite ls absent. 

The pale yellow variety of sphalerite occurs mostly in 

large vugs in association with coarse galena. particularly 

on the 750 levaI. in the central portion of the breccia. 

Schalenblende was identified in polished sections of 

specimens taken from late,steeply dipping carbonate veins 

on the 900 level~ The mineraI consists of rou~hly concentrio 

layers of black and yellow sphalerite with intimately asso-

ciated galena, and contains fine. colloform marcasite in the 

centre, (Figure 40). 

l'larcas i te. 

Apart from its occurence in schalenblende, marcasite 

ls present in narrow stringers cutting across masses of 

* The North and the Outer zones will be described on 
pages 98-100, inclusive. 
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Figure 40. Colloform maroasite in the oentre of 
oonoentric bands of soha1enblende. (x 150) 

Figure 41. Pyrrhotite formed bètween grains of spha­
lerite and chalcopyrite. (x 120) 
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chalcopyrite and pyrite. This relationship may be observed 

in polished sections as' weIl as in band specimens, parti­

cularly in zones of massive sulphides, in which marcasite 

stringers extend for a length of several inches, mostly 

at small angles to the strike of the zone. 

Pyrrhotite. 

Pyrrhotite is a rare mineraI in the Breton breccia. It 

was first detected in polished sections in which it occurs 

in the form of narrow, worm-like bodies between chalcopyrite, 

grains, or between grains of sphalerite and chalcopyrite, 

(Figure 41). In the recent development drilling of the South 

zone, pyrrhotite has been noted megascopically in association 

with chalcopyrite and pyrite. 

Scheelite. 

Scheelite occurs in small quantities throughout the mine­

ralized portions of the Breton breccia. An indication of its 

abundance is provided by analyses of composite bulk samples 

which averaged 0.03 per cent W03. 

The mineraI was first noted under ultraviolet light which 

revealed that the scheelite occurs in small specks concentrat­

ed in narrow veins in the quartz-carbonate matrlx. The rela­

tion of scheelite to sulphides was observed only in one pollsh­

.ed section. In 1 t the scheeli te occurs ad.jacent to sphaleri­

te, which seems to invade it along a fracture, (Figure 42). 

IvlolYbdenite. 

Unllke aIl other ore minerals described so far, molybden-
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Flgure 42. Seheelltei .1nvaded by spbalerlte. ex 120) 

lte ls not assoelated with the quartz-carbo~te matrlx ln the 

Breton breccla. Instead, 1 t occurs malnly along the perl­

phery of the breccla, ln narrow quartz strlngers and frac tu­

res.that cut the masslve granlte wall rock. Granltle fragments 

eontalnlng these mo4ybdenlte-bearlng fractures are occaslon­

ally found wlthln the brt~ocla •. 

A'second generat10n of JJlOlybden1te occurs ln late faults 

and fractures that 'out the Breton brecc1a. Locally, these 
1 
i 

fraotures &lso contaln traces of ~p~1 te. 

Molybden1te does. not ooeur ln recoverable quantlt1eè, 
1 
1 

although several zones, partlcularly south of the brecc1a on 
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~igure 42. Schee1ite, invaded by sphalerite. (x 120) 

ite is not associated with the Quartz-carbonate u2trix in the 

'::reton brecci8. :(nstead, i t occurs Lainly a1ont: the peri-

phery of the breccia, in narrON quartz stringers and fractu-

res ths. t eut the ],ass ive prani te wall roc1\:. Grani tic fragments 

contEdninc these Lo1ybdenite-bearinrs fractures are occas10n-

al1v foun~ wit~in the breccia. 

i~ second e-enera tion of li~olybdeni te occurs in la te faul ts 

Rna fractures that eut the Ereton breccia. Iocal1y, these 

fractures éÙSO contain traces of gra9hi te • 

.. olybdeni tE; does not occur in recovcrél.ble quanti ties, 

al thouE-h sever8.1 zones, ~)8.Tticularly south of the breccia on 
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the 1,200 level, approach ore gra~e. 

Nagnetite. 

Apart from its OCCUL~en~e in di~basic fragments and late 

mafic dykes, magnetite is present in trace quantities in assoc­

iation with biotite in quartz stringers that cut fragments of 

d1abase, (Figure 23). 

PRECIOUS NEl'ALS. 

Silver. 

Recoverable quantities of silver are consistently present 

in the mineralized zones, but no silver minera! has been ident­

ified. A search for the source of silver led to good evidence 

that the metal is present in the chalcopyrite. 

A compilation of s1lver and cooper assays from more than 

100 samples showed that the concentration of silver 1s directly 

proportional to copper in a ratio of approximately 0.20 oz/ton 

Ag to 1.0 per cent copper, (Plate 6). Similar compilation of 

the silver values with lead and zinc have not shown significant 

correlations. 

The only minerals consistently associated with chalco­

pyrite are pyrite, and the ex-solution bodies of sphalerite 

present in chalcopyrite. The possibility of the association 

of the silver with pyrite was eliminated by the fact that the 

silver content of the concentrate increased abruptly as the 

pyrite was depressed in the flotation process. Th1s narrowed 

down the possible source of silver to the ex-solution bodies 

of sphalerite, and to the chalcopyrite itself. 
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In order to determine in which of the two mineraIs the 

silver was present, the writer examined a polished section of 

chalcopyrite with the electron microprobe, in~ laboratories 

at McGill Dniversi~y. 

Considering that the average silver content of the con­

centrate is aproximately 5 ounces per ton, the chalcopyrite 

would have to contain approximately 200 ppm Ag, in order to 

account for the silver, according to the following, approxima­

te calculatlon: 

(1 ) 
5 

----- x 100 = 0.0171 % Ag = 
14.58 x 2000 

171 ppm Ag 

Since the ex-solution bodies of sphalerite constitute 

approximately 1 per cent of the chalcopyrite. the concentration 

of silver in the sphalerite would have to be at least one hund­

red times as high as that in the chalcopyrite, in order to 

account for the si1ver in the concentrate. 

No signs of silver have been detected by the e1ectron 

microprobe either in the Chalcopyrite or in the sphalerite. 

The electron microprobe should detect 17,100 ppm silver in the 

sphalerite, but would not detect 171 ppm Ag in the chalcopyrite. 

Conclusive evidence of the presence of si1ver in the chal­

copyrite was provided by an analysis of the po1ished section, 

which revealed a concentration of 170 ppm si1ver*. 

* Analysed by Swastika Laboratories Limited, by the fire ssssy 
procedure with sn estimated accurscy of 5 per cent. 
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Sign1ficant amounts of si1ver are also present in the 

galena. An analysis of a galena crystal indicated a concent­

ration of 10.78 oz/ton, (= 370 ppm Ag)*. Binee, however, the 

concentrate averages approximate1y one per cent lead, whic~ 

corresponds to 1.2 per cent galens, the silvercontent of the 

concentrate due to ga1ena is approximate1y only .129 oz/ton, 

according to equation (2). 

(2) 
10.78 

100 
x 1.2 = .~29 oz/ton Ag 

From the above considerations it can be concluded that 

the bulk of the silver is present in the chalcopyrite, and that 

the scatter of the Ag : Cu ratios, (Plate 6), is probably due 

to the varying amounts of galena present in the ana1ysed semples. 

Gold. 

Whi1e only traces of gold have been detected in the ma­

jority of all semples analysed for gold, recoverable amounts 

of gold, rare1y exceeding 0.010 oz/ton, are occasiona11y pre­

sent in the concentra te. Data on the occurrence of gold are 

not sufficient to permit the determination of its source, 

but preliminary indications are that the distribution of gold 

does not parallel that of silver. 

* Fkèischer, (1955), reports maximum contents of si1ver in 
sulphides as fo11ows: 2,300 ppm Ag in chalcopyrite, 
)0,000 ppm Ag in galena, and 10,000 ppm Ag in sphalerite. 
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PARAGENESIS. 

As with most other deposits, the determination of the 

sequence of deposition of mineraIs in the Breton breccia is 

difficult. To some extent, however, it is facilitated by the 

absence of any evidence of post-ore deformation, and by the 

presence of large. well-formed crystals which enable the 

study of their mutual relationships megascopically rather 

than under the microscope • 
.., 

" A convenient starting point of the study of paragenesis 

is provided by the relationship of various mineraIs to quartz, 

of which at least three generations have been recognized, (p. 61). 

The first generation of quartz pre-dates brecciation, and 

was followed by·the deposition of molybdenite. which is found 

as disseminations in the early quartz. 

The second generation of quartz forms the greater part 

of the breccia matrix. It contains within its interstitial 

spaces calcite and dolomite, and the bulk of all other sulphi­

des representing the main period of deposition. The determina­

tion of the sequence of depositlon of the sulphides within this 

period can be postulated on the basis of their texturaI re­

lationships observed in polished sections. 

The ex-solution relationship of chalcopyrite and sphaler­

ite olearly indicates their contemporaneity. In the matrix­

rich portions of the breccia, however, sphalerité and assoc-

iated galena form concentric layers surrounding masses of chal-

copyrite, which indicates that at least some of the sphalerite 
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and galena are later than the chalcopyrite. 

Well-formed crystals of pyrite adjacent to chalcopyrite, 

galena and sphalerite, as weIl as fractures in the pyrite fill­

ed b.Y these mineraIs, led Armbrust, (1967, p.57), to conclude 

that the pyrite was the first mineraI to forme In view of the 

weIl known force of crystallization of pyrite, as weIl as the 

great mobility of the other sulphides under raised temperature 

and pressure, such evidence, however, seems inconclusive. Ne­

vertheless, the consistent association of pyrite and chalcopy­

rite does suggest that these two mineraIs are probably closely 

related in time. 

