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Chapt~ 1 

INTRODUCTION 

PurpOSe of the Investigation 

It is well known that halos of altered rocks aurround many 

deposi ta of sul phi de and other ores • The se halos are characterized 

by a mineralogical and, or, chemical composition which is different 

from that of the rocks farther- away from the 'deposits. The mineral­

ogical and chemical changes in auch zones of alteration are often 

beat expressed near the deposit9 and gradual~ fade away with distance 

from the ore. It is generally conceded that theae changea in the wall 

rocks are the reault of processes which accompanied the introduction 

of the ore. Most geologists consider alteration halos as useful 

guides to ore. 

This theais ia a study of the chemical changes in the wall 

rocks of some ore zones in the Chibougamau district of Quebec • The 

purpose of this investigation is to detect auch chemical changes in 

these rocks as may be useful in narrowing the target area in search­

ing for new ore deposits in the same district. 

The Chibougamau district is well suited for an investigation 

of this sort. Most of the deposits are in what appears to be a single 

intrusive maas of anorthositeo The composition of this intrusive 

maas was, before the introduction of the ore, more uniform than are 

the host rocks in most. mining distri cts. It should therefore be 

easier to detect and classify chemical changea superimposed on it. 

Another advantage is that numerous diamond drill heles have been 
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bored in many parts of the anorthosite and most of the drill core is 

available for stuqyo Drill cores provide excellent continuous samples 

of the rocks selected for analysis and the mining companies have been 

very cooperative in permitting the cores to be used for this purpose. 

Method of Investigation 

The following steps were included in the investigations 

1) Systematic sampling of fresh and altered rocks of all types 

near~ and away from~ the known ore depositso 

2) Qualitative scanning for 20 elements 9 using an x-ray spectro­

meter and an optical spectrograph. 

3) Quantitative determinations on 575 samples using an optical 

spectrograph and an x-ray spectrometer for 13 elements which 

showed measureable variations in distribution that may be re­

lated to ore or structures that controlled ore emplacement. 

4) Microscopie examination of 85 thin sections to identif.y the 

minerals containing any elements .linked to ore 9 or to mineral­

ogical assemblages peculiar to ore-bearing localities. 

During two months of the summer of 1958 the writer system­

atically collected sorne 600 samples of wall rock 9 representing over 

16,000 feet of .drill core, from the Chibougamau district. The core 

samples were selected from massive anorthosite, sheared anorthosite, 

sheared and mineralized anorthosite~ fresh dykes within shears, and 

mineralized parts of the same dykes within mineralized shears. The 

details of the sampling procedure and the locations of the samples 

are described in Chapter 4. 

While at Chibougamau the writer also collected information 
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and geological data on properties other than those sam.pled:~ and 

visited sorne of the unàerg:!':'oun.: workings, in order to get a general 

geological picture of the èis~ric~. 

In the spectrographie l&'boratory in the Department of 

Geological Sciences at MCGill University :~ the writer made qualitative 

scans on 60 samples for 20 common elements, using an x~ray spectre~ 
'· 

meter and an optical spectrograph. The resulta inàicated that 13 

elements showed detectable variations in their distribution., using 

more or less standard techniques on these instruments. 

The elements chosen for quantitative an.e.lysis were Si, Al, 

Fe, Mg, Ca, Na, K, Mn, Co, Sr, Ni, Cu, and V. The other elements, Ti, 

Cr, Ba, Zn, Pb, Rb, and Cs, either showed too little variation in 

distribution to be useful, or would have required for their analysia 

special and time~consuming spectrographie techniques, considering the 

large number of samples to be treated. 

For the purpose of the present atudy the quantitative 

determination of the 13 more common elements in these rocks was 

considered adequate. The analytical work was carried out during the 

summer and autumn of 1959. The analytical techniques are described 

in Chapter 5. 

The analytical resulta were plotted in histogram form to 

show the quantitative changes in these elements in the rock along 

·each sampled drill hole, or a particular se~tion of a drill hale. 

The plotted resulta are described and interpreted in Chapter 6. 

For each sample length of drill core the writer collected 

a band specimen considered typical of that length. From these band 

specimens a total of 85 thin sections were prepared, which the writer 
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considera representative of the different zones studied. The resulta 

of the studies on thin sections are given in Chapter 3. 

Location and Access 

Chibougamau is located just south of the 5oth parallel, 

about 300 miles due north of Montreal, and 150 miles northwest of 

St. Felicien on Lake St. John. The present mines of the district 

are located along the shores of Doré Lake which lies 3 miles south 

of the town of Chibougamau. 

Access to the Chibougamau district has improved greatly in 

the past decade. Prior to 1949 the area could be reached only b,y 

float, or ski-equipped aircraft, depending on the season~ and by 

canoe routes from the Lake St. John area to the southeast, or from 

Senneterre to the southwest. 

At present Chibougamau is linked to both Senneterre and 

St. Felicien by branch lines of Canadian National Rai1w~s, and by 

an all-weather road to St. Fe1icien. WOrk is in progress on extend­

ing the Senneterre-Bache1or Lake road to Opemiska and Chibougamau, 

thus providing motor access from the Noranda area of Western Quebec. 

Nordair, Limited, provides scheduled airline service from Montreal 

to Chibougamau. 

History and Previous Work 

}ûneral occurrences in the Chibougamau district were ob­

served in 1870 and reported b.Y Richardson, (187,2), an officer of the 

Oeo1ogical Survey of Canada. Other early geologica1 reports on the 

district are those by Low, (1885), (1892), (1895), (1906), Obalski, 
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(1905), (1906)~ Dulieux~ (1909), and Barlow, (1911). 

Increasing interest in the mineral potential of the district 

resulted in the establishment of the Chibougamau Mining Commission 

headed by Barlow, (1911 ) • The commission was to evalua te the economie 

mineral possibilities of the area and to decide whether a railroad 

into the district was justified. The report of the commission Barlow, 

(1911).11 suggested that building a railroad to facilitate exploration 

and development of the mtneral resources .of the area was not warranted 

at the time. 

In the absence of rail and, or, road transportation to the 

district, exploration continued intermittentlY chiefly on the gold 

prospects in the vicinity of Doré Lake. Parts of the area were mapped 

by ~~wdsley, (1927), Retty, (1930), and Mawdsley and Norman, (1935). 

Between 1934 and 1936, Consolidated Chibougamau Goldfields, 

Limited, a subsidiary of Consolidated Mining and Smelting Company of 

Canada, Limited, did considerable drilling and other work on the copper­

gold showings of Merrill Island and on the gold-quartz veins at 

Cedar Bay on Doré Lake (see Map 2). At Cedar Bay the work included 

a 522 foot shaft, nearly 5,000 feet of drifts and crosscuts, and ab6ut 

34,000 feet of diantond drilling. 'Work was discontinued in la te 1936 

because the grade of the prospect was too low at the existing copper 

priee, and because of transportation difficulties. 

With the completion of a gravel-surfaced road from St. Felicien 

in 1949, exploration activity in the district accelerated. The renewed 

. exploration and development efforts, and higher copper priees, result-

ed in the definition of several ore bodies in the district. 
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The Opemiska Copper Mine, 25 miles west or Chibougamau, 

came into production in December 1953. Campbell Chibougamau Mines, 

Limited, began production in May, 1955, from its ore body under :Doré 

Lake, just north of Jl.ierrill Island. Merrill Island Mining Corporation, 

Limited, brought into production its ore body on Merrill Island in 

February, 1958 • 

other prospects were not so fortunate at the time. Under­

ground exploration was carried out, with different degrees or success, 

qy New Royran Copper Mines, Limited, Copper Cliff Consolidated Mining 

Corporation, Quebec Chibougamau Ooldfields Limited, Chibougamau 

Jaculet Mines Limited, and Bateman Bay Mining Compaey, Limited. 

Ground formerly held by New Royran Copper Mines, Limited, 

and Copper Cliff Consolidated Mining Corporation is now held b.1 Copper 

Rand Chibougamau Mines, Limited, which started production from its 

Eaton Bay zone on Gouin Peninsula early in 1960. Or-e from the Chi­

bougalllau Jacu.let Mines, Limited, sha,ft will be trucked to the Copper 

Rand mill for treatment. 

Bateman Bay Mining Company, Limited, is planning pro­

duction from i ts ore body on Oo~n Peninsula in 1961 • Campbell 

Chibougamau Mines, Limited, brought into production, ear~ in 1958, 

the Ce dar Bay mine, and is preparing the Henderson. ore body, just 

offshore from Portage Island in Lake Chibougamau, for production in 

1961. Campbell is also scheduling the Kokko Creek ore body for pro­

duction early in 1961. Portage Island Chibougamau Mines, Lf:.mi ted, 

is carrying out an intensive exploration program on Portage Island. 

Since 19.5'0 the re sul t ·s of sever al geological investigations 
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of the Chibougamau district have been published. Graham~ et al (1953a) 

described mining properties and development in the area~ as did Qraham 

(1953b) and Assad (1957). Oraham (1953c) described mining properties 

to the east of those reported in the 1953b publication. 

Mapping of certain parts of the district bas been carried 

out qy Allard (1956a, 1956b)~ Graham (1956, 1957), Smith and Allard 

(1957)~ Smith (1953), Longley (1951), and Horscroft (1957, 1958). 

Field and laboratory investigations, described in thesee 

submitted to various universities, have been carried out in recent 

years by Allard (1956a), Horscroft (1957), Miller (1957), Jeffery 
1 

(1959), Sutton (1959), Vollo (1959), and Raychaudhuri (1959). 

From the foregoing it is evident that much geological work 

bas been done in the district in the last decade. Undoubtedly more 

geological investigations of this camparatively young mining camp 

will be made in the future. 
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A Union Carbide of Canada, Limited, Research Fellowship held by 

the writer during the 1958-59 university session helped de!ray 

many expanses. 

To all the people who contributed suggestions and ideas 

during this investigation the .wri ter wishes again to express gr a ti tude. 

However the writer alone should be held responsible for the opinions 

expressed in this thesis, and for any errors of omission and commission 

that may have entered this study. 
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Chapter 2 

REGIONAL GEOLOGY 

THE SUPERIOR GEOLOGICAL PROVINCE 

The Chibougamau district lies near the eastern edge of the 

s~.erior geological province near the boundary of the Ch'envill~ geo­

logical province. 

The Superior geological province is featured qy a distinct 

east-west structural trend in the rocks (Gill.~~ 1948). Its area in­

eludes most of the province of Ontario west and north of Lake Huron. 

Its eastern margin, irregular in places, trends to the northeast from 

Georgian Bay, passing southeast of Sudbury, Cobalt, Val d'Or, and Lake 

Chibougamau, to Lake ~ftstassini and probab~ farther. Along this 

boundary, the east-west structural trends de!ining the Superior province 

are truncated by northeast structural trends which are characteristic 

of the Grenville geological province. 

The rocks of the Superior province include an assemblage of 

metamorphosed and deformed sedimentar,r and valcanic rocks commonly 

called 11greenstone 11 bel ts • These east-west trending bel ts are often 

separated by areas of granite or granitized rocks, and younger in­

trusives. Many ore deposits and mineralized areas are found at or near 

the contacts of these "greenstone 11 bel ta and younger intrusives. 

A number of large eulphide, gold, and other deposits are 

found near the termination of the easterly structural trends againet 

the Grenville province. Examples of these deposits are the Sudbury 
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nickel-copper sulphides, Cobalt silver-cobait ores, Malartic-Val d'Or 

copper and gold ores~ and the Chibougamau copper-gold ores. 

The Geology of the Chibougamau Area 

The earliest definitive work on the geology of the Chibou­

gamau district was done qy Mawdsley and Norman (1935). Since then, 

mapping of parts of the area by Allard (1956a, 1956b), Horscroft (1957), 

Oraham (1956, 19.57), and Smith and Al1ard (19.57), and detailed mine 

geological mapping has furnished much new information, al.though not 

changing the basic interpretation of Mawdsley and Norman. In discuss-

ing the general geology of the area, the writer has drawn freelf upon 

these and other related reports. 

The oldest rocks in the Chibougamau district are an early 
1 

Precambrian assemblage of metamorphosed and deformed sediments and 

volcanics, which have, in general, an easterly strike (see Table I, 

page 12) • Intrusi ve into the se are masses of anorthosi te, serpentine, 

pyroxenite, gabbro, diorite, granite, and re1ated rocks. Dykes having 

a composition ranging from pyroxenite to quartz porphyry eut a1l older 

rocks. Relatively undisturbed sedimentary rocks - conglomerate, arkose, 

quartzite, dolomitic 1imestone, and shale locally cover the older 

rocks, but not necessarily in the order given. Strong northeast 

regional faulting is prevalent in the area. 
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TABLE I 

TABLE OF FORMATIONS 

(adapted from Graham9 19579 p.425) 

Cenozoic 

Precambrian 

8 · Recent and 
8 · Pleistocene 

g 

8 

g 

0 . 
0 . . . 
s 
0 . 

8 
g 

0 . 
0 
0 

0 
0 

Mistassini 
Group 

Chibougamau 
Group 

0 •· 

g 

clay, sand, gravel~ 
morainic material, peat 

Diabase dykes 

Dolomitic limestone.~~ 
sandstone and shale. 

Conglomerate, arkose, 
greywacke, quartzite. 

Dykes of grandiorite, 
gabbro, feldspar and q~artz­
feldspar porphyry; gr4nit~; 
diorite and related rocks; 
anorthosite and associ~t~d 
gabbro and serpentine; 
serpentine, pyroxenite, 
gabbro and diorite. 

0 . 
8 

0 
0 

. . 
Greywacke, arkose, conglQmerate, 
quartzite and chert. 

g 
--------------~------~----------------------~ 

0 . 
8 

8 
g 

Feldspathic sediments, 8 
minor slate and argillite, tuff, 

. agglomerats, acid to basic J.Bl.BS,: 
related diorite and gabbro. 

The term Mistassini group and Chibougamau group are preferred to 
Mistassini series and Chibougamau series-, (Bergeron, 1957, p.l26). 
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Volcanic Rocks 

Rocks of volcanic origin are present in an east-west belt 

passing through MCKenzie and Roy townships north of Doré Lake. This 

volcsnic ~ssemblage includes metamorphosed lavas and pyroclastics. 

In general the primary structures and textures are well preserved 

although the original minerale have undergone almost complete alteration. 

The volcanic rocks are either vertical or dip steeply to the 

north as part of the south limb of a syncline. Along the suspected 

ixis of this syncline, two miles north of Chibougamau, there oceurs 

ân east-west belt-_ of serpentine and peridotite intrusives. The thick~ 

ness of the volcanic rocks in MCKenzie township has been estimated by 

Allard (1956a, p. 18) at between 14 1 000 and 1.6»000 fest. 

The lavas were originally chiefly basalt and andesite. These 

. 
are interlayered with thin lenticular beds of agglomerate and tuff. 

!ayers of well-preserved pillows, present in both the andesite and the 

basalt 1 are often separated by thin layera of massive, fine-grained 

lava. Flow structures, amygdules, and fragmental and scoriaceous flow 

tops are well preserved. 

The Doré Lake Complex 

The Doré Lake Complex consista of metamorphosed anorthosite, 

gabbroic anorthosite, anorthositic gabbro, gabbro, and minor occurrences 

of amphibole schist, pyroxenite-magnetite-ilmenite rock, and chlorite-

serpentine~talc rock. 

The northern margin of the Dore Lake Complex is, in sorne 

places, in fault contact with the volcanics, in other places, in intru-
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sive contact. In the Doré Lake area the complex forms a belt two to 

four miles wide, extending east across the north end of Lake Chibou-

gamau. Allard (1956a, p. 117) describes it as a stratiform sheet, 

over 10,000 feet thick, arched up by the intrusion of granite which 

underlies Lake Chibougamau. 

The rocks comprising this basic assemblage were named the 

Doré Lake group by Graham (1956, p.4) and were called the Doré Lake 

Complex by Allard (1956a, and 1956b). It is weil described by Allard 

who compares it with the Bushveldt Complex, the Stillwater Complex 

and the Duluth gabbro. The Chibougamau occurrence has many features 

in coJilJIIOn with these well-described stratiform rocks so that the term 

Doré Lake Complex is more applicable thanDoré Lake group. 

According to Allard (1956a, p.ll7) the sequence of rocks 

from the top to the base of the Doré Lake Complex is: 

Acid Rock 

Upper Zone 

Central Zone 

Lower Zone 

Granophyre 
Hornblende diorite 

Diorite 
Magnetite-rich diorite 
l'ile ta-gabbro 
Porphyritic meta-gabbro 

Titaniferous ilmenite-magnetite 
Meta-pyroxenite and magnetite 
Ivleta-pyroxeni te 
Anorthositic meta-gabbro 

Meta-pyroxeni te 
Gabbroic meta-anorthosite 
Meta-anorthosite 
Anorthosite 

The rocks of the Lower Zone in general, and the meta-anortho-

site in particular, are host to all the copper-gold deposits so far 

discovered in the area. They will be described and discussed in detail 

in Chapter 3 • 
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In the Doré Lake area 9 the rocks of the Doré Lake Complex 

dip steeply to the north~ or are vertical. Southeast of Lake Chibou-

gamau the strata of the complex dip steeply to the southeast. Thus the 

Doré Lake Complex has the structure of. an anticline~ the central part 

of which is occupied by granite. 

Granite 

A large body of grey granite intrudes the Doré Lake Complex 

in and near the centre of Lake Chibougamau. Smaller bodies of similar 

granite are found near the north shore of Lake David (4 miles west of 

Doré Lake) and in areas south ·and west of Lake Chibougamau. These 

granites, dykes, and associated masses were termed the Lake David group 

by Graham (1956, p.J). 

The gr ani te observed by the wri ter on Gouin Peninsula south 

of Merrill Island and also near the southwest end of Doré Lake is 

generally grey but in places has pink or greenish tinges. It is fine 

to medium grained. The feldspar is commonly albite or albite-oligoclase. 

No orthoclase is visible. 

A spec_trochemical analysis of this granite by the wri ter 

from Gouin Peninsula, south of Merrill Island, gave the following 

resulta: 
TABLF: II - ·--

% ·' 
Si02 69.5 r 1 

ooooo•••••• j'~ 

A:j.203 ........... 14.40 .:J' 

Fe2o3 
00000000000 0.86 

MgO ............ 0.22 
CaO OOOOOOOCIOGO 2.70 
MnO ~oooovooooe 0.055 

Na
2
o 00000000000 8.30 

K20 00000600000 1.80 
Sr 00000000000 25 ppm 
v .......• ')under 15 ppm 
Cu •••••• . • •• und er 10 ppm 

· Co ooooooooonot detected 
Ni • • •• o •••• not detected 
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It is evident that in tnis area the granite is soda-rich. 

It is significant that here, soda-rich granite is in such close prox­

imity to ore deposits in this area, as it is in other localities in 

northwestern Quebec and Ontario. 

Dykes 

Dykes of diorite, quartz porphyry, feldspar porphyry, quartz­

feldspar porpnyry, granodiorite, and gabbro are found intrusive into 

both the DorÉ. Lake Complex and the gr ani te. They are commonly reported 

in fault and shear zones but this is because more detailed attention is 

given to these zones as potentiàl ore-bearing localities, than to the 

massive rock • 

The thicknesses of these dykes usually range from a few 

inches to 20 feet, rarely to lOO feet. Some of the dykes within shear 

zones are themselves sheared and altered, especially in and near sulphide 

bodies. Loc al geologie ts apply the term "grey " dykes to ligh t coloured 

dykes, and '~lack" dykes to the dark coloured. The term '~lack" schist 

is also locally applied to sheared dark coloured dykes. Where the 

writer uses local terminology the words "grey" and ''black" appear with­

in quotation marks • 

.t-'J.ost geologists familiar wi th the area hold the opinion that 

at least some of the "grey" dykes found in the shears are genetically 

related to the granite. The genetic relation is inferred from a spatial 

continuity of the dykes from the shears to the granite, and by similar­

ities in bulk chemical composition. 
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Structure 

Yoldlng 

The assemblage of volcanic rocks north of Doré Lake is folded 

into an east~west syncline. The Dor~ Lake Complex forms an anticlinal 

structure, the axis of which trends about N. 55° E. Westwarù, toward 

Opemiska, the succession, from north to south, of volcanics, basic 

monomineralic rocks of the Doré Lake Complex type, and granite is evident. 

LOcally the strike of the volcanics has been changed by stock-like 

intrusions of granite, but regionally the east-west trend is prevalent. 

Farther to the east, in MCCorkill and Dollier townships, the 

easterly trend of the volcanics swings to the northeast as the Grenville 

rront is approached. The anticlinal axis followed by the Dore Lake 

Complex and the granite also swings to the nortl1east in the northern 

part of Lake Chibougamau. 

The bending of these eaat~west folds into general conformity 

with the northeast trend of the Grenville front suggests a regional 

movement of this part of the Grenville province to the northeast with 

respect to the Superior province. TCis suggestion is supported by the 

presence of several northeast-striking regional faults west of the 

Grenville front. 

Faulting 

There are three m&jor fault sets in the district whose 

directions are: 

1) Approximately northeaat 

2) Northwest to west 

3) West 
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There are also miner fau1ts trending north-south9 and in ether direotiogs. 

These may be branches of the major faults. 

In arder of occurrence from east to west~ the northeast trend­

ing faults are the Taché Lake fault 9 McKenzie Narrows fault 9 and the 

Gwillim Lake fault. 

Tach~ Lake Fault 

This fault is found at Taché Lake in the eastern part of Roy 

township, and extends southwest through Bag B~ into Lake Chibougamau. 

A large faul t in the south end of Lake Chibougamau is aligned wi th the 

Taché Lake fault and may be part of it. The Taché Lake fault is re­

ported to dip 45° to 65° to the southeast (Mawds1ey and Norman, 1935, 

p .56) 0 

On the east side of the fault, the northern contact between 

the meta-anorthosite and the volcanics is offset 69 000 to 7,000 feet 

to the north, with respect to the west aide. Mawdsle.y and Norman 

(1935, p.56) state that up~hrusting from the southeast occurred along 

the fault plane. 

McKenzie Narrows Fault 

This fault is found at McKenzie Narrows, the extrema north 

arm of Lake Chibougamau • It cuts all the rocks, including tho se of the 

ne arly horizontal Chibougamau group. The faul t strikes N. 45o E. and 

dips steeply to the southeast. At McKenzie Narrows there is an offset 

of about 3,500 feet, the east aide displaced to the south with respect 

to the west aide. The direction of offset is opposite to that of the 

Taché Lake fault, four miles to the east. 
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Most geologists working in the area assume that the McKenzie 

Narrows fault passes southwest through Portage Island into Doré Lake. 

Deep drift conceals evidence of it on Portage Island. Geopnysical 

work on Doré Lake shows the presence of a strong fault extending to 

the southwest~ passing close to the north shore of Merrill Island 

and following Caché Creek to Caché· Lake. 

An exploration drift on the 550 foot level of the Campbell 

Chibougamau property north of Herrill Island (Jeffery~ 1959~ p-54) has 

intersected a shear zone from 250 to 300 feet wide, striking about 

N. 55° E. and dipping verticallyo It is interpreted as the southweet 

extension of the 1•1cKenzie Narrows fault. 

At Caché Creek, which drains Caché Lake into Doré Lake, 

Graham (1956, p.l7) has mapped a fault zone 50 feet wide, striking 

N. 60° E. and dipping vertically. He reports a horizontal displace­

ment of the transition zone between the meta-anorthosite and the 

meta-gabbro of about 3,700 feet, with the east side offset to the 

southwest. The amount and direction of offset here appears to be of 

the same order as at HcKenzie Narrows. Hence it is probable that the 

observed segments are part of the same fault, although more information 

on Portage Island would be desirable. 

The part of the fault passing through Doré Lake is called 

the Doré Lake fault by geologists in the area. Mawdsley and Norman 

first used the name ~cKenzie Narrows fault after its location. 

Whether a fault actually extends all the way from McKenzie Narrows 

to Gaché· Lake is uncertain. Because the writer is concerned chiefly 

with the Doré Lake area, the strong northeast fault passing through 
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this lake will be called the Doré Lake fault in this thesis, in con­

formity with local terminologyo 

Owillim Lake Fault 

This fault has been in part geologically, in part geophysi­

cally traced for nearly 150 miles from the east end of Lake Waconichi 

where it appears to merge with the Grenville front, southwest through 

Owillim Lake and Bachelor Lake, and disappears beneath the sand plains 

near the Bell River north of Senneterre. At different places along 

its length it is calleq different names, Bachelor Lake fault, Campbell 

Lake fault, and so on. In this thesis it is called the Gwillim Lake 

fault. At Lake Waconichi it dips 75° to the southeast (Gilbert, 1951, 

p.9). 

Other northeast trending faults of smaller magnitude are 

found locally. These may be branches of the larger northeast faults. 

Northwest to West Shears 

In the Doré Lake area there are a number of faults and shear 

zones whose trends range from northwest to nearly west (see Map 2). 

They are important economically because most of the sulphide deposits 

found to date in the area oeeur within them. Map 2 shows the distri­

bution of the more important northwest to west aheara. 

The strikes of these shears range from about N. 40° ~. to 

N. 80° W. Sorne dip steeply either to the southwest, o~ to the north­

east, others are vertical. They eut aeross the layering in the Doré 

Lake Complex, but do not appear to eut the granite underlying Lake 

Chibougamau. The widths of these shears range from a few feet to 
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hundreds of feet. Intense shearing is a characteristic feature of 

these zones. Very little brecciation is evidente 

Some northwest-trending shears appear to be offset by the Doré 

Lake faul t. Graham (1956~ p .19) notes that a northwest sulphide-bearing 

shear on the east tip of Nerrill Island has been offset by a northeast 

fault (parallel to the Doré Lake fault) in the channel between Merrill 

Island and Lefebvre Island. Except for minor pyrite~ no sulphide 

mineralization has been found in the Doré Lake fault. 

East-West Faults 

The Lac Sauvage shear zone is the niost important fàul t in ' 

the area having this direc tian. North of Cedar Bay i t separa tes the 

Doré Lake Complex from the volcanics for a distance of about two miles 

and then continues in the volcanics west through Lac Sauvage into 

Barlow township. At i ts eastern end, i t entera Doré Lake at the Chi-

bougamau Jaculet pr9perty. Its re-appearance on Portage Island has 

not been confirmed b,y mapping due to heavy drift cover. 

'Where the Lac Sauvage fault separates the Doré Lake Complex 
~ ~ .. .. ~, 

from the volcanics, it is marked by the presence of carbonates, chief­

ly siderite-ankerite, with minor chlorite-sericite schist. The car-

bonate contains some chloritoid, also minor pjrite and chalcopyrite. 

This mineralogical assemblage is also common in the Chibougamau 

Jaculet sulphide deposit which lies in a southern branch of the Lac 

Sauvage fault. Within the volcanics to the west, it is essentially 

a strike fault marked by chlorite and sericite schists. 

Minor east-west strike faults are present in the volcanice 
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north of Portage Island and north of Lake Chibougamau. Some east~west 

f'aulting is found :!.n meta.~anorthosite at the Hen.derson property of 

Campbell Chibougamau Mines )) Limited~ anè also on other properties. 

Age Relations of the ~ults 

The age relati,ons between the northeast~trending faults in 

the area have not been definitely established. Many northwest and some 

east~west faults and shears contain sulphide deposits. The northeast 

~aults, except for minor pyriteJ do not contain sulphide deposits. 

From this it may be inf'erred~ but not proved, that the barren northeast 

~aults are younger than the sulphide~bearing northwest to west faults. 

However the absence of ore~bearing sulphides in the northeast-trending 

f"aÜ.lts could be interpreted to mean that these structures were too 

t~ght, or othe1~ise unfavourable, for the deposition of ore. 

There are three cases found to date in the Doré Lake area 

of ore-bearing northweat shears displaced by northeast faults: 

1) On the northeast tip of Merrill Island an ore~bearing 

northwest shear is offset by a northeast fault in the 

channel between Merrill Island &nd Lefebvre Island 

(Graham, 1956, p. 19). 

2) Miller (1957, p. 79) reports a strong northeast fault 

cutting the northwest ore~bearing faults at the Cedar 

Bay mine. 

3) The east end of the No. 2 ore zone at the Chibougamau 

Jaculet mine bas been displaced about 250 feet to the 

south by a northee.st faulty accordi~ to staff geologists. 
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The relations between these northeast~trending post-ore faults 

and the Doré Lake fault zon~p except for approximate parallelism 

of strikes, are not known. 

The distribution and proximity of the northwest to 

west~trending faults and shear zones to the Doré Lake fault 

zone suggest that they could have formed subsidiarr to the Doré 

Lake fault. They intersect, or would intersect upon projection, 

the Doré Lake fault zone at angles ranging from 40° to 8oOo 

The Campbell~Merrill Island shear zone and the BouzanQ 

Royran shear zone intersect the Doré Lake fault at about 8o0 • 

This angular relation suggests that both the Campbell-Merrill 

Island shear zone and the Bouzan-Royran shear zone could have 

formed ' in response to a shearing couple along the Doré Lake 

fault. The faults whose projections would intersect the Doré 

Lake fault zone at angles ranging from 40° to 65° could have 
. 

formed originally as tension fractures in response to the same 

shearing couple along the Dore Lake fault. Later movements 

along the Doré Lake fault zone, in a different sense and 

probably direction, could have imparted to the faults of 

tensional origin the shearing characteristics now observed. 
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Displacements along the Doré Lake-McKenzie Narrows fault and 

along the Taché Lake fault~ discussed earlier~ suggest that movement 

along these faults occurred as a response to regional stresses from the 

southeast. Both the Taché Lake fault and the Bachelor Lake-Qwillim 

Lake fault appear to merge with the Grenville front in the vicinity 

of Lake Waconichi. It is possible that these three faults owe their 

origin to movements along the western margin of the Grenville geological 

province. 

Age determinations on granites and pegmatites in the south­

western part of the Grenville province show a range from 850 to 1~350 

million years (Shillibeer and Cumming, 1956, p.56). However the age 

of the rocks eut by these granites and pegmatites is unknown. In ad­

dition, no age determinations are available, as far as is known, on 

the Grenville rocks in the Chibougamau district. Wilson et al (1956) 

reports an age of 2,000 ± 200 million years for a sample of galena 

from the Campbell Chibougamau mine. However many more age determina­

tions should be n~de in the district in order to set up sorne framework 

of the relative ages between the sulphide mineralization, the Chibou­

gamau granite, and the rocks presently included in the Grenville pro­

vince in the area. 

The origin of the ore-bearing northwest shears is a problem. 

They are found chiefly in the rocks of the Doré Lake Complex. Many are 

older than the granite because granitic dykes may be traced into sorne 

of the shears from the Chibougamau granite. Acid-type dykes are present 

in most of the northwest shears. Sever al possibili ties arise as to 

the age of the northwest-trending shearsa 
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1) Shearing occu:r.red during the folding of the Dore lake 
Complex 

a) wi thout the emplacemen·t of granite 

or 

b) with the emplacement of granite. 

2) Shearing occurr"ed a:f.'ter the fold:f.ng of the Dore lake 
Complex 

a) without the emplacement of granite 

or 

b) wi th the emplacement of granite. 

The northwest~trending shears have strikes which range from 

N. 40° W. to N. 80° w. and dip either ver-tically, or steeply to the 

southwest. From the field evidence availableJ steep dips to the south~ 

west are more common than vertical dips. The anticlinal axis of the 

Doré lAke Complex trends approximately N. 55° E. The am.ount of plunge 

to the northeast is unknown. The northwest- trending shears on the 

northwe~t 11mb of the anticline~ if proje~ted to the southeast, would 

make angles of intersection with the axis ranging from 55° to 900. 

This angular relation suggests a form of cross~faulting during folding. 

During the ~ folding about the N. 55° E. axis, tension frac..., 

tures could develop on the limbs of the fold nearly normal to the 

axis. Such zones of failure, although no longer showing tensional 

features, may be represented by the Campbell~Merrill Island shear, and 

the Bouzan-Royran shear. The tensional features of these fractures 

could later have been modified by shearing movements along the fault. 

Shear-faults making acute angles from 50° to 60° with the axis of 

the anticline could be produced by stretching along the axis during 
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folding. These shear-faults may be represented by the N. 70° W. 

to west-trending shear zones. 

Insufficient detailed work has been done to date to determine 

the presence or absence of cross-faulting and shearing on the south­

east limb of the antièline in Lemoine and Rinfret townships. 

The lack of suitable marker horizons in the meta-anorthosite 

makes it very difficult to determine the direction and amount of dis­

placement in the northwest to west-trending faults and shears. 

The northwest to west-trending faults and shears in the 

Doré Lake area may have formed then in one of two w~s: 

1) As tension and shear fractures subsidiary to movements 

along the Doré Lake fault zone later than the folding 

of the Doré Lake Oomplex. 

2) As tension and shear fractures during the folding of 

the Doré Lake Oomplex into an anticline. 

In either case it see1us that later movement is necessary to impart 

shearing characteristics to the faults of tensional origin. 
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Chapter III 

GEOLOGY OF THE ORE ZONES 

The ore deposits found in the Chibougamau district occur 

in northwest to west-trending shear zones in the meta-anorthoeite 

of the Doré Lake Complex. Dykes ranging in composition from quartz 

porpnyr,y to gabbro occur within the shears and frequently lie. ad-
0 ' 

jacent to the ore. The dykes often exercise a structural control 

on the loci of ore deposition. The meta-anorthosite, because of its 

many unique features and i ts role as host to the shears containing 

.ore deposits, is discussed first. 

Massive Meta-Anorthosite 

The meta-anorthosite in the Doré Lake area lies between the 

Chibougamau granite to the south and the more gabbroic facies to the 

north. It is found near the base of the stratiform Doré Lake Complex 

depicted by Allard (l956a, p.ll7). The meta-anorthosite gradee 

through a transition zone, which ranges in width from a few feet 

to hundreds of feet, to meta-gabbro. The transition zone is also 

reported present on the southeast limb of the Doré Lake Complex. 

The meta-anorthosite is the product of regional alteration 

of the anorthositic part of the Doré Lake Complex. The rock, now 

highly saussuritized, is composed of remnants of albite-oligoclase 

feldspar, abundant zoisite, clinozoisite, and epidote, with inter-

stitial chlorite and sericite. Some magnetite and leucoxene are 

present loc ally. An isolated occurrence of fresh anorthosi te has 

been reported by Mawdsley and Norman (1935, p.28) from Last Island 
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in the northern part of Lake Chibougamau. Here the feldspar is 

labrador! te (An 65·-·68) , Alla rd (1956a) report ed anorthosi te from 

this vicinity having plagioclase An 78. 

The feldspar grains 9 originally up to 2 inches in size 9 

are almost completely replaced by zoisite and clinozoisite with 

only a remnant core of sodic plagioclase. The zoi·si te-clinozoisi te 

units themselves are seamed with chlorite and sericite 9 sometimes 

with a little calcite. 

Jeffery (1959 9 po37) notes the presence of layera of 

coarse-grained meta~anorthpsite alternating with fine~grained layera 

on the 550-foot level of the Campbell Mine. This layering is in 

general conformity with the strike and dip of the different members 

of the Doré Lake Complex. This suggeats a segregation within the 

meta-anorthosite as well as between the meta-anorthosite and the 

other stratiform members of the Doré Lake Complex. 

Several' textures have be en ascri bed to the meta~anorthosi te 

by geologists working in the area. "Tombstone" or "Polka-dot" meta­

anorthosite is used to describe the coarse=grained rock where the 

zoisite-clinozoisite unite are large and isolated. The term "coal­

escent" meta-anorthosite is applied to the rock where the zoisitized 

feldspar grains appear to have mergedo 

The meta- anorthosite has a coarse 9 porphyritic appearance. 

Large feldspar grains 9 partly or wholly replaced by zoisite-clino­

soisite are generally white to creamy white against a green chloritic 

background. The zoisitized feldspar grains may be either whole or 

separated into smaller units by the chloritic matrix. 
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Whether this separation is due to cataclasie or to 

division by hydrothermal alteration is difficult to determine for 

lack or c~ear evidence. In the separated grains there is frequently 

insufficient feldspar remaining to establish the presence or 

absence of optical continuity between the grains. Optieal 

continuity would suggest a division by hydrothermal solutions and 
. ' 

replacement rather than by cataclasis. 

Many feldspar grains are sub-rounded to sub-angular, 

suggeeting attrition during crystal settling from a ma~.·However, 

hydrothermal alteration could produce a similar rounding effect oa 
' 

the gra~ns. 

