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INTRODUCTION 

General Statement 

The importance of dykes and sills as structural controls of 

ore deposits has been recognized in many mining districts o In 

the Chibougamau area such controls have long been suspected, but 

their nature has not been weIl understoodo One of the main 

problems has been the difficulty in correlating of dyke inter­

sections from one drill hole to another. The reliability of such 

correlation is essential for a clear understanding of the spatial 

relation of the dykes to the mineralized 'Zones o 

The main purposc of this thesis is to investigate the possi­

bility of correlating the dykes on the basis of their chemical 

compositions. 1\.1so, :i.t is hoped that. the analytical data pre­

sented here, May pro vide a better basis for speculation as to 

the origin of the dykes, and their genetic relationships. 

Location and Access 

The Chibougamau are a lies approximately 300 miles due north 

of Montreal, just south of the 50th paralle16 It is reached by 

air from Montreal, via La Tuc, and Roberval, and by a 150-mile 

all-weather road from St. Felicien. The Canadian National Rail­

ways make the area accessible from St. Felicien, and from 

Beattyville, about 32 miles north of Senneterre, in the Noranda 

area. 

The Campbell Chibougamau Mine is situated on Merrill Island, 

in Lake Dore, 3 miles south of the Chibougamau Townsite. The 

Island is linked to the mainland by a causeway, and is connected 

to the main highway by gravel roads. 
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History 

The long history of prospecting and mine development of the 

Chibougamau area began in 1870, with an expedition headed by 

J. Richardson, a geologist with the Geological Survey of Canada. 

His reports, commenting on promising mineraI occurrences, prompted 

other visits to the area, and before long Chibougamau acquired a 

reputation as a potential copper and asbestos mining district~ 

Despite a pessimistic report by the Ghibougamau Mining 

Commissioner in 1910, the area continued tù attract many prospec­

tors, geologists and prominent men of the Canadian mining 

industry. Among the pioneers whose names are intimately linked 

with the early history of the d.istrict, were P •. McKenzie, A.P. Low, 

J. Obalski, E. Dulieux, T.E. Barlow, J.C. Gwillim, and many others. 

The original discovery of copper mineralization on Merrill 

Island was made by Gaptain Blake in 1920 0 Blake Mine Syndicate 

was formed, and later reorganized as Blake Development Mining 

Company. In 1929 the ground was acquired by Northern Investment 

Company. 

At the same tirne, Chibougamau Prospectors Limited obtained 

control of four Y~ater claims, offshore of Merrill Island, situated 

along strike of Blake's mineralized zone. In 1934 Consolidated 

Chibougamau Goldfields, a subsidiary of the Consolidated Mining 

& Smelting Company, acquired the water claims but soon had to 

suspend aIl exploration work owing to low metal priees and un­

favourable mining conditions. Very little activity took place 

until the post-war years. 
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The construction of a new all-weather highway in 1949 

provided the needed stimulus for the resumption of operations. 

In 1950, Campbell Chibougamau Mines Limited, headed by 

E.O.D. Campbell, a New York broker, acquired aIl assets of 

Chibougamau Conso1idated Goldfields. A vigorous surface explor­

ation program, involving 41,183 feet of diamond drilling devel­

oped the original Blake showing into a major orebodyo A lease 

was obtained on the adjacent land he1d by Merrill Island, and 

in 1951 underground operations began. Hydre electric power was 

brought into Chibougamau from Lake St. John, and a 1,700 ton 

per day concentrator was erected. With ore reserves of 2,750,000 

tons containing an estimated 160 million pounds of copper and 

200,000 ounces of gold, formaI production began on July Ist, 19550 

In subsequent years the development included deepening of 

the shaft to 2,550 feet, and opening of new levels at depth. 

In late 1960 sinking of a winze began from the 1,900 level~ and 

by mid-1962 thA winze was completed to a depth of 3,900 feet. 

The discovery and development of the Henderson Mine i.n 

1957 necessitated an increase of the capacity of the concentrator 

to its present 3,000 tons per day. 

The concentrate is shipped to the Noranda Smelter by rail, 

over a distance of 275 miles. 

Production 

At present, the production of ore comes from four sources: 

1) The Main Mine, including the "Au ore and nB~~ ore, the latter 

being leased from Merrill Island Mining Corporation, 
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2) The Kokko Creelt orebody, leased under the sarne agreement, 

3) The Cedar Bay Mine, and 4) the Henderson Mine o 

In the period from June 30th, 1963 to June 30th, 1964 the Main 

Mine produced 362,126 tons of ore, representing 41 0 6 per cent of 

the total production. By June 30th 1 1964 the ore reserves 

totalled 1,189,626 tons of proven and probable ore, grading 1 .. 81 

pel" cent Cu, and 0 0 034 oz/ton Au (Canadian Mines Ha.ndbook, 1965}o 

Previous Work 

The first systematic mapping in th~ Chibougamau area 't'las 

done in 1929 by Retty for the Quebec Department of Mines 

(Retty, 1929). In the years 1930 and 1934 Mawdsley and Norman 

mapped the entire area west of Lake Chibougamau on a scale of 

l. mile to l inch. Their findings were published in the Geological 

Survej' of Canada Memoir No_ 185, which ta this date remains as 

the classic report on the geology of Chibougamau. 

Following the construction of the highway in 1949, the 

Quebec Department of Mines mapped most of the local township on 

a scale of 1 inch to 1,000 feet. The geology of the immediate 

\ricinity of the Campbell Mine ls covered in reports by Graham, 

(1956), Smith and Allard, (1957), and Horsecroft J (1958). 

The geology of the Campbell Mine to the 1900 level was 

thoroughly described by Jeffery, (1959). Certain aspects of thB 

geology of the Campbell Mine were investigated by Raychandhuri, 

in his "Study of Trace Elements in the Sulphides" (1960), and by 

Hawkins:, (1960), in his spectrochemical study of rocks associated 

with the sulphide deposits of Chibougamauu 
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GENERAL GEOLOGY 

Regional Setting 

The Chibougamau area lies in the eastelinmmt part of the 

Superior Province of the Canadian Shield. This province is 

characterized by east-west trending structures, and typically 

contains belts of vo1canic and sedimentary rocks, intruded by 

basic and ultrabasic 5i11s and by granitic, diori tic and gabbroic 

stocks and batholithso The volcanic and sedimentary belts are 

~ separated by larger areas of granitic and gneissic rocks o 
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In the east, the rocks of the Superior Province are truncated 

by northeasterly trending s~ructures of the Grenville Province Q 

The Grenville Front, which marks the boundary bctween the 2 

Provinces) is located about 10 miles eas't of the Campbell Mineo 

The southeastern part of the Superior Province, extending 

through much of Quebec and Ontario, has been Ganada's major source 

of metals. Many of the largest nickel, copper, cobalt, zinc, gold 

and silver ore bodies are found in a wide heIt, extending from 

Sudbury northeast toward Chibougamall. Gill ~ (1948) names th:!.s 

belt t.he Sudbury-Chibougamau metallogenic provi.nce, and. 8uggests 

that the southwestern extension may be formerl hy the Keweenawan copp­

er ·deposits of Michigan. 

Geology of the Chibougamau Area 

As the geology of the Chibougamau are a has been thoroughly 

described by many workers, only a brier description i8 presented 

here v Numerous works on Chibougamau containing detailed accounts 

of the general geology are listed in the bibliography~ 

Lithology 

The oldest rocks in the Chibougamau area are folded and. faulted 

metamorphosed volcanic and sedimentary rocks, representing the 

eastern extension of the Mattagami-Waconichi greenstone helt~ 

These Keewatin-type rocks have steep ta vertical dips, and gener­

al1y trend in an east-west direction. They are intruded by masses 

of granites, diorites, gabbros, anorthosites and by sills of 

pyroxenites and peridotites. The most important of these intrus­

ions is the Chibougamau intrusive complex, which is the host te 

most of the copper deposits in the area o It will be discussen in 

sorne detail in the following section. 
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The youngest consolidated rocks of the Chibougamau area 

are flat-lying sediments of the Mistassini and Chibougamau series. 

They occur in a few patches north of Lake Chibougamau, and overlie 

the older formation with an unconformityo 

Table l 

Table of Formation (after Jeffery, 1950) 

Cenozoic 

Precambrian 

Recent and 
Pleistocene 

Mistassini Group 

Chibougamau Group 

Clay, sand, graveI, morainic 
material, peat. 

Diabase dykes. 

Dolomitic limestones, sandstones 
and shale. 
Conglomerate, arkose, greywacke, 
quartzite. 

Dykes of granodiorite, gabbrQ, 
feldspar and quartz-feldspar 
porphyry; 
granite, diorite and related 
rocks; 
anorthosite and associated gabbro 
and serpentines; serpentine, 
pyroxenite, gabbro and diorite" 

Greywacke~ arkose, conglomerate, 
quartzite, and chert .. 

Feldspathic sediments, minor slate 
and argillite, tuff, agg1omerate, 
acid to basic lavas) related 
diorite and gabbro~ 

The Chiboug;amau intrusi ve is a roughly oval mass, 35 miles 

long and 15 miles wide. Its long axis trends N70oE, and terminates 

against the Grenville Front in the east o The Chibougamau intrusive 

consists of a stratified gabbro-anorthosite body, named Dore Lake 
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complex by Allard, (1956), and of masses of granites and related 

rocks, which seem to intrude the Dore Lake complex in the centre. 

In the northern and western part of the Dore Lake complex, 

the primary strata dip to the north and west respectively. The 

eastern part is not as yet weIl known. It appears, however, frùm 

the available fragmentary data, that the sense of dips is in the 

opposite direction, suggesting an anticlinal or domal structure o 

The stratification of the Dore Lake complex is locally weIl 

defined, and has been compared to the stratification of the 

Sudbury norites, (Malouf and Hinse, 1956). Tt consists of com­

positional bands, ranging from pyroxenites to granophyres, and of 

alternating layers of coarse and fine grained phases of the 

anorthosites. 

Acidic dykes of grey feldspar porphyry and quartz-feldspar 

porphyry, are common in the entire area especially near Lake 

Dore. They are mineralogically similar to the granitic mass 

comprising the central portion of the Chibougamau intrusive, and 

are considered to be its differentiates. The dykes have a 

regional northwesterly trend, dip vertical1y or steeply to the 

northeast or southwest, and are commonly associated with ore­

bearing shear zones. The study of their chemical composition 

forms the subject of this thesis. 

The acidic dykes are cut by younger, more basic dykes, 

locally termed gabbroic and dioritic. The youngest dyke of the 

Chibougamau area is a diabase, which trends northeasterly across 

Lake Chibougamau. 
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Structure and Metamorphism 

The Keewatin-type lavas and sediments, which represent the 

eastern extension of the Mattagami-Waconichi belt, are tightly 

folded into several east-west trending synclines and anticlines o 

Top determinations north of Lake Chibougamau suggest that the 

northern belt of volcanics forms part of a syncline whose axis 

lies some 3 miles north of Gilman Lake. A major anticline is 

indicated south of the Chibougamau complex, between the 

La Dauversiere and Fanca.mp granitic stocks.. As mentioned above, 

the attitudes of the primary stratification of the Dore Lake 

complex itself, suggest a domal or anticlinal structure, with 

its axis striking in a northeasterly direction. 

The regional metamorphism of the rocks of the Chibougamau 

are a is that of the greenschist facies. The metamorphism of the 

gabbro-anorthositic complex, however, is enigmatic. The altera­

'tion of plagioclase to zoisite, clinozoisite and sericite, and 

of pyroxene to chlorite, involves addition of great masses of 

water, the origin of which still remains as one of the greatest 

problems of the local geology. 

Faulting 

The Chibougamau area is transected by two major sets of 

faults and shears" The northeast trending set is by far the 

Most prominent one. It is represented by a series of three 

major faults that parallel the Grenville Front to the south, 

and converge, with it in the north, northeast of Lake Waconichio 
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The second. noI'tht-lest set of shears :1s sme.l1er in magnitude l1 but 

of much greater importance econom:1callYl1 aS :1t controle all of 

the coppel' deposits in the area l1 l'lith the exception of the 

Henderson orebodyo 

Although t.he age rele,tionship bet'tITeen t,has0 tuo major struc­

tural sets has not yet been definitely determined, there seemB 

to be general agreemen-t that the northeast set 1s younger ll 

(Gre.haro!) 19569 Mal'ldsley and Norman" 1935}0 

Ge_O:t0.81 of t,he OB.YllPbelJ, M1_n~ 

The ore bodies of the Campbell Chibougamau Mine are tabulaI' 

and lent:1cu1ar replacement deposits within a major composite 

sh6aro This structure has an average strike .of N700 Wp and dips 

from 600 south to 800 north~' The ore bodies, pit ching 1rregul­

ar1y to the '-Test, extend on: the neighbouring Merrill Island 

property, and "Test"Tard under Lake Dore for an over-a11 str:1ke­

length of 900 feetê The m1neralized zones average '0 feet in 

"Tid th, and are continuous ta a depth of 1900 t'eeto at t,his horizon 

the ore bottoms out.S) but minera11zation reaumes again on the 

2700 levelo This lOl'J'er part of the deposit i8 made accessible 

by a 1'11nze, "1h1ch reaches to a depth of 3,900 feet~' 

The ore zones are wholly enclosed in meta-anorthosite, and 

commonly occur along the footwalls of steep1y dipping dykes 

'\'1hich are concentrated along the main shears; 

The ore mineral, chalcopyrite~ 1s associated with pyrrhotite p 

minor que.nti tiea of pyrite, and sphaleri te and. galena~ CUban-

ite p vallarilte, tetradymite and magnetite are rare~' J\.lthough 
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gold occurs in recoverable quantities, j,ts distribution is 

unknmm. Visible gold has been noted rarely, and Jeffery, (1956)", 

assumes that the bulk of the gold is associated with pyriteo 

The mode of occurrence of silver 15 also uncertain. 

In the proximity of the m:i nerali'70ed zones the meta-anorthosit,e 

host rock is commonly sheared and alteredo The alteration associ­

ated vdth the she8.ring consists of chloritization, sericitization 

and carbonatizationo The shearing has locally destroyed the 

original texture of the anorthosite and has formed a rock that 

could be best described as a chlorite-sericite schist. In a few 

places, relati vely massive anorthosj.te is found' in a wallrock 

of the mineralized zones~ It differs from the normal country 

rock by containing recrystallized zoisite and ~linozoisite that 

can only be detected microscopicallyo Attempts to distinguish 

between regional metamorphism, shear alteration, and hydrothermal 

alteration accompanying ore emplacemp.nt, and subsequent attempts 

ta use alteration as a guide ta ore have been the subject of many 

investigations. The results, however, have been inconclusive. 

