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ABSTRACT 

The Coppermine River Group, a succession of about 
10, 000 feet of basalt flows overlain by 4, 000 fe e t of red sand­
stones and inte rcalate d basalt flows, contains a number of copper 
prospe c ts associated w ith faults that c ut the l a vas. 

The amount of d evitrified glass decreases upward in the 
succession. Silica, magnesia, and potash de c r e as e w hereas iron, 
mangane s e and titania inc r e as e upward. Copper, vanadium, scan­
dium and zinc increas e and nickel and c hromium dec rease. 

The intercalated flows s h o w different c h e mi c al trends 
and probably had an independent o rigin. 

Copper prospects are commonly in ve ins and fractur e s 
and mainly comprise coppe r sulphides. It appears that copper 
was first e nriched by vo latile transfe r in the tops of flows before 
solidificatio n. Long after consolidation sulphurous hydrothermal 
solutions l e a c hed copper from the tops and d e posited it in 
favourabl e n e arby environments . 





THE GEOCHEMISTRY OF COPPERMINE RIVER BASAL TS 

INTRODUCTION 

Field work for this project was don e in the summer of 1966 as part 
of a continuing study on volcanic rocks of the Canadian Shield. Discoveries 
the same year of important new copper occurrences in the late Precambrian 
Copperrnine River lavas by M. Watts and associates led to extensive staking 
and expl o ration of the lavas in succeeding summers and many new copper 
occurre n ces have been l ocated . The writer has seen few of these and has had 
little opportunity to study their r e lationship to the lavas. Accordingly in this 
report the discussions on the genesis of the copper deposits are necessarily 
based upon a rather broad view of their distribution and a sketchy literature 
of the deposits themselves. 

This is a progress report as much work remains to be done, partic­
ularly o n the petrography of the flows. Nevertheless the broad features of 
the geoc h e mistry of the flows, the major conc e rn of this paper, are clear and 
can be r eported now. The discussions and proposals that arise from these 
data are of a preliminary nature and will require further elaboration in time. 
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METHODS 

Five sections across the Coppermine River flows we re mapped in 
detail and sampled at stratigraphic intervals of about 200 feet w here exposure 
permitted. Each section-line was surveyed by chain-and-compass and co rr­
ected constantly by reference to topographic features appearing on air photo ­
graphs and maps. Topographic profiles along section - lines were maintained 
by barometer readings at 300-foot inter vals and at breaks in slope, and were 
corrected to base levels carried forward from camp to camp. The geo l ogy 
was recorded directly on the profiles. The section-lines, which changed 
course frequently in o rder to intersect a maximum of outc r op, have all been 
projected on to planes that are at right angles to the average strike of flows 
in the section concerned. The approximate positions of the five sections are 
shown in Figur e 1 by the distributions of sample localities. 

The geology of Figure 1 was compiled from the geology of the sec­
tions, from an interpretation of air photographs and air observations, from 
spot vis its to interlin e regions, and from the reconnaissance map of north­
central District of Mackenzie (Fraser, 1960). 

All samples collected for analysis are chip samples taken over a 
range of from generally 4 to 1.0 feet. Flow tops were avoided except for a 
few samples taken especially to determine their compo sitions. Most samples 
are from the lower third of a flow. 

The samples were all analyzed in the Geological Survey laboratories 
for thirteen major and fifteen minor eleme n ts. SiOz, Alz03, total ir on, 
MgO, CaO, KzO, TiOz, and MnO were analyzed by X -ray fluorescence using 
a nonfusion technique and FeO, P205, NazO, HzO, and COz by rapid chem ­
ical methods. The minor e l ements were determined by spectrog rap h. Te n 
composite samples formed from different segments of the assemblage were 
analyzed for the major elements by classical methods as a check on the rapid 
analyses. The results w ill be discussed in a later section of the report. 

GENERAL GEOLOGY 

General Statement 

The Coppermine River Group consists of a basal division of basaltic 
flows , 8, 000 to 10, 000 feet thick, and an upper division of red sandstones 
with interlayered basaltic flows. The latter has a maximum exposed thick­
ness of about 4, 500 feet. The group is underlain conformably by dolomites 
of the Hornby Bay Group and is overlain unconformably by a succession of 
shales, siltstone s, quartzites, and limestones conspicuously intruded by thick 
gabbro sills. Previously the overlying sediments were groupe d w ith the 
Coppermine River series. The presence of the unconformity makes it nec ­
e ssary to recognize the upper succession as a separate group. The relation­
ship between units is shown in the Table of Formations. 

The Coppermine River Group dips generally from 3 t o 10 degrees 
northward. Near the north e nd of section 1 (Fig. 1) the upper part of the 
succession is gently folded into a broad east-west syncline that disappea rs 
easterl y below the sedimentary assemblage overl y ing the unconformity. The 
basal beds of the overlying assemblage dip northward at from 3 to 9 degrees 
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and the unconformity is not normally conspicuous. It is much more evident, 
howeve r, where the synclinal axis passes beneath the younger sediments. At 
that point b ed s in the n orth limb of the syncline dip 40 de gree s south in con­
trast to the gentle (3 degrees) northerly dip of the succeeding strata. 

The basal part of t h e younger success ion is marked by a thick gabbro 
s ill that appears to persist in approximate ly the same stratigraphic position 
thro u ghout much of th e region covered by Figure 1 . Thus, the sill is a us e ­
ful guide to the position of the unconformity in those areas w h e r e outc r op is 
sparse. Just n orth of section 1 some 200 to 300 feet of grey siltstone and 
quart z ite s eparate the sill and the unconformity. 

Faults 

The Coppermine River Group is intersecte d by a numb e r o f faults 
and sets of faults w ith generally well -marked surface express ions . The 
most conspi c u ous are the northerly trending faults that transect the strike of 
the lavas and produce offsets ranging from several feet to s everal miles. Of 
these the most notable are the pair (Dixon and Teshierpi faults) that me etjust 
south of the easterly of the Dismal Lakes and bound a wedge oflavas that pro­
trudes a b out five miles into the region of underlying rocks. The major 
copper deposit of the district i s reported to be associated w ith the n o rthea st­
er l y str iking member (the Te shi er p i fault) of this pair. 

Table of Formations 

Era Period Group Formation 
(thickness in 

feet) 

Hadrynian Gabbro sills 

Intrusive Contact 

Shales, siltstones, 
quartzite and lime-
stones 

u ...... 
0 Unconformity 
N 
0 
~ Coppermine (4, 500+) Red sandstones, 
li.:i River siltstone s b 
0 
~ Neohelikian (10, 000) Basaltic flows; 0, 

very minor pyro-
elastics, one thin 
bed of red sand-
stone 

Hornby Bay Dolomites and 
sandstones 
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The northwesterly striking fault, shown along the valley of 
Coppermine River just north of its prominent double bend, is a projection of 
the Canoe Lake fault that cuts the Muskox Complex not far from the base of 
the lavas . Evidence for its continuation through the lavas is as follows: (1) 
inconspicuous, closely spaced fractures that shatter the lavas along parts of 
section 2 parallel the course of the projected fault (Fig. 1 ); (2) a topographic 
lineament that includes a segment of the river i s continuous with the known 
fault; and (3) the lower boundary of the Coppermine River Group is apparently 
displaced at about the position of the fault. 

None of the northerly trending faults seem to offset the younger sed­
iments that overlie the unconformity. Thus the faulting seems to predate the 
deposition of the younger succession. 

The most probable age for the Coppermine River Group obtain ed by 
radiometric dating is about 1, 200 m . y. Potassium-argon dates ran ge from 
l,200toabout740m.y. (Lowden, 1 96l;Wanless~~. 1965, 1966, 1968). 
A rubidium-strontium isochron recently determined on samples of the lavas 
and of the potash feldspar-rich amygdaloidal flow tops gives an age of 1, 210 
m. y. (Wanless and Loveridge, in preparation). The Muskox Intrusion and 
the Mackenzie dyke swarm, both of which are believed to be related to the 
Coppermine River flows give ages of 1, 095-1, 155 m.y. (Smith, 1961; Smith, 
1965) and 1, 315 m.y. (Fahrig and Wanless, 1963) respectively. 