The terme "porphy;ritic", "pseudo-p_orphyritic", "por­

pbyroblastic", and "peeudoporphyroblastie" have been used by 
. . 

geologists in the area to deecribe the massive meta-anorthosite. 

The writer reels that auch terminology with genetic implication 

~ is more confusing than useful and ehould be deleted from the 

descrip~ion of the meta- anorthosite. For descriptive purposes the 

terms coarse, medium, or fine-grained, and spotted meta-anor~hosite 

are adequate. 

In thin section the multiple twinning or the plagio-

clase grains is often visible through the zoisite-clinozoisite in 

less severely altered eamplee. Frequently in highly altered sections . . . 

the zoisite-clinozoisite shows vague extinction lamellae resembling 

those of plagioclase feldspar. Several instances were noted in the 

massive meta-anorthosite where chlorite bad partly replaced zoisite-

clinozoisite which had not yet campletely replaced albite feldspar. 
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It is possible that the formation of zoisite-clinzoisite from feldspar 

is an intermediate step to the formation of chlorite. 

The mafic minerals formerly present in the anorthosite have 

been replaced by chlorite. In thin sections of massive meta-anorthosite 

there are areas of chlorite the outlines of which resemble euhedral 

grains of pyroxene or amphibole. However no pyroxene or amphibole were 

seen in the massive rock~ either megascopically or microscopicallY. 

Small 9 euhedral grains of magnetite are present in chloritic 

are as that have replaced pyroxene or amphibole. Near such chlori tic 

patches are also areas of leucoxene~ probably a product of the break­

dawn of ilmeni te. Very small cube-shaped grains of pyrite are in­

frequently seen in the chlorite matrix of the spotted meta-anorthosite. 

The composition of the chlorite in the meta-anorthosite 

ranges from iron-rich to magnesium-rich. These two types rn~ be dis­

tinguished optically by using the following criterias 

l•ig-rich Fe~ rich 

Op tic sign positive negative 

Elongation length fast length slow 

Pleochroism very faint strong 

Interference colours buff to brown pale blue to blue 

For the Chibougamau district Miller (1957) and Jeffery (1957) 

use the term Chlorite I for the Mg-rich variety~ and Chlorite II for 

the Fe-rich variety. 

Hey (1954) shows the relation between the iron-magnesium 
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content of chlorites and the eorresponding changes iR birefringence. 

In the transition from magnesian chlorite to ferrian chlorite the 

Direfringence passes through zerog as dees the optic sign. A 

reasonably accurate measure of the birefringence is necessary to use 

Hey's table for the identificatioa of the different types er chlor.ite. 

A sufficient distinction between the ferrian Md ~gnesian varieties 

can be made on the basie of the optical characteristics given above. 

Mag.pesian chlorites are more abundant than ferrian . . 
chlorites in the massive meta-anorthosite. This ~~ggests that either 

the original mafics, which were campletely altered to chl,.orite, were 

Mg~rich, or that magne~ium was introduced during regional ~teratioa. 

The writer presents evidence in Chapter VI to shQW that little or no 

magnesium was introduced during the regional alteration of tlhe 

anorthosi te. 

Sheared Meta-Anorthosite 

The sneared meta-anorthosite shows a higher degree of 

alteration than the massive meta-anorthosite. In general, little or 

no plagioclase is present in the shear zones. The zoieite-clin9-

zoisite has been extensively altered to dark green chlorite. The 

common alteration products in the shears are ferrian chlorites, 

epidote, sericite, quartzg and carboD.ates. In some sheare quartz is 

present as veins, vein+ete; lenses and pode usually parallel to the 

sç_histosi ty. 

The changes in the chemical constituante in the ehearsi, 

as r eflected in the aineralogy, are demonstrated and discussed ia 

Chapter VI. 
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Problem of the Meta.-Anorthosite 

The ~eta-anorthosite of the D:>ré Lakf'! Complex posee the 

following problems g 

1) origin of the anorthosite. 

2) procesees which altered the anorthosite, 

The origin of anorthosite bodies has been discussed by 

Daly (1933), Bowen (191.7 6 1928), Balk (1930) ,~~ Buddington (1939), 

Goldschmidt (1954), Rankama and Sahama (1950) ll and others. Anorthosite 

masses in different parts of the world have many features in commoa, 
. 1· • 

such as protoclastic textures, layering within the maès.il grad,ations 

to other basic monomineralic rocks, and inclusions, or segregations, 

of magneti~e-il.Jilenite. No clear-cut com?lusion has been reached by 

authorities on anorthosite on the origin of these rock bodies and 

their -.ode of 8Rlplacem.ent o There iS !!IODle agreement of opiai.oR that 

anorthosite ma~es are formed by differentiation from a gabbroic 

magma. However the mechanism of differentiation is still subject to 

debate. 

The Chibougamau anorthosite has been ste~ply folded, and 

regionally altered to the greenschist~epidote facies. The feld~par1 

where present, is now albite-oligoclase. In places the feldspar has 

,been completely replaced by zoisite-cl~nozoisite. Zoisite aad clino-

zoisite-epidote minerale are abundanti and soma sericite is present 

in the feldspars. The original maries sucP, as pyHXe!le and olivine 

hav~ been eompletely cor1Verted to chlorite. llmenite has been altered 

to l~ucoxene. 

During the alteration of calcic plagioclase to albite-, 
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oligoclase~ the excess calcium and aluminum was taken up by the zoisite­

clinozoisite mineralso The potash necessary for the formation of seri­

cite was probably derived from the calcic feldsparso Little or no intro­

duction of cations is necessary to explain the formation of the new 

mineralso However the water required for the zoisite~clinozoisite 

minerals and for the chlorites is another problemo 

According to Daly (1933~ p.18) anorthosite contains Oo75% 

water. On the average .Il the meta-anorthosi te at Doré Lake contains about 

75% zoisite-clinozoisite9 and 20% chloriteo According to Ford (19329 

pp. 621.11 62.3) 9 the zoisi te-clinozoisi te group of minerals con tains about 

2% water~ and (p. 671) clinochlore (chlorite) contains 13% water. Assum­

ing that the chlori te in the meta-anorthosi te contains 10% water ,11 the 

chlorite alone contributes 2% to the present water content of the rock; 

the zoisite~clinozoisite contributes another lu5%. These rough calcula­

tiens indicate that th~ water content of the meta-anorthosite is in the 

order of J.5%. It is evident that the initial water content of 0.75% 

{Dalyas figure) is insufficient to meet the requirements of the chlorites 

and zoisite-clinozoisite, and as a consequence water must have been 

introduced into the rock . 

The source of this water is unknown.ll but possibilities should 

include a ma~na younger than the anorthosite. The Chibougamau granite 

may represent such a source 9 whether its origin is magmatic or qy gran­

itization. Certainly the granite is intrusive into the anorthosite. 

Dr. R.W. Boylex of the Geological Survey of Canada has 

K Personal communication. 



offered the suggestion that the Chibouga.ma:a gr ani te representa 

granitized and mobi.llzed sediment,s that underle.y the original 

~~onorthosite. This is an interesting theory but one th.at remains 

to be tested. Nevertheless the granite, of whatever origin it may 

be, should not be overlooked as a source of volatiles to assist the 

alteration of the anorthosite~ or indeed, a source of the ores in 

the meta-anorthosite. 

COPPER RAND 9 EATON BAY ZONE 

The ore deposits now being developed by Copper Rand 

Chibougamau Mines, Limited, occur in the Bouzan~Royran shear (see 

Maps 8, lC, ll). This shear transects Gouin Peninsula from Machin 

Point on Doré Lake to Eaton Bay en Lake Chibougamau, a distance of 

about 3,600 feet. The north end of the shear terminates against the 

Doré Lake fault (on gecphysical and drilling evidence). To the south­

east, under U!.ke Chibougamau, extensions or branches of the shear 

have been located by geophysical surveys and diamond drilling. 

Four sulphide~besring zones t~ve been located within the 

shear to date: Machin No. l zone, Machin Hangingwall zone, Main 

Eaton Bay zone, and the Eaton Bay Hangingwall zone. 

Structure 

The Bouzan~Royran shear is about 1,200 feet wide at Machin 

Point and 800 feet wide at Eaton Bay. It strikes N. 70° w. and dips 

about 65° to the southwest. The shear ed r ock. is meta~anorthosita. 

Relative movement along the shear is unknown. Dykes of a composition 

ranging from quartz~porphyry to gabbro occur within the sheared zone, 
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roughly parallel to the schistosity. Little shearing is noted in the 

dykes. 

The sulphide deposits occur as lensee up to 50 reet thick 

and 400 f.eet long mainly on the ccmcM'e side of nexuree in the dyle s. 

The Main Eaton Bay zone is es,entially a serie~ of such lenses lying 

between the footwall gabbroic dyke and the hangingwall qqartz-porphyr,y 

dyke. 

Comparative lack of shearing in these dykes suggests that 

they were emplaced later than the main shearing, or concurrent witb 

late stages of weak shearing. Subsequent movement along the shear 

planes, preceding, or concurrent with, the introduction of the ore was 

resisted by the dykes which behaved as struts under shear stress. As 

a reslàt, some nexuring rather than shearing oecurred locally along 

the dykes, creating openings and zones of dilation favored as channel­

ways and loci of deposition by the ore-bearing fluide • 

.Mineraloq 

The primary aUlphides in the Main Eaton Bay zone are, in 

the arder of abundance, pyrite, chalcopyrite, pyrrhotite, sphalerite, 

and galena. Chalcopyrite is the chief eopper mineral although traces 

of native copper occur erratically in leached zones between the surface 

and about the 400-toot level. The gold and silver content is reportedly 

small, according to the staff geologists. The paragenesis or the 

sulphides is not clear al.though Sutton (1959, p.24) reports pyrite 

replacing pyrrhotite and suggests that most of the early iron slàphide 

w~s pyrrhotite. 

The gangue minerale in the arder of abundance in the Main 
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Eaton Bay zone are chlorite, quartz, carbonates, serieite, and tale. 

This assemblage is a marked eontrast to the Machin Point zones where 

carbonates are more abundant than the other gangue minerals. Within~ 

and adjacent to, both ore 20nes some aetinolite and ehloritoid are 

present. 

wall Rock Alteration 

A series of holes, R-52, R-52-W, R-45, R=53, R-70, and 

R-72 form a section aeross the Bouzan-Royran shear at Eaton Bay (eee 

Map 10), and eut the southeast end of the Main Eaton Bay ore mne. 

The availability or core from these holes afforded a good opportunity 

for study of the alteration minerals present on both sides of the ore 

zone, as well as or the ehemieal changes in these rocks. The 

ehemieal changes are deseribed and diseussed in Chapter VI. 

The sequence of alteration minerale oeeurrin~ in the shear 

outwards from the ore, aeeording to microscopie identification is: 

1) Aetinolite, ferrian ehlorites, quartz, siderite and very 

little ehloritoid and epidoteo 

2) Ferrian ehlorites, quartz, siderite, serieite; minor 

magnesian chlorites, and epidote. 

3) Serieite, quartz, magnesian ehlorites; m:inor siderite, 

ferrian chlorites, zoisite, elinozoisite and epidote. 

4) Magnesian ehlorites, zoisite, elinozoisite; minor auartz, 

ferrian ehlorites, serieite, and very fine-~rained elay­

like mineral ( or minerâls). This clay mineral, or 

minerale, needs more positive identification than that 

afforded by the mieroscop~. 
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It must be pointed out that this sequence is gradational 

and as the abundance of one mineral decreases, the abundance of 

another increases. The sequence of alte~ation minerale is in fair 

agreement with the chemical. variation diagrams shown an~ discuesed in 

Chapter VI. 

QUEBEX: CHIBOUGAMAU GOLDFIEL00 8 LIMITED 

The main property of Quebec Chibougamau Goldfields, Limited 

is loeated on the north shore of Ihré Lake, due north of MerrUl 

Island, (see Map 2). Several sulphide-bearing shear zon~s occur near 

the shore, three ofwhieh have been designated the "A", "B", and "H" 

zones (see Map 3). 

Mine develoJ:ment has been limited to the "A" zone on whieh 

an 858-toot shaft bas been sunk arid lateral work eart'ied out on the 

200, 350, 500, 650, and 800bfoot levels. According to a 'staff report, 

about 800,000 tons of ore material gttading 1.4% copper ha.s been out,.. 

lined between the 200 and 650<=-foot levels. About half this tonnage is 

reported to grade about 2.~ copper. Thê mine bas been dormant sinee 

December 1957. 

Structure 

The sulphide-bearing shears oecur in the meta-anarthosite. 

They etrike about. N.750W'. and dip either vertie~:Lly, or eteeply to 

the south. Their wi.Qths range up to 200 feet. Fewer "grey" dykes or 

"black" dykes have been observed in these ahears than on other 

prope~~es in the district. This is probably because lees detailed 

geological work bas been done on the property than elsewberé. 

\·. 
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In the "A" zone 9 where all the mine development was done 9 

the ore occurs as an eastward-plunging lens between slightly sheared 

meta-anorthosite on the north 9 and what is called "Black Schist" on 

the southo Small pockets of massive and disseminated sulphides occur 

on the concave side of flexures in the "Black Schist" both east and 

west of the main body of sulphideso 

"Black Schist" is the name given by the mine staff to the 

occurrence of black 9 dense 9 fine~grained 9 highly schistose rock. 

It serves as a descriptive term onlyo The "Black Schist" occupies 

the greater part of the "A" shear zone; slightly sheared meta~ 

anorthosite occupies the remaindero The width of the "Black Schist 11 

ranges from a few feet up to 200 feet and follows a sinuous course 

from west to east. The ore body pinches out between the ''Black Schist" 

and the meta-anorthosite between the 650 and 800-foot levelso 

The close structural association between the "Black Schist" 

and the more massive sulphide lenses merita more detailed attention 

than has 9 in the writer's opinion 9 been given to ito 

According to the wri ter' s spectrochemical· analyses of dif­

ferent rocks on the property 9 the unmineralized parts of the "Black 

Schist" have almost the same composition as the massive unsheared 

meta-anorthosite 9 with the exception of Fe
2
0

39 
Na20 9 K2o, and MnO, 

(Table III) ... 
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Table III 

Q-118 Q-171 

Si02 4~o25% 47.80% 

Al
2
o

3 l8o45 18.75 

Fe2o
3 7o30 10.15 

MgO 3o90 3.60 

CaO 10.55 11.20 

· MnO 0.08 0.23 

Na2o 3o65 2.40 

K20 0.28 1.30 

Ni 145 ppm 95 ppm 

Co 95 75 

Cu 115 100 

v 45 20 

Sr 40 25 

Q-118 - sample of massive meta-anorthosite from D.D.H. Q-190. 

Q-171 - sample of unmineralized "Black Schist" on the 800-foot level. 

\ 

A comparison of composition of unmineralized "Black Schist" 

and massive meta-anorthosi te shows· almost the same silica9 alumina, 

magnesia 9 and lime content. The schistose material is higher in 

iron, manganese 9 potash than the massive meta-anor:thosi te~ and·, 

slightly lower in soda9 nickel, cobalt, copper, vanadium 9 and stron-

tium. It is probable that sorne metasomatic effects occurred during, 

or later than 9 the shearingo These changes also could have been 

caused by slight hydrothermal affects preceding or accompanying the 

introduction of ore nearby. 

The writer found no evidence, either megascopic or micro-

scopic 9 to suggest that the "Black Schist" is a separate rock unit, 

auch as a highly sheared dyke. On the contrary9 the compositional 

and structural relations between the "Black Schist" and the meta-

anorthosite indicate a common origin for the two. The writer concludes 
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that the ''Black Schist" is a highly schistose part of the meta-anorthosite, 

and represents a major shear which trends N.750W. The dark color of the 

schist is due chiefly to the chlorite which has been enriched in iron · 

and probably manganese. 

Miner al. ogy 

The primary sulphides in the sulphide deposits are, in the 

order of abundance, pyrite, p,yrrhotite, chalcopyrite, sphalerite and 

gal ena. Sorne magne ti te is also present o The gold and sil ver content 

is unknown. 

'n'le gangue minerals, in disseminated sulphides and adjacent 

to massive sulphides, in the order of abundance are quartz, carbonates, 

chlorite, and sericite. Within the massive sulphides sorne actinolite 

and chloritoid are found closely associated with the carbonateso The 

carbonates are generally rich in iron and manganese. 

Wall Rock Alteration 

The assemblage of alteration minerals ne ar the "A" zone is 

similar to that of other sulphide deposits in the area. 

A roughly tabular body of coarse-grained siderite51 ranging 

in thickness from a few inches to 10 feet, lies between the main boqy 

of massive sulphide and the "Black Schist "• The siderite contains 

some feiTian chlorite.51 sericite, .chloritoid, quartz51 and calcite51, as 

well as about 5% of sulphides, chieflY pyrite with traces of sphaler­

i te and chalcopyrite o 

The siderite-chlorite-sericite
1
assemblage shows good schis­

tosity. Some quartz occurs as lenticular, fine-grained aggregates 
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pa·rallel to the schistosi ty. Coarser-grained quartz and calcite 

form veinlets that eut the schistosityo Chloritoid occurs as stubby 

blades and rosettes 9 many of which eut across the schistosity of the 

siderite 9 chlorite and sericite. Some of the chloritoid grains have 

fractures which are filled with fresh quartz and calcite. Frequently 

a few small grains of pyrite and sphalerite occur along the boundary 

between the chloritoid and the quartz-calcite fracture filling. 

The 3iderite 9 with increasing chlorite content 9 grades 

rapidly into the "Black Schist". The schist consista of about 75% 

dark green to black chlorite 9 lü% fine-grained quartz 9 lü% fine~ 

grained carbonates and about 5% sericite and talc. A few grains of 

pyrite are also present. The "Black Schist 11 grades to the south into 

slightly sheared meta=anorthosite containing less black chlorite and 

more pale green chlorite 9 clinozoisite 9 zoisite, epidote 9 and sericite. 

On the north 9 or footwall side of the massive sulphides 9 

there is a thin zone 9 up to 5 feet wide 9 of dark chlorite in slightly 

sheared meta-anorthosite. Very little carbonate is present in this 

chlorite~rich band. The chlorite zone grades rapidly into a sericitic 

zone within the shear. Foliation diminishes rapidly to the north and 

the accompanying sericitic alteration grades into the more or lesa 

normal assemblage of zoisitized feldspar 9 clinozoisite 9 and chlorite 9 

~ characteristic of the massive meta~anorthosite. 

The sequence of events associated with the alteration of 

the wall rock appear to have beeng 

1) Intense shearing along a zone now marked by the "Black 

Schist", siderite 9 and sulphides. 
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2) Introduction of' iron, potash.P li.me, wa t~r j and carbon 

dioxids to form the chlorite ~ eericitej and siderite zone• 

within the shearo 

3) Formation of chloritoid and actinolite in the siderite. 

Recurrent movements of small magnitude which fractured the 

chloritoid and actinolite. 

4) Introduction of the sulphide minerale, probably 

preceded or accompanied by quartz and calcite formation 

in the fractured chloritoid. The sulphides replaced 

some of the siderite and chlorite zones. 

Events 2 to 4 inclusive may have been part of a continuous 

process which culminated in the emplacement of the sulphide minerals. 

CAMPBELL CFIIBOUGAMAU MINES .2 LIMITED 

The main ore body is located within the Campbell Chibou~ 

gamau~Merrill Island shesr whi~h trends about N. 700 W. from Merrill 

Island beneath Dore Lake. The main Campbell ore body occurs beneath 

the lake. Jeffery (1959) and Raychaudhuri (1959) have don• detailed 

work on the structure, lithology, mineralogy, paragenesis, and wall 

rock alteration of the Campbell ore bodies. Therefore the writer 

does . not propose to treat in detail these features of the ore body. 

Structure 

The ore~bearing Campbell Chibougamau-Merrill Island shear 

occurs i n meta~anorthositej strikes about N. 70° w. and dips 1teeply 

to the south. The shear is about 900 feet thick at the surface and 



narrow8 gradually with depth. It pinches and swells with depth and 

locally steep dips to the nor.theast may be observed in tha ~toaity. 

Narrower shears occur subparallel to both the hanging wall and foot~ 

wall of the main shear. 

Dykes are a common feature of the ore~bearing shear zone. 

They are generally acidic types ~ granite)) fel.dspar porpl:lyryl quartz~ 

feldspar porphyry, and diorite, locally termed "grey11 dykes. Their 

attitudes are parallel to subparallel with the schistosity of the 

shear. Between the 4oo~foot level and the 850~foot level, the main 

ore zone lies on the footwall side of a quartz~feldspar porphyry dyke. 

On ether levels dykes of the 11grey 11 type also occur, near the ore, 

or at the boundaries of the ore. 

Mineralogy 

The sulphides present in the arder of decreasing abundance 

are pyrrhotite, chalcopyrite, pyrite, sphalerite. Some gold, silver, 

nickel, and cobalt are present in the sulphides. The paragenetic 

sequence of the ore minerals as suggested by Jeffery ( 1959, p. 15.5) 

is pyrite, pyrrhotite, chalcopyritel sphalerite, galena, cubanitel 

valleriite, gold, and tetradymite. 

Rawley and Nichol (1959) in a study of the distribution 

of selenium in sulphides, found that the selenium content of 

pyrrhotite increased from 40 ppm on the 44~foot level to 66 ppm 

on the 1,000-foot and 1,150-foot level•. 

MBlouf and Hinse (1957, p. 448), Jeffery (1959, p. 155) and 

Raychaudhuri (1959) are of the opinion that the ore body is of a 
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replacement type, emplaced by hydrothermal solutions. The presence of 

actinolite at the boundaries of the ore suggests an upper limit of 

500°C for the temperature of the ore bearing solutionso This is the 

highest temperature generally accepted for the amphibolite facies. 

Wall Rock Alteration 

Jeffery (1959), Raychaudhuri (1959), and the staff 

geologists at the Campbell Mine ~gree that there ie more alteration 

of the wall rocks along the strike of the shear beyond the ends of 

the ore boQy than across the shear into the massive meta- anorthosite. 

This may be explained by greater permeability to fluide parallel to 

the schietosity than across. 

According to Jetfery (195~) the ore body is enveloped by 

a zone rich in ferrian chlorite which extends for several hundred 

feet beyond the ends of the or~ body within the shear. Some aetino­

lite and chloritoid are present in the chloritic gangue material in 

the ore. Fine-grained quartz, serieite, and calcite are present in 

the chloritized wall rock. In addition, quartz and calcite stringere 

eut tre schistosity of the wall rocks near the ore. There is a 

tendenc7 for ferrian chlorite to decreaee in abundance relatiTe to 
' 

serieite and magnesian chlorite aerees the sehistose wall rocks into 

the massive meta-anorthosite. 

CEDAR BAY }UNÈ 

The ore bodies oeeur in northwest to west trending sbears 

in meta-anorthosite on the ~est side of Cedar Bay on Doré Lake (see 

Map 2). 
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Miller (1957) gives a detailed account of the geology and mineralogy 

of the sulphide deposits. Therefore it is not necessary for the 

writer to diseuse these fe~tures in detail. 

Structure 

Three !aUlt directions, all steepl,- dipping, or ifertical., 

are recognized at the Cedar Bay Mineg 

1) No 55°W. {Cedar ~y Shear) 

2) N.700W. to east-west !aults. 
1 

3) N•55°E. !ault zone~ also ·called a crosè fault. 

Miller {1957, p. 71) states that, 

"'Two large lenses of sulphide mineralization are seen 

to occur within the main northwest shear (Cedar Bay 

Shear). The surface indications confir.med by 

observations underground are that the lenses occur 

at the intersection of east~west faults (strike faults) 

and the northwest shear (Cedar :aay Shear)•" 

Another feature of the Cedar Bay deposit is the presence of two dykes, 

one "grey" ·and one "black" within the northwest shear system close to 

the ore. 'fhe "grey" dyke (see .M&p 12), lies mainly on the south si de 

of the ore occurrences, and is displaced slightly in places by east-

west faulting. The displacement is right-handed. 

Mineraloa 

The primary sulphide minerale are pyrite, pyrrhotite, 

chalcopyrite, and sphalerite. Other minerale present in the 

sulph:id es are arsenopyrite .and magnetite. Pyrite exceeds pyrrhotite 
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in abundance and appears to be the earliest sulphide for.med. 

Miller (1957, p.93) gives the following paragenetic 

sequence of minerale in the Cedar Bay deposit ~ 

Magnetite-ilmenite 

Magnetite 

Apatite (anomalous) 

Pyrite 

Arsenopyrite 

Pyrrhotite 

Chalcopyrite 

Sphaleriteo 

On the basis of paragenetic sequence~ and wall rock 

alteration, the ore deposits at Cedar Bay appear to be a hydrothermal 

replacement typeo 

Wall Rock Alteration 

The minerale actinolite, sericite, ziosite, carbqnates, 

apatite, epidote, chlorite, and feldspar represent alteration products 
1 

in the wall rocks. According to Miller (1957, Table I) tne following 

mineralogical changes occur in the wall rocks with increasing 

distance from the ore: 

1) Fe-rich chlorite zone gives way to Mg-rich chlorite 

zone. 

2) Decrease in sericite. 

3) Decrease in actinolite. 

4) Decrease in c~rbonates. 

5) Increase in sodic feldspar. 
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6) Deerease in apatiteo 

7) Decrease in epidoteo 

8) Fe-rich zoisite gives way to Fe-low zoisiteo 

The quantitative changes in this mineralogical assemblage, 

except for actinolite and epidote, are gradational. Aetinolite and 

apatite are present in the ore zone and as such are of little value 

as mineralogical ore indicators. 

The writer was interested mainly in the chemical changes 

along both the "grey" and 't>lack" dykes as the massive slù.phide lenses 

were approached. These changes are described and discussed in 

Chapter VI. 

CHIBOUGAMAU JACULEI' MINES 2 L:p;!ITED 

The sulph~ e deposits of Chibougamau Jaculet Mines, 

Limited occur in 3 subparallel, nearly eas~west shear zones in the 

meta-anorthosite. From south to north these are known as the No. 1, 

No. 2, and No. 3 zones. The No. 2 and No. 3 are closely related, 

structurally and mineralcgically, to the Lac Sauvage fault zone 
' which in this area separates the meta-anorthosite from the volcanic 

rocks to the north and is marked by sideritic to ankeritic 

carbonates. 

No. 1 Zone 

The shear containing the No. 1 zone strikes N.70°W. and 

dips 77° to the north. On the 600-foot level it has been explored 

along strike for 1,000 feet. In the vicinity of the aulphide deposit 

its width ranges from 25 feet to 50 feet. The northward dip of the 
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shear zone is unique amongst schist zones in the Doré Lake area., 

The sulphide minerale are pyrite, chalcopyrite, and traces 

of pyrrhotite, sphalerite9 and galena., Dark chlorite constitutes 

over 80 per cent of the sheared wall rocko Fine-grained quartz9 

sericite, and carbonate, in about equal proportions, constitute the 

remainder., 

No. 2 Zone 

The No .. 2 zone, about 900 feet northeast of the No. 1 

zone, occurs in a carbonatized9 eas~west striking shear zone which 

separates gabbroic meta-anorthosite on the north from the ordinar.y 

meta-anorthosite on the southo It has been trac.ed for 3,000 feet 

on the surface and for 1 9 500 feet on the 600-foot level., Its width 

ranges from 50 feet to 150 feet. The foliation dipe 80° to the 

south., Thus the No. 1 and No. 2 zones dip, at 77° and 80° respectively 

towards each other, at least as far as the 600=foot level. In­

sufficient deep drilling has been done to determine whether the two 

merge at depth., 

Th~ rocks in the· shear zone have been altered to chlor±~ 

sericite-carbonate schist. At least two basic dykes 9 probably 

gabbroic originally, occur parallel to the schistosity .. The dykee 

show increasing alteration from west to east. Irre~arly~shaped 

lenses of siderite containing some pyrite and chalcopyrite are 

present in the shear, mainly near the basic dyke which lies along 

the footwall of the shear. Sulphidas inerease in abundance towarde 

the east to about section 5900E where the shear appears to be die­

placed to the northeast by a fault., Chalcopyrite and pyrite are 
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disseminated throughout most of the sheared zone but their 

abundance increases in the siderite-rich seetionso 

Core intersection~ of the basic qyke along the footwall 

of the shear zone were sampled for speetrochemical analysis on both 

the 300-foot and 600-foot levels for a distance of 1,000 fe~t 

(Maps 15 and 16). 

Thin sections of this dyke show increasing alteration 

from west to east, that is, towards the sulphid~rich sections of 

siderite (Maps 15 and 16). 

The fi."esher part of the dyke is composed of about 80% 

dark ehlorite, 10% fine-grained quartz, and about lo% sericite and 

carbonate. This as~emblage shows good schistosity indicating that 

some shearing occurred within the dyke. The alteration towarde the 

sulphide-bearing siderite lenses is expressed by an increase in 

carbonate and ·a decrease in chlorite. At the contact with the lenses 

of siderite, the dyke consista of about 60% carbonate, 25% chlorite, 

and 15% quartz and sericite. The carbonatized sections of the dyke 

are also very schistose. 

Chloritoid is present as blades and rosettes in the 

carbonatized sections of the dyke, as well as in the adjacent 

siderite. The blades and rosettes of chloritoid in the dyke trans­

grees the schistosity. This indicates that the chloritoid formed 

later than the schistosity. However a few chloritoid blades and 

rosettes are fractured, generally parallel to the schistosity. 

These cracks are filled with clear, fine-grained quartz and calcite. 

Between the quartz-calcite filling and the chloritoid there are 
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frequently a few blebs of pyrite and chalcopyrite. 

F:rom the structural and mineralogical relations between 

t~e foliation and the dykeé' and from the characteristics, abundance, 

and distribution of the wall rock alteration ~nerals, the tollowing 

succession of events may be deduced for the No~ 2 zones 
1 1 

1) Formation of the shear. 

2) Int~duction of basic Qykes parallel to the schistosity. 

3) Recurrent movem.ent along the shear. Shearing in the . 
dykes probably preceded, and, in part aecompanied the 

introduction of siderite. However, much or the siderite 

shows a preferred orientation that COufd have been in­

herited from the schistosity. 

4) Formation of chloritoid in the siderite-rich lenses as 

well as in the carbonatized parts of the basic dykes. 

5) S1ight recurrent movement along existing shear planes 
-

that fractured the chloritoid. 'l'his movement was 

accompanied, or succeeded, by the introduction of the 

quartz-calcite gangue as weil as some pyrite and chal.co-

pyrite. 

Some overlapping of these postulated events no doubt has occurredo 

The resulta of the spectrochemical analyses are discussed 

in Ghapter VI, but it may be noted here that the carbonate zones at 

Jaculet are abnormally high in manganese. Sideritized parts of the 

basie dyke contain 4% to 5% MnO. The ore-bearing siderite lenses, 

although not analysed, may be expected to have a similar, or higher, 



51 

manganese content. This raises the interesting possibility of producing 

a manganese concentrate as a b,y-product if sufficient copper ore is 

found in this zone to warrant mining. The origin of the siderite and 

the high manganese content will be discussed later. 

No. 3 Zone 

This zonej consisting of areas of disseminated chalcopyrite 

and p,yrite, lies in a carbonatized shear about 2~000 feet northeast of 

the No. 2 zone. It strikes east-west and is believed by local geologists 

to be part of the Lac Sauvage fault. Little exploration has been done 

on this zone to date. 

CHIBOUGAMAU MINING AND SNELTING CCMPANY, INCORPORATEQ 

The drill holes from which core samples were selected qy the 

writer for analysis are located in the T group of claimsj held by this 

company, in Lake Chibougamau~ about 1/2 mile southeast of Eaton B~ 

(see Map 8). 

Winter drilling in this area intersected several northwest 

trending shears which had previously been located by geopnysical 

techniques. Sorne of these shears are considered by the company geolo­

gists to be a continuation of the mineralized Bouzan-Royran shear system 

on Gouin Peninsula. The core intersections of these shears do not 

contain sulphides. Hence they are well=suited for chemical comparison 

with the Bouzan-Royran shear further to the northwest. 

The massive rock in this area is meta-anorthosite composed 
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mainly of saussuritized sodic feldpsar in a chloritic matrixo The 

meta-anorthosite in this area appears very similar to the massive 

meta-anorthosite elsewhere in the Doré Lake areao 

The color of the meta-anorthosite ranges from grey to 

creamy white and has a mottled appearance in generalo Zoisitized 

feldspar grains up to one inch across are a characterietie of the 

meta-anorthositeo These grains are orten seamed and9 or9 separated9 

by pale green chloriteo 

In thin sections the penetration of the 20isitized feldspar 

grains by chlorite is clearly evident. Less zoisitized plagioclase 

ranges from Arl 5 to Anl5. Frequently the zoisite-clinozoisite and 

sericite are more abundant al.ong cleavage planes and composition 

planes of the twins. Optically .P the chlorite shows the characteris-
' 

tics associated with the Mg-rich varities of chloriteo Within this 

chlorite there are often minute grains of magnetite. Small 9 

irregular patches of leucoxene are present alsoo 

Within the shears the color of the meta.=anorthosite has 

been homogenized to pale grey or pale greeno Thin sections of the 

sheared material show9 in geheral 9 about 30% sheared zoisite-clino­

zoisite, 40% to 50% chlorite9 101( eericite9 the remainder is usually 

fine-grained quartz. Talc may be present in amounts ranging up to l~o 

Traces of magnetite.~~ leucoxene.~~ and pyrite may be present al.soo 

SUIIIJIIB.ry of the Geology of the Sulph:id e Deposits 

The sulphide deposits in the Doré Lake area have the 

following features in commcmg 
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1) They are round in shear zonee in meta-anorthosite. 

2) The ore-bearing shea:t- zones have strikes that range 

!rom N.400W. to due west. 

3) The ore-bearing shears contain dykea mainl7 parallel 

to the schistosity~ which are commonly quart~teldspar 

porphyry, quartz porphyry~ diorite, granite~ and gabbro. 

4) With .f'ew exceptions the dykes are post-shearing 

and pre-ore, although some overlapping ~etweeD dyke 

intrusion and shearing bas occurred locally. 

5) Most o.f' the economie sulphide deposits ocour adjacent 

to one or more dykeso 

6) The sulphide minerale are mainly pyrite~ pyrrhotite, 

chalcopyrite, and traces of sphalerite and galena. The 

pyrite-pyrrhotite ratio varies from deposit to deposit. 

7) The alteration mineral a in the wall rocks 1 wi th 

variations in abundance~ are similar from one depoeit to 

another. The common alteration mineral assemblage is dark 

chlorite~ quartz~ sericite, carbonates (calcite-siderit.&­

ankerite), with minor occurrences of cbloritoid1 acti-

\ nolite, and talc. 
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Chapter 4 

SAMPLING 

Selection of Samples 

In order to select drill core samples from a particula,r 

property, the writer first examined the geological maps, sectio~s, 

drill logs, assay maps; and other data on the drilling done to tqat 

time. This was the critical part of the sampling program, the purpqse 

of which was to collect successive samples from a rock unit that ranged 

~rom massive to sheared 1 and from massive to sheared and mineralized. 

The core samples selected were not always accessible, but 

with sorne effort most of them could be found. The core was then 

thoroughly exa~ned, and in effect re-logged. Lithological, mineral­

ological, structural, and other features were noted, and the core was 

then marked off for sampling. Each sample length of core was then 

split; one half was placed back in the box, the other half into 

a labelled sample bag or box. 

The sample lengths ranged from 12 inches in highly altered 

and, or, mineralized rock, up to lOO feet in massive meta-anorthosite 

showing no hydrothermal effects. Dyke .intersections were takep from 

contact to contact as one sample in the case of fresh dykes~ or were 

divided into two or more sàmples in the case of unusual~ wide and 

mineralized dykes. Thus the entire length of core from a drill hole 

was sampled at intervals determined by the observed changes in the 

mineralogy, lithology, or structure. 
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Location, Distribution and Footage of Samples 

I. Quebec Chibougamau Goldfields 9 Limited 

A. Surface hole number& Q-ll8p Q=ll9 9 Q=l21 9 Q-146 9 Q-190 
(see Map 3) 

Total f'ootage oooooooc.ooooooooo 

No. of samples oooooooooooooooo 

B. Underground hole numbers& U~3-11 9 U=3-13 9 U-3-17 9 U-5=5 9 

U-5-13 9 0=5~16 9 U-5=18 9 U-5-24 9 

U-6~5 9 U~6-12 9 U~6-8 9 U-8=4 9 
U-8=5o 

Total foot age o. o o o o o o o o o o o • o o o 614 
No. of samples oooooooooo•ooooo 30 

II. Copper Rand Chibougamau Mines, Limited 9 (Eaton Bay zone) 

A. Surface drill hole numbers& 
(see Maps 8, 10) 

R~45 9 R=52 9 R-52-W 9 R-53 9 

R~70 9 R=72o 

Total footage o•oo••••••ooooooo 4 9 349 
No. of samples ····•o••o•oo •• oo 157 

B. Underground hole numbers: 
(see Map 11) 

5-R-66 9 5-R-69 9 5-R-87 9 5=R-89, 
5-R-138, 5~R~l39 9 5-R-140. 

