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ANALYTICAL CHEMISTRY 

USE OF AN "ATOMIC ABSORPTION SPECTROPHOTOMETER" 
IN ANALYSIS OF ROCKS AND MINERALS 

Project 690090 

Sydney Abbey, Naomi J. L ee and J. L . Bouvier 

A new d e sign of wate r- c ooled burner head wa s introdu c e d for use with 
th e acetylene-nitrous oxide flame . The new burne r h ead l e d to a slight 
improve m ent in absorption signal stability but did little t o impr ove silic a 
dete rmination. 

Better silic a results were obtained by differ e ntial colorimetry of the 
silic omolybdate yellow complex . The determination is done on an aliquot 9f 
the lithium-fluoborate maste r solution of the sample, pre pare d originally for 
a tomic absorption determination of seven major elements (s ee GSC Paper 70-23). 
For spectrophotometric measur e m e nts, the absorption- ce ll h ousing and 
ho lde r from an old and dismantl e d spectrophotome t er we r e adapted to the 
modular atomic-absorption spect r ophotomete r. The same apparatus wa s 
u s e d for c olorimetric determination of pho sphorus as m olybde num blue , again 
using the lithium-fluoborate sample solution. 

Inc omplete experiments indicate that only two dilutions of the master 
lithium-flu oborate solutions are r equire d to dete rmine not only the major 
e leme nts d e s c ribed earlier , but also mangan e se, chromium and nicke l (down 
to about 0. 01 p er cent of the respective oxides). S e parate a liquots are 
required for the d e termination of silica and phosphorus by c olorimetry, and 
titanium, strontium and barium by atomic absorption. 

Two major conclusions can be drawn from this and other r ecent work: 
(1) A sample solution d e rive d from the lithium-fluoborate decomposition 

s c h e m e, using only 200 m g of sample, may be appli c abl e to the deter
mination of as many a s 14 major and minor e l eme nts in rocks. 

(2) By suitable manipulation of compone nts, the modular atomi c absorp
tio n spectrophotometer c an be easily adapted to flame emission and 
colorimetric ("mol ecular ab s orption") spectrophotometry. C omponents 
are a lso available comme r c ially to adapt the instrume nt to atomic 
flu o r escen ce work. 

2. THE DETERMINATION OF GOLD, PLATINUM GROUP AND 
SOME COMMON METALS IN NATIVE SILVER BY 

ATOMIC ABSORPTION SPECTROSCOPY 

Proje c t 690 090 

J. G. Sen Gupta 

Synthe tic solutions a pproximat ing the compositions of native silver 
were us ed to develop analytical procedures for the determination of parts per 
million range s of gold and the six platinum g roup m e tals in native silver. 
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Silver interfered in the direct determination of other noble metals by atomic 
absorpt i on spectroscopy by formation of a precipitate of silver acetylide in 
air-ac etylene flame. Air-propane or air-hydrogen flame did not have suffi
cient sensitivities for gold and the platinum group metal s. Therefore, silver 
was separated from the associated common and noble metal s by doubl e pre
cipitation with hydrochloric acid. 

The sample (2-4g) was decomposed by perchloric acid in a d i stillation 
apparatusl (for osmium and ruthenium) or by nitric acid in a beaker, and any 
small residue was brought into solution by dry chlorinat ion at 700° C in the 
presence of sodium chloride. Osmium and ruthenium were determined from 
the distillate by atomic absorption spectroscopyl. After separat ion of silver 
as chloride by double precipitation, the filtrate was evaporated to dryness on 
the steam bath, the residue treated with aqua regia and converted to chloride 
with hydrochlori c a c id. The salts were dissolved in dilute hydrochloric acid 
and the volume made up to 25 ml. From aliquots, atomic absorption spectro
scopic methodsl were used to determine rhodium, palladium, iridium, 
platinum and gold in the presence of 0.5% Cu-0.5% Cd buffer, and common 
metals in the presence of 1 % lanthanum buffer. 

1 
Sen Gupta, J. G.: The determination of noble and base metals in osmiridium, 

native platinum and sperrylite by atomic absorption spectrophotometry; 
Anal. Chim. Acta., v. 58, p. 23 (1972). 

3. ATOMIC ABSORPTION SPECTROSCOPIC METHODS FOR 
THE DETERMINATION OF P. P. M. RANGES OF NOBLE METALS 

IN IRON METEORITES, SAND, CONCENTRATE AND MATTE 
AFTER SEPARATION FROM THE MATRIX BY 

TELLURIUM CO-PRECIPITATION OR CATION-EXCHANGE 

Proje c t 690090 

J. G. Sen Gupta 

Synthetic solutions corresponding to the compos itions of iron n1ete or
ite s were prepared and traces of noble metals were incorporated. The nobl e 
metals (except Os and Ir) were quantitatively separated from the n1ajor base 
metals by co-precipitation with tellurium from 2N hydrochloric acid solution. 
The precipitated tellurium was filtered out through a fritted glass filtering 
crucible, washed with 2N hydrochloric acid, and dissolved in aqua regia. 
After evaporation to dryness on the steam bath in the presence of sodium 
chloride and conversion to chloride with hydrochloric acid, the noble metals 
(except Os and Ir) were determined by atomic absorption spectroscopy in the 
presence of 0.5% Cu-0.5% Cd spectroscopic buffer. In the case of a sample 
containing high copper (e.g. sulphide concentrate and matte), and for deter
mination of iridium, the hydrochloric acid solution of the sample was evapo
rated to dryness on the steam bath, the salts dissolved in dilute hydrochloric 
acid (pH 1.4±_0.l) and the platinum group metals were separated from the 
base metals by passing through a column of Dowex 50W-X8 cation exchange 
resin. From the effluent, the platinum group metals (Ru, Rh, Pd, Ir and Pt) 
were determined by atomi c absorption spectroscopy in the presence of 
O. 5% Cu-0. 5% Cd spectroscopic bufferl. 
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The platinum group metals data on some iron meteorites, as obtained 
by the application of the two separation methods, agree well with each other. 

1 
Sen Gupta, J. G.: The determination of noble and base metals in osmiridium, 

native platinum and sperrylite by atomic absorption spectrophotometry; 
Anal. Chim. Acta., v. 58, p. 23 (1972). 
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COAL RESEARCH 

PETROGRAPHY OF KOOTENAY COALS IN THE 
UPPER ELK RIVER AND CROWSNEST AREAS, 

BRITISH COLUMBIA AND ALBERTA 

Project 610269 

A. R. Cameron 

Thirty-nine whole-seam samples representing Kootenay Formation 
coals were studied petrographically to determine patterns of component dis
tribution. Coals were obtained from Kootenay sections at Fording River, 
Line Creek, Natal R idge and Sparwood Ridge in British Columbia and Grassy 
Mountain in Alberta. In addition, data were obtained on some of the seams 
in the Weary Ridge section in British Columbia. In British Columbia, the 
line of sections extends for about 46 miles from Natal Ridge in the south to 
Weary Ridge in the north. 

Petrographic composition was expressed in terms of maceral content. 
The most important macerals in these coals are vitrinite, semifusinite and 
fusinite. The data show a wide var iation in the content of these macerals in 
the seams examined with vitrinite contents ranging from 3 5 to 94 per cent 
and combined semifusinite-fusinite varying from 2 to 41 per cent on the 
mineral-free basis. It is cons idered significant that these variations are not 
random but rather show a concentration of low vitrinite and high semifusinite
fusinite in the lower part of the section while the upper part contains seams 
with increasing vitrinite content as one moves up the section. This is true 
without exception for the British Columbia sections. The three seams at 
Grassy Mountain all show relatively low vitrinite content and correspondingly 
high contents of semifusinite and fusinite. 

A grouping of the seams according to petrographic composition 
suggests a meaningful threshold around 65 per cent vitrinite content. Seams 
with less than 65 per cent vitrinite occur in the bottom part of the section 
while those with vitrinite contents higher than 65 per cent are in the upper 
part of the section. Figure 1 shows the distribution of these two groups of 
seams in the various sections studied. The seam below which the 65 per cent 
threshold occurs is indicated in each of the sections. 

The petrographic changes in the coals from bottom to top in the sections 
studied appear to be the effects of the evolution through time of the deltaic 
system which gave rise to the Kootenay Formation. According to Jans a (ref. 1), 
the earliest coal-forming swamps were on the lower delta plain while the 
upper ones were on the upper delta plain. The former may have been areas 
of open water and characterized by plant communities in which large trees 
were not dominant elements . With time, the shoreline retreated east and the 
swamp type also changed into a forested bog with stagnant water where the 
preservation of relatively unaltered peat was more probable. This would then 
result eventually in the high vitrinite seams found today at the top of the coal
bearing section. 

The data reported on in this study also have a practical application. 
Vitrinite is considered reactive in the coking process while fusinite along 
with at least some of the semifusinite is considered inert. An additional 
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Pane l diagram showing vertical 
distribution of seams with high and 
low vitrinite content. 

c onsideration is that the optimum ratio of r eac tives to inerts for good c oke 
quality varies with rank. The distribution o f s e ams with wide ly varying ratios 
of reactives to inerts in most se c tions of the Kootenay Formation in the area 
studied presents an almost unique opportunity for the preparation of blends, 
w hich theoreti c ally at least should satisfy any compositional specifications 
required. 

1 
Jansa, L. F.: De positional History of the Coal-bearing Upper Jurassic-

L ower Cretac e ous Kootenay Formation, Southe rn Ro c ky Mountains, 
Canada. Guidebook, Geol. So c . Am. Field Trip No. 1, Cascade 
and Crowsnest Coal Basins, May 1971 (1971). 

5. COMPOSITION OF COKING COALS IN TERMS OF PARTICLE TYPES 

Project 690022 

A. R. Cameron 

In studies r e la ting petrography to c oking properties, the maceral 
content has been the compositional parame t er most often used a long with rank 
data in terms of r e fl ec tance va lue s. The mace rals are divid e d into two broad 
groups: thos e whi ch are reactive and those which are inert in the c oking 
proce ss. The former inc lude v itrinite , exinite and some of the semifusinite; 
the latter include the remainder of the s e mifusinite along w ith fusinite, 
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mic rinite, mac rinite, inertode trinite and mineral matter. There has also 
been an awareness that the actual nature of the particles in coals, as charge d 
to the oven, and the particle si ze distribution may be important in interpreting 
the coking behaviour of a g ive n coa1l, 2. Burstlein has shown that coke 
strength is improve d if those particles containing high concentrations ofinert s 
are ground to a size as fin e or finer than the associated particles which are 
high in reactives. In normal c rushing operations, inert-rich particles often 
tend to concentrate in the c oarser screen sizes. In this condition they form 
c entres of we akness which lowe r the strength values of the resulting coke. 
If suc h inert-ric h particles are c rushed to finer sizes , they are more readily 
assimilated into the coke mass and their effect on strength w ill be reduce d. 

In an attempt to dis cove r w hether or not differe n ces in particle types 
do o ccur in some of the we stern Canadian c oals c urrently being mine d or 
explored, size fractions o f 12 coals as c harged to the coke ovenwereanalyzed 
mic ros c opic ally not only in terms of overall mac eral conte nt but also in t e rms 
of total particl e composition. Particles were placed in three main groups; 
namely 

A. <3 3% reactives, > 67% inerts 

B. >33%<67% rea c tives 

C. >6 7 % rea c tives, < 33% inerts. 

For each cok e charge, three size fra c tions we r e considered ; name ly, 
plus 1/16 inch, 1/16 inc h x 35 m e sh and minus 35 m e sh. 

In Table 1 the summarized maceral c ompositions o f the 12 sample s 
are g ive n in terms o f reac tive s and inerts. 

Sample 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

Table i * 

Summa rize d mace ral composition data 
for coke oven charges studie d 

(volume per cent) 

Reactives 

63 
69 
61 
61 
83 
52 
70 
70 
60 
57 
74 
80 

Inerts 

37 
31 
39 
39 
17 
48 
30 
30 
40 
43 
26 
20 

'~ All but samples 1, 2 and 5 are c oking coals from western Canada. 
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Table 2 
Parti cle type data on coking coal charges 

(vol ume per cent) 

S i ze Fractions 

+ 1I1 6 inch 1/ 16 inch x 35 mesh XO 
35 mesh 

A* B c A B c A B c 

8 23 10 3 18 17 4 4 13 
6 8 12 7 2 32 2 4 27 
5 7 21 2 12 24 5 6 18 

9 7 12 5 8 26 5 6 22 
2 5 28 0 5 36 2 1 2 1 
8 7 9 14 14 15 5 9 19 
4 3 14 8 4 22 5 8 32 
3 2 10 6 4 21 11 5 38 
5 12 15 8 10 22 5 4 1 9 

11 5 3 15 10 24 10 4 18 
4 2 18 5 3 34 7 4 23 
4 5 23 8 5 27 4 0 24 

Total Coal 

A B c 

15 45 40 
15 14 71 
12 25 63 
19 21 60 

4 11 85 
27 30 43 
17 15 68 
20 11 69 
18 26 56 
36 19 45 
16 9 75 
16 10 74 

*A, B, C are part icle types according to proportions of reactives and inerts. 

Table 2 gives the composition of the 12 sampl es in terms of particle 
types expressed for both the size fractions and the total coal. For example, 
sample 1 cont a ins i n total 15 per cent by volume of particle type A (<33% 
reactives), 45 per cent of particle type B and 40 per cent of particle type C. 
These figures are the sums of the figures given undel' the size fractions, that 
i s the 15 per cent of particle type A is divid ed as fo ll ows: 8 per cent in the 
+ 1/16 inch fraction, 3 per cent in the 1/16 inch x 35 mesh fraction, and 4 per 
cent inthe minus 35 mesh size. 

A comparison of the data in Tables 1 and 2 shows the additional infor
mation that may be ga ined by using the "particle type" or microl ithotype 
approach in conjunct ion with maceral composition. Table 1 indi cates the 
overall maceral composition but it does not indicate how these materials are 
associated nor whether certain maceral associations have preferred particle 
size ranges. As noted earlier, this latter consideration may be important in 
evaluation of coal s for coking. By way of illustration, the following observa
tions may be made relative to the data in Tables 1 and 2. 

Samples 1, 3 and 4 are not greatly different in their overall maceral 
compositions in terms of reactives and inerts. Table 2 shows, however, that 
these samples exh ib it considerable d i fferences in the manner in which 
react ives and inert are associated. Samples 3 and 4 have 63 and 60 per cent, 
r espectively, of particles w i th more than 67 per cent reactives; that is 
Particle Type C. In compar i son, sample 1 has onl y 40 per cent but has a 
much higher proportion of particles with reactives contents ranging from 33-
67 per cent. 
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Samples 1 and 7 are both high volatile A bituminous coals. On a 
maceral basis they differ somewhat; 63 versus 70 per cent reactives. These 
differences are accentuated when the particle type data in both the size frac
tions and the total coal are compared. The content of particle type Bis much 
lower in sample 7 than in sample 1 (15% versus 45%); sample 7 shows 68 per 
cent particle type C in comparison to 40 per cent for sample 1. Particle 
type A on the other hand shows about the same content in both samples. This 
indicates that the inerts may be concentrated more in discreet bands in the 
seam from which sample 7 was obtained while, in the parent seam of sample 1, 
they may be more uniformly distributed thus giving rise to a much larger 
proportion of the intermediate particle type B in sample 1 as compared to 7. 
This may have an effect on the preparation properties of these coals. 

Samples 10, 6 and 8 show the highest contents of inert-rich particles 
(Type A) with 36, 27 and 20 per cent respectively on the total-coal basis. In 
what size fractions do these report? Examination of the data for samples 6 
and 10 show that a much higher proportion of the inert-rich particles appear 
in the two coarser sizes than is the c ase for sample 8. Improvement in coke 
strength for samples 6 and 10 might be achieved by screening out the plus 
1 /16 inch fraction and separately grinding it to a finer size be fore remixing 
with the remaining coal. On the other hand, from the size distribution data 
of sample 8 this procedure might not materially affect the coke strength. 

1 
Burstlein, E.: Selective and petrographic preparation of coals for coking; 

Chaleur et Industrie, v. 35, p. 351-370 (1954). 

2
MacKowsky, M. T. and Simonis, W.: Die Kennzeichnung von Kokskohlen 

fur die Mathematische Beschreibung der Hochtempevatur ver kokung 
im HorizontalKammerofen bei Schuttbetrieb durch Ergebnisse mikros
kopischer Analysen; Gluckauf-Forschungsheffe 30, 1, p. 25-37 (1969). 

6. RANK STUDIES OF COALS IN THE ROCKY MOUNTAINS 
AND INNER FOOTHILLS BELT, CANADA 

Project 680102 

P. A. Hacque bard and J. R. Donalds on 

In this study, the rank of coal has been determined by means of vitri
nite reflectance measurements. For the regional changes the Kootenay coals 
of the Crowsnest Pass area have been examined; they show a progressive 
westward increase in rank. The changes in rank with stratigraphic position 
are illustrated in Figure 1 with rank-depth curves of ten coal-bearing sections 
of Jurassic-Cretaceous age that are situated between the Crowsnest field in 
the south and the Peace River canyon in the north. Both studies indicate pre
orogenic coalification, because the rank increases regularly with stratigraphic 
depth, but not with geologic age, depth of mining or degree of tectonic 
disturbance. 

For each of the ten curves plotted, the coalification gradient is calcu
lated in terms of per cent reflectance (Ro)-change perlOOmincreaseindepth. 
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Figure 1. Coal rank changes in 10 stratigraphic sections of the Rocky 
Mountains and Inner Foothills Belt (solid curve r epres e nts 
P ee l reference curve, O. 62 indicates the Pee l rank ratio, 
0. 71 is coalification gradient in terms of% Ro change per 
100 m; locations of sections are as follows: 

1. Peace River Canyon. 6. Highwood River, Ford Collieries. 
2. Sukunka River, two boreholes. 7. Fording River, Eagle Mountain. 
3. Smoky River, 1 and 2 Mine areas. 8. Line Creek Ridge. 
4. Mountain Park. 9. Natal Ridge. 
5. Canmore Coalfield. 1 O. Sparwood Ridge. 

By relating this gradient to that of a known curve (the Peel curve of the 
Netherlands), a reference for compar ison is obtained, which is expressed as 
the Peel rank ratio. Different ratios were obtained, which probably are 
related to variations in the temperature gradients. The lowest ratio was 
found in the Peace River canyon area, and the highest occurs in the Canmore 
coalfield. 

The coalification gradient affects the availability of coking coals of 
most favourable rank, i.e. the medium volatile coals. With a low gradient 
(and corresponding steep c urve ), medium volatil e coal s occur over a greater 
stratigraphic interval, with the possibility of a larger number of seams, than 
with a high gradient. Within limited areas of the same coalfield, the rank as 
determined from vitrinite reflectance can be used for correlating coal seams 
provided a high coalification gradient is present. This method has been 
employed successfully in the Canmore coalfie ld- on seams that lie not less 
than 120 feet apart stratigraphically. 
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7. LES TONSTEINS DE LA VEINE DE CHARBON N° 1 O (BALMER) 
A SPARWOOD RIDGE DANS LE BASSIN DE FERNIE 

(COLOMBIE BRITANNIQUE). 

E. Meriaux* 

Introduction 

Le Bassin de Fernie est situe au SE de la Colombie britannique dans 
les Montagnes Rocheuses. A. R. Cameron et S. K. Babu1 ont rappele les 
grands traits de la geologie regionale (stratigraphique et structure) de ce 
bassin charbonnier appartenant a la formation de Kootenay. 11 contient des 
veines de houille parfois de grande epaisseur. Ces veines renferment gene
ralement des lits argileux. En Europe, ces horizons particuliers ont fait 
11objet de nombreuses recherches tres importantes. Les resultats obtenus 
ant permis d 1 etablir des correlations a longue distance entre les bassins 
houillers2, 3, 4, 5, 6. 

L'etude petrographique des niveaux argileux contenus dans les veines 
de charbon a pour but essentiel de definir la nature et l'origine de ces lits 
particuliers d'une part et de tenter de decouvrir des niveaux reperes pour 
etablir des correlations entre ces differents horizons, et par la suite entre 
les divers bas sins. 

Echantillonnage 

Afin de tester la methode, les presentes recherches ont ete volontai
rement limitees a la partie sud de Natal Creek, c'est-a-dire Sparwood Ridge. 
De plus, seule la veine Balmer (veine numero 10) situee, rappelons-le, a la 
partie basale de la formation de Kootenay, fait 11objet de cette etude. Cette 
veine en partie exploitee est done particulierement bien reperee et permet 
de ce fa it une etude precise. 

Quatre prelevements ont ete realises dans cette region. Ce sont les 
prelevements CQ 181, CQ 182, CQ 161 et CQ 8. Les trois premiers sont 
respectivement situes du SSW au NNE en: 

CQ 181 W 2250; S 3802, 5; 5140 (Adit 14} 
CQ 182 = W 3125; S 0250; 3220 (pres d 1 Adit 15; N 300 pieds) 
CQ 161 - W 5125; N 8250; 4840 (Hydraulic Test Mine). 

Les charbons du prelevement CQ 8 realise en 1967 ont fait 11objet d'une etude 
petrographique complete!. 
. CQ 8 = W 4500; N 10500; 3800 (Balmer South Mine). 
Les distances approximatives entre ces points sont les suivantes: 

CQ181 CQ182 3500pieds 
CQ 182 CQ 161 8750 pieds 
CQ 161 CQ 8 2150 pieds 

*universite des Sciences et Techniques de Lille, France. 
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Figure 1. Position des niveaux argileux dans la veine Balmer. 
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Analyse macroscopigue 

En ces quatre points de prelevements, tous les niveaux steriles 
observables ont ete echantillonnes. Lors des prelevements, la teinte claire 
ou plus souvent brun~tre des lits a tout d'abord retenu notre attention. Une 
saignee continue du toit au mur de la veine est ensuite effectuee. Tous les 
niveaux dont la consistanc e ou/et la poussiere sont differentes de celles du 
charbon environnant ont ete systematiquement preleves. I1 est possible que 
certains niveaux ont dll nous echapper. La figure 1 montre la position des 
differents lits observes. Les indications CQ 181, 4-170-2 correspondent 
respectivement au numero du prelevement (CQ 181), au numero du lit 
argileux (4). a sa position comptee en pouces a partir du toit de la veine (170) 
et a son epaisseur approximative comptee en centimetres et observee au point 
de prelevement (2). 

On constate une diminution de l'epaisseur de la veine Balmer du nord 
vers le sud. 

Aux 4 points etudies, 19 niveaux steriles ont ete reperes. Cependant, 
il apparart immediatement (cf. fig. 1) que leur repartition verticale est vari
~ en chacun de ces points. De ce fait, aucune correlation a priori n'est 
possible m~me en essayant de regrouper certains niveaux tres rapproches. 

L'epaisseur de chacun des niveaux argileux est elle aussi variable. 
Par exemple, les epaisseurs des horizons CQ 161-12 et 13 oscillent entre 
4 et 8 centimetres. L'epaisseur ne doit done pas constituer non plus un cri
tere de correlation. 

Analyse microscopigue 

La cohesion des niveaux est extr~mement variable aussi bien d 1un 
horizon a l'autre qu'a l 1interieur d 1un m~me niveau. Les echantillons friables 
ont ete enrobes dans le plastique et etudies en surfaces polies a immersion 
d'huile. Des lames minces ont ete confectionnees dans les niveaux les plus 
coherants. L'utilisation de ces deux techniques pose des problemes et par 
ailleurs, 11interpretation des surfaces polies reste difficile. 

Toutefois, il a ete possible d'obtenir une serie c omplete de lames 
minces pour les prelevements CQ 181 et CQ 161. CQ 8 n'a pu ~tre etudie 
qu'en surfa c- e polie et CQ 182 en surface polie pour certains niveaux et en 
lame mince pour d'autres. 

Etude qualitative (plane he s 1 et 2 et fig. 2) 

Les planches 1 et 2 representent quelques aspects des tonstein obser
ves dans la veine Balmer. 

Les e lements les plus importants de ces niveaux argileux sont les 
quartz, les graupen et les vermicules. La figure 2 montre la repartition de 
ces elements observes en lames minces aux points CQ 181 et CQ 161. I1 
apparart que la veine Balmer contient des niveaux argileux extr~mement 
homogenes. Le quartz est present partout. Quelques horizons sont depourvus 
de graupen ou en montrent tres peu. Les vermicules sont surtout abondants 
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Table 1 

Resultats des analyses en spectrometrie optique d 1emission, 

l::S:: 161-4 161 -13 181-6 186-27 
s 

Be <3 <3 <3 < 3 

B 128 66 106 20 

Sc 7 8 12 13 

v 10 20 50 137 

Cr <5 7 10 26 

Mn 42 98 230 163 

Co <5 < 5 12 11 

Ni <5 < 5 21 14 

Cu 71 67 94 33 

Zn 66 147 200 126 

Ga 35 52 55 46 

Ge <6 <6 <6 <6 

Sr 12 8 21 19 

y 20 24 28 73 

Mo <7 <7 <7 10 

Ag <l 1 1 1 

Cd <6 <6 <6 <6 

Sn 50 68 80 68 

Ba 607 380 580 250 

Yb 2 3 4 6 

Pb 24 44 35 34 

Bi <3 < 3 < 3 <3 
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Figure 2. Repartition verticale des principaux constituants petrographiques 
des niveaux argileux. 
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en 1e1 en 1s1 
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Figure 3. Variations de taille des graupen. 
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a la partie basale de la veine. Gr~ce ace dernier caractere, il est done 
possible de distinguer dans la veine Balmer: 

- une partie inferieure riche en vermicules, 
- une partie superieure pre sque depourvue de vermicules. 

Etude guantitative (fig. 3 et tabl. 1) 

Deux techniques ont ete utilisees: la mesure de la taille des graupen 
d'une part et les recherches des elements en traces par spectrometrie optique 
d 1 emission. 

La figure 3 represente les histogrammes correspondant aux variations 
de la taille des graupen mesuree perpendiculairement a la stratitication. Les 
classes (G) (fig. 3) retenues sont les suivante s: 

1 taille inferieure a 0, 04 mm 
2 0,04 0,08 
3 0,08 0, 12 

4 = 0, 12 - 0, 16 
5 = 0, 16 - o,zo 
6 = 0, 20 - 0, 24 
7 = 0, 24 - 0,28 
8 = 0, 28 - 0,32 
9 = o, 32 - 0, 36 

Certains niveaux presentant des histogrammes tout a fait similaires 
peuvent etre correles. Ce sont par exemple 181-1et161-1ou181-5etl61-4. 
D'autres histogrammes comme 181-2 et 161-2 peuvent etre rapproches en 
raison du grand nombre de classes observees. 

Nous avons procede par ailleurs a des recherches d'elements rares. 
Les resultats sont exposes dans le tableau 1. A titre de comparaison, figurent 
sur ce tableau les analyses realisees plus au NE, en CQ 186, c'est-a-dire en 
N 1780, E 8625, 5500. Les resultats sont tres encourageants. 

Enfin, signalons pour terminer que des analyses de microthermolumi
nescence sur roche totale sont ·en cours de realisation. 

Conclusions 

D•apres la composition petrographique et le facies, il semble bien 
que les niveaux argileux de la veine Balmer representent des strato-tonstein<= 7 
dont les correlations s'averent difficiles. Cependant, des etudes plus 
completes permettront pr'Obablement de mettre en evidence des orthoton
steins dont 11 interet pour 11 etablis sement de correlations a grande distance 
est considerable. 
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PALYNOLOGIC STUDY OF COALS AND ASSOCIATED 
CLASTICS OF THE KOOTENAY FORMATION, 

CROWSNEST AREA 

Project 710091 

Arthur R. Sweet 

The objective of this study is to provide a palynological zonation of 
and a basis for correlating coal seams within the Kootenay Coal Basin. Palyno
morphs have been extracted from coals ranging up to medium volatile bitumi
nous in rank (23% VM). Approximately 100 pollen and rnicrospore species 
and 5 megaspore species were identified. Most of these are long ranging 
forms making a definite age assignment difficult. Both Rousel, working with 
the middle and lower part of the Kootenay Formation in the Michel-Fernie 
area, andPocock2, working with assemblages from the type section at Grassy 
Mountain, proposed a Late Jurassic age for these intervals. The recovery of 
Shizosporis reliculatus from the upper part of the Kootenay Formation at 
Michel leaves open the possibility of an Early Cretaceous age assignment for 
these beds. 

A general trend towards the relative increase in gymnospermous 
pollen throughout the coals of the Kootenay Formation is suggested by the 
abundance (from 60 to 80%) of pollen in the uppermost coals (C and D seams) 
at Michel as compared to coals from the Beaver Mines area where pollen con
stitutes only 25% of the assemblage. (The Beaver Mines coal is inferred to 
be correlated with the lower part of the Kootenay Formation.) Results from 
a preliminary examination of some of the lower coals at Michel supports this 
proposed trend. 

Total seam samples of the C and D seams at Michel were found to 
have similar pollen and spore histograms. However, differences were noted 
in accessory spore types. The reliability in using the latter in the identifi
cation of these seams has yet to be established. 

The study of samplei;; from specific petrographic intervals from the 
Lower C seam demonstrated a relationship between the relative abundance of 
bisaccate pollen and the amount of vitrinite, thus indicating a correlation with 
arborescent type vegetation. 

1 
Rouse, G. E.: Plant microfossils from the Kootenay coal measures strata 

of British Columbia; Micropaleontology, v. 5, p. 303-304 (1959). 