If 1, 200 m. y. is the approximate age of the Coppermine River bas­
alts then the group of younger potassium-argon ages are probably related to 
a later tectonic event that caused an inhomogeneous loss of argon. The 
disturbance that preceded the deposition of the younger sedimentary group 
and resulted in the presence of the unconformity would be the most likely 

event. A diabase sill that intrudes the younger sedime nts provide s a 
minimum age of 605 m . y. (Fraser, 196 6, p. 4) for this disturbance, whereas 
the maximum age may be close to the youngest of the Coppermine River 
potassium-argon ages, about 740 m. y. If this is so, the younger sedimentary 
sequence must be Hadrynian in age (cf. Stockwell, 19 64). 

Intrusive Rocks 

The Coppermine River flows are cut by Mackenzie dykes and by an 
intrusive sheet that seems to be continuous with sills intruding the younger 
sedimentary sequence. The trace of the intrusive she e t as shown in the 
northeastern part of the group (Fig. 1) was taken from air photographs. The 
intrusion was not visited in the field. The Mackenzie dykes are penecontem­
poraneous w ith the Coppermine flows and presumably c omagmatic; the other 
intrusion, if the photographic interpretation is correct, is much younger . 

A sheet -like gabbro body that appears in the low er half of section 2 
(Figs. 1 and 2) is of less certain relationship. It could be an intrusion that 
is related to e ither the Coppermine River lavas or the younger sills or it 
could be an exceedingly thick flow. It is about 900 feet thick and near section 
2 is not well-exposed in its upper part. The body is distinctly differentiated; 
the base is olivine bearing and stratified but the upper part is olivine free 
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and coarse grained. The silica content ranges from about 47 to 52 per cent 
from the bas e to the uppe r levels . This body does not appear in the adjoining 
section to the west, section 3, and examination of air photographs suggests 
that it is confined to the east side of the Canoe Lake fault. If this is so then 
it cannot be related to the younger sills which seem to postdate the faulting 
but must be e ither an intrusive or extrusive phase of Coppermine River 
volcanism. 

GEOLOGY OF THE LAVA FLOWS 

Physical Description 

Stratigraphic projections of the Coppermine River Group along each 
of the section-lines are presented in Figure 2 . In each case the sections 
should represent true thicknesses. Only in section 1 is the full thickness of 
the lower volcanic part of the group known to be represented. In s ec tions 2 
and 3 it is probably complete but this cannot be confirmed because of poor 
exposure in the upper parts of the sections. In sections 4 and 5 the volcanic 
part of the group may be truncated by the unconformity. 

The sections are not known to be faulted but some faults may be 
present and it is entirely possible that parts of the sections are repeated· or 
missing. Hopefully, any such displacements are small and the overall effects 
negligib l e. The considerably reduced thickness of the volcanic unit in section 
3 compared w ith its thickness in adjoining sections 2 and 1 is puzzling. 
Possibly it is due mainly to an underestimate of the dips of flows in segments 
of the line w h ere outcrop is sparse or lacking, such as the Coppermine River 
valley. 

The volcanic assemblage is composed of a monotonous succession of 
plate au basalt flows ranging in thickness from 10 to about 300 feet with most 
of them in the range of 25 to 75 feet. In section 4 where the exposure is 
particularly good about 130 flows may be counted. Probably not more than 
150 flows comprise the entire assemblage. Indiv idual flows may be traced on 
air photographs for as much as 10 miles. They may extend much farther bu~ · 

the abs e nce of distinctive cha racteristics makes identification ·of a particular 
fl ow uncertain when the continuity is broken by lack of outcrop or by faulting. 

Each flow comprises a massive l ower and amygdaloidal upper part. 
T h e latter may compose up t o one half of the flow but is generally much less. 
The massive basalt is da rk g r ey, r eddish to purplish grey or greenish grey 
and it grades upward into brick red , oxidized flow tops. A rude columnar 
j o inting is commonly present in the massive parts of t h e flows but is rarely 
well developed. The flow tops are gene rally friable and are commonly 
sheeted o r schistose parallel with the flow margins. Amygdules are com­
posed mainly of potash feldspar, epidote, chlorite, quartz, and calcite in 
approximately that order o f abundance. The mineralogy of the amygduleshas 
not yet been studied in detail and other minerals may we ll be present . Native 
copper and chalcocite are reported as amygdular fillings in a number of 
places w here they con stitute occurrenc es of economic interest . Pegmatitic 
phases of the basaltic fl ows are rare , unlike those oftheMichiganKeweenawan 
(C o rnwall, 1951). 

F ew 'marker beds' are present in the Coppermine River Group. A 
pillowed flow occurs at about the same stratigraphic level in sections 2 and 5 
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(Fig. 2) but was not observed in the intervening sections despite fairly good 
exposures. Both occurrences probably result from the same inundation which 
may have spread unevenly over the region . Therefore, where present, the 
pillowed horizon may be a useful marker bed. In a similar category are the 
thin beds (20 1±) of red sandstone that occur in sections 2 and 3 at about equiv­
alent stratigraphic levels high in the sequence. Similar beds were not evi­
dent in the other sections but the exposures are not so good that their pres­
ence can be ruled out. Pyroclastic rocks in beds 20 to 30 feet thick occur at 
two levels in section 4 (Fig. 2) but were not observed elsewhere. They are 
composed of irregular to somewhat rounded fragments of basalt, generally 
less than 3 inches in diameter, in an inhomogeneous matrix permeated with 
carbonate and epidote . They appear to be of limited regional extent and, 
therefore, of little value for stratigraphic corre lation. 

Subdivision of the Lavas 

Subdivision of the volcanic part of the Coppermine River Group 
shown in Figures 1 and 2 is based wholly on field observations. Refinement 
or changes in the subdivision can be expected as the petrography be comes 
better kllown. 

The volcanic assemblage comprises lower, middle, and upper mem­
bers and the volcanic part of the overlying, predominantly sedimentary unit 
is regarded as a fourth member called the upper II. Flows characteristic of 
the lower member are marked by a finely granular appearance and minute 
clusters of pyroxene phenocrysts 1-2 mm across. They are commonly 
mottled with reddish and greenish c olours. Both middle and upper members 
are composed of very fine grained or aphanitic basalts that are distinguished 
from one another mainly by colour. Flows of the middle member are gen­
erally reddish grey or grey whereas those of the upper member are commonly 
distinctly greenish. Nati ve copper is a fairly common accessory mineral in 
flows of the upper member. It is rarer in the middle member and was not 
observed in the lower member. The l ower member was recognized in all 
sections, but the middle and upper members could be distinguished with rea­
sonable confidence only in sections 1 and 4. In section 3 they could not be 
separated and in sections 2 and 5 they were separated with difficulty. The 
subdivisions are too inexact to be of more than general use in regional 
correlation. 

The basalts interbedded with red sandstones in the upper part of the 
group (upper II member) appear only in section 1 and are not distinctive in 
appearance . 

Petrography 

R. N . Annells 

Microscopic examination of 220 thin sections of Coppermine lavas 
taken from sections 1 to 5 reveals that their groundmasses are plagioclase­
pyroxene-ore fabrics which can be divided into four main textural types 
gradational into one another. Two are characterized by the presence of a 
cryptocrystalline dark brown mesostasis often densely charged with minute 
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granules or needles of opaque minerals. This mesostasis is interpreted as 
a devitrified glass formed by congelation of residual liquid, by analogy with 
the glassy mesostasis common in fresh Tertiary tholeiites of the North 
Atlantic Province. It seems possible that the opaque b odies in the devitrified 
mesostasis are of iron oxide minerals, indicating some concentration of iron 
in the final tholeiite r esiduum (Edwards, 193 8). 

