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ABSTRACT 

Samples of rocks during reconnaissanc e geolog ical mapping by 
Geological Survey of Canada field parties have been us ed to e stimate the a ve r­
age abundance of some trace e l ements in the surface c rystalline rocks of the 
Canadian Shield. The preferred valu es are as follows, in ppm: Ni, 19; Cu, 
26; Zn, 60 ; Pb, 18; V , 59; Sc, 12 ; Y , 21; La, 71; Zr, 190 . 

Regional va riations in trace e lement conte n t of the rocks sugge st that 
Pb is mobile under high grade regional metamorphism but that Ni , Co , Cu, 
Zn, V, and Sc are r e latively immob ile and tend to be concentrated in rocks 
of g ranulite facies. Ni is more abundant and Pb and Zn l ess abundant in 
Archean rocks than in Proterozoic rocks. Rocks of some of the sample ar e as 
show highe r than average contents of some trace e l ements , for exampl e , 
rocks of Fort Enterprise area are high in Ni and Cu and rocks o f Battle 
Harbour - Cartwright are high in Zn. 

RESUME 

Des echantillons de roches ramasses au cours de missions de carto­
graphie geo logiau e de reconnaissance par l es eauip es de la Commission geo­
logiaue du Canada ont ete utilises pour evaluer la quantite moyenne d'elements 
~ l' etat de traces~ la surface des roches cr istallines du Bouclier c anadien. 
Les vale urs rencontrees sont l es suivantes, en ppm: Ni, 19; Cu, 26 ; Zn, 60; 
Pb, 18; V, 59; Sc, 12; Y , 21; La, 71; Zr , 190. 

Les va riations regionales dans le contenu des roches en elements ~ 
l' etat de traces laiss ent ~ entendre que l e Pb est mobile dans le cas d'un 
metamorphisme regional tr~s eleve mais aue le Ni, le Co, le Cu, le Z n, l e V 
e t le Sc sont relativement immobiles et ont tendance ~ se concentrer dans des 
roches ~ faci~s de granulit e . Le Ni est plus abondant dans l e s ro c h e s de 
l 1Archeen que dans l es roches du Proterozo·ique alors que c ' est l e contraire 
pour le Pb et l e Z n aui sont moins abondants dans l es roches de l'Ar c he e n 
que dans les roches du Proterozo·ioue. Des roches de certaines des regions 
d'echantillonnage ont une teneur plus e levee aue la moyenne en cer tains 
e lements~ l' etat de traces , par exemple les roches de la region de Fort 
Enterprise ont une teneur elevee en Ni et en Cu, et l es roches de Battle 
Harbour - Cartwright ont une teneur e l evee en Zn. 





REGIONAL, LITHOLOGICAL, AND TEMPORAL VARIATION IN THE 
ABUNDANCES OF SOME TRACE ELEMENTS IN THE CANADIAN SHIELD 

INTRODUCTION 

In a previous publication (Eade and Fahrig, 1971) concerning the 
chemical composition of surface crystalline rocks of parts of the Canadian 
Shield data were presented on the abundance of the major rock-forming ele ­
ments and of some of the minor e l ements. The abundances of some additional 
trace e l ements in these same rocks and an interpretation of the results are 
presented in this report. 

A detailed discussion of the collection and preparation of th e sam­
ples and the processing of the results is given in the earlier report. Briefly, 
rock specimens collected in the course of reconnaissance geological mapping 
were used to prepare composite samples representing each major rock-type 
in eac h unit-area. The number of specimens used in each composite to 
determine the trace element abundance of each rock-type is listed in Tables 
2 to 9, as well as the number of square miles represented by each analysis. 
As indicated in Figure 1, the investigation involved the study of 26 unit-areas. 
New Quebec was divided into 15 unit-areas and northern Keewatin into 5. The 
unit-areas of New Quebec and northern Keewatin were numbered for ease of 
reference. Each of the 6 remaining map-areas formed a unit-area in the 
investigation. The average abundance of each e lement in each unit-area was 

Figure 1. Location map of areas sampled. 

