
GEOLOGICAL 

SURVEY 
OF 

CANADA 

DEPARTMENT OF ENERGY, 

MINES AND RESOURCES 

REPORT OF ACTIVITIES, 

PAPER 71 -1 
Part B 

Part B: November 1970 to March 1971 

• 

rke, $2.00 1971 

npreault
Regular black



Technical editing and compilation 

R. G. Blackadar 

Layout 

Leona R. Mahoney 





I 
CANADA 

GEOLOGICAL SURVEY 

OF CANADA 

REPORT OF ACTIVITIES, 

PAPER 71 -1 
Part B 

Part B: November 1970 to March 1971 

DEPARTMENT OF ENERGY, MINES AND RESOURCES 



@>Crown Copyrights reserved 
Available by mail from Information Canada, Ottawa 

from the Geological Survey of Canada 
601 Booth St., Ottawa 

and 

Infonnation Canada bookshops in 

HALIFAX - 1735 Barrington Street 
MONTREAL - 1182 St, · Catherine Street West 
OTTAWA - 171 Slater Street 
TORONTO - 221 Yonge Street 
WINNIPEG - 499 Portage Avenue 
VANCOUVER - 657 Granville Street 

or through your bookseller 

Price: $2.00 Catalogue No. M44-71- 1B 

Price subject to change without notice 

Infonnation Canada 
Ottawa 
1971 



- iii -

CONTENTS 

Page 

INTRODUCTION .•..•.•.•••......••.• '• •........•. ,, .. ,.,,,,,, ... 

ANALYTICAL CHEMISTRY 

1. SYDNEY ABBEY: Atomic absorption (and flame emission) 
spectroscopy .. , .... , .. , ... , , . , .. , . , , . , .. , ....... , , . . 2 

2. J. L. BOUVIER, J. G, SEN GUPTA AND SYDNEY ABBEY: Novel 
applications of an "automatic sulphur titrator" . , , , , , , , , . 2 

3, W. H. CHAMP: Application of spectrochemical methods to trace 
element_ determinations in geological materials , , , . , , ... , 3 

4, J. G, SEN GUPTA: Atomic absorption spectroscopic methods for 
determining the noble and the base metals in osmiridium, 
native platinum and sperrylite .•.••.•..•.•....••.•. , , , , 4 

CORDILLERAN GEOLOGY 

5, J.E. MULLER: Chemistry and p e trology of some Mesozoic 
volcanic rocks of Vancouver Island, British Columbia.... 5 

ECONOMIC GEOLOGY 

6, K. R. DAWSON: Niobium (columbium) and tantalum deposits 11 

7. D.F. SANGSTER: Geology of lead and zinc deposits in Canada., 12 

8, R.I. THORPE: Geological study of silver deposits in Canada • • • 15 

EXPLORATION GEOPHYSICS 

9. R. H, AHRENS AND L. S. COLLETT: ELF natural electro-
magnetic field investigations ••.•••..•.•.• , . • • . • . • . . • • . • 1 7 

10. A, G, DARNLEY AND R. L. GRASTY: Airborne radiometric 
survey maps and profiles .• , . • • . . . . • . . • • • • . • . • . • . • • . . . 19 

11, G, FINZI-CONTINI: Theoretical study on membrane polarization 
and complex mobility in moist rocks • • . • . • • • . • . • • . • . • • . 23 

12, R. M. GAGNE: Seismic survey, southwestern Cape Breton 
Island, Nova Scotia ......•.•....•..•..•. , . • • . • • . • . • • • • 24 

13, R. M, GAGNE: A hammer seismic survey, Woodstock area, 
New Brunswick •••.•.••..•. , .• , . , .••.•.• , •••.••••••. , 35 



- iv -

CONTENTS (cont'd) 

Page 

14. PETER HOOD AND MARGARETE. BOWER: Low-level aero-
magnetic surveys in the Labrador Sea 37 

15. J. A. M. HUNTER: A computer method to obtain the velocity-
depth function from seismic refraction data . • . • • . . • • • . • • 40 

16. J.A.M. HUNTER AND R. GOOD: A hammer seismic investigation 
of the permafrost layer, Mackenzie Delta . • . . • . . • . . . • • • • 49 

1 7. J. A. M. HUNTER AND R. M. GAGNE: Seismic reflection test, 
Quyon, Quebec 50 

18. T.J. KATSUBE AND L.S. COLLETT: Electrical rock 
properties 58 

1 9. H. A. MacAULA Y: A seismic refraction investigation in the 
St. Joseph Island, Sault Ste, Marie area, Ontario • • . • . . • . 60 