2
Pocock, S. A. J.: Palynology of the Kootenay Formation at its type section; 

Bull. Can. Petrol. Geol., v. 12, Special Guide Book Issue, p. 501-
512 (1964). 
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CORDILLERAN GEOLOGY 

9. LATE PALEOZOIC TO MID-TRIASSIC SEDIMENTARY-VOLCANIC 
SEQUENCE ON NORTHEASTERN VANCOUVER ISLAND 

Project 68003 8 

Donald Carlisle* 

Summary 

As a consequence of major movements on several northerly and north
westerly faults, a large and hitherto unsuspected occurrence of late Paleozoic 
bioclastic and coralline limestone is exposed in the region between Schoen 
Lake and Victoria Peak. The limestone, which is probably correlative with 
the Buttle Lake Formation of the Sicker Group is overlain, apparently con
formably, by laminated siliceous and calcareous argillites and shales which 
are pervasively intruded by basalt sills having an aggregate thickness several 
times that of the intruded sediments. The sills are compositionally very sim
ilar to, and undoubtedly cogenetic with some 20, OOO feet of pillow lava, pillow 
breccia and flows of the overlying Karmutsen Subgroup. Daonella of probable 
Upper Ladinian (Middle Triassic) age has been found in the upper part of the 
sediment-sill sequence. Taken in conjunction with the Karnian (Upper 
Trias sic) ammonoid fauna near the top of the Karmutsen and in the overlying 
Quatsino Limestone, this new fossil occurrence provides a basis for roughly 
estimating the rate of accumulation of Karmutsen volcanic rocks. It is sug
gested that deep to very shallow submarine emplacement of sills may have 
been pre cursive to eruption of pillows and pillow breccias. 

Structural Setting 

Structural mapping has been facilitated by subdivision of the Karmutsen 
Group into three distinct and persistent units as shown in Figure 1. *"' The 
subdivision remains valid at least as far westwards as Nimpkish Valley. As 
in the Bute Inlet map-area structures comprise broad, open folds along north
westerly axes, pre-Island Intrusive, and pre- and post-intrusive vertical 
faults. Beginning with the White River Fault along the westerly edge of the 
Bute Inlet map-area and progressing westward, a succession of north and 
northwesterly trending oblique-slip faults has brought successively older 
rocks to the surface. The White River Fault and the Tlowils Creek, Adam 
River and Eve River Faults shown on Figure 2 have an aggregate net dextral 
slip of approximately 9 miles and a net vertical displacement, up to the west, 
of 10, OOO feet. The Gerald Creek Fault which may be the largest fault in the 
map-area has a vertical stratigraphic separation of 10, OOO feet, up-on-the-west. 

*Department of Geology, University of California, Los Angeles, California 
90024. 

**In addition to the pre-Karmutsen rocks discussed in this report, Figure 
includes all of the stratigraphic column which was inadvertently omitted 
from Geol. Surv. Can. Paper 72-1, Pt. A, p. 21-23. 
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Several lesser faults parallel with the Gerald Creek Fault have demonstrable 
left lateral components of slip. Together, these fault sets express regional 
north-northwe sterly extension. 

Late Paleozoic Limestone 

Southwest of the Gerald Creek Fault (Fig. 2), particularly in the 
vicinity of Nisnac and Schoen Lakes and on the lower northeast flank of Mount 
Adam, relatively unmetamorphosed, well bedded, light to medium blue-grey 
fossiliferous limestone is exposed with lesser amounts of darker siliceous 
limestone and some mafic sills. A section measured one-quarter mile north 
of Nisnac Lake to Gerald Creek FaU:lt contains 670 feet of coarse to fine bio
clastic and coralline limestone and 150 feet of sill. Large rugose corals col
lected northeast of Schoen Lake from the same fault block were identified as 
caninoid by E.C. Wilson indicating "an age range of Mississippian through 
Permian". He reported in addition smaller corallites which "lack the 
dilate septa in the cardinal quadrants which iuvenile Caninia should have". 
Caninia(?) sp. has been reported by Yole2 from the Buttle Lake limestone in 
Strathcona Park but the Early Permian age suggested for that unit is based 
mainly on Bryozoa and Brachiopoda. 

Samples of a coralline limestone, apparently identical with that near 
Schoen Lake, and exposed over a thickness of 100 feet on the lower northeast 
flank of Mount Adam (elev. 2, 300 1 ) have been examined for insoluble micro
fossils by B. E. B. Cameron who provided the following preliminary report: 
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GSC loc. 86301, NTS 92 L/l east; 50°07 1 57 11 N; 126°10 1 52"W. 

The insoluble residue of this limes tone yielded the following fossils: 

Miscellaneous: 

Ostracoda: 

Foraminifera: 

C onodontophorida: 

fish teeth 
abundant bryozoa 
abundant productid brachiopod spines 
brachiopod fragments 

Rectobairdia sp. 
Bairdiacypris sp. 

Globivalvulina sp. 
Climacammina sp. 
Palaeotextularia (2 spp.) 
Palaeobigenerina? sp. 

Streptognathodus sp. 
Idiognathodus sp. (aff. Streptognathodus) 
Ozarkodina sp. 
hindiodellid 

In general the total assemblage is of Lower Permian to Upper Carboniferous 
(Pennsylvanian) age. A check of available literature indicates the specimens 
of Streptognathodus and Idiognathodus are probably new species which show 
greatest affinities with Middle or Upper Pennsylvanian (Desmoinesian to 
Virgilian) assemblages known in the U.S.A. (Kansas, Missouri). 

Correlative limestone is exposed on the lower eas t flank of Mount 
Schoen and on the lower north flanks of Kokummi Mountain and Victoria Peak 
within the thermal aureal of a large quartz diorite pluton. Muller3 has 
reported similar coralline limestone from Magee Creek containing silicified 
foraminifera of probable Early Pennsylvanian age. 

Middle Triassic sediment-sill unit 

In the field, an apparently consistent formational differentiation can 
be made between the late Paleozoic limestone and the overlying sediment-sill 
unit on the basis of the first appearance of overwhelmingly abundant basaltic 
sills. The sills have good columnar jointing which distinguishes the m, at a 
distance, from Karmutsen flows or pillow lavas. All of the rocks are con
cordant. The writer suggests that the appearance of abundant sills reflects, 
fairly closely, a change in sedimentary facies from non-fissile, thickly bed
ded biogenetic limestone to fissile, thinly bedded and l aminated, pelagic sedi
ments, mainly siliceous and calcareous shale and wacke. The younger fis
sile unit is simply more susceptible to silling. Considerable significance is 
also attached to the fact that this sequential change in sedimentary facies, 
from coarsely bioclastic limestone to laminated and siliceous shale, is in the 
sam.e direction as that shown by the post-Karmutsen succession from Quatsino 
Limestone to Parson Bay Formation and also by a high proportion of the very 
thin and sporadic inte rvolcanic sedimentary sequences within the upper 
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Donald Carlis le 
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Karmutsen Subgroup. Both facies are considered to represent shallow water 
environments; the older in each case being richly organic and productive, the 
younger being pelagic and starved . 

The sedimentary layers between the sills are from less than one foot 
to roughly 200 feet in thickness. They are silicated along the contacts which 
reinforces their cherty appearance, and they are commonly distorted or partly 
engulfed by the basalt. For the most part, they are noticeably pyritic and 
rusty weathering . The total thickness of sedimentary rock within the whole 
sediment-sill unit may be as little as 500 or 600 feet. 

In 1971, members of a mineral exploration group discovered a five
fo ot-thick layer of pelecypod-rich fissile black shale within one of the siliceous 
sedimentary layers in a steep gully on the northeast flank of Mount Schoen 
(e lev, 3, 250'). The occurrence is approximately two-thirds of the way from 
the base to the top of the sediment-sill unit. E.T. Tozer has provided the 
following preliminary report on collections by the writer: 

Daonella sp; group of !2_. tyrolensis. Age: Middle 
Triassic, probably early Upper Ladinian. 

In view of the structural and apparent stratigraphic conformity of the 
late Paleozoic and Middle Triassic sedimentary rocks, and the characteris
tic sequence from coarse bioclastic limestone to pelagic laminated siliceous 
shale noted above, the writer has placed all of these rocks in the Sicker Group. 
Similar sedimentary rocks, invariably invaded by sills, but not yet dated, in 
the Nootka Sound area also have been referred to the Sicker Group by Muller3 • 
At Magee Creek they overlie the limestone of probable Early Pennsylvanian 
age. 

Emplacement of sills 

The basalt sills are obviously later than the sediments and similar 
columna1 jointed sills occur, with much diminishing frequency upward, in the 
lower part of the Karmutsen Subgroup, but it does not necessarily follow that 
all of the sills were emplaced after the beginning of pillow lava eruption. 
Petrographically, the sills are essentially identical with lower Karmutsen 
pillow cores and chemically they are only slightly less silicic and slightly 
richer in iron and magnesium than pillow cores. Similar sills intrude Sicker 
sedimentary rocks elsewhere. Muller4 and Fyles5 have considered diabases 
and gabbros intruding Sicker sediments on central and southern Vancouver 
Island to be probably comagmatic with Karmutsen volcanic rocks. Those on 
the east side of Buttle Lake display decreasing grain size upward through the 
Sicker sequence and those immediately beneath the Karmutsen pillow lavas 

have deformed the strata in a manner strongly suggesting to this writer 
emplacement into soft, wet sediments. There is every reason to believe that 
marine sedimentation continued up to the time of deposition of pillows. The 
f irst basalt to make its way to the s e a floor at the initiation of Karmutsen 

volcanism must have encountered near pristine, perhaps consolidated, but 
probably unlithified sediments and some, at least, may well have been injected 
more or less along the bedding at various levels below the sediment-water 
interface. The accumulation of sills would strengthen the section, making 
brittle fracture to the surface more likely and leading to eruptions of pillow 
lava on the sea floor itself. In later times whenever access to the sea floor 
became blocked, basalt sills would develop both within the growing Karmutsen 
pile and in older sediments. 
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Karmutsen Accumulation and Subsidence Rates 

Ammonite fauna characteristic of but one zone, the Upper Karnian 
Dilleri Zone, occur both in intervolcanic beds in the uppermost 2, OOO feet of 
Karmutsen flows and also in 1, OOO feet or more of overlying Quatsino 
Limestone I. Using the rather crude estimate of 1 1/2 million years for the 
average duration of a Triassic ammonoid zone6 and assuming that roughly 
one half of the Dilleri Zon1:: is represented in the Karmutsen intervolcanic 
beds, we obtain a rate of accumulation of grossly 0 .1 cm of volcanic flow 
per year. 

Because of the newly discovered Daonella in sediments originally 
only 100 to 200 feet below the base of Karmutsen pillows, it can now be esti
mated that the entire 20, OOO feet of Karmutsen pillows, pillow breccias and 
flows accumulated in a span of from 5 to 10 million years (Upper Ladinian to 
Upper Karnian). From this the aggregate rate of accumulation is again grossly 
in the order of 0. 1 cm per year. By way of comparison, similar reasoning 
yields apparent aggregate rates of accumulation for the Quatsino Limestone 
(Upper Dilleri Zone) and for the Parson Bay Formation (Welleri to Lower 
Suessi Zones), neglecting compaction, cannibalism, erosion and intrastratal 
colution, one-half and one-thirtieth respectively of the rate of accumulation 
of the volcanic rocks. Since allowances for post-depositional thinning are not 
necessary for the volcanic rocks, and since shallow water limestones occur 
below, within and above the Karmutsen Subgroup, the accumulation rate of 
0. 1 cm per year is equally acceptable as an aggregate order-of-magmitude 
rate of regional subsidence for at least the later part of the Triassic. 

Parts of field work were supported by grants from the University of 
California and from the National Science Foundation Undergraduate Research 
Participation Program. Particular acknowledgment is made for the excel
lent field mapping by R. L. Hill and S. Kuniyoshi. 

1
Carlisle, D.: Bute Inlet map-area, Vancouver Island, British Columbia; 

in Report of Activities, Pt. A, April to October, 1971; Geol. Surv. 
Can., Paper 72-1, Pt. A, p. 21-23 (1972). 
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6 

Yole, R. W.: An early Permian fauna from Vancouver Island, British 
Columbia; Bull. Can. Petrol. Geol., v. 11, p. 138-149 (1963). 

Muller, J.E.: Nootka Sound area, British Columbia (92E); Part A, April 
to October, 1971; Geol. Surv. Can., Paper 72-1, Pt. A, p. 33-36 
(1972). 

Muller, J.E., and Carson, D.J.T.: GeologyandmineraldepositsofAlberni 
map-area, British Columbia; Geol. Surv. Can., Paper 68-50, 
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Fyles, J. T.: Geology of the Cowichan Lake area, Vancouver Island, B. C.; 
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Tozer, E.T.: A standard for Trias sic Time; Geol. Surv. Can., Bull. 156, 
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GEOCHEMISTRY 

LAKE SEDIMENTS FROM PERMAFROST REGIONS: 
Zn, Cu, Ni, Co and Pb CONTENT OF THE SUB-2000 

MICRON PAR TIC LE SIZE RANGES 

Project 700046 

R. J. Allan and R. T. Crook 

Introduction 

From Decemb e r, 1971 to May, 1972, a study was conducted to dete r
mine the Zn, Cu, Ni, Co and Pb conce ntrations in each o f e ight diffe r e nt 
particle -size range s of s e lecte d lake sediments from p e rmafrost regions in 
the Northwe st Territorie s. A s ea r c h through available literatur e showe d that 
very few studies of this nature, if any, hav e bee n published on l ake sediments. 

A group of e ight samples were chosen for this study (Table 1 ). The s e 
s e dime nts r e pre s e nted fiv e diffe r e nt e nvironmenta l and geological areas in 
subarctic and arctic r egions of Canada. The s e areas ar e unde rlain by five 
differ e nt rock types (Table 1 ). The samples had varying trace e l ement con
centration, as shown by previous analysis of the total, <80 m e sh (<l 77w,), 
sample. The sedime nts were first sieve d to l e ss than 2 mm. Very few, if 
any, greater than 2 mm particle s were encountered during this procedur e . 

The le ss than 2 mm fraction was then subjected to aprocedureofsoilleache s, 
mineral dispersion and fractionation 1 • This leaching and <lisper s ion proce dure, 
carried out on the <2 mm fraction first remove d all carbonates and exchange
able cations, then organics, then amorphous coatings of Fe andMnhydroxides, 
and finally amorphous oxides of Si and Al. The s e leaches have b ee n stor e d 
for futur e analysis. This "cleansed" sample was then fractionated into eight 
particle size range s. Analysis of each size range was made for Zn, Cu, Ni, 
Co, Pb, Fe and Mn, by atomic absorption spe ctrophotometry following an 
HF-HN03 -HC104 total dissolution. The results, in parts p e r million conc e n
tration, ar e listed in Table 1 . Data for certain samples are presented in 
Figure s 1, 2 and 3. All of the sampl e s select e d were of medium to high con
centrations in one or more elements r e lative to the average r eg ional conc en
tration levels, so that a r e adily m easurable concentration, above the instru
mental detection limit for e a c h e lement, could b e obtained. 

R e sults 

The results are given in terms of trac e e l e m e nt concentration in e ach 
size range. The highe st Zn values in the clay fraction were in sampl es which 
came from lakes adjacent to known ore deposits containing Zn (Table 1 ). High 
Zn concentrations were also found in the <2 µclays of sample s from a lake 
near a large gossan in an Archean ac id volcanic area and a ls o from a lake in 
an Archean basalt area. The highes t copper concentration (8070 ppm Cu) is 
in the « 2µ fraction of a sample from a lake adjac e nt to the High Lake d e posit. 
This. known, but undeve loped, deposit in the Northwest T e rritorie s consists 
of 5 million tons Cu-Zn set in an Archean acid volcanic b e lt . Of the three 
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TABLE 1 

Trace e l e m ent con centrat i ons in particle size ranges 
of lake s ediments from Arctic Canada 

PARTI CLE SIZE RANGES 

SAND SILT 

2000µ - 500µ - 250µ - 105µ - 53µ - 20 µ -
500µ 250µ 105µ 53µ 20 µ 5µ 

ppm 

no samp le 68 31 49 96 635 

216 189 221 347 562 1059 

50 47 11 0 187 684 2853 

40 30 27 29 53 143 

11 8 79 63 48 91 205 

226 180 143 150 94 88 

123 116 132 150 198 258 

100 107 88 79 94 168 

no sample 11 5 9 7 35 

297 231 237 308 47 1 975 

20 9 23 1 29 40 101 

9 7 5 6 6 9 

24 20 27 16 19 68 

235 249 234 234 169 233 

166 156 161 174 167 156 

36 36 33 25 36 23 

no sample 24 15 23 26 69 

26 21 21 24 30 38 

43 39 45 55 69 112 

9 13 6 9 11 17 

79 62 52 49 39 89 

66 51 49 73 75 41 

49 39 47 53 60 67 

904 858 583 362 296 214 

CLAY 

5µ - <2µ 
2µ 

1294 2894 

1735 3790 

4688 6120 

395 2495 

785 3593 

143 537 

253 738 

332 1390 

50 138 

1583 8070 

135 221 

19 122 

192 672 

398 2000 

120 685 

28 154 

77 100 

58 50 

11 9 143 

26 87 

134 248 

41 93 

67 130 

197 530 
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Table 1 (continued) 

COBALT 

1 no samp le 5 2 3 5 19 18 20 

2 8 5 8 8 10 13 19 21 

3 10 6 8 16 23 45 60 70 

4 1 1 1 l 1 l 6 20 

5 24 19 15 11 15 29 57 109 

6 45 31 27 26 16 11 16 58 

7 27 24 26 "~ 3:5 37 32 72 

8 138 107 42 29 19 19 19 59 

LEAD 

1 no sample 4 4 4 28 19 4 64 

2 20 28 25 34 31 36 87 450 

3 12 24 19 31 33 57 71 135 

4 39 31 16 17 19 16 30 101 

5 17 13 28 17 22 22 34 89 

6 4 4 19 4 19 4 4 48 

7 16 4 4 4 4 16 22 42 

8 4 39 4 4 16 13 13 47 

SAMPLE DESCRIPTIONS 

1. From a lake (65° 55 'N; 108° 22 1W) adjacent to a 10-million-ton Zn ore deposit 
in the Hackett River area, in Archean acid volcanic rocks. 

2. From a lake (67° 23'N; 110° 51 'W) adjacent to a 5-million-ton Cu-Zn ore 
deposit in the High Lake area, in Archean acid volcanic rocks. 

3. From a lake (67° 28 1N; 110° 57 1W) adjacent to a large gossan in the High 
Lake area, in Archean acid volcanic rocks. 

4. From a lake (75° 33'N; 96° 09'W) near a I -million-ton Pb-Zn ore deposit, 
on Little Cornwallis Island, in Paleozoic carb onat e rocks. 

5. From a lake (64° l 6 1N; 115 ° 25'W) in the Indin Lake area, inArchean basic 
volcanic rocks. 

6. From a lake (67° 24 'N: 11 6° 27'W) adjacent to a 3-million-ton Cu ore deposit, 
in the Coppermine are a, in Proterozoic basic volcanic rocks. 

7. From a lake (67° 22'N; 116° 18'W) in the Coppermine area, inProterozoic 
basic volcani c rocks. 

8. Fromalake (66° 54 'N;115° 13 1W) intheMuskoxintrusionarea, inultrabasic 
intrusive rocks. 
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other relatively high copper value s, one c ame from a lake adja cent to a 
3-million-ton Cu deposit in the Hackett Rive r area, N. W. T. The o ther two 
were from Archean and Proterozoic basalt areas of regionally highe r Cu con
centrations. Similarly, the highest Pb (450 ppm Pb) was in the< 2 µfraction 
of a sample taken from a lake adjacent to the High Lake Cu-Zn-Pb ore deposit 
which produced the highe st Cu and one of the highest Zn concentrations. The 
highest Ni conce ntration (904 ppm Ni) was found in the 2000µ to 500µ size 
fraction of a sample taken from a lake which is found in an ultra basic intrusive 
area, the Muskox Intrusion, which is character i zed by r egionally higher Ni 
and Co concentrations. The highest Co value (138 ppm Co) was also found in 
the 2000 µto 500 µsize fraction of the same sample in which the highe st Ni 
conc e ntration was obs e rv e d. The one othe r relative ly high Co concentration 
was found in the< 2 µfraction of a s e dime nt take n from a lake in an Archean 
basalt area. 

All of the samples had high concentrations of trace e l ements associate d 
with adjacent ore deposits or the surrounding rock types. 

Discussion 

Most of the sample s showe d the hi gh e st concentrations in the finer size 
fractions (Figs. 1, 2 and 3 ). The highest concentration of eve ry element was, 
in all case s but two, in the < 2 µfraction (Table 1 ). Normally there was a sharp 
decrease in concentration from the < 2 µ fraction to the 5µ to 20 µ fract10n. 
Howeve r, relative ly high conce ntrations were normally maintaine d until a 
particle size range of 50µ to 100 µwas reache d. F ew sample s had significantly 
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higher concentrations in the coarser fractions ( >50µ) compared to the finer 
fractions (<5(\i ), as mentione d, The only exception to the rule was sample 8 
for Ni and Co. This sample came from an ultrabasic intrusive area of 
regionally higher Ni and Co background concentrations, In this sample, 

:E 
..: 
..: 
z: 

z: = ... ... 
"' ... 
z: ... 
<.;> 
z: = <.;> 

3000 ................................................................................. .. 

2500 

2000 

1500 

1000 

500 

0 

CuCSample No 7) 

N1<S•mple·~ ~:~ 

... 
z 
0 .. 
~ 
~ 
;;; 
% 

"' 
:E 
0 ., 
" 

I 
·~. --=--_;;;;;;=-----==--.--==-:-__ 

======·~;==· i-i 
20u. 50u. 1:>ou. 250u. 500u. 

PARTICLE SIZE IN MICRONS 

Cu(7) 

2000u. 

Figure 2, Cu, Zn and Ni distribution in particle size ranges of lake sed
iments with intermediate concentrations of trace elements. 

3000 

2500 

::E 
..: 
..: 2000 

z: 

z: 1500 = ... .. 
"' ... 
z: 2000 ... 
~ 
z: = <.;> 

500 

0 

Figure 3. 

b(Sample No. 7) 

NiCSample No.4) 

Cu (Sample No. 4) 

ZnCSample No.6) 

2o. 5o. 20u . 50u. 

... 
z 

~ 
" z 

~ 
;;; 
% 

"' w 
:E 

0 ., 
" 

I 
100u. 

PARTICLE SIZE IN MICRONS 

represents graph 
for Ni, Cu, and Co. 

represents Pb 

250u. 500u. 

Cu, Zn, Ni, Pb and Co distribution in particle size ranges of 
lake sediments with low concentrations of trace elements. 



- 36 -

the sand fraction had relatively higher concentrations of Ni and Co, with the 
highest concentrations being in the coarse sands. 

In most surficial materials, the 50 µparticle size is the break between 
the sand and silt fractions. The sand fractions are usually composed of rock 
fragments or aggregates of several minerals characteristic of the parent rocks. 
Trace elements in the :>SOµ fraction should show a slight increase in concen
tration as the fraction becomes coarser and so, more closely approaches the 
parent rock in composition (Table 1, Figs. 1 and 2). The< 50µ portion, con
sisting of the silt and clay fractions, is normally composed of quartz, feld
spars, micas and various secondary layer silicates such as amphiboles and 
pyroxenes. In this <50µ fraction we find increasing quantities of trace elements 
with a decrease in particle size (Figs. 1, 2 and 3). 

Because fhese samples have been leached by several procedures 
(pH5 NaOAc; H 2 02; Na-citrate-dithionite) it is unlikely that a very large con
centration of trace elements remain in an adsorbed form, that is, in the form 
of cations sorbed on the surface of fine particles coated by organics or amorphous 
iron and manganese hydroxides. The increases in concentration of trace 
elements observed in the finer fractions must then be due to trace element 
cations in the actual crystal lattices of the minerals in these finer fractions. 
These can presumably occur in three forms: (1) in the form of minor acces
sory minerals of high trace element content; (2) in the form of isomorphously 
substituted elements in the actual lattices of the nonlayer silicate minerals, 
such as feldspars or in the lattices of layer silicates, such as biotites; or 
(3) as specifically absorbed trace elements in the interlayers of secondary 
layer silicates such as illites or vermiculites. Because sorption processes 
depend on the total available surface area, we should expP.ct this process to 
produce greater concentrations of trace elements in the very fine silts and 
especially in the clays. In the < 50 µfraction, the concentrations in the coarse 
silt fraction are possibly due to factors (1) and (2) above. In the medium 
silt fraction, factors (2) and (3) are probably dominant. In the fine silt the 
nonlayer silicate minerals are replaced by layer silicates so that factor 
(3) becomes of major importance relative to factor (2). In the clay fraction 
the high concentrations are possibly due to factors (3) and (2). There may 
be an effect of the accessory heavy minerals in even the finest size fractions, 
but this effect possibly decreases with a decrease in particle size. Because 
of the above effects, the trace element concentrations should increase with a 
decrease in particle size (Table l; Figs. 1, 2, and 3). 

We should also expect to find high concentrations of trace elements in 
the leaches themselves. This would be due to the removal and dissolution of 
the organics and the Fe and Mn hydroxide coatings, and therefore, most of 
the adsorbed cations, from the surface of the particles. 

As seen from the discussion above of the >50µ and <50µ fractions, the 
size range immediately on either side of the 50 µlevel should have the lowest 
:oncentrations of trace elements. These deductions are substantiated by the 
results presented in Table 1 and Figures 1, 2 and 3. Because the relative 
concentrations of the elements can be related (Table 1) to the estimated size 
of the mineralization which is the source of each trace element, it is then the finer 
fractions which are responsible for the anomalies due to the nearby presence of 
oxidation and leaching of sulphides. Also, in areas where unusually high back
ground values for one or more elements are encountered, i. e., sample 8 in the 
ultra basic intrusive area, which is regionally higher in Ni and Co, it might be 
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found that using the finer fractions of the sediment for analysis would give 
concentrations closer to those desired in discerning anomalous areas due to 
the presence of sulphides. 

In prospecting for sulphide deposits, using inorganic lake sediments, 
the above results indicate that the fin e r the fraction selected for analysis, the 
better the results because trace element contrasts will b e incre ased. However, 
the various size fractions less than 50µ (approximately 250 mesh) usually 
must be separated by a wet sedimentation technique. Therefore, the total 
<50µ size fraction appears to be the one most economically suited to any survey 
where large numbers of samples are collected. 

11. POTENTIAL OF COMBINED GC-MS AS A SENSITIVE TOOL 
IN EXPLORATION GEOCHEMISTRY 

Proj e ct 690091 

I. R. Jonasson 

The Instrumentation 

An integrated GC-MS nnit consists of two basically different instruments. 
The gas chromatograph (GC) is designe d to separate and measure a large 
number of chemical constituents, including those pres e nt as trace concentra
tions, which may occur ineither a gas or liquid phase. The obvious application 
is therefore to direct sampling of planetary or soil atmospheres for trace materi
als of immediate interest. In many cases, however, the trace material sought 
may be present in microgram or picogram quantities only, levels which are 
at the threshold or below the sensitivity limits of conventional GC detectors 
such as flame ionization gauges or electron capture devices. 

The integration of a GC with a mass spectrometer (MS) can offer a 
m e thod for direct sampling and quantitative analysis of gaseous constituents 
at picogram levels. With the acquisition of the instrumentation described 
briefly herein, the Geochemistry Section has undertaken an extensive critical 
survey of the potential of using such gaseous emanations to detect deeply 
buriea ore deposits. The project both continues the mercury studies initiated 
three years ago and extends similar investigations to less familiar gases. 

Work performed to date on these units has consisted essentially of 
testing and sample gas analyses. Alkylmercurials can be easily characterized 
by their mass spectra and can be detected at nanogram levels. 

Applications in Geochemistry: 1. Pathfinders to metal deposits 

In the immediate vicinity of a buried ore deposit a wide variety of 
volatile and gaseous materials occur which are either derived from the ore -
body by slow chemical processes or owe their origins to the same processes 
that originally formed the ore deposit. In both cases, however, such vapours 
are directly indicative of the presence of what may be economic mineralization. 

The vapours are quite mobile and generally can permeate covering 
rock and soil to reach the surface above the deposit. In some instances dis
tance travellerl may be around 600 metres. Thus a sampling program desigued 
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to tap soil gases w ill locate thes e pathfinder vapours and thereby indicate the 
presence of mineralization1 • Perhaps the vapour most in the n ews at present 
is m e rcury metal - a spec ie s now infamous as a noxious pollutant. From the 
viewpoint of a geochemist n1ercury is singularly important as an indicator of 
polymetallic sulphide deposits (l e ad, silver, zinc, antimony). Its presence 
in soil atmosphere (and terrestrial atmosphere) has been utilized extensive ly 
to map shallow underground veins of such deposits. Some rather unique 
physiochemical properties of mercury have enabled it to b e detected at 
nanogram concentrations by conventional atomic spectroscopic t echniques. 
Howeve r, de tection limits for mercury in soil atmospheres are such that 
more sensitive detection m ethods are required to find more deeply buried 
r'lepos its. GC-MS fulfils these requir ements complete l y and allows potential 
evaluation of the types of m e rcury vapours which may exist in the gases sampled. 
Information g leaned fr om these studie s may then produce data whic h may help 
interpret b e tter, exploration methods based on the measure m ent of soil mercury 
ions. 