Total footage oooooooo••oooooo• 192 
No. of samples ooooooooo••ooooo 12 

III. Chibougamau Mining and Smelting Company, Limited 

Surface drill hole numbers: T~7 9 T~8, T~l0 9 T-16 
(see Maps 8 9 9) 

Total footage •••o•••••••••••o• 3 9 467 
No. of samples •••••••o•o••oooo 67 

IV. Cedar Bay Mine ' 

A. Surface drill hole numbers: ds-69 9 CS-75 9 CS-82 9 CS~88o 
(see Map 17) 

Total footage 
'N:O. of samples 

oeooooooooo oooo oo 

o•oooooooooooooo 

856 
21 
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IV. Cedar Bay Mine (contdo) 

Underground drill hole numbersg 
(see Map 12) 

CU=321 9 CU~411 9 CU-243 9 

CU=399 9 CU=331 9 CU-319 9 
CU=3 589 CUa2289 CU-194, 
CU-·383 . 

Total footage •• • ••o•ooo••••••• 1 9 128 
No. of samples • •••••••••o•o• o• 23 

V. Campbell Chibougamau Mines 9 Limited 

Underground drill hole numbersg 
(see Map 14) 

U=510 9 U-371 9 U~379 9 U-698 9 

U~950 9 U~575 9 U- 115· 

Total footage oooooooooooooooo• 656 
No. of samples •o••o•o•o•o••o • • 10 

VI. Chibougamau Jaculet Mines, Limited 

Underground drill hole numbers g 
(see Maps 15 9 16) 

3-J~lp 3=J=2, 3~J=3, 3=J-59 
3~J-79 3~J=8, 3-J~99 3~J~l09 

3=J-119 3-J-179 3=J-19, 3-J-21, 
3-J-22, 3-J=24p 3-J~269 6~J-29 
6~J=4p 6~J=5, 6- J-6, 6-J-79 
6=J=9p 6- J-10, 6=J=l4p 6=J~499 
6- J - 509 6~J= 5lp 6-J-529 6-J-53. 

Total footage 0 0 0 0 00 000000000 0 0 977 
70 No. of samples •• oo • o••o•••o••• 

Crushing 

The samples of split core were transferred from each of 

the properties to the assay laboratory of Campbell Chibougamau Mines, 

Limited. The manager of this company kindly permitted the writer to 

use the crushing and other equipment in this laboratory, when not 

needed for routine assay worko The equipment included a small jaw 

crusher, a roll crusher9 and a riffle splitter for reducing the 

bulk of the sample . 
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In crushing the core samples 9 necessary precautions were 

taken to reduce contamination from the equipment which was normally 

used to cruah sulphide samples. Before crushing a group of core 

samples, the equipment ' -we.-s-- cleaned wi-th a je-t o'f · compressed airo " 

Then about 50 lbso of barren drill core 9 available from a dump near 

the laboratory, was run through to remove all possible traces of 

sulphides from the equipmento The equipment was then again cleaned 

with compressed airo 

The drill core was first passed through the jaw crusher 

set at ! inch9 then through the roll crusher set at 1/8 incho The 

bulk of the sample was reduced to 4 or 5 lbso by passing it through 

a riffle splittero After crushing and splitting a sample 9 the equip-

ment was cleaned with compressed airo 

It is admitted that a certain .amount of Fe 9 Mn 9 Ni 9 Co 9 Cr 9 

and probably other metals, was introduced into the samples from this 

equipment 9 particularly the jaw crushero This is practically un-

avoidable and it is assumed that the amount of contamination was 

uniform for each sampleo The writer is interested 9 not so much in 

the absolute concentration of the elements sought 9 as in the differ-

ences in the concentration of these elements from sample to sampleo 

Uniform contamination of the samples at this stage of comminution 

would 9 in the writervs opinion 9 not seriously affect th~ differences 

in concentrationo Contamination may be very slight in coarse crush-

ing where the metal parts of the equipment do not abrade against one 

anothero In the next step 9 that of fine pulverization 9 contamination 

from the metal grinding plates is considered more seriouso 
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Grinding 

The final grinding of the samples was done at McGill Uni­

versity using a Braun~type pulverizer fitted with ceramic plates? 

thus avoiding contamination by alloy steel constituents. The com~ 

position of the ceramic plates is unknown but presumably they are 

rich in silica and alumina, and so contamination from these con~ 

stituents would not seriously affect the high concentration of silica 

and alumina in the samples. 

In order to reduce the time required for fine grinding 9 the 

4 or 5 lb. bulk sample was passed through a riffle splitter several 

times to obtain a final lb. sample. This sample was then passed 

through the pulverizer 9 the plates of which were set as close as 

possible. Screen analysis of the product on samples selected at 

random showed that so% of the material was minus 150 mesh. This 

size is suitable for both optical and x~ray spectrometry. 

The finely-ground sample was mixed on a clean sheet of 

paper, coned and quartered. About lOO grams of this material was 

then placed in a labelled 9 tightly capped 9 plastic container and 

stored for spectroscopie analysis. 

Between grinds 9 the plates were cleaned thoroughly with 

a brush. In addition 9 a handful of the next sample was run through 

to decontaminate the plates 9 which were then brushed clean. When 

the plates became contaminated with sulphide=bearing sample? several 

handfuls of clean quartz sand was run through 9 cleaning the ceramic 

plates satisfactorily. 
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Chapter 5 

SPECTRŒCOPY 

Section A 1 Optical Emission Spectrography 

Principles 

In quantitative spectrochemical analysis it is assumed that 

the intensity of an emitted line within the source of excitation is 

directly proportional to the concentration of the emitting atoms. 

This assumption, while not strictly true, m~ be expressed by the 

relation 

or log ! 0 a log K + log C, 

where ! 0 is the intensity of line emission, K is a constant, and C is 

the concentration. 

Sorne absorption of ! 0 often occurs at the outer fringes of 

the excitation source so that what is measured is not I 0 but I. 

If background and. self-absorption are negligible, then ! 0 ~s about 

equal to I. Theoretically then, a plot of log I versus log C shouid 

produce a curve of unit slope which is called the working curve. In 

general practice the slope of the working curve approaches unity over 

a considerable length but flattens out near the base due to background 

and also near the top due to self-absorption at higher concentrations. 

Many excition sources are used for spectral line emission. 

Different sources are used for specifie purposes auch as to increase 

line sensitivity, atomic selectivity, and wavelength aelectivity. 

The most common excitation source used in optical spectrography for 
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silicate analysis is the carbon dac. arc. 

Geological ApRlication 

It is often important to have some knowledge of the abundance 

and distribution of major and minor constituants in. rocks and ores. 

In addition, such knowledge may help to furnish support, or objections 

to theories of petrogenesis and ore~genesis. Descriptive and inter~ 

pretative petrology and ore mineralogy rest on a firmer foundation if 

supported by a statement of the chemical composition of the material 

concerned. 

It is generally recognized that chemical analysis of rocks 

is very slow and c®stly. Many steps are required, each tailored for 

a specifie element. The time and cost involved, using this method, 

is often prohibitive for the analysis of many samples. 

Spectrochemical analysis on the other hand provides a rapid 

and less expensive method of determining the constituents of rocks , 

ores, anq related materials. With careful sample preparation, many 

elements can be determined quantitatively with reasonable accuracy. 

Ahrens (1954, p. 223) defines 11reasonable accuracy" as ~ 4~5~, or less~ 

of the amount present. This is probably optimistically stated because 

most spectrographers report accuracies for the major constituents in 

rocks and ores in the order of 5~ to 1~ or more of the amount present. 

In recent years many advances have been made in spectro­

chemical methods for the rapid quantitative analysis of rocks , ores, 

and related materials (Ahrens, 1954, pp. 223~232). Current papers 

on the subject appear in the periodicals Applied Spectroscopy, Journal of 

the Optical Society of America, Analytical Chemistry, Spectrochimica Acta, and 
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ethers. 

The methode developed by Kvalheim (1947, p. 585); Jaycox 

(1947, p. 162; 1957, p. 358), and Oshry, Ballard, and Schrenk (1942, 

p. 672) offer good starting points for evolving a procedure !or 

determining quantitatively the major constituents Si, Al, Mg, Fe, 

Ca, Ti, K, Na, and Mn present in rocks. While probably no single 

method is satisfactory for detecting all these elements, the 

procedure reported by Jaycox (1947, p. 162; 1957, p. 358) was round 

suitable for the purpose of this investigation. 

The Jaycox Method for Major Constituents 

The method developed by Jaycox (1957, p. 358) was tried 

and adopted by the writer for the analysis of the following major 

constituants: Si, Al, Fe, Mg, Ca, Mn, Na, Ti, and K. For reasons 

given later, analysis for Ti was discontinued~ and K was analysed 

by another method. 

In the Jaycox method, the rock powder is mixed with a large 

amount of copper oxide (GuO), and graphite. The common ratios of 

sample: CuO:C used in this method are 1:9:20; 1:19:40; and 

1:39:80. The writer used the 1:9:20 ratio after same preliminary run• 

using other ratios. The GuO serves as a buffer, diluent, and internal 

standard, while the graphite serves as a further diluent and increasee 

the electrieal. conductivity of the silicate sampls. 

High concentrations of the major conetituents in rock 

eamples produce self-absorption in sensitive lines, and very high 

intensitiee in ethers. To reduce line intensity to measurable levele, 

extreme dilution is necessary. High dilution reduces selective 
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volatilization and resulte in a more uniform burnD sinee there ie 

only 1 part sample to 29 parts of mix. 

Preparation of Samples . 

A large amount of CuQ-graphite Dd..x 'dl· prepared by 

weighing 9 parts CuO ~Fisher Seientific Co. prodUct) and 20 parte 

spectrographie grade graphite (United Carbon Products Co., aize 

UCP-2-100). These constituent& were mixed by grinding for 45 minute• 

in a mechanical agate mortar. The mix was then etored in a clean 

·bottle. 

The rock samplee were previously ground to 80% minus 150 

mesh in a Braun-type pulverizer equipped with ceramic. plates. Ten 

milligrame of sample and 290 mg. of CuO-graphite mix were weighed 

and thoroughly mixed in a small mullite mortar. A "Wiggl-Bug" eample 

mixer wae tried for this step but its use was dlecontinued when 

eleaning it became too time-eonsuming. The mnllite mortar and pestle 

were eaeily oleaned in about one ~nute with a sort, gum eraeer. The 

prepared samples were then stored in small plastie bottles. 

Preparation of Standards 

The following certified eamplee from the National Bureau 

of Standards were used in preparing the standards: 

la Argillaceous limestone 

97 Flint clay 

98 Plastic clay 

99 Soda feldspar 

69a Bauxite 
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88 Ik>lomite 

102 Silica brick 

104 Burned magne ai te 

In addition, two samples, A-53, an intrueive rock, and 

A-69, a meta.-per:ido:tite were used. These showed good agreement with 

the working curves establiehed from the N.B.s. samplee. Only a few 

grams of each of the standard rocke G-1 and W-1 are availab1e at 

McGill University and are re8erved for non-destructive analytieal work. 

Therefore G-1 and W-1 were not ueed as standards in optical speetro-

graphy. 

The upper limit of concentration of the major 

constituents in the standard samples was euffieient for the roek 

eamp1es analysed, except for Fe and Mn. Only 27 samp1es eontained 

more Fe or Mn than present in the standard eamp1es. The writer 

extended the working eurvee for Fe and Mn by the addition method. 

T-hie was achieved by adding ma.nganiferous iron formation materia1, 

ana1ysed chemically for Fe a.nd Mn by Mr .. H .. Dehn at the McGU1 

Geochemistr.y Laborator.y, to rock samp1es containing 0.05% Fe203 and 

0.018% MnO reepective1y. This method inerea.eed the concentration of 

Fe2o3 
and MnO in the standards to 23.6% and 12.86% respeetive1y (eee 

working curvee, Appendix 2). The extended working curvee derived by 

this method showed good agreement with thoee made from the N.B.S. 

eamp1es. 

The standard samp1ee were prepared by weighing and mixing 

1 part samp1e and 29 parte CuO graphite mix respective1y. The 

procedure fo1lowed was identica1 to that in preparing the ana1ysie 
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eamples. 

Apparatus and Operating Conditions 

Spectrograph 

Electrodes 

Arc gap 

Voltage 

Current 

Pre-burn time 

Jarrell-Ash 3.4 metre plane grating~ 

Ebert mount, 15,000 lines per inch, first 
0 

order dispersion 5 A per mm. 

National Carbon Co. 

ST-45 3/16" graphite rod as anode, cavit;r 

5mm deep, 3.7 mm wide. 

ST-40 1/8" graphite rod as cathode 9 mixed 

sample firmly packed into cavity with a 

glass rod. 

5mm 

230 volts d.c. on open circuit. 

12 amperes 

2 seconds 

Total bum time 90 ~ 3 seconds 

Slit width 

Slit length 

Fil ter 

15 microns 

3mm, fishtail adjustment. 

Seven step filter at elit~ 4th and 5th steps 

used for intensit;r calibration at 25% and 16% 

transmission respectively. 
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Plate 

Processing 
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Sequence 

Photometry 

Calculations 
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Eastman-Kodak S~ectrum 
0 0 

Analysis No. 2 plate, range 2100 A - 4~00 A. 

Only one plate used in plate holder, covering 
0 0 

range from 2200 A to 3550 A. 

3! minutes in D-19 developer at 6S0 ~ 3°F, 

10 seconds rinse in water, S minutes in acid 

fixer w.i th hardener, 45 minutes wa.sh in 

running water. 

Samples analyeed in duplicate,each on a 

separate plate. Samples R-5An exposed on 

each plate to check calibration curves, and 

for reproducibility. 

Jarrell-Ash Non-Recording Microphotometer. 

Transmission readings between 3% and 95% were 

used, elit width 5 microns, elit length 0.5mm. 

Readings taken on 4th and 5th steps for initial 

calibration and subsequent checks; on the 4th 

step only for routine samples. 

A Keuffel and Esser calculating board fitted 

with Seidel function paper was used to establish 

preliminary and final emuleion calibration 

curves for each element, and for converting 

transmission readings to intensity ratios. 

Concentration of an element in a sample is the 
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average of the concentrations in the dup1icates. 

Analytical Line Pairs 

Element 

Si 

Al 

Fe 

Mg 

Mn 

Ca 

Na 

Ti 

0 
Analytieal Line A 

2435.159 

2576.100 

2599.40 

2756.3 

2779.,30 

2575.10 

3180.516 

3302.32 

3361.~6 

(discontinued after 80 samples were run). 

Sr 

K 

4607 

4044.140 

4047.201 

Interna~ Standard 
Line l 

Cu 2768.88 

Cu 2768.88 

Cu 2768.88 

Cu 2768.88 

Cu 2768.88 

Cu 2768.88 

Cu 3128.701 

Cu 3128.701 

Cu 3128.701 

none 

none 

none 

Heavy eyanogen band interferenc~ made it imposs~b1e to 

obtain satisfactory readings on .these K and Sr linas. Analysis for 

K and Sr was done using an x-ray fluorescence technique desoribed 

lat er. 

Analysis far the Minor Elements 

Apalysis for the minor elemente Ni, Co, Cu and V vere 

also carried out on the JACO spectrograph. 
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Sample preparation. 

1 part finely ground sample mixed in a mullite 

mortar with 3 parts United Carbon Co. UCP-2-100 
; 

graphite containing 0.1% Mo02 as the internal. 

standard. Mo02 was prepared by reducing Mo03 in 

a hydrogen atmosphere at 600°C. 

Standards pr~paration. 

Apparat us 

Voltage 

Ourrent 

Pre-burn time 

Addition method used. To a roek sample containing 

only traces (less than lOppm) of Ni, Co, V, and Cu, 

also no detectable Mo, there was added 0.5% Ni, 

o,~% co, 0.1% v, and 1% Cu all as "Spex Mix" 

oxides. this was diluted in steps by the addition 

·or original rock sample to produce a series of 

decreasing concentrations for each element, from 

which working curves were constructed. 

Same JACO spectrograph with the following eettinge: 

230 volts ·d.c·. on open circuit 

10 amperes 

2 seconds 

Total burn time 110 ± 5 seconds 

Electrodes same type and cavity size as used for analysis 

of major constituants 

Are gap 
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Slit width 

Slit length 

Fil ter 

Photographie 
Plate 

Exposure 
Sequence 

- 6S • 

15 microns 

3mm, fi ~nt aU adjustment 

seven step filter, 4th and 5th used for intensity 

calibration at 25% and 16% respectively. 

Eastman-Kodak Spectrum Analysis No. 2 plate, 
0 o-

range 2100 A to 4SOO A. Only 1 plate e:xpoeed 
0 

in plate holder coTering range from 2300 A to 
0 

3550 A. 

samples analysed in duplieate, eaeh on a separate 

plate. Standard sample run every 5th plate; 

analysis sample R-116 was run on each plate and 

served as a check on reproducibility. 

Processing, Photometr.y, and Calculations same as for the major 

constituent runs. 

Analztieal Line Pairs 

0 

El.ement Analytical Line A. Internal0 Standard 
Line A. 

Ni 3050oS19 Mo 2Sl6.154 

Co 3044.005 Mo 2Sl6.154 

v .31S5.396 Mo 2Sl6ol54 

Cu .327.3.962 Mo 2Sl6.154 

(und er lOOppm) 

Cu 2824.369 Mo 2816.154 

(over 100ppm) 
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Limite of detectability with this procedure' 

Ni 30 ppm 

Co 30 ppm 

v 15 ppJl 

Cu 10 ppm 

Çyanogen Interference 

In addition to line epectra emitted by atome and ions 

at excitation level, some band spectra or moleeular spectra are 

aleo emitted. The most common band spectra, using the carbon arc, 

are those of CH molecules . .. rn a carbon arc, nitrogen from the air 

combines with incandescent carbon of the electrode tips, and 

graphite in the mixed sample, to form CN molecules which emit 

molecular spectra. These spectra are also called cyanogen bands. 

Cyanogen bands have three main sequences in tl!e ultra 

violet region of the spectrum. Each band sequence shows an 

increasing darkening of the ~hotographic plate with inereaeing 

wavelength, and terminates abruptly at what is ealled a band head. 
. 0 0 0 

These band heàds are at 3590 A, 3883 A, and 4216 A. Weaker CN bande 

occur in the longer wavelength regions of the spectrtDi. · 

Spectral lines of elements lying in the~e regions are 

obscured by the CN bands so that meaeuring the intensities of these 

lines is impractical. or the elements sought by the writer' the 

sensitive lines K 4044, K 4047, Sr 4077, ~r 4607, Ba 4554, 

Cr 4254, Cr 4274, and Cr 42S9 all suffered severe interference from 

the cyanogen bands. Heavier cyanogen interference wae probably 
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introduoed b)" the l.arge amount ot graphite required by' the J&7COX 

method. 
. ./ 

The spectral range of the S.A •. No.2 plates extende from 
0 0 

2100 A to about 4900 A. In practice, the writll9r preferred to work 
0 

in the ultra violet region or the spectrua, from 2200 A to about 
0 

3400 A, covered adequately bT one photographie plate in the plate 

bolder. To determine the potassium content epectrographi•:all;y in 

a sl'ectral region free from cyanogen interference would have 
0 0 

neoessitated the use of lines K 7664 A or ~ 7698 A, both in the 

infra red region. This l«>uld have required the uee or infra red 

sensitive photographie plates as well as preparing and running al1 

the samples separately from the main sequence of determinations ot 

the major constituants. It was then decided to determine the 

potassium content by X,.ray nuorescenoe as an alternative method. 
0 0 

Strontium lines 4607 A ~nd 4077 A also suffered CN 

interference to the extent where they could not be used. As a result, 

strontium was also determined quantitativel;y by ~ray fluorescence. 

Cyanogen bands also interfered seriouely with Ba 4554. 

As it was impractical to determine the Ba content by ~ra;y nuo-

. rescence with the equipment avallable, or to use a chemical method 

on the large number of samples, it was deleted as one ot the 

elements sought. 

The three most sensitive chromium lines in the ultra 
0 0 0 

violet region, Cr 4254 A, Cr 4274 A, and Cr 4289 A also suffered 
0 

cyanogen interference. Cr 2835 A would have been sui table to uee 

in this region but it was too weak for man;y samples with a low Cr 
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content. Using a higher sample to graphite ratio would have 

probably strengthened this line. However this wuld have 

neoessitated thè preparation of a mix suitable for these samples. 

Chromium, after eome preli.Einary rune, was deleted from the list 

of elements sought. 

TitaniUJII.1 because it is nearly al.way• present in 
0 

anorthositic rocks, was also sought. The lines Ti 3341 A, 
0 0 

Ti 3349 A~ and Ti 3361 A were triedo These lines oecur in a region 

of background, increasing with wavelength, due to eyanogen inter-

ferenceo These lines gave low transmission readings in the order 

of 3% to 5% and hence were not too reliable. In addition the Ti02 

content on some 80 samples run at random was generally low, 

ranging from 0.5% to 1.5%. It . . is quite probable that cyanogen 

interference tended to equalize the transmission readings and 

therefore also the calculated concentrations. If the eyanogen 

interference could be elee.red, the detenninations on the Ti02 

content would be more significant. Because of the cyanogen problem, 

titanium was also deleted from the list of elements eought. 

Methode of Eaiminating Cyanogen Interference 

Ahrens (1954, p. 148) points out several methode which 

are used to reduce or eliminate interference. from cyanogen bands 

when the carbon arc is employed. 

One method is to introduce alkali metal salt into the 

sample. The alkali metal reportedly gives a unifora burn, and laorers 

the temperature of the arc whereby the intensity of Cl emission is 

also reduced. The disadvantages of this method are: 



~ 72 -

1) It is impossible to determine the content of that alkali 

metal in the sample itself. 

2) Rapid volatilization ,of the alkali metal oecurs before 

the other metals are burned. Unless the internal standard 

compensates for the unbu~ed part of the sample~ the result ia 

apt to be erroneous. 

Another method of suppressing cyanogen band interference 

is to arc the sample in a nitrogen-free atmosphere. This approach 

seems the most promising at present. Success with this method has 

been reported by Johnson and Norman (1943~ p.ll9), Marks and Gardner 

(1947, p.370), and Smith and Wiggins (1948, p.325). 
J 

More recently, Hawley and Maclhnald (1956, pp.l97-223), 

reported satisfactory suppression of cyanogen bands using a Stallwood 

air-jet. With this deviee a concentric jet of air encloses the arc 

column. The air-jet lowers the arc temperature and also excludes 

nitrogen from the arc. 

Shaw, et al, (195S, pp.l97-201) used a modification of 

the Stallwood air-jet. The are was enclosed by a pyrex eylinder through 

which a lil mixture of argon'~o:xygen wa.s passed at 5 litres a minute. 

This technique eltminated nitrogen completely from the are. 

The JACO spectrograph in the Department of Geological 

Sciences at McGill University was not equipped with a Stallwood air-

jet when the writer was analyzing the samples. 

0 

0 
After some preliminary runs on the _ samples in the 2200 A 

to 4SOO A range, the writer did not use any spectral lin es of wave-
o 0 

length greater than Na 3302.32. The spectrum in the 2200 A - 3300 A 
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is relatively free of molecular spectra interference. This part of 

the ultra violet speetrum is satisfactory for the determination of 

the major, and some minor~ constituants in the rocks, - Si, ~~ Fe, 

Ca, Mg, Na, Mn, Ni, Go, V, and Gu. 

Sample Losa Purin& ·Arcin& 

There was some lose of eample during the early period 

of arcing, generally lees than 5 seconds. The spattering was more 

noticeable with samplee rich in hydrous and carbonate minerale, 

probably due to the eec~pe of gasee from theee minerale at high 

temperatures. The writer atte~pted to drive off some of these 

volatiles by keeping loaded electrodes at red heat in a Bunsen 

burner for 5 minutes. This pre-heating resulted in no noticeable 

reduction in spattering. 

The reproducibility of the analysee, as shown in Tablee 

V and VI, indicate that the interna! standard satisfactorily 

compensated for the sample loss. 

Seçtion B: LR,y Fim1 seion Spectrometr:v 

General Principles 

In :xi-ray emission spectrometry a sample, which may be 

in powder, solid, or liquid form, ie expoeed to primary radiation 

from an x.-ray tube. The primary radiation on the eample proQ.uces 

eecondary radiation from the sample. The seeondary x.-rays, having 

wavelengths characteristics of the elements in the eample, are 

dispereed by an analyzing crystal so that the different wavelengths 
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can be distinguished and measured. A detection unit, commonly 

a type of Geiger tube, is used to. measure the pulse rate of the 

secondar.y X-rays. The pulse rate at the detection unit is then 

translated to intensity readings on a chart recorder, or expressed 

as counts per second on a scaling unit. In general, an increase 

in the concentration of an element produees an increase, not 

neeessarily proportional, in the pulse rate of radiation from 

that element. 

X-ray spectrometr.y is in many ways analogous to optical 

spectrography. Both techniques require an excitation source, 

collimation, dispersion, and recording of the intensity of the 

secondary radiation. 

The spectral ranges covered by each method are different 

however. The wavelengths of x-rays used in emission spectrometry 

range from about 0.25 angstroms to 10 angstroms; the range most 
0 0 

commonly used is from 0.5 A to 2.5 A. The spectral range used in 

optical spectrometry, with proper equipment, extends from about 
0 0 0 0 

1,000 A to 16,000 A, but acre commonly from 2,000 A to 8,000 A. B.r . 
0 

comparison, visible light has a wavelength range from 4,000 A to 
0 

7,000 A. 

Under x-ray excitation, heavy elemente-, lfi.th mme 

exceptions, emit stronger radiations than do 1ight elements, there-

fore their detection is easier. Elements with atomic number 1ess 

than 22 (titanium) emit comparatively weak secondary radiations eo 

that it becomes necessary to prevent their absorption by air when 

they pass from the sample to the detection unit. Helium, harlng 
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a low absdrption because of low density, is normally used to flush 

the ~ray path in order to increase the intensity of the detected 

radiations. In some laboratoriee (Kelly, 1959~ p.693), qydrogen 

is used instead of helium to flush the x-ray path. 

Applications in the Analysis of Rocks and Ores 

X=ray emission spectrometry is now commonly used in many 

laboratories for the rapid quantitative analysis of rocks, ores, 

and related materials. The method is non-destructive to the sample, 

and is less costly and more rapid than ordinary chemical techniques. 

With careful preparation of the sample, the accuracy and precision 

obtained compare favorably with that of chemical methode. Current 

articles and references describing these applications are round in 

the periodicals Applied Spectroscop,r, Analytical Chemistry, and the 

Norelco Reporter. 

Determination of Potassium and Strontium 

Potassium Analysis 

The potassi~ analyses were made on a General ~ectric 

XRD-3 spectrometer with a Machlett AEG-505 tungeten target tube and 

a G.E. flow counter using a mixture of 90% argon and 10% methane. 

Flowing helium was used to flush the x-ray path at the rate of 2.5 

litres per minute. The operating conditions were: 

X-ray tube o •• o o ••• 50KV, 35Ma 

Scaler • • • • • • o ••• fixed time (10 seconds) 

Geiger tube. 0 0 • 0 0 • • 2200 volts 
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Soller elit • • • . . . . ••• 0.010" 

Analyz~ng crystal . . . . .lithium fluoride, 200 plane 

K wavelength. • • • • • 0 • • .Kka . 

The samples ground to 80% minus 150 mesh were placed in 

plastic holders 1 inch in diameter and one-quarter inch deep which 

were then placed in the sample holder in the ~ray machine. Direct 

counts per second were taken on the samples without internal 

etandardiza.tion. Background ranged from JO to 50 counts per second. 

'rhe working curt'e wae conetructed from direct counte on 

the potassium content of G-1, ~1, and N.B.S. samples 98, 102, and 

88. The working curve (Figo8, Appendix 2) is considered eatisfactor.r 

for the purpose of this study, that is to deteet the variations 

rather than the absolute potassium content of the eampleeo 

For this study, the potassium determinations were made 

more rapidly than would have been po'ssible with a flame photometer. 

:&llerson {1959) reports that potassium analyses in feldspars by ~ray 

fluorescence are as accurate as by flame photometry. Where a high 

degree of accuracy is not required but rapidity of analyses is 

important, the determination of potassium by ~ray fluorescence ie 

more advantageous than by flame photometry. 

Strontium Analysis 

The strontiWI:t analysee were made using the x-ray epectro-

meter. The operating conditions for strontium differed from thoee 

tor potassiUil in the: following respects: 

/ 
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X-ray tube • • . . . • 50KV, 50Ma 

Sca.ler • • • 0 0 0 • • • 0 • • fixed time (100 seconds) 

No helium flow usedo 

Sr wavelength ••••••••• s~a • o.S75 Î 

26 - 25.160 

As for potassium, direct counts were ta.ken on the samples 

without interna.l standardizationo Due to the low strontium content 

of the sa.mples, a counting time of 100 seconds was used to smooth 

out irregularities in intensity. Background Jsvel for strontium was 

generally about SO counts per second. 

The working curve (Fig.l2, Appendix 2) wa.s constructed 

from direct counts on the known strQntium content of ·standard samples 

prepa.red by the addition method. A finely ground sample which showed 

no detectable strontium by x-ray fluorescence was selected as a base. 

To a known weight of this sample there was added strontium chloride 

(Sr Cl2.6H20), disso1ved in alcoho1, to give it a Sr concentration 

of 500 ppm. This was mixed in a mechanieal mortar for 30 minutes. A 

portion of this base was then sueeessively diluted with the stronti~ 

free materia.l to give samples containing 250, 100, 50, 25 ·and 10 ppm 

Sr. Direct eounts per second on these samples gave points from which 

the working curve was constructed. 

Statistics 

A.ecuraey 

The unavailability of G-1 and ~1 for destructive analysis 

made it impossible to check the accuracy of Jayeox's method using 
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these standard rock samples. However the writer obtained four samples 

of meta-anorthosite from the 550 level of Campbell ~hibougamau Mines, 

Limited, Merrill Island, which had been ch~cally analysed in the 

laborator.y of the Quebec Department of Mines for Jefferry (1959). 

The writer made eleven repl.icate spectrochemical rune of each of 

these samples. A comparison or the resulta of the two methods of 

anal.ysis are given in Tables IV ,and V. 

It is evident from the tabulation that the spectroche&dcal 

analyses show consistently higher Si02 and lower A12C, - cont~nt than 

the chemical analyses. The spectrochemical .analysee on Fe~03, MgO, 

CaO, and ':20, are all higher than the cliemical analyses. It is 

interesting that in sample Z.d. 3875, no 1:20 is reported by chem:ic al 

analysis, whereas the writer detected 0.06% K20 by ~ray fluorescence. 

On MnO and Na20 there is no consistent difference between the resulte 

of the two analytical methode. 

The certainty of the accuracy of the chemical method used 

at the Quebec Department of Mines laborator.y is not known. In view 

of this, the tabulation is more of a comparison with the chem:ical. 

resulte than a check on the accuracy of the spectrochemical ·resulte. 
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'rABLE IV 

Comparison of Analyses of 2 samples of 

Meta-Anorthosite from the 550-foot Level, 

Campbell Ghibougamau Mines Ltd. 

Z.d. 3875 
0 

Z.d. 3876 
0 

I II III I li rn 
: 0 

Si0:2 46.69 49.80 3.11 "; '..4o7k 47.08 2.24 

Al203 24.29 22.48 1.81 26.60 . 24.39 2.21 . . 
0 

FeO 2.86 3.60 . . • 
• . 

0 0 0 ' 

Fe203 2.80 • 2.40 
0 0 

~-~e203 
0 . 

5.97 6.25 0.28 5.81 6.16 0.35 . 0 0 . . . 
.. MgO 1.9.3 2.08 0.15 . 2.17 2.25 0.08 . 0 

CaO 15.23 16.20 0.97 12.50 13.14 0.64 

0.090~ 
0 0 . 

MnO 0.100 o.olo; o.01o; 0.077: 0.007 
0 

0 ' . 
Na20 2.17 2.35 0.18 2.30 2.13 

0 

0.17 
. 

g 120 o.oo 0.06 o.o6 0.46 0.49 0.03 

Sample Z.d. 3875 is from D.D.H. U-66, from 175' to 198' 

Sample Z.d. 3876 is from D.D.H. U-66, from 902 1 to 911 1 

Column I · -- Chemical Analysis by the Quebec Depa.rtment of Minee 

Laboratory. 

C.olumn II - Spectrochemical Analysis (mean of eleven rune) by the 

writer at the Department of Geological Sciences, MeGill 

University. 

Column Ill -Difference between Col. 1 and Col. 2. 

K 
Total iron expressed as Fe20J 
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'fABLE V 

Comparison of Analyses of 2 Samples of 

Meta-Anorthosite from the 5SO foot Level 

of Campbell Chibougamau Mines, Limited. 

Zodo 3877 Z.d. 3880 

I II In I II III 

42.29 45.92 3.65 

25.00 22.65 2.3 5 

FeO 

1.37 

5.88 0.35 6.18 6.64 0.46 

MgO 2.15 0.08 2.41 2.55 0.14 

CaO 8.71 9~15 0.44 13.20 13.92 0.72 

MnO 
1 

3.72 0.21 1.32 1.25 0.07 

1.15 

Samp1e Z.d. 3877 is !rom D.D.H. U-66, !rom 1175' to 1180• 

Samp1e Z.d. 3880 is from D.D.H. U-698, from 143 1 to 149 1 

Column I - Ghemical analysis by Quebec Deparbnent of Mines Laborator.y 

Co1umn :Q: - Spectrochemical Anal.yeis (mean of eleven rune) by 

writer at the Department of Geological Sciences, 

McGill Universit7• 

Column III- Difference between Col. 1 and Col. II. 
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Precision 

To check the precision of the speetroehemieâl technique 

eaployed for the major ~onatituents 9 the writer made 30 replicate 

runs,on separate piates, on sample R-5Ano The K20 determinations 

were made by xP-ray fluorescence. The resulte are given in '!'able VJ •. 

The precision appears to be of a reasonable order. The relative 

deviation (C) for MgO (10o80%) is higher than for most of the other 

constituants. The relative deviation (C) ranges from 4.58% for 

Al203 to 10.80% for MgO. 

The precision of the spectrographie analyses for Ni, Co, 

V, and Gu was detennined by mking 37 runs on eample R-116 9 chiefiy 

on separate plates, (Table VIQ. The precision for these minor 

constituants appears to be not as good as for the major constituants. 

The relative deviation (C) for the minor elements ranges from 8.4o% 

for nickel to 12.40% for vanadium. 

'l'ABLE VI 

Precision Data on Sample R-5An for Major Constituants 

• OXide of • 
:Element • u Sd Si C% ~ 

SiÛ2 51.59 .. 2.6:2 0.48 0 5.05 0.93 . . 
Al203 4ol4 Oo19 0.035 4.58 0.84 

Fe2o3 12.20 Oo65 0.12 5.33 0.98 

Mg<> 11.05 1.19 0.22 10.80 1.97 

CaO 17.35 1.12 0.20 6.45 1.15 

MnO 0.252: 0.022 g 0.004 8.74 1.58 

Na20 1.04 
. 

0.09 g 0.016 8.65 1.54 . 
K20 Ûo040·: Oo003 : 0.0005: 7.50 1.37 
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u • arithmetic mean 

n : number of deter.minatione {30 in this case) 

a deviation from the mean~ of single measuremente 

Sd ,. ~ • standard deviation ) for single 

d 

v~ > 
c • Sd x 100 :% relative deviation ) determinations 

u 
si ~ Sd - standard error 

'{iï-

E = SX x 100 M % relative error 
u 

TABLE VII 

) 
) for the mean 
) 
) 

Precision Data on Sample R-116 

:Element 

. . 