The four textural types are, in o rder of decreasing volume of 
me so stasis: 

1. Interserta l type. The small (usually less than 0. 5 mm) plagioclase, 
pyroxene and ore grains wh i c h form the bulk o f the rock have euhedral to 
subhedral habit and are not noticeably moulded onto one another. The 
mesostasis may make up to 30 -3 5 per cent by volume of the rock and is 
usually sufficiently abundant for the earl y - precipitated minerals to appear 
to be 'afloat' in it. 

2. Intergranular type. The p lagioclase, pyroxene and ore grains are more 
densely packed togeth er than in (1) but are still not markedly moulded 
onto one another. Mesostasis material is scarce to absent. 

3. Subophitic type. The plagioclase laths in this type are partly but never 
wholl y enclosed by the pyroxene grains, which n ow assume a more anhe­
dral form than in (1) and (2) . Me so stasis material is usually absent. 

4. Ophitic type. The plagioclase laths in this type are often enti r e ly 
enc l osed by anhedral pyroxene grains w hic h are seen in thin section as 
plates up to about 1 mm in length. The pyroxene grains may also enclose 
small equant pseudomorphs after olivine. These small groundmass oliv­
ine crystals appear to be confined to lavas of this textural type. Meso ­
stasis material is usually absent. 

Each of these four main textural types may bear mic rophenocrysts 
(up to 3-4 mm greatest l ength) of calcic plagioclase, pyroxene, olivine and 
ore. These phe nocrysts are commonly grouped in scatte red l oose clusters 
w hich occur sporadically in rocks from all parts of the succession but w hich 
are most noticeable in the lowest 25 per cent of the succession where they 
r each maximum diamete rs of about 5 mm. Elongated phenocrysts of pale 
green o rthopyroxene are common in the clusters in this l owe st part of the 
succession. Ore phenocrysts were rarely found in any of the clusters and 
appear to exist mainly as isolated crystals. 

Fabrics of types (1) and (2) were often found to contain small local 
con centrations of the dark brown mesostasis material in the form of irregu ­
lar , elongate streaks and more or l ess e quant patches. The plagioclase and 
pyroxene in these bodies commonly have euhed ral, columnar habits and the 
felds pars may have void cores and imperfect terminations . Small acicular 
ore crystals are also present in these patches, whi c h are interpreted as con­
cent rations of residual liquid within small rifts in the plagioclase-pyroxene­
ore meshwork. Small glassy patches of similar aspect have been described 
from the tholeiitic lavas of Hakone volcano, Japan (Kuno , 1950) and Iceland 
(Annells , 1 968). 

Relative Abundanc es of the Four Main Textural Types 

The ove rall abundances of the four main groundmass types in the 
total Coppermine section studied are: 



Type 1 
Type 2 
Type 3 . . 
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33 per cent 
57 per cent 

9 per cent 
Type 4 . . . . . . . . 2 per cent 

In a preliminary statistical study of the vertical distribution of these 
four main textural types, the total Coppermine succession was divided into 
four arbitrary horizontal zones of equal thickness. The most striking result 
of this study is that the abundance of the once - glassy type (1) fabrics 
decr ease s upwa rds over the lowest 75 per cent of the total succession as 
shown by the following data: 

height in total succession abundance of type 1 fabric 

Zone 3 50-75 per cent 19 per cent ( 6:32flows) 
Zone 2 25-50 per cent 24 per cent (13:54 flows) 
Zone 0-25 per cent 49 per cent (29:59 flows) 

PETROCHEMISTR Y OF THE VOLCANIC ROCKS 

Reliability of Data 

Composite samples were formed of e qual parts of each of the indi­
vidual samples from the lower, middle and upper members of sections 1, 2, 
and 4 and from the inters edimentary volcanics (upper II ) of section 1. In 
Table I classical analyses of these composite samples are compared with the 
averages of the corresponding indiv idual rapid analyses . The results should 
be equivalent. Hopefully most of the e rrors of precision have been eliminated 
in the average and the discrepency that remains is largely the bias between 
methods. The major systematic departures o f the rapid from the classical 
results are as follows: Si02 is generally 0. 2 to 0. 5 per cent less, Al203 
ranges from about 0. 4 to 1. 0 per cent greater, FeO (total) ranges from 0 to 
1. 0 per cent less , MgO ranges mainly from 0 to 0. 8 per cent greater but has 
a few values out side this range, CaO ranges generally from 0. 2 per cent less 
to 0. 6 per cent greater, Ti02 ranges from 0 to 0. 5 per cent less, Na20 is 
from 0 to 0. 5 per cent greater, and K20 is from 0 to 0.1 per cent greater. 

The classical analyses are undoubtedly more reliable but no attempt 
has been made in this study to adjust the values of the rapid analyses. They 
are almost as consistent in their relative values, one to the other, as are the 
classical analyses. This is shown in Figure 8 where the classical analyses 
and average rapid analyses are both plotted on graphs of composition versus 
stratigraphic h eight. The variations in average composition of the two sets 
of data are about parallel. Thus for all comparisons of composit ions within 
the Coppermine River volcanic province there is no need to consider the bias. 
However, it may have to be considered w h en these results are compared with 
classical analyses from other magmatic provinces . 

The trace e lement analyses, except for copper , have not been tested 
by another method. The e l ements Sr, Ba, Cr , Zr, V, Ni, Cu, Y, Co, and 
Sc are considered by the staff of the Geological Survey' s spectrochemical 
laboratory to be accurate to within± 15 per cent and the elements Zn, Pb, Ga, 
Sn, and Ag to be accurate to within± 30 per cent. 
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Copper was thought to present a special problem because of its 
presence in the native state in many of the samples. It seemed possibl e that 
the blebs of native copper would resist reduction during grinding and con­
sequently be unevenly distributed through the sample. The size of the charge!' 
used for spectrographic analyses (45 mg) were thought to be too small to have 
much chance of being representative in these circumstances. Accordingly, 
most of the samples collected that had visible native copper were also anal ­
yzed in 5 gm charges by a chemical colorimetric method. The two sets of 
results are reported in Table II and in general they are similar. The close 
similarity of the two averages suggests that native copper does not present 
the mixing problems anticipated. Of the two sets of data the color imetric 
analyses are probably the more accurate. However, because they are con­
fined to a limited number of samples the spectrographic results are used in 
this report. 

Bulk Composition 

The bulk composition of Coppermine River flows is represented by 
the frequency distribution diagrams of nine major and minor oxides and four­
teen trace elements shown in Figures 3 and 4 respectively . The correspond­
ing data is given in Table IV. Gallium is not included because of its scattered 
distribution. Corresponding diagrams for the major oxides and copper for 
the Yellowknife Group lavas (Baragar, 196 6 ) are also given for comparison! . 
In the frequency diagrams of Figure 4 the average content of trace elements 
in basaltic rocks of the earth's crust according to Turekian and Wedepohl 
( 1961) is represente d in each case by a vertical line. The values themselves 
are given in Table V. This should provide a rough means of assessing the 
distinctiveness of the trace element content in Coppermine River basalts. 

An average analysis of Coppermine River basalts together with aver­
ages of each of the sections and members are given in Table Illa (major ele­
ments) and IIIb (trace elements). Data for both the frequency distribution 
diagrams and average analyses include only the analyses of samples collected 
systematically through the sequence. Analyses of flow tops and samples 
taken for special purposes are excluded. Hopefully, therefore, these collect­
ive results are close to a true representation of the composition of the 
Coppermine River magma. 