Original manuscript submitted: September 29, 1972 
Final version approved for publication: October 6, 1972 
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determined by weighting each rock-type in proportion to its exposed area and 
overall averages for the map-areas were determined by the same process of 
weighting according to the size of the unit-areas. 

The rock-types of this report are the same as those of the previous 
report (Eade and Fahrig, 1971) and they are defined in the simplified legend, 
Table 1. Distribution of the rock-types in each map-area is as shown on the 
previously published standardized rock distribution maps (Fig. 3 op . cit.). 
For more detailed information on the geology of the areas the reader is 
referred to the original published maps and reports. 

Pb, Zn , Ag, Ni , Co, and Cu were determine d in all samples by the 
Spectrographic Laboratory of the Geological Survey of Canada (G. S. C.) by 
quantitative emission spectrographic methods. Results for Pb, Zn , and Ag 
are expected to be accurate within ±30 per cent of the value reported and Ni , 
Co, and Cu to be w ithin ± 15 per cent of the value reported. It should be noted 
that Ni was previously determined in all samples and Co in some of the sam­
ples (s ee Eade and Fahrig, op. cit .) using a slightly different laboratory 
method, The new results are considered to be the more accurate. 

Ni, Co, Cu, V, Sc, Y, La, and Zr were determin e d in samples from 
New Quebec , Battle Harbour - Cartwright, Baie Comeau, and n o rthern 
District of Keewatin areas in the Sp ectroscopic Laboratory of the Bureau of 
Mineral Resources (B. M, R, ), Canberra, Australia, Thes e analyses were 
carried out by optical emission spectroscopy using a method adapted from 
Ahrens and Taylor (1961). Both internal and rock standard controls were 
used. From previous expe rience w ith this method for the analysis of similar 
material, it is estimated that the values given for the elements are within 10 
per cent of the true value. 

Duplicate results (B. M. R. and G. S. C. ) for Ni , Co, and Cu are given 
for comparison. In general the agreement is good and the few cases where 
large differences exist maybe due to a modification in final sample prepara­
tion; the B. M. R. aliquots of the samples were re ground to pass 120 mesh 
sieve and homoge ni zed before analysis. 

Although the abundance in crystalline Shield rocks of such economi­
cally important e l ements as Pb, Zn, Ag, Ni, Co, and Cu may not be directly 
applicable to ore finding, the values give the order of magnitude of abundance 
of these metals in these parts of the earth's continental crust. The interpre ­
tation of the results relative to lithology, age, and metamorphism may pro ­
vide clues in the continuing search for the concentrations of the e l ements that 
constitute economic mineral deposits. The value of knowing the natural abun ­
dances of metals in the c rust when attempting long-range forecasts of the sup­
ply and price of metals is emphasized by Booth (1 971 ). 

W. H. Champ and K. A. Church, Spectroscopic Laborato ry, Geological 
Survey of Canada, and K. R. Walker, T. I. Slezak and R. E. Moon of the 
Spectrographic Laboratory, Bureau of Mineral "lesources, Canberra, carried 
out or assisted with the analytical work, J.A. Fraser, W. W, Heywood, 
I. M. Stevenson and F. C. Taylor made available specimen collections . Dis­
cussion of the results with K. R. Walker and D. F. Sangster assisted us in the 
interpretation. 
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THE AVERAGE ABUNDANCE OF TRACE ELEMENTS IN THE SURFACE 
CRY ST ALLINE ROCKS OF THE CANADIAN SHIELD 