20. E.J. SCHWARZ: Rock magnetism as a geological tool • • . • • • • . . 62 

21. V.R. SLANEY: Anassessmentofthermalinfraredscanning ..• 66 

GEOCHEMISTRY 

22. Q. BRISTOW: Development of instrumentation for vapour 
sensing . • . . • • • • • • • • • . • • • • • • . • • . • • . • . • • . • . . • . • • . • . • • • 69 

23. W. DYCK: Lake sampling vs. stream sampling for regional 
geochemical surveys ••••.•.••.•• ; • . • • • • • • • . • • • • • • • . • . 70 

GEOCHRONOLOGY 

24. R. I. THORPE: Lead isotopic evidence on age of mineralization, 
Great Bear Lake, District of Mackenzie . • . • • . • • • • . • • • . . 72 

25. R. I. THORPE: Comments on rock ages in the Yellowknife area, 
District of Mackenzie • • . • . . • . • . . • • • • • • • • • • • . • • • • • . • . . 7 6 

MINERALOGY 

26. J. RIMSAITE: Partly-fused phlogopite from eclogite nodules and 
its relation to diamond-bearing kimberlite and related 
rocks 

27. J. RIMSAITE AND G. R. LACHANCE: Examples of spinel-mica 
associations in Canadian ultrabasic rocks and in nickel 

80 

deposits •..•..•••.••.••••••••..• , • • • • • . • • . • • . • • • . • • • 82 



- v -

CONTENTS (cont'd) 

PALEONTOLOGY, STRATIGRAPHY AND BIOSTRATIGRAPHY 

28. WAYNE W. BRIDEAUX: Palynologic evidence for a very late 
Cretaceous age of Little Bear and East Fork Formations, 

Page 

District of Mackenzie •••••••.••••.••••..•.••••.••• , • . • 86 

29. B. E. B. CAMERON: Tertiary stratigraphy and microfaunas 
from the Hesquiat-Nootka area, west coast, Vancouver 
Island . . • . • • • . . • . • • • • • • • . • • • • . . • . • • . • . . • • • . • • • • . • • • • • 91 

30, B. E, B. CAMERON AND J. W. H. MONGER: Middle Triassic 
conodonts from the Fergusson Group, northeastern 
Pemberton map-area, British Columbia • • • • • • • • • • • . • . • • . 94 

31, W. S. HOPKINS: Preliminary ecological comments on Albian 
microfloras from the Canadian Arctic Islands • , • • • • • . . • • 97 

32. W,S. HOPKINS: Cretaceous and/or Tertiary rocks, northern 
Somerset Island, District of Franklin ••••••••••••••. , ••• 102 

PETROLEUM GEOLOGY 

/ 

33. L, R. SNOWDEN: Source rock analysis in Alberta and the 
Northwest Territories, utilizing borehole cuttings .•.• , •.• 105 V 

PRECAMBRIAN GEOLOGY 

34. JOHN B. HENDERSON: A contribution to the structural geology 
at Yellowknife, District of Mackenzie ••.•.••.•.••.••..•• 106 

QUATERNARY RESEARCH AND GEOMORPHOLOGY 

35, D.R. GRANT: Glacial deposits, sea level changes and pre-
Wisconsin deposits in southwest Nova Scotia •.••••••••••• 110 

3 6. D.R. GRANT: Geomorphology, Lake Melville area, Labrador .•• 114 

37. D.R. GRANT: Glaciation of Cape Breton Island, Nova Scotia 118 

38. D.E. LAWRENCE: Modifications to rapid sediment analyser 120 

39. R.J. MOTT: Palynology of a buried organic deposit, River 
Inhabitants, Cape Breton Island, Nova Scotia ............ 123 

40. R.J. MOTT: Radiocarbon dates from Saskatchewan . ........... 12 6 



- vi -

CONTENTS {cont'd) 

"'- Page 

41. V ,N, RAMPTON: Ground ice conditions: Yukon coastal plain 
and adjacent areas •......••.•..•. , .. , ..•••. , •.... , .•• , 128 

42. JAMES M. SHEARER: Preliminary interpretation of shallow 
seismic reflection profiles from the west side of 
Mackenzie Bay, Beaufort Sea • . • . . • . • • • • . . • . • . . • . • • . . • . 131 



REPORT OF ACTIVITIES, NOVEMBER 1970 TO MARCH 1971 

INTRODUCTION 

The forty-two reports that make up this publication describe 
briefly some of the work carried out by members of the Geological Survey of 
Canada between November 1970 and March 1971. Many of these contributions 
report the results of one aspect of a scientific project and are thus in the 
nature of "Progress Reports", some are designed to keep other earth scien
tists aware of the Survey's current approach to certain res ea rch problems 
and others are complete albeit brief reports on some aspect of geological 
research. The figures used to illustrate this publication are reproduced 
without change from material supplied by the authors. Manuscripts were 
accepted for inclusion in this report until April 30, 1971. 