Ni 

Co 

v 

Cu 

for Minor Constituants 

u Sd Si 

75 

68 7 .. 8 1.:27 

0.86 

50 5.4 0.89 

' 

c E 

8.40 

11.45· 1.87 

1:2 .. 40 

10.80 1.96 

n = nùmber of determinations (37 in this case) 

u : arithmetic mean 

d = deviation from the mean9 of a 

Sd = . ~ = startdard deviation 

single ne asurement. 

c 

sx • 

E . = 

\]~ 

~ x 100 = % relative deviation 
u 

§g_. standard error 

) 
) for single 
) 
) determinations 

-vn 
) 
'i 
) 

for the mean 

-
~ xlOO : % relative 
u 

error ) 
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Presentation of Analyses 

The analytical resulta of the sa.mpleê analyzed, for both 

major and minor consti tu ente are gi ven in Appert4ix 1. Tbe 

cpncentrations of the major conetitumts are expressed as per cent 

of oxides, - Si021 Al2o
3

, Fe2o3
, MgO, CaO, MnO, N&20, and K2o. The 

minor constituants NiD Coll Cug V, and Sr are expressed in parts 

per million ( ppn)., 

It is not possible to distinguish betnen rerrous and 

f'erric iron in spectrogr~phic analysis ... All the iron d.etected in 

the sample is expressed as Fe2o
3
• All the manganee&.deteeted, in the 

sa.mples is expressed. as MnO, although some manganiferous earbonate 

is present in carbonate-rich shear zones. 

Where there is more th;an one sample from a drlll hole, 

the a~ses are presented in succession from the collar to the end 

of the hole. Further ex:pl.anations are given at the beginn,ing of 

A.ppendix 1. 

Controversy Ove;r Ca-V tine Interference. at .3185.4Î-· ·· 

For determining low vanadiua concentrations the line at 

.31S5.4Î has been widely used. Reeently tP.,!'re has been an .exchange 
0 

of opiriions on vanadi'lllll-Cal.cium 1ine interference at 31S5.U between 

Shaw (1958b, 1959) and Scott ~nd Swaine (1959). These investigators 

seem to agree tbat V:. 31S5.4 coincides with a weak Ca line, .and that 

V 31S5.4 should not be used for vanadium determinations in cèl.ci~ 

rich eamp1es. 
0 

The pres.enc e of a weak Ca lina at 31S5 .U hae be en 
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suspected for. some years, { K:valhei.a 1942, Harvey 194 711 and othere). 

Yet V 3185.4 has commonly been used for the dete~nation of vanadium 

in rocks and ores. Ca 3185.4 is not listeP, in the M.l.T. Wavelength 

Tables. 

Hawley and Mae.Doneld (1956, p.220) have used V 31.85.4 

for the determination of the vanadium content of iron ores from 

Mesabi, Minnesota, and Steep Rock, Ontario. The vanadium content of 

these ores ranged from 0 .. 003%' to o.2%, and the cao content was o.m. 
In view of the low caLcium conte~t there wae probably little if an7 

0 
i~terferenee from Ca 3185.4Ao 

1 

The writer used V 3185.4 in determining the vaJ:adi'IDl 

content of the .Chibougaroau wall rocks, which o.ften have a high CaO 

content. From the variation diagr~: {Chapter VI) showing the changee 

in concentration of. l3 elements in these rocks, there is little 

evidence to show that a high calcium content enhances the intensity 

or v 3185.4. 

In some calcite-rich sections the vanadium content is 

apparently higher. In other sections where the CaO content increases 

to 2($, or more, . the vanadium content reJDB.ins at levels .comparable 

with those samples where the CaO is in .the order or 1~ orso. For 

e.xam.ple, sam:~le ~92C (Appendix 1, po 14) contains 0.20% CaO and 

30 ppm V; sample Y-25 {Appendix 1, p. 4 ) contains 25.0% CaO atd 

15 ppm V. This doee not ·auggest enhaneement of V 3185.4 by" caleiUil. 

It may be t .hat the sensitivity of Ca 3185.~ is very low at!d therefore 

does not seriously interfere with t~e intensity of V 3185.4. 
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Chapter VI 

RESULTS AND INTERPRETATION 

Section A: Chemical Variations in Schist Zones 

General Statement 

The resulta of the spectrochemical analyses are presented in 

variation diagrams and interpreted in this chapter. In these diagrama 

the writer has attempted to show the range of difference in the concen­

tration of a constituent rather than the amount detected. The base of 

the histogram for each constituent is drawn usually just below the lowest 

concentration detected in a drill hole. The reader is advised to refer 

to the ranee of the scale given on the left aide of each histogram 

when examining the diagrams. 

Ihe chemical variations detected across the Bouzan-Royran 

shear zone are given first and will serve as the basis of comparison 

with variations detected in other schist zones in the area. 

Chemical Variations Across The Bouzan-Royran Shear Zone 

Of the schist-zones investigated in the area, the Bouzan-Royran 

shear zone offers perhaps the beat example of chemical variations fram 

massive to sheared and mineralized meta-anorthosite in a single section. 

This section is formed by drill holes R-52, R-52-W, R-45, R-53, R-72, 

and R-70, shown on Maps B and lO o The corresponding analyses of cores 

from these drill holes are shown on Figures 4, 5, 6, 1, 8, and 9, and 

also in Appendix 1. 

Chemical variations alonr, drill holes R-52, and R-52-W through 
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the shear zone into the massive rock are shown in Figure 5 and are d.is­

cussed constituent by constituent. Drill hole R-52, shown in Figure 5, 

was collared in slightly sheared and brecciated meta-anorthosite, 

pemetrated highly schistose meta-anorthosite a section of which contains 

sulphides, was wedged at 450 feet and completed as ~52-W in massive 

meta-anorthosite. 

Silica 

The silica content shows first a progressive decrease in the 

schiste, then increases to a maximum of nearly 70% in the hanging wall, 

about 100 feet from the sulphide zone. The silica content remains at 

about 48% across the aulphide zone, then decreases to about 45% in the 

massive meta-anorthosite. 

The significant feature of the silica content in this section 

is that its concentration in the hanging wall of the sulphide zone is 

about 25% greater than in the massive meta-anorthosite. 

The increased abundance of silica in the hanging wall of the 

sulphide zone is expressed mineralogically chiefly as fine-grained 

quartz dispersed through the chloritic schists. Some quartz is also 

found as veinlets, stringers and pods parallel to the schistosity. 

Alumina 

The alumina content along the drill hale remains fairly 

uniform at nearly 20%, decreases to about 12% at around lOO feet from 

the sulphides, then regains its former level of about 20% in the ~ 

mediate hanging wall of the sulphide zone. Across the mineralized 

section it decreases to a minimum of about 8% and then regains the 
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' 
level of nearly 20% in the maas:i. ve meta-anorthosi te. 

'Ihere are no signifie ant trends in the alumina content on 

either side of the sulphide zone which would indicate a proximity to 

ore. The sharp decrease in alumina coincides with a richer sulphide 

section of the mineralized zone. 

Lime 

On the hanging wall aide of the sulphide zone the distribution 

of the lime content is somewhat erratic and shows no conclusive trend. 

Local highs are probably caused by calci tic pods and stringers. How-

ever for a distance of 100 feet in the hanging wall and continuing 

through the sulphide zone for 50 feet into the footwall, the lime con­

tent is almost negligible and then levels off at between 12% and 15% 

in the massive rock. There is no significant bùild-up of lime on either 

side of the sulphide zone. 

The chief feature about the distribution of the lime content 

is its virtual depletion throughout, and on both aides of the sulphide-

bearing section. This variation of the lime content is more widespread 

than for any of the other constituants studied. 

Magnesia 

The magnesia content shows little significant change in the 

hanging wàll except at about lOO feet from the sulphide zone where it 

decreases to lees than 1% • . Within the mineralized section the magnesia 
/ 

content is nearly 5%, about t.i1e same as in most of the hanging wall and 

the footwall, On the footwall aide of the sulphide zone the magnesia 

content reaches a maximum of 7% in a gabbroic qyke. 
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The magnesia content may be related chiefly to the chlorite 

which is widespread throughout the schist zone as well as the massive 

rock. 

The only distinct variation shawn by magnesia is a decrease 

to less than 1% at a distance of 100 feet from the sulphides, in the 

hanging wall • 

Iron 

The iron content on the hanging wall aide of the sulphide 

zone shows little variation except at about 25 feet from the sulphides 

where it shows a slight increase. Within the sulphide zone the equi­

valent Fe203 content increases to nearly 30%, and in the footwall 

_gabbroic dyke decreases to 15%. In the massive rock, the iron content 

shows little variation. 

In the hanging wall near the sulphides the iron content is 

related chiefly to the abundant dark chlorite with traces of pyrite. 

The mineralized section contains about 15% of sulphides, most of which 

is pyrite wi th mi nor chalcopyrite • Dark, ferri an chlori te is als o 

abundant in the mineralized zone. The iron content of the gabbroic 

dyke is attributed to ferrian chlorite, and also traces of pyrite. 

The chief feature of the distribution of the iron content 

is the high concentration within the mineralized section and for about 

100 feet into bath the hanging wall and footwall. 

Soda 

The main f eature of the distri bution of the soda content 

in this section is a noted depletion across most of the mineralized 
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zone and for a distance of 25 feet into the footwall, and an increase 

in both the hanging wall and the footwall of the sulphides. In the 

hanging wall, the soda content is highest at about 75 feet from the 

sulphides. In the footwall 9 50 feet from the sulphides, the soda content 

is about 5% and decreases to about 1 1/2% in the massive rock. 

The minerale which m~ contain the increased soda content on 

both aides of the sulphide zone have not been identified. ?aragonite, 

a sodic mica, may be present but it cannot be distinguished microscopi­

cally from sericite with much certaint.y. No albite or other sodic 

minerals were identified in thin sections. 

Potash 

The potash content of this section, while generally under 1%, 

shows some distinct variations. On the hanging wall it shows a decrease 

at about 150 feet from the sulphides, then increases again to near~ 

1% for the remaining lOO feet to the sulphide zone. Across the mineral­

ized section potash is nearly absent. In the footwall and in the massive 

meta-anorthosite it remains at a fairly uniform level of about 0.3%. 

In thin sections an increase of sericite is noted which cor­

relates well with the increase of potash on the hanging wall side of 

the sulphides. 

The chief feature of the potash variation in this section is 

a distinct increase in the immediate hanging wall compared to a near­

absence across ~he sulphide zone. 

Manganese 

The manganese content of this section shows little variation 
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except in the hanging wall about 100 feet from the sulphides, where it 

i~creases to 4800 ppm ~mo. Across the sulphide zone 9 little change is 

evident. In the footwall9 for a distance of about 100 feet 9 the Mn con­

tent shows a slight increase, then decreases to about 300 ppm MnO in the 

massive rock. 

The writer is unable to correlate the manganese increase in 

the hanging wall with any minerals 9 but it might be aasociated with some 

iron in the chlori te • 

Strontium 

Strontium is absent across most of the sulphide zone as well 

as for about 30 feet into the footwallo Throughout most of the hang­

ing wall and the footwall the strontium content is fairlY uniform at 

about 35 ppm. A slight decrease in Sr is noted across 25 feet in the 

hanging wall adjacent to the sulphide zone. 

The depletion of strontium across most of the sulphide zone 

is an important feature in the variation of constituants in this section. 

Vanadium 

Vanadium shows few variations which may be significant in 

relation to the sulphide zone. Its distribution is somewhat erratic 

in the hanging wall, and also for 150 reet into the footwall. 'lhe 

gabbroic dyke in the footwall of the sulphide zone may be responsible 

for seme increase in the vanadium content in comparison wi th the n ;ta­

anorthosi te • 

Copper 

The distribution of copper across the section forma an 
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interesting pattern. From a low of about 5o ppm i~ the hanging wall, 

the copper content increases progressively toward the sulphide zone 

where it reaches a maximum of 2650 ppm, and then decreases to about 

5o ppm in the massive meta-anorthosite in the footwall. 

The copper in the mineralized zone is present as chalcopyrite 

associated wi th pyrite. Adjacent to the mineralized section, a few 

blebs of chalcopyrite are scattered throughout the schists. 

Cobalt 

In most of the hanging wall and the footwall sections the 

cobalt content ranges between 75 and 100 ppm. In the hanging wall, 

beginning at about 200 feet from the sulphides, the cobalt values are 

erratic, but they increase to a maximum of 1000 ppm in the sulphide zone. 

The cobalt m.aximum coincides with the pyrite high. This re­

lation suggests that the cobalt ~ be associated with the pyrite, 

either as a separate mineral, or by isomorphous substitution in the 

pyrite. 

Nickel 

The nickel content ranges from 100 ppm in the hanging wall, 

600 feet from the sulphides, to a maximum of 675 ppm within the sul­

phides, to about 150 ppm near the bot tom of the drill hole. The high 

nickel content in the sulphides suggests an association with pyrite. 

The most interesting feature of the nickel distribution is 

a decrease of about 25 ppm across a distance of 75 feet on both the 

hanging wall and the footwall sides of the sulphide zone. 
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Chemical Variations Across Other Schist Zones in the Area 

Copper Rand Chibougamau ~ünes 2 Limited 

On the northeast side of~ and subparallel to, the Bouzan-Royran 

shear zone, there are several schist zones in which sulphides have not 

been found. The chemical variations across these zones are shawn in 

Figures 8 and 9. 

In the moderately=sheared meta-anorthosite shown in Figure 8 

there is a general increase of lime, magnesia, soda, potash, and mangan­

ese. These increases are spatial~ associated with a zone of carbonate 

stringers within the schist. Above the zone of carbonate stringers 

there is a quartz-rich vein, and below, there are numerous, thin, quartz 

stringers parallel to the schistosity~ 

The meta-gabbro (Figure 9) shows slight, local shearing from 

250 feet to 600 feet, and more intense shearing from 600 feet to 700 feet 

along the drill hole. The well-sheared section shows an increase of 

iron, magnesia, and copper and a decrease of alumina, soda, potash, and 

strontium. The variations shawn by these constituants are similar to 

the variations shown in the Bouzan-Royran shear zone. 

In the moderately-sheared part of the meta-gabbro (Figure 9) 

there is an increase of potash and soda, and a decrease in manganese, 

with little significant variation in the other constituants. 

It is noted in Figure 9 that in the transition from the 

moderately to the well-sheared rock there is a gradational increase 

in iron, manganese, and magnesia, and gradational decrease in strontium, 

lime, alumina, and silica, and a rapid decrease in soda and potash. 
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Chibougamau Mining and Smelting Coo, Inc. 

A nwnber of northwest-trending shear zones have been explored 

by diamond drilling on this property in Lake Chibougamau. Some of these 

shear zones and the locations of the drill cores sampled are shown on 

Maps 8 and 9 (in pocket). The drill holes from which the core samples 

were taken are T-7, T-8, T-10, and T-16, and the an~ses of these 

cores are shown in Figures 1, 2, 3, and 4. 

Well-sheared sections in the meta-anorthosite (Figure 3) show 

an increase of magnesia, iron, silica, soda, potash, copper, cobalt, 

and nickel, and a decrease of lime, alumina, and vanadiwn. 

A slightly-sheared section shown in Figure 1 at the 200-foot 

mark of the drill hole, shows an increase of silica, iron, magnesia, 

soda, potash, nickel, and cobalt, with a very slight ~ecrease in alwnina 

only. 

Another slightly-sheared section shown in Figure 2 near the 

400-foot mark of the drill hole shows an increase of magnesia, iron, 

manganese, vanadium, copper, and cobalt, and a decrease of lime, alumina, 

soda, potash, strontiwn, and nickel. 

Another well-sheared section (Figure 4, centred at the 700-

foot mark of the drill hole) shows an increase of magnesia, iron, mangan­

ese, copper, cobalt, and nickel, with a decrease of alumina, silica, 

lime, soda, potash, and strontium. 

In these schist zones as in the Bouzan-Royran shear zone 

the increase in magnesia and iron corresponds to an increase in chlor­

ite. A few traces of pyrite in the schists may account for sorne of the 

increase in the iron content as well o The breakdown of the zoisi te and 
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clinozoisite with an accompanying decrease in the alumina and lime con-

tent is compensated by the increase in the chlorite content. 

Quebec Chibougamau Goldfields, Limited. 

The surface drill holes sampled - Q-1902 Q-146, Q-118, Q-119, 

and Q-121, shown on Map 3 (in pocket) form a general section from south-

west to northeast across the propertyo Each drill-hole intersecta at 

least one northwest to west-trending schist zone, either poorly or 

moderately mineralizedo Westward extensions of the 1~ 11 zone and the 

'~" zone are intersected at depth by drill holes Q-190, and Q-146 

respective~ (Map 3). 

The well-sheared and/or mineralized sections of the meta-

anorthosite shown at the right side of Figures 12 and 13 have the 

following chemical variations compared with the massive rock: 

Increase of magnesia, iron, manganese, copper, cobalt, 
and nickel. 

Decrease of silica, alumina, potash2 strontium and vanadiumo 

The moderately-mineralized section shown in Figure 12 has 

a slight~ higher soda and lime content than the barren part of the 

schist zone. The silica and potash content is higher on the hanging 

wall side of the mineralized section. This distribution of silica and 

potash is similar to that in the Bouzan-Royran shear zone. 

Slightly-sheared but barren meta-anorthosite shown in 

Figure 12, at the 90Q-foot mark in Figure 13, and at the 30û-foot 

mark in Figure 16 show the following chemical variations with respect 

to the massive rock: 

A general increase of silica, potash, soda, iron, magnesia, 
and manganese. 
A general decrease of strontium, vanadium, cobalt, and nickel. 
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In Figures 14» 15» and 16» the sheared sections in the meta~ 

anorthosite show a characteristic increase in potash» coppe~, snd 

commonly in silica~ ironj and manganese with respect to the massive 

rock. 

Summary of the Chemical Variations in Schist Zones 

An attempt is made at classifying the schist zones in 

Table VIII on the basis of the relative variations of the const1tuènta 

with increasing alteration and mineralization. This classification is 

inferred from the observed variations in the schist zones which have 

undergone different degrees of alteration~ and which sometimes contain 

sulphide bodies. The 3~fold classification is aimply a convenience and 

it is realized that rather than this sharp division, a gradation fro~ 

slight alteration to sulphide mineralization exists. The increasea or 

decreases of constituents in the schist zones are noted with reTerence 

to the massive rock. Further explanations are given in Appendix IV. 

The writer is of the opinion that different stages o~ 

alteration in schistose meta-anorthosite may be generally identified 

with the following chemical and mineralogical changes: 

1) Early stages of alteration in shear zones are marked chiefly by 

an increase of silica (silicification)» potash (sericitization), 

iron and manganese (chloritization), and soda. There may also be 

a minor increase of copper, cobalt, and nickel, but these increases 

are not consistent. 

2) More advanced stages of alteration are marked chiefly by 

an increase of iron and magnesia as more intense 
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TABLE VIII 

Chemical Variations In Different Schist Zones 

Class 1 Class 2 Class 3 . . 
Si02 + -? 

!1203 

CaO 

MgO + ? +? 

Fe203 + + + 

Na20 

K20 + + ? 

MnO + + : + 

Sr - ? - ? 

v + ? + ? + ? 

Cu + ? + + 

Co + 1 + + 

Ni + ? + + 

Class I Shear Zone - Moderately schistose, little alteration, 
no mineralization. 

Class 2 Shear Zone - Moderately to high schistose, increasing 
alteration, '!: sparse sulphides. 

Class 3 Shear Zone - Well-sheared and altered, contains sulphides. 

+ - increase with respect to masaive rock. 

decrease with respect to massive rock. 



97 

chloritization. However the Fe-rich chlori te is frequently 

more abundant than the Mg-rich variety. The zones of earlier 

silicification and sericitization show a tendency to migrate 

into the walls of the shear zone. These changes are frequent­

ly accompanied by a further increase of Ni~ Co~ Cu~ and Mno 

Decreases are frequently rioted in the alumina, lime~ soda, 

and strontium content. 

3) Where sulphides are present in a schist zone, there is 

a further increase in the Fe, Mg, Mn, Cu, Co, and Ni content. 

Some of the increase of iron is ac·counted for by the sulphides, 

the rest by the chlorites. Within the mineralized zone there 

is also a further decrease of silica, potash, alumina, soda, 

and lime. An increase of silica and potash is frequentlY 

noted in the hanging wall of the mineralized zone, marked by 

an increase of quartz and sericite. The quartz-sericite zone 

is overlapped by the chlorite zone which extends outward from 

the mineralized section. The strontium content of the min­

eralized section frequently decreases to nearly zero. 

Where the sampling was more closely spaced, the distri­

bution pattern of Cu, Co, and Ni is interesting. Copper shows 

a progressive build~up toward the mineralized section. The 

nickel and, to a lesser extent, cobalt content shows a slight 

decrease before increasing again in the mineralized section. 



Section B: Chemical Variati.ons Along J?ykes 

I Acidic Dykes 

General Statement 

The quartz-feldspar porphyry dyke at the campbell mine 

(!ott.p 14 ~ and Figure 26); the "_grey" dyke at the Cedar Bay mine 

(:tèp 12, and Figure 24); and the quart~~porphyry dyke at the Copper 

Rand mine (Map ll, and Figure 10) are termed acidic dykes in this 

section of the chapter. Parts of these dykes lie adjacent to, or 

approach, knovn ore deposits vithin schist zones in meta-anorthosite. 

The chemical variations along the quartz-feldspar porphyry 

dyke on the 550-foot level of the Campbell mine~ shovn in Figure 26, 

are diecussed first, and the chemical variations along the other 

acidic dykes are compared vith it. 

Quartz- Feldspar Porpbyry Dyke at Campbell 

The constituants vhi~h show an increase along this dyke 

tovard the ore (Figure 26) are magnesia, copper, nickel; tbose 

showing a decrease are silica~ alumina~ potash, and strontium. The 

variations shovn by cobalt, lime, iron~ soda~ manganese, and 

vanadium are inconclusive. 

The potash content decreases eastvard from D.D.H. U-7!5, 

reaches a minimum at u~698 and U-379, then increases in D.D.H. 0;.;371 

which is lOO feet from the ore zone. Another sample across the dyke 

between D.D.B. U-371 and the ore body would probably have given more 

conclusive trends in some of the constituants. However such a sample 

vas unavailable. 



99 -

The mineralogical changes with proxim.ity to the ore involve 

chiefly a partial breakdown of the feldspars and the removal of sorne 

silica with an increase of chlorite and thin carbonate stringerso With 

the removal of sorne alumina and lime~ the feldspars have become slightly 

more sodic. Sorne calcium from the plagioclase has probably gone into 

the formation of the carbonate ~tringers now present. Very little 

sericite is present. 

"Grey" Dyke at Cedar Bay 

Part of the "grey" dyke at the Cedar Bay mine (Map 12~ and 

Figure 24) lies parallel to~ and on the south side of~ a series of 

sulphide deposits. 

In the section of the dyke parallel to the sulphides (east 

of section 450 E.~ Figure 24) the nickel~ cobalt~ copper~ manganese~ 

potash, iron~ magnesia~ and lline content is~ in generalp higher than 

to the west and away from the ore. The variations in vanadium~ soda, 

alumina, and silica are inconclusive. 

The increase in iron, magnesia~ and probably manganese may 

be accounted for b.Y an increase of chlorite in the dyke. Sorne mangan­

ese may be present in the small stringers of carbonate which appear 

more numerous near the sulphides than further away. 

At section 835 ~ there is a sharp decrease in silica and 

soda which may be due to a small lens of massive sulphide adjacent to 

the dyke (see Map 14). However~ at section 960 Eo~ a larger lens of 

massive and disseminated sulphide lies adjacent to the qyke without 

an accompanying decrease in silica and soda. 
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The more significant indications of a sulphide boqy, or bodies, 

ne ar the "grey" dyke are increasing magnesia9 iron .Il potash9 manganese, 

copper, cobalt.ll and nickela Except potash.ll these constituants are not 

normally present in great abundance in acidic dykes so it is probable 

that they were introduced from the ore-bearing fluids. 

Quartz-Porphyry D,rke at Copper Rand 

The quartz~porphyry dyke at Copper Rand.11 the location of which 

is shown on Map 11, and the chemical variations in Figure 109 forms the 

hanging wall of the Nain Eaton Bay ore body. Unfortûnately~ no samples 

of this dyke were available west of section 7800 E. to determine the 

chemical variations along strike further away from the oree 

At section 7800 E. 9 20 feet beyond the end of the ore zone 

the concentration of lime, magnesia9 iron, vanadium, copper.ll cobalt.11 

and nickel is considerably higher than in the section of the dyke parallel 

to the ore. The distribution of these constituants with respect to the 

ore is unusual • 

This unusual relation may stem from a weakly~mineralized.ll 

carbonate-filled fracture, 6 inches thick, which was eut by the drill 

hole at section 7800 E. The carbonate filling contains about 5% of 

sulphides, mostly pyrite and a few traces of chalcopyrite. The sul­

phides may account for the high iron, vanadium9 copper, cobalt, and 

nickel content at this section of the dyke. Chlorite is present in 

the dyke near the fracture. '!he high carbonate and chlorite content 

accounts for the high concentration of lime, magnesia, and seme of 

the iron, with a decrease of silica. 
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The variations in this dyke indicate the mineralized 

fracture rather than the ma:i.n sulphide zone ~ and as such are not 

significanto 

Conclusions on Variations in the Acidic Dykes 

The chemical variations in the acidic dykes sampled and 

analysed at the Campbell~ Cedar Bay, and Copper Rand mines do not 

show many trends which may indicate the presence of sulphides. 

The trends in the a~idic dyke at Copper Rand appear inconclusiveo 

Increases are noted in magnesia, nickel, and copper in the 

acidic dykes at both the Cedar Bay and Campbell mines, and in 

cobalt~ manganese, potash, iron, and lime at the Cedar Bay mine 

alone. At these two mines the constituants which show an 

increase in abundance, except potash, are those which are not 

normally abundant in acidic dykeso Thb suggests that these 

constituants were introduced into the dykes~ possibly from the 

ore~bearing fluidso 

II Basic Dykes 

General Statement 

The basic dykes~ the chemical variations of which are 

discussed in this section, include true dykes and geologie units 

called "black" dyke and "Black Schist." Included in this section 

are the gabbroic dyke at Copper Rand, shown on Map 11; an altered 

ba,sic dyke at Chibougamau Jaculet, shown on Maps 15 and 16; the 

"black" dyke at Cedar Bay~ shown on Maps 13 and 17, and the 

"Black Schist" at Quebec Chibougamau Goldfields~ shown on Maps 4, 

5, 6, and 7o The chemical variations along the gsbbroic dyke at 

Copper Rand are discussed first and the variations in the others 

are compared with ito 
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Gabbroic Dyke at Copper Rand 

The chemical variations along this dyke in relation to the 

ore zone are shown in Figure 11. The dyke fori!IS part of the footwall 

of the ore body which begins 20 feet to the east of section 7800 E. 

Silica 

The silica content of the dyke increases from about 40% at 

section 7500 E. to nearly 60% at section 7800 E., then decreases ir­

regularly alongside the sulphide zone. The increase in the silica 

content is expressed mineralogically chief~ by an increase of fine­

grained quartz dispersed through the dyke, and also by thin stringers 

and veinlets of quartz. 

Alumina 

The alumina content of the dyke increases slight~ from 

nearly 11% at section 7500 E. to near~ 12% at section 8150 E. The 

total increase of about 1% may not be very significant because an 

analytical error of about 10% could well account for this difference. 

The minor increase in alumina is difficult to explain min­

eralogie ally. 

Lime 

The lime content, from west to east, ranges from a high of 

17% at section 7600 E. to a low of 8% at section 7800 E.~ then pro­

gressively increases to about 13% at section 8150 E. 

The low lime content at section 7800 E. is partly accounted 

for by an increase of quartz, chiefly as thin veinlets and fine grains 

dispersed through the rock. 
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Magnesia 

The magnesia content is relatively uniform at nearly 8% except 

at section 7800 E. where it decreases to about 2%. The magnesia is present 

chiefly in the chlori te. The low magnesia and low chlori te content at 

section 7800 E. is partly compensated for by the increase in quartz 

as noted previously. 

Iron 

The Fe203 content ranges from 12% to 14% along the dyke ex­

cept at section 7800 E. where it decreases to about 9% and at section 

8150E. where it also decreases to about -io%. Most of the iron is 

pres~nt in the chlorite, although a few traces of pyrite are also 

present in the dykeo 

Soda 

Soda, which is present chiefly in the plagioclase feldspar, 

shows an irregular distribution along the dyke. The soda content in~ 

creases toward and overlaps the beginning of the sulphide zone and then 

decreases further to the east. 

Potash 

The chief feature of the potash distribution is the high value 

(2.60%) at section 7800 E., near the beginning of the ore zone. Further 

to the east, parallel to the ore, the potash content is higher than 

from section 7500 E. to 7700 E. The potash is present chiefly in sericite 

which is abundant at section 7800 E. 

Manganese 

The manganese content is lowest at section 7600 E. and highest 
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at section 8o5o E. adjacent to the ore. No significant trend can be 

interpreted from the distribution of manganeseo Sorne manganese is 

probably present in the chlorite as well as in the carbonates. 

Strontium 

The strontium content is fairly uniform at about 16 ppm along 

the dyke except at section 7800 E. where it increases to about 25 ppm. 

The increase in strontium near the end of the sulphide b~ m~ be 

significant. 

Vanadium 

The vanadium content of the dyke adjacent to the sulphides 

is nearly 80 ppm as compared with about 60 ppm between sections 7500 E. 

to 7700 E. The V content at section 7800 E. is only about 20 ppm. 

Copper 

The copper content is fairly uniform at about 100 ppm along 

most of the dyke except at section 8050 E., adjacent to the ore, where 

it is about 450 p~n. The copper values do not show a significant trend 

toward the ore. 

Cobalt 

Little trend is indicated in the cobalt distribution. At 

section 7800 E. the cobalt content decreases to about 30 ppm from values 

of about 80 ppm further west. Adjacent to the ore~ the cobalt content 

again increases to nearly 80 ppm. 

Nickel 

'fhe nickel values also show little trend except for an abrupt 
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decrease from 90 ppm to about 40 ppm at section 7800 E. 

The single feature of the distribution shown by the constitu­

ent of the dyke is that at section 7800 Eo~ 20 feet from the end of the 

ore zone, there is a sharp decrease in nickel9 cobalt, vanadium9 iron, 

magnesia, and lime, and an increase in silica~ potash9 and strontium. 

Altered Basic D,yke at Chibougamau Jaculet 

The No. 2 ore zone at Chibougamau Jaculet lies on the south 

side of an altered basic dyke shown in Maps 15 and 16. The massive 

sulphide occurrences are generally east of section 5400 E. The basic 

dyke is altered throughout the sampled length, the alteration being 

most severe adjacent to the ore. Figures 22 and 23 show the chemical 

variations along the dyke on both the 300-foot and 600-foot levels. 

Figure 22 shows the chemical variations along the dyke on the 

6oo-foot level. The variations of note are decreasing silica, alumina, 

lime, magnesia, and vanadium, and increasing iron, potash, soda, mangan­

ese, copper, and cobalt as the sulphide zone is approached. Nickel 

shows little variation, and strontium was not detectedo 

Figure 23 shows the variations of these constituents on the 

30ü-foot level. In general, on this level the variations are not as 

clear as on the 600-foot level. Figure 23 shows a general decrease of 

silica, lime, magnesia, and vanadium, and an increase of iron, manganese, 

soda, potash, copper, and cobalt as the sulphide zone is approached. 

Nickel and alumina show little variation, and strontium was not detected. 

The mineralogical changes that are noted in the dyke toward 

the ore zone are chiefly an increase of carbonate and a decrease in 

chlorite. The carbonate is low in calcium but high in iron and manganese 
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and may be called manganosiderite. Iricreasing Mn and Fe in the 

basic dyke may be particularly good indicators of sulphides at the 

No. 2 zone at Chibougamau Jaculet because the ore is closely asso-

ciated with sideritic masses. 

"Black" Dyke at Cedar Bay 

The rock known as a "black" dyke at the Cedar Bay mine ie 

very schistose and irregular in outline. It has not been establish-

ed whether it is a well-sheared and altered dyke, or well-sheared 
• 

and altered meta-anorthosite. The "black" dyke is an important 

geological feature at the Cedar Bay mine because sulphide bodies 

are frequently found along its boundaries. The location of the 

"black" dyke on the 125-foot level 9 from where the core samples 

were taken, is shown on Map 13. 

The chemical variations from section 100 w. to section 

250 E. along the "black" dyke 9 shown in Figure 25, are somewhat 

irregular 9 probably due to the irregular distribution of sulphides 

along its boundaries. However it is apparent that with an increas-

ing abundance of massive sulphides to the east, there is a decrease 

in silica, iron and manganese, and an increase in alumina, lime, 

magnesiap soda, potash, strontium, vanadium, copper 9 nickel and 

cobalt. 

The mineralogical increases are carbonate (chiefly calcite 

stringers), chlorite, sericite, and albitic feldspar. This is 

the only observed occurrence of an increase in albite near an ore 

zone i n the are a. 
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"Black Schist" at Quebec Chibougamau Goldfields 

At Quebec Chibougamau Goldfields 9 the ore zone lies between 

the "Black Schist" to the south and sheared meta-anorthosite to the 

north. Sorne carbonate 9 chiefly siderite 9 occurs locally between the 

sulphide body and the "Black Schist". The sulphide body appears to 

pinch out between the 650~foot and the 800-foot levels. 

The drill holes from which the core samples of the "Black 

Schist" were taken are shown on Maps 4~ 59 6 and 7. The chemical 

variations in the "Black Schist" on the different levels are shown 

in Figures 17 9 18 9 199 20 9 and 21. Insufficient drill core was 

available along the strike of the "Black Schist" on the 350 9 650 9 

and 800-foot levels for analysis beyond the ends of the sulphide 

body. Renee the variation diagrams (Figures 189 19 9 and 20) of 

the "Black Schist" on these levels have insufficient extent to per­

mit very definite conclusions. 

Figure 21 shows the chemical variations in the "Black Schist" 

on the 500-foot level 9 adjacent to and beyond the ends of the sulphide 

body. Adjacent to the sulphide body (Map 5) the "Black Schist" has 

a higher content of silica9 lime 9 potash9 and strontium than beyond 

the ends of the sulphides. 

The observed mineralogical increases accompanying these 

chemical increases are quartz 9 carbonate, and sericite 9 formed 

mostly at the expense of dark chlorite. 

Figure 17 shows the chemical variations in the "Black Schist" 

in a vertical section at 4400 E. between the 350-foot and 800-foot 

levels. The alumina, lime, soda, strontium, vanadium, and copper 
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content decreases with depth 9 while the silica9 magnesia 9 iron, 

manganese 9 and nickel contents increase~ The potash content reachea 

a maximum of 1.9% at the 500~foot level and then decreases with 

depth .. 

The ore zone contains more massive sulphide on the 500-foot 

level at section 4400 E. than either above or below (see Maps 4 7 5, 

6, and 7). This may account for the higher potash 9 iron9 and silica 

content on this level than on either the 350-foot on the 650-foot 

levels. 

The writer pointed out in Chapter III the lack of evidence 

that the ''Black Schist" is a sheàred and al tered liyke. On the con­

trary9 analyses of the unmineralized "Black Schist" indicate that . 

it may be altered p schistose meta~anorthosite. 

Summary of Variations in Basic Dykes 

In Table IX 9 ~ncreases, or decreases of constituants are 

noted in the basic dykes adjacent to the ore on different mining 

properties~ These changes are rel~tive to the unmineralized parts 

of tr3se dykes further away from the ore. 

There appears to be more similarity in the behaviour of the 

constituents in the basic dykes at Copper Rand and Chibougamau 

Jaculet, than in t he "Black Schi st" at Quebec Chibougamau Goldfields, 

and the "black" dyke at Cedar Bay. (See Table IX on following page). 

Note on the Strontium Content of Basic Dykes 

There i s an increase of the strontium content in the "Black 

Schist" adjacent to the ore on the 500-foot level at Quebec 
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TABLE IX 

Ohemical Variations In The Basic pykes 

Ohibougamau Jacu1et . Que bec 
Copper Rand . Oedar Bay Ohibougamau 
525 ~ve1 300 Level :600 Leve1: 125 Leve1 Clo1dfields . . 500 Leve1 ·· . 

Si02 + + 

A1203 + ? ? + + 

CaO + ? + + 

MgO + ? + + ? 