Other vapours and gases are potentially just as us e ful as mercury but 
usually their concentrations in soil gases are two to three orders of magnitude 
lower or higher. Examples of such vapours are sulphur - dioxide, hydrogen 
sulphide, carbon dioxide, iodine , bromine whi ch are associated with deposits 
of h e avy metals, copper, uranium, iron, gold, tin, nicke l and rare metals. 
The presence of iodine and bromine may also indicate proximity of fossil fuels. 
Volatil e hydrocarbons and carboxylic acids in soil gases mav lead to the same 
type of deposit. The value of se e king such vapours is enhanced in cold climates 
and p ermafrost regions since lower temperatures and froz e n (immobile) 
conditions allow for increased accumulation of these pathfinde r materials in 
the soils and soil gases. Ther e is sufficient data available in the 
foreign lit e rature to support this contention. The supporting list of references 
with this e ssay provides examples of the uses of all the afor e m entione d vapours. 
Other vapours of g r eat interest are considered to occur only atpicogram con
centrations in soil atmospheres. The se include various organometallic com
pounds and hydrides which, in part, owe their origins to bacteria l and chemical 
action within the soils themselves. For example, dime thylme rcuryandother 
alkylmercurials, alkylarsines (ars e nic) and arsine, alkylstibine s (antimony) 
and stibine, selenium and tellurium hydrides and various organic derivatives 
may occur in the presenceofcopperandbasemetalmineralization. Moreover, 
these rarer trace e lements are very sensitive indicators of specific types of 
deposits and the mere presence of say. tellurium compounds may be regarded 
as a valuable piece of geoch emical information since the se compounds would 
only reach significant and detectable levels if extensive metallic sulphides 
were nearby. A mass spectrometer is the only analytical tool capabl e of 
detecting and identifying the very l ow concentrations of these vapours. 

Applications to Geochemistry: 2. Fluid- gas Inclusions 

Fluid inclusion studies are increasingly b eing used in the search for 
hydrothe rmal ore deposits. The Russians are presently l eaders in the fi e ld 
of fluid inclusion research and its application to exploration for economic ore 
deposits. Since these fluids are pre served relics of the hydrothe rmal solutions 
that produced the enclosing min~rals, their composition should reflect the 
ore potential of the vein system '

3
• Our present knowledge of the chemical 
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relationship betwee n solution and prec ipitate d mine ral phas e s is sufficie nt to 
allow inte rpretation of ore pote ntial from the c hemistry of hydrothermal solu
tions as r e pr e s e nte d by fluid inclusions4, 5. 

The m e thod r e quir e s the analysis of minute fluid inclusions from quartz, 
c alcite and sphale rite in ve ins for their diss o l ve d gases a nd for the isotopic 
compositions of carbon, oxygen, hydrogen and sulphur 3 GC-MS is us e d to 
analyze for hydrogen sulphide , sulphur dioxide, hydro ge n chl or ide, hydrogen 
fluoride, ammonia , carbon dioxide , nitric oxid~ hydroge n, oxygen, carbon 
monoxid e and m e thane 6 • The s e data along with m eta l cation ratios can b e 
us ed to pre pare contour maps of vein syste ms whic h c an b e interpreted to 
define direction and pote ntial of ore occurrence 7, 

1 
Ozerova, N. A.: Primary Dispersion Haloe s of Mercury. Proc. Inst. G e ol. 

Ore D e posits ; P et r o g r . , Mineralog. and Geoch e m, No. 72, Questions 
of Geochemistry, Part 4, Nauka Pr e ss , Moscow, 1962, 136 p. 
Transl. Inte rnat. Geol. R ev., 1971 (1962) , 

2
Roe dde r, E.: Evide n ce from fluid inclusions a s to the nature o f the ore forming 

fluids; Procs. Symposium: Proble ms of postmagmatic ore deposition; 
v. 2, p. 375-384 (1965). 

3 

4 

5 

6 

Ohmoto, H. and Rye, R. 0,: The Bluebell Mine , British Columbia, I. 
Mine ralogy, Parage n e sis, Fluid Inclusions and the Is otopes of 
Hydroge n, Oxy ge n and Carbon; Econ. Geol., v . 6 5, p. 417-437 (1970). 

H e lge son, H . G.: De scription and inte rpre tation o f phase r e lations in geo -
chemical proce ss e s invo lv ing aqueous solutions; Am. J. Sci., v, 268, 
p. 415-438 (1970). 

H e lge son, H. C.: A chemical and the rmodynamic model of ore deposition in 
hydrothermal syste ms; Morgan, B. A., e d., Mine ral. Soc . Am., 
Spee . Pape r 3 (1970). 

Sobolev, V.S., Bazarouv , T.Y., Shugurova, N.A., Bazarov, L. Sh., 
Dolgov, Yu, A., and Sorenson, H.: A preliminary examination of 
fluid inclusions in n e phe line , sosens enite , tugtupite, and chkalov ite 
from the Ilimanssof alkaline intrusion, South Greenland; Gr~nlands 
Geol. Unders. Bull. no, 81, p. 1-33 (1970). 

7
Dav ide nko, N.M. and Valpe t er , A.P.: Microinclusions in minerals of gold

bearing and barre n veins in western Chukotka; Ko lyma, no. 6, p. 44-
45 {l 969). 
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GEOPHYSICS 

12. AIRBORNE RESISTIVITY ELECTROMAGNETIC SYSTEM 
• I 

Project 680089 

A. Becker and A. K. Sinha 

The Airborne Resistivity Electromagne tic Syste m (ARES) is quite a 
new concept in airborne e l ec tromagne tic exploration which h as been conce ived 
by the Electrical M e thods S ection 1 and is now unde r a c tive d eve lopment. The 
m e thod, which allows the fr e quency of the transmitter curre nt to be varied 
to achieve a uniform depth of penetration at all time s irr e spective of th e 
ground conductivity, has been shown theore tically to be e qually good for 
mining exploration and geologica l mapping. 

In the last few months, extensive the ore tical studies h ave been under
taken to study the various aspects of the m e thod unde r differe nt geo log ical 
conditions. The system has been simulated on a digital computer and the 
results show the advantage of this syste m over many existing airborne systems. 

Figure 1 * shows the simulated ARES result over a two-layer earth sectio:tt 
whe re the substratum is infinitely res istive. The geological s e ction is shown 
at the bottom and the frequ e ncy plots are shown f or va rious values of the 
resistivity of the first layer Pl• from 20 n -m to ZOOn-m. The interesting 
thing to note is that w h en the frequ e ncies are plotted on a lo g -s cale, th e shape 
of the ARES response does not depe nd at all on the va lue of Pl. This plot at 
60° phase angle between the primary and the secondary fields shows the 
remarkabl e correlation b e tween the ARES plot and the subsurface topography. 

Computer-generated anomalies have also been obtained over several 
known geological sections in Ontario, Quebec and Manitoba and the results 
have been very promising in e ach area. As a side product, a generalized 
computer program has b een w ritte n to obtain the e l ectromagnet i c response 
of an n-layer earth with arbitrary conductivities and thicknesses excited by 
dipolar sources. Several master-charts for the ARES anomalies over two
and thre e -layer earth sections have been plotted and m e thods of interpretation 
of the data are being explored now. This method seems to have a good potential 
for mapping the thickness of overburde n and for detec ting sulphide conductors. 
Application of the system could even b e extended to permafrost regions. 

1 
Becker, A.: Airborne apparatus for and a m e thod of determining the e l ec-

trical conductivity of bedrock and overburden; Can. Patent No. 
789, 691, issued July 9, 1968. 

* For Figure 1 see n ext page. 
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Figure 1. Simulated ARES result over a two-layer geological cross-section 
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13. DEVELOPMENT OF AN AUTOMATED OMEGA NAVIGATION 
SYSTEM FOR OFFSHORE AIRBORNE GEOPHYSICAL SUR VEYS 

Project 650007 

Margaret E. Bower 

Work is continuing on the computerized data acquisition and navigation 
system for the National Aeronautical Establishment's North Star aircraft which 
has been used during the past 8 years to carry out aeromagnetic surveys of 
the continental shelves and deep ocean adjacent to easte rn Canada. Flight 
testing will begin shortly. The original plan was to use two computers linked 
together, but this was found to create more problems than it solved. There 
fore the program has been reorganized to us e one computer only, an Interdata 
Model 4 with expanded command set and 48 K bytes of memory. 

The data acquisition part of the program reads all the peripheral 
devices, puts the data into the form required, and sends it to the magnetic 
tape via a selector channel. It also provides digital display on a typewriter 
and storage scope, analog display on two tracks of chart, and operating status 
on the computer panel lights. 

The navigation program works concurrently with the data acquisition 
program by means of a two-level, real-time operating system, Initial expe ri
ments with the Omega V. L. F. navigation system showed that (1) the Omega 
alone is not sufficiently reliable with the present station configuration, and 
(2) that the published skywave tables are not adequate. The Omega is there
fore 'rate -aided' with doppler, drift and heading, read twice a second through 
a synchro-digital converter. An Omega ground station is used to obtain sky
wave corrections (differential Omega); these may be transmitted to the aircraft 
every 10 minutes if necessary. 

Six Omega LOP' s (Line of Position) are used; they may be any station 
pair on either 10. 2 or 13. 6 KHz. Each intersection is assigned a weight, 
depending mainly on the angle at which the lines cross. In the event that large 
navigation errors occur or that it is necessary to restart the program over 
the ocean, the difference frequency of 3. 4 KHz may be used at first since it 
gives lane widths of around 24 miles. Static tests show that the program can 
pull into its true position from as much as 17 miles away. 

The Omega receivers have a cycle time of 10 ' seconds and a built-in 
time delay of 60-70 seconds, therefore the doppler, driftandheadingareused 
to update the position every half second. Every 10 s econds the Omega posi
tion and the 60-second-old doppler position are used to compute a mostprob
able position. Data from all sources is checked for validity, and the system 
will operate on doppler only or Omega only. The current operating status is 
always displayed on the panel li ghts, and the operator may initiate certain 
changes via the keyboard while the program is running. The most probable 
position is displayed for the navigator every 10 seconds, and he can get the 
current position at any time by pushing a button. 

Further development of this system may involve the use of Kalman 
filtering of the incoming signals, and a more efficient real-time operating 
system for the computer. 
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A MODEL STUDY OF REFLECTED SEISMIC 
WAVES FROM THE BOTTOM OF THE PERMAFROST LAYER 

Pro je ct 6 80037 

J.A. Hunte r 

During the past fie ld s e ason whe r e shallow s e ismic t e chnique s were 
applie d t o inve stigating prop e rtie s of p e rmafrost, it b e came appa r e nt that no 
w e ll-de fine d r e flect e d s e ismic events c ould b e associate d with the bottom of 
p e rmafrost in r e gions whe r e the p e rmafrost laye r is known to b e thin. Two 
explanations are put forward: 

(1) the r e flect e d s e ismic compre ssional wave arrive s so c los e 
b ehind the "direct" wave that the two wave trains ove rlap, h e nce 
no cle ar s e paration of events; and, 

(2) the nature of the p e rmafrost b oundary is such that it cannot 
support a r e fle ction. 
If the r e flected event is indee d inte rfe ring with the dir e ct arrival this 

might b e manife sted by rapid atte nuation of the first arrival by d e structive 
inte rfere nce . Such high atte nuations are obs e rved on fie ld r e cords, but these 
can also b e e xplained by dive rge n ce of the s e ismic wave -front as the ve locity 
incre as e s with d e pth w ithin the p e rmafrost zone , 

If the lowe r boundary of the p e rmafrost laye r c onstitute s a gradual 
ve loc ity d e cre as e with incre asing t e mpe rature forming a gradational s e ismic 
boundary (such as may occur in clays) the r e fle cte d e vent may b e s e vere ly 
attenuate d. However, for c oars e r graine d mate rials (silts and sands) rece nt 
laboratory m e asure m e nts of t e mpe ratur e -ve locity r e lationships by Aptikaev l 
show that the transistions are sharp, occurring ove r narrow t e mpe ratur e 
range s and that v e locity contrasts a r e large. 

In orde r to ass e ss the importance of the froz e n-unfroze n boundary s e v
e ral simple mathe matical mode ls have been designe d followin g the form give n 
by Figure 1. A single velocity V 1 is assume d for the p e rmafrost laye r for 
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variou:s types ofmaterials 1 and the unfrozen velocity of the same material is 
assigned to Vz. Assuming an incident plane compressional wave on the lower 
plane boundary, amplitudes are computed for the reflected compressional (P) 
and shear (SV) waves using solutions of the Zoeppritz amplitude equations for 
non-normal incidence2. After correcting for wave spreading and reflection 
from the upper free surface, the relative components of motion are computed 
as would be detected by a spread of vertical geophones 600 feet long and at 
25-foot spacing. The computer program written for the analysis uses as 
its basis a subroutine of solutions of the Zoeppritz equations written by 
Dr. R. F. Mereu of the University of Western Ontario. 

Some of the more interesting results are shown in Figures 2 and 3 for 
silt and sand and for various thicknesses of permafrost. For compressional 
reflections, amplitudes increase as the incident angle increases, suggesting 
that at large distances from the shot the reflectedeventmaybecomeprominent. 
However at these distances the difference in travel time between the direct 
wave and the reflected waves may be insignificantly small. Estimates of 
depths from extremely wide-angle reflections may be erroneous if one attempts 
to fit a curve to a restricted portion of the travel-time distance curve. Also, 

the phase shift of the reflected pulse with respect to the direct arrival is 180° 
in all cases, suggesting destructive interferen~e between the two events when 
travel time differences are small. 

The converted SV reflected wave for an incident compressional wave 
appears to maintain high amplitudes over the geophone spread length for the 
models examined. This suggests that converted later events may be important 
in the interpretation of structure of the bottom of permafrost. In the light of 
these results a search for such later events on shallow seismic records from 
the Mackenzie Delta is presently underway. 

1 
Aptikaev, F. F.: Temperature field effect on the distribution of seismic 

velocities in the permafrost zone; in: AkademiiaNauk SSSR Sibirskoe 
otd-ie. Inst. merzlotovedeniia. Teplovye protsessy v merzlykh •.• 
in Russian (1964). 

2 . 
Zoeppritz, K.: Uber Erdbedenwellen VII b, Gettinger Nachrichten, p. 66-84 

(1919). 
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15. ELECTRICAL ROCK PROPERTIES 

Project 630049 ) 

T. J . Katsube and L . S. Colle tt 

Study on e lectrical prope rtie s of rocks is b e ing carr ied out for the 
purpose of aiding in d eve lopme nt and improveme nt of n ew and existing ground 
and airborne electrical and e l ectiromagnetic exploration m e thods. Various 
m e asuring syste ms have been s e t up for the fr e que n cy range from lo-2 to 
108 H z, mainly to accumulate data on e lectric al rock propertie s, and to study 
the e lectrical m echanism of rocks. 

At pre sent these m e asuring systems can b e div ide d into a group that 
consists of standard m e asuring syste ms s e t up to m e asure large quantiti e s of 
dry rock spec ime ns on a production line basis for the fr e que n c y range from 
10 2 to 3 x 107 H z, and a group that consists of various syste mss e tuptostudy 
the e lectrical m echanism of dry and moist rocks for the frequ e ncy range 
from 10- 2 to 108 H z . One of the most important subj ects in this study is to 
find e lectrical characteristics that can be us e d to distinguish b e twee n diffe r e nt 
types o f minerals, rocks, rock structures and other situations (amount of 
m o isture , liquid or froz en state s), by e l ectrical o r e lectromagne tic m e thods 
applied at the earth surface. 

The standard m e asuring syste ml for the fr e que ncy range of 102 to 
3 x 109 Hz, that went into operation in Octobe r 1971, has b een working unde r 
satisfa ctory conditions. The m easur e m e nt accuracy is b e ing maintaine d at 
about.± 2. Oo/o of inte rnational standards. All m ea sur em ents are r e corde d on 
standard m e asur e m e nt forms, the v alues on these forms are punche d on tape 
and fed to the computer. F o r one spec imen there are about 13 values m ea
sure d at e ach fr e qu ency, and the r e for e about 180 r e adings are taken for the 
e ntir e frequ ency range of 1 o 2 to 3 x 10 7 Hz. The s e m easure ments ar e com
puted in a matter of minute s. 

A suite of dry i gn eous rocks has bee n m e asure d by the standard m e a
suring system (102 - 3 x 107 Hz) in room atmosphe r e. The r e sults are b e ing 
us e d for study of the e lectrical m echanism of rocks. A suite of serpe ntinit e 
spec ime n has also been m e asure d by the same syste m . R e sults indicate that 
the y are comparatively conductive even unde r dry state in room temperature 

The m easur e m e nt of these s e rpentinite spec imens has resulte d in 
findin g tnat there is an error in the conventional con cept of the e lectrical 
characte ristics of rocks that exhibit lar ge values of p e rmittivity (or die l e ctric 
constant). It has b een realized both in theory and practice that conductive 
rocks can exhibit large values of p e rmittivity or die lectric c onstant, due to 
insufficient conside rations of micro-airgaps (1-10 m i crons) between the 
spec ime n and electrodes2. This fact was notic ed because of the high accuracy 
of the standard m e asuring system. 

A n ew de ve lopme nt since Nove mbe r 1971 is the study on the e l ectrical 
nonlinear phe nomena in rocks 3 • Electrical curre nts that flow through rocks 
gen e rally inc r e as e linear ly with applied voltage. Howeve r, there are cases 
where, above a c e rtain vo lta ge or a ce rtain current de nsity, the rate of cur
r e nt inc r e as e rises above the normal rate. This is r efe rre d to as the e l ec 
trical nonline ar phenom e n on. This phenomenon can also b e pre sente d in t e rms 
of conductivity increa s e w ith applied voltage. Usually this phenomenon is 
s een b e l ow 10 3 Hz. Whe n this nonlin ear phe nome n o n occurs, it b ecomes 
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impossible to make proper e l ectrical measure m e nts of rocks. This phenom
enon occurs in various kinds of dry and moist rocks . The concept of "non
line arity" is similar to that of "decomp o sition voltage " of e lectro de s immersed 
in an e l ectrolyte . The decomposition voltage is a characteristic of conductors 
imme rs e d in liquids, and it varie s according to the type o f conductor. It is 
thus p o ssible, that the nonlinea r study of minerals could form a basis of anew 
geophysical technique, e specially in borehole logging, for de t ecting not only 
the ex istence, but also the type of min erals in the ground. 

1
Katsube, T. J. and L. S. Collett: Electrical rock propertie s; in R e port of 

Activities, April to October 1971; Geol. Surv. Can. Pape r 72-1, Pt. A, 
p. 52 (1971). 

2 
Katsube, T. J. and L. S. Collett: Measuring t echnique s for rocks with high 

p e rmittiv ity and high l o ss; pre s e nte d at the Symposium on Electrical 
Parame t e rs of R ocks; Univer sity of Utah, Mar. 15-17, 1972 (1972). 

3
Katsube , T. J. and L. S. Collett: Elect rical nonline ar phenomena in rocks; 

pres e nted at the Symposium on Electrical Paramete rs of Rocks; 
Univer sity of Utah, Mar. 15-17 ; 1972 (1972) . 

16. AN AUTOMATIC MULTI-MODEL MAGNETIC 
INTERPRETATION METHOD USING THE POWELL ALGORITHM 

Pro j e ct 680121 

P.H. M cG rath and P. J . Hood 

An automatic multi-mode l computer m e thod has been de veloped at the 
Geological Survey of Canada for the quantitative inte rpr etation of magnetic 
data. The compute r obtains a b e st-fit model anomaly curve for a s e t of dis
crete observed data by l east square s matching theore ti c al data with the observed 
data. The inte rpre t e r s e lects the particular geometrical model which is to 
be u15 ed by the computer for the curve matching proc e dure . The mode ls a vailable 
in the program are the vertical prism, the thick plate, dyke, sloping step, 
e tc. The the ore tical magneti c anomalies for the va rious geom e trical models 
are gen e rated by a nume rical integration of the expre ssion representing the 
magnetic e ffect of a finit e thin plate 1

• Because the magnetic anomalies pro
duced by the various model shapes are nonlinear in parame t e rs of shape and 
position, it is necessary to use an iterative proce dure in order to obtain the 
values for the various mode l para m eter s which yie ld a lea st-~quare s best-fit 
mode l anomaly curve. The compute r program us e s the P owe ll algo rithm for 
this purpose . 

To illustrate the application of the n ew m ethod, a n example was 
s e l ecte d in the Canadian Arctic Islands in the centre of the Sve rdrup s e dime n 
tary basin which contains a thick s e qu ence of uppe r Paleozo ic to lowe r Tertiary 
strata 3 • 4 The peak of the anomaly is situated 20 mile s due eas t of Loughee d 
Island where T e rtiary sedime nts occur. Inspection of bathymetric chart 897 
publishe d by the Canadian Hydrographic Se rvice in 1967, indicate s that the 
water depth in the area is b e tween 450 and 500 feet. 
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Because there are known basic intrusions (dykes ) in the area, and 
from a consideration of the shape of the anomaly itself, it was decided to use 
the thick plate as a model for the causative body - a circular basic intrusion, 
The known intrusions in the area are either Cretaceous or T e rtiary in age, 
and because the magne tic pole has r e mained e ss e ntially in its pr e s ent position 
since Cretaceous time, it was assumed that the causative body was polarized 
in a direction close to that of the pre s ent earth's main fi e ld. The thickness 
and strike length of the body were initially e stimated from the anomaly. An 
initial depth estimate was determined using P ete rs half-slope rule, and the 
dip was assumed to be vertical. 

The computer program r equired 57 ite rations to proce e d to a final 
solution, and the number of plates used for the numerical integration was 5. 
The best-fit data are shown in Figure 1, together with the original survey data. 
The depth to the centre of the top was calculated by the computer to be 
49, 900 feet b e low sea level and the top slope s at 6 d egrees to the southeast. 
The dip of the model plates is 56 degrees to the northeast. The dimensions of 
the cross-section of the body in a horizontal plane ar e approximate ly 50, OOO 
by 100, OOO feet. The effe ctive susceptibility contrast was calculated to b e 
6960 x lo- 6 emu/cc, which would indicate that remanent magne tism plays an 
important part in the production of the anomaly. Thus the igneous body is a 
very large intrusive that could be expected to have some t ectonic e ffects on 
the overlying sediments that it intrudes, and has p e rhaps produc e d some struc
tural conditions of conducive to the entrapment of petroleum. 

A paper describing the technique in greater detail has been submitted 
to the journal "Geophysics" for publication. 

1 

2 

3 

Grant, F. S., and West, G. F.: Interpretation theory in applied geophysics; 
New York, McGraw-Hill Book Co,, 583 p. (1965). 

Powell, M. J. D.: A method for minimiz ing a sum :>£square s of nonlinear 
functions without calculating der ivatives; Computer J., v. 7, p. 303-
307 (1965). 

Douglas, R. J. W., et al.: Geology and petroleum pote ntialitie s of northern 
Canada; Geol. Surv. Can., Paper 63-31, 28 p. (1963). 

4
Fortier , Y. 0., et~.; Geology of the north-central part of the Arctic 

Archipelago, Northwest Territories (Operation Franklin); Geol. Surv. 
Can., Memoir 320, 671 p. (1963) . 
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MINERALOGY 

MICA GROUP MINERALS AND RELATED SILICATES 
IN CANADIAN MINERAL DEPOSITS 

Project 700067 

J. Rimsaite 

The purpose of the project is to establish e nvironme ntal conditions and 
chronological order of geological events leading t o the formation of mineral 
deposits. To achieve this goal, the r e lationships b etween a mine ral d e posit 
and the following geological events in the area ar e cons ide r e d: 

(a) ultra basic ro c ks and p egmatitic activity (probable source , m e tasomatism); 

(b) tectonic and m e tamorphic events (remobilization, r e deposition); and 
(c) oxidation and diagenes is (le aching, rede posit ion, secondary concentration), 

Micas and r e late d silicates which r e pr e s e nt the above rocks and events 
have been chosen for the study along three following line s: 

(1) geochemical r e lationship b e tween primary mine rals in ultra basic rocks 
to study the difference b e tween coexisting and cogen e tic minerals; 

(2) loss of protons from primary olivine and phlogopite during serpe ntini
zation to establish which e l e m e nts are r e move d from the lattice of 
primary mine rals during the crystal-structural change; and studie s of 
r e actions between the r e move d ions; 

(3) studies of chemical, optical and X-ray prope rtie s of micas which are 
susceptible to environme ntal changes and can b e us e d for studies of 
metamorphic grades and for the distinction b e twe e n pre- and post
m e tamorphic mica-ge nerations. 

1, Distribution of s eve n oxides between zoned spine l and 
mic a in Canadian kimbe rlite 

Distributions of major and minor constitue nts b etween the phenocrysts 
of mica and zoned spine l have b een studied using ave rage compositions and 
chemical compositions of cogenetic v arie tie s of the mica and spinel. Mica 
phe nocrysts represent four phas e s, whereas the spine l r e presents only thre e 
phases of crystallization. Chemical evolutions of mica and spinelphenocrysts 
are r e presented diagrammatically in Figure 1, Iron, Ti, Mg and Cr show 
the same trends in both mica and spinel, whereas concentrations of Al and 
Mn show opposite trends. The latte r increase in mica and decrease in spine l 
with the sequence of crystallization. 

Depending on sampling, the distribution coefficients can be used for 
the following purpos e s: 

(i) to study general partition of the seve n oxides b etween the mica and 

spine l (using ave rage compositions); 
(ii) to study the partition of the seven constituents b etween the coge n e tic 

phases of the mica and spine l, and follow the trend with changing envi
ronmental conditions during successive phases of crystallization. The 
oxides that exhibit opposite trends in the mica and spinel (Mn, Al) appear 
to be useful indicators of changing environmental conditions; 
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Figure 1. Chemical evolution of zoned spine l (3 generat ions) and mica (4 
generations) in kimberlite from the Upper Canada Mine, Ontario. 
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Figure 2-1. Structural and chemical differences between primary olivine 
and phlogopite and their alteration products; serpentine, chlorite, 
vermiculite and talc. 
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Mg 

Al 

K 

Figure 2-2, upper left: photomicrograph showing s e rpentine ve inlet (s) in 
olivine (o) and X-ray scanning pictures for Mg, Al, Fe, K and Ni. 
Scanning area 150 x 150 microns. (Note differ enc e s in concentration of 
iron and Ni-specks in s e rpe ntine (s)). 
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(iii) differences between distribution coefficients obtained on coexisting and 
cogenetic phases can be applied for the distinguishing between cogenetic 
and coexisting minerals. 

2. Losses of protons and octahedral cations from 
phlogopite and olivine in serpentinites 

The ultra basic rocks from Canadian mineral deposits are usually altered 
to serpentinites. When olivine alters to serpentine (chlorite) and phlogopite 
to vermiculite and talc, the ratio of (Mg, Fe)O to Si02 decreases as sho.wn 
in Figure 2-1. This chemical and structural change can take place either by 
the preferential loss of Mg and Fe from the lattice of olivine, or by addition 
of silica. The preliminary electron probe and X-ray spectrographic analyses 
by G. R. Lachance, A. G. Plant and J. Gravel on selected primary minerals 
and their alteration products indicate that olivine alters to serpentine by losing 
Fe, Ni and/or Mg (Fig. 2-2), whereas phlogopite alters to vermiculite and 
chlorite by losing interlayer protons, titania and (usually) alumina. Serpen
tines have been classified on the basis of their origin, sequence of crystalli
zation and textures into three groups and ten genetic types. In the rocks 
examined, talc forms from serpentine and vermiculite by dehydration. The 
ions removed from altered primary minerals either crystallize in the parent 
mineral and rock (Fig. 2-2, Fe and Ni), or can be removed by aqueous solutions 

away from the source and redeposited to form secondary Mg, Fe and Ni 
deposits. 

Secondary minerals forming during reactions between the protons 
released from the primary minerals and those introduced from outer sources 
(H20, C, Ca) include: nickeliferous goethite, hematite, magnetite, stichtite, 
magnesite, dolomite and calcite. The alteration products have been studied 
by DTA and TG analyses in collaboration with R.H. Lake of the Mines Branch 
and by X-ray diffraction by M. Bonardi and G. Pringle. X-ray diffractometer 
method was developed for the determination of phlogopite remnants in 
vermiculite and vice versa (Fig. 2-3). More detailed discussion on genesis 
of secondary alteration products in serpentinized ultrabasic rocks will be 
presented at the forthcoming International Clay Conference in Madrid. 