The ore zones are structurally controlled by shears that 

traverse the meta-anorthosite at an average strike of N70°'W. 

The widest portions of the zones are formed in the centre of the 

composite shear. At depth, the widths of the zones appear to 

be related to the amount of dip. The widest ore zones occur 

where the dips are relatively steep, or vertical, and the zones 

become narrower with flattening 0f the dip. Several barren shears 

(- trending north to N200E have been observed in the mine workings o 
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These seem to be early structures 1 as they ar.e offset by the later 

steeply dipping ore-bearing shears. AIl avaiJ.able evidence indi­

cates that the amount of post-ore movement has been negligible. 

The role of the primary layering of the anorthosite observed 

in the mine was investigated by Jeffery, (1956), but no rela.tion 

with the mineralized zones was detected. 

The importance of the dykes, and their relation to the miner­

alized zones wtll be discussed in greater det,8.il in the following 

section. 

STUDY OF THE DY!Œ ROCKS 

1.DESCRIPTION OF THE DYKES 

Dykes are a common feature within the entire anorthosite mass. 

With a few exceptions, they are conformahle ta the ore-bearing 

shear, and range in width from several inches ta a hundred feet.. 

The dykes increase in number tm .... ard the cent.re of the shear, where, 

in the vicinity of the mineralized zones, they constitute about 

'30 per cent of the rocks. 

On the basis of age relations, as determined from field 

observations, the dykes can be classified into 3 main divisions. 

1. The older diorite dyke 

2. The ttcommon" dykes 

3. The amphiboJ.ite dyke 

Of these three divisions, only the dykes of the second group 

are considered in this thesis. The common dykes are most abundant, 

and as will be shown in subsequent sections, are important factors 
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in the structural control of the ore~ The other two dykes have 

little importance with regard to mineralization, and will, be 

described only briefly for the sake of completeness. 

The Older Diorite Dyke 

The oider diorite dyke occurs on the 1,000 leveI, where it 

forms a tabular mass, about 50 fest wirle, extending over a distance 

of 500 feet, along the footwall of the orebody. The dyke is dark 

green in colour, a."1d consists of 35 to 60 per cent chlorite, with 

minor associated quartz, plagioclase, sericite and calcite. Tt 

i5 cut by sorne of the common dylces, and is, therefore, considered 

ta be oider. Apart from its occurrence on the 1,OOO-foot levei 

the dyke is relatively rare i.n the mine workings, and has little 

significance in its relation to ore. 

The Amphibole Dyke 

This dyke forms a large continuous body~ averagtng about 30 

feet in width, and striking almost. parallel to the ore zones. 

It dips 50 0 north, and intersects the orebody near the 1900 level. 

The dyke is dark green, ranges in texture fram coarse in the 

centre to fine at the margins, and consists of preclominantly 

actinolite, with zoisite, clinozoisite, chlorite and quartz. 

The dyke cuts across sorne of the common dykes and 15, therefore, 

considered to be younger. Although locally replaced by sulphides, 

its age relation to the mineralization ls uncertain. Its contacts 

with the sulphides are mostly sharp, but locally tongues and veins 

of ore extend into the dyke. Jeffery favours the view that the 

(" , dyke is pre-ore, mainly because of an apparent damming effect it 

seems to have had on the ore-bearing solutions~ 
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'. The Common Dykes 

Field Relations of the Gommon Dylces 

The common dykes are conformable to the main ore""bearing 

shear o The dykes merge and divide both along the strike and 

down dip, forming a complex swarm whose greatest concentration 

occurs in the vicinity of the mineralized zones o Within the 

shoar, the dykes are both massive and sheared~ and are locally 

broken and separated into isolated lenses and blocks o Where 

sheared, the dykes are chloritized and sericitized ta a degree 

which makes 'them often indistinguishable from altered anortho .... 

siteo 

In the massive anorthosite the dykes a.re invariably massive 

and relatively fresh, \'lith sharp) regular contactso In places p 

small blocks of meta-anorthosite are contained by the dykes 

along their margina, indicating, that at least in part, the dykes 

have been emplaced by stoping é In general, their intrusion had 

little effect on the meta-anorthosite) which shows no signs of 

recrystallization or metamorphism at the contacts. 

The margins of the dykes occasionally show chilling, but 

the grain gradation can usually be obsel""ved only under the 

microscope o Locally J poli shed and slickensided dyke \'ITalls indi ... 

cate that the dyke contacts were zones of weakness along which 

a certain movement had taken placeo The contacts are lined with 

qù.artz, carbonate, chlorite, and sericite, and commonly carry 

sulphide mineralizationo This suggests that. the contact zones 
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may have been a part of the channelway systems that controlled 

the ascent of the ore bearing solutions ~ 

Although there is general agreement among geologists that 

the emplacement of the common dykes preceded sulphide mineral­

ization the relation of the dykes to the ore zones in not 

entirely clear. Along their margins the dykes are locally re­

placed by sulphides 7 whereas in the shear zone, barren isolated 

dyke fragments and masses are wholly enclosed by sulphides .. 

In general, however, the dykes seern ta have been less suscep­

tible ta replacement by sulphirles than the meta-anorthositeo 

In places where the ore zones are in contact with the common 

dykes the extent of the mineralization 8eems to be controlled 

b y the atti.tude of the dykes w The contacts are sharp, and the 

sulphides follow the footwall of the dykes with little or no 

replacement of the dyke rock. This relation gave rise to the 

suggestion, (Jeffûry, 1956), that the dykes had a damming effect 

on the ascending ore-bAaring solutions, producing local concen­

trati.ons of high grade ore" The alternative explanation might 

be that the dykes behaved as stiffeners, pre serving 2',ones of 

dilation within the shear, ln Tllhich the sulphides were readily 

deposited. 

The relationship bet.ween the various common dykes is 

equally problematic. Seven distinct dyke rock types have been 

distinguished by Jeffery, (Table 2) 7 but. grada·tional st.ages 

between each of the dykes have been observed under the micro-

;r SCOpl3, Jeffery, (1956, p .. $)). Although Jeffery states that no 
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rapid variation in the compositions of the dyk6S has been observed, 

Graham!) (1956, poIS), notes loca.l fading of phenocrysts result:1.ng 

in gradational tranait:1.ons bet.ween po!:,phyri tic and equigranular 

dykeso 

Careful structural correlation of d~.amond hole inter­

sections of the common d.ykesl) partieularly in areas of close 

dr:l.l1inSlj :1.ndicates j) 'I,'rithout doubt s that individual branches of 

the main dyke S\'laI'nl are compossd of more than one dyke rock type~ 

(Figure 1)<> 

Cros8cu'tti:ng relationships bet'\'Jeen the common dykes have 

rarely bean observed in the mine workingso Graham~ (1956l) PQ14), 

notes lI h01iever, tha.t quartz diorite dykes eut. some gray porphyry 

dykesl) and are in t~,""':rl eut by other gray feldspar porphyry dykee.,: 

Ql"eJlll:tf'iègtion of· the Commgn· Dykas 

EJt:amlnation of about one hundred thin sections ot the common 

dykas has added little to Je~fery-s treatment of the subjecto 

His classiflcati.on, presented. here, ha.a been only alightly modifier1o 
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Table 2 

Classification of the Cornmon Dylces 

Quartz 
Matrix Quartz Present Absent 

Phenocrysts None Feldspar Q~artz Feldspar 
Quartz 

None G 

< 10 peI' cent P 

< 20 pel' cent QD D 

20-60 pel' cent Q F 

> 

G 
QD 
D 
Gr 

60 per cent Gr 

Grey Dyke 
Quartz Diorite Porphyry 
Diorite Porphyry 
Granitic 

P 
F 
Q 

Quartz Porphyry Dyke 
Feldspar Porphyry 
Quartz Feldspar Porphyry 

Only four of the seven cornrnon dykes shown in the' above table 

are distinguished by mine geologists. These are the grey, feldspar 

porphyry, quartz feldspar porphyry, and the granitic dykes o 

The criteria used for rnegascopic identification of the various 

common dykes are texture and the nature of the phenocrysts o Since 

the size of the phenocrysts is relatively small, and their compos­

ition is cornmonly obscured by alteration, field identification of 

the dykes·is often impossible. Owing to this difficulty, the 

relative abundance of the individual dylce rock types cannot be 

determined accurately. Judging by diamond drill logs, the grey 

and feldspar porphyry dykes are by far the rnost widely distributed. 

"'" 
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The apparent abundance of the grey dyke, estimated as high as 50 

per cent, is probably, however, misleadingly higho Microscopic 

examination disclosed a remnant prophyritic texture in many of the 

dylces previously logged as ngrey'~.. ~Jhereas the feldspar porphyry 

and grey dykes seem to predominate in the deeper parts of the mine, 

quartz-feldspar porphyry dykes are more abundant on the upper 

levels, where they comprise about 20 pel' cent of all dykes o 

Granitic dykes are rare, and none have been identified by the author o 

In addition to the megascopically distinguishable dykes two 

other distinct dykes have been identified in thin sectiono These 

are known as the diorite porphyry, and the quartz-diorite dykes o 

Although Jeffery states (po 74 ) that both are as lJ'lidely distributed 

as the other common dykes, the relatively large proportion of the 

diorite porphyry dyke identified by the author from the randomly 

selected samples suggests that this rocle type may be more ab und ant , 

(Table 3). 

Petrography 

Mineralogicô- ~.y, the composition of the common dykes is ident­

ical. The main constituents are plagioclase and quartz, with lesser 

amounts of sericite, muscovite, chlorite, carbonate, and the mineraIs 

of the epidote family. Minor accessory sphene and zircon have been 

identified in sorne specimens. 

Variable amounts of secondary quartz, calcite and epidote have 

been noted in the majority of the dykes. These mineraIs occur in 

narrow stringers and veinlets, and in many instances extensively 

infiltrate the dyke matrix. Commonly associated with these second­

ary, mineraIs are fine grains of disseminated pyrite, which constit­

utes one to two per' cent of the rocks. 
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IPigura 20 Sample 11.00 106, p19.l1e l:lght ,l x 1600 
G-l"GlY dyke 0 

Shee.red gray dylt:0s are characterlzed by a11 lncrease in 

chlorite and serlcj.ta, and by va.l~ious degreos of parallelism of 

sericit,e abredso T't'lO i',ypes of ahlor! te are commonly pr0Bent~ one 

baing colourless p the sec10nd pa.le green ,l Qud slightly pleochroico 

Traces of pyrite and naX·rOl1 stringers of secondal"y fine grained 

qUEtrtz y calcj.te and epidot,s have been dertected in nea:t~ly a11 thin 

80Ct,101'Wo 



( 

~,,;""~-,,"~'-r,--..-.,..,......--...-:,-.--. 
\:-0.\ 

-. . 1 

,. 
l' 
l, ! '. , 
\ 

;. 
1 "'1' ,," 

l, 

t 

l 
[ 

Figure 30 

\\ 

)' ,1 

, 0' 

=t "" 

, 
1 

1 

Sample noo 16a~ crossed nicolso x 1600 
Sheared gray dylr00 

A gradation between grey and feldspar porphyry dykes has been 

observed both megascopically and in thtn sectionQ The gradation 

is marked by the appearance of fine, highly sericitized graina of 

feldspar p barely exceeding in size the minerale conatltuting the 

matrixo. In several specimens clustera of zoisite and sericite 

may have formed from the complete alteration of feldspar pheno­

crystso For the purposa of chemical analyses, such rocks l'Tera 

class1f1ed as of uncertain rock typeo 

Feldapar Porphyry Dykes~ Feldspar porphyry dykss are grey, 

fine grained rocks, consiating of 20-60 pel' cent pale grey, sub­

hedral plagioclase phenocryats, embedded in a fine, slightly darker 

grey matrixo The plagioclase ls albitic, ranging in composition 

from An7 to AnlO, and lB commonly sericitized, even in specimens 

megascopically described as fresho 
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The matri:Jt: cons:ist,s of a. fine grained aggregat,a of quartz Il 

plagioclase, sericite and chlorlte, uith minor epidote and spheneo 

11s w':J. t,h t,he grey dykea, trace s of pyrite? se condary carbone. te II 

quartz and epidote have been observed in. 19.11 specimenso Bec8.use 

of the fine grained nature of the plagioclase present in the 

matrixo its composition could not be determinedo 

1 • 1 . 

~->.-:'i::-r,-:-:--rr',."';~--:-' __ ~-~~--, ,,--~:--"<-:""P :~;r ',,-~-,-, -'") 
'oJ. " .'. " 

]'igure 4~' Sample no. 84, pla.ne light, x 40~5o 
Feldapar Porphyry dyke o ohowing 
zoisitized phenocrystsA 
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.0Jl:t,e.rt.2; Feld..êP,e,r 1?orph:y"l:'Y D]j~~ This roclt: differs from the 

feldspar porphyry only be tl1e pl"esenc0 of que.l .. tz p tlh:lch comprises 

up to 25 pel' cent of the phsnocryatso The quartz phenocrysts are 

rounded or sUbhedral p and show' e. uids range in S:J.Z0 p attaining up 

to 6 mmo in diametero 

Gradation to feldspar porphyry has bean noted in dykes in 

uhich qUa,l .. tz phenocrysta 9.r0 le88 pJ:'omiuent p - baine; on1y sl:lghtly 

le.rger than "(jhe grains comprising the ma"lir:l:ïco 

ir -
il 
1 

Figure 50 

~.....,.--.---- -.-----, 
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Sample noo 68 p crosssd nicols p x 4005~ 
Quartz porphyry dykao 

Q,ue.rtz J?or..Ph:vxy Dykes. These dykes are 1dentical t'li th the 

quartz-feldspar porphyry, except for the absence of feldspar pheno­

crystso The quartz phenoorysts range in size from l mmo to 6 mmo, 

and from about 5-10 peI' cent 01' the ro01l::0 
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Figure 60 Sample noo 180-2 p croased nicols, x 400 5G 
Quartz porphyry dylra p aho't'ling \"ide range 
in size of phenocryatso 

pior'ite Por'Phyl:~o The diorite porphyry, of'ten logged 

a.s "grey" dylre in drill corap la o neve:t'theless a very distinct 

rock type in th1n sectiono It differe from all other dykes by 

total absence of quartz, and 18 characterized by a matrix that 

consists of 75-90 per cent j.nterlocking subhedral laths of 

plagioclase, w1th interetit1al chlorite, ep1dote, and minor acces­

sory epheneo Embedded in the matrix are aubhedral phenocryste 

of plagioclase \'lhich constitute 5-20 pel' cent of the rocko The 

phenocryste, commonly t\11inned., e,re albitic in composition, and 

often contain minute inclusione of epid.oteo The plagioclase 

lathe comprising the matrix range in eize from 0005 mmo to 002 

mmo, occasionally approaching the size of the phenocrystso As in 

all other dykes eerici't1zation of the plagioclase 1e extensiV60 

1 • 1 . 
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Zo:ts:1.te vainlet. cutt:l.ng acrose H, plt.:lgio­
c18,se phenocryst ln ,'1 rli.ori te IJoY·pb.:rry'. 