A second generation of sulphides can be observed in large 

vugs in the mineralized quartz-carbonate matrix. The vugs are 

lined with euhedral crystals of calcite, which commonly con­

tain chalcopyrite. Tiny sphenoids of chalcopyrite are, how­

ever, also found on top of the calcite crystals, as weIl as on 

top of laumontlte and galena. Reverse relationships of these 

minerals found elsewhere, however, indicate that the deposi­

tion of mineraIs in vugs was a continuous process in which the 

formation of various minerals overlapped in time. 

One of the lat/est mineraIs to form was fluorite, which 

is invariably found on top of quartz and calcite. Some of the 

fluorite crystals, however, are coated with finely crystalline 

pyrite, which probably represents the last stage of the second 

period of deposition. 

Third, and possibly fourth periods are represented by 
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the schalenblende, and associated galena, marcasite and chal-

copyrite found in the late carbonate veins, and by molybdenite 

and graphite in late faults and fractures. 

In summariz1ng, it can be said that the minerals con­

tained in the Breton breccia are the result of at least three 

or four periods of mineral deposition. On the hasis of ava­

ilable evidence. it is impossible to postulate the order of 

deposition within each of the periods. 

STRUCTURAL CONTROL OF THE ORE. 

Sulphide mineralization in the Breton breccia is ubiqui­

tous. Chalcopyrite and pyrite occur in small specks and coars-

er aggregates which are distributed in the quartz-carbonate 

matrix in an apparently erratic fashion, (Figures 21, 4), 44, 

and 46). The grade of copper depends on the concentration of 

the aggregates rather than on their size. With the mine ope-

rating on a one per cent eut-off grade, the minimum required 

concentration of chalcopyrite is three per cent. Outlining 

of such zones over mineable widths has been the greatest sing-

le task of the geologist at the Tribag mine. 

The key to this problem was provided by the recognition 

of the internal structure of the Breton breccia. 

All ore within the Breton breccia is controlled by a 

single structure.* The structure is a dome, located in the 

* For the remainder of this chapter, the reader is referred 
to the level plans and vertical sections included in the 
Appendix. 
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central part of the breccia consisting of relatively "open", 

matrix-rich brecciat The ore is concentrated in the top part 

of the dome, as weIl as in the narrower, steeply-dipping limbs. 

The dome contains two, possibly three major ore zones, 

and a number of subsidiary branches whlch Itpeel off" from 

the steeply-dipping limbs of the dome toward the centre of 

the breccia. The zones are not consistently mineralized with 

mineable grade of copper, but their continuity is always in­

dicated by either the presence of quartz-carbonate-rich bre­

Oc1a,or by high alteration, or by the occurrence of the grey 

dyke, or by any combination of these features. 

The ore zones range in width from three to fifteen feet, 

but may converage along strike or down dip, thus locally pro­

viding mineable widths of much grater proportions. The trac­

lng of each:_indiv1dual zone through an are a of such convergence 

is difficult. It can be accomplished only by careful noting 

of certain characteristic associations, such as the lead and 

zinc content, quartz:carbonate ratio, the presence of amphi­

bole (?) needles, or the predominance of fragments of a parti­

cular rock type. 

In general, the ore zones are characterized by sharp 

hanging wall contacts between the mineralized, \"open" breccia 

and the relatively IItight", barren breccia on the outer side 

of the structure. Footwall contacts of the ore zones are gra­

dational, and the decrease in grade is accompanied by a corres­

ponding decrease in the amount of the quartz-carbonate matrix. 
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In narrow, steeply dipping zones, both contacts may be rela­

ti vely abrupt. 

Description of the Ore Zones. 

1. The "Outer" Zone, is irregularly oval-shaped in plan, 

and saddle-shaped in vertical section through any plane. The 

zone has been outlined in sufficient detail to p~it struc­

tural contouring if its hanging wall, (Plate 7). The top of 

the zone is located in the central part of the breccia bet­

ween the 375 level and the 225 sub-level. The southwest limb 

of the zone dips irregularly 45 0 to 80 0 southwest, and extends 

down to approximately 50 feet above the 750 level, where it is 

cut off by the granite contact. The east limb dips 60 0 to 80 0 

east, and has been traced down to the 750 level, where it ex­

tends for a length of 230 feet, striking N 100E. On the~750 

level, the mineralization of the east limb decreases to the 

southwest, but the structure continues to the 10,000 N co-ordi­

nate, where it turns abruptly to the west, and terminates at 

the granite contact. 

The north limb of the zone dips vertically or steeply 

north, and has been traced to the 1,050 level. On the 750 le­

vel, the structure abuts against the granite contact on the 

west, and joins with the east limb in the east, in the vic1-

nit y of 10,800E, 10,275N. 

It is important to note that the projection of the north 

and south limbs beyond the granite contact to the southwest 

and west, respectively, passes through an area characterized 
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by strong fracturlng of the masslve granlte wall rock. The 

attltude of the fractures ls conformable to the attltude of 

lmaglnary projectlons of the Outer zone ln that area, (Plate 13). 

2. The Itlnner tl Zone. The top of the Inner zone Iles at 

10,420E, 10,175N, approx1mately 30 feet above the 625 level, 

(Plate 8). On the 625 level, the zone ls oval-shaped, and lts 

long axls trends ln a northwesterly dlrection. Its 11mbs dlp 

outward in aIl directions, relatively flatly to the southwest, 

and steeply to the north and northwest. The north limb of the 

Inner zone merges with the north 11mb of the Outer zone, as 

weIl as with a mlnor subsidiary zone above the 750 level, thus 

forming a wide zone, which 1s currently mined by the blasthole 

stope method. 

Both the Inner and the Outer zones are characterized by 

their association wlth the grey dyke, and by the occurrence 

of massive sulphides. Both of these are particularly weIl deve­

loped in the Outer zone, between the 375 and 625 levels. 

The zone of masslve sulphldes ranges is width from 0.5 

to 5 feet, and consists of approximately 85 per cent sulphldes 

of whlch at least 75 per cent cons1sts of chalcopyrite, (Flgu­

re 43). The mass1ve sulphides represent the core of each of 

the ore zones, and tend to be located either ln their centres 

or near their hanging wall contacts. The massive sulphldes are 

irregular in places, locally changlng thelr strlke and dlp, and 

they may plnch out or wlden wlthln a dlstance of a few feet • 

In splte of local lnterruptlons, the zone shows a remarkable 
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cont1nu1ty over a str1ke length of 5ûû feet, part1cularly on 

the 750 level. 

Ow1ng to the1r 1rregular shapes, the mu tuaI structural 

relat1onsh1p of the Outer and Inner zones 1s d1ff1cult to 

estab11sh. Cons1der1ng the pos1t1ons of the1r peaks, however, 

a 11ne jo1n1ng the h1ghest po1nts of each peak would plunge at 

65° to 70° 1n a S 35° - 80° W d1rection, depending on the exact 

pos1tion of the peak of the Outer zone. The projection of this 

ltne to lower levels would leave the brecc1a pipe above the 750 

level. 

3. The North and South Zones. Both the North and the 

South zones are 1n part controlled by the granite-brecc1a con­

tact. 

The North zone strikes N 80° W, and extends from the sur­

face to the 375 level, between the lO,600E and 10,900E co-ord1-

nates. In lacg~udinal section, the zone exhib1ts a steep east­

erly plunge, and probably cont1nues down to the 900 level, east 

of the 10,900 E co-ord1nate. 

Th1s zone ranges 1n w1dth from 2 to 30 feet, and 1ts great­

er part 11es immed1ately adjacent to the gran1te contact, 

(Plate 15). In the west, however, the zone moves away from the 

contact, leav1ng the contact area relat1vely barren. A s1m11ar 

trend 1s obse2~ed 1n sect1on, part1cularly on 10,800E, (Plate 25), 

where the dip flattens above the 225 sub-level, and the zone 

"rolls over" toward the centre of the brecc1a pipe. 

The South zone extends from the 375 level to the 900 leveI 
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between the 10,700E and Il,lOOE co-ordinates. It consists of 

two main branches. One branch lies adjacent to the granite 

contact, strikes due east, and dips 70 0 south. As with the 

North zone, it shows the tendency to leave the granite contact 

as it approaches higher horizons, (Plate 17, 26 and 27). 

The second branch of the South zone, shown on sections 

10,800E to Il,000E, (Plates 25 - 27), departs from the granite 

contact below the 625 level, and flattens toward the centre 

of the breccia, forming a saddle-shaped body, with its crest 

just above the 625 level. 

The close association of the North and South zones with 

the granite contact, and the "peeling off" effect noted at 

shallower horizons suggest that the two zones may represent 

parts of a single structure, possibly the outermost zone con­

tained in the dome, the top of which may have been removed by 

erosion. It is probable that the two zones join in a large 

arc connecting the east end of the North zone on the 375 level 

with th~ east end of the South zone on the 625 level. The in­

ferred continuity of the two zones in section Is shown in 

Plate 25. 

As with the Outer zone, it is again important to note 

that the predominant attitude of fractures in the granite ex­

posed in a drift at 10,800E and 10,500N on the 750 level ls 

conformable to the attitude of the projection of the two zones 

into that area, (Plate 13). 

Unlilre the Outer and Inner zones, the North and the South 



Figur~ 43. 

Figure 44. 