Major Elements 

Coppermine River lavas show several notabl e distinctions in com ­
parison with those of the Yellowknife Group. Potassium and titanium are 
distinctly higher and silica, alumina, and lime somewhat lower in the 
Coppermine River assemblage . There is no essential difference in the d i s ­
tributions of iron and magnesium but the iron is considerably more oxidized 
in the Coppermine than in the Yellowknife lavas. 

The Yellowknife diagrams use the upper boundaries of the class whereas the 
Coppermine River diagrams use the midpoints. This was inadvertently not 
adjusted in Figures 3 and 4. Therefore the diagrams are not on an equiv ­
alent basis of comparison. However, the differences are small and not 
significant for the purposes of this report. 



Coppermine River Flows .. Yellowknife Group Lovas . .. 

Figure 3. F r e quency distributio n diagram s o f major oxides. 
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Figure 5 . Frequency distribution diagrams of differentiation index. 

How many of the differences between the two lava assemblages can 
be attributed to expectable differences between plateau basalts and geosyncli­
nal lava sequences? The Yellowknife Group is fairly typical of Archean 
geosynclina l volcanic assemblages of the Canadian Shield (Baragar and 
Goodwin, in press). In Table V average compositions of several well -known 
plateau basalt sequences are compared with the average Coppermine River 
basalt. A considerabl e range of composition is evident for the p lateau basalts 
but in general they are higher in titania and potash (in part), lower in silica, 
and more highly oxidized than the geosyncl inal (Yellowknife) volcanics. Thus 
at least some of the features that distinguish Coppermine River and 
Yellowknife lavas are shared by other plateau basalts . 

The difference in titania content between the two assemblages is of 
special interest because of its possible implications in regard to magma­
type. Chayes (1964) found that a titanium value of 1. 75 per cent separates 
most basalts of oceanic islands from most of those of circumoceanic belts . 
Since the former tended to be alkali and the latter tholeiitic (subalkaline; 
Chayes, 1966) basalts, the titanium content seemed to be a possible indicator 
of the alkalinity of basalts. In Figure 3 it is evident that the value of 1. 75 
per cent titania separates most of the Coppermine River (greater) from the 
Yellowknife (less) analyses . This coupled w ith a somewhat higher potash and 
lower silica content raises the question as to wheth er the Coppermine River 
assemblage may not be transitional between tholeiitic and alkali basalts. 

The more oxidi zed condition of the Coppermine River compared to 
the Ye llowknife basalts undoubtedly reflects its extrusion under subaerial as 
opposed to submarine conditions. 

In Figure 5 distributions of the differentiation index of the two 
assemblages are compared. The differentiation index is a measure of the 
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percentage of salic components in the rock {Thornton and Tuttle, 1960) l and 
is theoretically a gauge of differentiation. The Coppermine River lavas while 
more differentiated than the bulk of the Yellowknife Group volcanics span a 
much narrower range than the latter. No rocks more acid than andesite are 
found in the Coppermine River assemblage whereas the Yellowknife Group 
lavas, in common with most geosynclinal assemblages, range from basalts 
to rhyolite s. 

Minor Elements 

The principal differences between the trace element contents of the 
Coppermine River flows and the average basalt are that Ni and Sr are proba­
bly significantly lower and Ba, Zr, V, and Sc significantly higher in the 
Coppermine River flows. The average values for Cu, Zn, and Pb {Table V) 
are somewhat higher in the Coppermine River assemblage than in the average 
basalt but since the mode in each case (Fig. 4) differs little from the average 
basalt it is doubtful that this is significant. 

The distributions of copper an<.>.lyses in Yellowknife and Coppermine 
River rocks are very similar yet there is a close association of copper pros­
pects with the latter but not the former . It would appear than an extraordi­
narily higher copper content ·in itself is not a significant factor in the localiza­
tion of copper deposits. 

The strontium content has special interest as a 'finger-print' of 
basaltic provinces according to Turekian and Kulp (1956). They found that 
the distribution of strontium values tends to have a limited range in any one 
basaltic province but that the range varies significantly from province to 
province. Thus it tends to be an identifying characteristic of a basaltic prov­
ince. Out of the 30 provinces surveyed by Turekian and Kulp (pp. 267-268) 
the average strontium content of Coppermine River basalts of 267 ppm and 
its range from about 150 to 350 ppm are approached closely only by the 
Pacific Northwest {Columbia Plateau) tholeiitic basalts. It is interesting that 
these are the Yakima basalts which can be seen in Table V to be also very 
similar to Coppermine River basalts in their major element composition. 

Stratigraphic Variation in Composition 

The analytical value for each element was plotted by computer 
against the appropriate stratigraphic level for the sample it represents. 
Since this amounts to a great many plots only a few are reproduced here (in 
Figs. 6 and 7) in order to illustrate the type of resultsthathavebeenobtained. 
However, most of the data can be conveniently represented by using only the 
average result of each member plotted against the median stratigraphic posi­
tion of that member . Each section has been done . separately and arranged in 
the order that it appears in the field (Figs. 8 and 9). In Figure 8, the class­
ical analyses of composite samples are also shown. They are equivalent to 
the corresponding averages of the rapid analyses and, as mentioned earlier, 
the discrepency is the bias between methods. 

These plots greatly simplify the presentation of many data but they 
also give the trends a simplicity that is unrealistic. It should be borne in 

1 (Sum of C. I. P. W. normative Q, Ab, Or, Ne, Kp, Le). 
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mind that plots of the individual po ints d o show conside rable s c a tte r , e spec ­
ially those of the trac e e lements. A number, su ch as silica in Figure 6, 
have distinct trends but oth ers, such as gallium (not prese nted in Fig. 9) are 
so scattered that averages are meaningless. Even if trends in the o riginal 
plots are not distinct but in the simplified plots of Figures 8 and 9 have the 
same sense in all five sections, they are assumed to b e real. 

A number of interesting features are evide nt from Figures 6 to 9 . 
1. Flows interbedded with red sandstones in t h e upper part o f section 

(upper II m e mbe r) d o n o t s eem to be of th e same genetic lineage as t hose of 
the main lava assemblage . Compositional trends established in the l owe r, 
middle, and upper m embers for a number of e lements (e .g. FeO (total ), Ni) 
are n 0 t continued into these upper l avas . In some cases the composition 
changes radically from that of the main assemblage. Thus in the interval of 
time represented by the depositio n of the r e d sandstones the conditions of 
magma generatio n seem to have changed. 

2 . Silica, a nd to a lesser degree magnesia and potash decrease, and 
i ron and manganes e increase, upward in th e stratigraphic sequence. The 
decr e as e o f silica and increase o f iron are especially persistent and marke d. 
Lime increas es upwar d in some sections and shows no va riation in others. 
The alumina trends ar e distinct but vary from a slight dec r ease upward in 
section 2 to a marked increas e upward in section 4 . Titania generally 
increases upw ard but this is n ot cons i stent . 

3 . Copper, v anadium, zinc, and scandium all increase w her e as nickel 
and chromium decrease upward in the stratigraphic sequence. The va riation 
in copper is most marke d in sections 1, 2 , and 3. The upwa rd decreases in 
nicke l and c hromium are espec ially marked and are pers istent inall se ctions. 

In Table III a and b average analyses for the entire lower, rniddle, 
upper and upper II m embe r s provide an ove rall comparison of the strati­

g raphic variation in compo sition. In addit ion to those element s already n oted , 
the ave rage content of z ir conium, lead, and yttrium also changes systemat­
ically upward; z ir conium increases and lead and yttrium decrease. However, 
this may b e partly fortuitous becaus e there is no consistency in the way these 
elements vary f rom s ect ion to section. 

In Figur e 5 t h e frequency distribu tion diagrams of the differentiation 
index fo r the l owe r, middle, and upper members are compar ed . It is ev ident 
that there is a slight but unmis takable shift of the d ifferentiation index to 
lower value s upward in the succession. 