SampI€! no .. 409, erosseél nicols, :x 160. 
Diorite porphyry dyke .. 
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Quartz Diorite Dvke. This rock has not ~een identified by 

the authoro According to Jeffery, it is a variety of the diorite 

porphyry, and differs from it only by the presence of quartz in 

the matrix, and by a decrease in the amount of phenocrysts o 

Granitic Dvkes o Granit.ic dykes are rare in the Campbell Mine, 

and have not been noted among the samples selected by the vrriter Q 

According to Jeffery, the rock is characterized by a medium grained 

granitic texture, and is composed of plagioclase and quartz pheno­

crysts, ernùedded in a matrix of quartz, sericite and chloriteo 

The granitic dykes appear to be a variety of the quartz feldspar 

porphyry, vJ'i th a large proportion of quartz and feldspar pheno­

crysts. 

2. SAMPLING 

A total of eighty samples were selected from the diamond drill 

core stored at the Campbell Chibougamau Mine. The selections l'J'ere 

made after a study of level plans and vertical sections, and after 

a careful structural correlation of tte dykes based on diamond 

drill hole information. Samples were takell from seven distinct 

dyke branches; their distribution covers a vertical distance of 

3050 feet, from the 550 level to the 3600 level, and a lateral 

distance of 1500 feet, from section 1100W to 400E.. Although an 

attempt was made at a statistically random selection of samples, 

strict randomness l'laS impeded by the unavailability of core from 

certain diamond drill holes, and by the necessity to make alter­

nate selections. The location of the samples is listed in Table l, 

(!~'. in the Appendix, and graphically illustrated on Plate l ~ 
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). rro test the chemical homogenei ty oft he dykes, each of the 

first ten sample s "t'Jas treated in the following wayo A complete 

intersection over the entire width of the dyke was split longi­

tudina.lly, and one half of the core was analysed. The results 

VIere then compared to the analysis of the second half of a one­

foot long section of the core from the central part of the dyke. 

AlI ten comparisons shm'Jed a significant difference between the 

tVlO samples (Table 3). 
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Table 3 

eOMPARISON OF ANALYSES OF BULK SAMPLES WITH 

ANALYSES OF SHORT SAMPLES 

Al Fe Mg ea Na 

Ih055 lr .. 70 1011 6.70 2 .. 40 
12,,00 3070 ~ 4 .. 60 2,,50 

0 0 45 1000 0,,19 2010 0 010 

17025 3085 1021 3045 3030 
16025 hl2. .h22. lt,,14 ~...5.2 

1000 1030 0 074 0 070 1020 

14050 2,,72 0 0 86 3090 2 0 68 
16050 L.l2. ~. ~ M,i 

2 0 00 0~43 0.,07 1030 0 087 

14040 6 0 95 0.,74 6 0 30 1 .. 05 
12,,5Q 6,,60 ~O h2.i 0 .. 68 
1.90 0.35 0 0 34 1075 0 .. 37 

13 080 4030 0.92 4 .. 90 1.68 
13095 6:~~ Oo7~ ~ .lill. 

0015 0 01 1 .. 00 0 0 15 

13075 3065 0 ... 82 3.78 3.00 
14025 ] .. 68 9n67 ~ lWSl 
0.50 0 003 0.15 0 0 17 0.;70 

18 .. 00 ~'060 1058 60 00 5040 
15075 6:gg 1048 .2. .. 00 5.10 

2025 0 0 10 1000 0 030 

13 000 < 10 000 4070 7 0 88 <0 .. 20 
Il .. 75 .< 10ClOO ~ 2.d2 <0 .. 2Q 

1025 0 0 15 1043 

A Analysis of the entire width of the dyke. 
B Analysis of a 1 foot central portion. 
e Difference between A.and Bo 

Ti 

0.,20 
0.,26 
0:07) 

0 023 

~ 0 01 

0 0 21 
0,,20 
0 0 01 

0 0 23 

~M 0 0 0 

0 021 
0 .. 17 
0 004 

0 019 
Q.& 
0 0 04 

0 0 41 
0 0 32 
0 0 09 

1 .. 73 
.L2§. 
0 015 

Since the suspected variation in composition across the width 

of the dyke could not be determined from bulk samples of entire 

intersections, aIl subsequent dykes were sampled by selecting 2 to 

3-foot sectioris of core at more or less regular intervalso 
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Al1 cl~ush:lng and grinding 't1as done by 'hIle uriteY.' i11 'the 

labore;"Gories of the Depal'>tmeut of Geologica,l Sciences at rJ7cGill 

University~; The se,mp10B 't'Jere crushed in a :Jau cruBher net. e,t 

1/8 inch, and 8ubsequontly ground in a pul veriz01'" fillcd 't'l:7:'!.ih 

ceramic pl o;l;e So' Tho acreen analyaia sl10lYcd the;c. appl"'oximately 

75 pel' cent. of J'Ghe mat.erial uas minus 150 mesho .'ollbout 100 gl'lams 

of t,he pUlverizcü Bampl0 't"l01'>e thon packag6d i11 capped plastic 

vials end ret,ained for the analysiBo 

Throughout. the en'[jil"'e cr-ushing and grinding procedureo Care 

had to be t,aken to preveut. unnecessary cont.aminationo The equip-

ment 't'J'aS thoroughly cleaned l'li th brushes and compressed air" and 

a portion of the next sample 't'las run through the crusher and the 

pulvarizer after 0aoh rtlno' Even 't'lith these precautions certain 

amount of contaminationo partloularly by iron and possibly other 

me'lialB present in the jal1 orusherp' 'was unavoidable~ It oa.n be 

a.ssumed~ ho't'TeVerl) that the amount of foreign ma.terla.l introduoed 

1nto the semples 't'TaS oonsta.nt~ 

Pl"lor ta the oruBhing and grinding, another preca.u'tion l'J'aS 

considered necessary" to minimize the distortion of analyses by 

seoondary mineralso AIl visible quartz and carbonate stringers ' 

'tvere ca.refully eliminated from the drill oore by knocking off and 

by soraping~ Ir retained p 't.he analyses for 811ic8.0 calcium, and 

e, number of trace elements l'J'ould ha.ve been mislea.dingly high!~ 



3~' SPECTROCHEMICAL l\Nl\LYSES 

!Tinciples 

The fundamental prlnclple of quantlt~tive apectroohemlcal 

analysis 18 based on the a,ssumptlon that the intensltY9 Io, of a 

given llne ln the emission spectrum ls proportionsl to the number 

of atome in the source ll No It ls further asstlmed ll for the purpose 

of practical 6pectrochemical analysis p that N 16 dlrectly propor-

tlonal to the concentra/clon$) C:) of a gi ven elemen"fj :ln the sampleo 

These assumptions are expres6ed by the equat.ion: 

Io :: KO (1) 
or 

log Io :: log Ir + log C (2) 

\'J'here Ir 16 a, constanto 

Expressed graphically~ the logarithms of two v~riables~ 10 and 

C form a line, referred to as the l'lorking curveo Theoretically, 

according to equation (1)·, the graph ls a. straight line wi th a 

uni t slopeo In practlce,. hO'\'lever, the l'1orking curves devia.te 

from linearity and unit slope, m'ling to the presence of background 

intensity, impurity in th9 standards, and salf-absorption~' 

~na1ysis of Major Elements 

Th~ method used by the author for the analy6is for Si, ~1~ 

Fel' Mg, Na, Ca, and Til' Was developed at the Department of Gao­

logical Sciences at McG:t11 UnI versl ty l) (Webber and. Jellema, 1962) fi 

Lithium la used as an internaI standardo 
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Procedure 

Two grams of lithium metaborate were mixed with 200 milli­

gramf3 of ground sample in a mullite morta!'. The mixture was 

placed in a graphite crucible) and fused in a muffle furnace at 

1000° C for eight minutes. The resulting glass bead was crushed 

in a steel mortar, and the product thoroughly mixed with 200 

rnj lligrams of graphit e 0 A part of the mi.xture was packed in 

graphite electrodes for the analysis, and the remaining material 

was stored in small, labelled, plastic vials. Throughout this 

procedure care was taken to prevent eontamination by cleaning the 

mortars and pestles with soft rubber erasers. 

Working curves were prepared by using analysés of the follow­

ing National Bureau of Standards samples: 

la argillaceous limestone 

69a bauxite 

88 dolomit.e 

97 fli.nt clay 

98 plastic clay 

99 soda feldspar 

102 silica brick 

104 burned magnesit.e 

mixture of la and 99 

mixture of' la and 104 

Apparatus specifications and operating conditions are given 

in Tahle 2, in the Appendix. 
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Analysis for Trace Elements 

A scmi-quantitative spectrochemical method was used for t.he 

analysis of the following elements: 

B, Be, Co, Cr, Cu, Ga, Mn, No, Ni, Pb, Sc, Sn, Sr, 

Ta, V, Y, Zn and Zr 

The method i5 based on the same principles as the quantita-

tive analysis for major elements. Instead of using internal stan~-

ards, however, the concentration of each element is determined by 

comparison of the intensity of spectral lines of given elements 

with the intensity of line Fe 3202, obtained by the analysis of a 

sample of known composition, on each spectrographie plate 4 

The method is a relatively rapid one, since the preparation 

of samples involves only the mixing of 100 milligrams of a pulver­

ized sample, with an equal amount of graphite. 

The details of operating conditions, and the analytical lines 

used for each element are given in Table 2, in the Appendix. 

Accuracy and Precision 

To check the accuracy of the spectrochemical analyses of the 

major clements, four samples were analysed by the Quebec Department 

of Mines, and in the laboratories of the Department of Geological 

Studies at McGill University. The results, presented in Table 4, 

indicate consistently high values for silica, and low values for 

soda as determined by the author. The analyses of other elements 

show reasonable deviations from the results obtained by the two 

other analysts o 
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Table 4 

COMPARISON OF FOUR ANALYSES OF DYKE SAMPLES 

54-1 92-2 151 174 

l II III l II III l II III l II III 

Si02 68.30 68.?3 74.10 56.9 58.11 66.00 55 00 55014 61 00 6809 68 06 75 00 

A1203· .15.40 14084 13040 16.50 16.04 ~7.00 20 05 20058 21.,8 15.1 14.30 1507 

Fe(total) 3.54 3.05 . 3.40 8 0 93 6.35 7.28 6 G 38 4 0 85 5050 2.41 1 0 86 2040 

CaO 3 0 86 3.95 2075 4.66 4054 3.75 4.18 3 0 83 3039 3097 3 .. 93 3.50 

MgO 2.06 1.04 ·0,,_95 2.69 2036 2~55 2 0 80 2074 3.08 1 012 1 0 02 0.99 

I\a:20 3057 3 .. 34 2 .. 15 4.54 3,,72 2.80 4068 3 .. 80 2036 2 083 1 086 1 064 

0 061 
1 

Ti02 0.32 0.33 0.19 0.79 0.50 0042 0040 0.25 0.27 0.17 0019 \J.J 
(\.) 

1 

MnO 0.03 0.03 0 .. 10 0.10 0 .. 08 0.07 0 010 0 0 10 0 0 05 0.01 0 005 0.05 

K20 0.28 0.31 0.77 0.21 1.37 0082 1.01 0.81 

P205 0.12 0.22 0.21 0 0 16 

C02 5.78 0.33 1.65 0.07 1.39 1.25 2 0 28 2.87 

H20 1.06 1.60 1.73 2.62 2.95 3057 1013 2,,52 

l Chemical analysis by Department of Geological Sciences, McGill University. 

II Chemical analysis by Quebec Department of Mines. 

III Spectxochemical analysis by the writero 
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To check the precision of the analyses for major and minor 

elements, the author made ten runs for sample noo 106~' The sample 

was divided into ten portions, and each treated separately accord­

ing to procedure outllned on page 300 The precision le expressed 

in terms of standard deviation~ and per cent relative deviation p 

at a confidence level of 95 per cento 

Standard Deviation p s ~ 

then 

2 x :::: sum of squares of indi vidual ana.lyses!) 

(i)2 ::t square of the average of all analysssp 

n = num'ber of samples, 

Pel' cent Relative Deviation, C :::: __ t~s_- 100 
xVii 

,,,hers the value of (Student' s) t ls a function of probabi-

lit y, and degrees of freedom, obtainable in publlshed tableso 

Table 2 

Prec;!,s;!o;!2 

El,emênt JL. JL JL 
8i02 61000 per cent 6~'23 7;'30 

A120:; l2~80 2~'88 11045 

MgO 5028 0025 3 .. 45 

C"aO 7.74 1.24 11048 

T10a 1042 0.15 7030 

Be 1504 ppm 4~71 21084 

00 37.0 7020 13083 

Cr 5406 9038 12.28 

Cu 171.4 28097 12008 

Ga 10.6 0097 6056 

Mil 55000 17093 2.33 -- (cont' d) --
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Ta,b10.2p cont t d .. 