Experimental research on the loss of protons from mica was conducted 
by Dr. Farmer at the Macaulay Institute, Aberdeen, in collaboration with the 
other research institutions on specimens submitted by the project leader, 

3. Properties of micas in the temperature range 
of metamorphic reactions 

The principal mica varieties: biotite, mus covite, phlogopite, lepidolite 
and fine-grained micaceous alteration products were heated at temperatures 
between 450° C and 1200° C. Chemical, optical and X-ray properties were 
determined before and after heating. It was found that before changing to 
anhydrous minerals, the micas lose some hydrogen and hydroxyl ions by 
dehydration and/ or oxidation. The anionic framework of the micas is more 
susceptible to environmental changes than their cationic composition, Because 
most of the nickel and chromium deposits are affected by low and/ or high 
grade metamorphism, it is important to determine effects of increasing 
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Figure 2-3. R e lationship between vermiculite content determined by X-ray 
diffraction and potassium content of mica. 

tempe rature on stabilities and properties of t h e micas. In order to establish 
the relationship b e twee n changing properties of micas and changes in environ
mental condit ions, the following comparisons were made: 

(a) corre lation b e twe e n oxidation and dehydration and DTA , TG and IR charts 
of mica; 

(b) the relationship b e tween X -ray and optical prope rtie s and proportion 
of dehydration and oxidation of iron was e stablished (Table 1 and 
Figs. 1 and 2); 

(c) stabilities of radiogenic and adsorbe d atmospheric argon in relation to 
t e mpe rature and atmospher ic composition was studie d and reporte d in 
Table 1, three last columns; 

(d) n ew high tempe ratures optically isotropic and anhydrous crystalline 
phases were studie d by X -ray diffraction, includi:qg: corundum, h e matite, 
magnetite, l e ucite; The biotite containing ferrous iron oxidizes to fe rri
biotite, and w ith incre asing t e mpe ratur e, changes to oxide s; whe reas 
micas that contain little or no iron, first change to optically amorphous 
phas e and with incre asing time of de hydration, r ec rystallize to olivine, 
l e u c ite and spine l. 

R e sults of this study provide data on proportions of r e tained radioge nic 
ar gon and introduce d (or "strongly adsorbe d") commercia l and atmospheric 
argon in r e lation to de hydration, oxidation and h e ating t e mpe rature. Optical 
and X-ray data are provided for ide ntification of oxidize d and/ or dehydrated 
micas in a conce ntrate and in a small portion of a flake . The double X-ray 
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TABLE 1 

Potassium, Iron and Hydrox yl Group Conte nts, Isotopic 
Composition of Argon In OriginalandHeate dMicas, andNewAnhydrous Phas e s 

Spec ime n No . 