- 102 -

A zone of massive sulphides in the 
Outer zone on the 750 1eve1. 

Chalcopyrite in the "South zone, characte­
rized by "low a1teration breccia". 
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zones are not associated with the grey dyke, and do not con­

tain massive sulphides. Sulphide mineralization is fairly uni­

form, showing some degree of concentration at the granite con­

tacts, and decrease in mineralization toward the footwall. Both 

zones are characteristically associated with fragments of dia­

base and basic metavolcanics, and none of the zones is enve­

loped in a high alteration aureole. 

The two zones ditfer, however, mineralogically. 

~he North zone is characterlzed by a relatively high galena 

and sphalerite content, particularly between 10,BOOE and 10,700E 

above the 375 level, The South zone is the only zone containing 

megascopically identifiable pyrrhotite. 

4. SUbsidiary Zones. Each of the ore zones described so 

~ar has one or more minor subsidiary zones, which marge with 

one of its steeply dipping limbs, and as a rule, flatten toward 

the central part of the breccia at shallower horizons. 

While some of these subsidiary zones may be marginal in grade, 

their overall economic importance 1s co~~iderable, particularly 

in places where the y merge with other zones, thus adding to 

their widths. 

5. Low Grade Zones. In addition to zones of mineable 

grade, the Breton zone contains several broad zones of low gra­

de mineralization, the exact boundaries of which are difficult 

to define. The most important of these is the "Open Pit" zone 

which occurs in the central part of the breccia t and extends 

from the 375 level to the surface. The zone is associated with 
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ordered breccia, and the sulphides are conformab1e to the 

predominant1y horizontal attitude or the e10ngated rragments. 

Another 10w grade zone extends rrom the 1,050 to the 

900 leve1, between the 10,JOOE, and 10,450E co-ordinates. 

The mineralization is associated with re1ative1y tight but 

highly altered breceia, but its full extent is not as yet 

known. 

Large tonnages or low grade mineralization are also pre­

sent beneath the peak of the Inner Zone, at the 625 1evel. 

These mineralized areas represent extensions or the Inner 

zone, and their mutual boundaries are artiricia1ly determined 

by assay cut-orfs. 

6. Cross Structures. Several narrow, quartz-rich, vein-

1ike structures, mineralized mostly with sub-marginal grade 

or copper occur in several stopes. These structures strike 

predominantly at right angles to the strike or the rich ore, 

dip steeply, and appear to radiate rrom the central part or 

the dome. Their extent, and distribution pattern are not 

known in detail, but the structures are probably the results 

or the seme stresses which resulted in the formation or the 

dome. 

7. Granite Zone. In comparlson to al1 other ore zones 

described so rar, the Granite zone ls an anomaly. As its 

name,implies, the zone occurs in the granite, and it is cha­

racterized by the replacement or the marlc constituents by 

chalcopyrite. 
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Mineralization of this type was first encountered 

in surface hole V-49, (10,500E, 10,OOON), below the 900 level, 

and subsequently in hole V-76, (lO,lOOE, 10,500N), close to 

the surface, (Plate 4). The occurrence of similar but low 

grade mineralization in surface holes drllled immediately 

southwest of the Breton breccia suggests that the zone may ex­

tend continuously along the southwest contact of the breccia, 

and plunge to the southeast. 

The granitic host rock is hlghly sericitized, and con­

tains approximately 5 per cent of fine grained, grey, rounded 

inclusions, which average two inches in diameter. A narrow 

grey dyke occurs at the top of the intersection encountered 

in hole v-49. 

Post-Ore Faultlng and Fracturipg. 

The Breton breccla is eut by relatively few faults. 

These cause only minor displacement of the ore, and pose no 

problems in mining. The faults are surrounded by narrow 

zones of extreme alteration, and are occasionally filled with 

fault gouge. The faults range in dip from 30 0 to 90 0 , and it 

is interesting to note that regardless of their attitude, 

slickensldes observed in the fault planes are mostly hori­

zontal, seldom exceeding a plunge of 15 or 20 degrees. 

The only fault along which considerable movement has 

taken place occurs west of the breccia, and has been noted on 

every leve! of the mine. The fault strikes N 65 0 W, dlps 70 0 

north, and offsets the amygdaloldal dyke, causing a right-
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band strike separation o~ 90 feet,(Plate 17). 

A numberofstrong fractures surrounded by haloes of 

strong alteratlon or bleaching have been observed throughout 

the breccla, (F1gure 45). Deta11ed mapp1ng of the fractures, 

however, revealed no ev1dence of movement. 

' .. 
Figure 45. A zera.,ot" bleaoh1ng of 'à ser1es of dYkelets 

surrounding a fraoture on the 1,200 level. 

It'may be important to note that the frequenoy of fraotn~ 

res àppe~ ::to 1ncrease .1 th depth.· ". This is partlcularly obVi-
~-. ........ 

ous 1n.the massive granite wall rock, exposed on every level 

• 

-of the mine, between the shaft ""and the west contact of tle rec~ia. " 

The possible sign1ficance of th1s observation w111 be d1 cussed 

. in'" the' final l>arasraph of this thès1â. 
"' . 
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Grey Dyke - Its Relatlon to Ore. 
1 

The recognltlon of the grey dyke as a gulde to ore has 

helped enormously in traclng out the ore zones ln the Breton 

breccla. Yet, lt~ presence alone does not necessArlly lndlcate 

the proxlm1ty of ore, and nelther are all zones assoclated wlth 

lt. The main slgnlflcance of the grey dyke 11es ln the fact that 

Its occurrence along the projected strlke of a seemlngly terml­

nated ore zone, Invar1ably Indlcates contlnuance of the mlnera-

l1zed structure. 

Wlthln the breccla, the dyke Is an apparently dlscontl­

nuous Intraslon,' whlch wldens and narrows down erratlcally, 

- ---_.-----. ---- ,---------------.---.----. -.r---

Flgure 46. Grey dyke followlng the out11nes of angular! 
rock fragments. Note also the occurrence of 
chalcopyrlte on tOR of the fragments. 
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occasionally leaving only a few inconspicuous traces in the 

quart'z-carbonate matrix. The dyke does not cut across the rock 

fragments, but appears to avoid them, closely following their 

outlines, (Figure 46). 

In steeply dipping, narrow ore zones, such as in the 

north limb of the Outer zone, the grey dyke is present fairly 

consistently. It may oceur in the hanging wall or the footwall 

of the ore, or it may be "sandwiched" between massive sulphides. 

In the flat-lying, upper portion of the zone, however, the dyke 

splits into innumerable narrow, discontinuous dykelets which 

roughly follow xhe trend of the ore, occupying an overall width 

in excess of thirty or fort y feet. 

At the top of the Il1ner zone, above the 625 level, the 

grey dyke forms a wide "roof" over near-massive sulphides, 

loca1ly attaining a thikness of over 12 feet. The occurrence 

of sulphldes above the dyke, hQwever, indicates that the dyke 

did not restrict the ascent of the metal-bearing solutions by 

acting as a dam, but that its intrusion merely followed the 

same paths. 

In the Ustratified:: breccia exposed on the 225 sub-level 

the grey dyke intruded conformably between the gently-dipping 
a 

elongated fragments, thus behaving like Aslll rather than a· 

dyke. Elsewhere, however, traces of the dyke are present in 

fractures and faults which cut across the breccia fragments. 

Pre-Ore or Post-Ore? The age relationship of the grey 

dyke and sulphide mineralization is uncertain. 
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1. Contact between the grey dyke and massive sulphides 

are extremely sharp. 

2. Microscopie examinations indicate that the grey dyke 

is partly replaced by chalcopyrite. The replacement is re­

strlcted to a narrow zone immediate1y adjacent to the con­

tact, and which rarely exceeds two inches in width. Within 

the zone. the amount of chalcopyrite decreases markedly 

away from the contact. 

3. The dyke is eut by minute fractures, some of which 

are mineralized with chalcopyrite. 

4. Large, irregular masses of the grey dyke are occasion­

al1y enclosed by massive sulphides. 

5. The intensity of the alteratlon of the grey dyke in 

the vicinity of ore is not consistent, and may range from re­

latively low to high. 

6. The grey dyke may occur both in-the footwall or the 

hanging wall of an ore zone, as well as in its centre. No 

damming effects have been observed. 

7. Microscopie examinations of polished sections of chal­

copyrite revealed that the skeletal exsolution bodies of spha­

lerite contained in the chalcopyrite are invari~bly distorted 

or destroyed in the vicinity of the grey dyke. 

While none of these observations provides conclusive 

eVidence, the writer feels, malnly on the basis of the lest 

two point that the emplacement of the dyke took place after 

the deposition of the sulphides. 
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WALL ROCK ALTERATION. 

Study of the wall rock alteration waB the subject of a 

doctoral thesls enti tled "Wall Rock Al teratlon and paragene­

sis of the Tribag Nine", by Armbrust, (1967).. His findings 

are summarized in the following paragraphs. 

Sericite, or fine grained muscovit, are the most abund-

ant alteration products. The principal mineral subject to 

sericltization is plagioclase, which is replaced by sericite 

particularly along cleavage and twin planes. In fragments of 

mafic metavolcanics, sericite replaces the calcic plagioclase, 
1. 

whereas the mafic mineraIs are chloritized. S~itized grains 

of plagioclase are commonly associated ~th secondalY quartzwhich 

canbedistinguished from' primary quart~ by lack of undulato-

ry extinction, and by lack of apatite inclusions, which are 

commonly present in primary quartz. 