X "s "o· 

r'Îo 5~8 ppm 0.;55 6075 

Ni .l~Oo 6 11037 2000a 

Se 2207 9~a1 a8·~99 

Sn 601 O~137 6~"53 

Sr 26505 37037 10006 

V 132 .. 0 160 6l~ 9001 

Y 4ll'04 8029 13035 

Zr 55600 59098 7071 

.,. 
of 10 x ~ B.verage l'uns 

a ; standard deviation 

el = relative deviation 

Since sample No~ 106 contained more than 10 peI' cent total Fe, 

and only a trace of Na200 the precision for these two constitu­

ents could not be expressed in terms of peI' cent relative devi­

ationo An indication of the reproduc1bility for the analyses 

of these two elements p hovlever p can be obtained from the mean 

deviation of the duplicatea of all analysed samples, (Table 6)~' 

MeAll Deviation of Duplicate #lnalyses 

Fa (toto) 0 0 0 0 • 0 0 00205 pel' cent 

N~20 0 0 0 0 0 • 0 O~l65 peI' cent 

In order to give an indioation of the contribution of the 

analytioal error to the chemical variation of the ana,lysed 

samples l; the \"rriter compared graphically the analytical confi­

dence limit,8 of the mean values of sets of n samples '\-71th con-
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fidence limits of the Mean calculated from individual analyses 

of each of the n samples ll (Plates ;;4 a-d) 0 

The comparisons shou that the ana,lytical confidence limits 

are considere.bly naY'rO\'1er than the confidence limita of the 

Mean calcula:l:,ed from the individual analyses of the n sampleso 

Therefol'e it 1s concluded that the analytical imprecision alone 

does not account for the variation in chemical composition of 

the analysed sampleso 

Pre senta.tion of D9j',ao 

The analytical results of al1 eighty samples a.re given in 

Table III in 'tihe l\;ppendixo The concentrations of the ma.jor 

elements are expressed as par cent oxideso ~s the distinction 

between ferric and Îerrous oxidee cannot be made in spectro­

graphie analyses, the total concentration of iron, Fe total, la 

glveno The concentration of trace elements, deter.mined semi­

quant1tativ~lyp 1s expressed as parts per million, (ppm)o 
.. 

In order to giva a. clear indication of the st,atistical dis-

tribution, the ana.lyses are presented graphicg,lly, as \'1el1 as 

in table formo 
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4. S1.'ATISTICAL TREATMEN'r OF ANALYTICAL RESULTS 

The solution of the problems that are the sllbject of thi~ 

investigation ultimately involves the determination of the 

significance of the difference between sample means of t-wo or 

more groups of samples ~ The most efficient and \"lidely accepted 

statistical methods applied to problemf> of this type are the 

Student's t,-test, and the F-test. These tests function on the 

élssumption that the population is normally distributed) and are 

most efficient when the number of samples i8 relatively high. 

Histograms of the analytical rlrtta presenterl. in the Appendix 

i:'!.d.icate, however, considerable deviations from norm8.1ity. 

Several of the elements show skewed, bimodal or otherwise irreg­

ular distributions. In such cases the applications of the t-tests 

and F-tests are unjustified. It i8 mrtinly for this reason that 

nonparametric methods have ta be emploYAdo 

liA nonparametric test is a test whose model does not specify 

conditions about the parameters of the population from which the 

sample was drawn"*. Nonparametric tests are ideally suited for 

problems presented here because of the relativeJ.y small number 

of samples. For samples as small rtS n = 6, there is, in fact, no 

alternative to using nonparametric statistics, unless the distri­

bution of the parent population is known exactly. Another advan­

tage in the application of such methods lies in the fact that the 

detrimental effects of analytical errors are considerably reduced 

using ranks, rather than actual values of the analytical data. 

Siegel, 1956, p.3l. * 
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Ranking involves the arrangement of aIl sample8 accord"lng to the 

relative amounts of particular elements present. 'fhus, the 

sample containing the least amount of a given element is assigned 

a rank of l, the sample containing the next highest amount :i.3 

g~.ven rank 2, and 80 on. Samples containing id ent i.cal amount s 

tire givp,n ident.ical ranks. The ranking of sampJ.es according to 

',:.huir SiO;~ :Ls showl1 in 'Table 9. 

'rhe comp8tence of nonparametr:Lc sta.t,istics in r.omparison to 

ath(-)r test.s can he; expressed hy means of "power-effic:i.encyn. The 

concept of power-efficj.ency :Ls based on the fact that the compet-

ence of any statistical method. 1.8 proportional to the number of 

fHlmplp.s invol ved 0 

Let. A be the nIost·, powerful knovrn test of it,s type, ~nr1 let B 

be anothe:r' nonptll'ametric test., wh i~h is just. as pmverfnl wi th NB 

namples, a8 A is 'VIfith NA samples~ rrhen 

Powcr-Efficiency of B = 100 per cent. 

For example, a power-efficiency of 80 peI' eent means that in 

ard.er to make a B test as powerful as an A test, ten samples have 

to [-le used for the B test for every eight samples used in A. 

The perC":Elnt.age of power-effi~iency will be given for each of 

the statlstical tests used below. 

In the statistical treatment of the analytical data, only 14 

of the 25 analysed elements are considered. In a great majority 

of samples the concentrations of B, Cr, Ga, Mo, Sc, Sn, Y, Zn~ Be, 
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Pb, Ta, are not dectectable. The study of the distribution of 

those samples in whi.ch the ahove trace elements occur in detec-

table quantities revealed no pattern. For these reasons, the 

analytical data for the se elements are not considered in any of 

the statistical tests. 

Variation in Composition Between Dyke Branches 

Sixt Y one samples have been dravm from seven different 

branches of the main dyke swarm, without regard to their rock 

types, (Table 7). The branches, designated by letters A to G, 

are shown in Plate.2o 

Table 7 

Samples Drawn front Different Dyke Branches 

A 

180 
181 
182 
183-5 
184-2 
185-2 
186-2 
187-2 
187-1 

n - 9 

B 

51-1 
56 
64-2 
64-3 
64-4 
10) 
106 
152-2 
152-3 
153-1 
153-2 
154-1 
15l~-2 
156 
159 
160-1 
160-2 
160-3 
160-4 
161 
162 

21 

C 

55-2 
55-3 
59 
157-1 
157-2 

5 

D 

74 
83 
80 
84 
92-1 
92-2 
92-l~ 

7 

E F 

148 68 
Ih7 71 
150 173 
151 174 
176A-1 
176A-) 
176A-5 
176B-6 
176B-7 
176B-8 

10 4 

G 

93-1 
98-1 
98-2 
98-4 
101 

5 
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The analyses, presented in range charts in the Appendix, 

indicate overlaps in the compositions of samples taken from 

different branches. This shows that none of the dyke branches 

can be identified by a single chemical analysis. The mean com­

positions, however, show considerable variations from dyke to 

dyke, and the question arises whether the difference between the 

means is real, or whether it could have arisen by chance. 

Si02(%) 

A1203 

Fe(total) 

MgO 

CaO 

Na20 

Ti02 

Mn ppm 

Co 

Cu 

Ni 

Sr 

v 

Zr 

Fe/mg 

.! . 1 -

Table 8 

Average Composition of Dyke Branches 

A 

62.57 

Il.88 

4.38 

1. 9L~ 

7 0 28 

1.84 

0.25 

594 

21 

134 

18 

174-

40 

167 

2.2 

B 

68.6 

16.24 

4.76 

1.74 

4.71 

1.43 

0 .. 39 

314 

28 

220 

29 

240 

55 

280 

3.4 

C 

7100 

15.12 

3.61 

1.46 

4 .. 32 

2.27 

0.26 

289 

13 

108 

Il 

319 

38 

291 

2.6 

D 

63 0 68 

16.23 

6.51 

2096 

5.59 

1.50 

0.44 

853 

23 

172 

17 

273 

135 

24h 

2.h 

E 

70.4 

17.9 

4.15 

1.81 

3.99 

1079 

0 0 30 

h72 

13 

99 

13.7 

236 

42 

166 

2.16 

F 

70.1 

14.39 

5.18 

1.66 

4 .. 98 

0.95 

0,,20 

576 

82.5 

hl1 

10.5 

150 

33 

185 

3.75 

G 

70.1 

Ih.64 

3.90 

1.83 

4.50 

2.25 

0.26 

445 

17 

14h 

9 

272 

65 

252 

2 0 8h 
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To solve this problem, the Kruskal-Wallis "one-way analysis 

of variance" has been chosen as the most appropriate test. This 

test assumes an underlying continuous distribution of the parent 

population, and tests the'null hypothesis that the seven groups 

of samples, representing the various dyke branches, came from 

the same population. 

The Kruskal-Wallis analysis of variance involves the replace-

ment of N values by ranks. AlI values from the seven groups of 

samples, (totalling 61 analyses) are ranked into a single series, 

beginning with l, and ending with 61. Rank number one represents 

the lowest, rank number 61 the highest content of a given element, 

respectively. The sum of the ranks in each group is thus found. 

If the null hypothesis (stating that aIl groups come from identical 

populations) is true, then H, as defined below, is distributed as 

Chi-square. 

where 

H = R
,2 

.1 

K = number of groups 

-)(n+l) 

n = number of samples in each group 
N = total number of samples 
Ri= sum of ranks in 7th group 
Df= degrees of freedom = K - l 

(1) 

The probabilities of the calculated values of H occurring 

under Ho (null hypothesis), are determined from published tables 

of the critical values of Chi-square.* 

*Siegel, 1956, Table C. 
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At the 99 pel' cent level of confidence!) with Df = 61) 

the crit,ical value of Chi-square He = 160810 The region 

of rejection of the null hypothesls 't"Till, therefors ll consist of 

all those values of H that are eque.l!) or larger than the critical 

value of 16~8lo 

The pouer-efficiency of the Kruskal-l"lallis One-i"Tay analysis 

of variance!) aS compared to the pare.metric F-tes-t. approaches 

PE = 95u5 pel' cent, (Siegel p 1956, po 193)~ 

CeJ,CU),f-Ij •. 10n. of the ICry,slt:~-t·la,1.11s Test 

The calcu1ation of the test for 5i02 l'1ill serve as an example 

of the use of ranking methods in all subsequent nonparametric 

tests~· 

The arrangement of concentrations of Si02 in order of m~Lgni­

tude, and the corresponding ranks are sho't1n in Table 9"~~ 

, .! 
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Table 9 
,/- " 

fi 

'''-- ) Ranking of Si02 Values for Dyke Branches 

A B C D TI; F G 

5201 1 
5206 2 

5402 3 5705 4 
60 0 0 5 

60 02 6 
60 .. 3 7 6100 Q ., 
61 00 9 6100 9 
6102 1105 6102 11.,5 

6200 13 
6303 14 
6306 15 

6308 1605 6308 1605 
64,,0 18 
6500 19 

6502 20 
66 .. 0 22 .. 5 
6600 22,,5 66 00 2205 66 .. 0 2205 

6603 25 
6608 26 .. 5 66 .. 8 26 .. 5 

-67.0 29 6700 29 
68.0 31 

67 .. 0 29 

68.4 3205 6804 3205 
6807 34 
69 .. 0 35 
6904 36 
69.4 37 

69.6 38 
69 .. 6 39 

70 00 40 05 
70 .. 0 40 .. 5 

70.3 42 
70.4 43 

70.6 44 
-71 05 lo,.6 71 .. 5 46 71.5 46 

71 .. G 48 
71.8 49 

7202 50 
72 .. 4 51.5 72.4 5105 

72 .. 5 53 
73 .. 0 54 .. 5 73 0 0 5ll-0 5 
74.1 56 
7406 57 

75.0 58 
7505 59 

" ) 75,.6 60 
7600 61 

~-. ' 

Ha=15505 Rb=768 .. 0 Rc=227. 0 Rd=13105 Re=2l:,405 Rf=159 .. 5 R.g-205. 0 
na= 9 Nb= 21 nc= 5 nd= 7 ne= 10 nf= 4 ng= 5 
Il - sum of ranles n = number of samples 
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By substituting the values obtained in Table 9 for Ri and ni' 

the values of H can be computed according to equation (1)0 
k 2 

H = 12 I: Ri 
N(N+l) ni - 3 (N+l) (1. ) 

i 

H _f 12 -L m'':;:'6~1+-=1~) 

-3(61+1) 

H = (0 0 003173 x 6h,29207h) - 168 

The comparison of the obtained values of H with the critical 

value of Chi-square (Hc ) at a 99 per cent level of confidence 

indicates that 

H > Hc 

The value of H thus falls within the rejection region of Ho, 

(null hypothesis), and we can conclude with 99 per cent confidence 

that the seven dyke branches differ significantly in their Si02 

contentso 

The results of calculation of the values of H for other elements 

are given in Table 10 0 



j.'" , 
'. ' .. 

(1 

-44-

Table 10 

Values of H, and Associated Probabilities 
for Various Dyke Branches 

H P 

Si02 18 00 99 

A1203 20 08 99 

Fe(tot) 900 80 

MgO 902 70 

CaO 701 50 

Na20 703 70 

Ti02 705 70 

MnO 14 .. 8 95 

B 1604 98 

Co 903 90 

Cu 5 .. 8 50 

Ni 20 .. 0 50 r-' \ \.----

Sr 9 .. 0 80 

V 904 80 

Zr 1401 95 

H = value calculated using equation (1) • 

p = probability of H occurring within the rejection region 
of Ho (null hypothesis) , expressed in p~r cent. 

The data presented in the above table indicate that five 

elements differ in their rE!spective concentration at confidence 

levels of over 90 per cento Of these elements, two (silica and 

alumina) differ significantly at the 99 per cent confidence levelo 
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Variation in Composition Between Various Rock Types 

Of the eighty samples analysed, 63 have been identified as 

belonging to five petrologically distinct dyke rock typeso Four 

samples have been identified as altered anorthosite, and the 

classification of the remaining thirteen specimens is uncertaino 

The 63 positively identified dyke samples are listed and classi­

fied in Table 110 

Table Il 

Rock Type Classification of Dyke Samples 

Feldspar Diorite Grey Quartz-Feldspar Quartz 
Porphyry Porphyry Porphyry Porphyry 

F D G Q P 

14 21 48 54-1 68 
25 55-2 83 54-2 173 
26 55-3 107 98-4 174 
51-2 74 106 156 180-2 
59-1 92-2 147 182 
64-2 104 148 
64-3 150 153-1 
64-4 151 153-2 
80 176B-6 162 
84 176B-7 176A-l 
92-1 176B-8 176A-3 
92-4 409 176A-5 
93-1 410 
98-1 411 
98-2 

101 
103 
152-2 
152-3 
154-1 
154-2 
157-1 
157-2 
159 
160-1 
160-2 
407 
408 

n = 28 14 12 4 5 
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/ 

\ The average composition of the five rock types are given in 

Table 120 

Table 12 

Average Composition of Rock Types 

F D G Q p Anorth. 