Ori - This 
inal Paoe r 

Mg-6 

II 

44f 

IS 

2S 
2SC 

2B 
2£ 
2V 
2R 

3f 
3S 
3SC 

44w 3w 

27 

3wC 
3R 
3V 
3F 

4A 
4S 

SOOhrs 4C 
4 0 
4V 
4F 

5c 

K -100 

NE - 50 

5 
58 
5£ 
5R 
5V 

5F 

65 
6SC 

6B 
6R 

7S 
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7R 
7V 

ground 7f 

I !SL 8 
SS 
SR 

HN- 47 

G -31 

9S 
9SC 

10 
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Hea ting 
Conditions 
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650 argon 

~~~ J :;~on & 
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~~ ~ \ :~:on & 

900 argon 
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23 . 2 
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13 . 2 
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7 . 7 

7 . 7 
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31 . 4 

32 . 8 
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34 . 8 
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7 . 8 l. 9 
7 . 8 11 . 4 
7 , 7 12 . l 
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7. 6 I. 3 
7. 6 2. 7 
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2. 7 
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O livine & Leuc itc 

7. s 
7 . 9 

7 . s 
7. 9 

2 . 2 
6. 3 

7 . 5 
9. 1 

24 . 9 
13 . 0 

10 . 5 
2 . 2 

0 . 0 
2. 8 

23. 4 
2. 6 

I. 7 

2. 9 
0 . I 

20 . B 
11.4 
11. 6 
0. I 
2. 6 

1. 3 
o. 0 
o. 0 
o. 0 

6. I 
I. 7 

I.I 
o. 0 

2 . 5 
o. 4 

I . 32 
o. 33 

0. 00 
o. 00 

2 . 32 
o. 02 

o. 02 

4 . 0 
0 . 21 
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3. 04 
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2 . 16 
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F 

0 . 6 
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3. 67 
3. 6 1 
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. 2 

. OS 

. I 
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cc /g x 10-0 
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Ar Ra ArAtm 
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2 8 

3S2 
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27S 
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9SO 
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93 
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57 
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0 . 0 
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r e flections frequ e ntly obs e r ved in m e tamorphic mic as are shown to b e due to 
changing c e ll dimensions and h e teroge n e ity of the mica (Fig. 3 -1 ). The r e la
tionship b e tween the y -index of r e fractionf f e rric ir on conte nt and ferrous iron 
content are shown in Figure 3-2 curve s F e II - y and F e II - y • The b- spacing 
of the unit cell incre as e s with inc r e asing ferrous iron (curv e b-II) and d e cre as e s 
with increasing ferric iron (curve b-III). It is proposed t o apply partly 
d e hydrate d natural micas in studie s of m etamorphic environme nt. 

A paper on this subje ct was pres e nte d at the Third Inte rnational 
Confere nce on The rmal Analysis in Davos, Switze rland. 

1
Farme r, V. C. e t al.: Evide nc e for loss of protons and octahe dral iron from 

oxidized biotites and vermiculite s; Mine ral. Mag. ,. v. 38, p. 121 - 137 
(1971 ). 
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MINERAL DEPOSITS 

18. PROPOSED CLASSIFICATION OF COPPER DEPOSITS 

Project 700059 

R. V. Kirkham 

Much as it might be advisable to avoid the precarious subject of the 
classification of ore deposits, general studies demand some sort of classifi
cation. A meaningful grouping can greatly facilitate the study and description 
of deposits while, on the other hand, a poorly construed one can lead to false 
comparisons and can create much confusion. Many types of classification 
have been suggested but in recent years drastic changes in ideas of genesis 
of certain types of deposits have, to varying degrees, made existing classifi
cations unsatisfactory. 

The classification of copper deposits proposed is based on geology 
but strong emphasis is also given "to economic considerations. Unquestionably 
the geology of copper deposits is complex, but if economics are emphasized, 
only a few types appear to be of major importance. These types form the 
main classes or "super groups" listed in Table 1. Possibly as exploration 
and studies continue significant new types of deposits w ill have to be added to 
this list and some classes will have to be revised. However, for the time 
being the writer feels that this classification will serve as a satisfactory frame
work for the discussion and description of copper deposits in Canada. 

The seven main classes are meant to reflect genesis. Undoubtedly, 
with our rather poor understanding of the origins of certain types of deposits, 
any genetic classification will not be accepted by all geol ogists and could be 
disproved in a relatively short period of time. Nevertheless, the writer has 
not encountered a satisfactory nongenetic classification of copper deposits and 
some supposed "nongenet ic" classifications, whenanalyzedindetail, are really 
genetic in nature. Despite what has been stated about the supposed superior
ity of nongenetic classification!, 2, 3 the fad remains that in classifying depos
its we are attempting to recognize deposits of similar origins, nature and 
economic potential. We want to identify those processes that lead to economic 
concentrations of metals. Hence, unless a classification has a firm genetic 
foundation it wil l be of very limited value and could be quite misleading. 
Nevertheless, it should be pointed out that the writer has no basic argument 
against certain uses of nongenetic classifications. For instance, it could be 
very useful to refer to Pb-Zn deposits in carbonate rocks but elaboration is 
necessary when genesis and economic potential are to be considered. 

Similar problems exist when one tries to classify deposits accord
ing to tectoni c and geosynclinal cycles. Although for any given area this has 
proved to be a very useful exercis e, there is no justification to use it as a 
basis for general deposit classification. Not only is it based on the unwar
ranted assumption that all deposits are related to "tectonic and geosynclinal 
cycles" but it presupposes that we know a great deal more about "geo synclines" 
and mobile belts than we really do. For example, problems of periodic 
movements along mobile belts and modern theories of plate tectonics have not 
been adequately considered in most discussions, and although the origins of 
some deposits may in some manner be related to tectonics, the processes 
controlling their formation may show a diversity of tectonic relationships. 
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There is, for example, a reasonable body of evidence indicating that many of 
the volcanogenic class of deposits are related to subaqueous felsic volcanism. 
Even though such environments might most often be preserved in rocks of the 
early stages of "eugeo synclinal development" it is obvious that they need not 
be restricted to such environments. The same type of problem exists for 
porphyry deposits. Although many of themarerelatedtolate-orpost-orogenic 
intrusions, there is no justification for considering that the ones related to 
Triassic and Jurassic intrusions in the Canadian Cordillera are late- or 
post-tectonic. 

If a satisfactory, reasonably objective class ification is to be devel
oped from the framework outlined in Table 1, then strong emphasis should be 
given to the contained metals. Formation of an orebody undoubtedly requires 
a rather specific set of physical-chemical conditions. These very specialized 
conditions should be reflected in the chemical composition of the resulting 
deposits. For certain types of deposits major metal content or ratios of major 
metals should adequately define the kind of deposit involved, while for others, 
complicated statistical treatment of major and minor elements may be neces
sary to uniquely identify the type of deposit. As Stanton and Richards4 stated, 
the "chemical petrography" of ore deposits, in general, is very poorly known; 
yet such data should yield a wealth of information about deposits. In view of 
the possible usefulness of this type of information it is surprising that so little 
progress has been made in this field. 

For many studies it is as important to know that an element is not 
present in significant amounts as it is to know that it is present. For example, 
to compare the composition of porphyry and volcanogenic polymetallic depos
its, one should analyze porphyry deposits for lead and zinc and polymetallic 
deposits for molybdenum. Hence, typical assay data should be supplemented 
by additional analyses to adequately characterize and compare deposits. Such 
information will probably prove to be of immense value in the study of deformed 
and metamorphosed depo·sits. For such deposits many of their original fea
tures may have been obliterated beyond recognition; however, their metal con
tents could have remained relatively unaffected and act as a "fingerprint" of 
the initial origin. 

The terms "magmatic", "volcanic" and "sedimentary" are meant 
simply to indicate those deposits formed by "magmatic", "volcanic" and 
"sedimentary" processes, respectively. Sedimentary deposits, for example, 
could include both syngenetic and epigenetic deposits which were formed dur
ing deposition and diagenesis of the host strata. 

"Hydrothermal" as used here refers simply to heated waters with 
no specific origin implied for the water or dissolved elements. "Magmatic
hydrothermal" is not meant to infer that the water was necessarily of magma
tic origin; however, it is implicit that magmatic processes were involved. 
"Magmatic-hydrothermal", as a class, for instance, could include both mag
matic waters or meteoric waters "driven" by a magmatic heat source. The 
same reasoning can be applied to "volcanic -hydrothermal"; however, it is 
implicit that the ore depositional processes occurred at or near the surface 
and were closely related to volcanic processes. It is obvious that there is 
only slight distinction between "magmatic-hydrothermal 11 and "volcanic -
hydrothermal" as used here. "Exhalative" means deposited at or vetry close 
to the surface. The volcanogenic polymetallic class is meant to include 
deposits that are thought to have formed both beneath and on the surface. 
Both surface and subsurface types of ore are thought to occur in many mas
sive sulphide districts. 
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The copper sulphide-native copper class of deposits in volcanic 
sequences is perhaps the most problematic and poorlyunderstood. It includes 
many very distinctive types of deposits but similarities of mineralogy and 
metal contents and the fact that they occur in volcanic piles seem to justify 
grouping them for now as a separate major "super group" of deposits. How
ever, it can be demonstrated that these deposits and those of the sedimentary 
group occur together in many areas and their general similarities in miner
alogy and metal contents suggest that there may be some common genetic 
links. 

There are not many examples of the carbonatite or alkaline com
plex group of deposits, but the importance of the Palabora carbonatite deposit 
in South Africa justifies the inclusion of this group as a major type of copper 
deposit. Moreover, there are a sufficient number of copper and molybdenum 
occurrences known to be associated with alkaline rocks to indicate that such 
rocks warrant close attention as possible sources of these metals. Copper 
with some associated nickel is known to occur in the mafic border phases of 
some alkaline complexes (e. g., Marathon Complex, Ontario). Even though 
this type of mineralization occurs in alkaline complexes its general nature 
indicates that it belongs to the magmatic nickel-copper group of deposits . 

The miscellaneous category is meant to comprise a great variety 
of deposits, including both minor copper producers and important copper pro
ducers whose origin or "genetic grouping" is much in doubt (e. g., Chibougamau 
district). As more information is gathered it might be possible to separate 
some major new classes of deposits from this miscellaneous category. How
ever, in general, although many of these deposits are very interesting miner
alogically and geologically, economically most of them do not warrant as much 
attention as other types of deposits. 

Undoubtedly several sub-types of deposits can be outlined for each 
of the major classes. Probably some of the major groups contain at least 10 
to 20 distinct sub-types, but this level of information will not be considered 
here. 

Although this type of "economic-genetic" classification has been 
established to facilitate the study and description of copper deposits, there is 
no reason why similar schemes could not be constructed for other types of 
deposits. The method simply involves identification of important economic 
types of deposits, separation into major genetic or inferred genetic groups 
and establishment of their diagnostic and fundamental features. Unquestion
ably there will be many minor types of deposits not satisfactorily accounted 
for by this method and periodic rearrangement of the classes will be neces
sary, but the method puts proper emphasis on economic considerations and 
should effectively isolate important groups of deposits for further study. 

1 
Gilmour, P.: Notes on a non-genetic classification of copper deposits; 

Econ. Geol., v. 57, p. 450-455 (1962). 

2
Gilmour, P. : Strata-bound massive pyritic sulfide deposits-a review; 

Econ. Geol., v. 66, p. 1239-1249 (1971). 

3 

4 

Mendelsson, F. A.: Classification of ore deposits; S. African Mining Eng. 
J. , August 11, p. 1894-1902 (1967) . 

Stanton, R. L . and Richards, S. M. : The abundances of lead, zinc, copper 
and silver at Broken Hill; Discussion and Contributions; in Proc. 
Aust. Inst. Met., p. 194 (1963) . 
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19. PORPHYRY DEPOSITS 

Project 700059 

R. V. Kirkham 

Porphyry deposits present some special classification problems. 
For a long time these deposits have been recognized as the world's most 
important source of copper and molybdenum, yet there is still some question 
as to what exactly constitutes a "porphyry deposit". This question is espe
cially important at this time when porphyry deposits are being sought and 
examined in widely separated parts of the world. 

The problem to some degree arises from the fact that, to the writer 1 s 
knowledge, there is no entirely satisfactory concise geological definition of 
a "porphyry deposit". Geologists working with such deposits generally have 
very definite ideas about their overall nature and can readily describe the 
details of individual deposits. But few people have ventured definitions. Those 
of Parsons l, 2 are rather lengthy and, since they are based largely on mining 
technolo~y, they include deposits of different geologic types. Lowell and 
Guilbert recently presented the following definition of a "porphyry deposit": 
" ... a copper and/ or molybdenum sulfide deposit consisting of disseminated 
and stockwork veinlet sulfide mineralization emplaced in various host rocks 
that have been altered by hydrothermal solutions into roughly concentric zonal 
patterns". This definition requires a systematic zonal distribution of sulphide 
and alteration minerals and although it might be found to fit many porphyry 
deposits, it will be a long time before this feature can be substantiated and, 
moreover, there are also reasons to doubt its universal application. 

The following short definition of a porphyry deposit is offered: "A 
porphyry deposit is a large, low to medium grade deposit in which the hypo
gene sulphides are primarily structurally controlled and which is spatially 
and genetically related to fel sic or intermediate porphyritic intrusions 11 • 

Large size is emphasized to separate typical economic porphyry 
deposits from the numerous minor copper and molybdenum occurrences asso
ciated with granitic rocks. The writer suspects that there is a complete con 
tinuum from scattered minor veinlets and pods associated with granitic rocks 
to economic porphyry deposits; hence, some arbitrary lower limit on size is 
necessary to define what is meant by ''large". However, this is a difficult 
decision to make in view of the fact that in some mines only small high grade 
portions are being exploited of what are otherwise typical, low grade porphyry 
deposits. P e rhaps no fixed lower limit on "large 11 should be established but 
rather it should be kept in mind that when all of the low grade copper
molybdenum mineralization and the associated barren pyritic material is con
sidered the mass of rock involved is commonly greater than several tens of 
millions of tons. In the past deposits smaller than this have not normally 
been considered porphyry deposits. 

Although very high grade material is found in some porphyry depos -
its the overall grade is generally low to medium. Low grade is arbitrarily 
taken to be less than one per cent copper (0. 2%MoSz forniolybdenumdeposits) 
and medium grade between one and two per cent copper (0 . 2 to 0. 5% MoS2 for 
molybdenum deposits). 

The key to the possible usefulness of this concise definition lies in 
the appreciation of the fundamental importance of structural control. As 
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mentioned by Parsons 1• 2 some workers have placed undue emphasis on the 
importance of "disseminated" mineralization in intrusive rocks. Most if not 
all porphyry deposits are characterized by intensely fractured and veined 
rocks. The fractures and veinlets range from microscopic to regional in scale 
and have played a very important role in the localization of sulphides and alter -
ation minerals. The spectrum of structural controls in porphyry deposits 
ranges from regionally controlled vein systems (e, g., Butte and Chuquicamata) , 
to crackled zones and stockworks typical of most porphyry deposits, and 
includes br e ccia pipes (e. g . , Cananea and Highland Valley). Although parts 
of some deposits consist essentially of pervasive disseminated mineralization, 
these rocks are highly fractured at some localities, and show textural evi
dence of significant recrystallization at others. The mineralization and 
recrystallization in the latter were perhaps controlled initially by fractures 
that have since been healed. Despite the thr e e-dimensional pervasive nature 
of mineralization in some deposits, extensive fracturing, and in places, brec
ciation and associated pervasive alteration indicate that the mineralization 
was superimposed on its host rocks and for the most part was not present as 
a primary igneous constituent. 

Chemical controls are clearly secondary in importance. Although 
sulphides show a preference for particular rock types in some deposits, typi
cal porphyry mineralization is relatively unselective in its choice of host rocks. 

Emphasis on structural control serves to separate porphyry deposits 
from contact metasomatic or skarn deposits for which the chemical nature of 
the host rocks has obviously been a very importantfactorinshapingandlocal
izing the resulting mineral deposits. Because of similar mining problems in 
some areas typical skarn deposits have been called porphyry deposits . Yet, 
as inferred by Buseck4 , there are fundamental geological differences between 
the two types of deposits. However, the writer is firmly convinced that in 
some districts the two types of deposits are intimately genetically related. 
Skarns of low and medium grade are very common as parts of much larger 
porphyry deposits and in many districts the presence of carbonate-rich sedi 
ments has played a very important role in determining the overall shapes of 
porphyry deposits. However, the importance of the chemical nature of host 
rocks for such deposits has resulted in the development of a significantly dif 
ferent "geologic" type of deposit. 

Th:e justification for the name "porphyry deposit" is the well estab
lished close association of these deposits with markedly porphyritic felsic 
and/ or intermediate intrusions, whethe r or not the mineralization is in the 
intrusions or adjacent rocks. Kirkham5 and several other geologists have 
given their reasons for believing that there is not only a close spatial but also 
a genetic relationship between the porphyries and mineral deposits. It should 
be emphasized, however, that in consideration of porphyry deposits a clear 
separation should be made between host intrusions and possible source or 
genetically related intrusive rocks~ In the past this separation has not always 
been made. For some porphyry deposits it has been established that some of 
the host intrusive rocks cannot be genetically related to the deposit. For 
instance, a significant amount of the San Manuel-Kalamazoo Laramide por
phyry deposit in Arizona occurs in the Precambrian Oracle quartz monzonite 
Here the emplacement of the sulphides is structurally controlled in the Oracle 
quartz monzonite and much younger intrusions but the mineralization is also 
obviously spatially and probably genetically related to Laramide porphyries. 
Although it might be relatively easy to recognize such relationships when the 
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host rocks are of vastly different age than that of the deposit, it could be 
extremely difficult wher e the deposits and intrusions are approximately the 
same age. The porphyries that are directly genetically related might be 
reflected at surface by only minor dykes and larger bodies might occur only 
at some depth below the mineralized zone at surface. The Highland Valley 
district in British Columbia may be an example of this type. In this sense 
even though the orebodies might be in intrusive host rocks they should be con
sidered as a special case of the "wall-rock" porphyry deposits of Titley6 and 
not tacitly assumed to be directly genetically related to their host intrusions . 

The definition presented here is based entirely on hypogene charac
teristics of porphyry deposits, even though many deposits outside of Canada 
have very significant supergene enrichment. Rather than include this aspect 
of their geology in the definition the writer would prefer simply to refer t o 
such deposits as enriched, leached, oxidized or weathered porphyry deposits. 

As can be noted the definition is not restrictive as to cutoff grade or 
metal content, although it does emphas ize large size, structural control and 
genetic relationship to porphyritic felsic to intermediate intrusions . Provided 
these requisites are met the writer sees no reason why apparently subeconomic 
or essentially barren pyritic zones cannot be called "porphyry deposits" or 
that deposits with significant amounts of tungsten or other metals such as the 
Glacier Gulch molybdenum deposit in British Columbia with its significant 
tungsten or the Potato Hills tungsten deposit in the Yukon7 cannot be called 
porphyry deposits. It is also quite possible that some sort of continuum might 
exist between typical porphyry copper and molybdenum deposits and tin
tungsten greisen deposits. 

Although this short definition does not cover all important aspects of 
porphyry deposits, the writer feels that it includes a sufficient number of 
geological features to identify uniquely all or most porphyry deposits and w ill 
serv e as a satisfactory means by which deposits of similar geologic origin 
can be compared in widely separated parts of the world . 

l 

2 

3 

4 

5 

Parsons, A.B.: The porphyry coppers; Amer. Inst. Mining Met., N. Y., 
581 p. (1933). 

Parsons, A. B.: The porphyry coppers in 1.956; Amer. Inst . Mining Met., 
N. Y., 270 p. (1957 ). 

Lowell, J. D., and Guilbert, J.M.: Lateral and vertical alteration-
mineralization zoning in porphyry ore deposits ; Econ. Geol., v. 65, 
p. 374 (1970). 

Buseck, P.R.: Contact metasomatism and ore deposition: Concepcion del 
Oro, Mexico; Ecpn . Geol., v. 61, p. 97-136 (1966). 

Kirkham, R. V.: Intermineral intrusions and their bearing on the origin of 
porphyry copper and molybdenum deposits; Econ. Geol., v .. 66, 
p. 1244-1249 (1971). 

6
Titley, S. R. : Intrusion, and wall rock, porphyry copper deposits; Econ. 

Geol., v. 67, p. 122-12 3 (1972). 

7 
Cathro, R. J.: Tungsten in Yukon; Western Miner, v. 42, no. 4, p. 23-40 

(1969). 
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20. LEAD ISOTOPE DATA FOR GALENAS FROM DEPOSITS 
IN THE BULKLEY VALLEY REGION, 

BRITISH COLUMBIA 

Projects 680060, 700059 

R. I. Thorpe and R. V. Kirkham 

Introduction 

The Bulkley Valley is located in west-central British Columbia and 
is underlain mainly by Jurassic and Cretaceous volcanic and sedimentary 
rocks. In places these rocks have been intruded by uppermost Cretaceous 
and Lower Tertiary granitic, porphyritic and felsitic plutons. Numerous 
metalliferous deposits and occurrences are known in the area and reasonably 
intensive exploration has been carried out since the early part of the century. 

Several distinct types of deposits have been recognized. These are 
copper sulphide occurrences that are widely distributed in the Lower Jurassic 
volcanic rocks; copper-zinc mineralization in volcanic rocks in one area; the 
unusual Sam Goo sly silver-copper deposit in the southern part of the region l, 2 ; 
a number of porphyry molybdenum and copper deposits; and numerous base 
and precious metal sulphide-sulphosalt vein and replacement deposits (some 
with Sb, As, W, Mo, U, Ni, Co, Bi, Te), which are clustered around certain 
intrusive centres. In some districts porphyry and vein deposits occur together. 
Some of the porphyry deposits and the Sam Goosly deposit seem to offer the 
most immediate economic potential; however, vein deposits have been produc -
tive in the past (Silver Standard, Rocher Deboule, Red Rose, Cronin-Babine, 
Henderson (Sil Van)), and the Bradina deposits are presently being brought 
into production. 

All of the galenas, except RK 65-138, are from the base and precious 
metal vein deposits that occur clustered around intrusive centres. The 
RK 65-138 galena is from a minor late quartz-carbonate vein that cuts the 
quartz vein stockwork of the Glacier Gulch porphyry molybdenum deposit. 
Some of the veins occur in districts that show a zonation of sulphides and 
metals and from general geological information it appears as if this type of 
deposit is in some way genetically related to the spatially associated intrusions. 

Of the 20 analyses presented, 14 are for galenas from 10 properties 
in the Hudson Bay Mountain district near Smithers. These samples were col
lected from widely separated lo calities over a 60-square-mile area and 
represent deposits ranging from veins that have produced lead, through veins 
with only minor quantities of lead, to a minor late-stage galena-bearing vein 
that cuts the quartz ve in stockwork of the Glacier Gulch molybdenum deposit. 
N ine of the galenas are from a group of sulphide-sulphosalt veins which 
Kirkham3 has shown are zonally distributed about the contact metamorphic 
aureole in the area. 

Results 

One previous lead isotope analysis for galena from the region, from 
the Silver Standard mine, has been presented by Russell and Farquhar4, and 
is in excellent a greement with the data presented here. The analytical results 



- 66 -

obtained in this study are given in Table 
eralized geology are shown in Figure 1. 
cally in Figure 2. 

and the sample localities and gen
The results are presented graphi-

The most striking feature of the data is a close clustering of values 
in an area beyond the zero position on the model curve. Both the Geological 
Survey of Canada and the University of British Columbia sets of data, which 
are relative to absolute values for the Broken Hill standard as reported by 
Stacey, Delevaux and Ulrych5, show consistent relationships. 

The lead from the Tetra property is near the model curve of Stacey, 
Delevaux and Ulrych5 and can be calculated to lie on a model curve with 
µ. = 8. 935 and to have an apparent age of about 310 m.y. The Bradina speci
men plots off the end of the model curve, but is slightly and significantly less 
radiogenic than the remaining specimens. Plots of x (Pb206/pb204) versus 
y (Pb207 /Pb20 4) and the calculated Pb204 content against x, y and the 
Pb207 /Pb206 ratio suggest that the scatter of the remaining data is due to 
Pb204 error and that the true compositional differences are very small indeed. 
The average composition of these galenas, excluding the double-spike values 
(these are excluded, for the present, so that further consideration of the anal
yses is based on a consistent set of data), x = 18,916, y = 15,578 and 
z (Pb208/Pb2 04) = 38. 396. 

The above average when plotted with the Tetra and Bradina values 
yields linear relationships on x-y and x-z plots, but this relationship is most 
convincing on a plot of Pb207 /Pb206 versus Pb208/pb206 where Pb204 error 
is eliminated. This relationship and the fact that the majority of the galena 
analyses form a very tight cluster are strong factors supporting (1) a source 
of great extent which contained very homogeneous lead, (2) a single genetic 
process for the formation of the veins over a very large region, (3) introduction 
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Figure 1: Generalized geological map of the Bulkley Valley region showing 
sample localities . 
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Figure 2: Plot of Pb207 / Pb204 against Pb206 / Pb204 showing the relation of 
the data to a model curve adjusted from Stacey et al. 5 and to a 
Pb204 error line. - -

of the lead into veins in var ious types of host rocks without detectable contam
ination from these rocks, either during or after vein formation, and (4) for
mation of most of the deposits within a relatively short span of time, probably 
no more than a few million years. 

Kirkham5 has reported K-Ar dates of 67 ± 5 and 60 ± 5 m, y. for 
porphyry intrusions related spatially and probably genet ically to the Glacier 
Gulch molybdenum deposit in the Hudson Bay Mountain district, and K-Ar 
dates of 63 .± 4 and 65 .± 6 m, y. for biotite and hornblende, respectively, from 
molybdenite-bearing veinlets in this deposit. A date of 69 .± 3 m. y. was 
obtained by Carter on the same vein biotite . Geological relationships indi
cate that the porphyry deposit and probably most veins in the district formed 
prior to the emplacement of the stock on which the date of 67 .± 5 m. y. was 
obtained. This relationship is compatible with the date of 69 .± 3 m. y. obtained 
by Carter for the vein biotite from the molybdenum deposit. Kirkham8 has 
obtained a date of 7 2 .± 3 m. y . on hornblende from an intrusion which is prob
ably genetically related to the Jan porphyry deposit about 30 miles west of 
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TABLE 1 

Lead isotope analyses for galenas from the 
Bulkley Valley region, British Columbia 

Sample 
Pb206/Pb204 Pb207/Pb204 Pb208/Pb204 

~ No . ProEerty Laboratory 

1. TQ71-167 Bradina 18.790 15.578 38 . 317 U.B.C. 

2. TQ?l-162 Cronin-Babine 18. 911 15.605 38. 493 U.B . C. 

3. RK66-79 Snowshoe 18. 93 15 . 60 38 . 45 G.S . C. 

4. RK64- 10 King Tut 18.97 15.58 38 . 44 G. S.C . 

5 . RK65- 39 Henderson 18.90 15.57 38.38 G.S .C. 

6. RK65- 39 Henderson (re run) 18 . 97 15.64 38 . 53 G. S. C. 

7. RK65- 39 He nde rson (rerun) 18.933 15 . 573 38 .404 U.B.C. 

8. RK65-13 Canary 18 . 91 15.57 38.42 G.S.C. 

9 . RK65-31 Coronado East 18 . 88 15.55 38.29 G. S.C. 

10. RK65- 3 Glacier Gulch (South) 18 . 91 15.57 38 .42 G. S. C. 

11. RK63-104 Gl acier Gulch (North) 18.94 15 . 60 38.42 G. S.C . 

12. RK65-1 38 Glacier Gulch (Maly.) 18.920 15.547 38.304 U.B . C. 

13 . RK65-109 Silve r Lake 18.814 15.528 38 . 233 U.B . C. 

14. RK65-109 * Si l ver Lake (rerun) 18.818 15.533 38.250 U.B . C. 

15. RK65-104 Evelyn 18. 913 15.615 38. 496 U.B.C. 

16. RK65-104* Evelyn (re run) 18.821 15 . 501 38.120 U.B.C . 

17. TQ71-156 Te tra 17.951 15 . 536 37. 762 U. B. C. 

18. TQ?l-172* Mohawk (Erie) 18 . 916 15 . 565 38.361 U.B. C. 

19 . TQ71-171 Silver Standard 18.820 15 . 518 38.216 U.B .C. 

20. TQ?l-158 Sunrise 19 . 015 15 . 617 38 . 482 U.B.C. 

* double sp ike analysis 

Smithers. Carter9 has also obtained comparable dates for the Rocher Deboule 
stock about 6 miles south of Hazelton and the Sunsets Creek pluton about 
20 miles south of Smithers. Both of these stocks have mineralization associ
ated with them . On this basis it i s concluded that the galenas analyzed, other 
than those from the Tetra a nd Bradina properties, were probably formed 
about 70 m . y. ago. 

If 70 m. y. is accepted as the time of formation of the deposits, fur
ther calculati ons can b e made as to the possible environments in which the 
l ead has evolved. Galena from the Tetra property cl early consists of B-type 
l e ad, that is lead with a model age distinctly older than the age of the host 
rocks. Other localities in the wo rld from which B-type l ead has been reported 
are extremely rare. However, even though the l ead may have been reg e ner
ated from a lead deposit of Paleozoic age, it is still possible that its original 
evolution was single-stage. Furthermore, it is possible that the ordinary 
lead component of all the other sp ecimens has evolved in a system with iden
tical parameters. The s e parameters include µ. = 8. 935 and a value for 
W (Th232/pB204) of 33. 74 , if the other mode l curve parameters that are 
s e l ecte d are thos e of Stacey, De l evau x and Ulryc h5. 
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Models for the radiogenic leads 

For the radiogenic galenas a portion or all of the lead must have 
evolved for at least part of its history in an environment with aµ value con
siderably greater than that for the model curve. For a simple two-stage evo
lution an approximate model can be derived assuming that the Tetra and Bradina 
galenas are genetically related to the others, The youngest possible age for 
development of the uranium-rich environment would be 310 m. y., the model 
lead age of the Tetra galena. Calculation at a µ 1 value of 8. 92 yields a µ 2 
value of 25. 5 and a Th/U ratio of 2. 049 for the second stage; this corresponds 
to a W value of 52. 25. The Bradina lead can be explained as due to a slightly 
lower~ value, about 22. 4, or by a more recent start of the second stage of 
evolution. Consideration of an x-z plot of the data indicates that it is unlikely 
that the initiation of the second stage took place more than 850 m . y. ago, since 
this would require an increase in the W value of the primary environment to 
more than 35. 5 which seems unlikely (p. 22)5 . For the case of t 1 = 850 m. y. 
(and t 2 , time of mineralization, at 70 m. y.) a value of µ. 2 of about 13. 9 can 
be calculated and this gives a w2 value of about 28. 5. The average for the 
three double-spike analyses, which should be closer to absolute values, sug
gests that the above model could require slight adjustment; but the principal 
change would be a decrease in the µ 1 value to perhaps as low as 8. 84. 

While the above model provides an adequate explanation, it is diffi
cult to visualize the geological nature of the event, at some considerable time 
prior to mineralization, responsible for an increase in the U/Pb ratio of the 
evolution environment. This event would have to have affected the primary 
source environment uniformly over a wide area and presumably would have 
consisted of magmatism initiated in the mantle with appreciable incorporation 
of crustal material or partial melting in the mantle and segregation of this 
more felsic phase. While not discarding the above two-stage model, it might 
be more reasonable to assume that the homogenizing process was the magma
tism which produced the plutons that are spatially and probably genetically 
related to the veins. By this model it would appear that a regional batholithic 
homogenization of crustal material would be necessary. The average isotopic 
composition of the lead in this crustal material, resulting from a multitude of 
evolution histories, would be visualized as the same as that resulting from a 
simple two-stage model. Doe lO has pointed out that the average isotopic com
position of rock lead from Precambrian and Paleozoic upper crustal crystal
line rocks of North America, eliminating two highly radiogenic samples, is 
x = 19. 14, y = 15, 55 and z = 38. 89. These x and y values are approximately 
the present ratios that would be predicted for a homogeneous source giving 
rise to the radiogenic galenas of the Bulkley Valley region, while the z value 
is somewhat higher than the predicted value of about 3 8. 5. By the latter 
model the Bradina lead could be considered as a product of contamination of 
the homogeneous magmati'c - hydrothermal lead by regenerated lead of the 
Tetra-type. 

From the data there is little basis to choose between these models. 
The low Th/U ratio of the uranium-rich evolution environment would seem to 
favour a source homogenized from elastic sediments and crystalline meta
morphic rocks below granulite facies (p. 51) lO. On the other hand, the need 
to call upon two separate cases of remobilization of old lead in this model 
makes the simple two-stage model slightly more attractive. 
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Variants of the second model are possible insofar as consideration 
of the Bradina and Tetra deposits are concerned. The Bradina data may be 
explained, as in the first model, by a slightly lower µ, value in the source 
environment, or a somewhat older time of emplacement. If in fact the J.1 value 
was lower, the latter deposit could be younger than 70 m .• y. Similarly, the 
Tetra deposit may be genetically unrelated to the other deposits, The deposit 
could have formed shortly after deposition of the host Jurassic or Cretaceous 
sediments, or at any more recent date, and possibly significantly different 
processes were important in its genesis. 

Genesis of the veins 

As noted above the lead isotope data indicate a very homogeneous 