The stratigraphic variation in composition of Coppe rmine River 
fl ow s contrasts w ith that in geosyncl inal assemblages previously studied . In 
the Yellowknife (Baragar , 1 966) and Noranda (Baragar, 1 968) volcanic 
ass e mblages the propo rtion of salic con st itue n ts increases upward. The 
Yellowknife lavas are characterized by an upwar d - increasing d i fferentiation 
index and those of Noranda by a sharp upwa rd de cline in the conte n t of ir on 
and magnesia . These are the opposite variations to those just desc r ibed in 
the Coppermine Rive r lav as. 

Longitudinal Va ria t ion in Composition 

In Figures 10 and 11 the average composition of e ach section is 
shown graphically in the order that the sections app ear in the f i eld . Figure 10 
shows the section by section var ia tio n in the average content of each of the 
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major elements and Figure 11 shows the same for the minor elements . The 
average compositions are listed in Table III. 

The diagrams indicate that the composition of the lavas varies some­
what systematically along strike and that the va riations roughly parallel the 
stratigraphic variations in composition previously noted. Thus silica, 
magnesia, and potash all generally decrease and iron and lime increas e east­
ward. The se are the same e lements, varying in the same relationship to one 
another, that showed the most marked and persistent variations with strati­
graphic height in Figure 8. The western s ection of Figure 10 is analogous to 
the base of the sequence in Figure 8. The minor elements also tend to vary 
along strike in a manner that is analo gous to their vertical variations but not 
as consistently as the major elements. Copper, zinc, vanadium, and scan ­
dium, which increase upwards in the sequence, also generally increase east ­
ward. Zirconium increases eastward and it was previously noted that the 
average zirconium content of each member increases upward (Table III b). 
The cobalt and yttrium content of the flows varies littl e in both vertical and 
lateral directions. 

Thus the manner in which the magma changes composition upward in 
the stratigraphic sequence and eastward along the strike of the lava assem­
blage is somewhat analogous. If this is real, one ready explanation may be 
that the western sections have .been truncated by the unconformity and are now 
biased in th eir average compositions towards that of the lower stratigraphic 
levels. However, this is not ent ir ely satisfactory. The lava assemblage in 
secti on 4 is about as thick as in section 1 and it seems unlikely that much 
material could have been removed from the top. Moreover , it is difficult to 
explain the systematic lateral variation of s ilica and potash in this way. The 
question needs further study. 

Chemistry of the Flow Tops 

Oxidation is the most obvious change that has taken plac e in the flow 
tops relative to their interiors because of the brick red co l oration it imparts 
to the rock. To investigate oth er possible changes, sets of samples were 
collected from the tops and interiors o f four flows and from eleven other flow 
tops. The analyses of the sets of samples and the average of all fifteen flow 
tops together with the average Coppermine River flow are presented in 
Tabl e VI . 

The only consistent changes in composition between flow interiors 
and tops are a marked oxidation in iron, a decrease in alumina and strontium 
and an increase in carbon dioxide. Other changes that may be characteristic 
but are not invariably present are increases in copper, zinc, silver, and tin 
and a decrease in chromium and lime . It may be noted that the conspicuou sly 
r e ddened flow tops are due purely to oxidation and not to enr ichment of iron. 

A possible concentration of copper in the flow tops is of special 
interest be c ause of its economic implications. In three of the four flows 
where a direct comparison may be made between the copper content of the 
interior and top, copper is more concentrated in the top. In the fourth flow 
it does not change. This contrasts with the comparison between the average 
flow and the average of fifteen flow tops; copper is distinctly higher in the 
former. Two factors may account for this discrepancy; (1) the average of 15 
flow tops irregularly selected is much less likely to be r ep resentative than 
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that of the average flow, and (2) copper may have been l e ached from many of 
the flow tops by hydrothermal or groundwater action. Samples from the tops 
of the individual flows given in Table VI are relatively fresh in comparison 
with many of the flow tops w hich are sheeted and friable. It is possible, 
therefore, that these analyses, together with those of the corresponding inte­
riors, reflect the original distributions of coppe r in the flows better than the 
average analyses. 

Differentiation of Coppermine Rive r Magma 

The Coppermine River lava assemblage exhibits several progressive 
changes in composition w ith time (that is , w ith increas ing stratigraphic level) 
the most notable of w hich are decreases in silica, potash, and magnesia, and 
increases in iron and gen erally t itanium. Chromium and nickel decreas e 
upward in the succ e ssion and coppe r , z inc, vanadium, and scandium all 
increase. 

The decrease of c hr omium, nicke l and magne sia coupled w ith the 
increase in iron and tita.nium is a strong indication of c rystal fractionation of 
the Skaergaard type (Wager and Brown, 19 68 , p. 1 67). Eve n silica decreases 
as it does in the Skaergaard for the bulk of the c rystalli zation period. The 
upward increase of copper, vanadium, and scandium a ls o accords with the ir 
behaviour in successive l y later liquids o f the Skaergaard intrusion (Wager 
and Brown, 1968, Pl. X). The behav iour of potassium in the Coppermine 
Rive r assemblage is the maj or exception to the patterns expectable for this 
type of differentiation . As yet n o explanation c an b e offered for its extra­
o rdinary decrease upward in the succession. 

Insufficie nt petrograph y has been done on t h e flow s to sug ge st a 
mechanism for the differ entiation . The onl y megascopic phe nocrysts 
observed in the Coppermine River assemblage are in the lowe r membe r and 
Annells (this repo rt) has note d that many are orth opyroxe n e . It is therefo r e 
possible that the settling of orthopyroxene had a major influence on the trend 
of differentiation. The dominant chemical variations upwar d in the 
succession - the increase in iron and de crease in silica - w ould not b e 
incompatible with such a m echanism. 

THE RELATION OF COPPER DEPOSITS AND 
COPPERMINE RIVER FLOWS: A DISCUSSION 

The locations of all copper prospects reported to date are show n in 
Figure 1 . The writer has s een very few of these and is indebted to his c oll­
eagues Drs. E. D. Kindle and R . I. Thorpe for information regarding their 
locations. No attempt has b e en made t o evaluate the separate prospects and 
none has yet proved to be economically wo rkable. The most encouraging 
prospect is the Hope Lake deposit of Coppe rmine River Limited whi ch i s 
reported to have an indi cated reserve to 600 feet depth of about 3, 571, 000 
tons grading 3 . 44 p e r cent copper (Northern Miner, 1968 ). Fracture -fillings 
and veins appear to be the major types of deposits (Kindle, 19 69, p. 112) w ith 
amygdaloidal flow top concentrations an important subsidiary type. Chal­
cocite, bornite, and native copper, in order of abundance, are the principal 
minerals of economic interest . 
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The r e can be little d oubt tha t the copper depos its ar c r e lated d irec t l y 
or indirectly to the Coppe rmine Rive r fl ow s. They a r e so close l y associa te d 
in space and s o obviously compatible in mine ralogy th at it wo uld b e pointle ss 
to c ast furth e r afie ld for a source fo r the co pper. W h e the r or n ot t h ey are 
syngenetic d e po sits, h oweve r, is ano the r que stio n. 

The c oppe r pr o spe cts shown i n F i gur e 1 seem t o have a significant 
distribution. The y occur w ithin the middle and uppe r m e mbe rs of the main 
lava ass e mblage w her e the coppe r conte n t of t h e fl ow s is ge n e rally higher 
and w here native c oppe r is a c ommo n m i n o r constitue nt. No p r osp ects have 
b een repo rte d from the l owe r m embe r. Mo r eover , mo s t o f the p r ospe cts , 
and ce rtainly the m o s t promising o n es, occur east of th e Dixo n fault w h e r e 
th e copper conte n t of th e flow s is high er than it is farth er west (F i g. 1 1 ) . 
T hus the distributio n o f copp e r occur r ences is n ot only co incid e n t w i th the 
distributio n o f the fl ow s but appears to be co inc ident to so m e d eg r ee w i t h the 
distribution o f hig h e r co ppe r v alues w i thi n th e fl ows . 