Fe2o3 + ? + ? + + 

Na20 
. . + ? + + 

K20 + + + + 

MnO + ? + + + ? 

Sr none none + + 

v + + 

Ou ' + + + + ? 

Oo + - ? + + ? + ? 

Ni + - ? + + ? + ? 

+ - An increase wi th respect to an unmineralized part 
of the dyke 

A decrease with respect to an unmineralized part 
of the dyke 
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Chibougamau Goldfields (Figure 21) and in the "black" dyke on the 

. 125-foot level at the Cedar Bay mine (Figure 25). The increase 9 

in the order of 5 ppm from a level of 25 ppm9 is too high to be 

attributed to analytical erroro The amount of increase is in itself 

not as important as the fact that strontium is present in sheared 

and highly altered rock adjacent to deposits of massive sulphides. 

In other mining properties investigated 9 it was found that 

the strontium content of the rocks decreased with intensified shear­

ing and sulphide mineralization. At the Chibougama Jaculet No. 2 

zone, for example 9 no strontium was detected along a well-sheared 

and highly altered basic dyke for a distance of over 1 9 000 feet 

adjacent to zones of sulphide mineralization. It is unlikely that 

there was no strontium in the dyke originally. In acidic dykes in 

the area, the strontium content decreased toward the sulphide zones. 

In the schistose and mineralized meta~anorthosite the strontium 

content is lower than in the massive rock. 

The increase of strontium in the "black" dyke at Cedar Bay 

and in the "Black Schist" at Quebec Chibougamau Goldfields adjacent 

to massive sulphides is an unresolved problem. 
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Ç~ter VII 

DISCUSSION 

General Statement 

In the Doré Lake area, the alteration minerale present in 

the massive meta-anorthosite are also found in the altered wall-rocks 

of the sulphide bodies. Included in this suite of minerale are 

chlorite, zoisite, clinozoisite, quartz, sericite, and minor carbonates 

and pyrite. The occurrence of this mineralogical assemblage in both 

the massive rock and in the achiet zones adjacent to sulphide ores 

raises the ~ortant question whether the alteration of the massive 

anorthosite resulted in the formation of local sulphide deposi·ts, or, 

the formation of local sulphide deposits resulted in the widespread 

alteration of tne anorthosite, or whether these were separate 

processes. 

In this chapter, the writer reviews the chief features of 

the alteration products, and associated problems, occurring in ooth 

the massive rock and in the schistose ~ock near the ore zones, and 

discusses the different mechanisms that could have been instrumental 

in causing these chemical changes, particularly those indicated by 

the distribution patterns of the element shawn in the previous chapter. 

Section A: Alteration of the Anorthosite 

The anorthosite at Chibougamau appears unique èomparea 

with anorthosites elsewhere. Anor thositi c masses in Labrador, ilie 

Grenville province north of the St. Lawrence River, the Adirondack area 

of New York state, Fennoscandia, and in layered intrusives such as the 
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Stillwater Complex, Duluth gabbro, and the Bushveldt Complex are all 

relativl!lly fresh. The anorthosi"te at Ch!bougB:!llAu !s well alterea, as 

described in an earlier cbapter, and for this resson is unique among 

anorthosites. 

The writer has attempted to compare the composition or some 

of the least .. altered, mase:f.ve rock wi th the average compoei t:Lons gi ven 

for anorthosite (Table X). It is important in making such comparisons 

to note that the writer's spectrochemical analyses are accurate only 
... 

to about - l~ of the amount of each element present. 

Some 450 feet of drill core~ compr!sing 5 samples, from 

drill hole T-7 (!Bp 8), and Boo feet of core (except dyke inter­

sections), comprising 13 samples, from drill hole Q-190 (Map 3) were 

taken as representative of least altered meta-anorthosite in the area. 

~e mean, maximum, and minimum concentrations are given for each of 

the constituents analysed. The mean compositions, except for Ni~ 

Co~ Cu, V, and Sr1 are compared in Table X with average compositions 

of anorthosites given by Nockolds (1954, p. 1020). 

Except for AI2o3 and MgO, the two average samples T-7 and 

Q-190 correlate better with the localizeà anorthosite of Nockolds 

than with anorthosite from massifs. They di.ffer from both groups 

mainly in having 4 to 5 times the MgO conten·l:i~ lower alumina (1 to 

~) and much higher watero 

The iron, magnesia, soda, nickel, cobalt, copper, and 

vanadium contents of sample Q-190 are substant!ally higher, and the 

alumina and strontium contents lower than in sample T-7. These 

differences are greater than a 1~ analytical error, and may indicate 

that sample Q~l90 was either a more gabbroic anorthosite or that these 

changes are due to metasomatism. On the baeis of the analyses alone 
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TABLE I 

Sorne Comparieons Of Compo~itione of Anorthoeitee 

T - 7 Q - 190 . . A ..M • A.L. 
:M.ean =Mu. :Min. .Mean :.Maxo :Min... -.-.- . -. . . . . . • 

• . . . :46.34:47.40:46.00: 54.54 49.98: :49.64 '53 .so Si02 
. . . . . : 46.15 . . . . . . . . . . . : • • 

Al203 :24.5a:25.oo:24.4o. 25.72 . . . 28.94 :19.53 
• 

:21.o5 . • 17 .oo . • . 
2.95: )oJJ: 2.48: *2.45 • *2.39 ; 7.27 ; 9.65 6.25 Fe2o

3 
. . . . . . 

MgO 3.42: 3.78: ).18: 0.83 . 0.84 : 4.37 : 4.95 : 3.85 . . . • . 
CaO :15.11=16.25=13.90: . . 

9.62 1: 14.01 :12 .41 :14 .90 : 9. 75 . 
1-lnO =o.o6o:o.o7l:o.o5o: 0.02 0.07 :0.096 :0.145 . o.o82 • 

Na20 2.51: 2.58: 1.70: 4.66 2.73 ).84 ; 4.65 2.65 

K2o : 0.06: 0.07: 0~05: 1.06 0.42 o.45 : 0.98 0.24 
. 

81 . 90 70 . : 145 : 175 130 Ni . . . 
Co 36 40 30 73 . . 85 55 

Cu 
: 33 45 25 : 58 : 120 . 35 . . . .• . . • 

v : 15 10 : 15 • 25 45 • 20 • : • 

49 .: 45 
' Sr 50 36 . 40 • 20 . . 

: : 

T-7 - Average composition of 5 eamp1es from 4001 to 85o• 

Q-190 - Il Il Il 13 Il Il o• " Boo• 

A.M. _ " " " 9 11 of anorthosite 
from massifs Ûlocko1de, 1954, p. 1020) 

A.L.- Average composition 'of 8 samp1es of 1ocalized 
anorthosite (Nocko1ds, 1954, p. 1020) 

* Total iron expreseed as Fe20J 
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it is a reasonable assumption that both T~7 and Q~l90 samples were 

orig:tnally closer to a ga.bbroic anorthosite than e.northosite. 

Sections of massive meta=anorthosite whose compositions 

correspond reasonably well with sample Q~l90 are shown in: 

Figure 5 - beginning about 150 feet from the mineralized 

zone to t.he end of the drill hole. 

Figure 6 ~ beginning at about 525 feet and continuing to 

the end of the drill hole. 

Figure 7 - from the surface to about the 400-foot mark of · 

the drill hole. 

Figure 12 - from the surface to about the 6oo~foot mark 

of the drill hole. 

Figure 13 - from the 500-foot mark to about the BoO-foot 

mark of the drill hole. 

No sheared, be.rren mete.~anorthosite was found ,to have a 

composition similar to either T~7 or Q~190. 

In general, the analyses of massive meta~anorthosite from 

Lake Chibougamau (Figures 1, 2, 3, and 4) show a closer correspondance 

with the average analysis of composite sample T-7 than with sample 

Q-190. This indicates that although anorthosite from Lake 

Chibougamau was slightly more gabbroic than normal anorthosite 

(Nockolds, 1954, p. 1020; Daly, 1933, p. 18), it was less gabbroic 

than the anorthosite on the north shore of Doré Lake at Quebec 

Chibougamau Goldfields. 

Assignment of the regional alteration of the anorthosite to 

a particular process, or a combination of processes is admittedly a 
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difficult task. Bowever the examination of several possible processes 

is in order at the present time. 

Deuteric Alteration 

The writer uses the term deuteric alteration to mean the 

alteration of an almost completely crystallized magma by its own 

volatiles. In the Chibougamau anorthosite, it is conceivable that the 

aqueous or gaseous fraction of the basic magma did not escape a?ter the 

crystallization of the feldspars and mafics was essentially completea. 

These fluide could have attacked and altered the newly-formed minerale 

at reduced temperatures to the mineralogical assemblages associated 

with the greenschist facies. 

Deuteric alteration in anorthosites, even in mild forma, 

has not been proved, sc far as the writer is aware. This does not 

however preclude the possibility that the Chibougamau anorthosite d:ia 

indeed undergo deuteric alteration. 

It is generally conceded that anorthositic magmas are 

lacking in water and other volatiles which are the active agencies in 

deuteric alteration. If the Chibougamau anorthos ite was indeed a 

"dry" melt originally, then deuteric alteration must be ruled out. 

On this basis the writer finds it difficult to accept deuteric 

alteration as a possible mechanism for the regional alteration of the 

anorthosite. 

Propylitization 

The writer uses the term propylitization as defined in the 

A.G.I. Glossary* (p. 232): "Tbe introduction of, or replacement by, 

*A.G.I. - American Geological Institute Glossary 
of Geology and Related Science. 
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an assemblage of minerals including carbonates, epidote, secondary 

quartz, and chlorites." Ttis definition implies the addition of 

constituents~ chiefly carbon dioxide, water~ and other volatiles to 

the rock. In effect, propylitization can be considered a form of 

liydrothermal alteration. 

If the Chibougamau anorthosite crystallized from a "dry" 

1nelt1 as most anorthosites are believed to have done, then the !ater 

·addition of carbon dioxide, water and other volatiles wa& necessary 

-in order to alter the rock to the mineral assemblages of the green-

schist facies now observed. The addition of these constituents to the 

anorthosite is a more likely possibility than their occurrence in an 

anorthositic magma. 

In the process of altering the anorthosite, the water, 

carbon dioxide, and other volatiles must have moved through the rock. 

The rock must have had sorne permeability to allow the fluids to migrate 

through it. Anorthosites are usually coarse-grained rocks and, as 

such, would have spaces, admittedly small1 between the grains. Other 

discontinuities around and across mineral grains would also permit the 

migration of fluids. 

These fluids could have attacked and partly altered the 

calcic feldspars of the anorthosite to zoisite and clinozoisite. The 

pyroxenes and olivine could have been completely altered to chlorites. 

Excess calcium and silicon from the breakdown of the primary minerals 

could have formed the small amounts of calcite and quartz now present 

in the rocks. A small amount of potassium which is usually present in 

plagioclase feldspars could have contributed to the formation of 

sericite during the breakdown of the felàspars. 
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A source of these fluids is required. The underlying granite, 

or other source at depth, coule have supplied the fluide vhich altered 

the anorthosite. Although ~here is little direct evidence that these 

fluids originated in the granite, or at greater depth_, these sources 

are nonetheless the most logical • .. During the crystallization of the 

granite from a magma, or the forma~ion of the granite by granitization 

of sediments, a sufficient amount of volatiles could have been 

introduced into the overlying anorthosite tc bring about the obaerved 

changes in this rock. 

Contamination of Anorthositic Magma 

Another posstbility for the alteration of the anorthosite is 

contamination of the anorthositic magma with constituents of rocks 

which it intruded. If the magma had invaded some sedimentary rocks, 

or other rocks containing water, and other fluids, these constituents 

could conceivably be incorporated in the magma and become available 

for deuteric alteration at a later stage. 

This the ory is, however, stretching the possibili ty of" auch 

an event taking place. In ether areas in Canada and elsewhere there 

is little eyidence of an anorthositic magma becoming contaminated with 

wall rock constituents. The large anorthositic bodies north of the 

St. Lawrence River have invaded sediments of the Grenville province 

with little evidence of contamination therefrom. Hence the writer is 

of the opinion that the anorthositic magma was not likely to have 

been contaminated by constituents of the rocks which it intrudea. 

It appears to the writer that hydrothermal alteration, from 

sources at depth, is the most feasible process by which the anorthosite 
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vas changea to the greenschist facies. The follo~ing theory is 

proposed to accc•unt for this alt.e~a·t.ion: A si 11-like :me.ss of 

anorthosi'l;e vas intruéed 'between "tfolc&nics above and sediments belo'W. 

The presence of sediments is assumed rather than known; however the 

assumption is based on the common association of sediments and 

volcanics in the Superio~ province. During an orogeny, the 

sediments were granitized~ releasing vast volumes of water and other 

gases vhich permeated the overlying anorthosite and altered it to the 

greenschist facies. The granitized sediments became mobilized ànd 

behaved as an intrusive into the anorthosit~ du.ring regional folaing. 

The vriter holds the opinion that the location of the 

Chibougamau anorthosite has an important bearing on the extent and 

intensity of its alteration. It is located near the boundary between 

the Superior and Grenville geolcgical provinces. The fact that it is 

invaded by granite suggests that at least a mild orogeny occurrea 

along this boundary. 

It is unfortunate that so little work has been done on the 

Chibougamau granite to date. The writer feels that more structural, 

petrological, and chemical data on this granite should be acquired to 

provide evidence of its origin~ not only to support or reject the 

above theory, but also to build up a fund o.f information on this 

important rock. 

Section B: Alteration Associated with the Sulphide Deposits 

The alteration minerals asso-ciated with the sulphide deposits 

are the same as those found in the massive meta~anorthosite. The 

degree of alteration is generally higher near the sulphide bodies than 
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in the massive rock~ but a higher degr~e of alteration is not always 

indicative of sulphide bod:f.es 1.n this e.rea. 

Problem of Silicificati on 

In the variation diagr~ms in Chapter VI it is noted that 

there is a general increase in silica within barren schist zones, and 

an increase of silica in the walls~ particularly the hsnging valls o~ 

mineralized schist zonee in the meta-anorthosite. Microscopie exam­

ination of rocks from theae zones shows fine-grained · quartz dispersëd 

through the schists, and also occurring as veinlets, pods, and 

stringers in the schist. Little or no quartz occurs in the altered, 

massive meta-anorthosite. The silica content of the massive meta­

anorthosite is in the order of 45~ to 50%; in the barren schist zones 

and in the walls of mineralized schist zones it often approaches· 60~. 

This raises the problem of the source and mode of migration 

of the extra silica. !t could have been removed from rocks through 

which the hydrothermal fluids passed, or it could have been derived 

from magmatic or other deep-seated sources. Either, or both sources~ 

could have contributed this silica. 

The silica content is lower in the mineralized schist zones 

and higher in the adjacent rocks. Hence the migration of some silica 

from the zone of mineralization into the wall rocks is strongly 

indicated. In the variation diagrams it is also noted that the increase 

of silica in the hanging wall of mineralized schist zones is frequentiY 

higher than in the footwall aide. This indicates upward movement of 

silica, probably in solution, along the schist zone into the hanging 

wall. 
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In other a:reas in northweatern Quebe~~ ailicification~ to a 

great er or lesser degree ~ of wall rocks associated with ore deposits 

bas been reported at the No:randa mine by Priee (1953i Po 1464) and 

Riddell (1952, p. 205); the Normetal mine by Riddell (1952p Po 205); 

tne Waite~Amulet mine ~ Waite section by Priee and Bancroft (1948, 

p. 752), and the East Sullivan mine by Assad (1958, p. 95). 

Problem of Chloritization 

Chlorite is widely distributed throughout the meta­

ânorthosite but is frequently more abundant within, and adjacent to, 

schist zones containing sulphide deposits. Both magnesian and rerrian 

ëhlorites are found in the massive meta~anorthosite but ferrian 

chlorites appear more abundant in the schistose meta-anorthosite. 

~owever, Fe-rich chlorite is found in local concentrations in the 

massive rock as well. Segregations of iron-rich pyroxenes and/or 

~olivines occurring within the anorthosite could have been converted to 

iron~rich chloriteso Hence the presence of ferrian chlorites in the 

meta-anorthosite need not be associated with sulphideso 

The sulphide deposits at Copper Rand, Cedar Bay, Quebëc 

Chibougamau Goldfields, and Campbell Chibougamau, all occur within~ 

or adjacent toi chloritized sections of schistose meta-anorthosite. 

~Jeffery (1959, p. 164) reports that Fe~rich chlorite may be found in 

the massive meta-anorthosite away from foliated and mineralized meta­

·anorthosi te, &nd .s1;ates, 

"Thus witb respect to the wall rocks the writer concludes 

tbat chlorite is of little use as an ore~indicator." 

Miller (l957, Po 126) concludes that, 

11Chlorite is the beat ore-indicator alteration mineral 
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f'ound at Cedar Bay. It shoula flOt be used alone; 

however it. does form th~ main b&sis of' the zone classi~ 

f'ication of alteration miL~rals." 

The present wri·ter9 although not having studied micro~ 

scopically the wall rocks as intensively as Jeffery and Miller dld on 

the Campbell and Cedar Bay mines respectively, tends to share their 

view that chlorite alone has limited use as an ore~indicator, chief.ly 

~ecause it is widely distTibuted and therefore not an exclusive 

characteristic of the schist zones in which ore-bodies occur. 

The chlorite in the schist zones appears to have formed 

chiefly by the replacement of zoisite and clinozoisite with the 

addition of iron, magnesia, and water. On a less intense scale, 

éhlorite similarly replaces zoisite~clinozoisite in the massive rocks. 

other ore deposits in northwestern Quebec closely associated 

with distinctively chloritized wall rocks are Noranda (Priee, 1948, 

p. 769; 1953, p. 1464); Normetal (Riddell, 1952, p. 96; Brown, 1948, 

p. 687); Aldermac (Hawley, 1948, p. 725); Quemont (Riddell, 1952, 

p. 116; Taylor, 1957, p. 413); Waite~Amu1et mine ~ Waite section (Priee 

and Bancroft, 1948, p. 752), and the East Sullivan mine (Cornwall, 

2953, p. 23; Assad, 1958~ p. 101). 

Problem of Pyritization 

Traces of pyrite are found associated with chlorite in the 

massive meta-anorthosite. Slightly greater amounts of pyrite occur 

within the schist zones, also closely associated with chlorite. The 

ore=bearing sulphides also contai n varying amounts of' pyrite. 
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Rankama and Sat.~&ma (1950, p. 746) give the sulphur content 

of anorthosite as 1000 gm./t.on~ i.e. ~ 0.1%. This amount of sulphur 

is equivalent to 0.1~ pyrit~~ wbich may be interpreted as a trace 

amount. !t is not known if th~ pyrite was originally present in the 

anorthosite or if it formed during the regional alteration of the 

anorthosite. 

The slight increase of pyrite noted in the schistoss meta­

ànorthosite could be attributed to the introduction of iron and sulphur 

either from the wall rocks or from underlying sources tapped by the 

Shear zone. Sulphur, if introduced alone, could combine with iron in 

the chlorite to form pyrite. 

The presence of pyrite is not a gooè indicator of ore in the 

area. Its distribution in the massive meta~anorthosite is too sparse 

to be of value. Within the schist zones the pyrite is distributed 

èb.iefly in the chloritic zon.es as individual grains and as sma.ll 

aggregates. The pyrite abunàance shows a definit": increase usually 

6nly a few feet from the ore itself. 

Problem of Sericitization 

In the Dore Lake area 9 sericite is a common constituent 

occurring in miner amounts in the massive meta-anorthosite. This 

sericite probably formed during the regional alteration of the 

anorthosite. The potash required for the formation of the sericite 

dould have been derived 1~ part from the small potassium content 

usually present in plagioclase feldspars, and in part from outside 

sources. Around the sul.phide deposits there is usually some 

enrichment in sericite, found generally amongst the chlorite. 
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Frequently the sericite content is higher in the hanging wall of a 

minerali~ed zone tha.n !.n the footwall. 

The main problem of sericitization near the ore deposits is 

the source of potash. It coulè have been driven out of the zone now 

occupied by sulphides,into the wall rocks~ or it could have been 

brought in by fluids preceding or accompanying the emplacement of 

ore. Another possible source of potash is the meta~anorthosite 

adjacent to the schist zones. A loss of a few ppm of potassium from 

a sufficient volume of meta-anorthosite nearby could account for the 

higher potash concentration around the ore~zones. 

Within mineralized sections of schist zones the potash 

content is very low, frequently zero, while the walls, chiefly the 

hanging walls, are enriched in potash. This relation implies removal 

of potash from the mineralized section and redeposition chiefly in 

the hanging wall. The amount of sericite concentrated in the hanging 

wall is usually small, in the order of 5~. Sericitization, although 

present near the ore, is not a characteristic feature of wall rock 

alteration in the area. Sericite is generally a less characteristic 

mineral formed during the alteration of basic rocks auch as 

anorthosite. 

Problem of Carbonatization 

Some enrichment in carbonates, particularly calcite and 

siderite, is noted near the ore deposits at Campbell Chibougamau, 

Quebec Chibougamau Goldfields, Cedar Bay, and Cop~er Rand. The 

carbonates are closely associated with chlorite and frequently show 

a schistosity which may be original, or inherited from the chlorite 

they replace. 
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At the Chibcugamau Jaculet No. 2 deposit .9 siderite bodies 

contain most of the sul.phides. Ca:r'bonatization.~ or more specif'ically ~ 

sideritization is more evident in the Jaculert deposit than in the 

ethers investigated. The carbonates in the Jaculet deposit are 

manganese-rich also 1 so it may be inferred that at the time of rock 

alteration and ore dsposition the constituents introduced included 

iron, manganese, and carbon dioxide. 

In the variation diagrams it is evident that the lime 

content of the mineralized sections within schist zones is usually 

very low. It is conceivable that carbon dioxide from the ore-bearing 

fluids, or ether sources, could have removed calcium from such zones 

and redeposited it as carbonate in the wall rocks. 

Near the ore, the carbonates occur as replacement veinlets, 

pods, and larger bodies in the chlorite. In the massive rock1 

calcite occurs as individual grains and small aggregates in the 

chlorite and clinozoisite. 

Carbonatizatton of the rocks is not a good indicator of ore 

because its effects are limited to short distances, often a !ew feet 

from the ore. In places such as Chibougamau Jaculet 1 the Machin Point 

Zone of Copper Rand, and the Copper Rand No. 1 shaft area, the 

sulphides are present within sideritic masses. 

The Soda Problem 

In some variation diagrams in the previous chapter it is 

evident that an increase of soda occurs in some schistose sections, 

and near the sulphides in ethers. However, the minerals in which this 

soda may be contained are unknown. Seme paragonite, a sodic mica 9 may 
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be present amongst the sericite ~ but it is difficult to distinguish 

microscopically from ser:i.c i te whic:h itself is dispersed through t he 

chlorite. One occuTrence of f'resh albite ws.s found in the a.ltel"ed 

wall l"ocks$ in the "black" dyke at Ce.3ar Bay. 

Problem of Mineralogical Identification 

Specifie alteration minerals are a characteristic feature 

of many different ore deposits the world over as has been well 

summarized recently by Schwartz (1955, 1959). The detection of 

mineralogical changes in the wall rocks of a given ore deposit is 

frequently a long study in itself. The separation of these minerals 

on a quantitative basis in order to establish some sequence of 

geological events and/or zones of alteration is often a difficult 

task when the petrographie microscope is the only tool used. A 

combination of techniques is a better approach. 

The work of Sales and Meyer (1948) on the Butte deposits 

is an example of the use of a combination of techniques in the atudies 

of mineralogical changes in the wall rocks, - x-ray diffraction 

studies, differentiai thermal analysis, and specifie gravity deter­

minations, in addition to microscope work. 

Another technique which can be used is infrared spectroscopy. 

LYon, et al, (1959) report the successful quantitative determination 

of some minerals commonly found in altered wall rocks using an infrared 

spectrophotometer and concluded (p. 1053) that, 

"In particular the alteration minerals - kaolinite, 

alunite, sericite, jarosite, albite feldspar and 

chlorite ~are very sensitive to infrared analysis. 11 
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Some such technique~ or pref'erably a combination of techniques~ is 

needed to ass:!.st in èlstinguishing more clearly between the fine­

grained alteration m.inerals 7 a:ad to avoid the subjective element 

frequently present in mi~roscope work. 

With respect to the Dore Lake area~ the writer is forced 

to the conclusion that microscopie distinctions between the minerals 

formed during the regional alteration of the anorthosite, and those 

formed by alteration accompanying ore deposition are insufficient to 

deduce mineralogice.l trends toward the ore deposits. Although some 

minerals such as actinolite, chloritoid, and apatite are often present 

in the gangue, their distribution is too limited to be used as ore­

indicators. The apparent increases of chlorite, sericite, and quartz 

near the ore deposits have more significance wben supplemented by 

spectrochemical, or other, analyses of the rock. 

As pointed out in the previous chapter, the distribution 

patterns of Si, Na, K, Ca, Sr, MS ~ Mn, Fe, Co, and Ni can be used as 

indicators of sulphide deposits. 'rhe distribution patterns for these 

constituents were established horizontally toward known sulphide zones. 

In view of the fact that alteration halos are frequently three­

dimensional features, it would be interesting to test these distribu~ 

tion patterns vertically along a shear zone toward a known sulphide 

deposit at depth. 
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SECTION Cg ~gration of Constitue~~ 

In this section àn attempt is made tc dadu.ce eome of ths 

conditions which existed du.rlng the a.ltaratian üf the massive 

anorthosite' the scbistose anorthosite, and during the formation 

of the sulphide deposits. From postulated conditions during these 

eventa.9 sorne inferences are drawn as to the mechanisma which could 

have been operative in the migra·tion of aome constituenta. 

Conditions During the Alteration of th! Massive Anorthosite 

The anorthosite of the area has been altered to the 

mineralogical assemblage commonly associated with the greenschist 

facies. This implie~ a lower temperature limit of about :300° c. 

(F,yfe, et al, 1958, p. 218) for the formation of these alteration 

minerals. There is little evidence that the alteration ot the 

anorthosite extended into the ampbibolite facies, the temperature of 

which Ramberg (1952, p. 156) concl~ded rarely exceeds 400° - 500° c. 
Hence it appears probable . that the anorthosite was altered i.n a 

temperature range from 300° c. to about 400° c. . Most of the heat 

required for this alteration is thought to have been added from the 

same source as the fluidB~ that is,p the granite. 

The pressure conditions at which the alteration of ~'le 

anorthosite occurred are somewhat more difficult to estimate. 

According to Fyfe:. et al (1958.9 p. 183.9 Fig. 77)~ a mi.riimum depth of 

10 kilometers» corresponding to pressures in the order of 4 kilobara 

is postulated for the fol'Ill.:iltion of the greenschist fac;i$So 

As noted earlie:-~ t.i:le present ·water content of the meta.~ 

anorthosite is in the order cf 3.5%. This indicates that at least 
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this amount of water was present during ·the alteration processeso 

Conditions. During th~_Alter~~n o.t: ilJ.e Schi!!to~ • .!.north.2,f!.~.! 
As noted previouszy,~~ the alterat.ion miœrals in the schist 

zones,~~ with the exception o.f actinolite and clùoritoid,~~ are the same 

as in the massive rock. However the alteration in the schist zones 

is usually more intense,~~ ànd more qydrous minerals such as chlorite 

are present. 

An upper temperature limit for the stability of actinolite 

is general~ accepted at about 500°, although the temperature of 

formation of this mineral may be considerably lower. Hence it is a 

reasonable assumption that the temperature during the alteration of 

the shear zones also did not exceed 500° c., indeed,~~ it could have 
\ 

been somewhat lower. 

Within a shear zone, or other pnysical diacontinuity in the 

rock, the pressure would norma.l:cy be less than in the massive ro~k. 

This difference in pressure is an important condition which will be 

discussed more fullY later. 

The abundance of ~rous minerale pres.ent in the shear 

zones is one of the striking features of these zones in ·the Doré 

lake area. The abundance of hydrous minerals proves tha t wa ter and 

other fluide were present in large volumes at the time of alt.eration 

of the shear zones. 

Conditions During the Formation of the Su.lphide Deposits 

The close association between the sulphide minerals in the 

schist zones and the bydrous mineral assemblages pres,nt in the 

gangue and wall rocks suggest~ that-similar pressure-temperature 
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conditions prevailed during the formation af the sulphides and the 

alteration mineralso A~~ttedly the formation of the sulphides 

could have be en in part ~cntamporaneous wi t;."l.~ and ill part la ter th&n» 

the formation of 'the asscHsiated alterc1tion minerals. However thif& 

does not preclude the possibility that the pr~sical conditions during 

the formation of the tmlphides and the alteration minerals were 

similar. In addition to simila:r pressure and temperature conditions~ 

there was in all prcbabil:i.ty .a large voltiiile of water and o·ther .fluide 

moving along the schist zones during the formation of the sulphides. 

Possible Mechanisms Involved in the Mi ration of Elements 

I In Massive Anorthosita 

Recent studies on the migration of elements in the meta-

morphic rocks in the northwest Adirondack mountains by Engel and 

Engel (1958) show that li·ttle mobilization occurs at temperatures 

below 550° Go~ but that niobilization and migration is well defined at 

temperatures of 600° c. and highero The high temperatures are 

associated with high-grade metamorphism. 

Shaw (1954s po 1161), in a atuqy of the migration of 

constituants of pelitic rocks in New Hampshire~ found that» excapt 

for lithium» there is no significant differen~e in composition between . 
rocks of low- and medium~gra.de metamorphisme In high~grade meta= 

morphic rocks (containing sillimanite) he fo'l.llrl that some migration of 

the elements, particula.rly of lithium and lead» did occur. However1 

the increase in lithium may be attributed to pota.sh metasoma.tism from 

a nearby intrusive of monzonite. 
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The results found by these imrestigators S1.:tggest that high 

temperatures in the order of 500° D. 9 and greater9 are needed for 

the mobilization am migr-a:tion of many· ele:me:nt;a under metamorphi© 

conditions. This IM.Y be +..he case if water-~' o:.r other fiuid.~> w-as 

absent from the rocks~ and other factors did not promote migration. 

In the Chibougamau anorthoeit.e t..llere is no evidence tha t 

temperatures exceeding 5000 c. erlsted at the time of alteration. On 

the contrary» the hydroue mineralogical assemblage of the green.srehist 

facies indicatea temperatures between 300° Co and 400° c. at the time 

of alteration. It is doubtful if migrat,ion of elements in the 

alteration of the anorthosite occurred as a response to these low 

temperatures alone, that is» by solid diffusion under a temperature 

gradient. This does not however mean tbat solid diffusion is not an 

opera.tive process, but distances over which it would work in this 

case wou.ld probably be very short. It i~ not likely t.hat the entire 

anorthosi tic mass at Chibougamau was al tered by solid diffusion. 

It appears that nydrothermal alteration is the only tenable 

explanation for the alteration of the anorthositeo Although the 

transportation of large amounts of material could be accomplished 

effic:iently by hydrothermal solutions~ j_ t is difficult to visuali.ze 

large volumes of aqueous ~olutions percolating through massive rock. 

A more tenable explanation for the migz~tion of constituent~ 

during the alt.eration of the massive rock is the movement of ions in 

a. fluid mediUlll under a moderat.e temperature gradient. The fiuid~ 

themselves would also tend to migrate under a temperature gradient1 

and towards zones of lasser pressureo One may pilcture the 
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intergranular spaces~ and other discontinuities (cleavage planee1 

microf:ractures3 and t'-oliin pûmes of czystals) .filled with hot fluida» 

chie.f.ly water and other volai;iles. This fluid need not be activeJ.,.v 

mobile 9 but may simply ser-ve as a medium in which ions may move. In 

such a :rœdium,ionic replacemente in minerals may be readily accom­

plished without recourse 'to actively moving fluide. This prooess is 

ionie diffusion through a fluid med.iwn filling the spaces in the rock. 

Experimental work by Gillingham (1948), Kennedy (1950) 9 and 

Morey (1957) bas demonstrated that sili:œ.9 potash9 and soda are 

readily soluble in steam at supercriti~al temperatures and pressures~ 

and may be transported in this mediUJil. Gillingham '(19h8) also 

concluded that the rate of transfer of sili~a from quartz is lower 

than the rate of transfer from a silica gel. 

The present writer holds the opinion that t~~ alterat~on of 

the anorthosite at Chibougamau was accomplished chiefly b.y ionie 

diffusion through a gas~ous medium which filled all the available 

spaces in the rock and its minerals. 

II In Sheared · Anorthos:l..ta 

The abundance of bydroua minerals in the sohist zones is 

strong:cy indicative of hydrother.tna.l alteration in the._se places. The 

alteration minerals ~ :î.n the shear zones are similar to those in the -· 

massive rock. Soma actinolite and chloritoid9 absent in the massiva 

rock, occur within gangue material in sulphide zones in parts of 

schist zoneeo 

It is quite probable tha.t the chemical chan~es observed in 

the schist zonea .were the result cf migration of elements under 
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bydrothermal conditioneo Bodily transport of elementa in solution 

along channelways of the shear zones is a more efficient me~!~sm 

than ionie diffusion through a fluide However~ mechanical transport 

of element:s in solution does not preclude the movement. of ioM 

through that solution alsoo 

On the basis of similar alteration mineral ass~mblages in 

bath the massive rock and in the sheared zones~ the writer œ.kes the 

assumption that the se changes occurred at about th! same time and were 

created by s:i.miJLg,r factors~ 

Earlier the writer stated the argument that ionie diffusion 

through a fluid medium was instrumental in altering the massive rock. 

One may picture what would happen if these fluidsi un:ler high pressurè 

in the massive rock~ suddenlY enteredthe ~ompa.ratively open spacea of 

a shear zone. Under reduced pressure of such zones the fluide would 

tend to became supersaturated and then rrdght precipitate some matarial 

which would result in the formation of new minerals such as quartz$ 

sericita, chlorita, and carbonates. This appea:J;"S to 'De a logical 

explana.tion for the formation of the incraa.sed abundance of the~e 

minerals in barran schist zonas. 

While sorne secondar~ mineralB wera forming in a schist zone, 

there no doubt was an upward movement of fluids along the schist zone. 

Such an upward movement of fluids could carry in solution (gaseous or 

liquid) sorne of the constituent~ which had not gone into the formation 

of new minerals. Theaa constituant~ could be precipitated as ~ 

minerals highar up in the shaar zone. Suoh a.ppears to be the case for 

silica,SI potash,SI and to sorne erlent soda,SI mora pa:rticularly in the 

hanging wall than the footwall of a well=mineralizad shear zone. 
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Thesa remarks should not carry the implication that all the 

fluids migra.ting up a shear zone ware deti:'!Yed from the fiuid content of 

the massive rccko In part these may have been d$ri~ed from a source at 

depth~ tapped by the shear zonep possibly ""t.h5 saxœ sour~e from whicll 

the fluide permeated the massive rack. 

The information supplied !'rom anaJ.ysea permitB a faw 

deductions to be made on the nature of the hot fluid:! that apparent:!y 

transported materials alo~~ the shear zoneso Well~altèred and . 

mineralized shear zones are law in lime, potash9 and soda. This 

indicat.es the removal of these con&tituenta and implies that the 

resulting fluids were alkalic. Removal of Si from a mineralized part 

of a shear zone is more readily accomplished by alkalic solutions than 

acidio. The fact that silica was precipitated in the walls suggests 

that the pH of the solution ~ have been reduced. Reduction of the 

pH of this solution may have been accomplished b.1 reaction with the 

wall rocks~ or by local mingling with net~.tra.l or acid solutions. From 

the abundant chlorite present in the well~altered shear zones it may be 

inf erred tha t the fluids were rich in ferrous iron and magnesium. To 

account for the p,yrite present in some well-altered shear zones$ same 

sulphur was undoubtedly present in the fluidso In sumrnation it appears 

that the hot fluids which altered the schist zones were alkalio~ rich 

in ferrous iron and magnesium,\) and contained sulphu:r. The corwan­

trations of these constituants cuild have varied with time in thà 

migratory processea. Changes in pressures temperature~ and chemical 

composition along the paths travelled b.1 these alkalic fluids vere 

probably effective in either the dissolution of old minerals or in the 

precipitation of new onas. 
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The close association between the sulphides and the hydrous 

alteration minerals in the schist zones carries the implication of a 

close tima relation for the origin of t.he twc. Ma!V sulphide bodiea 

the world over a~e also closely associated with abundant hydrous 

alteration minerals as has been wall summarized b.1 Schwartz (1955, 

1959). It is difficult t,o separate the prc.cesses that i'ormed th$ 

hydrous mineral assemblages from those that for.med the sulphide 

minerals. 