source of ore l eads over a very broad region. The necessary corollaries 
would seem to be that (1) the vein deposits are all related in some way, and 
probably of magmatic-hydrothermal genesis, (2) plutonic bodies associated 
with the deposits developed over a short time span throughout the region, 
(3) thes e plutonic bodies had identical or very similar ancestries, (4) the 
lead deposited in the veins had its source in the plutonic bodies and (5) deposi
tion of the lead in veins in various types of host rocks took place without sig
nificant contamination from the wall-rocks. The lead isotope information thus 
seems to put very definite constraints on any model for genesis of the plutons 
or for this type of lead - bearing vein in the reg ion . 

For the Hudson Bay Mountain district it is obvious from the tight 
cluster of analyses that there is no significant variation of isotope ratios as a 
function of zonal position in the district, amount of lead in the vein or, from 
the analysis of RK 65-138, as a function of the time of vein formation. No 
evidence of contamination from wall-rocks, similar to that recognized by 
Stacey e t al, 11 , for mining districts in Utah, is detectable. These observa
tions indicate that lead isotope compositions of vein galenas cannot be used in 
any obvious way in exploration for porphyry deposits in the Bulkley Valley 
region. 
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21. INTERPRETATION OF LEAD ISOTOPE DATA 
FOR BASE METAL AND GOLD DEPOSITS, 

SLAVE PROVINCE, NORTHWEST TERRITORIES 

Project 710043 

R. I. Thorpe 

Recent lead isotope analyses for a number of base metal deposits in 
the Slave Province have made it possible to confirm and refine the conclusions 
Robertson and Cumming 1 arrived at on the basis of data primarily from gold 
deposits in that province. The authors concluded that the data reflected the 
development of inhomogeneity in the earth (presumably evolution of crustal 
material from a uniform mantle) at 4070 .±ZOO m. y. They were not spee;ific 
as to the genesis of the gold and base metal deposits but apparently considered 
that from about 4070 m. y. to 2820 m. y. (time of formation of the deposits) 
the lead of the gold veins evolved in environments with Th/U ratios of about 
4. 3 but with variable µ. values from about 8 to 11, while the lead of the base 
metal deposits evolved in environments w ith Th/U about 3. 5 and similarly 
variable µ.. They placed the time of formation of both types of deposits at 
about 2820 m. y. 

The available lead isotope data for some of the largest known base metal 
deposits and showings in the Slave Province are presented in Table 1 and 
graphically in Figure 1. The recent Hackett River and Indian Mountain anal
yses were kindly provided by Dr. D. F. Sangster of the Geological Survey of 
Canada. The analysis for Indian Mountain from Russell and Farquhar 2 is 
questionable; the author has transposed the x (Pb206 / Pb204) and y (Pb207 / Pb204) 
values from those reported because in plots of x and y versus % Pb204, and 
also in an x - y plot, the transposed values closely fit the pattern indicated by 
the other data. Because of this, little weight is given this analysis in the fol
lowing discussion. The lead isotopic analyses for galenas from the gold veins 
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Figure 1: Plot of Pb2 07 /Pb204 against Pb206/pb204 showing the closely 
similar anomalous lead lines with slopes of 0. 7 82 and 0. 800 defined 
by the data for base metal and Group 1 gold deposits, respectively, 
of the southern Slave Province. 

(data from Robertson and Cumming 1) have been corrected in relation to pres
ently accepted values for the absolute isotopic ratios of the Broken Hill 
Standard. 

All deposits considered here have Archean sedimentary or volcanic 
host rocks which have been assigned to the Yellowknife Supergroup. The 
Hackett River deposit (6S 0 S0 1N, l08°Z0 1 W) is a la rge Zn-Pb-Ag-Cu deposit 
of more than 10 million tons and is geographically separated from the other 
deposits; it occurs in sediments and pyroclastic rocks and has a number of 
characteristics common to massive sulphide deposits of the Precambrian 
Shield, including an alteration pipe4• s. The Indian Mountain Lake deposit 
appears to be of the same types and the Victory Lake deposit may also be 
similar6, although in part the mineralization here has a greater lateral dis
tribution. The Turnback Lake deposit is closely associated with a metamor
phosed carbonate horizon and the mineralization has been remobilized by peg
matite dykes which intimately penetrate the horizons. These four base metal 
deposits have all been metamorphosed, presumably by the Keno ran orogeny. 
The Homer Lake mineralization is of generally similar type but is located in 
shears and fractures in the volcanic rocks and along the margins of a quartz
porphyry dykes, 6. The Walsh Lake specimen of Robertson and Cumming is 
presumed to come from the latter showing. The main gold deposits in the 
vicinity of Yellowknife occur here and there within the Con and Giant-Campbell 
schist zones. The deposits are large, lenticular masses of fine-grained 
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quartz with numerous partings of sericite schist, and ar e separated from 
the chlorite schist of the unmineralize d parts of the zones by envelopes of 
sericite schist. The larg e schist zones are quite irr egular, apparently folded, 
structures. The other gold deposits are gen e rally of more simple quartz vein 
type, although the gold-quartz bodie s expand and become more irregular in 
places. 

TABLE 1 

Lead isotope analyses for galenas from bas e m e tal and gold deposits, 
Slave Provinc e, Northwest T e rritories 

Base Matal {£pos its 

Sample No . Property x 
(Pb206) 

tf 
(Pb207) (Pb208) 

cPb204l cPbZQ4i z Cpgii4) Reference or 
Lab. 

SP-15 70 Hackett River 13 .43 14.52 33 . 21 G.S . C. 

SP- 1497 Indian Mtn. Lake 13.62 14. 70 33.38 G.S.C. 

TQ-71- 309 Homer Lake 14.101 15.05 8 33 . 930 U.B .C. 

TQ- 71 - 26 7 Tumback Lake 14.209 15 . 154 33 . 954 U.B.C. 

TQ-71 - 308 Victory Lake 14. 2 79 15 .177 33.880 U.B.C . 

Indian Mtn. Lake 14 .119 15 .01 8 33. 5 71 Robertson & 
Cumming 

Wal sh Lake 1 3. 755 14. 73 33 .08 Robertson & 
Cumming 

457 Indian Mt n. Lake 15 .69? 16 .15? 36. 13 Russell & 
Farquhar 

Gold Deposits (data adjus ted from 
Robertson and Cumning) 

Property x (~) 
(pb204) 

(Pb207) 
tf Cpbz'0'4l 

(Pb208) 
z CPb204J 

Ptarmigan 13. 669 14. 716 33.604 

Ptarmigan 13. 637 14.679 33.492 

Tom Pit 13 . 837 14 . 849 33.731 
Group 1 Con 13. 86 7 14. 862 33. 731 

Cres t aurum 13 .952 14.932 33 . 797 

Negus 13.962 14 .949 33.849 

Giant 1 3.940 14 .905 33.868 

Con 13. 896 14.838 33 . 833 

Negus 13.873 14. 941 33.902 

Group 2 Negus 13. 99 1 14.841 33 . 723 

Horseshoe Is. 13.959 14. 899 33. 841 

Ibme 13 . 768 14. 732 33.549 

Discovery 13 . 743 14. 702 33.484 

Like l y Lake 14.147 15 .117 34 .098 
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Lead from the Hackett River deposit is considered to be of the ordi
nary type since it plots near the model curve and is nearly identical to recent 
analyses of lead from massive sulphide deposits in the Superior Province. 
The model lead age of the deposit is about 2835 m. y. on a model curve with 
µ. = 8. 77 and other basic parameters as given by Stacey e t al. 3. The other 
base metal deposits indicate varying degrees of radiogenic contamination. An 
excellent linear relationship exists between the University of British Columbia 
analyses for the Victory Lake, Turnback Lake and Homer Lake galenas, the 
Geological Survey of Canada analysis for Indian Mountain Lake, and the 
Robertson and Cumming 1 analyses for Indian Mountain Lake and Walsh Lake. 
When the Robertson and Cumming data are corrected tothepresentlyaccepted 
absolute values for the Broken Hill Standard, the scatter is increased but a 
correlation line passes closer to the data point for the Hackett River deposit. 
Using tl>e corrected values the slope of a best-fit linear regression line indi
cates a Pb207 /Pb206 ratio for the radiogenic component of about 0. 782. 

On the x-y plot 6 of the analyses for galenas from the gold veins are 
very close to a line through the Hackett River sample and having a slope of 
0. 800, not very different from the line generated by the base metal deposits. 
These gold veins are designated Group 1 on the basis of their lead isotope 
characteristics. The remaining 7 samples from the gold veins appear to form 
a distinct group, which apparently has suffered greater contamination with 
thorium lead, with a linear distribution very near a Pb2 04 error line on the 
x -y plot. The slope of this line is roughly 0. 944, but this value could be as 
great as 1. 018 if the Likely Lake specimen, for which the exact character of 
mineralization is not known, is included in this group. The validity of this 
grouping of the gold vein data is certainly questionable in view of the probable 
error limits to be assigned to the isotope ratios. However, some justifica
tion for the ~rouping appears to be given by a plot of Pb2 07 /Pb2 06 versus 
Pb208/pb20 where analyses of Group 1 show a linear relation and analyses 
of Group 2 fall in a separate irregular area. 

Interpretation and Discussion of Genesis of the Deposits 

Massive sulphide deposits of the type represented by Hackett River 
and Indian Mountain Lake are now generally accepted as of volcanogenic 
hydrothermal-exhalative origin . By this genetic model the model age of the 
ore should date the host volcanics as well, and the volcanics of the Yellowknife 
Supergroup should thus have an age of about 2835 m. y . 

The contamination of the lead in the base metal deposits and the first 
group of gold veins probably took place at the time of or closely following 
formation of the deposits. Since these deposits show a close linear relation
ship with the Hackett River deposit they must also have been formed at about 
2835 m . y. ago. The Pb207 /Pb206 ratio of the contaminating radiogenic lead 
in combination with a date of 2835 m. y. for the time of mineralization sug
gests a source age for the radiogenic component of 3970 m. y. in the case of 
the base metal deposits and of 4020 m. y. in the case of the first group of gold 
veins. This difference in age is of no significance in view of the probable 
error limits to be assigned, but the source age suggested here is a little lower 
than the 4070 m. y. age of Robertson and Cumming. A few more isotopic 
analysis for these deposits should more closely define the age of the source 
of this old radiogenic lead. 
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The process by which the older radiogenic lead is extracted from its 
source and mixed with the ordinary lead is not known. Presumably the ordi
nary lead was extracted from the magmatic source of the volcanic s in hydro -
thermal fluids which developed alteration pipes near the surface, and possibly 
extracted more ordinary lead from the volcanics undergoing alteration . If 
part of the path of these fluids was through 4000 m. y. basement rocks some 
contamination could readily occur. However, this mechanism would seem to 
be too restricted to be the cause of contamination of all the base metal depos
its included in this study from the southern Slave Province. The fact that 
there is a wide variation in the amount of contamination in galenas from a 
single deposit, for example Indian Mountain Lake, also restricts the mecha 
nism of contamination. It is tempting to suggest that sea water 2835 m. y. 
ago had such an old radiogenic lead composition and that it was the source of 
contamination. This might be an acceptable theory insofar as the base metal 
deposits are concerned, but its applicability to the group of gold veins show
ing similar contamination is doubtful. 

Since the Indian Mountain, Turnback and Victory deposits have been 
metamorphosed, and the Homer Lake deposit has been at least tectonically 
deformed and mobilized, a further possibility is that contamination has taken 
place during a tectonic and metamorphic event which closely followed forma
tion of the volcanics and their intimately associated base metal deposits. By 
this model some of the gold veins would have been formed during this event, 
which must have post-dated deposition of sediments of the Yellowknife 
Super group in which the Ptarmigan and Tom Pit veins occur. Boyle 7 has in 
fact postulated that the gold deposits of the Yellowknife area were formed dur
ing regional metamorphism of the host rocks. In this case a metamorphic 
hydrothermal process could be the one responsible for contamination of the 
base metal deposits and formation of some of the gold veins, although associ
ation with a presently unrecognized post-extrusion magmatic event is possible. 

The fact, noted above, that galena from a single deposit has been 
variably contaminated precludes the conclusion of Robertson and Cumming 1 

that the linearity of the lead isotope data is due to the evolution of the lead of 
the deposits in distinct environments with differentµ, values. 

If a valid grouping is represented by the Group 2 gold vein data, the 
interpretation of such a high slope (Pb207 /Pb206 ratio) becomes difficult, if 
not impossible. Possibly the apparently linear relation could represent a 
further contamination of lead of the first group by lead derived from the host 
volcanic rocks during a metamorphic (and hydrothermal?) event at about 
2725 m. y. This date is in good, although possibly fortuitous, agreement with 
a date of 2690 .±20 m. y. deduced by Thorpe8 for the Western Granodioritewhich 
intrudes the western margin of the Yellowknife volcanic belt. A metamorphic 
character for this second event would seem to be favoured by the fact that 
analyses for a single vein-schist-zone system, as represented by the Negus 
mine, fall into both Groups 1 and 2. Boyle7 has presented considerable evi
dence indicating post-depositional remobilization of metallic elements in the 
gold deposits. By this model the Discovery and Dome veins, both with 
Yellowknife Supergroup sediments as the host rocks, could be largely or 
entirely of metamorphic origin. To test this very tentative conclusion more 
lead isotope analyses should be done on galenas from the gold veins in the south
ern Slave Province. 

Further lead isotope studies should also solve the question of whe
ther or not gold-bearing veins have been formed within the same region during 
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two distinct epochs. Perhaps in some cases the second epoch is represented 
only by a regeneration or updating of deposits more or less in situ, and addi
tional data might also make some deductions possible in this regard. 

1
Robertson, D. K., and Cumming G. L.: L e ad- and sulfur - isotope ratios from 

2 

3 

4 

5 

the Great Slave Lake area, Canada; Can. J. Earth Sci., v. 5, no . 5, 
p. 1269-1276 (1968). 

Russell, R. D., and Farquhar, R . M.: Lead isotopes in geology; Inter science 
Publ. Inc., New York, 233 p. (1960). 

Stacey, J. S., Delevaux, M. H., and Ulrych, T. J. : Some triple - filament 
lead isotope ratio measurements and an absolute growth curve for 
single-stage leads; Earth Planet. Sci. Letters, v. 6, no. 1, 
p. 15-25 (1969). 

Sangster, D. F.: Geology of l ead and zinc deposits in Canada; in Report of 
Activities, Part A: April to October, 1970; Geol. Surv. Can., 
Paper71-l, Pt. A, p. 91-94(1971). 

Shegelski, R. J., and Thorpe, R. I.: Study of selected mineral deposits in 
the Bear and Slave Provinces; in Report of Activities, Part A: April 
to October, 1971; Geol. Surv. Can., Paper 72-1, Pt . A, p. 93-96 
(1972). 

6
Thorpe, R. I.: Mineral exploration and mining activities, mainland Northwest 

Territories, 1966 to 1968 (excluding the Coppermine River area); 
Geol. Surv . Can., Paper 70-70 (1972) . 

7 
Boyle, R. W.: The geology, geochemistry, and origin of the gold deposits 

of the Yellowknife district; Geol. Surv. Can., Memoir 310 (1961). 

8
Thorpe, R.I.: Comments on rock ages in the Yellowknife area, District of 

Mackenzie; in Report of Activities, Part B: Nove mber 1970 to 
March 1971; Geo l. Surv. Can., Paper 71-1, Pt. B, p. 76-79 (1971). 
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PRECAMBRIAN GEOLOGY 

22. GEOLOGICAL SETTING OF THE SNOW LAKE AREA -
Project 700065 

J.M. Moore and E. Froese 

The broad geological features of the Snow Lake area are shown in 
Figure 1. This sketch map is based on our observations, supplemented by 
data from earlier mapping in the area by others 1• 2, 3, 4. The stratified rocks 
may be subdivided into three lithologic types. Most metavolcanic rocks in the 
area have been previously as signed to the Amisk Group and overlying psammitic 
rocks have been included in the Missi Group. The third lithologic type com
prises interlayered pelitic and psammitic rocks, the stratigraphic relation
ships of which are uncertain. The terms pelitic and psammitic refer to meta
morphic rocks derived, respectively, from shales and sandstones. Granitic 
gneiss domes in the northern part of the area are thought to represent the 
basement on which the stratified rocks were deposited. This view has been 
previously expressed by Bailes5. A variety of later plutons is present in the 
southern part of the area. 

Near Squall Lake, the psammitic rocks of the Missi Group overlie 
pelitic rocks, whereas near Snow Lake there is an intervening wedge of vol
canic rocks between the pelitic unit and the psammites. Harrison 1 included 
all these rocks in the Snow Group. This implies either volcanism contempo
raneous with the deposition of some of the psammites or a stratigraphic thin
ning of the volcanic rocks. Bailes5 suggested, as an alternative interpreta
tion, that the pelitic rocks belong to the Amisk Group and occur, in part, 
interlayered with volcanic rocks. A third possibility to account for the vol
canic wedge north of Snow Lake is early thrusting of volcanic rocks over 
younger pelitic rocks. This relationship, favoured in particular by one of us 
(J.M. M. ), has the advantage of leaving all volcanic rocks in the Amisk Group 
and most sediments in the Missi Group. 

Minor and major structural features demonstrate three deformation 
events, which may be closely associated in time (Fig . 2). Amisk rocks gen
erally display a prominent planar fabric S1, expressed by mineral lenticles 
and flattened fragments, which is subparallel to the layering s0 . In a few 
places, s 1 is seen to be the axial surface of folds varying in size from hand 
specimen to outcrop scale and, more rarely, to megascopic scale in case of 
the Nor-Acme anticline and some folds at Chisel Lake. There is a possibil
ity that discontinuous outcrops of pelitic rocks define an F 1 fold with a very 
sharp hinge between Wekusko and Herblet Lakes. This interpretation would 
make the pelitic rocks along Snow Creek and those at AndersonandStallLakes 
stratigraphically equivalent. In the eastern part of the area, the F1 folds are 
isoclinal but near Chisel Lake some open F1 folds are present. The second 
set of folds, F 2 , produced the dominant northeasterly structural grain of the 
area. s 1 schistosity and F 1 axial traces are deformed by these folds and, in 
biotite-bearing rocks, a new axial-plane foliation, S2, is produced. Elonga
tion and mineral lineation in Amisk rocks may date from either the first or 
second deformation; crenulations represent the deformation of s 1 by F 

2
. The 

third phase produced open folds, prominent in the northern part of the area 
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where F 2 antiforms were deformed into domes. The McLeod Lake synform 
was folded through 90 degrees around the east side of Squall Dome (as noted 
by Harrisonl ). 

Metamorphic grade increases towards the north. Pelitic rocks in 
the southern half of the area are characterized by staurolite; those associated 
with sulphide deposits may contain abundant kyanite and chlorite. Northward, 
staurolite becomes unstable and sillimanite appears, shown approximately by 
the sillimanite isograd. Rocks in the sillimanite zone are relatively poor in 
primary structures and show more intense deformation, but major lithologic 
and structural features are continuous across the sillimanite isograd, which, 
in the Snow Lake area, corresponds to the "Kisseynew Front". Here it clearly 
is a metamorphic boundary. 

The base metal deposits at Chisel Lake, Anderson Lake and Stall 
Lake occur in salic pyroclastic rocks close to the boundary with mafic units. 
The favourable horizon commonly is marked by the presence of interlayered 
pelitic rocks. It is probable that these deposits are stratigraphically equiva
lent, although it has not been possible to trace continuous markers between 
Chisel Lake and Anderson Lake. One difficulty is the complex interference 
pattern near Chisel Lake, produced by F 2 folds imposed on open F 1 folds. 
The Osborne Lake mine is entirely in salic pyroclastic rocks, some distance 
from the other deposits, but it would be close to the same stratigraphic hori
zon. The structural patterns determined by detailed explorations in the mines 
are consistent with observations on the surface. F 1 and F2 are distinct at 
Chisel Lake and ore shoots are elongated parallel to F 2 axes6. At Anderson 
and Stall Lakes, there is a single strong lineation to which the orebodies are 
parallel7 representing both L 1 and L 2 . 

Pelitic sediments in pyroclastic rocks are promising exploration 
targets; even discontinuous occurrences may mark favourable horizons. The 
pelitic rocks along Snow Creek deserve particular attention, because in this 
locality base metal deposits have not yet been discovered. Sulphide deposits 
are absent in psammitic rocks of the Missi Group. Consequently, when deal
ing with quartzofeldspathic rocks, it is important to separate derivatives of 
psammites and of salic pyroclastic rocks. 

1
Harrison, J.M.: Geology and mineral deposits of File-Tramping Lakes 

area, Manitoba; Geol. Surv. Can., Mem. 250 (1949). 

2 
Armstrong, J.E.: Wekusko (Herb) Lake, Manitoba; Geol. Surv. Can., 

Map 665A (1941). 

3
wnliams, H.: Geology and mineral deposits of the Chisel Lake map-area; 

Geol. Surv. Can., Mem. 342 (1966). 

4
Russell, G. A.: Structural studies of the Snow Lake-Herb Lake area, 

Manitoba; Manitoba Mines Br . , Puhl. 55-3 (1957). 

5
Bailes, A. H.: Preliminary compilation of the geology of the Snow Lake

Flin Flon-Sherridon area; Manitoba Mines Br., Geol. Paper 1/71 
(1971). 

6
Martin, P. L.: Structural analysis of the Chisel Lake orebody; Can. Inst. 

7 

Mining Met., Trans., v. 69, p. 208-214 (1966). 

Coats, C. J. A., Clark, L. A., Buchan, R . , and Brummer, J. J.: Geology 
of the copper-zinc deposits of Stall Lake Mines Ltd., Snow Lake 
area, Manitoba; Econ. Geol., v. 65, p. 970-984 (1970). 
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STRATIGRAPHY 

NOTE ON LOWER ELK POINT, NORTH FLANK 
OF TATHLINA UPLIFT 

H. R. Belyea 

The C. S. Laferte River A -66 hole at 61 ° 45'7. S"N., ll8 °41'29"W. 
(Fig. 1) cored part of the lower Elk Point Group. This core provides impor
tant information on lithology and correlation of rock units on the north flank 
of the Tathlina Uplift not available at the time of submission of the paper by 
Belyea 1. The following note is essentially an addendum to that paper. 

Precambrian 

Reddish brown porphyry of the Cameron Bay Group was identified 
from the deepest core by P . F. Hoffman (pers. corn.). 

Basal Beds 

No samples or core were taken of the beds immediately above the 
basement. Electric log characteristics between 1, 820 and 1, 862 feet suggest 
a elastic sequence. Between 1, 807 and 1, 820 feet anarkose was cored which 
is reddish grey, purplish grey and light pinkish grey, poorly sorted, and fine 
to coarse grained. It is vaguely b e dded, mostly flat-lying but with dips in 
some intervals up to 10 degrees; these steepe r dipping b e ds showing a slight 
curvature suggestive of crossbedding. Bedding is recognizable partly as a 
result of layering of fibrous and e longate rock and mineral fragme nts, partly 
from colour change. 

A cursory examination of thin sections reveals the presence of quartz 
grains, myrmekite, lithic fragments, "weathered" feldspars, and a small 
amount of green and brown mottled biotite. Some carbonate cement is pres 
ent and anhydrite fills voids. Most quartz grains are rounded; a few are 
rounded on one side, jagged on the other and have obviously been broken; a 
large number, but not all, of the quartz grains retain parts of rims, the out
side margins of which are commonly jagged. In one example, small carbonate 
grains are included between the original rounded quartz grain and the rim. 
The broken rims suggest that the quartz grains were derived from a second 
generation quartz sandstone or sandstones, some of which had carbonate con
tent or cement. Lithic fragments include fragments of Cameron Bay Group 
similar to the basement, and at least two different types of quartzite as well 
as other fragments that were not identified. 

The uppermost 3 1/2 feet of the basal arkose contains nodules of pink 
anhydrit e . 

Ernestina Lake Formation 

The basal arkose is abruptly overlain by dolomites of the Ernestina 
Lake Formation. This formation is 6 1/2 feet thick and consists of light 
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yellow-brown, fine-grained, arkosic dolomite. The content of rock and mineral 
fragments is scattered in the bottom 2 feet, increasing to nearly 50 per cent 
towards the top. Bedding planes within it are all horizontal. 

The dolomites are very fine ly crystalline, e uhedral rhombs, most of 
them le ss than 20 microns. Irregular clots of finer material may be argilla
ceous. Patche s of granular calcite cement in plac e s grade into the fine-grained 
dolomite or fill cavities line d by small dolimite rhombs. Anhydrite fills cavi
ties and replaces dolomite in the upper part. A few grains of gypsum were 
noted. Mineral and rock fragments of the arkosic fraction are similar through
out, and also similar to those of the basal arkose. The following were iden
tified: quartz, "weath ered" feldspar, microcline, myrmekite, green biotite, 
muscovite and a variety of lithic fragments including at least two types of 
quartzite, one of which includes grains of quartz with wavy extinction due to 
strain. Most quartz grains are rounded with outside edges in many cases 
scalloped or slightly pitted. No replacement of quartz grains by carbonate 
was noted and this is not the cause of the scalloped effect. Quartz overgrowths 
are rare. The quartz grains are b est interpreted as second generation derived 
from quartz sandstones and sandy argillites known to occur in the Proterozoicl. 

A small fauna includes a nautiloid, possible Alveolites, small gas
tropods andan ambocoelid brachiopod (A. W. Norris and A. E. H. Pedder) as 

-<}-_ - -
- - ....i.y. 

- so- Thickness of Cold Lake Formation 

Limit of Ernestina Lake Formation 

Figure 1. Index Map 
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well as Bisphaera sp. and Tolypammina sp., identified by T. P. Chamney. 
The macro-fauna as well as the lithology resemble that of the Fitzgerald 
Formation on Slave River (ref. 2, and pers. corn.) which has been shown3 to 
be the same rock unit as the Ernestina Lake of the subsurface, The anhydrite 
member that normally occurs at the top of the Ernestina Lake is not present. 

Cold Lake Formation 

The red-bed facies of the Cold Lake Formation occurs at this local
ity. Electric log characteristics are similar to those of the same facies on 
the southwest and southeast flanks of the Tathlina Uplift (Fig. 2) and a direct 
correlation may be postulated. 

The formation is cored from 1, 761 to 1, 800 feet. The contact with 
the underlying Ernestina Lake apparently occurs between this core and the 
underlying one and was not recovered. The change in lithology is abrupt, the 
red mudstones contrasting sharply with the arkosic dolomite below. 

The mudstones are made up of dark red-brown clay preserved as 
irregular, in part wispy layers that enclose laminae and small pods of silty 
argillaceous dolomite or dolomitic mudstone. Dolomite crystals are mostly 
less than 20 microns. Quartz silt grains are sharply angular, most of them 
about 60 microns or less in largest dimension but ranging up to l mm. A 
few grains of muscovite, biotite and iron oxide occur. No halite or angular 
cavities suggesting its former presence were noted. The basal 15 feet of the 
formation contain thin lenses of arkosic mudstone and arkose of composition 
similar to those in the Ernestina Lake and basal arkoses. Small patches and 
wisps of anhydrite are common between 1, 761 and 1, 800 feet. 

The thickness of this unit as determined from mechanical logs is 
shown in Figure 2. Rapid thickening occurs where it intertongues with and 
is partly replaced by halite to the northeast and north 1. 

The Cold Lake red bed facies is overlain by grey anhydritic, argil
laceous mudstones that grade up to light grey anhydrite of the Lower Member 
of the Chinchaga Formation. It cannot be determined whether these grey mud
stones are more closely related to the Cold Lake or to the Lower Member of 
the Chinchaga Formation. They seem to represent a transitional facies 
between the two. 

The Laferte River area (Fig. 2) may be a low spur of the Tathlina 
Uplift or be separated from it by a channel in the Mills Lake area. Maximum 
relief of the basement, as indicated by the thickness of the Ernestina Lake 
and Cold Lake Formations in the holes drilled, is less than75feet. Basement 
of the upland area is predominantly granite; darker red and grey igneous rocks. 
some of which resemble rocks of the Cameron Bay Group, occur on the flanks. 
Sandstones andarkoses are thin or missing over the uplift or upland but vary 
from 20 to 80 feet on the flanks. Pre-Ernestina Lake red beds including 
anhydrite occur above the arkoses in the basin to the east and north. Their 
age is unknown-possibly they are equivalent to the Mirage Point Formation. 

The Ernestina Lake Formation laps against the northern and eastern 
flanks of the uplift (Fig. 2). Cold Lake red beds onlaptheuplift, progressively 
higher beds, as indicated by mechanical log characteristics, occuring in the 
higher areas (Fig. 2). 
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Addendum 

The following note is based on a report by A. E. Foscolos received 
after submission of the paper. Mineral identification is by X-ray diffraction. 

Basal arkose, 1, 819. 5 feet: quartz, Fe (chlorite), illite, anhydrite, calcite, 
dolomite (?). (The feldspars noted in the text are brown and probably 
completely altered, and appear as chlorite-illite in the X-ray analysis.) 

Ernestina Lake Formation, arkosic dolomite, 1, 803 feet: dolomite (major com-
ponent) , quartz, feldspar, amorphous siliceous material (probably the 
material identified as argillaceous in the text), trace illite. 

Cold Lake Formation, red muds tone, 1, 793 feet: a large amount of chlorite and 
illite (which includes mus covite and biotite identified by optical properite s), 
a large amount of dolomite, minor quartz and feldspar. Optical examin
ation shows red-brown iron oxide as blebs and lath-shaped fragments pre
sumably an alteration product of micas. 

1 

2 

3 

Belyea, H. R.: Middle Devonian tectonic history of the Tathlina Uplift, 
southern District of Mackenzie and northern Alberta, Canada; Geel. 
Surv. Can., Paper 70-14 (1971). 

Norris, A. W. : Stratigraphy of Middle Devonian and older Palaeozoic rocks 
of the Great Slave Lake region, Northwest Territories; Geel. Surv. 
Can., Mero. 322 (1965). 

Rice , D. D.: Stratigraphy of the Chinchaga and older Paleozoic formations 
of the Great Slave Lake area, southern Northwest Territories and 
northern Alberta; unpubl. M.Sc. thesis, University of Alberta (1967). 

24. BAUMANN FIORD FORMATION EVAPORITES OF 
CENTRAL ELLESMERE ISLAND, ARCTIC CANADA 

Project 7 10007 

Grant D. Mossop 

This report summarizes the interim results of research on the 
Baumann Fiord Formation evaporites of central Ellesmere Island, Arctic 
Canada. The proje et was initiate d in the summer of 197 1 in the form of a field 
survey carried out under the sponsorship of the Geological Survey of Canada. 
Laboratory work, focused principally upon the petrographic and geochemical 
characteristics of the Baumann Fiord rocks, has been performed at the 
Imperial College (London) during the academic year 197 1-7 2. The study is 
supervised by Mr. D. J. Sherman (Department of Geology, Royal School of 
Mines) and is financial! y supported by the Royal Commission for the Exhibition 
of 1851. 
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Stratigraphic Setting and Tectonic History 

The Baumann Fiord Formation is of Early Ordovician (Canadian) age. 
It forms part of a continuous succession of Upper Proterozoic to Upper 
Devonian rocks which collectively make up the Franklinian Miogeosynclinal 
sedimentary wedge. Late Devonian to Middle Pennsylvanian folding and fault
ing (Ellesmerian orogeny) has produced a structural trend approximately 
parallel to the depositional strike - that is, north-northeast across Ellesmere 
Island 1. The sequence thins towards the east where it lies with demonstrable 
nonconformity on the Precambrian crystalline basement. To the west, on 
Axel Heiberg Island and westernmost Ellesmere Island the Franklinian rocks 
are overlain with profound angular unconformity by the rocks of the Sverdrup 
Basin 

1
. 

The Baumann Fiord Formation is bounded below by the Lower 
Ordovician, shallow marine limestones of the Copes Bay Formation and above 
by Lower to Middle Ordovician, shallow marine carbonates of the Eleanor 
River Formation2 . In the sections examined, measured thickness of the 
Baumann Fiord evaporites varied between 670 feet in the east and 1, 850 feet 
in the west (i. e. thickening basinward). 

A threefold division of the Baumann Fiord Formation was recognized 
over most of the study area. The thick basal A Member (up to 1, 500 feet 
thick) characteristically consists of medium to fine crystalline anhydrite inter -
bedded with very fine grained to micritic limestone in beds 2 to 10 feet thick. 
A prominent resistive limestone averaging 150 feet in thickness constitutes 
the B Member. The upper C Member (220 feet thick) closely resembles the 
A Member with its characteristically cyclical anhydrite-carbonate couples. 

Detailed Stratigraphic Succession 

Individual carbonate-anhydrite cycles in both the A and C Members 
of the Baumann Fiord Formation correlate with remarkable persistence and 
uniformity over large parts of the study area. Where lateral variation is 
observed, the following relationship is consistently apparent: carbonate units 
grade from west to east into anhydrite, with more total carbonate in the west 
than in the east. The limestones are evidently the basinward facies equiva
lent of the anhydrite, the extent of interfingering of the facie s being consider -
able and on a large scale. It is interesting also to note that the uppermost 
shallow marine limestones of the Copes Bay Formation in the west are demon
strably time-equivalent to the basal Baumann Fiord anhydrite cycles to the 
east, 

The consistent coupling of anhydrite and shallow marine carbonate 
in the Baumann Fiord evaporites itself suggests that these deposits may have 
originated as sabkha cycles. Numerous lines of petrographic evidence sup
port this suggestion. 

Petrographic Character and Interpretations - Limestones 

The following summary of the petrographic character of the carbon
ates applies to the limestones of the B Member as well as to the numerous 
thin limestone stringers in the anhydrite of the A and C Members, A brief 
discussion of relevant sabkha analogs is included with each observation. 
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I. Limestones exclusively fine grained, apparently deposited as aragon
itic lime mud in an e nvironment analogous to the shallow lagoons adja
cent to the Trucial Coast sabkha plain3. 

II . Finely laminated to massive, deposited in very quiet shallow water, 
the more massive muds possibly indicating a degree of bioturbation. 

III. Pelleted. Fecal pellets are not a common const ituent but where they 
occur the presence of browsing lagoonal organisms is indicated (anal
ogous to the cerithid gastropods of the sabkha lagoons). The relative 
paucity of pelleted lime mud may be a function of the fact that Early 
Ordovician time witnesses only the beginnings of pelleting organism 
evolution. 

IV. Shell fragments are rare except as isolated aggregates in pellets. 
Kinsman (ref. 3) has pointed out that rec ent sabkha lagoonal sediments 
are barren of fas sils due to the fact that dead gastropods tend to float 
and are subsequently concentrated only in the immediate beach 
environment. 

V. Dolomite is common in minor amounts inthelimemudstone, normally 
disseminated uniformly but occasionally concentrated along zones of 
permeability. The access of early diagenetic sabkha brines has appar
ently resulted in partial dolomitization of the limestone4. 

VI. Stromatolites together with less distinctive crypt -algal structures 
are common. These features, analogous to the high intertidal algal 
mats of the sabkha, have been variously interpreted as representing 
shallow subtidal to supratidal environments in the Recent5. 

VII . Flat-pebble conglomerates are common constituents of the carbonate 
stringers. Rarely more than one or two pebbles thick, they consist 
of lime mudstone clasts normally aligned horizontally but occasion
ally exhibiting an "edgewise" configuration. They are int erpreted as 
resulting from auto-brecciation, transport and rounding by wave 
and/or current action associated w ith major marine transgression. 
That partial erosion of the sabkha anhydrite may have accompanied 
these major marine transgressions is evidenc ed by the commonly 
undulose or irregular nature of the contact between anhydrite and the 
overlying limestone of the succeeding cycle. These irregularities 
appear to be small-scale "cut-and-fill" structures. 

VIII. Replacement anhydrites known to occur in limestones associated with 