Armbrust, (p.49), distinguished three important associa-

tions of chlorite in the Breton breccia. In the first of these, 

chlorite, cr~racterized by anomalous extinction colours, re-

places biotite grains. The second type of chlorite is isotro­

pie, and replaces rims of plagioclase. The third type, distin­

gUishable by first order grey interference colour, is found in 

stri~~ers in granite, which cut across plagioclase êontaining 

chlorite of the second type. 

In addition to chlorite and sericite, Armbrust, (p.50), 

ldentified kaollnite by X-ray diffraction. The kaolinite re-

places plagioclase, producing a cloudy effect. liasses of lra-

--
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olinite, have also been found, however, in large vugs, partl-

cular1y at the east end of the breccia, on the 750 1eve1. 

Carbonatization, according to Armbrust, (p.50), is most 

pronQuced in lDatllc vo1canic rocks,i~ w~ich it affects pla­

gioclase, and hornblende. The writer noted extensive carbon­

atization also in the amygda1oida1 and grey dykes, as we11 as 
-

in the granite, part1cularly on the lower 1eve1s. 

I11ite is the. principal alteration product in zones of 

extremeJalteration which surround 1ate faults and fractures. 

A striking feature of the a1tera:tion is.the presence of 

alteration rima f~und in granitic fragments throughout the Bre~ 

ton breccia. The rima consist of fresh-1ooking granite, 

Figure 47. Zones of al teration in a grani tic fragmen;t. 
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whereas the centres of the fragments are intensely altered 

and bleached to a pale yellow colour. Occasionally, a thlrd 

zone may be present, (Figure 47), whlch conslsts of chlor-1t1-

zation between the fresh-look1ng r1m and the altered core of 

the fragment. 

The cause of th1s pecul1ar zon1ng is not understood. 

Examination of thin sections by Armbrust, (p.56), revealed 

that in the central part of the fragments, the plagioclase 

ls completely replaced by kaolinite, and by lesser amounts of 

seric1te and chlorite. In the fresh-looking rim, the altera­

tion consists mainly of sericite, while kaolinite alteration 

is minore 

Alteration as a Guide to Ore. 

The examlnation of vert1cal sections and level plans in-

cluded in the Appendix.reveals that most ore zones are enve-

loped by broad halo~s of altera~ion.* Their recognition signi-

ficantly reduced the exploration targets, and the alteration 
? \ 

has been successfully used as a direct guide to ore through-

out the development of the Breton brecc1a. 

The broadest zone of alteration occurs in the central 
-

part of the breccia, in whlch it surroùnds the Outer and Inner - " , 

zones, lncludlng a number 'of the1r subsldiary branches". In 
'-

general, the wedium and highly altered zones roughly paraI 1 el 

the distribution of the nopentl , matrix-rich breccia. In the 

* , the "al tered breccia" indicated on 
the level plans and sections represents both high, and medium 
alteration. 
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footwalls of ore zones the intensity of alteration decreases 

gradually away from the ore, whereas in the hanging wall, the 

contact between high and low alteration is usually abrupt, and 

commonly colncides with the boundary between open and tight 

breccia. This is particularly noticeable in the steeply-dipping 

north limb of the Outer zone, where the alteration halo in the 

hanging wall is narrow, and locally absent, (Plate 24). 

Just as with many other guides to ore, however, the alte­

ration zones in the Breton breccia have to be regarded with 

caution. The presence of high alteration alone does not nece­

ssarily herald the proximity of ore, and conversely, not aIl 

ore zones are associated with it. A striking example of this 

occurs in the central and west-central parts of the breccia on 

the 1,050 and 1,200 levels, where high alteration is present in 

a broad zone of relatively tight and barren breccia, (Plates 

19 and 20). 

In an attempt to determine whether the change from re­

latively fresh, tlght and barren breccia to an open,altered 

and mineralized breccia is reflected chemically, the writer 

sampled a diamond drill hole which intersected the north limbs 

of the Outer and Inner zones. The samples were taken at irre­

gular intervals avoiding basic fragments to reduce the chemi­

cal variation due to the original composition of the rock, and 

were subsequently analysed for 16 trace elements. The results 

of the analyses are shown both graphically and in tabular form 

in the Appendix. 
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With the exception of strontium, which has a somewhat 

higher background in the re1atively fresh, barren breccia, 

no element shows any significant variation which could be 

related to the proximity of ore. 

GEOTHERMOMEI'RY. 

Heating Experiments. 

In an attempt to estimate the temperature of formation 

of chalcopyrite, the writer carried out a series of nine ex­

periments modelled after earlier work of Japanese and Germnn 

research workers. The experiments involved the heating of 

polished specimens of chalcopyrite containing exsolution bo­

dies of sphalerite, and of subsequent observation of the 

changes in the exsolution textures. The work was done on the 

assumption that the temperature at which the exso1ution bo­

dies became absorbed in chalcopyrite provided evidence that 

the temperature of formation of the chalcopyrite was higher 

than the temperature of homogenization. 

The specimens were collected on the 750 level, and are 

representatlve of the mineralization found in the nürth 11mb 

of the "Outer" zone. The polished sections averaged 15 x 6 x 

x 4 mm in size, and were composed of two or more coarse grains 

of chalcopyrite, each containing approximately 1-2 per cent 

skeletal sphalerite bodies, and occasions! small fields of 

sphalerite. No other minerals were present in the specimens. 

The specimens were heated in evacuated silica tubes in 

furnaces at eontrol1ed temperatures. After a certain per10d 
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of time each specimen was quenched in water, allowing the tem-

perature to drop to room temperature within approximately five 

seconds. Most of the specimens shattered on quenching, and 

had to be re-polished before a microscopie examination could 

be made. The effects of the heating are summarized in Table 11. 

Table Il 

Effects of Heatipg on Sihalerite Exsolution Bodies 
in Cha copyrite. 

Run No. Temperature Time 
(hours) 

Observations 

1 

2 

3 

4 

5 

6 

7 

8 

9 

( oC) 

302 

394 

497 

600 

500 

600 

550 

525 

500 

112 

72 

72 

l37i 

l37t 

148 

275 

672 

No change 

No change 

Incipient absorption of sphale­
rite noted in some exsolution 
bodies. 

Exsolution bodies of sphale­
rite completely disappeared. 

Same as in run No. J 

Exsolution bodies of sphale­
rite completely disappeared. 
Well developed domains in chal­
copyrite observed on etching. 

Exsolution bodies of sphale­
rite completely disappeared. 
Several irregular fields of 
,sphalerite partly absorbed in 
chalcopyrite. 

Same as in run No. 7 

Exsolution bodies of sphale­
rite completely disappeared. 
Perfect development of domains 
observed in chalcopyrite even 
before etching. 
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Discussion of the Results. 

The absorption of exsolution bodies of sphalerite was 

complete in all runs carried out at temperatures abQVe 500OC. 

This temperature of homogenization falls within the range of 

temperatures indicated by previous experiments. Borchert, 

(1934), noted the absorption of sphalerite in chalcopyrite at 

550 oc. Nakamo, (1937), described the same effect after a 

three-hour expe~iment at 480°C. More recently, Sugaki and 

Tashiro, (1957), found that skeletal sphalerite disappeared at 

temperatures ranging from 480°C to 5l5OC. 

It has been suggested that the unmixing of sphalerite 

may take place when the chalcopyrite is coo1ed through the 

temperature of inversion (Tc) from the high. disordered state 

to the 10w, ordered state. Considering that disorder enhances 

solid solution, and that some minerals unmlx completely at the 

inversion temperature, (Ramdohr, 1938), thls suggestion has 

much merit. 

Inversion of pure, synthetic chalcopyrite takes place at 

547 ~ 5°C, (Yund and Kullerud, 1961). Experimental data on 

inversion temperatures of natural chalcopyrite, however are 

varied, and range up to 5800C ~ 20OC, (Cheriton, 1952). There 

is no doubt that the inversion temperatures are influenced by 

the chemlcal composition of the mineral, (Kullerud, 1956), and 

to a lesser degree on pressure, (Cheriton, 1952; Krishnamurthy, 

1967). Moreover, it is probable that the Tc depends also on 

the chemical environment at the time of the formation of chal­

copyrite, Just as the Tc of quartz was found to have been in-
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fluenced in experiments carried out in the presence of varlous 

metals, (Keith and Tuttle, 1952). 

In runs Nos. 8 and 9, conducted at temperatures of 5250C 

and 5000C respectively, the exsolution bodies were completely 

absorbed in chalcopyrite. As these temperatures are weIl be­

low the experimentally determined Tc of chalcopyrite, it would 

seem that the homogenization is not necessarily due to the 

inversion to higher state. It is important to note, however, 

that neither the exact composition of the chalcopyrite, (apart 

from its known high silver content), nor the chemical environ­

ment in which it waa formed, ia known. With this in view, it 

is not inconceivable that the homogenization of the chalcopy­

rite-sphalerite assemblage might indeed be the result of in­

version, which could take place at an unusually low tempera­

ture in the examined specimens. The surprising appearance of 

domains in experiment No. 9, could be regarded as evidence that 

the chalcopyrite attained the high, disordered state at a tem­

perature of 500°C or lower. 

Domains, representing inversion twinning have been re­

cognized by Frueh, (1958), on X-ray diffraction records, and 

first observed under the microscope by Kr1shnamurphy, (1967). 