Source of Sulphides 

A souroe is required for both the sulphur and the metala Fe~ 

Cu~ Ni~ Co, Zn, V, Pb, and others found in trace amounts in the 

mineralized zone~. A possible source of t,hese constituants may have 

been the anorthosite9 or the underlfing granite or other intrusive 

mass, or a combination of these. 

As pointed out earlier~ the sulphur content of anorthosite 

is given by Rankama and Sahama. (1950 9 P• 746) as lOO gm/tonj) i.eo -

Ool%o Removal o.f some of, _this sulphur from a large enough volume cf 

the anorthosite at Chibougamau by ionie diffusion and/or bodily · 
'· 

transport could conceivably satisty the requirements of the sulphide 

minerals present. Similarly Cu, Fe, Ni~ Co, Zn, Pb, and V, if 

concentrated from a large enough volume of rock~ could account for 

the higher content of thess metals in the ore zones. Successful 

appeal to the wall rocks as a source of metals commonly depends on 

the volume of rock choaen to supply these metals ~ the larger the 

volume of rock~ the more adequate the supplY• 
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Boyle (1959~ P• 1519~ Table 4) gives calculations to sho~ 

tbat relatively small concent.ration factors were needed to supp~ the 

metals and sulphur from the Gia.11"tt~Ca.mpbell shear system into the 

orebodies contained thereino Hcwever he assumes tha.t the ore con9ti­

tuents moved up from a depth of 3 miles along the shear system,1) wheraas 

the ore bodies have been proved to ©omparatively shallow depths (less 

tha.n 2~000 feet)o 

If the metals now present in the ores originated in the wall 

rocks» these rooks should now show a defi~ierwy of these metals in the 

vicinity of the ore zoneo This in fact is the case fer nickel and to 

a certain extent for cobalt in the Bouzan-Royran shear zone (Figure 5, 

Chapter VI}. 

In the Bouzan~Royran shear zone the nickel content decreases 

by about 25 ppm on both aides of the sulphide zone for a distance of 

15 feet (Figure 5). The cobalt decrease is about"l5 ppm across the 

same distance. The decreases noted are relative to the 2resen~ 

nickel-cobalt content of the ~œta=anorthosite hundreds of fEitet from. 

the ore zone. The ~r-'.J.gi~! nickel-cobalt content of the fresh 

anorthosite in the same place is unknown. 

In the section shown in Figure 5~ the removal of 25 ppm Ni 

across a dis tance of 7.5 feet in both the ha.nging wall and footwall 

accounts for about one-half of the nickel increase in the mineralized 

section above the lOO ppm Ni background leval in the meta-anorthosite. 

The removal of 15 ppm Co across the saœ distan©e as Ni accounts for 

about one~eighth of the Co increase in the mineralized section above 

the lOO ppm Co background leval in the meta~anorthosit&o 
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On the other ha.nd.9 the coppe:r :tJontent of the Bouzan-Royra.n 

shear zone in~reases toward 'the miner~lizad section therain. This 

suggests migration of ©opper f!'om the zo:ne of deposition outward into 

the wall rocks. 

The underlying granite might well have supplied all of the 

metals except those par~s that r~ve obviously baen removed from the 

wall ro:cks of the shear zones. During the empla~ement of this granite 

there undoubt~ were large volumes of fluids~ and probably some 

metals given off into the overlying anorthosite. These volatiles and 

their content of metals wauld have sought zones .. of eagy passage such 

aa Shear zones and other fractures in the anorthosite. These events 

are poatulated according to the hydrothermal theory of a magmati(\j 

source of ores. However the formation of granite by granitization 

could also produce auch an escape of fluide and metals into the 

overlying rooko The granitic: source for most of the metals and 

sulphur in the ores~ in the writGr0s opinion~ is the most logicalD 

It is difficult to determine how much metal was contributed 

to the ores by the wall rocks~ and how much by, a magmatic source. As 

Hawley (1956~ p. 15) expressed its 

"The re are also indications tha t ei thar metamorphic 

processes or metamorphio produc~ may contribute to 

or contamina.te primacy ma.gma.tic ore fluids Z"i.sing 

from great depth6~ but it is not clear how a 

distinction may be drawn between th~~.ü 

Migration and Depositi~_2_:f__zt..l}e ~__phide Ore_l!j 

Th& machanisms by which ore constit·uents migrat.e .from their 

aour~e.11 or sourc;es~ and thair mode of depcaition bava been subjecrt5 
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of much debate over tP~ decades. The literature on thesa matters ia 

so ïtoJ:wn:inous that only ~~kele'tê.l ide&s can 'be mentioned here. 

W:i.th I' e~a::.~t t..o the sa.lphides in the Dora Lake area» the 

field of debate is narr~~ed con~iderabJy b.Y the faot tbat the orea 

are lzy'pogene.s> and in the writ.erv s viewfl the reasoœble assumption that 

their. sourca was in part the a:nort.hoeitic wall roc:..'i{.P and in part 

magmati~SI probably mostly' :magmatiùo 

From the fact. that f910ma sulphides.~> particula.rly pyrit9s- ars 

foo.nd repla.cing sacondary minera.~~ such ae chlorite and carbonatss.s> 

it is suggested ~At the formation of the sulphides was a continuation 

of the hydrotherrnal replacement process. Ea~ly~formed minerals were 

replaced by later minerals. 

It was deduced earlier that the fiuide active in altering 

the schist zones were rich in alkalies.~> iron.s> magnesia$ and probably 

contained soma sulplmr. The formation of the sulphides was in part 

contemporaneous with.s> and in part later than.~> the qydration of the wall 

rocks. From this association one may infer that the ore~forming fluids 

were also alkalineS' rich in ironS' magnesia~ and probably contained 

sulphur. 

How do ore=forming fluide arrive at the sites of deposition? 

Fenner (1940) expresses the view t.h.:'it trans.fer of are constituentBJ in 

the gaseous state is an important mecha~iam. Graton (1940) supporte 

the traditional eydrothermal theol"'J whereby ore constituent5 arë 

transferTed in soJ.ntiCln. Garrsld (1944) in a critiëal review of 

possible mechanisma concluded thatg 

1) Dilute and weakl1 dilute acid solutions are not 

capable of ~arr,ying metals. 
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2) Transport as alka.li su.lphide solutions i5 

.feasible but B".wh solutions cannot carry iron. 

3) Metal sulphide&!. are p:robably t.ransported in a 

dispersed aoJid ~tatao 

Boyle (1959) attempts to explain the orig:in and migration of gold and 

sulphide minerals a t YellOYMkro.f.e by ga.seous Jliransf'er from the wall 

rocks into dilatant zones such as ths Giant-Campbell shear zoneo 

The distribution patterns of Cu~ Ni~ Fe~ and Co, shawn in 

Chapter VI in this thesi.aJ do not; show many elues as to the mode of 

transfer from source to site of deposition. ·Earlier it was inferred 

that the ore~forming fluids were alkaline~ rich in iron, magnesium, 

and contained sulphur. It is probable tha t the .fluids which al tered 

the schist zones became ore~forming fluids qy the addition of ~1lphur 

and sorne ore metals. The ore~forming fluid phase ~ be thought of aB 

a continuation of the hydrothermal alterat~on phase. 

By further inference» the metals and sulphur could have been 

mechanically transported wi th the fluids ( gaseous or liquid) and they 

could also have moved to a degree through the fluids b.1 ionio 

diffusion. Another possib~~.J ity is that the metals were t.ransported 

into the shear zones early.11 in the alkaline fluid phase~ and the 

sul.phur teould . have be en introou.ced la..ter and then ;;:ombined wi th the 

metals to form sulphidesa Yet aDI)the!" possibility ia that the 

sulprddes were transported as finely divided solide dispersed through 

the ore=bearing fiuid and later coagu.lated and recrystallized~ leaving 

no clue as to ~heir mode of transport. 
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Deposition of the sulphides appears to hava been .favorsd by 

dilatant zonas such as naxu.res along dykes within shear zones. From 

this relation it is inferred that reduced pressura9 and probably 

temperature wara important fact.ors in the fOI'lllèition of the sulphide 

zonas. 

A Noie on Possible Ca~Sr Separation 

Al?- interesting point·. bas ar....aen from the spactrochemiœl 

analyses of the m&ta-anorthosite with respect to the distribution of 

calcium atrl strontium. The var:ia "tion diagrams in Cl'.lé!.pter VI fr&quen't.:!.y 

show that strontium doas not follow calcium as close~ as might be 

expected in view of the chemical similarity of thesa elements. 

In Figure 5 it is noted that calcium is depleted across a 

greater section of t.he schist zone than is strontium. In other 

sections, a similars or reversas dis~repancy is noted. This implies 

a partial separation of strontium from calcium under hydrothermal 

conditions. The diffaren~es are too congistent across mineralized 

sections to be attributed to analytical e~or. 

The writer checkad the accurac.y of the addition method of 

preparing the Sr standards against the Sr content of G-l ( 236 ppm) and 

w~1-· (180 ppm)e The x~ray technique ilSed by the wrlter gave the Sr 

content of these standard rocks as 195 ppm for G-1, and 165 ppm for 

w~1.· 

The addition method gave resulta from 10% to 15% too lowo 

However this analytical error cannot account for the apparent inde­

pendent ·behaviour of strontium~ nor for the conaistently low Sr 

values in the massive meta~anorthositao 
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The strontium content of the massive œta~ano:r.thosite rangea 

from 50 to 80 ppm~ ra.rely tC~ lOO ppm.. This is considerably lower than 

t..he strontium cont,e;rd:, of anorthosi tss e1sE>where. Turekian and Kulp 

{1956) give a figure of about 1000 ppm Sr for Adirondack anorthoaits 

(p. 2.52) and 482 ppm Sr for anorlhosi.te from the DuJ.uth gabbro (p. 2.53) • 

If 11'1 th'= Dœ:~ Lake mr;ta~a:norlho~i t.s the obseNed separation 

of Sr from Ca is real!> then it rrJiiy have an interesting bearing on the 

behaviour of these two elements under hydrothermal conditions. 

Turekian and Kulp (19$6:> p. 290) found that strontium in schists is 

independant of calc:iu.lTl and atat.e tha.t~ 

11There is no ~orrelation of Sr with ea~ as in the case 

of the granites~ evident.ly NlS metasomatism am meta­

morphism was not adequate to allow mass migration and 

consequent attainment of equilibrium ratios of Sr/Ca.~ 

In granites.\) T'.ll"'ekian and Kulp (1956, P• 276) found that the 

strontium content increases as the calcium content increaseso The,y 

found the reverse relation in basic rocks such as the Stillwatar 

Complex.ll Montana (po 270)o Wager and Mitchell (1951~ po 194) found 

that the strontium content of plagioclase in the Skaergaard intrusion 

increases from labradorite An60 to andesine An37o 

The conclusion seems to be UEt in basic and metamorphite 

rocks the strontium content varies independently of the calcium 

content. In the Chibougamau meta~anorthositei strontium varies also 

independently of calùium. Perhaps a ~~oser investigation of the 

Sr/Ca divergen~e in schistose tœta~anorthos:l.te at Chibouga.Inau w:Ul 

yield re~ilt~ which may be useful in sear~hea for oreo 
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Chs.pter VIII 

SUMMARY 

The copper~gold ore deposits in the Chibougamau district 

are found chiefly in the meta~anorthosite member of the Dore Lake 

complex which was a si.ll~like maas intrusive into vol~a.n.ic rocks. 

The basic magma of this intrusive formed~ by differentiation~ an 

anorthositic base grading toward a gabbroic top. Structurally and 

lithologically this intrusive is similar to ether stratiform~ igneous 

masses auch as the Duluth gabbro and the Stillwater Complex. The Doré 

Lake Complex bas been anticlinally folded about a northeast axis. The 

central part of the fold is now occupied by intrusive, soda~rich 

granite which is similar to sodic intrusives closely associated with 

ore deposits elsewhere in northwestern Quebec and northern Ontario. 

The time relations between the folding and the faulting of the 

anorthosite have not yet been established but these events œy in part 

have been contemporaneous. 

The rocks of the Doré Lake Complex have been extensively 

altered so that the terms meta-anorthosite and meta-gabbro are more 

appropriate. The process by which these rocks have been altered 

appears to be ionie diffusion through a fluid medium which filled all 

spaces in the rock and minerals. The anorthosite now consista chiefly 

of zoisite, clinozoisite, epidcte, chlorite, and a few remnants of 

sodic feldspars. 

Two sets of faults are domi nant in the area, one set trending 

northeast, the other to the west-northwest. The northeast-trending 

set of faults, to which the Dore Lake~M-.!Kenzie Narrows fault belongs, 
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are of a regional nature (Norman.9 1948) ~ have displacements measured 

in thousands of feet~ and &pyea~ to be related to movements along the 

so~called Grenville fro~t. N~rous northwest to west-trending faults 

occur mAinly in the meta~anor~hcsite~ and contain most of the sulphide 

deposits found to date in the area. The age relations between these 

two sets of fe.ults have not yet been definitely established. 

The ore deposits frequently occur adjacent to pre~ore dykes, 

the compositions of which range from acidic to basic. These dykes 

appear to have been emplaced roughly parallel to the schistosity of 

the shear zones after most of the movements along the shear zones had 

ceased. Concave flexures along these dykes seemed particularly 

favored as sites for ore deposition. 

The sulphide minerale of the ore deposits are pyrite, 

pyrrhqtite, chalcopyrite and minor sphalerite and galena. Associated 

with the sulphide minerals are miner magnetite, arsenopyrite, gold, 

silver, and locally valerite. The gangue miner.als are chiefly chlorite, 

quartz, calcite and ether carbonates, epidote, and loc&lly actinolite 

and chloritoid. The close association of the ore minerals with the 

hydrous gangue minerals and the wall rock alteration minerals suggests 

a hydrothermal origin for all three. 

From the facts available on the rocks and sulphide deposits 

in the Dore lake area the following sequence of geological events 

seems tenable: 

1) Intrusion, into volcanic rocks, of a basic magma which differen­

tiated into a sill~like~ layered complex~ anorthositic near the 

base, and gabbroic toward the top. 
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2) Folding of the sill-like complex :1.nto an anticline about a north­

east axis as part of the regionAl folaing. Folding of the complex 

may have been accompanied by~ 

a) cross~faulting in a northwes1; to west direction. 

b) intrusion of the granite. 

3) Possible hydrothermB.l al~eration of the anorthosite by fluids from 

the granite. 

4) Formation of northwest to west-trending shear zones subsidiary to 

the formation of the Doré Lake fault~ the direction of which is 

northe&st. 

5) Possible intrusion of the granite accompanied by alteration of the 

shear zones. 

6) Intrusion of dykes, ranging in composition from acidic to basic, 

along many s.hear zones. The acidic dykes may be genetic&lly 

related to the granite. 

7) Renewed movements along the shear zones accompanied by1 and 

succeeded by1 further hydrothermal alteration and the formation of 

sulphides and gangue minerals. Flexures along dykes and other 

dilatant zones were favored loci of ore deposition. 

8) Strong movement along the Dor6 Lake fsult zone, probably in 

connection with regional movements along the Grenville front. 

It should be noted that the granite could have been emplaced during 

either event 2, or event 5. 

Spectrochemical analyses of what is considered least-altered 

meta~anorthosite from Lake Chibougamau show tbat this rock was probably 

either slightly gabbroic originally or that magnesie. and lime were 



introduced into it later. Least~altered rock from the north shore of 

Doré Lake at Quebec Chibougamau Goldfielda is higher in iron and 

magnesia and lower in alumina than normal anorthosite~ thus indicating 

that this rock was origin~lly a gabbroic anorthosite. On the basis of 

present compositions the rock on the north shore of Doré Lake io 

closer to a gabbroic anorthosite than the rock in Lake Chibougamau. 

Spectrochemical ~nalyses of meta-anorthosite show that in the 

early stages of alteration within a northwest to west~trending sbear 

zone there was frequently an increase of silica, potash, soda, lime, 

iron, and manganese. Increaaing alteration accompanied by sulpbide 

mineralization in a shear zone is characterized by an increase of iron, 

magnesium, nickel, cobalt, copper, and frequently vanadium, and a 

decrease of lime, soda, potash, strontium, and silica. Tbese increases 

and decreases are relative to the massive rock. Across a well­

mineralized section, lime, soda, potash, and strontium are nearly 

abssnt. Frequently, lime is depleted across a greater section tban 

s'trontium, although in seme cases the reverse is true. Potassium and 

silicon show a well-defined tendency to migrate into the banging wall 

of a mineralized shear zone. 

The mineralogical changes which express the chemical changes 

in the early stages of alteration in a shear , zone and in walls of 

mineralized zones are the formation of quart~, sericite, carbonates, 

chlorite, pyrite, traces of albite and probably paragonite. 

Chlorite is the most abundant mineral in these places. 

Quartz occurs as individual grains, and as poda~ veinlets, and lenses 

in the chlorite. Sericite is fine grained, intimately associated with 
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chlorite, and is commonly difficult to identify microscopically. 

Carbonates (calcite, siderite, and manganosiderite) occur as grains~ 

aggregates of grains, veinlets~ lenses~ and ~rger bodies replacing 

chlori te. In some loc ali ti es, particul~.rly Chibougamau Jaculet ~ and 

Quebec Chibougamau Goldfields, sideritic masse8 (often Mn~rich) are 

clcsely associated with sulphi1e bodies. 

In the acidic and basic dykes associated with sulphide bodie1, 

the chemical and mineralogical changes are similar to those in the 

schistose meta~anorthosite. Adjacent to sulphide bodies, the dykes 

have commonly become enriched in Fe, Mg, Mn, Ni, Co, and Cu, and 

deficient in Si, K, ca, Na, and Sr. 

From the alteration mineral assemblage it is inferred that 

silici~ication, chloritization, sericitization, carbonatization, and 

pyritization were active processes preceding and accompanying the 

emplacement of the main mass of sulphides. These processes imply the 

migration of Si, K, Ca, Na, Fe~ Sr, Mg, Mn, Ni, Cu, Co, and s. 

The writer holds the opinion that within the shear zones the 

migration of these elements was accomplished by transport in moving 

fluids as well as ionie diffusion through. the fluid medium. If some 

of these elements were derived from the wall rocks, ionie diffusion 

through fluids which saturateà the rock appears to be a tenable 

explanation for their migration. The ore-forming fluids were probably 

alkaline, rich in Fe, Mg, Cu, and s. The formation of the sulphide 

ores occurred in dilatant zones where conditions of reduced pressure 

and prob&bly temperature ware impor tant factors in t he precipitati on 

of the ores. 



Iron~rich chlorite is commonly found as a gangue mineral 

and also in the wall rocks of roineralized schist zones. However, iron~ 

rich chlori te is aJ.so foun.ëi locally in the ms si ve meta-anorthosi te, 

so that it alone is not a reliable guide to ore. Taken as a groups 

chlorite~ sericite, and secondary quartz are better mineralogical 

guides to ore within altered schist zones. Chemicsl differences in 

the wall rocks are easier to detect tha~ mineralogical differences, and 

should be used to supplement mineralogical studies in searches for ore. 

Conclusions 

I Conclusions based on spectrographie studies: 

1) Massive meta-anorthosite on the north side of Doré Lake i• more 

gabbroic than in Lake Chibougamau. The meta-anorthosite in 

lake Chibougamau is in tu:rn slightly more gabbroic than normal 

anorthosite. ~ese conclusions are based on the present 

chemical composition of least~altered rock in the two localities. 

2) M:.>st of the acidic dykes in the area are soda rich and could be 

genetically related to the sodic Chibougamau granite. 

3) Three relative stages of hydrothermal alteration can be corre­

lated with chemical changes found in different shear zones: 

Class I Shear Zone ~ an early stage of alteration characterized 

by an increase of silice., potash, iron, manganese, cobalt, 

and nickel, and a decrease of alumina, lime, magneaium, 

sodium, and strontium. 

Class II Shear Zone ~ a more advanced stage of alteration 

characterized by an increase of iron, nickel, cobalt, copper, 

manganese, potash, and commonly magnesie.. Silice. and potash 



show a tendency to migrate into the walls of a shear zone 

at this stage. The lime~ soda~ and strontium contents 

decrease. 

Class III Shear Zone ~ (alteration accompanied by sulphidifl 

mineralization)o This cl&ss of shear zones is characterizad 

by a continued increase of iron~ magnesia~ manganese~ 

copper~ cobalt, nickeljl and vanadium. Silice. and potash 

show a well~defined tendency to migrate into the hanging 

wall of the sulphide zone. The mineralized section is 

depleted in lime, soda, silica, potash, and strontium. 

4) Increasing alteration in schistose meta-anorthosite, and in 

acidic and basic dykes is marked by an increase of iron, 

manganese, nickel, cobalt, copper, and commonly magnesia. 

5) The nickel-cobalt content of the meta~anorthosite is sufficient 

to supply seme of the nickel-co~alt now present in the sulphide 

zonesa A possible mechanism for the r&moval of some of these 

metals from the wall rocks could have been ionie diffusion in a 

hydrous fluid which filled all the available spaces in the rock. 

Postula. tes 

1) The ore-forming fluids were probably rich in alkalies, Fe~ Mgjl 

Cu, and So Some metals and sulphur could have been derived 

from the wall rocksa More probably, the metals and volatiles 

were derived from a magmatic source at depth, possibly the 

granite. 

2) Ore-formingfluids migrating up a shear zone could have become 

contaminated with nickel, cobalt, and other constituents from 

the anorthosite. 
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I~ Conclusions based on s~ectrographic and min~ralogical studies: 

1) The processes of ailicificstion~ chloritization, and 

pyritize.tion wer~ e.c·tive preceding and accompa:nying the intro~ 

duction of ore. Increasing effects of these processes within 

shear zones are reasonable indications of proximity to pyrite~ 

chalcopyrite bodies. Sericitization was generally weak, 

compared with the other procssses. 

2) Sericite and seconde.ry quartz, chiefly in the hanging walls of 

mineralized shear zones are evidence of mobility of potash and 

silica, probably from the mineralized sections which are low in 

these constituents. 

3) The alteration mineral assemblage in the massive meta-anorthosite 

is the same as in Class I shear zones and in the walls of Class 

III shear zones. 

4) It is difficult to determine, with the microscope alonep 

quantitative mineralogical trends toward known ore zones, and 

even more difficult toward altered but barren schist zones. 

Other tools such as infrared spectrophotometry, X-ray 

diffraction techniques, and differentia! thermal analysis would 

be more useful the.n the microscope alone in identifying fine­

grained alteration minerals. 

5) The "Black Schist" at Quebec Chibougamau Goldfields is 

indistinguishable chemically and mineralogically from ahistose 

and altered meta-anorthostte. 
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STATEMENT OF CONTRIBUTION TO KNœLEDGE 

This theei~ represents the first extensive spe~tro~hemical 

investigation of rocks associated with sulphide deposits in the 

Chibougamau district~ Quebec. This work supplements the detailed 

structural~ petrological~ and mineralogical studies carried out b,y 

Jeffer.y (1959) on the Campbell mine and by Miller (1957) on the Cedar 

Bay mine~ and the work of Raychaudhuri (1959) on trace element 

distribution in sorne sulphide ores of the area. 

Spectrographie methods of silicate analYses~ adapted from 

Jaycox (1947, 1957), were tested and used on the JACO spectrograph in 

the Department of Geological Sciences, McGill University. The 

standards and working curves developed by the writer for the anazysis 

of major and minor constituants o.f rocks can be used with 11 ttle ror 

no modification by other investigators on similar projects using the 

same spectrographe 

This study has shawn the following 8 

1) Distribution patterns of 13 elements of the rocks with respect to 

the ore zones 9 - Si, Al~ Fe» Mg, Ca, Na, Ka Mn, Sr, Cu, Co, Ni, 

and Vo The distribution patterns of sorne of these constituenta1 

shown in the variation diagrams in Chapter VI~ may be useful 

guides in searches for new ore deposits in the Chibougamau 

district. 

2) Different stages of alteration within shear zones in meta.., 

anorthosite. These stages have been detacted and classified on 
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the basis of chemical changes. Knowledge of the stage of alter--­

ation within a shear zone may be a useful guide to new ore 

deposits. 

3) That the observed alteration mineral assemblages near the ON 

deposits at Chibougamau are in fair agreement with those found 

and reported by workera in other mining areas in northwester.n 

Que bec. 

4) That there has been a convergence towa.rd a similar mineral assem­

blage in different rock types brought about by eydroth9rmal 

alteration. 
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APPENDIX 1 

Analyses of Samples from Drill Holes 

The analyses are presented as follows8 

In per cent: 

In parts per million: Ni 9 Co 9 Cu 9 V 9 Sr. 

The analyses numbers follow one another from the collar to the end 

of the hole. 

Abbreviations used: 

n.d •• 0 0 • not detected. 

u ••••• under, e.g. ul5 means under 15 parts per million. 

D.D.H •••• diamond drill hole . 

The terminology of the companies of the district is followed 

in this appendix, e.g.: 

Y samples - - - those from the Chibougamau Mining and Smelting 

Company Limited property 9 formerly that of Yorcan 

Exploration Limited. 
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R samples - - - those from Copper Rand Chibougamau Mines Limited 9 

from both surfac~ and underground drillingo Company reference 

to a hole dr111ed from an underground station9 eogo 5-R-89 

meansg 500 1evel 9 Copper Rand 9 ho1e 89o 

Q samplea - - - those from Quebec Chibougamau Goldfie1ds Limited 9 from 

both surface and underground drillingo Company reference to 

a ho1e dr111ed from an underground station9 eogo U-5~18 meansg 

underground 9 500 leve1 9 ho1e l8o 

J samples - - - those from Chibougamau Jacu1et Minee Limited. Company 

reference to a ho1e dr111ed from an underground station9 e.g. 

6-J-24 means: 600 level 9 Jaculet 9 ho1e 24. 

c.e. samp1es - - - those from Campbell Chibougamau Mines Limited under= 

ground drilling. Company reference to such a ho1ep e.g. U-698 

means: underground hole 698. 

Cu samples - - - those from the Cedar Bay Mine 9 from both surface and 

underground drilling. Company reference to a: 

1) Surface hole 9 e.g. C.S 82 means Cedar Bay surface hole 82o 

2) Underground ho1e 9 e.g. CU-194 means Cedar Bay underground 

hole 194o 
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Y~l Y-2 Y=3 Y~4 Y-5 Y~6 Y-7 

Si02 47.50 53.25 47.00 44.20 37o50 36.00 46.00 

A1 20
3 

20.50 22.80 20.10 27.10 22.15 24.50 24.40 

Fe 2o
3 

. 3 .. 50 4.80 5.20 1.25 1.80 2.60 3.22 

MgO 8.82 3.78 4.90 1.72 3.00 3.22 3.45 

CaO 13.00 17.30 16.50 14.70 15.30 15.40 15.50 

MnO 0.355 0.042 0.081 0.035 0.225 0.050 0.071 

Na2o 1.85 2.33 1.25 1.98 2.85 2.10 lo70 

K20 0.11 0.14 0.06 0.11 0.16 0.05 0.06 

Ni 1,70 llO 145 45 60 80 75 

Co 55 40 50 35 30 35 40 

Cu 70 35 45 40 20 70 45 

v 15 20 20 15 20 ul5 ul5 

Sr 45 45 40 50 50 50 45 

Y-8 Y-9 Y-10 Y-11 Y- 12 Y-13 Y~l4 

Si02 47.40 46.00 46.30 44.25 53.75 51.85 44.75 

A1 20
3 

24.60 24.40 25.00 18.65 21.25 20.35 20.05 

Fe 2o
3 3.33 3.10 2.48 3.35 3.20 4o35 2.90 

MgO 3.78 3.45 3.18 7.75 4.25 5.85 5.95 

CaO 16.25 14.50 l3o90 18.50 16.70 16.25 15.65 

MnO 0.065 0.061 0.055 0.375 0.03 5 0.046 0.240 

Na2o 2.58 2.48 2.20 2.70 2.30 2.10 2.05 

K20 0.06 0.06 0.07 0.12 0.08 0.08 0.11 

Ni 70 90 90 80 120 170 85 

Co 35 40 30 35 35 45 45 

Cu 25 25 35 40 55 30 65 

v 20 15 15 40 u15 20 20 

Sr 45 45 50 35 45 40 40 

Analyses Y-1 to Y-11 are on successive samples from D.D.H. T-7. 
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Y-15 Y-16 Y~17 Y~18 Y-19 Y-20 Y-21 

Si02 47.85 46.25 46.90 44.70 46.50 46.40 50.25 

A12o
3 

22.75 25.50 24.50 22.10 14.00 23.50 22.75 

Fe2o
3 

2.50 3o25 2.55 3o 50 11.35 3o65 4.05 

MgO 4.25 8.25 4.25 5.35 8.55 4.85 6.45 

CaO 14.20 15.10 16.30 15.20 12.20 15.90 15.25 

MnO 0.06 0.048 0.055 0.36 0.144 0.056 0.048 

Na2o 2.05 2.08 2.50 3o30 0.72 1.87 2.25 

K20 o.o9 0.14 o.o9 0.20 0.03 0.11 o.o9 

Ni 125 145 115 150 70 195 180 

Co 40 50 40 40 55 50 40 

Cu 50 95 u10 15 85 u10 u10 

v u15 20 u15 20 70 u15 15 

Sr 45 40 45 35 25 45 40 

Y-22 Y-23 Y~24 Y-25 Y~26 Y-27 Y~28 

Si02 46.25 44.50 47.10 41.75 40.50 44.75 46.10 

A12o
3 

23.50 24.55 24.15 18.75 21.55 21.65 26.75 

Fe2o
3 3.65 2.48 3.10 2.75 3.05 2.10 2.60 

MgO 5.65 4.30 5.40 5.95 7.25 3o90 4.08 

CaO 15.75 15.50 15.20 25.10 21.10 15.70 16.65 

MnO 0.044 0.055 · 0.063 0.040 0.390 0.198 0.049 

Na2o 3o55 2.05 1.80 3.05 3.30 2.72 2.52 

K20 0.07 0.06 o.o9 0.11 0.19 0.16 0.20 

Ni 135 165 225 165 145 140 95 

Co 35 30 40 35 40 35 u30 

Cu 35 u10 20 60 u10 35 u10 

v u15 u15 15 15 u15 15 20 

Sr 40 40 40 40 50 50 50 

A.tla1yses Y-12 to Y-31 are on successive samp1es from D.D.H. T-8. 
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Y-29 Y~30 Y-31 Y-32 Y~33 Y=34 Y-35 

Si02 49.30 46.75 44.65 46.70 46.90 49.75 51.85 

Al 2o
3 

25.00 24.15 22.05 21.25 24.60 24.70 25o35 

Fe 2o
3 

3.15 2.15 2.55 2.95 3.85 3ol5 2.75 

MgO 5.80 3.20 4.55 2.70 3o77 2.95 2.95 

CaO 16~85 14!80 14~25 14!60 13 t50 17~45 14~50 

MnO 0.047 0.039 0.0235 0.0365 0.0345 0.032 0 . 036 

Na2o 1.50 2.50 2.40 2.15 5.15 1.54 2.93 

K20 0.18 0.14 0.11 0.06 0.15 0.05 0.08 

Ni 115 90 150 30 75 35 35 

Co 30 35 40 30 55 25 u30 

Cu 15 15 30 ulO 10 u10 15 

v 20 25 20 25 40 25 20 

Sr 50 50 50 50 50 50 50 

Y-36 Y-37 Y-38 Y-39 Y-40 Y-41 Y-42 

Si02 51.90 49.25 56.05 46.55 50.35 52.75 53.50 

Al2o
3 

22.85 22.35 19.45 27.15 26.25 28.75 23.65 

Fe 2o
3 2.45 6.50 5.05 6.70 1.50 0.85 1.25 

MgO 3.08 5.20 4.10 2.15 0.90 0.80 0.85 

CaO 14.80 2.40 2.10 3o45 2.45 8.55 14.75 

MnO 0.041 0.030 0.037 0.0190 0.050 0.0450 0.0190 

Na2o 1.52 4o70 2.40 4.45 3o95 2.90 1.10 

K20 0.08 0.25 0.235 0.31 0.27 0.22 Ooll 

Ni 55 85 80 85 u30 u30 u30 

Co u30 u30 35 40 u30 u30 u30 

Cu ulO 15 40 90 ulO ulO ulO 

v 20 20 20 ul5 20 20 25 

Sr 40 40 65 70 70 65 50 

Analyses Y-32 to Y-48 are on successive samples from D.D.H. T~lO. 
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Y-43 Y-44 Y-45 Y-46 Y-47 Y-48 Y-49 

S102 64.30 49.25 54.85 57.25 47.80 48.80 50.85 

A120
3 19.45 27.15 26.25 28.75 23.65 24 .. 85 26.70 

Fe 2o
3 5o05 6.70 1.50 0.85 1.25 lo85 lo90 

MgO 4.10 2.15 0.90 o.8o Oo85 1.25 lo35 

CaO 2 .. 10 3o45 2.45 8.55 14.75 17.10 14.95 

MnO 0.037 0.0190 0.050 0.0450 0.0190 0.025 0.033 

Na2o 2.40 4.45 3.95 2.90 lolO 1.05 2.10 

K20 0.235 0.31 Oo27 0.22 0.11 0.07 Ool35 

Ni 80 85 u30 u30 u30 u30 30 

Co 35 40 u30 u30 u30 u30 u30 

Cu 40 90 u10 ulO u10 10 15 

v 20 ul5 20 20 25 30 15 

Sr 65 70 70 65 50 55 50 

Y-50 Y-51 Y~52 Y-53 Y-54 Y-55 Y-56 

Si02 50.50 47.50 50.25 52.75 45.90 46.45 49.75 

Al2o
3 

27.30 25.20 26.55 27.10 25.50 26.70 27.70 

Fe2o
3 1.65 1.75 1.35 1.75 1.50 1.75 1.63 

MgO 0.82 2.20 2.20 2.20 1.90 2.25 1.97 

CaO 17.65 13.50 14.60 16.20 14.65 15.65 13.25 

MnO 0.033 0.023 0.020 0.035 0.031 0.030 0.023 

Na2o 0.75 1.65 1.20 1.30 2.50 1.65 2.00 

K20 0.05 0.11 0.15 0.17 1.08 o. 53 0.52 

Ni u30 u30 u30 u30 30 u30 u36 

Co u30 u30 u30 u30 u30 u30 u30 

Cu 30 15 ulO ulO 35 ulO 15 

v 15 u15 ul5 u15 ul5 20 15-, 

Sr 50 50 50 50 50 55 55 

Analyses Y-49 to Y-67 are on successive samples from D.D.H. T~l6. 
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Y-57 Y-58 Y=59 Y-60 Y-61 Y-62 Y-63 

8102 51.05 47.85 46.90 53o75 54.25 49.75 46.85 
A12o

3 25.75 24.55 22.75 23.50 21.75 26.25 23.45 

Pe2o
3 

1.44 2.65 2.95 2.85 3.65 1.15 1.15 

MgO 1.70 4.80 3.80 1.15 3-95 1.70 1.05 

CaO 17.65 14.85 12.55 17.25 15.80 17.20 18.85 

MnO 0.026 0.030 Oo033 0.042 0.040 0.0170 0.0185 

Na2o 1.75 1.80 2.45 1.2-0 1.53 2.85 1o75 

K2o 0.19 0.48 0.95 0.07 0.11 0.25 0.32 

Ni u30 u30 60 u30 85 u30 30 

Co u30 u30 35 u30 u30 u30 u30 

Cu 10 10 40 35 15 10 15 
v 15 25 25 25 20 u15 15 

Sr 50 47 45 50 45 50 50 

Y-64 Y-65 Y-66 Y-67 

Si02 46.25 44.90 50.10 49.80 
A120

3 19.15 20.90 21~40 24.25 

Pe2o
3 

5.60 5.25 3.80 1.45 
MgO 15.00 11.50 6.80 1.40 

CaO 12.80 12.40 13.75 12~50 

MnO 0.057 0.045 0.031 0.018 

Na2o 0.38 0.90 2.20 1.05 
K20 0.03 0.18 0.38 0.24 

Ni 350 275 185 u30 
Co 55 45 40 u30 

Cu 30 25 80 65 

v u15 u15 u15 u15 

Sr 35 40 50 50 
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R-1 R-2 R-3 R-4 R-5 R-6 R~7 

Si02 47.85 50.55 53.5 38.25 55.00 71.45 51.55 

Al2o
3 15.45 22.90 16.35 12.50 17.50 4ol5 19.35 

Fe 2o
3 

10.25 1.68 19.75 23.50 15.95 17.25 17.70 

MgO 0.44 0.27 0.45 0.10 Ooll 0.21 lo70 

CaO 2.80 n.d. n.d. n.d. n .. d .. 1.20 n .. d. 