many ancient sabkha sequences6 are present in abundance in the lime 
mudstones of the Baumann Fiord Formation in the form of gypsum 
pseudomorphs. Castillated crystal boundaries and numerous unre
placed calcite relics characterize these pockets of replacement, the 
anhydrite having replaced the limestone and the gypsum subsequently 
pseudomorphing and replacing the anhydrite. It is thought that the 
conversion of anhydrite to gypsum occured by way of late hydration 
by meteoric waters. 
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Petrographic Character and Interpretations - Anhydrites 

The anhydrite rocks of the Baumann Fiord Formation have a remark
ably consistent textural character: medium to finely crystalline, lighttodark 
bluish grey in hand specimen, often exhibiting a thinly layered or "bedded" 
appearance, the layering being due to colour zoning in an otherwise homogen
eous or massive unit. 

There is no evidence of the nodular structure characteristic of modern 
sabkha anhydrites. Indeed, the anhydrites of the Baumann Fiord evaporites 
have virtually none of the textural or morphological characteristics normally 
associated with anhydrite of sabkha origin. The problem of establishing the 
environment of deposition of the anhydrites is thus of considerable magnitude. 
Two lines of indirect argument have been developed in support of a supratidal 
origin for the anhydrites: firstly, the limestone stringers in the Baumann 
Fiord evaporites show considerable evidence of having been deposited in a 
shallow marine coastal complex of the type which is known to be associated 
with the only documented present-day environment of anhydrite development -
the sabkha of the Persian Gulf. Secondly, on more regional stratigraphic 
grounds, the intrinsically cyclical nature and lateral variation of the coupled 
carbonate-anhydrite lithofacies is such that a sabkha cycle analog is compel
lingly attractive. To capsulise, save for the actual textural character of the 
anhydrites themselves, the Baumann Fiord evaporites exhibit strong indica
tions of having been deposited as sabkha cycles. 

An explanation of the apparently anomalous character of the anhydrite 
is possible upon detailed petrographic analysis of the crystal fabrics: anhy
drite crystals are lath-shaped and show a distinct preferred orientation in 
thin section. In sections parallel to the long axis of the laths, the overall 
fabric resembles that of a mica schist. 

This fabric is tentative! y interpreted as having resulted from recrys -
tallization and flowage of the anhydrite in response or orogenic compres
sional stresses. Any primary texture that might be expected to reflect the 
mode of origin of the anhydrite apparently has been obliterated by this episode 
of pervasive recrystallization. 

Structural Style 

The degree of structural deformation of the Franklinian sediments 
has only been sufficient to produce broad open folds (frequency 2-3 miles, 
amplitude 2, 000-3, OOO feet). It is the opinion of N. J. Price (pers. corn.) 
that this relatively small degree of deformation may well be sufficient to 
induce flow in anhydrite strata. Experiments to test this hypothesis are cur
rently being undertaken. 

Related Research 

A number of other problems relating to the Baumann Fiord evapor
ites also are under investigation: 

I. Weathering. Due to the permafrost, the zone of active arctic weather
ing is rarely more than a few feet. Nonetheless, a thin surficial veneer 
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of gypsum, the result of hydration of anhydrite, is commonly devel 
oped . Preliminary analyses indicate that strontium is preferentially 
leached from the anhydrite upon weathering and concentrated in the 
surficial efflorescent gypsum. 

II. Chert concretions . In both the anhydrite and the limestones of the 
Baumann Fiord Formation oblate chert concretions have developed. 
The apparently unique association of optically length - slow chalcedony 
with evaporite rocks8 makes these concretions the subject of special 
investigation. 

III. Satin - Spar. Late fibrous gypsum veins are common in the basal beds 
of the Baumann Fiord evaporites in those regions near the shield where 
access to water from underlying strata has resulted in partial hydra
tion of the anhydrite . Indep endent investigation has revealed that the 
origin of the veins is due to hydraulic fracturing, the excess volume 
of gypsum generated by hydration of anhydrite being reprecipitated in 
the veins and forming satin-spar9 . 
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25. STRUCTURAL AND STRATIGRAPHIC S T UDIES IN T H E 
T EC TONIC COMPLEX OF NORTHERN YUKON TERRITORY, 

NORT H OF PORCUPINE RIVER 

Pro ject 690005 

D. K, Norris 

I () 1 £. 
11 I P 

During the fie l d s e asons of 1970 and 1971 t h e author spe nt a t o tal time 
o f approx imate l y two m onths extending h is r eg ional inve stigations of the strati 
graphy and structure of the T ec tonic Comple x b e t ween Ric hardson M ounta in s 
and the A l a ska Boundary, north of Porcupine River . Thes e investigations 
s u pp l e m e nt the r e connaiss a n ce studie s carrie d out the r e in 1962 durin g 
Ope ration Porcupine1 as we ll as additional information gathere d during a b r ie f 
p e riod in 19692. A disastrous fir e n e ar the e nd of t h e 1970 fie l d s e ason 
re sulte d in the tota l loss of that summe r's fi e ld note s c o v e ring the a r e a unde r 
conside ration h e r e and h e n ce some time w a s s p e ntrevisitinga fewofthemor e 
importa n t outcrops in 1971 , 

The T e ctonic Comp l ex north of latitude 67 deg r ee s may b e divide d into 
a num b e r o f structurally hi gh and l ow re gions (Fi g. 1 ) , At it s southe rn limit 
is Aklavik Arch, a composite st r u c tural fea tur e ext e nding n o rthe ast from 
Alaska to C ampbe ll Uplift and pe rhaps b e y ond. It compris e s Dave Lord-Cache 

Figu r e 1, 

136° 

Pr inc ipal geo l ogica l e l e ments of north e rn part of Tectonic Compl ex, 
north e r n Yu kon T e rr itory and northwestern Dis trict of Mackenzie 3• 
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Creek, Rat and Campbell Uplifts with attendant depressions arranged right
hand en echelon. North of it are southeast-plunging Romanzof Uplift, doubly 
plunging Barn Uplift, and the eastern limit of Brooks Range Geanticline. 
Among these uplifts are depressed regions containing intricately faulted and 
folded Mesozoic and younge r rocks . On the north flank of the complex is 
Beaufort Shelf, largely submerge d b e neath Beaufort Se a to r e c e ive s e diments 
and partly exposed, glaciated and eroded since the mid-Tertiary. 

Approximately 20, 500 f ee t (6, OOO metre s) of Neruokpuk Formation 
were measured and examine d betwe e n Wolf Creek and Firth Rive r (69° 04 1 N, 
140° 15'W) in order to document its age, rocktypesandstratigraphicre lations 
to other units. There, the formation is readily divided into a lower limestone 
and shale unit 4, 200 fee t (1, 300 m e tre s) thick which may be traced directly 
into map - unit Pznl of Brosge ~ ':.!-· 4 in adjace nt Demarcation Point map-area 
in Alaska. It is a formation and h ence the Neruokpuk will be rais ed to group 
status in Canada in due course . Samples of this limestone were examine d by 
T. T. Uye no of the Geological Survey of Canada for conodonts or any other 
identifiable fossil r e mains but without success. It is overlain by a s e que nce 
of interbedded argillites and lithic sandstones 16,300feet(5,000metres)thick 
which can be subdivided into map-units and from which no fossils were 
recovered. The s ect ion had no base and no top. Insofar as the Neruokpuk 
strata generally dip in the same direc tion (southwe st) from the lowe rmost 
exposures n ear the mouth of Firth River, it may b e that the true thickness of 
the N e ruokpuk is at l e ast 40, OOO fe e t (12, OOO metre s), or twice that measured 
here . 

Immediately west of Firth River is a volcanic conglomerate with grey 
limestone phenoclasts and interb e ds. It is estimated to b e about 2, 500 feet 
(760 metres) thick. Although d e forme d, the conglomerate appe ars, from 
regional mappin g, to overlie progre ssive l y lowe r strata in the upturne d 
Neruokpuk succe ssion toward Alaska. The r e Dutro e t al. 5 have r ecove r e d 
Lower as well as Uppe r Cambrian trilobite s from it. Thus, if the stratigra
phic r e lations b e tween this Cambrian formation and the underlying N e ruokpuk 
have been infe rr e d correctly, the Ne ruokpuk in Canada is entire ly o lder than 
the Early Cambrian1 • Moreover, the acute de formation within it is largely 
of Pre cambrian age and is not Ellesmerian in the Romanzof Uplift. This con
clusion does not discount the structural involvement of graptolite -be aring 
shale s w ith the N e ruokpuk in Barn Uplift, or the angular unconformity b etween 
Uppe r D evonian and P ermian rocks in Dave Lord Arch (s ee T a ble 1) and in 
northe rn Richardson Mountains - situations which disclos e obvious e ffec ts of 
the Ellesme rian orogeny in othe r parts of the Tectonic Complex . 

Approximately 3 . 4 mile s (5. 3 km) e ast of the International Boundary 
at Amme rman Mountain, on the flank of Old Crow Basin (G. S. C. Loe. 
C-1 1874; 68° 2l'N, 140° 52'W), poorly pre s erved plant impre ssions we r e 
recovered from dark grey slaty argillites prev iously assigned to the N e ruopuk 
Formationl and whi ch probably are not older than D evonian ( D. C. McGregor, 
pers . comm., 1972) . The se appe ar to b e morphologically similar to parts of 
spe c imens of Archaeopte ris latifolia r e ported6 to occur on the north flank of 
the Basin (G. S. C. Loe. C-16896; 68° 26 1N, 140° 02'W). According to 
G. E. Rous e (pe rs. comm., 1972) "the presence of this plant species indi
cates the a ge lie s b e tween Late Givetian and Fame nnian, a s spec ies o f 
Arc hae opte ris are found only in this interval" . These plant-bearing beds 
n e ar Amme rman Mountain strike sub-paralle l to Aklavik Arch and the ir ver
tical dip atte sts to the ir inv olve ment in the Elle sme rian orogeny, similar to 
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Table 1. Corre lation chart. for rock units between Prudhoe Bay, Alaska and 
the Inuv ik - Campbell Uplift area, northwestern District of Mackenzie. 
Data for Prudhoe Bay adapted from Rickwood1 \and for the Inuvik -
Campb e ll Uplift r egion in part after Pamente r 1 • 
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the D evonian rocks c it e d ear lie r in Dave Lord Arch on Porcupine River 5 mile s 
(8 km) upstr e am from the mouth o f Driftwo od Rive r (Tabl e 1), 

The Kekiktuk Formation overlies the N e ruokpuk with profound uncon
formity and the angle b etween b e ddin g in the two formations is commonly 
90 degrees, as seen for example along the south rim of Barn Upl ift, and on the 
lowe r r e aches ofMalcolmRiver on the north flank of Romanzof Uplift. It is 
characte ristically a chert and quartzite pebble -conglome rate although l ocally 
it g rades abruptly into white quartzite. It forms the basal, northeastwardly 
transgr e ssive deposit of the Carboniferous Syste m in the Compl ex and is o v er 
lain conformably by the Kyak Formation, 

The Kyak is characterized by carbonaceous shale s, grey coaly quart
z i tes and coal in the lowe r part, and calcareous shale s and ske l eta l lime stones 
above 7 . Spores in shal e sample s from the lower part of the formation on the north 
flank of Barn Uplift, and in Romanzof Uplift confirm an Early Carboniferous 

(Visean) age (M. S. Barss, Interd e partmental R e port, 1 972) for the Kyak. The 
c oal s eams, more over, are anthracites with ash content commonl y less than 
10 p e r cent (W. J. Montgome ry, Inte rdepartmental Report). Their observe d 
thickness did not exceed three fe et (1 metre ). Carbonaceous shales ove rlying 
t h e thick conglomerate s in the structural high 7 mile s (11 km) north of Bonne t 
Lake contained, in addition, Visean spores (Barss, ide m). This latter elastic 
s u cces sion was erroneously r efe rr e d to the Brat Cree k Formation2 and now 
can b e assigned w ith confidence to the K ekiktuk and Kyak Formations. 

Because of the econ omic significanc e of the northeastern l imit of the 
Lisburne Group, the cherty g r ey lime stones immediate ly northwest of Driftwood 
Rive r (G. S. C. Lo e , C - 4217; 67° 54'N, 137 ° 57 1W) were re-examined. Foraminf
era in them indicate that the y ar e Late Chesteran in age (B. Mamet ; 
Interdepartmental R e port, 1972) and h e nc e that the y may b e referre d to 
the Alapah Formation of the Lisburne. 

A careful search of the string of gre y, excee dingly fractured, fault 
bounde d che rty dolomite outcrops 10 miles (16 km) southeast of Bonnet Lake 
failed to disclose any ide ntifiable fossil r e mains. H e r e in they are assigned 
tentatively to the Precambrian N e ruokpuk Formation along with the grey, 
quartzos e l imestone s on the southe ast flank of Barn Uplift and in the structural 
h i gh north of Bonnet Lake. The y ar e overlain unconformably by Jurassic 
sandstones and shale s at the ir southe rn limit (68 ° 06 1N, 137° 33 1W). The 
a bs e nce of the Lisburne at the sub - Jurassic disconformity on the east flank of 
Barn Uplift, in the structural high north of Bonne t Lake, in northeastern 
Richardson Mountains and the ir appare nt abs e nc e southeast of Bonnet Lake 
w ould suggest that the Lisburne e quivalents on the e ast flank of White Uplift 7 

and n e ar the headwate rs of Cache Creek 7 may b e isolated erosional remnants 
covere d and bounded on all side s by younger rocks (see Table 1 ). 

The Permian Sadle rochit Formation was examined and measured on 
the southwe st flank of Romanzof Uplift (68° 42. 3'N, 139° 52'W) . Although not 
well exposed, the succ e ssion is approximate ly 1, 100 feet (340 metres) thick 
and comprises large ly dark gre y, noncalcareous mudstone with r i chly fossili
ferous sandstone and lime stone interbeds date d t e ntativel y as early Middle 
P ermian (Kungurian) in age (J.B. Waterhous e , p e rs. c omm., 1972). It r e sts 
on grey, fin e -crystalline lime stone s of the Wahoo Formation and is cappe d by 
cuesta-forming, slightly calcareous, dark gre y, spars e ly fossiliferous sand 
stones, as y e t undate d, but t e ntative ly assigne d to the Uppe r Triassic Shublik 
Formation. Lowe r Triassic rocks are unkown to the wr iter in the Sadle rochit 
in Canada, and lateral e quivalents of the Ivishak M e mbe r in northeaste rn 
Alas ka may be absent. 



The Upper Triassic Shublik Formation comprises two facies, a 
lower sandstone or siltstone and an upp e r skeletal limestone, both locally 
abundantly fossiliferous and dated as Upper Triassic Norian (E.T. Tozer, 
Interdepartmental Reports) . The two facies overlie cne another only on the 
south flank of Romanzof Uplift and the limestone facie s is largely confined to 
the north and east flanks. Thus the lime stones appe ar to have ove rstepped 
the elastics in a northeasterly dire ction. 

Shublik Formation outcrops discontinuously around the p e riphery of 
Romanzof Uplift in Canada. It lie s disconformably upon the Sadlerochit on the 
south flank of the uplift and on the east it is observed to rest disconformably 
on either the Alapah or Wahoo Formations of the Lisburne Group (7). On the 
north flank at several locations betwe en Loney Creek and Crow River it rests 
on deformed Neruokpuk and the thick carbonate and elastic sequence of the 
Kekiktuk, Kyak, Alapah, Wahoo andSadlerochit Formations (Table 1) is absent. 
The fact that the Wahoo Formation is pr e s ent in some of the northernmost 
exposures of the Lisburne in Romanzof Uplift, would suggest , moreove r, that 
the sub-Shublik unconformity must cut down section abruptly through the 
Sadlerochit and underlying Carboniferous formations in order that the Shublik 
can rest on the Neruokpuk between Loney Creek and Crow River. This cutting 
down section must take place along a line parallel to the present northeast 
flank of British Mountains (see Fig. 2) and represent a hinge for uplift of con
tiguous regions to the northeast in the Late Permian and Early Triassic. The 
source of elastics for the Shublik was, therefore, to the north. 

The Jurassic Kingak shales also outcrop discontinuously around the 
periphery of Romanzof Uplift and along with the Shublik are assumed to have 
covered the entire region. Of vital economic importance is the observed over 
stepping of the Shublik on the north flank of the uplift so that the Sadlerochit 
and Shublik Formations, the principal reservoir rocks at Prudhoe Bay 
(Table 1 ), are at least locally abs e nt. This phenomenon may be observed 
(Pl. 1) on a small tributary to Spring River (69° 13'N, 139° 02 1W). There 
intensely crumpled, faulted and differentially bevelled argillites and quart
zites of the Neruokpuk Formation are immediately overlain unconformablyby 
20 feet (6 metres) of gently north- dipping, soft, black shales , followed in turn 
by 6 feet (2 .metres) of conglomerate composed of subrounded pebbles of black, 
grey and banded chert and of white quartzite, averaging about 3/4 inch (2 cm) 
maximum dimension. Although the black shales were not found to contain 
fossils at this locality, foraminifera recovered from these rocks 1/2 mile (1 km) 
farther downstream (G. S. C. Loe. C-13086) indicate that they are Late Jurassic 
in age (T. P. Chamney, Interdepartmental R eport, 1972) and hence referable 
to the Kingak Formation. 

Around the north flank of Old Crow Basin are exposures of Jurassic 
and Lower Cretaceous, black, concre tionary shale with thin, buff-weathering, 
quartz sandstone inter beds which, base d on their fossil content, are as young 
as mid- to late Valanginian (J. A. Jeletzky, Interdepartmental Report, 1972 ). 
They are, therefore, temporal equivalents of part of the Lower Sandstone and 
Bluish Grey Shale Divisions in Aklavik Range and herein are r e ferred to 
the upper part of the Kingak Formation (Table 1). Ove rlying them are fossil
iferous , marine , buff-we athering, resistant sandstones representing offshore 
equivalents of the Coaly Quartz ite Division and forming a r eadily mappable 
unit in the r e gion. These ar e the youngest rocks known to the writer on the 
north flank of the basin. 
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In the vicinity of lower Babbage River occur lateral equivalents of the 
Aptian Upper Sandstone Division, and of the Aptian-Albian flysch sequence. 
Inoceramus sp. recovered from the latter (G. S. C. Loe. 53307, 68° 54'N, 
138° 37 1W) is suggestive of mid-Lower to Upper Cretaceous but does not prove 
this age (J. A. J eletzky, per s. comm. 1972 ). Locally the flysch is cut by 
dykes of fine-grained, brown weathering lithic arenits up to 6 inches (15 cm) 
wide. 

Because of their tectonic significance the youngest bedrock in Old Crow 
Basin was examined at two localities, the one along Porcupine River between 
Driftwood River and Dave Lord Creek and first described by McConnell 8 and 
the other on Upper Dave Lord Creek. The exposures along the Porcupine 
(G. S. C. Loe. C-11863; 67° 33. 5'N, 138° 54'W) are e ssentially flat-lying, poorly 
consolidated, grey mudstones containing large Inoceramus sp. The rocks 
are, accordingly, Santonian to early Campanian in age (J. A_ Jeletzky, 
Interdepartmental Report, 1972). Interbedded, dark grey marine shales and 
sandstones on Upper Dave Lord Creek (G. S. C. Loe. C-13085; 67° 16 1N, 
139° 24. 5 1W) strike parallel to Dave Lord Arch and dip 20 degrees northwest. 
They are Senonian, probably Campanian in age (W. S. Hopkins, Interdepartmental 
Report, 1972). Thus, the beds at these two localities are approximately the 
same age, and the fact that atthe one the rocks are flat lying and at the other 
they are gently dipping off the flank of the Arch, attests to (renewed) Late 
Cretaceous uplift and tectonic activity on the south flank of Old Crow Basin. 

The youngest sequence of rocks in the northern part of the T ectonic 
Complex in Yukon Territory occurs on Beaufort Shelf north of Ba:ronMountains 
(G. S. C. Loe. C-9784; 68° 50'N, 131° 54 1W). Its lower part comprises an 
estimated 10, OOO feet (3, OOO metres) of folded and faulted, marine, grey shale 
(see Table 1) of Senonian age (T.P. Chamney, InterdepartmentalReport, 1972) 
which may be temporally equivalent to the mudstones and shales described in 
Old Crow Basin. 

Overlying these Upper Cretaceous shales with apparent conformity are 
an estimated 2, 500 feet (800 metres) of interbedded lithic sandstone, conglom
erate, shale and high volatile bituminous coal of the Moose Channel Formation 
at the headwaters of Conglomerate and Deep Creeks. Pollen recovered from 
carbonaceous shales adjacent to one of the coal seams (G. S. C. Loe. C-11263; 
68° 53'N, 138° 02 'W) indicates that a Senonian (Campanian - ? Maestrichtian) 
age seems most likely (W.W. Brideaux, Interdepartmental Report, 1972). 
The Moose Channel Formation outcrops in a doubly plunging syncline, the axis 
of which trends north. The fold is cut by a series of steeply dipping, east
trending faults, some with significant right-lateral as well as vertical separa~ 
tions. The Upper Cretaceous shales and the Moose Channel Formation show 
obvious effects of Tertiary deformation there as well as near the mouth of 
Fish River (68° 42'N, 136° l 9'W) where coal and conglomerate beds are 
observed to dip vertically. By comparison with some of the major deltas of 

the world, the Upper Cretaceous shales would appear to represent marine, 
prodelta deposits shed by rivers rising in Laramide uplands to the southwest~ 
and the Moose Channel elastics and coal, distributary channel fill and back
swamp organic accumulations respectively, of an early Tertiary deltaic plain. 

A re-evaluation of the possible continuation of the Kaltag f<Ullt north
eastward across Alaska and Yukon Territory was made because of the impli
cations regarding the northeast-trending faults being identified beneath 
Tuktoyaktuk Peninsula, east of Mackenzie Delta. It has been well documented 
as a major right-lateral fault that has been active since Cretaceous time 
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Plate 1, Angular unconformity between the Precambrian? Neruokpuk 
Formation and the Jurassic Kingak Formation 9 . 5 mil e s (15. 5 km.) 
northwe st of !OE Spring Rive r we ll, northe rn Yukon T e rrito ry, 

in weBt-ce ntral Alaska9, but its continuation into Yu k on T e r r ito ry is c on
j e ctural. Should it p e rsist in its n o r t hea st tr e nd a nd e nte r C a nada alo n g 
the south flank of the B rooks Range Geanticline (Fig . 1 ), it may have 
manifeste d its e lf in the n e ar-surfa ce rocks as the a rray of north and 
n o rthe ast-tre nding strike -slip faults in Rapid D e pr e ssion3 . Mor eo ve r, the 
remarkable curv iline ar e s carpme nt fla nking s outhe rn Canada BasinlO may 
we ll c onne ct w ith it. Thus, the northwe ste rn limit o f the anc e stra l North 
Ame rican contine ntal plate may have b een the Kalta g fault, a nd tha t part of 
Alaska and Yukon T e rrito ry n o rth of it is part of the Eurasian plate . The fa c t 
that the ge olo g i c al tr ends for Alaska matc h thos e for n o rtheaste rn U.S. S. R. 
for both the C e nozoic and P a l e o z oic e r a s 11 w ould l e nd suppo rt t o t his hypoth
e sis. The N o rth Ame ric an plate may have simply drifte d right-late rally 
a w ay from Eurasia so that the r e were n o piv ot points, n o Alaska Orocline , 
and no Ar c ti c Sphe nochasm. Canada B asin south of Lomono sov Ridge was 
apparently an ancie nt and p e rsiste nt oceani 1 and the northe ast-t rendin g 
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faults being identified by drilling in the Tuktoyaktuk Peninsula are genetically 
part of a major, strike-slip fault system bounding the North American con
tinental plate. 
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TERRAIN SCIENCES 

SURFICIAL GEOLOGY RECONNAISSANCE , 
ISLAND OF NEWFOUNDLAND 

Project 720028 

D.R. Grant 

Airphoto interpretation of terrain forms and deposits at 1:50, OOO scale 
for much of Newfoundland has commenced in order to develop techniques of 
geochemical prospecting especially suited to the terrain and to locate materials 
that are characteristic of the Newfoundland environment. As most of the bed 
rock is concealed by overburden, primarily glacial till and related deposits, 
prospecting for mineral occurrences commonly becomes a search for trace 
elements in the drift which is assumed to be an indirect sample of the buried 
bedrock surface. In this context, concentrations of metal in stream-sediment, 
lake-sediment and biological materials living upon these substrates are treated 
as second- and third-order d e rivations of hypothe tical bedrock sources. 

The aim of the glacial geological study is to provide the surfical 
material sampling program with knowledge of the kind, origin, provenance, 
and thickness of overburden, in order to infer the source ofmin.,,ral anomalies 
in the overburden, and to test whether n egative results necessarily imply 
absence of sources. 

A cursory examination of airphotos covering the e ntire island, and 
detailed study of airphotos in the four pilot study area s for 1972 (Springdale, 
South Twin Lake, Daniels Harbour, Clarenville) reveals several conditions 
likely to confound drift-prospe cting: (1) a very wide variety of terrain types 
with abrupt transitions, (2) a non- systematic mosaic of disjunct, often super 
imposed sedimentary environments, (3) large local variations in drift thick
ness, (4) evidence of wholesale transport of till masses several tens of miles 
onto unre lated geologic terrane s, (5) a zonal distribution of solifluction pro
cesses, with a surprisingly inte ns e deve lopme nt of colluvial overprinting in 
the interior of the province, (6) widely diverge nt trends of glacial transport 
indicated by intersecting drift lineations and crossed striations attributed to 
migrating, separating and shrinking ice centres, (7) frequent non-parallelism 
of e skers and ice -flow line ations indicating that dire et ion of ice r e tr e at differed 
from direction of ice flow, and (8) end moraine s are rare but ice-marginal 
channels abound so that, by the ir location, e levation and slope, the various 
ice centres may be located and the pattern of their retreat may be mapped. 

27. POSTGLACIAL EMERGENCE OF NORTHERN NEWFOUNDLAND 

Proj e et 69006 5 

D.R. Grant 

Surficial geological mapping of the Northern P e ninsula has included 
documenting postglacial changes in the relative level of land and s e a . This 
report complements previous accounts 1• 2 , 3 of the surficial deposits and 
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geomorphol ogy of the are a. In contrast to coasts that are now subme rging 
farther south in N ewfoundland and the Maritime s, most of the Northern Peninsula 
has been, and still is, e m e rging from the sea due to continuing glacio-isostatic 
r e bound. 

The tr e nd of falling sea leve l, as shown in Figure 1, h as be e n r econ
structe d by plotting the e l evation of former strandlines against their age as 
m e asured by radiocarbon analysis of fossil shells found intact, articulated and 
in growth position in the grave lly b e ach s e diment. A fe w she lls from deep
water s e dime nt fall below the s e a leve l corresponding to their age, as expected. 
The rate of e m e rge nce has de cr e as e d exponentially from 430 cm (14 fe e t) per 
century shortly afte r deglaciation 11, OOO to 13, OOO ye ars ago, to 14 cm (0. 47 feet) 
per century during the last few thousand ye ars. The maximum elevation of 
the forme r marine inundation varies from 425 fe e t to 225 feet above pre s e nt sea 
level owing to diffe rences in the time and rate of de glaciation, and to two g lacial 
r e advance s that r e moved e vidence of earlier higher sea leve ls. 

A r e advance near T e n Mile Lake, that formed a promine nt end moraine 
11, OOO years ago, has been dated by shell fragments incorporated in the till of 
the moraine (GSC-1277; 1324). The fall of sea l eve l that occurred since the 
s e a stood at elevation 200 fee t (60 m) against the moraine is traced as a smooth 
curve that s eems to r e pre s ent the e m e rge nce for the entire northe rn lowlands, 

f
w 
w 
lL 

200 

100 

0 

PORT AU 
CHOIX 1§ 

17, 18 / __ _ 
,-, 
' 

.19 } 
,,-.,.../2o) 
•J. 21-~ ~ 22 _'.· 

T r'P iedmon t 
~ -, ' Moraines 

2 3 4 

w 
u 
z 
< 
> 
0 
< 
w 
a: 
w 
"' < 
_J 

w 
_J 

~ 
z 
w 

I >-

,~or 
'Of~ 

~ /.32 +4 
~ Tf 11 

D 

,5 6 7 8 9 10 11 
14C Y EARS BP (x 103 ) 

w 
0 

f-

I 
~ 

I 

50 
w 
> 
0 
Ill 
<1'. 

z 
0 
f-
<1'. 
> w 
_J 

DRG w 
12 13 

(Rectangles denote age and e levation errors of samples forme d in beaches at 
or near former s e a l eve ls. Cross e s with arrows are sample s fromdeepwater 
sediment forme d b e low the co rresponding s e a l evel. Stars are sample s from 
till of end moraine . Site 23 is t h e Viking s ettlement (ea 1 OOO A. D.) ona raised 
beach b e rm at e l evation 2. 85 m (9. 5 feet), L 1Ans e au Meadow.) 
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with little sign of significant geographic differences . In contrast, the post
glacial fall of s ea level following the piedmont moraine phas e on the western 
l owlands s eems disjunct to that for the northern area. Moreover, datings of 
similar features in the St. George Bay area still farther south plot below both 
curves in the range less than 50 m and older than 10, OOO years. The se lati
tudinal differences in rate of s e a-leve l change reflect the transition from an 
emerging coast on the north to a subme rging coast on the south across a pivotal 
line of no present net change inferre d to cross the Northern Peninsula in the 
vicinity of Bonne Bay. 

1 . 
Grant, D.R.: Late Ple1stocene r eadvance of piedmont gl aciers in western 

2 

3 

Newfoundland; Maritime Sediments, v. 5, no. 3, p. 126-128 (1970). 

Grant, D.R.: Surficial deposits, geomorphic featur e s, and late Quaternary 
history of the t e rminus of the Northern Peninsula of Newfoundland, and 
adjacent Quebec-Labrador; Maritime Sedime nts, v. 5, no. 3, p. 123-
125 (1970). 

Grant, D.R.: Surficial geology, western Newfoundland; in Report of Activitie s, 
Part A, April to October, 1972; Geol. Surv. Can., Paper 72-1, Pt. A, 
p. 157-160 (1972). 

28. SITE DESCRIPTION, AGE AND SIGNIFICANCE OF A 
SHELL SAMPLE FROM THE MOUTH OF THE MICHAEL 

RIVER 1 , 30 KM SOUTH OF CAPE HARRISON, LABRADOR 

Project 690043 

D. A. Hodgson and R. J. Fulton 

Of the few radiocarbon dates published for mate rial gathered in central 
and southern Labrador, the oldest are 5575 + 250 and 5400 + 200 years B. P. 2 

n ear Churchill Falls 3 followed by 5330 + 170-years4 (GSC-ll35) at North West 
River5• H e nce, a collection of she lls d-;;_ted at 8640 .± 230 y ears4 (GSC-1453) 
merits more consideration than would normally b e given to a sampl e from a 
site which cannot readily b e r e late d to a specific s e a leve l. The sample was 
collected at 54° 41 'N lat. , 57° 49'W long., nearthe mouth of the Michael River 
(Fig. 1) ig the course of r econnaissance of the surficial geology of southern 
Labrador • 

Evidence of marine subme rgence is relative ly abundant along the 
Labrador coast. The most conspicuous features, and the ones most readily 
tie d to forme r higher s e a l evels, are washing limits and coarse boulder and 
gravel b e ach ridges. Also pre s ent are extens ive marine terraces or deltas 
filling the lowe r ends of many river valleys with a succ e ssion of coarse sand 
or gravel ove r silt and fin e -graine d sand. Dateable material has not been 
found in the coarse marine deposits possibly becaus e the cool wet climate and 
the acid nature of the rocks and vegetation promote l eaching or oxidation of 
organic mate rial from all p e rme able deposits. She lls have b een found in the 
less permeable silt units, but collection site s are widely s e parated and, as the 

silt unit is an offshore facies, it is difficult to correlate shells with the sea l evel at 
the time of their deposition. 
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The shells discussed here were e mbedded in freshly exposed silt, at 
or slightly below river level (2 m above m. h. w. l. ); shell fragments were also 
present 10 m highe r in the succession. Siltextendedaboveriverlevelforl5 m 
and was overlain by 10 mt of crossbedded sand. The silt unit was trac e d 2 km 
upstr e am, but no furthe r dateable mate rial was found here, or anywhere else 
on the coast between Groswater Bay and Cape Harrison. The collection of 
marine pelecypods included Clinocardium cilia tum (fragments), Ma coma 
calcarea (thin, some paired valves), Mya truncata (some who l e val ves), 
Serripes groenlandicus (fragme nts), Yoldia arctica (some who l e valves); 
unidentified gastropods were also present. Only Serripes groenlandicus 
(1 7. 7 g) were used for dating . 

The collection site is in a valley with a 2 -km-wide sand and silt infilling 
between thin till covered and boulder strewn granite uplands. The valleynar
r ows 10 km from the sea, and depositional f e ature s become limited to a narrow 
floodplain and to dis continuous kettled terraces commonly b e aring one or more 
sinuous e sker ridge s. At the valley constriction, the river is ea 50 ma. s. l., 
and the base of the esker remnants is 5 mhigher in elevation, A short distanc e 
downstream, the esker merges into a braided sand outwash plain, elevation 
82 + 2 m. Remnants of this sandur are found as far as 7 km downstream. 
Immediate ly north and south of the va lley mouth, the marine limit is clearly 
indicated at 80 to 85 ma. s. 1. by a washing limit (till strippe d off bedroc k), 
or by a shingle and boulder beach ridge standing by itself or at the top of a 
fli ght of beache s. 

It is probable that the uppe r valley was occupied by ice at the time of 
deposition of the 82-m sandur, and ice may have remaine d in the valley until 
sea leve l fell below 55 m, for the esker doe s not appear to have been modified 
by marine or flu vial proc e sses. The absence of lower terraces indicates that 
the flow of meltwater was greatly reduced after the initial surface had been 
developed. 

The maximum e levation of the top of the s e diment fill overlying (and 
postdating) the fossiliferous silt is 25 ma. s. l.; 2 km upstream, the continu
ation of the silt unit is overlain by up to 50 m of sediment. H ence sea leve l 
was at least 50 m above present datum (30 m below the marine limit) when the 
shell bearing silts were deposited; i. e. no more than 35 per centofpostglacial 
uplift had been accomplished 8640 ± 230 years ago. There ar e no published 
uplift curves for the coast of Labrador to permit one to est imate , from the 
above data, the date of the marine incurs ion (whi ch is assumed to b e concur
r e nt with the date of de glaciation). However , Matthews 7 presents a reasonably 
smooth uplift curve for northern Ungava, and Grant (pers. comm.J has con
structed a curve for northwestern Newfoundland. Using Andrews' method of 
predicting uplift (based on smooth uplift curves from Arct i c Canada), it can 
be shown that for de glaciation of a site at ea. 9500 years, 33 . 5 per cent of 
postglacial uplift (which includes a eustatic sea l evel correction) has been 
accomplished by ea 8500 years ago. Li>ken 9 postulated transgress ions prior 
to, at, and subsequent to 9000 ± 200 years ago in northern Labrador, but 
isostatic rebound in the earliest stages of postglacial uplift, _with which we 
are concerned h ere, should have been great e nough to overcome the effects 
of e ustatic trans gression. Thus it is suggested that, if rebound of the earth's 
crust in Labrador is at all similar to rebound in Arctic Canada, then 
10, OOO years B. P. might reasonably be the earliest date for deglaciation of 
the coast at Michael River. 
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Name in local use for the rive r draining Lake Michael. 
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Age determination base d on a Za limit of error. 
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Age determination based on a 1 a limit of error. 
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29. THE RESPONSE OF TUNDRA PLANTS TO 
ANTHROPOGENIC HABITATS IN THE HIGH ARCTIC 

Proje et 710042 

M. Kuc 

... 

In 1971 the Terrain Sciences Divi.sion initiated an inventory of terrain 
disturbance on Melville Island, N. W. T. 1 The project, headed by D. M. Barnett, 
included a study by the writer of changes in Arctic biota resulting from man's 
activity. The main object of study concerned the environmental complex of 
casually related phenomena: vegetation, ground disturbance, and soil erosion. 
Field work was aimed at: (1) gaining information about native plants which 
could be useful in rehabilitating disturbed environment, and (2) mapping areas 
disturbed by yietroleum exploration. 

Mapping of anthropogenic habitats and environs was carried out on 
Melville Island at the following localities: Drake Point, Homestead Recla, 
Sherard Bay, Rea Point and Winter Harbour. Additional observations were 
made at Resolute, Cornwallis Island. Plant communities were mapped by 
ground survey and the resulting geobotanical subdivisions were plotted on 
black and white air photographs. The mapping was checked and improved 
on low level fli ghts in a Piper Super Cub. Overland travel by means of 
a thr ee-wh ee led "Honda ATC 90 11 motorcycle greatly facilitated the mapping. 
Various features of plant communities were recorded by means of black and 
white polaroid photographs, colour slides and film. Laboratory work on 
vegetation maps is now in progr e ss. 
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TABLE 1 

Bio-mass characteristics o f plants invad ing disturbed anthropogenic habitats 
in the v icinity of the oil well at Winter Harbour, Melville Island. 

Ecological ~oup and 
species 

Dry bio- mass of the best developed epecimens 

natural habitats 

total no. of 
ve i ght(g) specimens 

HD-1.EROPHILES 

A. Arctagrostis latifolia 
(R. Br .) Griseb. 

Juncus biglumis L. 

Phippsia algida (Sol.) 
R. Br. 

0 . 25 

Poa abbreviata R. Br. 12 

Puccinellia angustata 
( R. Br.) Rand & Redf. 41 