The domains appear on et ching with al: l solution of H202 

and NH40H, or with acidic K2Cr207. They were observed in run 

No. 6 after et ching with H202 and NH40H, (Figure 48). In ex­

periment No. 9 no staining was necessary to show up the domains 

distinctly. Since in none of the specimens similar tWinning was 
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observed before heating, the~e is no doubt that the domain. 

represent inversion twinning rather than tw1nning c8used by 

other fo]!'ces. 

'-------------------------------- - ------- -------------- -

Figure 48. Domains in cba1copyrite. (x 120) 

The question arises as to why the domains vere not ob­

served in runs Nos. 4, 5, 7, and 8, which were earried out at 

temperatures of 50000 and higher. The ans.er may lie partly 

in the variation of the rate_of quenching, and partly in the 

length of tilDe of heating. Binee disorder can be nfrozeu-ln" 

provlded that the rate ot quenching is suttlciently rapld, it 

ls possible that the· specimens in runs Nos. 4, 7 and 8 did not 

re-order on c.ooling, and that no inverslon twinnlng could 

therefore be observed. In run No. 5, ho.aver, (50000 for l37i 

hours), only 'incipient absorption ot sphaleri te was notedi ini 
some exsolution bodies, and lt is j.mprobable that the chalco­

pyrite reached a disordered state. Possibly, the length ~f i 

heating is an important tact or that m&y influence the inversion 

to a higher state at.lo.er temperatures. 
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observed before heating, there is no doubt that the domains. 

represent inversion twinning rather than tw1nning caused by 

other forces. 

> .'Il 
" 
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Figure 48. Domains in chalcopyrite e (x120) 

The question arises as to why the domains were not ob­

served in runs Nos. 4, 5, 7, and 8, which were carried out at 

temperatures of 5000C and higher. The answer may lie partly 

in the variation of the rate of quenchlng, and partly in the 

length of time of heating. Since disorder can be "frozen in" 

provided that the rate of quenching is sufficiently rap1d, 1t 

is possible that the spec1mens in runs Nos. 4, 7 and 8 did not 

re-order on cool1ng, and that no inversion tw1nning could 

therefore be observed. In run No. 5, however, (500°C for 137i 

hours), only 1nc1pient absorption of sphaler1te was noted in 

some exsolution bodies, anà it 1s 1mprobable that the cha!co-

pyrite reached a disordered state. Possibly, the length of 

heat1ng 1s an important factor that may influence the inversion 

to a h1gher state at lower temperatures. 



- 119 -

Since it is not the purpose of this thesis to study the 

rates and temperatures of inversion of chalcopyrite, further 

work in this direction was not pursued. Whether the absorption 

of sphalerite exsolution bodies into chalcopyrite is the result 

of inversion or not, the fact that the skeletal bodies dis­

appeared in all runs above 5000C and remained in runs below 

5000C suggests that the chalcopyrite formed at temperatures 

above 500OC. Whatever the effects of vapour pressure of sul­

phur and water may have been in nature, it may be concluded 

on a more qualitative basis that the chalcopyrite was formed 

at relatively high temperatures. 

·It had been noted earlier, (p. 93), that the mineral de­

position in the Breton breccia proceeded in at least three or 

four successive stages. There are indications that these were 

characterized by suocessively lower temperature conditions. 

The chalcopyrite on which the heating experiments were 

carried out is representative of the main period of deposition. 

A la'ter generation of ohalcopyr i te occurs in the form of fine 

sphen01ds which have grown on top of well-formed crystals of 

calcite in vugs of the quartz-carbonate matrix. Microscopie 

examinations of these sphenoids revealed that the skeletal 

exsolution bodies of sphalerite are absent. This suggests that 

the chalcopyrite was formed under lower temperatures which did 

not promote the formation of the solid solution of chalcopyrite 

and sphalerite. 

Corroborative evidence of deposition under successively 



- 120 -

lower temperature conditions is provided by the presence of 

such generally recognized low temperature minerals as laumon­

tite and schalenblende. which occur in vugs in the matrix. 

and in late carbonate veins, respectively. 

DISCUSSION. 

The history of the development of the Breton breccia. 

reconstructed on the basis of available evidence. includes 

four main events: (1) formation of a pipe-like structure com­

poaed of unconsolidated fragmental material; (2) cementation 

of the fragmental mass by.q~tz and carbonate; (3) formation 

of doma! fractures and re-brecciation; (4) sulphide minera-

lization. 

Search of literature. and persona! communication with 

many geologists familiar with breccia pipes revealed the. 

existence of the fcl1o~ing theories that have been advanced 

to accoUnt for the origin of these structures: (1) tectonic 

( ) t () intrusion of non- (4) acti vi ty; 2 igneous in rusion: 3 silicate solutioIisj so-

lution and replacement; (5) explosive activity; (6) collapse 

of rocks. 

The following discussion e~ines these theories. and 

their applicability to the origin of the Breton breccia. 

1. Brecciation bl Faultipg. 

Faulting was one of the first processes to be invoked in 

explain1ng the formation of the Breton breccia. The breccia 

was regarded as a shatter zone, located at the intersection 

of two or more faults, one of whlch was thought to c01ncide 
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vlth the long axls of the breccla. The proxlmlty of normal 

faultlng characterlzed by lntense brecclatlon seemed to sup­

port thls argument. 

The maln opjectlon to thls explanation ls the absence of 

any evldence of faultlng colncldent wlth the long axls of the 

breccla. Any such faultlng would have been noted, partlcular-
1 

ly east of the breccla where outcrops are abundant, (Plate 4). ' 

One vould also expect to flnd evldence of dlsplacement of the 

excellent markers provlded by the composlte dykes on elther 

slde of the breccla. The absence of such evldence llmlts the 

posslblllty of faulting to a zone paraDel to the dykes. None 

ls present, and lf one dld exlst, the formatlon of localized 

breccla masses could not be explalned by fault movement on 

such a slngle zone. 

The posslblllty that the posltlon of the breccla may have 

been lnfluenced by the presence of faults or fractures cannat 

be denled. Other processes must, however, be lnvoked to ex­

plaln the main features of the breccla. 

2. Brecclatlon br Igpeous Intrusion. 

Brecclatlon by igneous lntruslon ls the result of ln-

jectlon of a magma lnto zones of weakness ln the lnvaded rock, 

and by subsequent lsolatlon and complete envelopment of the 

fragments of the older rock by the lnvading magma. The chlef 

characterlstlc of breccla of thls type ls the presence of an 

lngeous matrix crowded wlth angular or rounded xenollths. 

Two types of breccla with an 19neous matrlx have been 

recognlzed ln the Breton plpe. In one of these, the fragments 
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are embedded in the grey dyke. (F1gure 33). Field relations 

indicate. however, that the grey dyke is post-breccia in age, 

and that it merely filled spaces between breccia fragments. 

The second type of breccia vith an igneous matrix occurs in 

fragments composed of xenoliths embedded in a matrix of gra­

nite, felsite or diabase, (Figure 32). These form only a 

small part of the Breton breccia. Since the greatest part 

or the Breton breccia is characterized by a quartz and carb­

onate matrix, br~cciation by igneous intrusion cannot be 

accepted as an explanation for the origin of the pipe. 

3. Brecciation bl Fluid Intrusion. 

Brecciation by intrusion of fluids of magmat1c origln, 

or fluidization, as distinct from an intrusion of a more vls­

cous magma, .as recently proposed to account for the formatlon 

of intrus ive breccias in the Warren Distrlct of Arizona, 

(Bryant, 1968). The process involves suspension and trans­

portatlon of fragmental materlal, and as will be shown ln the 

final chapter, can account for many of the features in the 

Breton breccia. It ia doubtful, however, that fluidizat10n 

ls capable of produclng initial fragmentation of rocks, as was 

recognized by Bryant, (1968, p.10), who postulated that the 

inltial fragmentation of the intrusive breccias was produced 

by earller faulting. 

4. Solution and Replacement. 

Breccia pipes formed by solution of fractured rocks and 

by subsequent replacement of the fragmental materlal by later 

minerals are characterlzed by matrices contalning no commlnuted 
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materlal. Thls Is, however, where all the slml1arlty of 

brecclas of thls type to the characterlstlcs of the Breton 

breccla ends. The fragments of brec~las produced by solutlon 

and replacement are modltled ln sltu, and as a result, show 

11ttle evldence of havlng been transported or greatly re­

orlented. The opposlte ls true wlth the Breton breccla. More­

over, detal1ed studles of the relatlonshlp of the fragments to 

the matrix of the Breton breccla Indlcate that only a very 

minor degree of replacement took place. 

5. Brecclatlon br Exploslon. 

Brecclatlon of masslve rocks by vlo1ent exploslons has 

been descrlbed ln many papers deallng wlth breccla plpes. The 

exploslons are usually attrlbuted to vlo1ent 11beratlon of 

gases trom a magma at a level where the partlal vapour pressure 

of the ascendlng magma exceeds the 11tho$tatlc pressure of the 

overly1ng rocks. There 1s no doubt that explos1ons of gases 

~t great depths, blowlng through to the surface are capable 

of produc1ng brecc1a plpes structurally s1m11ar to the Breton 

breccia. The intensity aÎ brëëôlatlon p&esent in the Breton 

breccla led the wrlter to suggest thls mechan1sm 1n an ear11er 

paper, (Blecha, 1965). Addlt10nal evldence turned up at the 

mine, and the study of pertlnent 11terature, has slnce cœn­

v1nced the wrlter that exploslon alone does not provlde a sa­

t1sfactory explanatlon for all the fleld evldence. 