Si02 69007 64005 6602 7300 70.3 48.65 

A1203 15.43 18.13 14055 15055 Il.,61 24090 

Fe{total) 4023 4077 6039 3056 4067 6.50 

MgO 1.42 2,,08 3 0 20 1.16 1045 4059 

CaO 4039 4051 6~38 3006 6.29 10.58 

Na20 1.92 2 .. 59 0.53 2.25 0.70 0078 

Ti02 0.2) 0.37 0.,73 0.20 0017 0.15 

Mn 359 ppm 53$ ppm 653 ppm 166 ppm 675 ppm 5$8 ppm 

B 13 6 16 10 15 1205 

Co 19 14 30 14 10 36 

Cu 177 89 17$ 145 189 110 

Ni 14 13 42 9 10 '+4 

Sr 223 381 279 220 198 177 

V 48 84 101 35 34 66 

Zr 237 273 295 2$0 165 31 

Fe/Mg 3056 2049 2.18 3.10 304 105 
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The ranges in concentration of 15 elemen ts in the various 

rock types, including the anorthosite, are shown in range charts 

in the Appendixo As with the range charts for compositions of 

various dyke branches, the compositions of the various dyke rock 

types show considerable overlapso The statistical evaluation of 

~he analytical data, however, indicates surprisingly different 

resultso 

The null hypothesis, as applied to this problem, states that 

the samples comprising the five groups come from the same parent 

population; in other words, that there is no significant differ­

ence between the chemical compositions of the five rock types. 

To test this hypothesis, the Kruskal-Wallis one way analysis of 

variance can again be applied. 

N = total nurnber of samples 
K = number of groups 
Df = degrees of freedom = K - l 

= 63 
- 5 
= 4 

Critical value of Chi-square at a significance level of 0 .. 01 ::: 13.28.* 

By substituting the values of Ri and ni in the equation (1), 

the values of H are calculated for each constituent. The results 

are presented in Table 13. 

*Siegel, 1956, Table C. 
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Table 13 

The Values of H, and Associated-Probabilities 
for Various Dyke Rock Types 

H P 

Si02 17.1 99 

A1203 2003 9909 

Fe(tot) 1004 95 

MgO 20.44 9909 

CaO 8042 90 

Na20 35023 9909 

Ti02 22 0 61 9909 

MnO 28.78 99.9 

Co 8.44 90 

Cu 10.72 95 

Ni 13.63 99 

Sr 11000 98 

V 11094 98 

Zr 8085 90 

value calculated using equation (1) • 

p = probability of H occurring within the rejection region of 
Ho (null hypothesis), expressed in per cent. 

Table 13 shows that aIl elements differ in their concentrations 

in the various rock types at a minimum confidence level of 90 per 

cent. Significant differences in the concentrations of nine elements 

are detectàble at a confidence level of at least 99 per cento 
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Chemical Variation due to Alteration 

It was noted earlier that the main alteration products were 

chlorite and sericite, commonly accompanied by the introduction 

of carbonates~ 

The question arises as to whether the alteration is reflected 

in the chemical composition of the rockso 

For this purpose 28 samples of the feldspar porphyry dykes 

were classified into two groups according to the intensity of 

alteration (Table 14). The amount of chlorite present in the rock 

was used as a basis for the classification. Samples of dykes wi.th 

less thél.n 10 per cent chlorite were classed as Urelati vely fresh", 

and samples in which chlorite constituted more than 10 per cent 

of the rock as alteredo This criterion was chosen because it was 

found that a fair approximation of the freshness could be made 

megascopically, by colour and by the hardness of the rockœ Since 

in the examined specimens the degree of sericitization was roughly 

proportional to the amount of chlorite, the effect of the varia­

tion in the degree of sericitization on the changes of the chemical 

composition of the rocks could, for this purpose, be considered to 

be negligible. 
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Table 14 

Classification of Feldspar Porphyry Dykes 
on the Basis of Alteration 

Fresh 

Sample Noo 25 

51-2 

59-1 

84 

98-1 

98-2 

101 

103 

152-2 

152-3 

407 

408 

93 -1 

Altert-,j 

14 

26 

61+-2 

6/+-3 

64-4 

92-1 

92-4 

80 

154-1 

154-2 

157-1 

160-1 

160-2 

157-2 

159 

n = 15 a 
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To determine the significance of the difference between the 

chemical compositions of the two groups, the Mann-Whitney U-test 

was choseno This test is considered to be one of the most power-

ful nonparametric testso It is used as an alternate ta the 

parametric t-test, wherever the assumptions of the latter are un-

justifiableo The power-efficiency of the Mann-Whitney U-test as 

compared to the t-test is close to 95 per cent, (Siegel, 1956)0 

As with the Krusleal-Wallis analysis of variance, the Mann-Whitney 

U-test examines the null hypothesis that the two independent 

groups of samples come from the same populationo 

The test involves the ranleing of the analytical data into 

one continuous series, and the subsequent computation of the factor 

U by the equation: 

(2a) 

or similarly 

Ul = nl n 2 + 
n2 (n2 + 1) R2 (2b) 2 

where nI = number of samples in smaller group 

Il2 = number of samples in larger group 
1 

RI = sum of ranles in smaller group 

R.2 = s.um of ranles in larger group 

The values of U obtained from equations (2a) and (2b) are not 

identical; the smaller value is used in the testn The two values 

of U are related by the following equation: 

( 3) 

where 
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The rejection region of the null hypothesis (Ho) consists 

. of aIl those values of the computed U test that.ar,00qual' or smaller 

than the critical values of Uc given in published tableso 

The calculation of the value of U for Si02 will serve as an 

example of the calculations of the Mann-Whitney testo 

nI = 13 

n2 = 15 

Substituting the above values in equation (2a) 

Substitut,ing 

According to 

Since 

U = 13 x 15 + 

U = 101 

the values in 

Ul = 13 x 15 + 

Ul 
<;: 94 

equation (3) 

13 (13 + 1) 
2 

equation (:ab) 

15(15 
2 

+ 1) 

101 = 13 x 15 - 94 

101 - 101 

- 185 

- 221 

ul <: U, the value of Ul is used in the test. 

As the calculated value of Ul is larger than the critical 

value of Uc for the 99 per cent confidence level, (Table 15)p 

the null hypothesis is accepted, and we conclude that the differ-

ence between the mean concentrations of Si02 in the altered and 

unaltered dyke samples could have arisen by chance. 
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The results of the calculations of the values of D for other 

elements are shown in Table 150 

Si02 

A1 203 
Fe(tot) 

MgO 

CaO 

Co 

Cu 

Sr 

V 

Table 15 

The Values of D for Elements in Altered and 
Dnaltered Samples 

Fresh Altered 

6900 

1504 

4003 

1066 

3044 

2.,33 

0023 

385 

15 

135 

6905 

1507 

4060 

1015 

4053 

1063 

0 0 22 

309 

22 

13 

13 

12 

u 

94 

112 

65 

9305 

70 

45 

7905 

87 

67,,5 

60 

8505 

80 

46 

De 
=0001 

47 

47 

42 

47 

47 

47 

47 

42 

42 

42 

42 

42 

42 

Uc 
=0 .. 05 

61 

61 

55 

61 

61 

61 

61 

55 

55 

55 

55 

55 

55 

Zr 

9 

251 

51 

232 

213 

15 

192 

35 

232 

13 

13 

13 

13 

12 

12 

12 

12 

12 

10 

12 

12 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

No difference between mear 

Fe/Mg 2 .. 98 4 .. 04 

nI = number of samples in smaller group 
n2 = number of samples in larger group 
D = computed value 

42 

De ( =0.01) = critical value at 99 per cent significance levcl 
Uc ( =0005) = critical value at 95 per cent tiignificance level 

55 

NOTE: The discrepancy in nI is due to only a partial analysis of 
sample Noo 152-20 
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The above table indicates that on the 95 per cent level of 

confidence the two groups of samples shm'\7 a significant difference 

in the concentrations of soda, vanadium, and in the Fe/Mg ratio. 

The impover~shment of the altered samples in soda can be aloo 

detected at the 99 per cent confidence levelo The significance 

of these results will be discussed in the summaryo 

Chemical Variation of the Dykes with Depth 

In order to detect possible chemical variations of the dykes 

with depth, the mean compositions of 34 samples from the upper 

levels were,compared with 21 samples taken from the horizons below 

the 1900 level, (Table 16). 

Table 16 

Grouping of Samples from Upper and Lower Levels of the Mine 

Samples From Below the Samples From Above the 
1900 Level 1900 Level 

21 153-1 48 93 174 

25 153-2 51 98-1 176-A-l 

26 154-1 68 9$-2 176·-A-3 

6~.-2 154-2 71 98-4 176-A-5 

6/+-3 159·- 74 101 176-B-6 

64,-4· 160-1 80 147 176-B-7 

106 160-2 8.3 1~.8 176-B-$ 

10? 160-) $4 150 l;.07 

152-2 160-4 92-1 151 40$ 

152-3 161 92-2 170 409 

162 92-4 173 410 

411 
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The l-iann-l'Jhitney test vlas applied to determine the signifi­

canee of the difference bet,"reen thG mean chemical compoei'liions of 

the tuo groups of sampleso 

For such a large number of samples the sampllng distribution 

of U apprGaches normality~ and the test involves the evaluation of 

the factor 

w'here 

tg il 
Z 0 

Z ::: . U ... Pu 
fi 

nJ (11+1) R . - l 
2 

C5 t:l standard devia"tiol1 

(5 :: 
Il1J. n~ (n,+ng + 1) 

12 

,Ml! :: mean :: 

(2a) 

(5) 

(6) 

The reje.ction region of the null hypothesis, the t'"JO groups 

of samples coming from the Bame population , consists of aIl those 

values of Z 1'1hoae associa.tad probab11i tiea are equal to, or less 

than O~~Olo 

As with aIl previous tests, the calculation of the value of 

ft z" for S102 \-1111 serve as an exemple of the calculat1onso 
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nI = 21 

n2 = 34 

u nl(nl + 1) 
= nI n2 + 2 

U = 25305 

l 
::= nI n2 + 

n2(n2 + 1) 
U 2 

Ul = h6005 

According to equation (3), 

253 .. 5 = 21 x 34 - 46005 

And 
= ~ nI n2 (nI +n2 + 1) 

ro 
12 

5' == ~ 714 x 56 
12 

0 - 57 .. 7335 

Finally, 

z = U - ~u 
(5 

Z = 253 .. 5 - 357 
5707335 

z = 1.79 

RI = 69105 

R2 = 84~L5 

(2a) 

(2h) 

(6 ) 

( 5 ) 

According to published tables, (Siegel, 1956, Table A), the 

probability (p) of the associated z = - 1079 is 

p = 0.04 
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The value of "zn for Si02 thus falls outside the rejection 

region of null hypothesis, and we can conclude that at a confidence 

lev el of 99 per cent, the difference between the mean concentrations 

of Si02 in the samples of the two groups is not significant" 

The results of the calculations of the Mann-Whitney t.est for 

aIl other elements are shown in Table 17 .. 

Table 17 

Calcula.ted Values of 10 Z U and their Associated 
Probabilities for D;[ke SarnEles from UEEer and Lower Levels 

Mean Concentration 

Upper, Lower z ---12-

Si02 66 .. 3 6805 -1 .. 79 O.Oh 

A1203 16.4 1601 -0.86 0.19 

Fe tot 4.82 5.2/+ -0.56 0.29 

MgO 2 .. 08 1091 -1.h6 0.07 

CaO 4.38 5035 -1 .. 17 0.11 

Na20 2.02 1 .. 3~, -1.70 0.04 

Ti02 0 033 0047 -0 .. 56 0029 

Mn pprn 579 358 -1.8h 0.03 

Co 25 25 No difference be"tween means 

Cu 160 227 -2036 0.009 

Ni 13 .. 1 1304 -1.02 0.15 

Sr 235 235 No difference between rneans 

V 69 63 -1 0 27 0.15 

Zr 237 280 -0 .. 80 0 .. 21 
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The results listed in Table 17 indicate that the difference 

between the mean compositions of the two groups of samples are 

significant at the 95 per cent confidence level in case of four 

elements, 8i02' Na20, Mn, and Cu. Of these, only copper sho"V.JS 

a significant difference at the 99 per cent confidence level. 

DISCUSSION OF THE RESULTS 

The main purpose of this work has been the investigation 

of the possibility of correlating the dykes on the basis of 

their chemica.l composition o The range charts of element con­

tents of the various dyke branches indicate that none of the 

investigated dykes has a sufficiently characteristic composi­

tion to malee it distinguishable from any other dyke branch 

without further statistical testso This fact alone makes the 

chemical method of correlation impractical, because of the 

large number of analyses that would be necessary to obtain a 

correlation at a significant levei of confidenceo 

Statistical comparisons indicate that the dyke branches 

differ in the conc entrations of three elements, (Si, Al, Ni), 

at the 99 per cent confidence level. Similar tests applied to 

the composition of samples of various dyke rock types~without 

regard to their position in particular dyke branches, show that 

the dyke rock types differ from each other in the concentrat:ions 

of seven elements, (Si, Al, Ni, Mg, Na, Ti, and Mn) 0 It appears 

that the differences between the chemical compositions of the 

various dyke rock types are more distinct than those betvveen 

~... dyke branches, and that a given dyke sample basically owes its 
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chemicél.l composition to its petrologicê:ü character rather 

than ta its membership in a particular dyke bré1.nch. Since 

a single dyke branch may be composed of more than on rock 

type, a8 had been shown earliEJr, ne:i.ther the chemical com­

position, nor the petrological character of a dyke provides 

8. sound basis for its correlatj.on v'lith another dyke. 

The fact that the various dyke branches show a signi­

ficant difference in the concantratiomof thre8 elements, is 

attributed to the contamination affect caused by the uneven 

distribution of samples of various rock types in the various 

dyke branches. 