Three averages were calculated (Tables 11 and 12); one average 
gives map-areas unit weight (although they are not all the same size); a sec­
ond was calculated by weighting the average composition of each map-area 
according to the size of the map-area; and in the third, the average composi ­
tions of the map-areas were used to calculate an average for the structural 
province within which they lie and an overall average was then calculated 
from the structural province averages by weighting according to the size of 
the structural province. In determining the average composition of structural 
p:::ovinces (Table 12), in those where only one map-area was studied the aver­
age consists of the average composition calculated for that one map-area. 
For those structural provinces in which two or more areas were studied, an 
average for the province was calculated by weighting the chemical averages 
of each map-area according to its size. The last average (Table 12), for 
reasons discussed in the earlier report (Eade and Fahrig, op. cit.), is con­
sidered to be more meaningful than the other two as it takes some account of 
the crust's systematic geochemical variation with geological time and tectonic 
history. The Superior Province is represented by only the New Quebec area. 
Since the New Quebec region is considered to represent a deeper crustal level 
than that exposed in much of the remainder of the Superior Province, the val­
ues may not be truly representative. Other structural provinces are not ade­
quately represented by the sample areas but the values obtained are consid­
ered to be suitable for determining a preliminary value of the surface compo ­
sition of North American Precambrian continental crust . This overall sur­
face crystalline average provides a background with which regional values 
should be compared. 

TRACE ELEMENTS IN SOME MAJOR ROCK-TYPES 

The average trace element content of the major rock-types in the 
areas studied and the weighted overall average in these rock-types is 
presented in Tables 15 to 20. Published analyses of similar rock-types are 
included for comparison. 

Rock-Type 1: Volcanic and metavolcanic, 
minor sedimentary and metasedimentary rocks: 

Rocks of this type have the highest average contents of Ni, Co, Cu, 
Zn, and Ag. Distribution of the rock-type is restricted to Fort Enterprise, 
Snowbird Lake and New Quebec. In New Quebec this rock-type is present in 
five of the fifteen unit-areas (10, 12, 13, 14, and 15). Ni and Co in areas 10 
and 12 of New Quebec are much lower than in the other three unit-areas and 
the quantity of Zn in this rock-type differs from area to area throughout New 
Quebec. Cu is low in area 10 and high in area 15 compared to areas 12, 13 
and 14. Zn is high in areas 10, 12, andl3and Pb in areas 10 and 12. High 
Ag values are present in areas 10, 13, and 14. 



- 4 -

The variations in trace element cont ent probably reflect variation in 
the amount of metasedimentary rocks included with the predominantly meta­
volcanic type. The Ni and Co values in area 12 suggest some basic and ultra­
basic rocks, probably intrusive, have been included with the metavolcanic 
rocks. 

The trace element abundances in rock-type 1 from the Fort Enterprise 
area are similar to the average values found in this rock-type in New Quebec. 
Rock-type 1 in Snowbird Lake area contains less of all these elem ents, but 
rock-type 4 (amphibolite) has a trace element content very similar to that of 
rock-type 1 in Fort Enterprise and the average of rock-type 1 for New Quebec. 
The inclusion of metamorphosed basic intrusive rocks in type 1 in Fort 
Enterprise and New Quebec areas and their inclusion in type 4 of Snowbird 
Lake may account for the variation. 

The contents of Ni , Co, Cu, and Zn are higher and Pb and Ag con­
tents lower in type 1 than in either the amphibolite facie s or epidote - amphibolite 
facies green stones of the Yellowknife volcanic belt (Boyle, 1961). The 
Ni and Co values in particular are markedly higher. The meta volcanic rocks 
of the Red Lake - Lansdowne Hous e area (Reilly and Shaw, 1967; Holman, 
1963) are lower in Ni , Cu, and Zn than the rocks of rock-type 1. 

Rock-Type 5: Paragneiss , paraschist; minor amphibolite: 

Rocks of this type hav e the highest average Pb content of any of the 
major rock-types indicating the preference of the element for sedimentary 
and metasedime ntary rocks. The average Ni content of this rock in northern 
District of Keewatin is anomalously high, again suggesting that specimens of 
amphibolite derived from basic intrusive rocks, containing abundant Ni, were 
included in the composite sample in unit-area 2, one of the two unit- areas of 
northern District of Keewatin in which rock-type 5 is present. Rock-type 5 
in the Fort Enterprise area contains relatively large amounts of Ni. 