D1atreme brecc1as are character1zed by a thorough mlxlng 

of fragments der1ved from the country rock as well as from 

great depths. In the Breton breccla, however, local predoml­

nance of fragments of a partlcular rock type generally reflects 
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the nature of the nearest massive wall rock. This suggests 
that the movement of the fragments was limited to a smaller 
degree than would be expected to take place during violent 
explosions. Moreover, all fragments found within the Breton 
breccia are derived fro~ rocks found in the ~ediate vicinity 
of the pipe, and no fragments have been found that could be 
suspected of a deep seated origine 

The matrix of diatreme breccias is usually composed of 
a variety of fragments, including a large proportion of fines. 
It seems unlikely that the washing action of ascending solu­
tions postulated to have taken place in the Breton br~ccia 
would completely remove as large an amount of comminuted mate­
rial as could be expected to result from violent explosions. 

Another significant feature commonly found in diatreme 
breccias is the widening of the pipe near surface, caused by 
lower rock pressure at shallow depths, or by inward sliding of 
the vent walls subsequent to the formation of the pipe. No such 
widening is present in the Breton breccia. 

Subsidence that often follows the formation of diatremes 
generally results in inward dips of the material contained in 
the upper parts of the pipe. Although downward movement of 
fragments undoubtedly took place in the Breton breccia, no 
inward dips have been observed. 

Recent studies of the effects of underground nuclear ex­
plosions at relatively shallow depths have revealed the pre­
sence of two or more well defined zones characterized by diff­
erent degrees of intens1ty of fragmentat1on, depending on the 
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d1stance from the centre of the explos1on. It has been de­

monstrated that the d1stance from the or1g1n of the explos1on 

to the zone character1zed by a thorough m1x1ng of fragments, 

(domain of m1x1ng), 1s a funct10n of the total energy released, 

(Shoemaker, 1960). There 1s no ev1dence of any such zon1ng 1n 

the Breton brecc1a. 

6. Brecc1at1on by Collapse of Rocks. 

Brecc1at1on of rock by collapse subsequent to removal of 

support 1s a generally accepted method of rock fragmentat1on, 

and has been app11ed to many brecc1a p1pes. The removal of 

support 1s usually expla1ned by the d1sso1v1ng of the under­

ly1ng rocks by hypogene solut1ons, (Locke, 1926), or more ra­

rely by shr1nkage accompany1ng the ox1dat1on of sulph1des, 

(W1sser, 1927). More recently, Perry, (1961), advocated the 

proposal that collapse of rocks 1s the result of a decrease 1n 

pressure at local1zed po1nts above an 1ntruding batho11th 

caused by the w1thdrawal of magma below. 

The collapse the ory has many attract1ve features, but 1t 

alone cannot entirely expla1n all tha features of the Breton 

brecc1a. In comb1nat1on w1th other related geolog1cal pro­

cesses, however, the mechanism of brecc1at1on of rocks by co­

llapse can best account for the or1g1n of the Breton brecc1a, 

. as well as for the or1g1n and structure of the ore. 



- 126 -

PROPOSED ORIGIN OF THE BRETON BBECCIA 

The main geological processes invoked in the proposed 

origin of the Breton breccia are fragmentation of rocks by 

collapse, and cyclic pulsations of an intruding magma. 

The feasibility of rock fragmentation by collapse of 

unsupported rocks is beyond doubt. Collapse structures in 

nature have been extensively described by Hundt, (1950), and 

the process ean be direetly observed in mining operations. 

Incontrovertible evidence that downward movement of fragments 

took place at one stage during the formation of the Breton 

breccia is provided by the presence of fragment~ of mafie 

metavolcanics below the 375 level of the mine. 

The concept of magmatic pulsations, first inferred from 

direct observations of fluctuating levels in lava lakes, is 

not new. It was first proposed by Anderson, (1936), in his 

the ory on the emplacement of ring dykes and cone sheets, and 

has been recently applied to the formation of breccias asso­

ciated with porphyry cQPpers by Kent. (1961. 1963). Indirect 

evidence that periodic disturbances took place during the form­

ation of the Breton breccia is provided by the re-brecciation 

of previously fragmented rock, and by the recognition of seve­

ral stages of quartz and sulphide deposition. 

The starting point of the proposed origin of the breccia 

is the postulation of an intrusion of a large batholith, simi­

lar in composition to the felsitic and felsophyric dykes which 

are present in the entire Batchawana area. The evidence that 
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an intrusion of this type is present, is provided not only 

by the occurrence of these felaic dykes, but mainly by the 

high proportion of fragmenta of these rocks in each of the 

breccias found on the Tribag property. 

It appears reasonable to assume that the magma advanced 

closest to the surface in areaa presently occupied by the 

breccia pipes. Its emplacement was no doubt controlled by 

local zones of weakness, such as faults, joints .or contacts. 

Y~gmatic pulsat~ are postulated to have started when an 

intrusion of magma into one of these zones of weakness caused 

the tranfer of magma from another. 

As in the formation of ring dykes and cone sheets, the 

first failure caused by the upward pressure of magma produced 

tension fractures in the intruded rock. Subsequent withdrawal 

of magma resulted in the formation of a new set of fractures, 

domal in shape, and in simultaneous closing of the first set 

of fractures by the lithostatic pressure of the overlying rocks, 

(Plate 9). 

The second cycle of the pulsating magma reaulted in the 

emplacement of felsic dykes along previously formed fractures, 

and in the formation of a zone of low pressure, caused by the 

w1thdr-anral ûf magma wnien follawed. Bubsequently, a sudden 

failure of the unsupported roof took place along steeply d~1ng 

fractures. Whether or not these fractures were part of the 

fracture system caused by the osc1llat1ng magma 1s un1mportant. 

The1r postulation 1s necessary, however, to account for the 

sharp contacts between the brecc1a and the massive wall rock. 
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The sudden col,lapse of rocks resulted in the formation 

of a column of unconsol1dated rUbble, cons1st1ng of angular, 

unsorted fragments der1ved from rocks present in the 1mmed1-

ste v1c1n1ty of the brecc1a. (Plate 10). The exact extent of 

the downward movement of the fragments 1s impossible to deter­

mine. Judg1ng from the vertical distance between maf1c meta­

volcan1c and the deepest occurrence of the metavolcan1c frag­

ments w1th1n the breccia, the downward movement must have been 

of 'the order of 500 feet. 

The initial fragmentation of rock was followed by surges 

of sil ica-ri ch, hydrothermal solutions which had ~eparatèd 
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~rom the magma. and gathered at the top of the magma ehamber. 

The solutions were driven upward under the influ~nce of the 

~tura1 pressure gradient, possibly aided by the upward push 

of the re-advancing mag~ Stréams of sulutions removed all 

comminuted material. and re-arranged the unconsolidated frag­

menta! mass by rotation of individual fragments. as well as 

by their upward transportation • 

. Laboratory evidence demonstrating the ability of water 

to transport fragments has been demonstrated by Bryant. (1968), 

and need not be repeated here. 

Field evidence that this type of mechanism was functioning 



- 130 -

during the f'ormatio:p. of' the Breton breccia :ts summarized below. 

The most striking eff'ect of the transportation of frag­

ments by ascending fluids is the crosscutting relationship of 

the breccia with respect to the surrounding massive rocks. 

This occurs when the fluids completely fill the spaces between 

the fragments, and the entire breccia behaves like a fluide 

Cross cutting relationship of' the Breton breccia has not only 

been inferred from drill data, but may be observed directly 

underground as well as on surface. In FigUIe20. (p.58), mass­

ive granite is in sharp contact with breccia composed predo­

minantly of f'ragments of' diabase. This implies that the dia­

base fragments have been transported to their present position, 

and such movement can best be explained by fluidization. 

Perhaps an even more convincing evidence of' intrusion of' 

breccia ls provlded by the "vein" breccia shown in Figure 28, 

(p.73). Rock fragments present in the vein breccia are diff'e­

rent from the wall rock, and their transportation to their pre­

sent positlon could have been best accomplished in a liquid me-

di~ A 51mîlar relatlünshlp, 1nvolv1ng fels1t1c fragments pre= 

sent in the matrix which separates large f'ragments of' granite 

has been described on page 71. Upward movement is also indicat­

t" by the positions of' the f'ragments derived f'rom the composite 

dyke; these are f'ound not only below the projected position of' 

the dyke in the breccia, but also above it. 

The f'ollowing f'eatures may be regarded as corroborative 

evldence of the passage of large volumes of' fluids through the 

open spaces of the unconsolidated fragmenta! masse 

Elongated. slab-like fragments mostly occupy an almost 
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horizontal position. It seems reasonable to suggest that the 

fragments assumed the horizontal attitude after the cessation 

of the upward streaming of the fluids, in a manner analogous 

to the deposition of plat y particles in a liquid medium. 

In the quartz-carbonate -rich parts of the breccia, sulphide 

mineralizatlon ls found mostly on top of fragments, (Flgure 46). 

Tvo explanatlons have been suggested to account for thls pecullar 

feature. Accordlng to one, the rock fragments were embedded ln 

a fluld but very viscous medlum, composed malnly of slllca. 

After the cessation of movement, and prlor to the crystal11za­

tlon of the vlscous mass, the rock fragments sagged somewbat due 

to gravlty, leavlng an empty space into whlch the sulphldes were 

later deposited by hydrothermal solutlons. 

The second hypothesls is that the sulphldes were deposited 

in a zone of 10. pressure caused by eddy currents formed by 

the ascending solutions on encountering obstacles ln the form 

of fragments. In view of other evidence favouring the presence 

of rapidly ascendlng solutlons, this explanatlon ls more 11kely. 

fr~lng thê ebbing stages of fluldizatlon, precipltation 

of silica took place. This resulted in the crystallizatlon of 

coarse quartz, and in the cementation of the rock fragments. 