One of the more striking results of the analyses is 

the wide variation in the chemical composition of samples 

talcen from single dyke intersections wi.thin relatively short 

distances. This variation 1s best shown in the range chats 

and by the comparisons of analyses of bulk samples with the 

analyses of short, one foot samples, (Table 3)0 This 1n­

homogeneous chemical character of the dykes is probably due 

to the contamination caused by secondary quartz, carbonate, 

and epidote stringers, as weIl as by the uneven intensity 

of hydrothermal alteration. 

The study of the chemical effectSof hyd~othermal 

alteration indicates a decrease in the soda and vanadium 

concentrations, detected on the 99 per cent level of con­

fidence, and an increase in the Fe/Mg ratio" detected on 

the 95 per cent levelo 

'l'he decrease in the soda content in altered clylces is 

probably the result of metasomatism involving the addition 
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of potasS1tllil at the expense of soda, and resulting in the 

seriei tiza.tion of the plagioclaseso \'lhile no analyses for 

potassium have beeu made by the uriterjl complete analyses of 

four dyke Bamp1es made by other laboratories, (Table 4) $ 8hO'('7 

en inereas0 in potassium in the al tered and sheared roclrs~' 

indica:'Gions of this trend 't'lere also noted by Jeffery in his 

study of the comparisons of alterad and relative1y frash meta­

anort,hositeso The feasibili.l'cy of Bueh allcali ion exehange 

during meta.morphism has beau demonstra,ted by Orvilll9~ (1963)~· 

The incrSase in 't.he Fe;1.1g ratio in the al tersd dyke spe­

cimens ia probably re1e:ted t.o -t.he changes in the composit.ion 

of chloriteo Tuo types of chlorlte have bean identified by 

Jeffery in nearly 011 rocks at the Oampbell mine~ Chlorite 10, 

rlch ln magneslum, is characteriatic of barren, massive, and 

relatively fresh anorthoeite p whereaa chlorlte IIo, rich in 

lron, la most abundant in altered and sheared rockso Sines 

sulphide minerallzation favours the sheared host rock~ the in­

crease in the Falr·tg ratio ls probably e.ccentuat,ed by the iron 

present in the introduced sulphides~' 

The decrease in vanadium in the altered specimens '-l8.S 

detected on the 99 pel' cent confidence levelo Vanadium ooeurs 

in igneous rocks mostly in Magnetite, as l'l'aIl aB in ferromagnesian 

mineraIs" in llhich i t substi tutes for the ferric ion~ It is 

suggested that the vanadium may be present in chlorite, but its 

impoverishment in the altered dyke samples remaine unexplainedœ 
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There i s general agreement among "\'lOr1\:ers that the mine­

ra10gica1 simi1arity of the cornmon dykes indicates their 

close genetic relationshipo Jeffery believes that the dykes 

orlginated from the sarne parent magma, and postulates 8. se­

quence of introduction on the baBis of their mineralogyo 

Noting that feldspar 't'Tould crystal1ize firet!> and that crystal­

liza:t.ion ,"rould proceed "liT1 th 8..n eval' decreasing feldspar content 

e..nd '"li th e..n increase in quartzl) Jaffery suggests the follouing 

orda!' of emplacement: 

10 Diorite Porphyry 

a~' Quartz Diori te 

3~ Feldspar Porphyry 

40 Quartz Feldspar Porphyry 

50 Quartz Porphyry 

60 Fine Gralned p grey Dykes 

The chernical composition of the dylres analyzed by the 

writer ls too strongly masked by the alt,eration ta enab1e 

the determination of the sequence of introduction on a che­

mical basiso The close siml1arity of the common dykes, however, 

is obvlouso It suggests that the dykes were introduced within 

a relatively short period of time during l'lhich the parent magma 

could not attalll a h1gh degree of differentiationo It ls pro­

posed that some of the later dykes l'19re emplaced '\'l'hile the 

consolidation of t,he ear11er dyke matel"ial waB still incomplete. 

The resulting mixture of chemically Bimilar differentiates 

would leave li ttle trace of the contact zones bet't'l'een the 

Various dylce rook types, particularly if later obscured by 
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shearing, and hydrothermal alterationo This mode of em­

placement 't'lOuld account for the puzzling observation that 

individual dyke branches may be composed of more than one 

rock typeo It t'fould explain the local fading of pheno­

crysts, and the gradational relationship bet't'mon the va­

rious dyke rocle types.. It \'lould explain ~:lhy neither the 

chemical nor the potrological character of the dykos forms 

a reliable criterion for the correlation of the individual 

dyke branches o 



\, 

-63-

SELECTED BIBLIOGRAP~ 

./.U1rens ~ Lo Ho 
1954: Spectrochemical ~'\nalysiso Addison '1esley COo Inco 

Cambridge~ IvIa8So 

Allard ~ Go 00 
1956: Geology of a Portion of McKenzie TO\'mshipll Chibou­

gamau llist,l'>icto Unpublished PhoD~ thesi8~ John 
Hopkins Universityo 

Anderson!) E~r,~o 
1951: Tho Dynamics oi' Fa,ult:,ing p and Dylw Forma'tion w'i"'l:,11 

Appl:1c€'.tion 'to Bl'bitairl~ 8nd edito ~ Oliver and Boydp 
Edinburgho 

S'truotural BehaViou!' of Igneous Rockso 
Am~ ~ :r·~emo 50 

B:lllings, r~o Po llm" "o"! 'ra' 'l'lc".!!·,!.· , 1945: r.rec11anics of In'trusion in Ne", Ha.mpshire. oH._ tl ;;;) J. 

volo 234a~ pp~' 40~68 

Churchill" J 0 R~ 
1941&-: Techniques of Quantitative Spectrographic halysiso 

IndoEngoChemoAnal.Edo, volo16, pp. 653-670. 

DeSitter, LoB., 
1956: Str'uctura1 Geo10gy; Mc Graw-Hill, Ne'i York. 

Dressel', J'~~Ao, and Denis, T.Co 
1944: Geology of Quebec, voloII., Descl"iptive Geology l' 

Q,ÙeoDept~Mi11.o Il Geol .. Report No. 200 

Gill, J.Eo 
1949: Natural Divisions of the Canadian Shield; Rc):v;al 

soc~ CE,xla,9...e,' Trgns .. Il vol.l~3, sec04, pp. 61-69~ 

Goodspeed, GoE~' 
1940: Dila.tion and Replacement Dykes., J6ur~'Ge6io, vol 48~ 

pp. 175-195 .. 

Graham, R.B. 
1956: North Half of Obalskl Townshipp Q;geoDepto Min~_, 

Geolo Repor't 71 .. 

He.l"1k1ns, Mo 
1960: Spectrochemioal Study of RoCkB Assoc1ated w1th the 

Sulphide Deposits of Ch1bougamau; Unpublished PhoDo 
t,he sis, McG!ll Uni vers! tyo 



co 64 ... 

Hor s cro:rt:l F 0 Do r,T~' 
1958: The Petrology of Gabbroic Si118 in the V61canic 

801')i08 of Roy and r.7cKenzie To't'mships p Chibougamau 
Region p Quebec v Unpublished PhoD~' the8is p McG!11 
Universityo 

J aYCox$l Eo Ko 
194'7g Spectrochemical Ana1ysis of Ceramics and othe~ 

Non-metall:lc r~aterialso ~oO:Qt~'SocoAmo:l vol037:l 
ppo 161-1620 

JefferYIl Uo Go 
1959: The Geology of the Campbell Mina, Chibougamau p 

Q,uebec D Unpublished PhoDo theais, r.~cGil1 University~ 

JohnBon~ Ro Bo 
J.961: Patterns and Origin of Radial D:lke Suarms Associ­

a-'c,~d \"Yi th ~'leat Spanish Perut, and Dike Mount~.inl) . 
South-Central Coloradoo Iii!JJ.~G0àlo So(&~~'m~':l volo 72,; 
579-5900 

Jrvalheim p Ao 
1947: Spectrochemical Determination of the Major Con­

stit,uents of r,iinerals and Rockso J6ur~Oj?t~·S6ë~Afu2.1) 
vol~'37 'f) po585o 

La.ng, Ao Ho 
1961: A Preliminary Study of the Canadien Metal10genic 

Provinces; Ge~1oSurvoCanadap Paper 60-33 

Lewis p D~ Vo 
. 1955: Relationsh1ps of Orebod1es to Dikes and 8il1s; 

Econ:~~Ge6L_p vol 0' 50, p~'495o 

Mal ouf , S~'Eo, and Hinse, Ro 
1957: Campbell Chibougamau r.~ine; atl~ctural Geology of 

Canadien Ore Deposits, vol02, CanolnstoMinoMet~' 

Mal'1dsleY9 JoBo, and Norman, Go l'loR; . 
1935: Oh1bougama1:\ Lake ~1ap-areal) Quebec~(}ëàl~ SÜrv~C@;;' 

Memoir 185'~' 

~~il1er, R. J" Mo 
1957: Geology and Ore Deposits of the Cedar Bay Mine 

Area, Chibougamau Districtp Quebeco Unpublished 
PhoDo thesis, Laval Univeraityo 

Noble!) JoA., 
1952: Evaluation of the Cri tel'ia for the Forcible In­

trusion of Magma; JouroGeoj~p vo10601) pp~ 34-370 

Nor'thern r,Uner /) 
1965: C~ad:lan Mines Handbookp Northern Miner Press~ 

Toronto; 



1 

\ 

"" 65 .., 

Orvill e p Po r.'Io 
1963: 1\.lka1i Ion Exchange bet't'leen Vapor and Fe1dspar 

Phases; AmoJoSci~, voloa61~ ppo 201-237 

Ostry p Ho 10 p Ballard, J;;~·l~· 9 and Schrenk~ Ho Ho 
1943: Samplingp r·7ixing9 and Grinding Techniques in the 

Prinz f Mo 
1964: 

Rao p r·7o S~' 
1958: 

Rettyp Jo 
1929: 

Siegel, So 
1956: 

. Preparation of Se..mples for Quanti tati ve , ~~?-lysJs ..... , 
by)C-ray~ .... ~d Spectrographic r·7ethods p !lou~o Opto Soco 
&~!)volo ~~!) ppo6670 

Geologic Evolution of the Beartooth Mountains, 
rJlontana, and rlyoming!) P"c,o 5: ruTafic Di1e€> St1arms of . 
the Southern Beartooth Mounte.ins; Bull~ Ge6.1..o Soc~ Am~a' 
vOlo75 p ppè 1217~la48~ 

Compos1 te and Multiple Intrusions of' Le.mla.sh tlhi t­
ing Bay Region!) Arrap G901~ r.Té.i5.~ p vOlo951) pp~ 265-~80o 

Tounship of' r,7cIrenzi0 p Chlbouge,mau Region$l Quebec; 
QJ!.ebeë~ . Bùr~'Minés, Ann0Report, D-41-720 

Nonparametric Statistics for the Behaviora.1 Sciences; 
McGrB't'1~H111D Ne't'1 York~' 

Simons" Fo 80 
1963: Composite Dike of ~de8ite and Rhyolite at Klondyke~ 

Arizona.g Bu110Geo1oSoc~~m.9 vo1~74, ppo 1049-1056. 

Smith, JoRo p and Al1ard, G~ 
1957: Geo10gica1 Report on Part of the South Half of 

l\fcICenzie To'tmship, Chibougama.u Region~' Q,ue<!>Dept~Mifu., 
Geo1o Report 950 

\'lebber ll Go Ro and Je11ema, J o'Uo 
1962: . Spectrochemical Analysis for sorne r'Îa.jor and ].Tinor 

E1-ements in RocIts; .Amplied SpectroBcoPY, volo 16, 
ppo 133-1360 



APPENDIX A 



TABLE l 

LOCATION OF SAMPLES 

"--

Sample DoD.Ho Footage Section Level Rock 
No. No. Type 

14 U-2010 407 1100W 2020' F 

21 U-2335 96 1100W 3080' D 

25 U-2277 135 1100W 3540' F 

26 U-2284 81 1100W 3520' F 

48-1 U-1408 148 600w 1900' G 

51 ... 2 U-1402 82 600w 1970' F 

5L~-1 U-1928 322 600w 2150' Q 

54-? U-1928 332 600W 2160' Q 

55-2 U-1928 356 600W 2178' D 

55-3 U-1928 362 600w 2180' D 

56 U-1928 487 600w 2285' ? 

59-1 U-1929 596 600w 2450' F 

64-2 U-2128 37 600W 2715' F 

64-3 U-2128 46 600w 2720' F 

64-4 U,..2128 600w ''''''' 51 2725' F 

68 U-79 112 300W 450' P 

71 U-I08 49 350W 250' ? 

74 U-638 61 300W 1190' D 

80 U-970 90 275W 1450' F 

83 U-1154 103 300W 1600' G 

8 lI- U-1154 119 300\111 1600 ' F 

( 
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SamplG DoDo Ho Footage Section Level Rock 
No o Noo Type 

92-1 U-1270 113 300W 1650' F 

92-2 U-1270 124 300W 1650' D 

92-4 U-1270 133 300W 1650' F 

93-1 U-1270 212 300W 1700' F 

98-1 U-1195 250 300W 1820' F 

98-2 U-1195 256 300W 1820' F 

98 .... 4 U-1195 2ll-1 300W 1820' Q 

.101 U-1274 230 300W 1900' F 

103 U-2036 405 300W 2230' F 

104 U-2036 578 300W 2370' D 

106 U-1993 1121 300W 2790' G 

107 U-1993 1218 300W 2830' G 

147 U-988 76 400W 1510' G 

148 U-988 96 hOOW 1520' G 

149 U-980 70 400W· Ih90' An. 

150 U-980 90 400W 1510' D 

151 U-978 25 400W 1465' D 

152-1 U-2125 31 700W 2700' An. 

152-2 U-2125 36 700W 2700' F 

152-3 U-2125 ll-2 700W 2700' F 

153-1 U-2125 53 700W 2700' G 

153 .... 2 U ... 2125 54 700W 2700' G 

(~) 
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Sample D.D.Ho Footage Section Level Rock 
. No. No" Type 

15 ll--1 U-2121 130 800W 2700' F 

154 ... 2 U-2121 142 800W 2700' F 

156 U-2105 222 800W 2430' Q 

157 .... 1 U-I037 311 600w 1750~ li' 

157 ... 2 U-I037 331 600w 1750:: F 

159 U-2153 137 800W 3000' F 

160-1 U-2169 66 800W 3190 V F 

160-2 U-2169 68 800W 3190' F 

160-3 U-2169 70 800W 3200 ' ? 