B. Alopecurus alpinus L, O.l 

Cerastium arcticum Lge. 

Cochlearia. officina.lis 0.1 
-L-.---

Deschampsia brevifolia 
R. Br. 

Dupontia fisheri R. Br. 0 .4 

Draba bellii Holm. 

Festuca brac:hyphylla 
Schultes 

:~~P~;~s{~~. )a~~hoi. 
O&ria dip;yna (L.) 

(Hill) 

~nivaJ.isL. 

Saxifrasa cernua L. 

Stellaria lactea 
~--

HEMERADIAPHORES 

Pa.paver radicatwn 
Rottb . 

Potentilla pulchella 
~ 

o.B 

15 

o.6 

21 

5 tufts 
(average) 

anthropogenic habitats 

total no. of 
veip;ht(g) specimens 

21 

52 

82 

360 

0.3 

1. 2 5 tufts· 
(average) 

Root systems and seed production of plants invading 
anthropogenic habitats (as compared to plants in 
natural habitats) l - i dentical habitats; 
2 - distinctlv imnroved · 3 - much better developed 

root systems seed production 

2 ( viviparous ) 

not observed 

In 1971 no plant invader s we r e found on greatlydisturbedgroundaround 
the airport at R e solute or at the nearby Eskimo v illage. Nor were plant invaders 
found at nume rous sites on M e lville Island where extensive operation of h e avy 
transport vehicles had taken place since 1968; i. e. , Rea Point bas e, Drake 
Point gas well are a and camp, Home stead Hecla drilling site, Sherard Bay 
airstrip and c amp, and Towson Point drillsite. The oldest anthropogenic 
habitats, such as former Eskimo camps on Cornwallis Island and site s visited 
by expeditions to the Winter Harbour area (Melville Island) at various time s 
sinc e 1819-1820, ar e partly covered by vege tation which does not diffe r from 
the growth on adjacent undisturbed habitats. 

The extensive, muddy, completely d isturbed area at Winte r Harbour 
(Fig. lA), abandone d since 1961, is now invade d in many places by primitive 
elements of vegetation. Thes e are r e pr e s ent e d by individual flowe ring plants, 
groups of plants and patches of sporophyte s (mainly mosses ). Within this area 
plants were r ecorded which occupied anthropoge nic habitats, and observations 
of their bio - mass, root systems, and s ee d production were made . The r e sults 
are summarized in Table 1. 
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A classification for the inte raction between plants and disturbed ground 
was applied, using Linkola 1 s 2 system as adapted for a survey of tundra envi
ronme nts. It consists of three major categories: 

1, HEMEROPHILES; plants which occupy anthropogenic habitats r e lative ly 
rapidly and exhibit better-deve lope d life forms than on naturalhabitats: 

A. Luxuriant vascular plants of extensive bio-mass, strongly develop e d 
root systems, and greatly incre as e d s ee d production (see Table 1 ). 
Mosses are represented only by acrocarpous and geophytic species such 
as Bryum sp., Desmatodon h e imii (He d w ,) Lazar., Encalypta nrocera 
Bruch, Pohlia sp., and many unide ntifie d juve nile forms. All the moss 
species liste d ar e characterized by tall e r stems, de nser mats, and 
considerable annual increas e s of bio-mass. Cup-like terrestrial fungi 
(Pezizales) are abundant, 

B. Specimens growing better in anthropoge nic places, Their forms 
are distinctly large r than those of plants from natural habitats, butar e 
much smaller in all r e spects than the luxuriant h e merophile s. Vascular 
plants occur as listed in Table 1, and moss e s are represente d by 
Polytrichum alpinum Hedw. and Timmia autriaca Hedw. 

2. HEMERADIAPHORES; the general appearance of these plants is nearly 
identical to that of specime ns occurring in natural habitats. Vascular 
plants are listed in Table 1. 

3, HEMEROPHOBES; components of nearby plant communities wh ich so 
far have not reoccupied the ir form e r habitats or e lse appear on them 
only as small, depauperate individuals: Saxifraga caespitosa L,, 
~· nivalis L., _§. oppositifolia L., Salix arctica Pall. Othe r common 
constituents of adjace nt tundra areas, such as Arenaria rubella, Dryas 
integrifolia, and Luzula nivalls, still are completely absent in anthropo
genic places. Among the moss e s, which can be include d in this group, 
are small specimens of Campylium sp. cf. polygamum. No lichens 
were observed. 

The heme rophile s and hereadiaphor e s listed all seem to b e suitable for 
cultivat ion under High Arct i c conditions. The ir expanding root oystems impede 
erosion of the ground on flat or incline d areas and protect soft muddy ground 
against bombardment by rain drops. The ir inflore sc e nces abound in well 
develop ed seeds. The se biological properties characterize plants which could 
be utilized for the rehabiliation of bare ground resulting from man's activity. 

The vascular plants listed in Table 1, especially grasses, are consumed 
by muskoxen, caribou and birds (e. g., ptarmigan). Analysis of the ir droppings 
and stomach contents 1hdicated that grasses - spores, l e ave s, inflorescences, 
seeds (in summer food) a!).d straw (in winter food) - ar e one of the main com
ponents of the ir ye ar-round diet. 

1 

2 

Barnett, D. M., and Kuc, M.: Terrain performance, Melville Island, District 
of Franklin; in Report of Activities, April to October, 1971; Geo l . 
Surv. Can., Paper 72-1, Pt. A, p. 137-139 (1972). 

Linkola, K.: Studien iibe r den Einfluss der Kultur auf die Flora in Gegenden 
nordlich vom Ladogas ee . I. Allgemeiner T e il; Acta Soc. pro Fauna et 
Flora Fennica, v. 45, no, 1 (1916). 
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30. TERRAIN SENSITIVITY EVALUATION AND MAPPING, 
MACKENZIE VALLEY TRANSPORTATION CORRIDOR 

Project 710077 

P. J. Kurfurst 

During the winter 1971 /72 some six weeks were spent in the fi e ld with 
the remaining time spe nt in the office. 

The offic e work was mainly devo ted to evaluation and classification of 
the 1971 summe r field s e ason results and pre paration of the winter drilling 
program .• 

Two weeks were spent in Thompson, Manitoba in December 1971 supe r
vising the seismic drilling ope ration in co-operation with the Exploration 
Geophysics Division of the Geological Survey. The objective of this joint 
program was to verify the practical application of the accoustic-wave propaga 
tion technique in the fi e ld. 

Seven hole s were drille d during the one week drilling operation around 
Fort Norman, District of Mackenzie in March 1972 to check and verify the 
map-units' boundaries on the 96 C sheet of the surfi cia l geology map of the 
Mackenzie Valle y Transportation Corridor. 

Some 3 weeks in Mar c h 1972 were spe nt drilling in the Norman Wells 
are a, More than 150 feet of co r e was recove red from ten different drill sites. 
The s e site s were locate d along the Canol Road, on the old and n ew s e ismic 
line s, and on the winter roads covering every map-unit of the are a. The 
r ecove r ed core w as store d in the freeze rs for further laboratory d e t e rmina
tion of the accoustic-wave propagation and for the thermo-properti e s tests. 

31. POLLEN STRATIGRAPHY OF A SEDIMENT CORE FROM 
ALPEN SID ING LAKE, ALBERTA 

Project 690064 

Sigrid Lichti-Fede rovich 

The polle n stratigraphy of a 14C-date d core of lake sediment from 
Lofty Lake in east-central Alberta at 54° 44'N and 112 ° 29 1W has b een desc ribe d 
by Lichti-Federovich1 . Another s ediment core was recove red in approximately 
1 m of water, by J. Terasmae and R. J. Mott from nearby Alpen Siding Lake, 
54° 27'N and 113 ° OO'W, and its polle n stratigraphy (Fig. 1) has bee n deter
mine d in detail. In addition, marly gyttja from the base of the core (385 to 
380 cm b e low the sedime nt-wate r interface) was submitte d for 14c age dete r
mination, yielding a date of 10, 700 .± 170 y e ars B. P. (GSC-1093)

2
• 

3
• 

The polle n stratigraphy is ve ry similar to the Lofty Lake section, 
yielding the following polle n zones: 

The lowe st zone , from 390 to 380 cm depth, corre lates closely with 
the Populus -Salix-Shephe rdia-Arte mis ia asse mblage of Zone L 1 at L ofty Lake, 
It is dominated by poplar (25-30%), with significant fr e que ncies of willow, grass, 
sage brush and s e dge. As was pointe d out in Lichti-Fe de rovich1 , Lofty Lake 
is the first reported occurrence for N. America of a po llen assemblage type 
dominate d by pollen of Populus, and this further re cord suggests the possibility 
of a r egionally endemic vegetation type. 
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Figure 1. Polle n diag ram from Alpe n Siding Lake , Alberta. 
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From the 378 to 353 cm l evel the polle n stratigraphy closely r esembles 
Zone L 2 from Lofty Lake - the dominant pollen type is Picea, w ith substantial 
frequencies of poplar, grass, sagebrush and s e dge. Unlike the corresponding 
zone fr om Lofty Lake this zone shows low frequencies of She phe rdia canadensis, 
but the cons istent occurrence of juniper matches the L 2 stratigraphy. 

At the 348 cm l eve l there is a sharp decl ine in spruce and a marked 
increase in the r e lative amount of birch. The assemblage, similar in most 
respects to Zone L 3, also include s the b eg inning of the Corylus curve. This 
zone ends at the 325 c m l eve l, and the zone boundary displays the same change s 
in r e lative frequ encies of the main pollen type s as does the transition from 
Zone L 3 to L 4 at Lofty Lake. There are increases in the fr equencies of pine , 
spruce and alder, w h e r e as the bir ch curve declines sharply. 

The uppe rmost stratigraphic unit, as at Lofty Lake, is dominate d by 
the three main arborea l pollen types - spruce, pine and birch. At the same 
l eve l the h erb pollen types d ecrease sharply. 

The reconstruc tion of the vege tation and pale oecolo g i c al infe rences to 
be draw n from this sect i on ar e similar to thos e reported for the Lofty Lake 
site. A pionee r poplar-shrub community is followe d, succe ssive ly, by a 
spruce forest (the pollen ass e mblage b e ing similar to thos e recorded wide l y 
from equivalent Late Pleistocene sediments in the Western Inter ior of the 
continent), a birch forest community w ith poplar and haze l, a birch-alde r
h e rb community, and finally a mixed spruc e -birch-pine forest which has p e r
siste d to the present day. 

1 
Lichti-Federovich, S.: The pollen stratigraphy of a dated section of Late 

Ple istocene lake sediment from central Alberta; Can. J. Earth Sci., 
v. 7, p. 938-945 (1970). 

2
st - Onge, D. A.: Quate rnary geology and geomorphology oftne Tawatina area, 

Alberta (83 I); in R eport of Activities, Part A, April to October, 1969; 
Geol. Surv . Can., Paper 70-1, Pt. A, p. 183-184 (1970). 

3 
Lowdon, J. A., Rober tson, I. M., and Blake, W., Jr.: Geological Surve y of 

Canada radiocarbon dates XI; Geol. Surv. Can., Pape r 71-7, 
p. 290 (1971). 

32. DRILLING IN SURFICIAL DEPOSITS NEAR 
FORT SIMPSON, NORTHWEST TERRITORIES 

Project 710047 

Gretche n V. Minning 

A three-week winter drilling program was carried out in connection 
with surficial geological mapping and geophysical surface ~e s istivity and 
seismic surveys done in the Fort Simpson map-are a (95H) during the summer 
of 1971. 

1 

The primary objectives of drilling were: 

1. to provide stratigraphic information that would show if surface resistiv ity 
and seismic surveys can be us e d to delineate permafrost bod ies; 
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2. to obtain subsurfac e information on surficial d eposits which were mapped 
large ly by air photo interpretation and helicopte r trave rse s. 

Sec ondary objective s include d deve lopment of t echnique s for sampling 
and c oring of frozen unconsolidated mate ria l s, and installation of multitherm
istors for A. L. Judge, Earth Physics Branch. 

K e nting-Big Indian drilling company provided drilling and e l e ctric logging 
service s. Atru.ckmountedMayhe w 1000 rotary drill r i g was used for drilling 
and coring and a water truck was on hand for wet drilling. A panel truck with 
probe, cable, and photographic e quipme nt was us e d for e l ectric logging in 
deep er hole s. 

Seventy-tw o holes, ranging in depth from 15 to 130 fe e t, were drilled 
along two existing s e ismic line s and in roadside ditche s where surface resistivity 
and s e ismic surve ys had b een run during the summe r. Chip sampl e s of bed
rock and froz e n and unfrozen unconso l idated mater ia l s were c olle cted. 
Electric logs were run in 34 hole s. 

Drilling showe d that r e sistivity surveys had predicte d p e rmafrost zones 
in some areas. E l sewhe r e , variations along resistivity curves indicated other 
geological phenomena such as changes in bedrock. Seismic velocity variations 
were fairly accurate in de t ermining thickness and types of frozen and unfrozen 
unconsolidated mate rials. 

Drilling adde d subsurfac e d etails on unconsolidated materials mapped 
over the ar ea during the summe r. 2 This study prov ided information on thick
n e ss and compositional variations of till, p e at, d e ltaic, and a e olian deposits 
and showe d that unconsolidate d mate rials over most of the are a are frozen only 
s e asonally to a shallow depth. Thick p e rmafrost occurred only in poorly 
draine d are as, i. e ., thos e mappe d as p eat-organic with till or lake plain with 
fen and p e at. 

A variety of co r e barre ls was r e quired to c ore froz e n materials. 
Experimentation was nece ssary w ith e ach sedime nt cored. 

Multithe rmistors installed in thr ee drill hole s have been successful in 
providing information for the Earth Physics Branch study of the rmal regime 
in unconsolidated materials and be drock. 

1 

2 

Rutte r, N. W., and Minning, Gretchen V.: Surficial geology and land class-
ificationMacke n z i e Valley transportation corridor; in R e port of Activitie s, 
Part A, April to October , 1971; Geol. Surv. Can.:Pape r 72-1 , Pt. A, 
p. 178 (1972). 

Rutter, N. W., Minning, Gretchen V., and Nette rville , J. A.; Surficial 
geology and geomorphology of Fort Simpson 95H; G e ol. Surv. Can., 

open file map (1972). 
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PALYNOLOGY OF THE "KANSAN" CARBONACEOUS 
CLAY UNIT NEAR MEDICINE HAT, ALBERTA 

Proj e et 6 5002 7 

R. J. Mott and A. MacS. Stalker 

I 

Stalke rl and Stalke r and Churcher
2 

have describe d the genPral surficial 
section nea r Medicine Hat, Alberta. The surficial deposits are expos e d in 
the various bluffs along the South Saskatchewan Rive r from about 7 mile s west 
of Medicine Hat to approximate ly 8 mile s north of the city. At most of the 
exposure s 100 to 200 feet of glacial and interg lacial deposits, chiefly till, sand, 
and silt, overlie 50 or so feet of 11preglacial" grave l , sand, silt, and clay. 
The se latter deposits are characterized by the abse nce of stone s brought from 
the Precambrian Shield by ic e. The carbonaceousunitfromwhichth e samples 
were taken for pollen analysis lies towards the base of the sect ion within the 
"preglacial 11 deposits, directly above the basal gravel and generally not far 
above rive r level. It is a dark, greyish blue claywithminor sand and, though 
only 1 to 5 feet thick, it is exte nsive and has been found in exposures along a 
6-mile stretch of the river. Wherever observ e d, it conta ins many sticks and 
much p eaty muck. 

Both the carbonaceous unit and .the underlying basal gravel, with 
which it has a gradational contact, contain numerous bone s that indicate 
the se units are of mid-Kansan age according to the vertebrate paleontology 
chronology. Taxa r ecognized from them to date include: Castor canadensis 
(be aver); Paramylodon harlani (Harlan's ground sloth); Nothrotherium sp. 
(ground sloth);~ cf. etruscus (wolf); Mammuthus imperator haroldcooki 
(Cook's mammoth); Equus scotti (Scott's hors e ); Equus calobatus (stilt-legge d 
ass); Came lops minidokae (Irvingtonian came l); Tanupolama? hollomani 
(Holloman' s long-legged llama); Antilocapridae indet, (prongbuck). The fauna 
doe s not g i ve much information about climate , which could we ll have been 
similar to the pres e nt one, with general prairie conditions and trees 
growin-g along the river. Interestingly, the carbonaceous unit with its 
abundant pieces of wood is· the only one n ear Medicine Hat in which 
beaver has been found. 

Samples for pa lynological study and wood ide ntification were taken at 
four different bluffs and the location and results are shown in Table 1. The 
samples from Island and Mitche ll Bluffs contained e nough polle n to warrant 
p e rcentage calculations bas e d on total pollen pre sent e qualling one hundred 
while the other two contain too little and numbers only are listed. All 
assemblage s include d some pre -Ple istoce n e palynomorphs, e specially 
Cretaceous spores, but these are not shown in the results. Pollen pre s e r
vation is variable; good in the Island and Mitche ll Bluff sample s, poor in the 
Scout's Falls and very poor in the Bain Bluff sample s. 

Pinus (pine ) and Picea (spruce ) polle n are not abundant e n ough to indi
cate the pr e senc e of thes e trees in the immediate area but rathe r transport 
from a short distance . The ir occurrence in the Cypre ss Hills area woul d 
account for their poll e n abundance. Numerous h erb polle n types, espec ially 
Artemis ia. Chenopodiineae and Gramineae (grasses), d e note prairie conditions3. 

Wood is abundant in the clay unit at all sites. It is usually strongly 
.::ompressed and poorly pre s e rved making identification difficult. Howe v e r, 
the following identifications have been made: at Island B luff, Salix (willow), 
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the road skirts b e drock that has had multiple grave l- ve neere d benche s (glacia l 
Lake C hampa gn e b e a c h e s) deve loped on it: the beach gravels are gene rally 
very thin, At Champagne a la r ge inte rlobate kame (?) lie s t r ans verse to the 
main va lley tr end, In S ec tion CD t h e highway is still (:rossing glaciolacustrine 
deposits. Howeve r, immediate ly north of the highway and at the mouth of the 
Aishihik Valle y, gravels are pr e sent: lateral moraine s and kame terraces 
can also b e trace d along the southe rn flank o f the Takhini Valley h ere, The 
g rave lly and morainic de posits we r e presumably d e p osite d w h en a glacier, 
r e treating to the southwe st, still occupie d the centre o f the va lle y in this s ection, 

Sect ion DE is underlain by till, fr e quently cappe d by glacio lacustrine 
clays and silts of late gla c ia l and N eoglacial a ge. Irregular pockets of gravels 
(beach e s or g lac iofluv ial in or i g in) are s catte r ed throughout the area. In 
Sect ion EF the high way runs along late g lacialandpostglacial g r ave l t e rraces 
and a lluv ial fans. Sec tion F G is similar to DE in that the road c ross e s mainly 
till, but patche s of glaciofluvial grave l, and possibly b e ach grave ls n ear Kloo 
Lake, are common, In S ection G H the highwa y follows a l ong late glacial and 
postglacial gravel d e posits. 

In Section HI Kluane Lake forces the highway aga inst the bas e of 
glacially overstee pene d cliffs, except where the Slims River delta (locality4) 
is crossed, Landslides have b een a common phenom e n on in p o stglacial time 
and still are a major threat to man's a c tiv ities in this area, 

In Section IJ the high way crosses glaciofluv ial grave l t e rrace s and post
glacial alluvial fans. Stream channe ls are constantly shifting on the fans and 
pos e a proble m to road mainte n a n ce, Till underlie s some of the topographic 
highs in the valley b ottom, Section JK is underlain mainly by fluted till: 
however the highway does cro ss lar ge grave l alluvial fans (localitie s 5 
and 6) and follows along the gra ve l terraces of the Kluane River . Or ganic 
a ccumulations ar e becoming m ore abundant in this s ection and probabl y indi
cate perched wate r-table s due to the shallow occurrence of permafrost. 
Section KL is underlain by till with spotty patche s o f grave l: local exposure s 
sugge st that the upp e r till in this area is r e lative ly thin, The rmokarst lake s 
have deve lope d in fin e -texture d d e posits within Section KL and indicat e ice 
l e nsing in these mate rials. The Donj e k River has formed a broad braide d 
gravel flo o dplain. 

In Section LM the high way follows along th e n or the rn edge of the 
Shakwak Valley where ice -rich fin e -texture d alluv ium and pond deposit s in 
the centr e of the valley impinge on slop e s underlain by bouldery colluvium 
and till. Only near locality 7 are coarse-texturedfluvial deposits encountered. 
Thick volcanic ash, thermokarst lake s and, in the easte rn part, sand dunes, 
are common features along this s ection: the southwe ste rn half of the valley 
appears to b e mainly unde rlain by till, 

In S e ction MN the highway c ross e s the postglacial White Rive r grave l 
t e rra ce s. In Section NO the highway follows along a large meltwater channel 
whose bottom is fill e d w ith ice-rich fin e -graine d sedime nts: howeve r glacio
fluvial grave ls are common along the upper e dge of this c h anne l. The hi gh
way c ross e s a large postglacial grave l fan at locality 8. 

In S ec tion OP the highw ay crosses disintegration moraines, compos e d 
of sandy till and dirty gravels, and glaciofluvial terraces and channels. The 
disintegration moraine s in the southe rn part of the s e ction have much more 
r e lie f than those near Beave r Creek where most de pre ssions are fill ed w ith 
silt and organic deposits. At localitie s 9 and 10 the highway c ross e s m e lt
water channe ls wh ere thick ice -rich o rganic deposits have accumulated, 
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Acer negundo (Manitoba maple ) and Populus (aspen or cottonwood); atMitchell 
Bluff, Fraxinus (ash), Populus and Picea (spruce); at Scout's Falls Bluff, 
Salix, P opulus and Sal ix occur along the South Saskatchewan Rive r nP.ar 
Medicine Hat at present and Pice a , Fraxinus and Acer n egundo would only 
require slight ext e nsions b eyond their present range s to account for their 
presence in the area . N o change in the paleoecological inte rpre tation bas e d 
on pollen is n eeded to accommodate the wood taxa. 

Therefore, open grassland conditions on upland sites with trees and 
shrubs occur rin g alon g the ri ve rs and on other suitable sites and possibly 
for e sts of pine and spruce in the Cypres s Hills is e nvisage d for the area. The 
climate at the time was probably similar t o the pres ent or slightly cooler and 
mor e moist. 

1 

2 

3 

Stalker, A . MacS.: Quate rnary stratigraphy in southe rn Albe rta; R e port II: 
Sections near M e dicine Hat; Geol. Surv. Can., Paper 69-26, 28 p. 
(1969). 

Stalker, A. MacS. and Churche r, C.S. : D e positsnearMedicine Hat, Albe rta; 
Geol. Surv. Can., Display chart with marginal notes (1970). 

Mott, R. J.: Palynological studies in central Saskatchewan. Contemporary 
polle n spectra from surface sample s; Geol. Surv. Can. , Pape r 69-32, 
13p. (1969) . 

34 . SURFICIAL DEPOSITS: ALASKA HIG HWAY, WHITEHORSE TO 
ALASKA- YUKON BOUNDARY 

Proj ect 6 50131 

V.N. Rampton 

During the summe r of 1971 the surficial geology of the area adjace nt 
to the A laska High way b e tween White hors e and the Alaskan Boundary was 
r ev iewe d as the first l eg of the Inte rnational Geological Congress Field Trip 
A-11 follows this route. The route of Alaska Highway follows the Takhini and 
Shakwak Valleys and Wellesley Basin (Fig. 1), physiographicunitswhichform 
a natural transpo rtation corridor through this part of the Yukon. A synthe sis 
of the surficial geology has b ee n pre pare d t o aid in any general evaluation of 
futur e possible deve lopment (pipe lines , etc. ) along the corridor. In orde r to 
facilitate the dis cuss ion, the route has been divide d into s e ctions. 

In S e ction AB (Fig. 1) the highway crosses a complex of bedrock and 
surficial mate rials. The b e drock eve rywhere is fairly near the surface . 
Gravel glaciofluvial fans occur at the mouths o f m e ltwat er channels, and a 
thin progla c ial cap of sandy outwash frequently covers glaciolacustrine silty 
clays at lowe r e levations. The central part of the valley is underlain by 
glaciolacustrine mater ials , often capped by sand dunes. 

In Sec tion BC the highway crosses glaciolacustrine silts and clays in 
which shallow the rmokarst d e pre ssions of up to 15 feet have formed: tilte d 
and drowned trees in some d e pres sions indicate that some recent melting has 
occurre d. B e twee n localitie s 1 and 2, and in the vic inity of locality 3 (Fig. 1) 
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TABLE 1 

Site location and pollen content 

Site (1). Island Bluff. (50° 08'50"N, 110° 39'20"W) (NW 1/4 sec, 5, tp. 14, 
rge, 5, W. 4th mer,) 

Site (2). Mitchell Bluff. (50° 07'40"N, 110° 37'30"W) (NE 1/4 sec. 33, tp. 13, 
rge. 5, W. 4th mer.) 

Site (3). Bain Bluff. (50° 08'00"N, 110° 34'40"W) (NE 1/4 sec. 35, tp. 13, 
rge. 5, W. 4th mer.) 

Site (4). Scout's Falls Bluff. (50° 05'20"N, 110° 40'30"W) (NW 1/4 sec. 18, 
tp. 13, rge. 5, W. 4th mer.) 

Trees 
Picea 
Pin us 

Shrubs 
Alnus 
Salix 
Elaeagnus 

Herbs 
Gramineae 
Tubuliflorae 
Liguliflorae 
Ambrosieae 
Artemisia 
Ch~nopodiineae 

Sarcobatus 
Rosaceae 
Ranunculaceae type 
Saxifragaceae type 
Umbelliferae type 
Lycopodium 
Pteridophyta 
Osmunda 
Polypodiaceae 
Cyperaceae 
Sphagnum 
Unidentified 

Per cent 
Site (1) Site (2) 

27.6 

o. 5 
0.5 

5.4 
2,2 

2.2 
28. 1 
23.8 

1. 1 

o. 5 
1. 1 

1. 6 

o. 5 
5.4 

7,5 
18. 1 

0.8 
3. 0 
0.8 

0.8 
2. 3 

45.9 
6.0 

0.8 
0.8 

5.3 

0.8 
0.8 
0.8 

6.0 

Numbers counted 
Site (3) Site (4) 

10 
2 

2 

2 

2 
2 

1 
13 

7 
1 

1 

19 
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Se ction PQ consists of a flat gravelly outwash plain: the northern e nd, how
ever, is covered by ice-rich organic d eposits containing many the rmokarst 
lakes. 

In S e ction QR the highway follows along be drock slopes having a veneer 
of colluvium and, in the southe rn part, glacial de posits. The broad valley
bottoms in this area are fill e d with icy silts and p e ats, often in e xcess 
of 30 feet thick, 

Bostock, H. S.: Kluane Lake , Yukon T e rritory, its drainage and allied 
proble ms; Geol. Surv. Can., Pape r 69-28, 19 p. (1969). 

Brown, R. J.E.: Permafrost investigations in British Columbia and Yukon 
T erritory; Natl, Res. Council Canada, Div, Build Res., T e ch. 
Pape r 253, 55 p. (1967). 

Day, J. H.: R e connaissanc e soil surve y of the Takhini and Dezade ash Valle ys 
in the Yukon T e rritory; Ottawa, Queen's Printer, 78 p. (1962), 

D e nton, G . H. and Minze Stuiver: Late Ple istoc e n e glacia l stratigraphy and 
chronology, northeaste rn St. Elias Mountains, Yukon Territory, 
Canada; Geol. Soc. Am, Bull,, v . 78, p. 485-510 (1967), 

Kindle, E. D.: Dezadeash map-area, Yukon Territory; Geol. Surv . Can,, 
Mem, 286, 68 p. (1953), 

Canada, Dept. of Public Works: Enginee ring study, AlaskaHighway, Canadian 
s ection; Ottawa, Queen's Printe r, 113 p. (1966). 

Rampton, V, N,: Late Pleistocene glaciations of the Snag-Klutlan area, 
Yukon Territory; Arctic, v, 24, p. 277-300 (1971). 

Whee ler, J, 0.: Whitehorse map-area, Yukon T e rritory; G e ol. Surv, Can,, 
M e m. 312, 156 p. (1961) , 

35. OVERBURDEN DRILLING AND SAMPLING 
AND GEOLOGICAL DATA COMPILATION 

TIMMINS - VAL D'OR AREA 

Projec t 710100 

R, G. Skinner 

A drilling and data - compilation program was initiate d in Nove mber 
under provisions of the Winter Special Employme nt Plan, The objective 
include d t e sting and applying drilling t echnique s on both detaile d and regional 
scale s and comp iling assessment data fil e d in Provincial Reside nt G e ologists' 
offices. The followin g is a bre akdown of the proj ec t. 

1 , As of March 31, 1972, s ome 250 hole s totalling over 22, OOO fee t have 
been drille d using both dual-wall and p e rcussion drills. 
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2, Fre que ntly , whe n drilling c ompact lodge m e nt till, chunks of till ar e 
r e turne d and can be c aught on a screen. The s e have b een proce ss e d 
and analyze d and c ompare d w ith r e sults from the r e st of the sampl e that 
pass e d through the s c r een as a slurry. The < 250 m e sh fraction and the 
h e avy mine ral fra c tion, ( <60 and >250 m e sh; S, G , >3, 3; minus ma gn e tic 
grains) are b e ing analyze d r outine ly for six e l e m ents, Other fractions 
will b e analyze d in a fe w c as e s; othe rwis e , the ywillbe storedforfuture 
r e f e rence. 

3. Detailed drilling has b een carrie d out in the v i c inity of Kamiskotia
Jame land to t e st and compare both samplin g and analytical technique s. 
C obra and Pionjar p e rcussion drills and dual- wall rotary drills w e r e 
c ompare d at the same site s. 

4. S e ve ral sample -s e que nce s through varve s, sand a nd gravel, till and 
b e drock have b een analyze d for m e rcury as we ll as base metals, 

5, Thin s e ctions made from drill chips of b e drock are proving very us e ful 
in ar e as of little or no b e droc k exposure . 

6 , Some 70 data c ompilation maps for townships and quarte r townships will 
b e comple t e d by the e nd of June , 1972, 

7. G e ochemical r e sults in the form of raw trace e le m e nt data will be place d 
on Ope n File as they b e c om e a v ailable for e a c h phase. Evaluation of 
the r e sults w ill b e c arrie d out over the n ext s e ve ral months and will b e 
published w h e n c omple t e d. 
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GENERAL 

A METHOD FOR THE DETERMINATION OF 
GEOGRAPHIC POSITION 

D. K. Norris 

With the increasing number of geologic al observations being made in 
Canada, it is more important than eve r that the ir geographic position be spe
cified in a manne r that they can be reloc ate d accurately and that duplicat e 
observations c an b e r ecognized. In regions of simpl e stratigraphy and struc
ture, exact positions may not be critical b ecaus e of l ateral continuity of fossil 
or mineral horizons . In geologically compl ex regions, howeve r, they are of 
utmost importance because of rapid and commonly unpredictable changes in 

rock types or in their structural confi gurati ons. 
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Figure 1. 

llNSflTUTE Of SEDIMENTAR Y ANO PElROUUM GEO\OGY 

-Y 1GEOLOGICAL SURVEY OF CANADA 

Replica of millimetre grid . Numbers are distanc es in centimetres 

from origin. 
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Locations of observations are presently expressed in two ways: 

1. by latitude and longitude, and 2. by Universal Transverse Mercator Grid 
co-ordinates. Both methods, if applied with care by the geologist, can allow 
the reader to relocate a point at best within a few hundred metres. Unfortun
ately, its position is lost relative to a prominent tree, boulder or other minor 
feature on the ground. 

A more exact method suggested to the reader some years ago by 
W.J. Hennessey and rapidly corning into use by Survey geologists 1 is that of 
expressing geographic position by means of a co-ordinate system on vertical 
(or oblique) air photographs. With this system in mind, the writer devised a 
transparent, millimetre grid overlay (Fig. 1) which can be placed on top of 
the photograph and the exact position read from the photo to the nearest fifth 
of a millimetre and estimated to the nearest tenth. If this method is applied 
carefully, any point so designated on the photo can be recognized without 
ambiguity on the ground within a few metres. 

This grid utilizes the conventional X-Y co-ordinate system and is 
placed with its X- and Y-axes coinciding with or oriented by the fiducial marks 
on the photo. On National Air Photo Library (NAPL) photographs, these 

marks may be centred along the edges of the picture or positioned at its cor
ners, and may or may not 1nclude a centre mark. Because most (vertical) 
photos are taken so that their sides are parallel to the north and east direc
tions respectively, the grid is oriented by convention so that its positive 
Y-direction coincides with north on vertical photos and with the up direction 
on obliques. The positive X-directions is east. When correctly positioned, 
the intersection of the X- and Y-axes will coincide with the centre of the photo
graph and a given point must fall in one of the four quadrants or on the 
co-ordinate axes. Thus a point falling in the northeast quadrant will have both 
its X- and Y- co-ordinates positive; in the northwest quadrant a negative X
and a positive Y-co-ordinate; in the southwest quadrant both negative X- and 
Y-co-ordinates; and in the southeast quadrant a positive X- and a negative 
Y-co-ordinate. The three points included in Figure 1 are assumed to have 
been visible through the overlay and will illustrate how co-ordinates are read: 

Air Photo X cm Y cm 

Al2664-79 Point A +3.42 o.oo 
B -1. 89 +4.63 
c -2. 75 -1. 3 6 

There is only one air photo with a given NAPL number, and this num
ber in conjunction with a given set of photo co-ordinates identifies a unique 
position on the ground. The reader can readily plot the point on his own photo
graph and see it in relation to its immediate geological and physiographic set
ting. Once recorded in this manner, moreover, the exact location can be 
resurrected even if an original photograph is lost or destroyed. Useful sup
plementary information includes the appropriate map-area designated accord
ing to the National Topographic System (e. g. 95N). 

In addition to the location of single positions, the method can be used 
to define exact ground stations at the beginning, end, and at any number of 
intermediate points of a traverse, stratigraphic section, or of the surface 
trace of any geological or cultural feature. It can, of course, be applied to 
hor·izontal photographs as well in order to convey accurate information about 
the exact location of position on structures, in stratigraphic sequences, and 
so forth, in publication, 

1 
Bamber, E.W.: Description of Carboniferous and Perrnian stratigraphic 

sections in northern Yukon Territory; Geol. Surv. Can., Paper, in 
preparation (1972). 
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ADDENDUM 

(May 24, 1972) 

37. WINTER WORKS LAKE BOTTOM SEDIMENT SAMPLING 
PROGRAM FOR THE TIMMINS - VAL D 10R REGION 

Project 710099 

E.H. W. Hornbrook 

A lake bottom sediment and till sampling project was performed under 
the Special Employment Plan of the Federal Winter Works Program. Field 
work was carried out in the Timmins-Val d'Or region of northern Ontario 
and northwestern Quebec from December, 1971 to early April, 1972. The 
project was planned and supervised by E.H. W. Hornbrook and conducted, 
under contract, by C.F. Gleeson and Associates Ltd., Ottawa. The total 
project provided 95 man-months of empl oyment. 

Objectives of the project were to provide winter employment and to 
evaluate the following aspects of geochemical exploration in the clay belt 
environment of the region. 

1) The effectiveness of regional lake bottom sediment sampling in the clay 
belt to detect meaningful metal dispersion halos. 

2) The effectiveness of bottom till sampling by overburden drilling to 
detect anomal ous dispersion halos in till. 

3) The comparison of the element content in lake bottom sediment and till 
at the same sample site to determine their relative suitability as a 
sample medium. This includes inspection of the geochemical disper
sion halos of the two materials to determine their relationship to each 
other and to known mineral occurrences. 

4) The suitability of var ious selected mesh sizes of lake bottom sediment 
and till prepared for analysis to enhance the contrast of anomalous 
metal values. 

In the regional lake bottom sediment sampling program: 1327 samples 
were collected from 6580 square miles in the Val d 1 0r-Noranda, Quebec area 
and 1400 samples were collected from 6952 square miles in the Kirkland Lake
Timmins, Ontario area. 

The overburden drilling program was carried out on lake ice as fol
lows: Pelletier Lake - 30 sample sites; Macamic Lake - 77 sample sites; 
Abitibi Lake - 54 sample s ites and Night Hawk Lake - 60 sampl e sites. Cal
culated footage required to collect the bottom till samples would be 12, 124 feet; 
however, actual footage, including drilling to determine bedrock depth prior 
to sampling and occassional multiple attempts to collect a sample, was 
30, 370 feet. These samples were processed to obtain a heavy mineral sepa
rate and a -230 mesh sample. All samples have been analyzed for Cu, Pb, 
Zn, Mo, Ni, Mn, As and Ag and these results, together with appropriate 
f i eld data, have undergone key punching, compiling, listing, digitizing and 
simpler statistical treatment. 

Limited access and poor g r ound mobility combined with adverse 
winter weather and snow conditions made it impossible to obtain the desired 
uniform distribution of sample sites throughout the region. Access to sample 
sites was by vehicles on ploughed secondary roads, Snowmobile travel, and 
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snowshoe traversing where necessary. There was no fixed or rotary wing 
air support. Thus, there are some areas with littl e or no samples w ithin the 
region and other areas that appear, relatively, to be oversampled. 

Contamination of sample site s by mining and other industrial activity 
and the resulting high metal concentrations creates a problem in the evaluation 
and interpretation of the data. At many sampl e sites, contamination was 
observed and the type recorded on field cards. Howeve r, contamination is 
not necessarily recognized in w inter. Thus, there are possibly many high 
element concentrations liste d for sample sites where contamination was pres
ent but not recorded. At all sites samples we r e collec t e d through holes 
chipped, cut or augere d through ice. 

Careful examination of the data showed several areas of interest aside 
from the obvious ones closely associated with the mining camps of Kirkland 
Lake, Noranda, etc. 

Variable sample d ens ity and the contamination mentioned above stress 
the necessity for a careful consideration of the data. Follow-up work, with 
resampling as a prerequisite, is recommended before serious exploration in 
any interesting area is undertaken. 
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