After the consolidation of the breccia, another wlthdrawal 

of magma took place. This resulted in the formation of a new 

set of domal fractures, and posslbly in the re-openlng of the 

older fractures. The fracture pattern extended into the co­

lumn of fragmental materla1, which by now was sufflclently 
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conso11dated by quartz c~mentat10n to perm1t 1ts fractur1ng, 

(Plate 11). 

The bulk of the sulph1des was depos1ted dur1ng subsequent 

flu1d1zat10n. The ore-bear1ng solut10ns travelled along the 

channelways prov1ded by the domal fractures 1n the brecc1a, as 

well as along openspaces between fragments, which were lncom-

pletely f1lled by quartz. The so11d hang1ng walls of the de­

mal fractures restr1cted the flow of the ascend1ng flu1ds, 

forc1ng them to c1rculate 1n the footwall, partlcularly 1n the 

flat, upper port1ons of the domes. Th1s resulted 1n the re­

brecc1atlon of the fragmental mass by the ag1tat1ng act10n of 

the flu1de, and 1n the formation of sharp contacts between 
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tlopen", m:!neralized breccia in the footwall of ore zones, and 

the "tight", relatively barren breccia in the hanging wall, 

(Figure 30, p. 75). 

An important part of the channelway system was provided 

by the sharp contacts between the granite and the brecciae In 

places where ascending solutions travelling slong the contact 

encountered do~&l fractures cutting across the cQntact into 

t~e·breccia, parts of the solutions were diverted, and preci­

pitation of sulphides took place slong the fractures in the 

breccia. Part of the solutions continued upward slong the con­

tact until encountering a second domal fracture at a higher 

horizon. The resulting ore structure is particularly well 
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Plate 13. Generalized plan of the 750 level, showing 
the relation of ore zones to domal fractures. 

time relationship is not entirely clear. The most important 

of these events were the intrusion of the amygdaloidal and 

-the grey dykes. 

These two petrologically and chemically similar rocks 

exhibit one major diffsrence in thelr mode of intrusion. Where-

as the amygdaloidal dyke cuts across the entire breccia forming 

a regular, tabular body, the grey dyke has the unmistakeable 

characteristics of a concordant intrusion, 'insofar as it is con­

tro~led by the internaI structure of the breccia in general, 

and by the configuration of individuel fragments in detail. 

This suggests that the breccia matrix offerred less resistance 

to the intrusion of the grey dyke than dld the fragments. This, 

in turn implies that at the time of the intrusion of the grey 

dyke the breccia was in a lesser state of consolidation than 
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during the intrusion of the amygdaloidal dyke. From these con­

siderations it appears that the grey dyke is older than the 

amygdaloidal dyke, and that its intrusion was followed by ano­

ther:per1od of quartz and carbonate deposition, which resulted 

in the final, complete cementation of the breccia fragmenta. 

Late carbonate stringers which eut across the grey dyke appear 

to support this, (Figure 46, p. 107). 

Minor post-breccla faulting and fracturing marked the last 

chapter in the complex geological history of the Breton breccia. 

Finally, weathering and erosion through a great length of 

time, including glaciation as the penultimate stage, removed the 

top of the breccia pipe, and eut it down to its present surface, 

possibly eroding the tops of one or more domal zones. 

Economie Implications. 

The proposed origin of the Breton breccia has several im­

portant implications with respect to the exploration for addi­

tionsl ore within the pipe. 

The most obvious of these is the possibility of the pre­

sence of additionsl dowal ore zones with1n the major domel 

structure. Two major ore zones have been recognized so far, 

with the North and South zones possibly forming a third, outer­

most zone. Additional doma! structures could occur both on the 

inside as wel1 as on the outside of the presently known zones. 

On the current1y deve10ped leve1s, additionsl outer zones could 

be expected to occur at the east and west extremities of the 

breccia, where they would form large circles, roughly concentric 

with the presently known ore, (Plate 1,3). 



- 137 -

Add1t1ons! domes on the 1na1de of known ore structures 

should be looked for at deeper horizons. Th1s ra1ses the 1m­

portant quest10n regardlng the pers1stence of the favourable 

brecc1a at depth. 

In theory', the bottom of· the brecc1a should occur 1mme­

d1ately above the top of the fels1c 1ntrus1on wh1ch 1s postu­

lated at depth. The depth of the 1ntrus1on could, theoret1cal1y, 

be determ1ned by the project1on of the tens10n fractures down­

d1p. The project1ons should converge at the top of the ~ntru­

s1on. Th1s method, however, 1s 1mpract1cal, ma1nly due to the 

1ack of ava1lab1e data. 

The bottom parts of the brecc1a could be expected to be 

character1zed by c10ser pack1ng of the fragments due to greater 

11thostat1c pressure of the over1y1ng rocks, by 1nte~e frac­

tur1ng and alterat10n due to the prox1m1ty of the underly1ng 1n­

trusion" and by the gradua! appearance of am 19neous matrlx 

wlth d~pth. The presence of al1 of these features ls lnd1cated 

on the l,20û level of the mine. However, a few deep drill holes 

penetrated through th1s type of t1ght, altered brecc1a 1nto the 

"open", matr1x-r1ch type, and the poss1b111ty of the occurrence 

of at 1east another doma1 ore zone below th1s leve1 rema1na. 

The bottoming of the brêee1a pipe, however, would not.ne-

cessar11y s1gn1fy the bottom1ng of copper m1neral1zat1on. If 

the Breton brecc1a 1s 1ndeed underla1n by a deep seated, fels1c 

1ntrus10n, then 10w grade, porphyry copper-type m1nera11zat10n 

could be expected to occur at depth, just as 1t does 1n the 

ramous La Colorada p1pe, 1n the Cananea m1n1ng d1str1ct of . 

Mex1co. 
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Table 1. 

Locatioœ·~ Samp1es 

samp1e No. Rock TYpe Location or Samp1e 

M-l highly altered granite D.D.H. V-32 @ 500.0' 

6 t'resh granite D.D.H. v-54 @ 300.0' 

101 sodic granite 2 m1.1es west of 
Quintet Lake 

102 granite south shore Adelaide L. 

103 granite ! m1.1es NW of sbaft 

104 granite D.D.H. V-56 @ 200.0' 

105 granite D.D.H. V-43 @ 145.0' 

106 granite D.D.H. v-48 @ 775.0' 

107 granite D.D.H. V-71 @ 325.0' 

108 granite D.D.H. v-67 @ 925.0' 

109 granite D.D.H. V-47 @ 746.0' 

469 granite D.D.H. V-10 @ 802.0' 

2865 granite 1.200. leve1, near shaf't 

2866 basic member of com- D.D~H. v-34 @ 170.0' 
posite dyke 

2868 granite D.D.H. V-30 @ 700.0' 

2869 amygdaloidal dyke D.D.H. U-30 @ 211.0' 

2878 fe1sophyre D.D.H. v-65 @ 295.0' 

2870 grey dyke D.D.H. U-30 @ 147.0' 

2871 central member of com- D.D.H. V-34 @ 160.0' 
posite dyke 
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DIAMOND DRILL LOG 

Hole Number: 6-U-ZZ 

Latj.tude: lO,476N Started: March 22, 1965 

Departure: 10,600E Compl'd: March 30, 1965 

Level: 750 Logged by: Natthew Blecha 

Az1muth: South 

D1p: -33 0 

Length: 272.0' 

0.0 "T1ght Brecc1a", w1th only 5-7% quartz-carbona.te 
matr1x; predom1nantly p1nk gran1tic fragments, with 
10% diabase, 5% fe1site, and minor occasional syeni­
tic fragments. Note fragments of fine grained diabase 
at 77' - 78', and 83' - 86.5'. Very weakly mineralized 
with traces of pyrite, and chalcopyrite. Low altered. 
128.0' 

128.0 "Open Breccia". increase in quartz-carbonate to 15%; 
abrupt increase in alteration to med1um-high. Pre do­
minantly diabasic and syenitic fragments, with minor 
associated biotite. Mineralized with 2-3% pyrite. and 
few blebs of chalcopyrite at 135' - 136'. 
144.5 

144.5 Mineralized Zone. 1-2% chalcopyrite. 1-2% pyrite, in 
medium altered, open breccia. Predominantly granitic, 
, r:.cf. l'I,.o .... ~I7'_~a,..hl'\'Vu~+A· 
~JI" ~""'~. v .... · --- -_._ .. -. 