The Cu content (11 ppm) of this rock in the Baie Comeau area is 
much lowe r than that of the other areas w hich have a ran ge of 3 6 to 46 ppm 
and the overall average (44 ppm). This Shield- wide average is double the 
average Cu value in the metasedimentary rocks of the R e d Lake - Lansdowne 
H ouse area (Reilly and Shaw, 1967). Similarly the Zn in r ock-type 5, whic h 
ranges from 50 to 85 ppm and has a Shield- w ide average of 56 ppm, is much 
higher than the 30 ppm average Zn reported from m etasedimentary rocks of 
the R e d Lake - Lansdowne House area (Holman, 1963). 

Rock-Type 6: Undifferentiated gneisses and schists derived from 
sedimentary and volcanic rocks: 

The higher average content of Ni and lower content of Pb in the 
gneisses and schists of rock- type 6 as compared to 5 is thought du e to the 
notably greater amount of metamorphosed volcanic rocks within this type. 
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Rock-Type 7: Banded gneisses, migmatites, granitic gneisses: 
minor amphibolite inclusions: 

Rocks of this type generally have very low Ni content the one excep­
tion being rocks of Fort Enterprise which are anomalously high in Ni and Cu. 
Cu in rocks of Fort Enterprise is, for example, more than four times the 
average content for all other rocks of this type. Cu is also slightly above the 
average in the Battle Harbour - Cartwright area. This rock-type in the 15 
unit-areas of New Quebec exhibits relatively constant Cu values but Zn, Pb, 
and Ag all vary from unit-area to unit-area. The Battle Harbour - Cartwright 
area has Zn, Pb, and Ag values much above average values. The high Zn 
content is probably related to the very high Zn value obtained from the high 
level granite, unit 1 0, in this area. The inclusion of some calc- silicate rock 
specimens in the composite sample of these gneisses may have increased the 
Zn, Pb, and Ag content. 

Rock-Type 9: Massive to slightly foliated deep level granitic rocks: 

The content of Ni and Co in rocks of this type is largely below the 
level of detection by the methods used. The average Cu content in all areas 
is much above the Cu average for massive granites in the Red Lake -
Lansdowne House area (Reilly and Shaw, 1967). Rock-type 9 in Hardisty Lake 
area and in several unit-areas in New Quebec give particularly high Cu val­
ues. The Zn content ranges from 49 to 66 ppm with the exception of that in 
the Snowbird Lake area (35 ppm). These values are all higher than average 
granite values given for Zn in Red Lake - Lansdowne House area (27 to 29 
ppm) (Holman, 1 963). 

Rock-Type 10: High level granite, guartz monzonite to monzonite: 

This rock-type in the Fort Enterprise area has an anomalously high 
Ni content and, to a lesser extent, Cu. In all other areas the Ni content of 
rocks in this unit is below the limits of detection of the analytical method. 
The Zn content of this rock in the Battle Harbour - Cartwright area (170 ppm) 
is much greater than the range of 40 to 64 ppm found in this rock-type in all 
other areas. The Shield-wide average Zn content of rock-type 10 may be 
exaggerated (81 ppm) because of the inclusion of data from Battle Harbour -
Cartwright area. 

The Pb content is much below average (13 ppm) in the Fort Enterprise 
area whereas in unit-area 13 of New Quebec the Pb is abnormally high at 40 
ppm. In most other areas Pb values are reasonably consistent, between 20 
and 30 ppm. 

It is interesting that the Ag content in rock-type 10 of Battle 
Harbour - Cartwright area is high, as is Zn, yet the Pb value is close to 
average. 
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METAMORPHISM AND FRACTIONATION 

The sampling of widespread granulite facies rocks in the New Quebec 
area provided material suitable for an examination of possible fractionating 
effects of regional metamorphism on trace element distribution. The distri­
bution and character of the granulite rocks and their relationship to adjacent 
rocks of amphibolite facies have been discussed previously (Eade, et al., 1966; 
Eade and Fahrig, 1971). Table 14 gives the average abundances of the trace 
elements in rocks of the amphibolite and granulite facies of each unit-area, 
and the mean abundance in all amphibolite and in all granulite facies rocks. 
The mean facies compositions of New Quebec, calculated on the basis of the 
areal extent of the two facies, do not necessarily indicate whether fractiona­
tion of trace elements occurs under conditions of high grade regional meta­
morphism. It is necessary in examining this question to compare the values 
for the two facies in the twelve unit-areas where both are present. 