160-4 U-2169 75 800Ù'J 3200' ? 

161 U-2186 800W 3320~ G 

162 U-2200 156 BOO1rl 3660' G 

162-1 U-2200 153 800W 3660' G 

170 u-1610 92 200W 1340' ? 

173 U-à7 4 300W 550' p 

174 U-84 4 300W 550' p 

175 U-93 3 300W 550' An. 

176-A-l U-I090 25 500W 1l~50 ' G 

176-A-3 U-I090 36 500W 1l~50 ' G 

176-A-5 U-I090 47 500W 1450' G 

176-B-6 U-I090 75 500W' 1450' D 
6 

176·-B-7 U-I090 81 500W 1450' 'D 

r'\ 7 
176 .... B-8 U-1090 86 500W 1450' D ' ... 8 
180-2 U-1911 1150 400E 550' P 

181 U--961 560 1000W 550' 
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Sample 
No o 

182 

183-5 

184-2 

185-2 

186-1 

186-2 

187-2 

187-3 

407 

408 

409 

410 

ll-11 

Rock Types: 

-4-

D.D.Ho Footage Section 
Noo 

U-986 47G 1200W 

U-1926 671 100E 

U-1699 820 1100W 

U .... 905 636 1600 

U-1356 681 

U-1356 683 

U-1699 1332 1100W 

U-1699 1356 1100W 

U-I005 120 400W 

U-I005 126 400W 

U-I005 160 400W 

U-I005 172 40m~ 

U-I005 180 400W 

G = Grey Dyke 
QD = Quartz Diorite Porphyry 

D = Diorite Porphyry 
P = Quartz Porphyry 
F = Feldspar Porphyry 
P = Quartz Feldspar Porphyry 

An = Anorthosite 
? = Undetermined rock type 

Level Rock 
Type 

550' ? 

1150' ? 

1050' ? 

1600' ? 

2100' An. 

2100' ? 

1000' '? 

1000'1 ? 

1570' F 

1570' F 

1600' D 

1620 D 

1630' D 
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TABLE II 

APPARATUS AND SPECTROGRAPHIC OPERATING CONDITIONS 

Spectrograph: 

Electrodes: 

JACO, Model JA-7102, 304 meter planegrating 
Spectrographe 

lower (sample) electrode: 3/161l diameter; nspect­
rotech U electrode, (ST-45), with cavity 4 mm. 
"diameter, 5 mm deep. 

upper (counter) electrode: 1/8n diameter; spectro­
tech electrode {ST-40}o 

Exposure Conditions: 

Photography: 

slit width 
slit height 
filter 
preburn time 
exposure time 
focus 

10 
5 mm 

steps 3,4,5,6 
1/2 sec. 
Ta exposure·, usually 2 1 45' + 5 SeCe 
16 ' 

photographic emulsion:' Kodak SA-3 
developer: Kodak D-19, 3 min G , at 20°C 
plate calibration (major elements): 2 step method of 
Churchill ~i. 

Spectral Lines: 

Major - Si 2987; 
Mn 2576 

Fe 2599, Al 2652, Ca 3158, Mg 2781, Ti 3361, 

Interval standard: Li 2741 

Trace Elements -
Ag 33è2 Co 3453 Ma 2576 Sn 3175 V 3185 
B 2497 Cr 2843 Mo 3170 Sr 3464 y 
Ba 3071 Cu 3273 Mi 3411" Ta 271lt. Zn 3345 
Be 3130 Ga 2943 Pb 2833 Ti 3370 Zr 3391 

.:~ Churchill (1944). 
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TABLE III 

ANALYSES OF SAMPLES 

Sam pIe 
26 No .. 14 21 25 48-1 51-2 54-1 54-2 55-2 

Si02% 64.7 71.2 73,,0 73.0 68.9 70 0 8 74 .. 1 72 .. 9 69 06 
Alr03 14.55 17.25 14.50 14,,40 10,,00 13010 13040 14070 14,,80 
Fe tot) 4070 3085 2072 6.95 9.90 2,,65 3,,40 4020 3.70 
MgO 1 .. 11 1021 0.86 0 .. 74 4.70 0093 0:.95 1030 1063 
CaO 6 0 70 3 .. 45 3.90 6 .. 20 8,,50 2075 2075 2090 5,,80 
Na20 2.40 3,,30 2 .. 68 1,,05 1.20 2075 2015 2043 3 .. 25 
Ti02 0.20 0,,23 0.21 0023 1 .. 27 0.14 0019 0016 0 0 45 

B ppm 14 u 5 u 5 li 5 16 23 14 . u 5 u25 
Be u 5 li 5 li 5 u 5 Il 5 u 5 5 
Co 21 20 15 28 38 16 17 18 17 
Cr Tr Tr Tr 88 Tr Tr Tr Tr Tr 
Cu 284 375 138 107 115 180 140 115 57 
Ga Il Il ul0 ulO 15 15 ul0 ul0 ul0 
Mn 450 360 173 155 2200 290 113 250 380 
1-10 5 u 5 8 7 8 ,,-

5 li 5 0 
Ni 10 9 5 8 25 5 9 10 10 
Pb 
Sc u 5 li 5 u 5 u 5 35 u 5 li 5 u 5 5 
Sn Tr 
Sr 95 105 120 105 320 290 250 250 680 
Ta Tr 
V 31 34 27 25 230 46 28 41 57 
Y' 10 18 Tr Tr 28 18 Tr Tr 20 
Zr 270 325 205 220 540 310 310 295 335 
Zn Tr Tr 0 250 
Fe/~!J.g 4 .. 2 302 302 9.4 2.1 209 306 302 203 

SoG. 2,,83 2.82 2.78 2.88 2.97 2097 2077 2076 2081 

Tr = Trace 
- = not detected 
li = less than 
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Sample 
56 64-2 64-3 64-4- 68 80 No. 55-3 59-1 71 74 

Si02% 69.6 73.0 72.4 75.5 75.6 71 06 7102 66 03 61 02 60 0 0 
AIT03 16 0 00 13.80 13 .. 00 13.30 12.10 13050 11 0 60 16.75 18.50 15.50 
Fe tot) 4000 4030 3030 3.03 2.55 4.35 3.92 ul0.00 8 .. 00 4.95 
l\~gO 1098 0 0 92 1036 uO.65 0.78 0,,78 0 0 55 3.08 2.80 1.80 
CaO 4.30 4090 1 0 88 1.30 3.95 3010 6 0 35 2.25 2.70 7,,65 
Na20 3.25 1 .. 68 2.93 1093 1.65 2035 1 0 83 0.97 1088 1037 
Ti02 0032 0.21 0.20 0 .. 13 0017 0,,16 0.14 0036 0038 0036 

B ppm u 5 u 5 u 5 u 5 u 5 u 5 29 18 7 
Be 5 u 5 u 5 u 5 u 5 u 5 4 5 5 5 
Co 13 15 15 15 Il 31 22 290 18 IJ. 
Cr Tr Tr Tr Tr Tr Tr Tr 53 52 Tr 
Cu 19 190 130 168 158 330 300 825 300 41 
Ga 10 ul0 ul0 ul0 ul0 ul0 12 10 14 u10 
IvL.'r} 390 205 213 ul00 215 160 360 1000 700 610 
Il10 Tr 6 u 5 14 Tr 8 6 45 Tr 
Ni 12 8 9 6 u 5 40 u 5 21 15 12 
Pb Tr 
Sc 5 u 5 u 5 u 5 u 5 u 5 u 5 u 5 5 li 5 
Sn Tr 
Sr 400 150 165 290 245 220 230 230 300 
Ta 
V 55 25 28 15 24 25 27 41 46 48 
y 20 Tr Tr 17 17 16 19 18 19 19 
Zr 355 188 305 170 173 24 190 225 220 330 
Zn Tr - Tr Tr 
Fe/Mg 2.0 407 204 407 3.3 506 701 3.3 209 2.8 

S.G. S 2078 2073 2.76 2076 2,,73 2077 3.09 D 2" 8C 

Tr = Trace 
= Not detected 

u = 1ess than 
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Sample 
No. 83 84 92-1 92-2 92-4 93-1 98-1 98-2 98-4 101 

Si02% 6502 57.5 70.3 66.0 66.8 63.8 7204 6700 76 .. 0 7105 
Alf03 17.25 15.50 13.10 17.00 16075 16050 13010 13 060 16,,25 13075 
Fe tot} 6.30 8010 3.70. 7025 7025 7830 2,,98 2080 2.75 3065 
r,igO 5.10 4.55 1.36 2 .. 55 2.55 5015 0 094 0 0 97 1016 0.82 
CaO 9.90 8.70 2.63 3.78 3.78 9.60 3005 3005 3.00 3078 
Na20 0015 0044 0.84 2.80 2 .. 55 0059 2050 2035 2.82 3.00 
Ti02 0.51 0034 0.15 0.56 0053 0051 0018 0.,21 0 0 23 0019 

B ppm 67 10 24 Il 21 24 16 21 18 17 
Be 8 7 5 6 7 10 6 5 5 5 
Co 38 28 Il 26 32 37 Il 10 13 14 
Cr 84 58 63 70 93 
Cu 73 73 120 210 385 78 200 190 158 100 
Ga 13 u10 12 14 14' IL:- 13 13 14 13 
Mn 1850 840 520 650 800 1500 170 210 170 175 
Mo 8 Tr 10 16 51 8 7 8 8 
Ni 26 16 7 20 24 29 u 5 u 5 u 5 u 5 
Pb 
Sc Il 13 5 6 - 7 12 u 5 u 5 u 5 u 5 
Sn Tr Tr Tr 
Sr 430 370 180 220 180 370 240 240 220 290 
Ta 
V 105 98 35 540 74 140 54 44 39 50 
y 23 21 19 19 21 23 
Zr 190 170 310 230 270 220 270 250 260 260 
Zn 
Fe/Mg 1 .. 2 1.8 2.7 208 2.8 104 300 209 2.,4 405 

S.G. 2.96 2092 2.81 2885 2 .. 88 2.88 2074 . 2.77 2074 2041 

Tr = Trace 
- = not detected 
u = less than 
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Sample 
103 104 106 107 147 No. 

Si02% 71.5 69.2 61 0 0 67.5 70.4 
A1203 16e75 18.0 12.8 12.30 16 0 0 
Fe(tot) 3.10 4.60 10.0 10.00 3.60 
MgO 1.06 1.58 5.28 5.00 1.21 
CaO 3.35 6.00 7.74 9.55 1 0 83 
Na20 2.80 5.40 uO o 02 Tr 0.83 
Ti02 0.24 0.41 1.42 1.35 0.16 

B ppm 20 u 5 u 5 34 
Be 5 5 15 17 4 
Co 14 37 33 13 
Cr Tr 55 45 
Cu 66 6 171 118 180 
Ga Il ul0 Il Il Il 
lfm 100 430 550 595 210 
Mo 6 7 u 5 
Ni u 5 13 41 33 Il 
Pb 
Sc u 5 5 23 44 u 5 
Sn 6 Tr 
Sr 340 430 266 300 210 
Ta 
V 21 41 132 168 24 
Y 19 44 61 
Zr 130 330 556 108 200 
Zn Tr 
Fe/Mg 2.9 2.9 109 2.0 2.0 

S.G. 2078 2.,80 2.,87 3.00 2 .. 98 

Tr co Trace 
- "" not detected 
u = less than 

148 149 150 

71.0 48 00 6303 
15.2 2205 18.6 

2005 3.95 4.30 
1024 2003 2023 
1.75 11030 5.05 
1045 1.81 2 .. 78 
0 0 15 .0.14 0.27 

20 21 u 5 
4 7 5 
9 18 Il 

Tr 30 Tr 
120 120 Tr 
10 10 13 

180 380 605 
u 5 26 u 5 

9 13 14 

7 8 8 
u 5 

230 230 490 

20 78 54 
u20 20 

158 350 

L, 7 109 109 

2098 2084 2.78 

,r '\ 
i : 

151 

61 00 
21.8 

5.50 
3 .. 08 
3.93 
2.36 
0 0 25 

15 
7 

17 
73 
77 
12 

540 
u 5 

21 

8 

325 

80 
u20 
205 

1 08 

2078 

152-1 

42.8 
27.0 
6.10 
4048 

12.70 
0042 
0.31 

11 5 
10 
27 
54 

143 
13 

565 
9 

47 

7 
u 5 
300 

110 
u20 

104 

3.18 
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Sarnple 
No. 152-2 152'!'"3 153-1 153-2 154-1 154-2 156 157-1 157-2 

Si02% 70.0 72.5 52.6 66.0 61.2 74,,6 69 00 70 06 7300 
A1203 16 0 9 16.69 20.4 1303 17.5 15 00 1708 15,,3 16 0 5 
Fe (tot) 4 .. 10 9.50 7.75 4.95 4 0 85 3040 2077 4030 
MgO 1.17 1014 3.70 5035 1.14 1028 1021 1010 1021 
CaO 3.75 3 .. 90 12.40 9.20 3.15 3035 3060 4038 50 25 
Na20 2.29 1.65 Tr Tr 2.30 2063 1063 0,,79 1.15 
Ti02 0.14 0 .. ,20 1.35 1 0 18 0 0 21 0.14 0 0 22 0014 0017 

B ppm 7 u 5 li 5 u 5 u 5 u 5 21 u 5 
Be 4 15 16 4 4 4 4 4 
Co 21 78 51 18 14 9 9 9 
Cr ul0 70 56 u20 u20 u20 u20 u20 
Cu 200 450 245 215 230 165 120 215 
Ga 12 17 13 13 Il Il 10 12 
Mn 168 635 750 130 180 130 235 225 
Mo u 5 9 7 u 5 u 5 u 5 u 5 u 5 
Ni Il 255 37 Il 10 12 9 15 
Pb 
Sc u 5 20 21 u 5 u 5 u 5 u'5~ u 5 
Sn Il 6 
Sr 255 400 300 145 165 160 175 175 
Ta Tr 
V 33 165 175 31 28 30 23 28 
Y 37 41 Tr Tr Tr Tr Tr 
Zr 255 640 510 255 263 255 180 280 
Zn -
Fe/Mg 4.9 2.6 104 4.3 3 08 302 2.5 3 .. 6 