162.5' Mineralization increases to 12 - 15% chalcopy­
rite: high alteration, quartz-carbonate 30%. 
164.0' Chalcopyrite decreases to 3-4%, locally concen­
trated at l77.5-l79~O!. Alteration ramains high. 
199.5' 

199.5 Open Breccia. relatively small fragments predominant­
ly granitic and felsitic; alteration medium-high; 
quartz-carbonate 25%. 
248.0' GraduaI decrease in alteration to medium; in­
crease in diabasic fragments to 30%; quartz-carbonate 
30%. Large blebs of chalcopyrite at 259.0-260.0' 
272.0 

272.'0 End of Hole. 
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Table II. 

sEec-~rographic Trace Element Ana1ysis of 
Samp1es Co11ected from Drill Ho1e No. 6-U-7~ 

(Analyst: Ontario Dept. of Mines) 

0 ...1.2 ~ --Î!. ~ -2i ...M. --ZQ .JU -
Ba 100 100 50 400 80 400 200 100 100 

Sr 30 40 80 80 100 200 50 100 100 

Cr 50 20 20 10 10 10 20 50 50 

Vln 100 400 200 500 200 500 500 1000 800 

Co 20- 20- 20- 20- 20- 20 20 20- 20 

Ni 40 50 100 40 30 30 40 30 60 

Cu 300 200 2000 1000 100 3000 400 400 3000 

Pb 10 10 10 20 10 10 10 10 100 

Zn 60 50 50 50 50 50 50 50 100 

Ag 3 2 3 3 2 3 3 3 3 

Sn 60 20 40 100 10 20 5 5 800 

Mo 200 20- 20- 20- 20- 20 20- 20- 20-

Ga 30 ~n 30 30 30 40 30 30 30 .,,-

Ti 6000 2000 2000 1000 2000 1000 1000 1000 2000 

V 300 50 50 60 30 40 200 100 50 

Zr 100 100 200 80 100 100 100 100 100 

S.'G~' 2.-65 2.56 2.59 2.61 2.'61 2.'60 2.-62 2.62 2.65 

Note: All values are expressed in parts per million 

20- designates "less than" 20 ppm. 

Samp1e numbers represent the footages of the samp1es in 
the drill ho1e.' 

( ••• cont1d) 
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Table II 
(continued) 

101 108 126 131 ru 144 ~ lli 164 -
Ba 50 100 100 200 100 50 400 200 300 

Sr 30 80 50 20 5 30 50 50 5 

Cr 50 10 100 800 10 40 20 10 10 

l'In 500 1000 2000 200 20 1500 400 1000 100 

Co 20- 20- 20- JO 100 20- 20- 20- 30 

N& 30 30 60 8f) 100 20 40 100 300 

Cu 200 100 100 400 2%+ 1000 600 5000 2%t 

Pb 10 10 20 10 10 10 10 10 10 

Zn 50 50 50 50 2000 200 100 150 10000 

Ag 3 2 3 2 100 3 2 10 30 

Sn 10 10 5 10 20 10 10 10- 20 

Mo 20- 20- 20 20- 20 20- 20- 30 20 

Ga 20 20 20 20 20 20 30 20 30 

Ti 500 1000 2000 1000 1000 300 1000 2000 2000 

y .. 1 ..... / .... lûû 3ûû 10 5û 5û 3û "' ... v .... v ov JV 

Zr 50 100 100 50 50 30 100 200 100 

B.G. 2.62 2 .. 63 2'~'60 2 .. -62 2.74 2.'64 2.'61 2.47 2.,71 

Note: AlI values are expressed in parts per million unless 

stated otherwise.' 
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Table II 
(cpntinued) 

168 !11 !Z.2 187 194 201 206 211 216 - - - - -
Ba 800 :300 100 :300 400 500 400 200 100 

Sr :30 100 50 50 50 50 JO 50 :30 

Cr 10 10 20 20 10 10 10 10 50 

Mn 200 2000 500 200 60 100 200 100 500 

Co 40 20 20 30 20 20- 40 20 20 

Ni 80 40 50 40 50 30 50 40 100 

Cu 1000 :3000 200 1000 :3000 100 5000 500 5000 

Pb 60 20 20 10 20 10 30 20 10 

Zn 200 50- 60 60 200 60 200 100 50-

Ag 4 :3 :3 4 5 l :3 :3 4 

Sn 10 10- 20 lO- lO- :30 20 lO- lO 

Mo 20- 20- 20 20- :30 20- 20 20- 20-

Ga 50 20 20 30 :30 :30 :30 20 20 

Ti :3000 600 800 2000 2000 
1- __ 

1000 ""AAA "'''1'\1'\ Lf'UU GVVV e:.vvv 

V 100 100 60 50 50 50 50 50 50 

Zr 200 50 60 100 100 50 200 100 50 

S.G. 2.58 2.64 2.64 2.58 2.59 2.61 2.55 2.48 2.5:3 

Note: All values are expressed in parts per million unless 

stated otherwise. 

( ••• cont'd) 
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Table II 
(continued) 

.m 224 - lli 245 250 258 265 272 

Ba 100 200 200 100 300 200 100 300 

Sr 30 30 60 20 60 30 20 100 

Cr 5 20 10 30 10 40 30 30 

Co 20- 20 20 20 20- 20- 20- 20-

Mn 2000 200 200 400 300 300 500 500 

Ni 20 20 30 40 30 30 20 200 

Cu 300 200 4000 400 300 500 200 1000 

Pb 10 10 20 10 20 20 10 20 

Zn 100 100 100- 100 100 100 100- 100-

Ag 2 3 4 2 3 2 2 2 

Sn lO- lO- lO- lO- 20 60 10 20 

Mo 10 30 30 10- 30 20 20 30 

Ti 200 800 2000 1000 1000 500 300 1000 

V 130 200 50 200 100 40 50 50 

Zr 30 100 100 40 100 40 20 60 

S.G 2.62 2.'59 2.'56 2 .. 65 2.58 2.59 2 .. 49 2.64 

Note: AlI values are expressed in parts per million. 
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THE ESTII1ATION OF ORE RESERVES. 

The description of the Breton breccia would not be com­

plete without at least a brief account of the methods used in 

the estimation of the grade and tonnage of the ore. 

Sampling. 

The erratic occurrence of ore minerals has always posed 

a very serious problem in the evaluation of the Breton breccia. 

Already during the initial surface drilling programme i t wes 

suspected that the assay returns of drill core samples were 

unreliable, mainly due to the poor core recovery from the 

highly altered, mineralized portions of the breccia. Sampling 

procedures for the evaluation of the underground workings were 

therefore prepared with great care. Three types of samples 

were taken: 

1. Drill core samples were provided by pilot drill holes 

which were drilled periodically to a depth of 100 feet, ahead 

of each drift and cross-eut. 

2. Chip samples of the entire face were taken after each 

round of advance in aIl drifts and cross-cuts. 

3. Car samples of the muck were taken both underground 

and on surface, and the assays were averaged. 

The comparisons of the three types of samples showed a 

disturbing discrepancy. Assays of chip samples were highest, 

while muck samples gave the lowest values. This necessitated 

the decision to erect a bulk sampling plant, which would enable 

the sampling of the enti~e volume of rock broken in each round 

of advance. The samplin~ plant, equipped with an automatic 
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cutter, processed muck from 811 subsequent underground work1ngs. 

The assay results were comp11ed, and compared w1th the results 

of the other three samp11ng methods. Wh11e the compar1sons of 

assays of 1nd1vidual rounds of advance were errat1c, assay 

averages over lOO-foot lengths of dr1fts and cross cuts showed-­

that the dr111 core assays were 1nvar1ably lower than the bulk 

samples of the correspond1ng areas. 

As the ent1re deposit was evaluated ma1nly on the bas1s 

of dr111 core assays, 1t became of utmost 1mportance to deter­

m1ne the degree of re11ab1l1ty of the dr111 core assays. 

Attemp~were made to determ1ne whether an up-grad1ng factor 

could be applied to the drill core assays, by wh1ch the core 

assays could be corrected to the value 1nd1cated by bulk sam­

ples. Var10us stat1st1cal tests fa11ed, however, to determ1ne 

the exact numer1cal value of the up-grad1ng factor. 

Th1s was followed by elaborate tests wh1ch 1nvolved the 

recovery of sludge, and the comb1n1ng of the sludge and core 

assays by we1ght1ng each by the1respect1ve we1ghts of the re­

covered sample. The stat1st1cal conf1dence 11mits of the re­

sults, however, d1d not perm1t the applicat10n of any correct-

10n factor. 

Apart from the poor core recJvery, the ma1n d1ff1culty 

was that a,dr111 hole of a relat1vely small d1ameter often 

missed the major1ty of the chalcopyr1te blebs wh1ch made up 

an ore zone. The poss1b111ty of th1s happen1ng 1â realized 

by the exam1nat1on of F1gures 44 and 46, (pp.lo~, and 107) • 

Many examples.can be g1ven of holes dr111ed only severel 1nches 



- ·XX· -

apart, each penetrating a re1ative1y rich ore zone, and yet 

each giving entirely different results. In cases like these, 

it became necessary to take into account the nature of the 

host rock, the overall core recovery, and to use a great deal 

of intuition. 

At present, with the mine in production, the trend is to 

rely more on visual estimates of the grade than on any 

sampling method. 

The Estimation of Ore Tonnage;. 

The comp11cated domal structure of the ore zones nece­

ssitated the use of four vertical sections, in order that every 

part of each zone could be shown as close to its cross-sectional 

area as possible. The vertical sections, indicated on the en­

c10sed leve1 p1ans, show the ore looking north, west, north­

west, and llortheast. The vo1ume of each block of ore is the 

product of lts cross-sectional area and the distance between 

the adjacent sections. In the case of flat-lying zones, the 

volumes are ea1cUlated by the polygonal method. 

Speci~1c gravit y determinations of breccia mineral1zed 

wlth various amounts of sulphides indicated the usage of the 

fo11owing tonnage conversion factors: 

Table III. 
Tonnage Conversion Factors 

-% Cu cu ftLt %ClL cu ftLt 

0.0 - 0.99 12.25 5.0 - 5.99 11.00 
1.0 - 1.99 12.00 6 .. 0 - 6.00 10.75 
2.0 - 2.99 11.75 7.0 - 7.99 10.50 
3.0 - 3.99 11.50 8.0 - 8.99 10.25 
4.0 - 4.99 11.25 9.0 + 10.00 
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