The Metallic Elements 

There is no sharp contrast in the abundance of Ni in granulite vs. 
amphibolite facies rocks although our data suggest somewhat larger quantities 
of Ni in the granulite facies relative to the amphibolite facies. The Geological 
Survey of Canada analyses show higher Ni values in granulite facies than in the 
amphibolite facies in six unit-areas, higher values in the amphibolite facies 
than in the granulite facies in four unit-areas, and in two unit-areas there is 
no significant difference. Bureau of Mineral Resources analyses show higher 
Ni values in the granulite facies than in the amphibolite facies in seven of 
the twelve unit-areas, and six of these correspond with Geological Survey 
analytical results. 

It should be pointed out here that if an element is notmobilizedunder 
conditions of high grade metamorphism, its abundance in the granulites will 
be increased relative to, let us say neighbouring rocks of amphibolite facies, 
only by the percentage total loss of mobile material from the granulite zone 
during its elevation to this facies. On the other hand the decrease in the 
abundance of a mobile element during increased metamorphism may approach 
100 per cent and its percentage in the zone of fixation may be very materially 
increased. 

The amount of Co present in most samples is too close to the detec­
tion limits of the Geological Survey analysis for the determinations to be sig­
nificant . The Bureau of Mineral Resources results however indicate enrich­
ment of Co in the granulite rocks relative to rocks of amphibolite facies in 
six of the twelve unit-areas, with six unit-areas showing no significant dif­
ference. There is no significant difference in the average, but as already 
pointed out the overall average does not necessarily resolve the question of 
the fractionation of elements under high grade conditions. 

An enr ichment of Cu in rocks of granulite facies as compared to 
those of amphibolite facies is indicated by the analyses from both laborator­
ies. This is confirmed by results of both laboratories in eight of twelve unit­
areas but in four unit - areas they conflict . 

Values for Zn in rocks of the two facies do not have a marked spread 
but in four of the twelve areas values in rock of granulite facie s are higher 
and in seven areas are virtually the same. This seems to indicate relative 
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enrichment of the element in the granulite facies rocks despite the fact that 
overall average value for rocks of the two facies show the amphibolite facies 
very slightly (1 ppm) richer in Zn than is the granulite facies. This results 
from determining the averages by weighting according to areas. 

Pb shows relative enrichment in the amphibolite facies of ten of the 
twelve unit- areas . In four of the ten areas however the differences are prob­
ably too small to be significant but an overall trend does seem to be 
suggested. 

A very pronounced trend of relative enrichment of V in the granulite 
facies is evident . In some unit-areas the difference is not great but the trend 
is indicated in eleven of the twelve areas where both rock facies are present. 

The amount of Ag present in many of the samples is so close to the 
detection limit of the analytical method used that no trend can be establish ed 
for this element . 

In summary, in the twelve unit-areas of New Quebec where both 
granulite facies and amphibolite facies rocks are present, Ni, Co, Cu, Zn , 
and V seem to be enr iched in the granulite facies relative to the amphibolite 
facies; Pb is enriched in the amphibolite facies relative to the granulite facies; 
on the basis of present data, no variation is evident for Ag. 

Discussion 

The results suggest that Pb is mobile under conditions of tempera -
ture and pressure accompanying high grade regional metamorphism in New 
Quebec but that Ni, Co, Cu , Zn, and V are relatively immobile and tend to 
be relatively concentrated in the granulite facies rocks. The granulite facies 
rocks in New Quebec are hornblende granulites, i.e. in the lower part of the 
granulite facies . It is possible that under still higher grade metamorphism, 
for example in pyroxene granulites , some of the other elements mentioned, 
in addition to Pb, may bee ome mobile. In this regard, the experimental 
work of Walker and Buchanan (1969) on metal transport in the gas phase at 
high temperatures , is of interest. For sulphide minerals reacting with gas ­
eous HCl, they determined an order of mobility of Pb>Zn>Cu . It is possible 
then that in pyroxene granulite rocks Zn as well as Pb may be depleted. The 
apparent mobility of Pb, whether in the gas or liquid phase and whatever the 
mechanism, has economic implications in the zoning of trace element con ­
tents under conditions of high grade metamorphism. 