MnO 0.10 n.d. n.d. n.d. n .. d .. 0.018 0.068 

Na
2
o 2.45 1.33 1.90 0.37 0.60 n.d. lo05 

K20 3.00 5.80 2.60 1.42 2.41 0.07 3.35 

Ni 45 40 50 40 50 35 40 

Co 135 95 245 145 75 45 llO 

Cu 220 100 1720 2350 1510 370 640 

v ul5 ul5 ul5 15 15 ul5 20 

Sr 15 25 10 n.d. 10 15 10 

R-8 R-9 R-10 R-11 R-12 R-13 R~l4 

Si02 49.55 57.75 53.05 59.75 54.10 53.80 57.75 

Al2o
3 

20.25 22.90 21.55 17.40 10.25 20.30 20.40 

Fe2o
3 

16.35 8.20 11.25 16.80 25.80 17.65 8.42 

MgO 0.76 0.44 0.49· 0.97 1.15 1.55 0.23 

CaO n.d. 0.74 1.09 1.40 1.20 n.d. n.d. 

MnO 0.043 0.0450 0.030 0.065 0.065 0.090 0.016 

Na2o 0.80 1.15 2.55 0.70 n.d .. 0.9~ 2.15 

K20 4.90 5.40 5.05 2.30 0.14 0.95 0.17 

Ni 35 35 35 75 60 50 35 

Co 55 95 55 130 90 135 55 

Cu 120 85 90 1500 1500 150 125 

v ul5 ul5 ul5 ul5 ul5 ul5 15 

Sr 15 20 25 15 10 20 35 

Analysee R-1 to R-54 are on successive eamplee from D.D.H. R-45. 
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R~15 R-16 R=17 R-18 R~19 R-20 R=21 

Si02 51.15 48o45 55.25 53.50 54.20 52.85 50.45 

A1
2
o

3 
21.85 12.40 11.95 14.20 11.80 21.60 29.15 

Fe2o
3 

15.25 22.65 21.50 19.75 25.75 18.45 20.25 

MgO 1.40 3.25 4o50 2.60 1.00 1.45 2.55 

CaO n.d. n.d. n.d. 1.80 n.d. n.d. n.d. 

MnO 0.055 0.077 0.065 0.060 0.035 0.055 0.060 

Na2o 1.00 no do no do 1.85 0.45 0.85 1.65 

K2o 4.31 0.63 0.06 0.70 1.01 2 .. 95 2.85 

Ni 35 60 90 80 60 65 40 

Co 45 95 120 135 165 170 90 

Cu 125 500 725 1C50 1425 1250 275 

v u15 20 30 20 u15 u15 u15 

Sr 20 10 10 15 15 15 15 

R-22 R-23 R-24 R-25 R~26 R=27 R-28 

Si02 60.15 52.20 49.50 48.65 69.55 55.65 64.75 

A12o
3 

20.10 18.30 17.65 14.95 0.88 3.85 10.70 

Fe2o
3 9.75 17.50 20.20 23.25 14.50 21.70 16.85 

MgO 1.25 2.75 4 .. 00 2.80 0.10 o. 52 4.35 

CaO n.d • . n.d. n.d. n.d. n.d. n.d. n.d. 

MnO 0.034 0.070 0.065 0.062 n.d. 0.022 0.057 

Na2o 1.40 1.65 1 .. 05 0.65 n.d. n.d. n.d. 

K2o 3.00 2.65 2.80 1.25 0.05 0.15 0.06 

Ni 70 60 60 80 50 75 75 

Co 105 115 100 190 215 135 50 

Cu 635 640 540 1350 5700 6000 310 

v 20 20 15 15 u15 u15 45 

Sr 25 20 15 10 n.d. n.d. 15 
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R-29 R=30 R=3l R-32 R-33 R-34 R-35 

~i02 58.15 58o40 55.80 53.30 59o70 52o75 52o05 

A12o
3 

12.70 13.90 13.85 1lol5 12.75 l3o50 1lo90 

Fe2o
3 

18.25 15 .. 80 18.50 25o10 12.80 19.15 20.10 

MgO 4.90 5o45 4o90 3.10 4.05 6.50 7ol5 

CaO n.d. 0.77 no do no do 1.00 no do n.d. 

MnO 0 .. 095 0.099 0.120 0.110 0.110 0.155 Oo139 

Na2o 0.35 0.32 no do Oo34 1.45 n.d. n.d. 

K20 0.17 0.19 Oo09 0.15 0 .. 67 0.06 0.05 

Ni 50 110 65 115 50 95 125 

Co 40 55 45 135 50 65 70 

Cu 220 130 136 1100 105 145 385 

v 25 40 35 25 30 45 45 

Sr 15 50 15 10 20 20 15 

R-36 R-37 R~38 R-39 R-40 R=4l R~42 

Si02 49.20 47.30 50.9 55o60 63.10 51.20 44.80 

A12o
3 

14.65 18.75 13.1 22.40 22.50 20.60 16.50 

Fe2o
3 17.45 11.95 11.20 10.95 6.75 2.20 15.55 

MgO 8.75 5.40 11.80 3 .. 50 2.30 2.65 4.65 

CaO 1.42 12.40 3o90 Oo57 0.95 13.20 8.60 

MnO 0.140 0.110 0 .. 099 0.069 0.055 0.031 0.145 

Na2o n.d. 1.80 2.50 4o05 3.80 2.45 2o25 

K2o o.o4 0.06 0 .. 28 0.97 1.06 0.63 Oo58 

Ni 140 100 175 llO 60 95 165 

Co 60 75 95 90 60 55- 115 ' 

Cu 160 170 590 135 115 45 465 

v 25 30 65 50 30 45 30 

Sr 20 35 20 40 45 45 20 
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R~43 R-44 R=45 R=46 R-47 R~48 R-49 

Si02 40.85 13.20 42.30 47.90 46.35 52.25 52.10 

Al 2o
3 17o50 3.00 7o80 6.05 22.25 23.10 21.05 

Fe 2o
3 5o30 0.73 0.90 0.85 5.30 4.40 6.40 

MgO 4ol0 0.33 0.40 0.42 3.40 2o45 4.05 

CaO 16.10 40.00 32.30 34.00 12.25 13.10 12.65 

MnO 0.120 0.180 0.070 0 .. 110 0.060 0.075 0.100 

Na2o 5.90 0.70 Oo70 0.65 5.40 4.25 1.95 

K20 0.60 0.18 0.57 0.24 o. 54 0.30 0.20 

Ni 65 35 60 35 60 60 75 

Co 50 u30 55 u30 45 45 60 

Cu 50 40 10 15 25 35 55 

v 25 20 25 15 25 30 25 

Sr 35 15 35 20 35 45 40 

R-50 R-51 R~52 R-53 R-54 R=55 R-56 

Si02 51.45 45.80 45.60 50.80 42 o35 50.80 46 .. 25 

Al2o
3 20.80 19.75 23.80 22.75 19.45 20.00 17.80 

Fe2o
3 2.80 5o25 5o75 5o45 3.35 7.75 18.50 

MgO 0.40 2.60 2.50 2.60 2.80 4.65 8.35 

CaO 21.25 12.75 7.80 12.75 12.30 11.90 5.85 

MnO o.o7c 0.086 o.o9o 0.088 0.073 0.089 0.155 

Na2o 0.85 3o95 4.60 3.70 4.50 3.26 2.90 

K20 0.12 o. 58 0.55 o. 53 0.49 0.71 0 .. 17 

Ni 35 65 65 70 65 140 210 

Co 30 40 55 50 50 65 85 

Cu 20 55 75 35 95 85 . 275 

v 35 25 25 20 25 20 u15 

Sr 50 35 35 40 40 35 20 

Analyses R-45 to R-74 are on successive samples from D.D.H. R-53o 
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R-57 R-58 R-59 Ron60 R-61 R-62 &..63 

8102 44.85 52.25 43.25 50.75 49.60 46.15 47.85 

A120
3 17.70 22.90 11.50 22.40 2'0.65 12.30 18.40 

Fe2o
3 4.90 3.25 14.25 5o15 7o90 13o50 5u80 

MgO 3o75 1.85 6.65 2.15 3.00 5.30 3.60 

CaO 16.90 13.50 13.25 12.35 10.90 14.10 l2ol0 

MnO 0.100 0.064 0.093 0.060 0.098 0.160 0.112 

Na2o 3o35 2.70 0.27 2.95 3e90 0.34 5o00 

K2o 0.58 0.49 0.04 0.63 0.85 0.20 0.75 

Ni 70 45 160 40 55 80 50 

Co 45 35 75 40 40 75 50 

Cu 55 50 55 75 55 45 30 

v 20 25 165 40 35 45 50 

Sr 35 45 n.d. 40 30 15 40 

R-64 R-65 R-66 R-67 R-68 R-69 R-70 

Si02 45.15 43.85 46.25 47.50 48.25 46.25 44.70 

A120
3 12.40 17.05 11.30 16.90 13.25 16.80 15.75 

Fe2o
3 13.75 9.10 14.30 10.85 9.85 13.25 12.95 

MgO 5.85 4.50 4.80 4.65 3.85 6.45 6.50 

CaO 15.10 11.90 15.75 11.50 11.25 14.50 11.50 

MnO 0.150 0.110 0.240 0.190 0.098 0.147 0.125 

Na2o 0.70 2.40 0.80 2.00 0.70 1.30 1.85 

K20 0.17 0.54 0.13 0.32 0.20 0.04 0.03 

Ni 80 90 75 65 130 130 lOO 

Co 50 50 60 45 85 75 90 

Cu 85 25 105 65 90 350 80 

v 50 40 50 55 40 150 140 

Sr 15 25 15 20 25 25 25 
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R~71 R~72 R~73 R-74 R-75 R=76 R-17 

Si02 43 o75 80.20 42.85 43.10 55.10 52.25 50.50 

Al2o3 
12.70 6.25 14.50 14.05 19.75 18.10 20.80 

Fe2o
3 15.50 4.25 :12.80 9.80 9.20 6.45 8.75 

MgO 7.00 2.40 6.55 10.85 4.00 3.70 4.60 

CaO 12.25 5.20 10.40 16.75 9.30 15.50 9o50 

MnO 0.156 0.110 0.170 0.214 0.048 0.07 0.056 

Na2o 1.40 0.76 2.12 3.50 4.05 2.25 2.90 

K20 0.05 0.11 0.33 0.05 0.60 Oo77 lol5 

Ni 75 35 85 85 90 80 1.00 

Co 60 u30 65 70 75 75 90 

Cu 105 65 45 40 150 50 65 

v 115 25 90 70 25 30 40 

Sr 20 25 25 25 35 35 30 

R-78 R-79 R=80 R-81 R~82 R.,.83 R~84 

Si02 48.00 48.60 46.25 47.45 50.25 47.85 54o75 

Al
2
o

3 19.30 21.35 19.10 21.60 20.90 21.30 22.05 

Fe2o3 6.30 9. 65 6.80 8.75 7.05 6.95 5.10 

MgO 1.30 4.20 6.60 4.90 3.85 4 .. 25 2.60 

CaO 18.00 9-35 10.75 9o30 15.00 10.50 12.25 

MnO 0.087 0.065 0.110 0.077 0.058 0.152 0.053 

Na2o 2.80 2.00 2.55 2.60 1.20 1.17 0.95 

K2o 0.78 0.45 0.44 0.56 0.20 0.29 Ool8 

Ni 95 100 105 105 90 100 80 

Co 80 65 80 80 75 145 60 

Cu 55 70 105 95 75 120 95 

v 25 . 40 35 45 45 25 30 

Sr 35 35 35 35 35 35 40 

Analyses R-75 to R-113 are on successive samples from D.D.H. R-52 and 
D.D.H. R-52-W. D.D.H. R=52~W is a wedged continuation of R-52 at 
450 feet. 
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R-85 R-86 R-87 R-88 R-89 R-90 R-91 

Si0
2 67.25 59.50 58.25 49.85 47.85 51.75 50.65 

Al2o
3 14.90 13.20 18.50 23.60 20.60 19.80 23.75 

Fe
2
o

3 
9.oo 12.90 5.80 7.85 8.45 17.30 8.85 

MgO 1.37 0.34 2.60 3.15 3.20 4.80 2.80 

CaO 0.66 0.54 lolO 2.35 3.20 1.60 lo39 

MnO 0.29 0.47 0.027 0.035 0.051 0.070 0.025 

Na2o 2.25 1.38 1.30 3.00 5.40 1.95 2o75 

K2o 0.49 1.06 0.82 0.87 0.82 0.67 Oo72 

Ni 60 45 75 95 55 60 85 

Co 105 195 45 95 65 100 60 

Cu 115 115 lOO 135 100 145 100 

v 20 ul5 35 55 40 25 55 

Sr 35 25 35 40 45 25 40 

R-92a R-92b R=92c R-92d R-92e R-93 R-94 

Si02 47.50 58.55 46.75 48.45 45.85 48.85 52.25 

A120
3 21.15 20.50 14.25 15.40 6.30 14.30 23.85 

Fe2o
3 12.20 10.25 19.10 23.25 29.25 17.90 5.65 

MgO 3.55 3.40 4.70 4.30 3.00 7.10 lo90 

CaO 1.90 1.90 0.20 0.20 0.25 0.30 1.50 

MnO 0.048 0.044 0.078 0.077 0.048 0.100 0.100 

Na2o 2.50 2.65 1.40 0.45 0.49 0.78 4.60 

K20 1.07 0.91 1.12 1.12 0.04 0.25 Oo44 

Ni 80 95 220 190 675 170 60 

Co 75 85 190 220 1000 llO 80 

Cu 110 275 530 570 2650 135 50 

v 25 30 30 . 20 30 . 45 60 

Sr 25 30 15 no do n.d. n.d. 45 
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R-95 R-96 R-97 R-98 R-110 R-111 R-11.2 

Si02 _ 49.65 46.50 48.10 45.95 46.75 45.70 43.85 

A12o
3 17.60 18.90 16.95 19.40 19.80 18o70 17.80 

Fe2o
3 3o05 8.10 9.10 4.85 5.75 6.42 7.75 

MgO 2.10 3.25 3.65 2.40 2.60 7.00 3.90 

CaO 11.50 8.65 11.10 10.85 7o95 10.35 15.25 

MnO 0.072 0.077 0.140 0.073 0.073 0.10 0.074 

Na2o 4.40 3.25 2.00 3.50 3o55 2.85 1.25 

K20 '0.38 0.37 0.50 0.53 0.38 0 .. 29 0.54 

Ni 35 95 90 45 80 115 125 

Co 70 75 85 40 85 80 105 

Cu 60 100 90 95 65 45 30 

v 45 30 40 30 50 25 30 

Sr 50 35 25 40 40 40 40 

R-113 R-114 R-115 R=116 R-117 R~118 R=119 

Si02 44.75 54.75 48.35 52.25 30.85 52.25 67.10 

A120
3 

18.90 22.20 12.85 19.05 16.50 17.05 7.30 

Fe
2
o

3 7.95 4.45 14.00 8.10 22.40 8.95 5o95 

MgO 5.85 2.70 6.55 5.20 14.00 5o30 3.65 

CaO 10.55 7. 50 9.05 7.90 5o75 8.00 10.05 

MnO 0.075 0.083 0.235 0.162 0.40 0.155 0.135 

Na2o 1.45 5.80 0.35 5.15 2.10 4.10 1u04 

K2o 0.25 0.47 0.03 0.24 0.08 0.29 Oo05 

Ni 150 50 120 75 115 55 35 

Co 80 55 75 75 70 80 30 

Cu 30 15 100 40 45 20 20 

v 20 25 60 35 25 35 15 

Sr 35 55 20 45 15 50 20 

Analyses R-114 to R-134 are on successive samples from D.D.H. R~72o 
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R-120 R-121 R~l22 R-123 R-124 R-125 R~l26 

Si02 49.85 43.65 42 0 50 45o20 66.50 46.90 40.10 

Al
2
o

3 
l7o90 17.80 15.45 10.40 8.30 17.45 17.30 

Fe 2o
3 7o45 14.55 15.50 17.85 2.75 5.10 12.65 

MgO 6.25 6.90 6.50 9.70 1.13 1.30 4.85 

CaO 11.15 6.80 7.00 7 0 50 '7 0 50 6.90 7o25 

MnO 0.22 0.178 0.225 0.42 0.140 0.062 0.125 

Na2o 8.10 3 o20 2.65 o.6d. 1.52 4.30 2.35 

K20 0.24 o.o9 0.27 0.05 0.38 0.85 0.91 

Ni 50 90 80 80 35 70 145 
Co 55 70 55 65 35 55 95 

Cu 25 85 70 40 30 90 135 

v 60 llO llO 80 15 20 50 

Sr 40 25 20 15 30 45 25 

R-127 ~128 R-129 R-130 ~131 R-132 R=l;4 

Si02 45.85 47.60 44.50 38.45 40.85 44.90 41.90 

A12o
3 

18.90 17.15 16.00 13.25 11.15 10.80 10.20 

Fe2o
3 

10.80 11.70 13.10 18.60 18.75 16.75 14.15 

MgO 4.90 ?.95 6.25 9.30 10.55 12.40 10.90 

CaO 6.75 8.75 5.05 7.20 6.00 5.10 9.40 

MnO 0.112 0.145 0.125 0.220 0.196 0.185 0.380 

Na2o 4.70 5.90 4.25 0.90 0.35 0.85 2.30 

K2o 0.86 1.05 1.00 0.54 0.04 0.05 0.66 

Ni 100 70 90 105 100 80 90 

Co 65 70 70 75 75 55 75 

Cu 50 20 20 85 215 40 45 

v 40 60 80 120 90 40 65 

Sr 30 30 25 15 n.d. 15 15 
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R-135 R-136 R-137 R-138 R-139 .R-140 Ii-141 

Si02 43.85 41.65 44.10 46.50 47.20 45.90 49.65 

A12o
3 13.50 15.85 18.35 17.45 19.95 17.80 17.80 

Fe2o
3 6~90 8;65 7~60 7~35 6~65 7~90 8 .• 50 

MgO 7.65 5o25 4.80 4.60 3 0 50 4o65 5.00 

CaO 8.95 8o95 8.50 9.05 7.95 10.30 9.50 

MnO 0.147 0.135 0.110 0.112 0.066 0.089 0.135 

Na2o 3.30 1o75 2.80 2.85 2.90 3.15 3.10 

K20 0.28 0.44 0.47 0.44 0.37 0.32 0.36 

Ni 60 65 65 65 55 65 50 

Co 75 75 90 75 55 70 50 

Cu 15 35 20 45 20 85 15 
v 20 35 60 40 60 65 65 

Sr 30 25 35 35 35 30 25 

R-142 R-143 R-144 R-145 R-146 R-147 R-148 

Si02 66.25 39.55 56.05 50.60 50.50 53.10 53.05 

A12o
3 

12.25 15.30 17.20 17.20 14.30 14.90 "18.20 

Fe2o
3 

5.50 8.50 9.80 10.95 13.90 12.50 10.55 

MgO 5.10 8.50 5.90 6.15 8.40 9.10 6.70 

CaO 7.85 16.00 7.75 g.oo 11.20 9.75 7.00 

MnO 0.153 0.345 0.120 0.150 0.205 Ool48 0.093 

Na2o 1.80 5.90 2.95 2.80 1.80 3.20 · 3o85 

K20 0.28 0.49 0.27 0.30 0.058 0.038 0.36 

Ni 55 55 70 lOO 105 105 85 

Co 55 65 55 90 90 105 85 

Cu 20 35 10 95 lOO 35 40 

v 35 50 55 80 80 80 45 

Sr 25 30 25 20 20 20 20 

Analyses R-135 to R-149 are on successive samples from D.D.H. R-70. 
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R-149 R-150 R-151 R-152 R-153 R-154 R-155 

Si02 46.45 45-90 43.90 49.30 44.15 58.60 51.15 

Al2o
3 

17.10 10.65 10.80 10.15 10.30 11.40 11.00 

Fe2o
3 

6.30 12.75 12.85 14.25 16.95 9.80 14.60 

MgO 6.85 8.10 6.15 7-45 6.60 2.15 9.05 

CaO 12.75 17.80 14.50 15.00 11.90 8.15 10.55 

MnO 0.098 0.020 0.215 0.220 0.220 0.260 0.220 

Na2o 8.20 1.35 2.90 2.05 1.35 2.55 2.90 

K20 0.15 0.19 0.20 0.05 0.29 2.60 0.06 

Ni 40 95 75 85 195 35 80 

Co 35 95 85 90 175 u30 60 

Cu 155 125 lOO 140 3375 85 115 

v ul5 70 50 60 45 20 85 

Sr 35 15 15 15 n.d. 25 15 

Ana1ysie R-150 is on a eample from D.D.H. 5-R~66 
Analyeie R-151 is on a aample from D.D.H. 5-R-69 
Analysis R-152 ia on a sample from D.D.H. 5~R-87 
Analy'ses R-153 and R-154 are on samples from D.D.H. 5-R-89 

R-156 R-157 R-158 R-159 R-160 R-161 

Si02 59.40 47.15 51.55 53.40 50.15 66.50 

A120
3 

12.45 11.65 12~35 10.80 11.75 12.60 

Fe2o
3 

8.20 12.85 17.05 3.95 12.25 3.90 

MgO 2.05 7.65 3.80 1.45 8.35 2.15 

CaO 7.65 14.40 7.75 7-15 14.85 6.95 

MnO 0.380 0.280 0.66 0.130 0.260 0.230 

Na2o 2.10 1.75 1.30 3.15 2.00 3.60 

K20 2.50 0.70 1.20 2.20 0.42 2.00 

Ni 60 105 35 35 85 35 

Co 90 105 65 u30 85 30 

Cu 285 440 150 70 115 105 

v . 20 80 . 20 15 75 ul5 

Sr 20 20 n.d. 25 15 25 

Analyses R-155 and R-156 are on samp1es from D.D.H. 5-R-138 
Analyses R-157 to R-159 are on samples from D.D.H. 5-R-139 
Analyses R~l60 and R~l61 are on samples from D.D.H. 5-R-140. 
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Q-1 Q-2 Q-3 Q-4 Q-5 Q-6 Q-7 

Si02 48.90 46o75 49.90 55.40 60.75 51.15 63.20 

A120
3 20.95 19.65 22.10 21.35 15.15 20.55 15.10 

Fe2o
3 5o20 4.20 4.95 5.60 7o40 7o70 5.45 

MgO 2.00 1.35 2.90 3.00 3.90 6.30 1.80 

CaO 11.15 12.20 9o50 12.15 5.00 8.40 6.40 

MnO 0.110 0.145 0.150 0.165 0.120 0.174 0.083 

Na2o 2.25 3.30 3o45 3.20 7.05 4.10 6.30 

K20 0.56 1.31 o. 54 0.32 0.10 1.06 0.78 

Ni 55 35 65 95 80 155 u30 

Co 45 35 40 60 55 75 45 

Cu 130 110 85 85 50 105 45 

v 20 20 30 40 40 20 20 

Sr 40 40 45 45 45 35 35 

Q-8 Q-9 ' Q-J.O Q-11 Q-12 Q-13 Q~l4 

Si02 55.60 73.10 73.80 67.35 46.80 52.10 61.50 

A120
3 17.40 13.60 14.20 15.05 18.70 20.30 16.30 

Fe2o
3 8.05 3.45 2.65 4.70 7o95 7o55 6.25 

MgO 5.90 1.65 1.20 3.05 5o30 4.50 3.00 

CaO 9o75 3.10 2.80 4.60 10.10 9.15 7.15 

MnO 0.195 0.071 0.055 0.110 0.190 0.190 0.190 

Na2o 3.35 5.45 5.15 4.25 5.00 4.15 lo95 

K
2
o 0.50 o. 53 o.88 0.62 0.71 2.00 1.36 

Ni 195 30 u30 55 195 115 75 

Co 80 u30 30 35 80 65 45 

Cu 45 25 25 45 60 50 llO 

v 15 ùl5 ul5 15 15 15 ul5 

Sr 40 40 40 50 40 50 35 

Analyses Q-1 to Q-26 are on successive samples from D.D.H. Q-118 
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Q-15 Q-16 Q-17 Q-18 Q-19 Q-20 Q-21 

Si02 49.95 41.40 44.65 44.90 66.20 50.25 53.05 

A1 20
3 

17.45 18.85 19.30 19.30 14ol0 18.35 17.60 

Fe2o
3 

14.10 8.15 7.45 7.00 7.10 9.20 10.85 

MgO 5.60 4.70 3.60 3.60 3o60 5.15 5.30 

CaO 9.25 9.60 4.90 8.20 5o90 11.30 7.80 

MnO 0.350 0.265 0.190 0.220 0.180 0.365 0.42 

Na2o 2.90 2.65 3.30 2.05 1.60 lo45 2.50 

K2o 1.25 1.32 0.67 2.10 1.60 1.38 1.25 

Ni 175 170 135 130 50 160 180 

Co 75 65 75 80 65 50 70 

Cu 90 45 45 55 90 60 70 

v 30 15 20 40 30 20 20 

Sr 25 25 35 30 25 25 25 

Q-22 Q-23 Q-24 Q-25 Q-26 Q-27 Q-28 

Si02 64.45 47.20 47.10 46.70 47.30 64.10 55.45 

A12o
3 

14.30 16.65 13.85 16.75 14.90 15.90 13.90 

Fe2o
3 

2.60 9.85 10.85 10.20 10.30 8.85 5.80 

MgO 1.05 8.20 7.25 5.50 6.60 2.75 2.10 

CaO 4.20 10.20 8.85 6.60 12.45 5.80 5.60 

MnO 0.072 0.260 0.250 0.185 0.230 0.320 0.230 

Na2o 3.85 1.75 0.90 3.30 2.90 2.45 1.35 

K2o 1.30 0.36 0.17 0.49 0.26 1.70 1.17 

Ni u30 310 135 185 250 40 30 

Co u30 75 75 60 70 35 40 

Cu 30 70 130 45 95 35 35 

v ul5 20 65 20 20 25 20 

Sr 35 25 20 30 25 30 30 

Analyses Q-27 to Q-47 are on successive samples from D.D.H. Q~119 
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Q-29 Q-30 Q~31 Q-32 Q-33 Q-34 Q-35 

8102 49.25 55.75 47.40 52.50 48.60 62.25 49.85 

A12o
3 

20.05 15.25 20.45 16.65 20.25 13.70 19.90 

Fe2o3 
6.90 6. 50 6.65 5.10 5.10 6.60 6.90 

MgO 2.10 1.70 2.25 2.45 1.95 2.30 2.20 

CaO 6.40 4.20 9.10 7.10 8.90 5.15 9.05 

MnO 0.265 0.245 0.220 0.165 0.170 0.185 0.250 

Na
2
o 2.20 0.95 2.75 1.85 2.25 1.45 2.80 

K20 3.10 1. 50 2.95 1.16 2.60 1.67 1.42 

Ni 60 45 40 40 40 u30 55 

Co 55 60 50 35 35 u30 35 

Cu 35 25 3: 35 25 30 lOO 

v 25 20 20 20 30 15 20 

Sr 55 30 35 40 40 35 40 

Note: No Sample at Q-37 

Q-36 Q-38 Q-39 Q-t.O Q-41 Q-42 Q-43 

Si02 58.65 61.40 49.45 53.25 47.20 70.35 48.55 

A1207, 15.80 19.70 22.05 20.50 23.15 13.60 22.05 _, 

Fe2o
3 5. 65 4.30 7.60 8.15 6.35 1.90 6.40 

MgO 3.35 2.35 10.50 8.10 6.15 3.70 6.55 

CaO 6.80 7.40 8.15 6.55 10.40 4.40 8.90 

MnO 0.130 0.130 0.190 0.200 0.125 0.037 0.109 

Na2o 2.05 3.30 1.95 2.50 3.15 3.65 2.85 

K20 0.47 0.73 0.38 0.66 0.27 0.42 0.17 

Ni 45 90 205 190 150 30 185 

Co 35 55 60 50 45 30 ?0 

Cu 35 llO 55 30 45 25 70 

v 20 30 25 20 25 ul5 25 

Sr 40 40 30 35 45 50 40 
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Q-44 Q-4? Q-46 Q-47 Q-48 Q-49 Q-50 

Si02 48.40 50.40 51.50 45.85 47.65 49.65 45.20 

Al203 23.10 20.85 19.15 23.70 14.15 16.25 21.25 

Fe2o
3 6.65 7.15 8.90 8.10 8.35 9.65 8.10 

MgO 7.65 6.60 6.05 6.20 6.75 9. 50 7.75 

CaO 9.60 9.75 11.65 6. 50 9.55 9.30 9.85 

MnO 0.116 0.154 0.140 0.195 0.175 0.225 0.200 

Na2o 2.30 3.55 3.25 1.85 2.45 0.75 2.39 

K
2
0 0.11 0.22 0.17 1.20 o. 53 0.03 0.12 

Ni 195 210 175 135 180 180 1.45 

Co 65 50 60 55 70 85 80 

Cu 30 40 40 30 60 155 45 

v 25 20 20 20 25 60 45 

Sr 35 35 40 25 30 25 35 

Q-51 Q-52 Q~53 Q-54 Q-55 Q-56 Q-57 

Si02 47.85 48.75 66.05 47.60 64.20 66.40 47.65 

A1 20
3 

12.45 16.55 14.10 17.85 12.10 13.85 14 0 50 

Fe 2o3 
10.15 7.30 7.65 8.35 5.40 5.70 9.80 

MgO 10.35 7.60 2.10 8.10 2.15 2.10 6.10 

CaO 11.60 9.85 5.15 7.20 7.80 5.70 8.40 

MnO 0.200 0.180 0.185 0.285 0.175 0.190 0.480 

Na2o n.d. 2.30 1.35 1.90 1.75 1.35 0.76 

K2o 0.03 0.62 1.30 1.17 1.05 1.68 o. 58 

Ni 115 155 35 140 u30 u30 llO 

Co 65 90 u30 70 30 30 70 

Cu 95 50 35 90 20 13 5 80 

v 65 40 15 25 20 20 55 

Sr 25 30 25 25 40 35 20 

Analyses Q-49 to Q-79 are on successive samples from D.D.H. Q-121. 
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Q-58 Q-59 Q-60 Q-61 Q~62 Q-63 Q-64 

Si02 61.45 65.10 50.75 50.50 49.10 œ.5o 49.40 

A120
3 

12.80 15.75 24.25 14.35 18.25 ~5.'70 19.80 

Fe2o
3 12.45 12.30 8. 50 12.15 8.75 ;:.95 6.70 

MgO 1.45 2. 50 5.75 12.10 4.3 5 2.3 5 4.55 

CaO 1.80 2.65 4.80 7.70 12.3 5 2.75 12.70 

MnO 0.2'?5 0.335 0.275 0.260 0.150 0.070 0.145 

Na2o o. 59 0.95 3.65 0.900 4.05 3.70 3.15 

K20 1.49 1.08 1.05 0.05 0.35 o. 54 0.31 

Ni u30 70 130 95 160 35 115 

Co tt3) 55 65 75 115 35 65 

Cu 65 105 125 llO 120 35 55 

v ul5 20 30 85 35 20 45 

Sr 20 20 30 30 35 45 40 

Q-65 Q-66 Q~67 Q-68 Q-69 Q-70 Q~71 

Si02 46.45 48.80 46.35 46.15 48.80 43.90 44.20 

A1
2
o

3 
18.80 24.10 20.20 20.80 18.35 20.85 18.55 

Fe 0 
2 3 7.85 4.70 3.35 5.50 3.90 6.80 6.75 

MgO 3.90 2.45 1.15 2.85 1.60 3.90 3.90 

CaO 10.30 10.60 18.75 8.10 16.55 11.20 3.55 

MnO 0.15G 0.118 0.135 0.110 0.150 0.125 0.180 

Na2o 3 ,,~ . .:::;; 2.20 1.)0 2.30 0.52 3.25 2.70 

K20 0.77 0.44 0.20 0.92 0.14 0.81 0.88 

Ni 120 55 u30 60 45 80 95 

Co 80 55 35 50 45 70 70 

Cu 35 30 80 65 6D 60 100 

v 25 30 40 40 30 25 25 

Sr 35 45 55 40 40 40 30 
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Q-72 Q-73 Q-74 Q~75 Q-76 Q-77 Q-78 

Si02 45.50 48.85 61.25 45.65 55.60 44.85 47.65 

Al20
3 

16.80 18.40 13.50 17.80 14.30 17.50 13.50 

Fe2o
3 7.75 7.80 7.25 11.20 6.90 10.05 10.45 

MgO 3.50 3.75 2.40 3.95 2. 60 3.90 6.70 

CaO 10.05 5.20 6.0 5.25 8.15 9.85 8.85 

MnO 0.160 0.180 0.140 0.205 0.160 0.245 0.210 

Na2o 2.15 2.30 1.45 J. n5 1.60 2.45 0.70 

K20 1.18 1.45 1.30 1.29 0.95 0.78 0.16 

Ni 85 lOO 40 llO 60 105 110 

Co 75 95 70 140 85 100 100 

Cu 55 135 30 175 70 155 50 

v 20 20 20 20 25 25 60 

Sr 25 25 25 20 30 25 25 

Q-79 Q-BQ Q-81 Q-82 Q-83 Q- 84 Q=85 

Si02 46.15 47.75 61.15 48.65 46.90 48. 55 48.30 

A1
2

0
3 17.85 16.40 12.40 14.70 19.75 12.95 15.45 

Fe2o
3 

12.15 10.50 6.50 9.10 8.65 10.85 8.20 

MgO 5.05 3.80 3.40 5.15 3. 55 7.25 5.10 

CaO - 8.90 12.20 6.45 10. 90 5.25 10.85 13. 25 

MnO 0.235 0.210 0.110 0.180 0.195 0. 235 0. 200 

Na2o 2.00 3.35 3.25 2.95 3.4'i 0.95 3.65 

K
2
0 0.60 o. 50 0.17 o. 59 1.16 0.03 o. 53 

Ni 105 135 80 120 60 125 105 

Co 105 95 125 65 60 80 75 

Cu 50 145 320 80 65 130 30 

v 25 35 35 25 40 65 30 

Sr 25 35 30 35 35 20 35 

Analyses Q-80 t o Q-104 ar e on successive samples f rom D.D.H. Q-146 
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Q-86 Q-87 Q-88 Q-89 Q-90 Q-91 Q-92 

Si02 53.25 49.15 47.25 47.15 45.50 52~25 47.80 

Al203 15.45 20.35 19.30 20.25 20.15 16.60 19.85 

Fe 2o
3 

10.40 9.65 7.90 5.10 6.75 9.10 5.05 

MgO 3.05 4.60 2.95 2.65 4.65 4.40 2.95 

CaO 11.05 10.60 7.05 10.10 9.50 13.10 9.65 

MnO 0.26 0.190 0.190 0.113 0.125 0.18 0.087 

Na2o 3.50 3o45 2.10 3.40 2.20 4.30 3.80 

K20 1.60 0.77 1. 52 0.44 0.44 0.37 0.73 

Ni 100 110 60 60 120 115 30 

Co 90 90 65 55 60 85 45 

Cu 80 60 70 35 65 70 30 

v 25 40 35 50 30 55 40 

Sr 25 30 30 40 35 35 40 

Q=93 Q-94 Q-95 Q-96 Q-97 Q-98 Q- 99 

Si02 57.45 48.80 52.40 49 . 5~ 50 . 25 53.50 62.25 

A120
3 15.30 21.90 11.85 19.85 13.10 17.20 14.80 

Fe2o
3 5.85 4.40 13 .90 6.80 13.50 13.10 6.35 

MgO 1.65 1.85 4.80 2.65 7. 50 2.40 2.30 

CaO 12.90 7.75 8.40 7. 50 11. 25 6.80 5.10 

MnO 0.160 0.095 0.280 0.100 0.260 0.320 0.195 

Na
2
o 4.05 1.90 0.35 3.40 0.55 2.50 1.25 

K20 1.25 1.55 0.14 2.15 0.04 4.35 2.10 

Ni 4C u30 90 60 120 65 55 

Co 5C 50 75 85 85 75 65 

Cu 60 30 125 110 145 55 65 

v 35 25 65 35 80 25 25 

Sr 40 40 15 35 20 20 35 
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Q-100 Q-101 Q-102 Q-103 Q-104 Q-105 Q-106 