These obs e r va tion s mi gh t seem to ind i cate a syngen etic or i gin for 
the coppe r d epo sit s b u t th e as soc iation of most of the depos i ts with faults o r 
fra c tures complicates this inte r p r etation. T h e major depos i t found to date is 
cl o s e ly ass oc iate d w ith t h e Te shie r pi fault and the Borni te L ake deposit , 
w hic h has r ece i ve d conside rable a tte n tion in t h e past, is in a fracture zone 
subsidiar y t o the D ixon fault. B o th m ajor faults postda t e most, and p r ob ab l y 
all, o f the C o p permine Rive r volc anic sequence . Thus at l eas t pa r t of the 
mine raliz ation occurr e d w h e n volcani sm was essentially, o r compl ete l y, 
finish e d. 

T o a ccount fo r th e s e obse r vation s a two - stage mechani sm of con cen­
tration is e n v isa ge d: first, during t h e magmati c stage copper i s conce ntra ted 
in fl ow to ps, and s econdl y, during a h ydrotherm al stage it i s flus h e d from 
th e fl ow t op s b y sulphur ous hydro thermal solutions and r econ centrated in 
n ea rb y structura l trap s . This follows a simila r h ypoth es i s by C o r nwall 
(1 951, p p. 1 97-1 99) for coppe r deposits of the Keweenawan flows of Mich i ga n . 

Som e evide n ce t h at coppe r i s concentr a ted in th e fl ow tops is p r ovi­
d e d in Table VI and w as dis cuss e d previous l y. Broderi ck (1 935) and Cornwall 
(1951) als o found that t h e coppe r conten t is e n r i c h ed upward in the Kearsa r ge 
and Gre e nstone fl ow s of th e Kewee n awan in M i c higan. There, its d i str ibution 
is c omplic a te d by the p r e s ence in t h e upper half of t h e flows of pegmatitic 
laye rs w h e r e in co ppe r is considerab ly enr i ched. Nevertheless, Cornwall did 
find coppe r e nri chme n t in th e u pper amygda l o idal zon e a n d attributed it to 
v olatile transfe r fr om w ithin the fl ow (Corn w all, 1 95 1 , p . 1 99) . He was able 
to d e mons t rate that a comme r c ially workab l e copper deposit at the top of th e 
K e arsarge fl ow could b e e ntir e l y d e rive d from the copper content of the flow 
b e neath . 

The c ase f o r vola tile transfe r of coppe r to th e tops of t h e flows as 
suggested by Cornw all has b een co n s ide r a bly e nhanced b y exper imental wo r k 
done at McGill University (Gill , 1 960 ; M a c D ou ga l ~t ~-, 1 96 1 ) . MacDou ga l 
and others d e m o nstrate d that coppe r a nd o th e r sul phide s m a y b e h i g hl y 
susceptible t o gase ous t ransfe r. In o n e s e t o f exper i me n ts copper sul phide 
(CuS) pow d e r w as heate d t o 700-1, 000 ° C in a tub e in w hic h t h e r e wa s a p r o ­
nounced the rmal g radie nt. A f t er p e rio d s of fr o m 48 to 69 h ours, coppe r su l­
phide crystals we re found t o be gr owing a s m u c h as 4 c m fr om the char ge 
along the tube in the dire c ti on o f fallin g te m pe ratu r e (Mac D ou gal ~t ~-. 196 1, 
pp. 384 - 385). Thus, volatil e transfe r mus t b e c o n s idere d a feasib le , o r even 
probable, m e ans o f mine ral transpo rt at magmati c tem pe ra tu r es. 
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Copper that is pre s e ntly dispe rs e d through the lavas is v irtually all 
in the fo rm of native coppe r ra th e r than sulphide . Neve rthe less w h e n the 
lavas were o ri g inally emitted the copper wa s probably pr e sent as a sulphide 
and, if the exper i e nc e of Skinne r and P eck (196 6 ) and D e sborough ~t ~ 
(1968) w ith Haw aiian lavas is a guide, probably as a sulphide liquid. These 
investigators found that sulphid e s we r e dispe rsed thr ough the ma gma as 
immiscible liquid droplet s t hat solidifie d t o blebs of pyrrhotite, magnetite, 
and c halcopyrite o r cubanite. 

L e t us assume, then, that much o f the initial copp e r conte nt of the 
Coppe rmine River lav as w as in the form of immiscible sulphide drople ts at 
the time of extrusion . F ollowing extrusion a ste e p the rmal gradi e nt would 
quickly d eve l op b e twee n the interior and surface o f the flow and copper su l­
phide s would b egin the ir mi gra tion tow ards the surface in th e manne r of the 
McGill expe rime nts. Near the su rfa ce under oxidiz ing conditions that con­
verted most of the magnetite to h e matite, copper could b e d e posited directly 
as native copper rather than as sulphide . Garrels and Christ (19 6 5, pp. 
1 67-1 69) showe d the presence of stability fie lds for copper w ith both magnet­
ite and h e matite at atmosph eric total pressure , l ow sul phur partial pressure 
and at a temperature of 2 5 degrees centigrade . Within this re g ion native 
copp e r occu rs at oxygen pressures that ove rlap that at w hich magnetite is 
conve rted t o h ematite. Except for the l ow temperature these are conditions 
that might b e expec t e d a t a flow top. If e quivalent conditions exist at mag­
matic tempe ratures the prese n ce o f native copper n e ar the flow tops is read­
ily explaine d. Most of the flows are thin and are oxidize d to some d egree 
throughout. Thus eve n the r esidual copp er sulphide blebs remaining in the 
interior of the fl ow may eventuall y b e con ver ted to th e native state. The 
paucity of sulphur presently found in the fl ow s testifie s t o the s e v er ity of 
oxidi zin g conditions pe rmeating m o st of them. Of 18 samples analyzed for 
sulphur 8 contained l ess than the lower d etection limits of 0. 005 per cent and 
t h e r e mainder averaged 0. 02 pe r cent. 

Following conso lidation of the lavas the amygdaloidal flow tops would 
b ecom e natural conduits for all varie tie s of g roundw ate rs. Any fluids pen­
e trating the succession of flows would have access to very extensive surfaces 
of coppe r- e nrich ed basaltic fl ow tops. If the se were the rmal fluids related 
to th e c l o sing stages of volcanic a c tiv ity they could b e ve ry effective in leach­
ing coppe r from th e flow surfaces and transporting it t o o ther e n vironments. 
They would undoubtedly b e sulphurous, judging from the composition of pres­
e nt volcanic emanations (White and Waring, 1963), and coppe r deposited from 
them might b e expe cted t o be in the form o f sulphides. Deposition would tend 
to take place a t sites that r e pr ese nt fairly sharp changes of envir onment such 
as fracture zones that penet rate the fl ow tops and release the enclosed fluids. 
Thus i t may b e that copper deposits, comprising mainly sulphides, tend to be 
l ocali ze d in ve ins and fractures in those parts of the flows where the copper 
content is highest . They would be syngenetic deposits only in the sense that 
the s ource of the metal is l oc al and that the hydrothermal action is related to 
the same eve nt as the fl ow s. There is little real evid ence for the latter, 
howeve r , and it is not a ne ce ssary part o f the hypothes is. 
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SUMMARY 

The Coppermine River Group comprises a lower division of basalt 
flows, about 10, 000 fe et thick, and an upper division of red sandstones and 
intercalated basalt flows that is at least 4, 000 feet thick. The entire assem­
blage dips generally from 3 to 10 degrees northward and is overlainunconfor­
mably by an even more gently north-dipping succession of sedimentary rocks. 

The lava assemblage is diss ected by a number of northerly-striking 
faults that postdate most or all of the volcanism but evidently predate the 
younger sedimentary group. A number of the copper prospects of the region 
are clos e ly associated with the faults. 