The relative enrichment of Pb in amphibolite facies rocks may in 
part be related to the fractionation of U and Th due to a regional metamorph­
ism (Fahrig, et al., 1 967). If fractionation has enriched the amphibolite 
facies rocks in U and Th, their radioactive decay would result in Pb enrich ­
ment as well. 

The zinc to lead ratio (Table 14) is consistently higher in the granu­
lite facie s rocks with the exception of unit-areas 12 and 14. The plot of the 
Zn/ Zn+Pb ratio , Figure 2 , shows some consistency of trend between the 
amphibolite and granulite rocks in each unit-area with the exception of the 
two areas mentioned. The granulite facies rocks in areas 12 and 14 appear 
to be anomalously high in Pb and it is noteworthy that these same rocks are 
also high in Ag (Table 14). 

The manner of occurrence of the metals enriched in the granulite 
facies is not known. Wilson (1969) stated that preliminary data showed that 



- 8 -

high concentrations of Cu, Ni, and other metals are common in orthopyroxene 
of granulite facies rocks, the metal ions apparently substituting in the lattices 
of the mineral under high pressure - temperature conditions. In an investiga­
tion of the Cu content of biotites from the Boulder Batholith of Montana, Al­
Hashimi and Brownlow (1970) found that biotite without sulphide inclusions can 
accommodateuptoZOOppmCu . Generally h owever , much of the Cu in biotites 
is probably present in fine chalcopyrite inclusions. No data are available on 
the content or state of Cu in the biotites of rocks of New Quebec. Whether 
metal ions are present in the granulite rocks as fine sulphide inclusions or as 
substitutes in the lattices of silicate minerals has some economic bearing 
because it governs their susceptibility to solution and transport and possible 
concentration in deposits. Sulphides are relatively stable in "hot water" solu ­
tions such as may develop during retrograde metamorphism but silicates 
are not. However, sulphides are more susceptible than silicates to tectonic 
(physical) remobilization and concentration. Deformation, in the form of 
isoclinal folding, the selective remobilization that often accompanies isoclinal 
folding, and recrystallization, can transform an uneconomic sulphide layer 
into an economic ore body as pointed out by Sangster (1971). 

During retrograde metamorphism of granulite facies rocks, pyrox­
enes are converted to amphiboles or phyllosilicates and trace element metals 
are released. They may be either incorporated into new minerals or trans­
ported elsewhere to be deposited in favourable locations as concentrations if 
at some stage sufficient sulphur is available. Wilson (1969) suggested that 
the "volatiles" for the hydrous minerals formed in retrograde metamorphism 
are of deep-seated origin and that some mineralization may b e derived from 
this juvenile material although it is likely that the greater part of the metal 
content is scavenged from the granulites themselves. Saha et~. (1968) sug­
gested that in the case of granitizing solutions passing through rock, the trace 
elements and the major elements in the granitizing solution would compete for 
substitution in crystal lattices mainly on the basis of geometry; i.e. ionic 
size, while bonding properties like ionic cha rge and e l ect ronegativity are less 
important. In crystallizing melts whe re major and trace elements compete 

• 9 

~ . 8 
+ 
r:l 

-t: 
r:l 
N .7 

Amphibolite facies .... a 

Granulite facies ........ • 

a 

a 
a 

• 
a 

a 

a 

3 Average 
Zn 

Unit Areas - arranged with Zn + Pb ratios in amphibolite facies increasing to the right 

Figure 2. Zn/ Zn + Pb ratios in amphibolite and granulite facies rocks , New 
Quebec. 
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to form the growing crystals , ionic charge and e l ec tronegativity are more 
important factors . In the cas e of the solutions producing r etrograde meta ­
morphism , ionic size would be a factor in determining whether substitution 
of trac e e lements in the lattices of new-forming minerals or transportation of 
the elements takes place . 