SiO? 64.85 64.10 55.45 48.25 47.80 65.75 50.10 

Al2o
3 13.05 15.85 13 0 20 18.10 14.40 16.10 19.15 

Fe 2o
3 

5o70 5.85 10.85 12.25 8.70 3.25 6.60 

MgO 1.80 1.70 2.80 6.55 3.85 1.35 4.90 

CaO 9.90 5.10 7o95 12.32 11.45 3.60 12.80 

MnO 0.220 0.145 0.26 0.32 0.21 0.055 0.110 

Na2o 2.80 1.75 3.15 2.95 2.85 4.80 4 .. 35 

K20 1.90 1.55 1.55 0.68 0.77 1.45 0.96 

Ni 30 60 160 230 225 30 150 

Co 35 45 85 95 95 50 75 

Cu 45 llO 95 lOO 170 40 40 

v 20 25 25 25 25 20 30 

Sr 35 35 25 25 25 40 30 

Q-107 Q-108 Q-109 Q-110 Q-111 Q~ll2 Q=ll3 

Si02 59.85 53.50 61.45 52.75 48.65 50.50 47.35 

Al
2
o

3 
15.10 17.45 17.00 17.60 18.45 19.90 19.30 

Fe
2
o

3 
13.05 6.25 4.05 6.80 5.85 6.45 7ol5 

MgO 6.75 4.55 2.75 4.40 3.75 4.10 4.60 

CaO 11.05 llo 50 5.70 11.75 11.35 12.60 11.50 

MnO 0.210 0.090 0.050 0.085 0.061 0.082 0.078 

Na2o 0.850 4.60 4.65 3.85 6.05 4.20 3.95 

K20 0.05 0.98 0.63 0.42 0.59 0.34 0.24 

Ni 75 lOO 60 · 170 115 165 175 

Co 100 70 50 75 45 85 75 

Cu 95 35 20 ?5 20 35 50 

v 75 35 20 25 25 25 25 

Sr 20 45 50 40 40 40 40 

Analyses Q-105 to Q-145 are on successive samples from D.D.H. Q-190 
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Q-114 Q-115 Q-116 Q-117 Q-118 Q-119 Q-120 

Sio2 51.40 50.65 49.45 56.50 47.15 49.65 50o40 

A1 2o
3 

20.15 19.50 19.85 12.90 18.90 2Q.25 15.20 

Fe 2o
3 

7.05 8.90 6o80 14.15 7 0 50 6.65 9.60 

MgO 4.95 4.90 4.05 4o 50 3.90 3.85 4.30 

CaO 14.10 13 0 50 14.90 10.05 10o85 12.55 9.40 

MnO 0.090 0.145 0.080 0.130 0.080 0.090 0.135 

Na2o 2.65 2.90 3.65 2.30 3o70 3.20 4 J•70 

K2o 0.14 0.38 0.40 0.08 o. 28 0.24 0.20 

Ni 155 165 130 130 145 145 90 

Co 60 75 51j 125 95 65 60 

Cu 30 75 55 150 115 60 60 

v 15 20 20 65 45 25 40 

Sr 35 35 35 20 40 40 40 

Q-121 Q-122 Q-123 Q-124 Q-125 Q-126 Q-127 

Si02 51.15 56.80 46.15 48.20 46.90 52.15 65.05 

A1203 21.05 13.40 20.70 20.15 14.25 18.10 13.15 

Fe2o
3 

7.50 11.70 7e25 9 .. 65 11.10 g.oo 7.40 

MgO 4.35 5.15 4.25 3.95 3.95 3.80 1.60 

CaO 14.40 10.30 11.10 9.75 11.80 12.05 6.95 

MnO 0.110 0.125 0.102 0.110 0.140 0.156 0.161 

Na2o 3.90 1.30 4.20 4.65 2.70 3.80 2.20 

K20 0.33 0.12 0.45 0.67 0.33 1.04 1.35 

Ni 130 105 130 130 95 55 100 

Co 55 100 85 85 70 50 60 

Cu 35 65 65 120 50 65 100 

v 20 50 25 20 50 u15 15 

Sr 40 20 30 20 25 25 45 

\ 
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Q-128 Q-129 Q-130 Q-131 Q-132 Q-133 Q-134 

S102 61.80 42.30 47.95 38.50 42.75 45.85 46.60 

Al2o
3 i'3t0~ 17.20 15.30 5.15 18.90 19.40 2Q.95 

Fe2o
3 

9.80 12.60 8.55 6.40 7.55 8.10 7o90 

MgO 2.85 5.75 5.45 4.95 4.55 3.60 3.80 

CaO 9.70 11.20 10.25 24.85 10.20 1~.'9'!'; 10.75 

MnO 0.280 0.260 0.13 5 0.225 0.100 c.1o:s 0.113 

Na2o 1.70 2.25 2.25 1.15 4.60 2.65 2.20 

K20 1.60 1.22 0.53 o.o6 o. 50 0.88 0.63 

Ni 30 220 215 165 170 130 120 

Co 50 75 45 85 60 110 55 

Cu 115 230 25 130 80 50 110 

v 20 20 20 125 25 20 25 

Sr 20 20 25 15 35 35 30 

Q-135 Q-136 Q-137 Q-138 Q-139 Q-140 Q-141 

Si02 40.75 45.40 39.65 46.85 37.90 37.10 50.65 

Al203 8.90 18.60 13.80 15.80 13.85 12.70 12.85 

Fe 2o
3 15.25 9.85 7.85 15.55 26.75 29.10 24.50 

MgO 3.95 6.55 4.30 4.60 4.45 2.75 2.55 

CaO 21.80 11.40 20.55 12.70 6.15 9o75 3.70 

MnO 0.400 0.170 0.360 0.410 0.460 o. 59 0.36 

Na20 6.45 3.30 2.35 2030 1.10 no do 1.00 

K20 0.09 0.55 0.72 1.30 0.50 0.40 o.o8 

Ni 220 225 165 145 140 95 50 

Co 160 90 80 125 150 505 11~ 

Cu 160 20 130 125 285 1:ô'50 ~2-b 

v :ao 25 45 •).15 20 .~ ul · 

Sr n.d. 25 20 15 no do no do no do 
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Q-142 Q-143 Q-144 Q-145 Q-147 Q-150 Q~151 

Si02 3S.50 63.10 53o95 43.95 44oSO 44oSO 55o75 

A12o
3 

7.65 15.05 13.25 19.20 1S.90 1S.70 14.20 

Fe 2o
3 

26.S5 10.90 7.40 s.go S.75 12.50 So40 

MgO 2.05 2.40 2.55 4.65 3.65 3.so 2.10 

CaO 4.00 5.40 7.65 11.50 14.15 10.S5 S.45 

MnO 0.190 0.195 0.175 0.140 0.210 0.245 0.190 

Na2o 0.60 2.SO 2.20 3.90 3.50 3.00 2.45 

K2v 1.25 o.so o.s. o.s. 1.26 1.65 1o22 

Ni 125 45 50 145 so 120 50 

Co 490 50 45 65 50 70 70 

Cu 430 95 S5 60 so 95 90 

v u15 u15 20 25 25 20 20 

Sr n.d. 25 35 30 25 20 15 

Ana1ysis Q-147 is on a samp1e from D.D.Ho Ua3-17 

Q-152 Q-153 Q-154 Q-155 Q~1 56 Q-157 Q~15S 

Si02 43 .go 47.65 46.75 51.05 4S.55 47.75 42.25 

A1 2o
3 

20.20 14.20 15.10 17.15 19.50 21.10·. 19 .. 15 

Fe2o
3 

s. 50 6.45 7.60 9.40 9.30 6.90 10.25 

MgO 3.15 2.60 3.45 3.3 5 3.40 3.15 4.40 

CaO 11.60 1S.20 17.10 13 o40 11.10 12.50 11.90 

MnO 0.150 0.160 0.165 0.170 0.110 0.105 0.115 

Na2o 5o05 3o90 3.75 3.95 4.35 4o90 3.45 

K20 1.42 1.13 1.05 0.99 1.17 1.51 1.60 

Ni 75 60 S5 90 75 60 105 

Co 60 50 45 60 60 45 55 

Cu 80 S5 75 95 lOO S5 75 

v 20 15 15 15 15 20 15 

Sr 30 25 25 20 20 25 20 

Analyses Q-150 to Q-1 ')8 are on auccessiVQ samp1es from D.D.H. U-5-5. 
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Q-159 Q-160 Q-161 Q-162 Q-163 Q-164 Q~l65 

Si02 47o50 48 .. 50 55.45 46.15 44ol5 44.30 47.85 

A12o
3 

19.3 5 13 .. 80 16.60 17.30 19 .. 25 19.30 17.60 

Fe2o
3 

16.35 28 .. 05 14o60 13o80 9.30 llo95 17 0 50 

MgO 2 .. 10 lo70 2.00 3 .. 50 4 .. 60 3o20 2o40 

CaO 5a05 5o40 5o80 llo 50 15.25 6 .. 75 5o45 

MnO 0.640 0.620 0.230 0 .. 270 0 .. 185 0.285 0.460 

Na2o 1 .. 20 Oo60 lo90 2.25 3.45 lo50 2.05 

K2o n.87 Oo 51 3.55 lo22 Oo75 0 .. 80 4o20 

Ni 45 50 50 80 85 80 65 

Co 45 65 60 65 45 75 70 

Cu 80 45 90 85 30 90 95 

v ul5 ul5 15 15 15 ul5 ul5 

Sr 15 15 20 25 25 20 15 

Analyses Q-159 and Q-160 are on samples from U-5-24. 
Analyses Q-161 to Q-163 are on successive samples from U-5-13. 
Analyses Q-164 and Q-165 are on samples from U-5-16 

Q-166 Q-167 Q~l68 Q-169 Q-.170 ~bl71 Q- 172 

Si02 45 .. 10 54.25 47.15 46.85 45 .. 90 47 .. 85 47.25 

Al2o
3 

17 .. 60 14.35 17.45 15.90 18.80 18.75 20.15 

Fe2o
3 

9.90 9.80 10.05 10.45 9.90 10.15 10.40 

MgO 4.15 2.50 4.30 5.10 4.45 3.60 4.65 

CaO 16.05 12.40 13.20 10.50 12 .25 11.20 11 .. 90 

MnO 0.360 0.270 Oo29 0.30 0 .. 275 0 .. 23 0.265 

Na2o 2.70 2 .. 05 3.50 2.90 3 .. 05 2.40 2.90 

K20 3 .. 45 1..36 1.15 1.23 1.30 lo38 0.91 

Ni 80 45 100 125 lOO 9~ 8 5 1 

.J 
Co 40 40 60 60 75 75 50 

-1 
,.1 

Cu . 35 85 85 30 85 100 lOO 

v ul«=; ul5 20 20 ul5 20 ul5 

Sr 25 25 20 15 30 25 30 

Analyses Q-166 and Q-167 are on samples from U-5-18 • Analyéis Q-168 is on a sample from U-6~5 " 
Analysis Q-169 is on a sample from U-6~8 '-
Analysis Q-170 is on a sample from U~6-12 
Analyses Q- 171 and Q-172 are on samp1e~ :f~Ôin U- 8- 4 
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Q-173 Q-174 Q-175 

Si02 46 .. 70 44.3 5 55.~ 

A1 20
3 

19.65 19 .. 50 12.95 

Fe2o
3 

9 .. 20 10.,05 9 .. 70 

MgO 4 .. 05 4 .. 45 2 .. 35 

CaO 11.50 11.75 15 .. 25 

MnO () , 167 0.197 0 .. 290 

Na2o 2.70 2 .. 70 1 .. 78 

K20 0.90 0.70 lo35 

Ni 105 100 85 

Co 60 55 90 

Cu 95 65 375 

v 20 20 15 

Sr 25 20 20 

Analyses Q-173 and Q-174 are on samples from U-8-5. 

Analysis Q-175 is on a sample from U-3-16. 
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J-1 J-2 J-3 J-5 J-6 J-·7 J-8 

Si02 46.25 35.50 38.10 43.75 45.55 55.10 49.50 

Al2o
3 

7.20 6.75 6 .. 55 11.50 11.60 13.40 11.25 

Fe2o
3 

24.25 32.50 35.50 26.00 19.00 16.15 17.7'5 

MgO 5.10 3.35 3o 50 4o05 5o95 4o35 2e30 . 
CaO 4.00 2.,70 2o95 8o30 9o35 10.20 2o55 

MnO 3.65 4.45 4 .. 65 0.380 Oo440 0.600 0.650 

Na2o lo20 o. 50 lolO 0.42 o. 52 lo05 o. 70 \'-

K20 2.50 1 .. 90 1 .. 65 Oo97 lo3 5 2.30 3.45 

Ni 95 80 55 /-100 80 75 90 

Co 130 215 150 120 60 85 125 

Cu 145 375 115 470 160 130 370 

v 40 35 '25 35 30 60 45 

Sr n.d. n.d .. n .. d. n.d. n .. d. n.d. n.d. 

Analyses J-1 to J~3 ·are on successive samples from D.D.H. 3-J-lp 
Section 5200 E. 

Analyses J-5 to J-7 are on successive samples from D.D.Ho 3-J-2p 
Section 5400 E. 

J-9 J..-10 J-11 J-12 J-13 J-14 J-15 

Si02 47 .. 30 48.75 42.80 45.35 42.55 41.50 44.80 

Al2o
3 

12.60 8.,60 2.85 10.85 10.30 8.05 10.60 

Fe2o
3 22.25 11.65 28.00 28.25 21.50 27.00 15.75 

MgO 2.80 2.15 3.45 4.40 4.75 3.65 5.70 

CaO 10.00 5.95 10 .. 50 3.10 7.10 4.50 8.25 

MnO 0.75 1.80 3.80 2.30 0.900 0.930 0.520 

Na2o 1.55 2.15 0.45 2 .. 45 0.,90 0.85 0.55 

K20 2.20 2.45 0.17 2.05 1.75 0.93 Oo57 

Ni 80 75 75 70 80 85 70 

Co llO 90 155 100 85 175 lOO 

Cu 170 70 495 145 145 340 125 

v 95 50 15 40 40 30 20 

Sr n.d. n.d. n.d. n.d. n.d. no do n.d. 

Analyses J-8 and J-9 are on samples from D.D.H. 3~J-3 9 Section -5500 E. 
Analysis J-10 is on a sample from D.D.Ho 3-J-S, Section 5600 E. 
Analyses J-11 to J-15 are on successive samples from D.D.H. 3-J-79 

Section 5100 E. 
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J-16 J-17 J- 18 J~l9 J-20 J-21 J=22 

Si02 32.10 46.70 43.50 49.10 42.00 54.25 49.50 

A1 20
3 

6.05 10.15 11.00 7.85 9. 50 10.05 9.60 

Fe
2

o
3 

32.20 18.10 15.55 33.00 26. ~0 15.75 18.55 

MgO 4.60 6.15, 5.85 3.80 2-95 8.90 10.40 

CaO 5.05 9.25 8.65 3.30 3.85 llo 50 8.10 

MnO 5.65 0.65 0.46 4.15 3.20 0.250 0.215 

Na2o 1.25 lo75 lolO 0.95 0.85 n.d. n.d. 

K
2

0 0.88 0.82 0.72 0.70 0.73 0.04 0.04 

Ni 75 75 65 90 50 85 80 

Co 150 85 65 215 70 90 70 

Cu 80 80 70 150 llO 175 115 

v 15 35 40 30 25 25 80 

Sr n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

Analyses J-16 to J-22 are on successive samples from D.D.H. 3-J-8 9 

Section 5000 E. 

J-23 J-24 J-25 J-26 J-27 J-28 J~29 

~i02 51.50 50.30 49.35 47.25 49.50 49.05 35.25 

Al20
3 

10.40 11.85 10.95 11.40 12.30 12.65 9.oo 

Fe2o
3 

14.85 24.50 26.25 22.75 15.65 14.50 14.8~ 

MgO 6.00 3.80 2.75 4.10 8.05 11.15 7o75 

CaO 13.15 4.95 3.40 6.85 9.65 13.40 11.10 

MnO 0.52 1.95 3.05 0.850 0.390 0.330 0.600 

Na2o 2. 50 lo45 1.75 1.75 lolO 0.84 1.80 

K20 0.82 1.30 lol2 0.85 1.95 0.06 0.52 

Ni 100 60 60 90 80 75 75 

Co 75 95 90 lOO 65 65 60 

Cu 120 75 145 940 90 70 135 

v 30 25 25 25 45 45 35 

Sr n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

Analyses J-23 to J-28 are on successive samples from D.D.H. 3-J-99 
Section 4900 E. 

Analyses J-29 to J-31 are on successive samples from D.D.H. 3-J-109 
Section 4800 E. 
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J~30 J~31 J-32 . J~33 J-34 J-35 J-36 

Si02 56.50 51.05 42.75 42.00 39.50 33.75 38.75 

Al2o
3 

10.85 7.60 8. 50 10.90 7.40 4.75 6.80 

Fe2o
3 

16.80 21.40 24.35 20.75 29o75 29.25 29.75 

MgO 4.40 4.70 5.90 3.00 3o30 4.10 3.25 

CaO 8.90 8o40 11.90 7.95 3.10 4.60 2.15 

MnO 0.940 3.60 2.00 0.800 3.05 4.10 3.90 

Na2o 1.45 1.45 1.25 0.60 0 .. 75 0 .. 85 1.85 

K20 0.67 0.55 0.34 o. 58 1.35 0.41 2.15 

Ni 70 60 70 75 70 85 lOO 

Co 75 105 80 115 120 85 145 

Cu 120 145 345 130 165 330 2000 

v 40 20 30 35 25 15 ul5 

Sr n.d. no d o no do n.d. n.d. n.d. n.d. 

Analyses J-32 to J-33 are on samples from D.D.H. 3-J-11~ Section 4700 E. 
Analysis J-34 is from D.D.H. 3-J-17 9 Section 5000 E. 
Analysis J-35 is from D.D.H. 3-J- 19 9 Section 4700 E. 
Analyses J-36 and J-37 are from D.D. H. 3~J-21~ Section 5800 E. 

J- 37 J .. 38 J- 39 J-40 J~41 J-42 J- 43 

Si02 40.50 47.65 42.75 41.75 47.40 42.80 40.50 

Al?03 
10.80 7.10 11.00 7.65 20.05 10.90 5. 30 

Fe2o
3 16.55 25 . 65 11.40 27. 35 19.15 17 0 50 30.75 

MgO 4.75 3.05 4.85 2.70 3.10 1.60 1.65 

CaO 11.40 1.65 12.90 1.80 3 . 60 9.35 lolO 

MnO 0. 340 3.90 0.40 2.15 0.74 0.75 4.10 

Na2o n.d. 0.65 1.60 0.86 2. 10 0 . 48 0.55 

K20 0.77 2.3 5 1.45 2.40 2.70 2.55 1.27 

Ni 130 60 70 55 35 60 60 

Co 90 105 85 120 65 95 125 

Cu 585 570 300 750 615 300 285 

v 45 15 45 ul5 ul5 30 15 

Sr n.d. n.d. n . d . n.d. n .d. n. d n.d. 

Analyses J- 38 and J-39 are from D. D.H. 3 ... J-22, Section 5900 E; 
Analyses J-40 and J-41 are from D.D.H .. 3- J-24, Section 5700 E~ 
Analyses J-42 to J-44 are from D.D.H. 3-J- 26 9 Section 6000 E. 
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J-44 J~45 J=46 J-47 J-48 J-49 J-50 

Si02 48.10 50. ·~o 43 0 75 49.50 43.30 42.80 45.25 

Al 2o
3 

12.50 11.10 9.3 5 11.65 8.15 11.00 11.30 

Fe 2o
3 14.05 13.50 16.40 18.75 20.80 25.75 19.75 

MgO 3.60 2.55 3.15 2.30 6.60 2.95 3.65 

CaO 13.15 14.50 16.70 10.45 6.3 5 7.50 7.70 

MnO 0.270 0.30 0.36 0.24 0.87 0.72 0.72 

Na2o 1.70 1.30 1.30 1.20 1.00 1.30 1.65 

K20 0.28 0.48 0.18 0.27 0.90 L35 1.38 

Ni 85 95 80 80 85 95 60 

Co 70 140 105 140 95 105 55 

Cu 120 105 90 235 225 190 105 

v 40 40 15 50 50 60 40 

Sr n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

Anal y sis J-45 is on a sample from D.D.H. 6-J-53' Section 4800 E 
Analyses J-46 and J .. 17 are from D.D.H. 6-J-52~ Section 4900 Eo 
Analysis J-48 is from D.D.H. 6-J-51, Section 5000 E. 
Analysis J-49 is from D.D.H. 6-J-50~ Section 5100 E. 
Analyses J-50 to J-52 are from D.D.H. 6-J-49 9 Sectio:Q. 5200 E. 

J-51 J-52 J-53 J-54 J-55 J-56 J-57 

Si02 49.35 49.50 42.75 46.25 41.75 36.25 35.25 

1 
A1 2o

3 
12.30 9.40 9.05 9.95 lù.60 11.85 s.9o 

J Fe2o
3 

18.75 11.75 23.10 21.75 24.50 10.35 25.25 
\ 

MgO 2.95 4.40 3 0 56 2.45 2.80 2.15 3.{;0 

CaO 6.40 7.85 3.85 4.80 6.25 23.20 8.10 

MnO 0.80 o.8o 0.87 1.70 0.80 0.28 0.68 

Na2o 1.80 1.85 1.95 1.95 1.35 2.70 2.05 
' 

K20 2.00 1.55 3.20 2.90 2.10 1.25 lc35 

Ni 90 70 75 70 70 13 5 125 

Co 100 100 150 95 105 100 145 

Cu 160 255 185 230 460 1600 1800 

v 0 35 30 30 35 25 35 15 

Sr n.d. n.d. n.d. n.d. n.d. n.d •. n.d. 

Analyses J-53 and J-54 are from D.D.H. 6-J-2, Section 5400 E~ 
Analyses J-55 and J~56 are from D.D.H. 6-J-4, Section 5500 E~ 
Analyses J-57 to J-59 are from D.D.H. 6-J-7' Section 5600 E. 
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J-58 J~ 59 J-60 J-61 J-62 J-63 J~64 

Si02 44.o0 42.35 36ol5 34.15 41.50 44.10 41.25 

Al2o
3 

7.15 5.40 7.15 9.70 15.15 5.50 12.70 

Fe2o
3 

25.80 32.50 21.85 25o50 22.05 28.25 20 .. 25 

MgO 3.15 3.00 2.95 2.60 1.55 2.35 2.15 

CaO 2.70 2.45 4.80 2.10 2.00 2.30 7 0 50 

MnO 0.95 2.60 2.60 0.98 0.49 1.90 o.8o 

Na2o 1..35 1.95 1.45 0.95 0.70 0.70 1..10 

K
2
0 2.15 2.55 0.88 2.10 1.95 1.80 1.68 

Ni 80 70 65 60 45 125 60 

Co 155 185 130 85 80 170 85 

Cu 945 830 325 150 195 2450 465 

v 25 20 15 30 15 15 15 

Sr n.d. n.d. n.d. n.d , n.d. n.d. n.d. 

Analyses J-60 to J-63 are from D.D.H. 6-J-99 Section 5700 E. 
Analyses J-64 to J-67 are from D.D.H. 6-J-5, Section 5800 E. 

J-65 J~66 J-67 J~68 J-69 

Si02 39.05 38.20 44.10 35.85 50.60 

A12o
3 9.55 4.95 10.55 7.25 3.80 

Fe2o
3 

22.6 5 31.50 24.50 18.50 23.25 

MgO 3.95 2.20 2.60 3.70 4. 30 

Cao 5.00 3.15 2.70 10.90 4.90 

MnO 3.30 2.50 lo85 0.95 4.70 

Na2o 1.30 0.85 1.75 1.10 2.10 

K20 1.70 0.66 3.70 0.81 0.63 

Ni 60 50 65 60 80 

Co 90 115 llO 80 145 

Cu 155 860 375 800 710 

v 25 ul5 55 25 ul5 

Sr n.d. n . d . n. d . n.d. n.d. 

Analysis J-68 is from D.D.H. 6-J-6, Section 5800 E. 
Analysis J-69 is from D.D.H. 6-J-10 9 Section 5900 E. 
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CU-4 CU-5 CU-6 CU=7 CU=8 CU=9 CU=lO 

Si02 49.50 55.3 5 58.60 57.80 59.05 60.3 ,5 56.50 

A1 20
3 

16.85 15.05 12.15 13.90 10.10 13.70 14.80 

Fe2o
3 

15.60 15. 5':' 15.05 15.75 18.50 18.90 15.1(' 

MgO 3.70 3.45 1.60 3.10 2.90 1.95 5o 20 

CaO 10.00 6.90 6.15 7.20 7.20 3.40 6.10 

MnO 0. 240 o. 550 o. 550 0.640 0.570 0.460 0.250 

Na2o 2.60 1.40 1.50 1.70 0.76 1.10 2.50 

K20 2.75 1.82 2.08 1.45 0.31 2.45 1.88 

Ni 75 60 45 45 105 65 lOO 

Co 45 60 65 35 145 130 75 

Cu 205 130 140 385 170 775 260 

v 25 25 25 25 35 25 50 

Sr 15 10 10 n.d. n.d. n.d. 15 

Analyses CU-4 to CU-7 are from D.D.H. c.s. 88, Section lOO w. 
Analyses CU-8 and CU-9 are from D.D.H. C.S. 82~ Section O. 

CU-11 CU-12 CU-13 CU-14 CU-15 CU-16 CU-17 

Si02 50.20 50.80 51.75 48.90 51.20 51.2 5 51.75 

A1 20
3 15.35 15.20 13.20 12.80 7.75 14.20 16.90 

Fe 2o
3 

14.25 13.90 14.80 15.85 13.90 21.10 13.75 

MgO 3.25 4.75 6.20 6.60 8.60 6.25 2.55 

CaO 10.30 11.80 8.10 9.95 17.15 3o50 7.60 

MnO o. 260 0.380 0.340 0.340 0.600 0.340 0.360 

Na2o 2.30 2.05 2.20 1.70 n.d. 1.80 3.3 5 

K20 1.78 1.58 1.75 0.82 0.07 1.78 3.55 

Ni llO 85 95 160 280 70 40 

Co 55 50 50 60 75 55 45 

Cu 975 130 120 190 200 150 110 

v 45 60 60 55 lOO 40 25 

Sr 15 10 15 n.d. n.d. n.d. 15 

Analyses CU-10 to CU-16 are from D.D.H. cu 321, Section 0 
Analyses CU-17 to CU-23 are from D.D.H. CS-75, Section 100 E. 
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CU-18 CU-19 CU-20 CU-21 CU-22 CU-23 CU-24 

Si02 52o50 51.55 50.00 44.35 49.25 51. ?5 4?q50 
Al2o

3 17.10 16.90 15.25 18.10 19.70 16.,80 16.85 

Pe2o
3 14 .. 75 17.50 19.90 20.55 9. 40 14.10 16 .. 90 

MgO 3 .. 00 2.,80 3.15 4 .. 35 3.75 3.65 5.50 

CaO 7.10 6.10 7o20 5.30 7.55 7o80 7.80 

MnO 0 .. 620 0.450 0.620 0.460 0.380 0 .. 540 0.380 

Na
2
o 2 .. 40 lo85 1.65 lo40 2.10 3.10 2.30 

K20 3.10 3 .. }0 lo8'i 1 .. 78 3.40 2.78 2.08 

Ni 45 55 95 95 65 90 225 

Co 55 55 50 60 40 95 70 

Cu 55 120 135 115 115 120 250 

v 25 30 35 35 55 30 35 

Sr 15 10 10 15 15 15 15 

Analyees cu ·24 to CU-31 are from D.D.H. CS 69p Section 200 E 

CU-25 CU-26 CU- 27 CU-28 CU-29 CU-30 CU-31 

Si02 46 .. 90 47.85 50.25 47.75 48.20 49.20 54.15 

Al2o
3 16 .. 95 18 .. 10 16.45 22.10 16.90 19.05 12 .. 60 

Fe2o3 
16.50 16.60 12.70 12.50 14.15 12.50 9.60 

MgO 5o05 5.40 4.65 3.95 4.90 3.00 lo55 

CaO 8o85 7 .. 85 8.76 5o75 8o85 6.20 5.90 

MnO 0 .. 270 0.260 0.320 0 .. 300 0.500 0.480 0 .. 440 

Na2o 2 .. 40 3.40 3 .. 00 2.00 1.95 2.65 1.40 

K20 2.40 2 .. 73 3.45 4.18 3.38 4.50 2.76 

Ni 165 190 85 90 90 60 u30 

Co 65 95 40 50 40 45 35 

Cu 105 140 135 80 llO 80 85 

v 30 25 35 45 45 45 15 

Sr 15 15 15 15 15 15 15 
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CU-32 CU-33 CU-34 CU-35 CU-36 CU-37 CU~38 

Si02 47.25 44.75 50.25 51.65 49.50 51.55 48.25 

Al
2

0
3 

15.05 14.35 17.20 15.95 16.05 18.35 17.55 

Fe2o
3 

17.85 20.25 17.35 15.05 13.20 11.40 10.85 

MgO 4.20 5.30 4.20 3.90 4.40 2.95 3.10 

CaO 9170 8.40 3.25 9.80 10.50 8.85 11.20 

MnO 0.410 0.290 0.230 0.220 0.270 0.170 0.190 

Na2o 1.15 1.20 2.30 2.3 5 2.90 3.30 2.85 

K20 1.70 lol5 2.50 1.56 2.25 2.3 5 2.08 

Ni 90 120 85 120 80 80 95 

Co 75 65 140 85 45 75 60 

Cu 170 250 280 300 80 105 85 

v 35 60 40 55 65 45 50 

Sr n.d. n.d. 15 20 15 20 20 

Analyses CU-32 and CU-33 are from D.D.H. CU-411 9 Section 200 E. 
Analyses CU-34 to CU-40 are from D.D.H. CU-383 9 Section 250 E. 

1 Anal y sis CU-42 is from D.D.H. CU-399 9 Section 80 E 
\ 
1 
( 

CU-39 CU-40 CU-42 CU~43 CU~44 CU-45 CU-46 

Si02 50.45 47.85 58.35 57.35 54.85 52.55 47.65 

Al 2o
3 

19.50 8.80 13.65 14.85 15.10 14.80 13.25 

Fe2o
3 12.85 18.65 6.15 9.00 8.40 13.20 16.65 

MgO 4.70 2.55 2.40 3.10 3.75 4.20 5.15 

CaO 7.50 12.50 10.35 9.10 8.05 9.90 9.15 

MnO 0.240 o. 500 0.120 0.150 0.140 0.250 0.310 

Na2o 3.15 0.65 2.35 4.90 4.05 4.30 2.70 

K20 2.72 0.38 0.41 o. 50 0.28 0.74 0.41 

Ni 105 lOO 30 45 50 75 95 

Co 60 190 30 35 40 45 60 

Cu 45 1350 40 80 60 90 260 

v 50 30 20 40 40 25 35 

Sr 15 n.d. 20 45 40 n.d. 20 

Anal y sis CU-43 is from D.D.H. CU-331, Section 400 E~ 
Analysis CU-44 is from D. D.Ho CU-319, Section 450 E ~ 
Analysis CU-45 is from D.D.H. CU-358 9 Section 750 E~ 
Ana1ysis CU-46 is from D.D.H. CU-228 9 Section 835 E. 
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CU-47 C.C.l C.C.2 C oC o3 C.C.4 C.C.5 C.C.6 

Si02 56.75 65.00 70.30 55.85 61.25 64.50 68.60 

A1 2o
3 

14.20 12.30 13.60 12.60 14.05 14.30 12.85 

Fe2o
3 10.50 3.75 3.80 4.20 5.95 3.75 3.05 

MgO 3.05 1.95 1.65 3.15 2.60 1.70 1.15 

CaO 10.90 7.05 7.25 10.40 11.10 9.00 6.80 

MnO 0.270 0.060 0.060 0.075 0.120 0.080 0.065 

Na2o 4.25 5.40 2.85 4.10 3.10 3.75 3.45 

K20 0.63 0.90 1.37 1.67 1.05 1.06 lo75 

Ni 55 u30 u30 50 35 u30 u30 

Co 50 u30 u30 40 35 40 35 

Cu 95 65 75 105 llO 80 65 

v 40 20 20 35 30 25 20 

Sr 20 40 35 25 30 30 30 

Analysis CU-47 is from D.D.H. CU-194 9 Section 960 E. 
Analyses C.C.l and 0.0.2 are from D.D.H. U-510 
Analysis 0.0.3 is from D.D.H. U-371 
Analy~is C.C.4 i s from D.D.H. U-379 
Analysis C.C.5 is from D.D.H. U-698 
Anal y sis c .c 0 6 is from D.D.H. U-950 

c.c.7 c.C.8 c.c.9 C.C.10 

Sio
2 66.25 60.10 54.90 62.40 

A12o
3 

14.05 14.80 15.65 15.20 

Fe
2
o

3 5.95 7.40 4.10 6.45 

MgO 2.35 4.30 1.70 2.05 

CaO 10.50 10. 5C 10.?0 10.90 

MnO 0.100 ).110 0.068 0.100 

Na20 2.75 4.45 4.75 4.05 

K
2

0 1.72 1.10 2.30 2.40 

Ni u30 50 u30 u30 

Co 50 45 40 35 

Cu lOO 85 80 65 

v 20 30 25 25 

Sr 30 30 35 30 

Analyses C.C.7 and c.c.e are from D.D.H. -U-575 
Analyses c.c.9 and C.C.10 are from D.D.H. U-715 
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APPENDIX IV 

A Not& on the Classification of the Shaar Zonas 

When the drill ~or~ intersections of the shear zones wsre 

examined, the relative intensities of alteration and the occurrQncss 

of sulphides WQN notedo Thase relativs changes WQN classified aa 

being charactsristic of a particrular shear zone~ or part of a shear 

zona. 

The term Class I was given to a shear zone which showad 

light to modarate lzy'drothermal alt9ration eff&cts. The t&rm Class II 

was given to a moderately to heavi],y sheared zone showing a good degree 

of Qydrothermal alteration affects. The term Class III was given to a 

heavily sheared zone,~~ showing intense alteration effects.ll and in which 

sulphides were presento However, traces of sulphides, especia~ 

pyrite, may be present looally in shear zones of Class I and Class IIo 

The shear zone intersections shown in the variation diagrams 

in Chapter VI are classified in each figura as followss 

Class I 

Figure l 150• - 3001 

Figure 2 300' - 4001 
7251 -1020' 

Figure 3 4001 - 5oo1 
6001 - 7001 

Figure 4 36o• - 3901 
6201 - Boo• 

Figure 5 100' - 3001 
6500 - 7001 

Figure 6 

Class II 

3001 ~ 4001 
8501 - 8601 

,5001 - 6001 

3001 "" 560• 

250• - 3301 

3401 ~ 480• 

Class III 

56oe - 610• 

330 1 - 3401 



~_gure 8 

Figure 9 

Figure l2 

Figure 13 

Figure 14 

Figure 15 

Figure 16 

Glass I 

2Q()f "" 5751 

·aoo• -10001 

4001 - 5oo• 

45o• ~ 5ooc 

50• - 150• 

Glass II Class III 

2501 = 600t 600• - 700' 

600• -1050• 1050• -12001 

1250' -13351 

2501 - .350• 

55o~ ~ 6.50• 

When the ana.lyt.ical results were plotted on the variation 

diagrams the chemical changes in the different classes of shear zones 

beèame evident. The increase, or decrease, in the concentration of an 

element was determined b,r cemparison with the average concentration ot 

that element in the massive rock in the same section. 

The increases and decreases in the concentration of each 

element in the classified shear zones shown in the variation diagrams 

were then tabulated. For exa.mple!' if in 14 Class I shear zones, the 

concentration of potassium shawed an increase in 10 of the zones, and : 

a decrease in 4 zones, it was indicated in Table VIII that potassium 

shows an increase (marked by a +) in most c4 Class I shear zoneso The 

increases or decreases in the other elements were derived in the same 

way for all 3 classes of shear zones. Where the amount of increase, 

or decrease, for an element was doubtful in a particular class of 

shear zone, this was indicated by a question mark. 
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