S.G. 2.79 2078 2077 2.80 2 .. 76 2083 

Tr = Trace 
- = not detected 
u = under 
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Sample 
No. 159 160-1 160-2 160-3 160-4 161 162 170 173 174 

Si02% 7000 60.3 69.4 69.2 68.7 67.0 6804 66.0 66.8 75 00 
Alf

03 17.9 16.9 20 0 5 12.6 25.3 15 08 1901 18.3 1305 1507 
Fe tot} 5060 3008 2080 ).10 2.53 6.55 4.50 4.01 4040 2040 
MgO 2.05 0 .. 83 0.65 1.92 0.70 2.95 2.03 1032 2.00 0099 
CaO 8.15 8.40 1 0 60 9.48 1.82 4.38 3 0 65 2.76 7096 3.50 
Na20 0 0 34 0.94 1015 0.70 1.11 0.98 1~05 0094 0.36 0.64 
Ti02 0 0 47 0 0 20 0.22 0.13 0.15 0073 0 0 41 0 0 25 0012 0.19 

B ppm u 5 13 35 u 5 40 5 10 16 10 16 
Be 7 4 5 u l) 5 8 6 u 5 u 5 ., 
Co 75 20 23 29 19 63 Il 23 9 9 
Cr 43 Tr Tr Tr Tr Tr Tr Tr Tr Tr 
Cu 470 120 183 152 185 450 77 120 335 185 
Ga 10 ul0 u10 u10 u10 u10 u10 ul0 u10 u10 
Mn 375 655 260 810 265 370 250 280 410 535 
Mo 9 8 u 5 6 6 59 Tr 4 Tr 
Ni 78 10 Il 9 9 13 Il 12 8 9 
Pb 
Sc Il 6 6 4 4 13 6 4 4 5 
Sn Tr Tr Tr Tr 185 
Sr 285 183 200 153 220 270 223 175 185 31 
Ta 
V 75 30 32 33 39 88 41 25 31 Tr 
y 23 17 Tr Tr 22 21 18 Tr 160 
Zr 315 195 290 115 245 380 340 315 163 
Zn - Tr Tr u 5 
Fe/Mg 2.7 3 .. 8 4.3 2.7 3 0 6 202 202 2.0 2.2 201+ 

S.G. 2.87 2.80 2.80 2.78 2.77 2.91 280· 2.80 2075 2.75 

Tr = Trace 
- = not detected 
u = less than 
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Sample 175 176 176 176 176 176 176 180-2 IBI IB2 
No. A-l A-3 A-5 B-6 B-7 B-B 

Si08% 50.B 67.0 6B.0 6B04 6100 62 0 0 63 0 6 66.0 54.2 71.5 
AIt 3 29.0 190B 14.B IB.3 17.6 1800 19 .. 1 Il .. 45 9.BO 50BO 
Fe tot) 70B5 5.75 3050 l .. BO 1~ .. 40 4.00 4.55 3.1B 4.BO 9045 
MgO 5.0 2.65 1.00 1013 2.20 1075 10 60 1018 3.70 2055 
CaO 7.30 4.25 5.10 2.70 2.90 ·5020 7 020 40B4 15005 B .. 85 
Na20 00B2 0.75 0.90 1.14 4 0 00 2 .. 35 1034 006B 0020 Tr 
Ti02 0011 0.51 0.15 0;25 0.39 0034 0 056 0 023 uO.05 0.15 

B ppm 21 12 12 6 u 5 u 5 15 u 5 u 5 
Be u 5 6 u 5 u 5 5 u 5 u 5 1.1 5 u 5 u 5 
Co 42 24 16 9 12 10 B Tr 53 10 
Cr 60 52 Tr Tr Tr Tr Tr Tr Tr Tr 
Cu 350 IB7 265 140 ul0 4 ul0 2B 515 97 
Ga ul0 ul0 ul0 ul0 ul0 ul0 ul0 ul0 ul0 ul0 
Nin 275 340 165 115 500 765 B50 405 425 990 
Mo u 5 u 5 u 5 Tr u 5 u 5 u 5 7 u 5 u 5 
Ni 52 30 Il 10 12 10 9 10 43 lB 
Pb Tr 
Sc B 8 u 5 u 5 5 5 5 25 u 5 u 5 
Sn Tr Tr Tr Tr 
Sr Tr 195 21B 240 165 14B 140 235 135 155 
Ta 
V 31 49 44 24 41 44 42 28 54 55 
Y Tr 21 Tr Tr lB 20 lB 15 lB 
Zr 74 60 270 19 9 2BB 155 110 22 200 
Zn Tr Tr 
Fe/I'-1:g 105 2 .. 2 3.5 3 .. 4 3.0 203 2.B 207 103 206 

S.G. 2.B7 20B7 2.81 2076 2.75 2075 2 .. 76 20B2 2.94 2.Bl 

Tr = Trace 
- = not detected 
u = less than 



Samp1e 
No. 

Si02% 
A1203 
Fe{tot) 
!VIgO 
CaO 
Na2Ô 
Ti02 

B ppm 
Be 
Co 
Cr 
Cu 
Ga 
IIIIn 
Mo 
l'J" .1 
Pb 
Sc 
Sn 
Sr 
Ta 
V 
y 
Zr 
Zn 
Fe/Mg 

S.G. 

/ ....... \ 
. ) 
-',,-,="I 

183-5 

·64.0 
12 .. 0 

2.25 
1000 
4.00 
2.95 
0.22 

u 5 
u 5 

6 
Tr 

u 5 
ul0 
330 
u 5 

9 

u 5 

255 

24 
Tr 

182 

2.3 

184~2 185-=-2 

60.6 52.10 
10.3 16.1 

5.90 6.55 
2.60 3.20 

10.35 9.75 
2065 0.86 
0 0 42 0.27 

u 5 13 
5 u 5 

17 48 
33 44 

2 205 
ulÔ u10 
725 1900 
u 5 5· 

19 31 

7 6 
Tr Tr 
Tr 190 

51 44 
19 18 

182 68 

2.3 2.0 

2.74 2.85 

rl 
...;8-

186-1 186-2 187-2 187-3 407 408 

53.0 63.8 6500 66 .. 0 62.8 7202 
21.25 15.0 13075 12 Q 75 1907 17.0 
8.10 2.80 1075 2075 3 .. 55 4 .. 00 
6 .. 75 1 .. 20 0090 1010 1038 1 .. 25 

Il.00 4.70 4.65 3,,70 2.80 2.85 
0.86 2.90 2.45 2,,85 2090 2.90 
0.05 0 .. 32 0 0 32 0 .. 25 0.28 0 0 21 

u 5 u 5 u 5 u 5 u 5 u 5 
u 5 u 5 u 5 u 5 u 5 u 5 

55 33 10 9 10 Il 
41 Tr Tr Tr Tr Tr 

115 36 58 165 135 158 
ulO ul0 ul0 ulO ul0 ul0 
630 115 265 193 240 535 
u 5 u 5 u 5 Tr Tr 

59 15 12 9 Il 10 
-
5 5 u 5 u 5 5 u 5 

Tr Tr 
175 138 275 178 175 160 

43 42 29 27 32 34 
Tr 18 17 Tr Tr Tr 
50 295 255 193 295 175 
Tr 
1.2 2.3 109 205 2 0 6 302 

2.98 2078 2078 2.78 2074 

Tr = Trace 
- :: not detected 
u = less than 
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Samp1e 
No. 409 410 411 

Si02% 6304 5504 60 0 2 
A1203 18.8 18.6 1907 
Fe(tot) 4.45 4.60 3.60 
MgO 2.40 2.18 1095 
CaO 4.10 5 .. 00 3.70 
Na20 5.20 6050 5.85 
Ti02 0 .. 33 0033 0 0 32 

B ppm u to 5 u 5 u 5 
Be 6 6 u 5 
Co 13 15 Tr 
Cr Tr 32 25 
Cu 58 5 110 
Ga ul0 10 ul0 
Mn 490 525 350 
Mo u 5 u 5 u 5 
Ni 13 10 13 
Pb 
Sc 7 u 5 5 
Sn Tr Tr 
Sr 163 350 115 
Ta 
V 49 51 43 
y 20 19 18 
Zr 400 318 308 
Zn Tr 
Fe/Mg 1.9 2.1 309 

SoG. 2074 2.75 2.74 

Tr = Trace 
- = not detected 
u = less than 
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P E R C E fil TA GE' Si O2 

74 
"J 

153'1 laI 84 93'1 14 "'1 40'1 21 

185'2 410 aD 150 63'1 92·2 55'2 51'2 

186) 151 1760'7 IBo'u 92·4 65·3 64'4 

154'1 17~O laN~ 98'2 104 92'1 

160·1 407 107 166 101 

176'S'S 409 153-2 160'2. '103 

la4,2 106'2 161 160'3 147 

411 170 160'4 148 
,p~ 

173 162 152·2 

176M 17GM, 157-1 

180'2 176MJ 159 

IB""3 laz 

PLATE 30 Histogram, shovring distribution or Siû;2 

l 
74 76 

25 541 90'4 

26 64·2 

54·2 64·3 

56 154·2 

59·1 174 

60 

98'1 
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157'2 

400 
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PERCE NTAGE 

IBI 40'1 68 64·3 51'2 J4 SO 55'3 21, 74 162 153-1' 151 

184·2 I600Z 107 54·1 25 94 71 B3'1 104 176AI 150'2 IO~N 

160'3 56 26 146 92'4 92·2 150 I76BO, 

163'5 59·1 64·2 1542 93'1 1541 170 407 

16N~ 64·2 55·2 157'1 ~H)'4 165 17GA5 411 

lOG 644 176A3 161 ' 103 159 11GB7 

92·1 174 147 17686 409 

96'1 186'2 152'2 408 410 

98'2 152'3 

101 157'2 

153'2 160'1 

,173 180.2 ,,1 

: 
167'2 

Nor SHOWN: SAMPI.E' No. 16Qo.!J. (25.3 % )' 
182 ( 5.8 %i 

CJ FLATE 40 Hi ntoernm, shOtving distr:ibution of A12ÛJ 
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P E R C E N T AGE Co 0 

59·1 21 25 2G 14 60 153'2 184,2 153'1 
64·2 51'2 55'3 55'2 60 173 IGo-~ UHN 
147 54·1 56 104 l'IGBO 4&1 182 
146 54·2 M·a 150 84· 63·1 
160'2 64·4 92'2 157'2 IS9 9::H 
160'4 71 92'4 17GA3 150·1 107 

74 101 176B7 165'2 
92·1 151 410 
98'1 152'2 100 
90·2 152:3 
98'.4 IS'/'I 
10'0 161 

164·1 17GAI 
154·2 100'2 
156 183'5 
162 186-2 
170 167'2 
174 409 
176A5 84 
17666 
ISNi 
407 
408 NOT SNOWru: No.IBI ( 15.05%} 
411 

lLATE 50 Hifltogram, ehol/ing distribution of CaO 
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PERCENTAGE FeO of- Fca 0 3 

\ll7·a 25 21 14 151 26 92·2 74 46'1 71 
51'Z 54·1 54·2 159 03'1 92·4 84 153'1 107 
64·3 55·? 55'3 IGO·3 IGI 93-1 te~i'I 102 100 
9B-1 ~j9-1 56 I7GAI 105-2, 163-2, 
96-2 64-2 64-4 104-2 
90-4 €lB CO 
146 92-1 104 
157-1 101 150 
'60-4 103 152·3 
174 147 154-1 
183-5 156 154-2 
166-2 160·1 I5N~ 
160-a 176A3 162 
107·3 176A5 170 

180'2 mi 
407 1768S 
411 17GB7 

17686 
lai 
406 
409 
410 

( 
ILATE 60 lIistogrum, shovTing dip.tribution of Fe (tot.) 
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·26 
64·2 
64·3 
S8 
IGO'2 
160'4 

14 
21· 
25 

51·2 
54·1 
54·2 
56 
59-1 
64·4 
~.2·1 

rJ
~~··14 
10( 
103 
147 

174 148 
176A3 152·2 
176A5 152·3 
160'2 154·1 
183'5 154·2 
186'2 156 
IB7·2 157.1 
IB7'3 157'2 
407 IGO'I 
408 170 

P E R C E N T AGE Mg 0 

5~'2 
5S'3 
BO 
104 
150 
159 
160·3 
162 
173 

176B6 
176B7 
17GBB 
410 
4U 

" 74 . 
92'2 
92·4 
151 
161 
17GAI 
182 
184·2 
409 

71 
153'1 
IBI 
165'2 

.48·1 
83'1 
84 

93·1 
107 
150'2 

Histograrn, shoH'ing distribution of MgO 

106 1B6'1 
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P E R C E N TA G E NozO 

48·1 26 54" 14 21 '176136 104 
83'1 71 56 25 55'2 409 
93'1 80 64·2 51'2 55'3 
106 84 ~4.3 54·2 101 

L.107 92'1 ,S8 59·1 167'2 
153'1 147 74 64·4 
153'2 140 152'3 92'2 
159 157-1 866 92'4 
160·3 157'2 9tH 
173 160'1 98·2 
174 160'2 90·4 
160'2 IGO'4 103 
ISI' 161 150 
182 162 151 

170 152·2 
17GAI 154·1 
17GA3 154·2 
176A5 rlOS7 
176130 163'5 
185'2 184·2 
18(H 106'2 
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400 
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Histoeram, showing distribution of Na20 
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P E R C E N T AGE Ti 0 2 

55'3 
71 
74 
80 
84 
104 
162 

17686 
176B7 
184·2 
186'2 
187'2 
409 
410 
4JI. 

55'2 
83'1 
92·2 
92·4 
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159 
176AI 
176136 

161 

1 

1.05 

l-tATE 90 Histogram, shotoling distributiob of Ti0
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PARTS PER MILLION B 

21 60 14 48-1 51-2 se 1~7 IGO,ta IGO,~ 
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Confidence limits of the mean a 2 /,;5 , where t = Studenf's f, s = standard 

deviation, and n:: number of samples. _ ' 
Analytical confidence limits of the mean = ~ 2 , where j{ = mean value, 

C = relative deviation, (TableS), and n= number of samples. 

Confidence limits of the mean. 

Mean deviation for n samples. 
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