The basification of granulites resulting from the loss by upward 
movement of more volatile constituents in response to r egional metamorph­
ism , may in part account for the d e pletion of Pb . Potassium is one of the 
volatile elements that moves from the granulite rocks and as Pb tends to b e 
concentrated in K feldspar, where it substitutes for K , the breakdown of the 
K feldspar would leave Pb ions more susceptible to transport . 

The relative enrichment of vanadium in the granulite rocks as com­
pared to the amphibolite rocks is predictable. Vanadium is geochemically 
similar to Ti whic h is concentrate d in the granulite facies (Eade and Fahrig, 
1971 ). In general there is a basification of the granulite facies compared to 
the amphibolite facies and vanadium shows a stron g affinity for the more 
basic rock-forming minerals (Rankhama and Saharna, 1950) . 

Scandium , Yttrium , Lanthanum , and Zirconium 

The abundance of Sc, Y , La, and Z r were determin e d in the amphib­
olite and granulite facies rocks of New Quebec (Table 13) . Values obtained 
for Zr show no trend w hate v e r indi cating enrichment or depletion during high 
grade metamorphism . Sc , however , appears to be slightly enriche d and Y 
and La even less so in the granulite facies relative t o amphibolite facies 
rocks . 

Although in many r espec ts, scandium r esembles thorium c h emically 
(Rankhama and Sahama, 1950), the r eac tions of the two elements are reversed 
under conditions of regional metamorphism. The ability of scandium to 
replace bivalent iron in silicate minerals under certain conditions may 
account for its relativ e concentration in the granulite facies rocks of New 
Quebec with enrichment and concentration of scandium in ferromagnesian 
minerals in concert with the apparent trend to basification of granulit e facies 
rocks. In the progressive metamorphism of pelitic rocks, Shaw (1954) found 
a slight trend toward increasing Sc content w ith increasing metamorphism. 

Our data for Y, La, and Zr are equivocal in regard to th e ir reaction 
to high grade regional metamorphism. Rankhama and Sahama (1950) stated 
that Y is e nriche d in the garnets and hypers thene of granulites in Finland and 
La e nric hed in the feldspars of the granulites. The data of Shaw (1954) sug­
gest increasing Y content w ith increasing metamorphism of pelitic r ocks . 

ABUNDANCES OF ELEMENTS AND EVOLUTION OF 
THE CANADIAN SHIELD 

A progressive change in composition of new non-orogenic material 
added to the Shield during Precambrian time was suggested in an earlier 
paper (Fahrig and Eade, 1968). The average abundances of trace elements 
in the various areas in terms of the ages of the major rock units of which they 
are composed (Fig. 3) offers some additional data in re ga rd to possible 
chemical evolution of the Shield. It should be note d that values for V, Sc, Y , 
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La, and Zr are available in only four sample areas , New Quebec, northern 
District of Keewatin, Battle Harbour - Cartwright, and Baie Comeau. For 
the oth er trace e l ements, Ni, Co, Cu, Zn, Pb, and Ag, two averages have 
been calculated (Table 13), one the average of those areas composed entirely 
of Archean rocks, the other an average of those areas that are entirely 
Proterozoic plus those that are mixed Proterozoic and Archean. These two 
weighted averages indicate some significant differences. Ni is definitely 
higher and Pb and Zn significantly lower in the Archean rocks. According to 
Table 13, Cu too is much higher in the Archean rocks but this is due in large 
part to the New Quebec average of 32 ppm (G. S. C. analyses). As indicated 
in Figure 3 , the New Quebec average derived from B. M. R. analyses is 23 
ppm Cu. The use of this figure would reduce the Archean average (Table 1 3) 
to within 20 per cent of the Proterozoic average. As stated previously, deter­
minations of Ag and Co are not regarded as interpretable since the values 
obtained are at or near the limit of detection of the analytical m e thod. 