The Coppermine River Group is about 1, 200 m. y . old and is there­
fore of Neohelikian age. The overlying succession may be of Hadrynian age. 

The succession of lavas was divided in the field into lower, middle 
and upper members with the intersedimentary flows in the upper part of the 
group assigned to a fourth category called the upper II member. The lower 
member is marked by minute pyro xene phenocrysts or clusters of pheno­
crysts; the middle and upper membe rs lack megascopic phenocrysts and are 
separated w ith difficulty. No well-defined 'marker' beds have yet been 
recognized. 

Systematic sampling of the lava assemblage in five cross-sections 
spaced along a 60 -mile strike length of the flows provided the following 
information: 

1. The quantity of devitrified glass contained within the lavas decreases 
systematically upward in the succession. This may reflect an upward 
decreasing v iscosity w hich permitted progressively more complete 
crystallization. 

2. Silica, magnesia, and potash decrease whereas iron, manganese and less 
consistently, titania all increase upward in the stratigraphic succession 
of the main assemblage. Similarly copper, vanadium, scandium, and 
zinc increase and nickel and chromium decrease upward in the succession. 

3. The upper II flows interbedded with red sandstones in the upper part of 
the Coppermine River Group do not continue the chemical trends estab ­
lished in the main lava assemblage. Presumably, therefore, they have 
an origin that is independent of that for the main lava assemblage. 

4. The average compos ition of the flows in each cross-section changes more 
or less systematically from west to east in a manner that is analogous to 
the upward variation in stratigraphic sections. Thus silica, magnesia, 
and potash generally decrease, and iron and lime increase eastward. 
Similarly copper, zinc, vanadium and scandium also generally increase 
eastward. Possibly the explanation is that the unconformity truncates and 
removes parts of the western sections thus biasing the average results 
towards those characteristic of the lower part of the stratigraphic 
sequence. 

Copper prospects among the Coppermine River flows are confined to 
the middle and upper members where the coppe r content of the flows is also 
highest. Most prospects are in fractures or veins and the minerals of inte­
rest are mainly copper sulphides. It is proposed that copper was first 
enriched in the tops of flows before their solidification by a process of volatile 
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transfer. Analyses o f flo w interiors and tops ge n erally confirm this. Long 
after con soli d a t i on sulphurous hydrothermal solutions whic h gained ac ce ss to 
the lava as semblage by fractur e s and p o r ous flow t op s l e a c h ed copp e r from 
th e e n r i che d flow to ps and depos ite d it as sulphides in favourable e nviron­
ments n ea r by . 

REFERENCES 

Annells , R. N. 
1 9 68 : A ge o lo gi ca l investigation of a Te rtiary intrusive centre in the 

Vididalur -Vatnsdalur a r ea , N orthern Ice land; Ph . D. The sis, 
Univ. of St. And rew s, S cotland . 

Baragar, W.R. A. 
1966: Geochemistry o f the Yellowknife volcanic rocks; Can. J. Earth 

Sci., vol. 3 , pp. 9 - 30 . 

1968: Major-e l ement geochemistry of the Noranda volcani c belt, 
Quebec -Ontario; Can. J. Earth Sc i ., vol. 5, pp . 773-790. 

Baragar, W.R. A . , and Go odw in, A. M . 
in press: Andesite s and Archean volcanism of the Canadian Shield; Oregon 

Dept. G eol. Mineral Ind. 

Broderick, T. M. 
1935: Differe ntiation in lavas o f th e Michi gan Keweenawan; Bull. Ge o l. 

Chayes, F . 
1964: 

1 966: 

Soc. Am., vo l. 4 6, pp. 503-558. 

A petrographi c distinction be twee n Ceno zoi c volc anics in and 
around the open oceans; J. Geo phys. R es. , vo l. 69 , pp. 
1573-1588. 

Alkaline and subalkaline basalts; Am. J. Sci., vol. 2 64, pp. 
128-1 45. 

Cornwall, H. R. 
1951: Differentiation in lavas of the Keweenawan series and the origin 

of the copper d e p o sits of Michi gan; Bull. Geol. Soc. Am., vol. 
62, pp. 15 9-202. 

Desborough, G. A., Anders on, A. T., and Wr i ght, T. L. 
1968: Mineralogy of sulphides fr om certain Hawaiian basalts; Econ. 

Geol., vo l. 63, pp. 636-644. 

Edw ards, A. B. 
1938: Tertiary tholeiitic magma in We stern Australia; J. Roy. Soc . W. 

Aust., vol. 24, pp. 1-12. 



- 27 -

Fahrig, W. F., and Wanless, R. K. 
19 63: Age and significance of diabase dyke swarms of the Canadian 

Shield; Nature, vol. 200, pp. 934 - 937. 

Fraser, J. A. 
1960: North - central district of Mackenzie; Geol. Surv . Can., Map 18-

1960, des c riptive notes. 

1 966: in Wanl ess, R. K., Stevens, R. D., Lachance, G . R., and 
Rimsaite, J. Y. H . , Age determinations and geological studies, 
Report 6; Geol. Surv. Can., Paper 65-17, p. 41. 

Garrels, R. M . , and Christ, C. L. 
1965 : Solutions, minerals, and equilibria; Harper and Row, New York. 

Gill, J. E. 
1960: Solid diffusion of sulphides and ore formation; Proc. 21st Intern . 

Geol. Cong., Copenhagen, Pt. 16, pp. 209-217. 

Kindl e , E . D . 
1969: The nature of the Coppermine River copper deposits (86 0 and 

86 N); in Rept . of Activities; Geol. Surv. Can., Paper 69 -1 , 
Pt. A, pp. 112-11 3. 

Kuna, H . 
1 950: Petrology of Habone volcano and the adjacent areas, Japan; Bull. 

Geol. Soc. Am., vol. 61, pp. 957 -1020 . 

Lowdon, J. A. 
1961 : Age determinations by the Geologi cal Survey of Canada; Geol. 

Surv. Can., Paper 6 1-17. 

MacDougal, J. F., Me ikl e, B. K., Guy-Bray, J. V., Saul, V. A., and Gill, J.E. 
196 1: Experimental investigation of solid diffusion and volatili zation of 

certain metallic sulphides; Econ. Geol., vol. 56, pp . 362-391 . 

Northern Miner 
1 968: Season's end ups reserves at Coppermine; Issue of October 17, 

pp. 1-2. 

Skinner, 
1 966 : 

B. J . , and Peck, D. L. 
The solubil i ty of sulphur i n basic magmas; Econ. Geol., vol. 61, 
p. 80 2 (abstract). 

Smith, C . H. 
19 6 1: in J.A. Lowdon, Age determinations by the Geological Survey of 

Canada; Geol. Surv. Can., Paper 61-17, p. 22. 

1 965 : in Wanless, R. K., Stevens, R. D., Lachance, G. R., and 
Rimsaite, R. Y. H., Age determinations and geological studies, 
Report 5; Geol. Surv. Can., Paper 64-17, Pt. 1, p . 67. 



- 28 -

Stockwell, C.H. 
1964: Fourth report on structural provinces, orogenies, and time­

classification of rocks of the Canadian Precambrian Shield: in 
Age determinations and geological studies; Geol. Surv. Can., 
Paper 64 -17, Pt . II, pp. 1-21. 

Thornton, C. P . , and Tuttle, 0. F. 
1960: Chemistry of igneous rocks, 1. Differentiation index; Am. J. 

Sci., vo l. 258, pp. 664 - 684 . 

Turekian, K. K . , and Kulp, J. L. 
195 6: The geochemistry of strontium; Geochim. Cosmochim . Acta, 

vol. 10, pp. 245-296. 

Turekian, K. K. , and Wedepohl, K. H. 
1961: Distribution of the elements in some major units of the Earth's 

crust; Bull . Geol. Soc. Am., vol. 72, pp . 175-192. 