Many authors have noted · the marked concentration of Pb and Zn 
deposits in Phanerozoic rocks and of Ni deposits in the Archean rocks. 
Petrascheck (1969) noted a concentration of Pb, Zn , and Cu deposits in the 
Proterozoic as compared to the Archean. It is however still a moot point 
whether or not these differences reflect a temporal change in composition of 
mantle material added to the crust or whether they were caused largely by 
the evolution of crustal material through migration and concentration of the 
elements resulting from repeated cycles of orogeny , sedimentation, and 
palingene sis . 

SUMMARY 

The problem of discussing data is complicated by differenc e s in the 
precision and accuracy of methods used to obtain them, by possible inhomo­
geneity arising from sample preparation, as well as by limited statistical 
control on sampling procedure. H oweve r, the samples are considered to be 
reasonably broadly representative of the areas outlined although large Shield 
areas are unrepresented. The samples representing theunit-areas, and the 
procedures followed in evaluating the data are considered ade quate to reliably 
establish trends of element variations between amphibolite and granulite rocks 
in the New Quebec areas studied. 

Our data indicate the following average abundances for crystalline rocks 
of the Canadian Shield: Ni -19 ppm, Cu-26 ppm, Zn-60 ppm, and Pb -1 8 ppm. 
The abundances of other elements, based on less comprehensive samp ­
lings are as follows : V-59 ppm, Sc-12 ppm, Y-21 ppm, La-71 ppm, and 
Zr -190 ppm. These values differ considerably from the average continental 
crustal abundances of Taylor (1964) and of Tan and Chi-lung (1970) (s ee 
Table 12). 

The trace element content of the major rock-types (Table s 15 to 20) 
show much variation from area to area. Noteworthy are the high Ni , and to 
a lesser extent , Cu content , in most rock units of the Fort Enterprise area . 
The gneisses , rock-type 7, in this area contain 130 ppm Cu and the high level 
granite, rock-type 10, 45 ppm Cu. These high average values in the two 
most abundantrock-types in the area suggest that it is part of a copper metal ­
logenic province w ith possible economic potential. Similarly, the high Zn 
content of the high level granite to monzonite (rock-type 10) in the Battle 
Harbour - Cartwright area is of some interest. 
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Comparison of trace e leme nt contents in rocks of granulite facies 
and amphibolite facies in New Quebe c suggests relative enrichment of Co, Cu, 
Zn, V, and Sc and possibly also Ni, La, and Y, in the granulite facies rocks 
but Pb is r e lative ly enriched in the amphibolite facies rocks . 

In considering the possible chemical evolution of the Canadian Shield, 
our data show higher average Ni content and lower average Pb and Zn content 
in Archean rocks as compared to Prote rozoic and combined Proterozoic and 
Archean rocks. However, there is no evidence to show whether these differ­
e nces are due to changes in composition of mantle material added to the crust 
or if they result from the re-cycling processes o f repeated orogeny and 
sedimentation . 
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Table 

SHv1PLIFIED CLASSIFICATION OF ROCK-TYPES 

Gabbro, diorite, anorthositic gabbro 
Ultrabasic rocks, pyroxenite, peridotite, dunite 
Gabbro dykes 
Gab bro sills 
Metagabbro 

Anorthos ite 

Granite, quartz monzonite to monzonite - high level 

Granite to granodiorite, foliated to massive, may be 
porphyritic - deep leve l 

Pyroxene-bearing granite to granodiorite gneisses and 
granulite 

Banded gneisses, migmatite, granitic gneisses; minor 
amphibolitic inclusions 
Undivided granit e and granitic gneiss 
Mixed gneisses 

Undifferentiated gneisses and schists derived from 
sedimentary and volcanic rocks 

Paragneiss, paraschist; minor amphibolite 
Garnetiferous gneiss 

Amphibolite, amphibolite gneiss, greenschist ; minor 
sedimentary schists and gneisses 

Intercalated volcanic and sedimentary rocks 

Sedimentary and metasedimentary rocks 
Conglomerate 
Arkose, quartzite, sandstone 
Argillite, siltstone, greywacke 
Carbonates 

Volcanic and metavolcanic rocks; minor sedimentary 
and metasedimentary rocks 
Dacite, andesite, basalt, quartz latite 
Quartz feldspar porphyry 
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