Wager, L. R., and Brown, G. M. 
1968: Layered i gneous rocks; Oliver and Boyd Ltd . , Edinburgh. 

Wanless, R . K., Stevens, R. D . , Lachanc e, G. R., and Edmonds, C. M. 
19 68: Age determinations and geological studies; Geol. Surv. Can., 

Paper 67 -2, Pt. A. 

Wanless, 
19 65: 

19 66 : 

R. K., Stevens, R. D., Lachance, G. R., and Rimsaite, R. Y. H. 
Age determinations and geological studies, Report 5; Geol. Surv. 
Can., Paper 64 -17, Pt. 1. 

A ge determinations and geologi cal studies; Geol. Surv. Can . , 
Paper65-17, Pt. 1 . 

Whi te, D. E. , and Waring, G . A. 
1963: Data of Geochemistry, sixth edit ion, Chapter K, volcani c emana ­

tions; U.S. Geol. Surv., Prof. Paper 440 - K. 



- 29 -

TABLES I - VII 



- 30 -

TABLE I. COMPARISON OF AVERAGES OF RAPID ANALYSES OF SUBUN ITS 
WITH CLASSICAL A NALYSES OF EQUIVALENT COMPOSITE SAMPLES o 

SiOZ Alz 03 Fez03 FeO MgO Cao NazO KzO TiOz PzOs MnO HzO COz Tot. Fe 

(tot.) FeO 

Upper II 

Upper 

Middle 

L ower 

Upper 

Class. 

Av. 
Rapid 
Glau 

Av. 
Rapid 
Glau . 

Av. 
Rapid 
Glau. 

Av . 
Rapid 

C la ss. 
Av. 

47. 70 13. 58 4.90 7.SZ 8.8 Z 

47. 5 13. 9 4. 6 7. 9 8.4 

48. 47 IZ.06 6. ZZ 9. 51 5. 42 

48.07 IZ.7 5.7 9.8 6.0 

49.Sl IZ.87 7.17 6.6Z 6.87 

49.Z 13.Z 6. 8 6. 7 8.0 
51.06 IZ. 48 5.5 1 6.49 6 .8'l 

so. 9 13. 3 4.8 7.1 7.9 

47. 77 IZ. 63 7.0Z 9. 40 5. 59 

47. 5 13. I 6.5 8.9 5.7 

7.55 

7.9 

7. 63 

7.9 

6 .9Z 

7.4 
7.88 

7.8 

l. 9J J.99 I . 78 0. 16 

Z.4 1.0 !.4Z .14 

Z.75 l.ZZ 3.4Z 0.34 

3.3 1.3 z. 8Z 0. 30 

z. 8Z I. 3Z 2:. 32: J.19 

3.1 4 I. 87 0.18 
Z.Z5 83 Z. Z9 O.Zl 

0. 17 

0. 18 

o.zs 

0.2:4 

0.19 

O.ZJ 
0. 16 

4.08 0.<JZ 

4. 0 0. 8 

Z. 66 0.00 

z. 6 0. z 
3 . 18 O.IZ 

3.1 0.3 
Z. 58 O.Z6 

Z. 7 1.85 1.86 19 0.16 z. 6 0. 3 

3.Z5 0.95 Z. 80 O.ZZ Z.70 0.06 

3.Z 1.0 z. 88 0. 31 z. 8 o.z 

6 Middle 
Rapid 
C la s•. 

Av, 
Rapid 
G la u. 

49.09 IZ. 73 5. 65 8 . 85 6. so 

7. 74 

8.3 

B.2:9 

8.5 

7.99 

7.9 

Z.63 1.04 Z.Zl O.ZZ 

O.ZO 

O.Z3 

O.Zl 

o.zo 

0. 19 

0.18 

2:. 7Z :>. IZ 

;:; 48 . 8 13 .6 
u 
l:l Lower 51. 15 IZ.93 

50 . 3 14. I 
Av. 

Rapid 

Uppe r Cla1s. 49 . 0Z 13.0<J 
Av. 

48. 8 14. 4 

5. 3 8 . 0 6. 6 Z.9 I.I 

Z.78 8 . 51 7.41 Z.43 I. 49 

3. 4 7.1 7.7 Z.7 1.5 

4. 75 9. 69 6. 90 Z. 36 I . 33 

4.8 7 . 9 7.3 Z. 8 1. 4 

Z.3 O.ZO 

I. 78 0. 16 

l. 54 0. 14 

1.96 0.17 

I. 78 0.16 

Z.8 O.Z 

3.0Z O.Z8 

3.1 0.4 

z. 60 0.04 

3. 0 0.) 

~ Middle 
Rapid 
Cla1•. 51.65 IZ.80 6. 15 5. 77 6. 54 

7 .7 9 

7.6 

6.91 

6.4 

6 .43 

6. l 

Z.37 Z.07 2:. 31 0. zz 

O.ZI 

0.2:4 

0.16 

o.zo 

0.16 

0.15 

Z.66 O.ZZ 

;:; 
u 5.8 5.7 7.Z 

Av. 
51.Z 13.5 Z. 4 Z.1 Z.OZ O. Zl 3.0 0. 5 

el Lower 
Rapid 
C!a1s. 53. oz 11. 2:9 5. 19 6.08 8. 04 I. 9Z I. 80 

z. 7 z.o 
Z.04 0. Zl 3.36 O.Z8 

4.7 6.5 7.6 
Av. 

Rapid 
5Z.I IZ.4 

* Analysts ; - Classical analyses. L. Seym ou r, Geological Survey of Ca nada 
Rapid analyses, Rapid methods group, Geologica l Survey o f Canada 

I. 79 0 .1 9 3 . Z 0.3 

TABLE II . COMPA RISON OF COPPER ANALYSES IN NATIVE COPPER- BEARING SA..M PLES 
BY SPECTROGRAPiflC AND ATOMIC ABSORPTION METHODS* 

Numbe r 

Spec tr ographic 
Colo rimetric 

Numbe r 

Spectrographic 
Colorimetric 

* 

COPPER IN P. P . M. 

603Z4 60325 603Z8 60JZ9 60330 60332: 60334 60364 60978 60995 61007 610 13 61017 6 10Z9 6 1030 

IZO 110 310 130 130 95 340 75 ZlO Z70 190 450 74 790 130 
ZOO 360 340 190 IZO l50 190 80 Z40 ZZO Z70 ZZO IZO 7ZO 70 

6 104Z bl046 610 49 6 1053 61054 6 1057 6107Z 6 1081 6 1 OBZ 6 1115 6 11 18 61 IZO 611 Z7 6J IZ9 

190 160 43 100 600 z10 Ho az 60 65 110 190 110 no 
z·10 360 1•10 Z90 380 32:0 Z90 30 50 30 140 100 160 ZlO 

Average speclrog raphic Z l 6 
Average colorimetric ZZO 

Spect~ographic ana~yses by the Spect roc hemlcal Laborator y of tht' Geolog ical Survey 
C?lorimetrlc chemical am1lyu~1 by Analytical Chemistry Subd iv ision , Mineral Science 
Dwlsion , Mlnet Branch . 

11. 93 

IZ.O 

IS.II 

14.9 

13.07 

IZ. 8 
11.45 

11.4 

15.71 

14.7 

13.94 

I Z.8 

I I.OJ 

10.0 

13 .95 

JZ. Z 

11 . 30 

l0. 9 

10. 74 

l0.8 

Survey 
No. 

67 -1141 

67-1140 

67-11 39 

67-1 138 

67-1 147 

67- l l46 

67 -114 5 

67 -1 144 

67-1143 

67 -114Z 
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Frequency distribution data for Coppermine River basalt s: 
Major elements in per cent . 
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Frequency distribution data for Copperm ine River ba salts· 
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