The Report of Activities (parts A and B), the reports on isotopic 
and radiocarbon dating, the annual index of publications and the volume of 
abstracts of papers published by Survey personnel in non-Survey publications 
provide an annual accounting of most of the published scientific output of the 
Branch. Requests for announcement cards, geological reports, maps or infor
mation on specific areas or topics should be addressed to: Geological Survey 
of Canada, Department of Energy, Mines and Resources, 601 Booth Street, 
Ottawa KIA OE8, Canada. 
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ANALYTICAL CHEMISTRY 

ATOMIC ABSORPTION (AND FLAME EMISSION) 
SPECTROSCOPY 

Project 690090 

Sydney Abbey 

New components installed in our atomic absorption system 
included a solid-state read - out module, including built-in scale expansion, 
damping, base-line drift compensation and linear absorbance signal; a new 
burner mount; hollow cathode lamps for the three rarer alkali metals; a 
mechanical beam-chopper and a wavelength scanner, permitting emission 
measurements with background correction; and a near - infrared - sensitive 
photomultiplier tube. 

Thus far, the new components have not alleviated the problems in 
Si determination, but further work is contemplated. The components have 
helped to confirm the superior sensitivity of flame emission over atomic 
absorption in determining Rb, Li and Cs down to less than 1 ppm in rocks. A 
great improvement was also observed in potassium determination. 

Additional hollow cathode lamps were also acquired and consider
able work done in the determination of precious metals. Details are given in 
a separate report by J. G, Sen Gupta. 

2. NOVEL APPLICATIONS OF AN 
"AUTOMATIC SULPHUR TITRATOR" 

Project 6 900 90 

J. L, Bouvier, J. G, Sen Gupta and Sydney Abbey 

In an effort to simplify and increase the production rate of the 
induction furnace method for sulphur determination, an automatic sulphur 
titrator was acquired, similar to that in use at the Geological Survey's 
Institute of Sedimentary and Petroleum Geology, Calgary. The instrument 
absorbs sulphur dioxide, resulting in a diminution in the colour of the starch- , 
iodine complex, which is detected by a photocell, in turn actuating a relay 
which draws more iodate titrant into the absorption vessel. On the comple
tion of absorption, the volume of titrant used is read on a burette. By elim
inating the need for special absorption vessels containing(txcess iodate-iodide 
solution, which would require back-titration after absorption was completed, 
this device resulted in at least a three-fold increase in output and a marked 
diminution in the analytical skill required for the analysis, 
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Taking advantage of the fact that the non-aqueous titration of car
bon dioxide involve s a colour change as well, attempts were made to use the 
sam e a utomati c titrator for carbon determination. Results have b een encour
agin g but not y et conclusive. There is r eason to b e lieve that this d evice will 
prove satisfactory for determining the carbon dioxide evolved either by com
bustion or acid-evolution. Such a scheme would represent a modes t improve
m ent in speed, a significant decrease in manipulative operations, and prob
ably increas e d accuracy at the low end of the working range. 

A third possibl e application of the same automatic titrator is in 
the d ete rmina tion of ferrous iron. The method under study is based on that 
u sed for chromite, where the sample is dige sted in a mixture of phosphoric 
and sulphuric ac ids , sulphur dioxide being evolved by reaction between ferrous 
iron and sulphuric acid. The automatic titrator has b een a pplied to the mea
surement of the sulphur dioxide, which is proportiona l to the ferrous content 
of the sample, The method h as worked well on both silicate and ox ide sam
ples , but certain contradictions between the proposed m ethod and the classical 
Pr att proc edure h ave been further complicated by unsatisfactory results from 
the l a tter method, Should the new method prove satisfactory, it would repre 
sent a small time-saving and great reduction in required skill, when c ompared 
to the classical procedure, and a more effective decomposition w ith no loss in 
speed w hen compared with the current "rapid" method, 

3. APPLICATION OF SPECTROCHEMICAL METHODS TO 
TRACE ELEMENT DETERMINATIONS IN 

GEOLOGICAL MA TE RIALS 

Project 690090 

W . H. Champ 

Analytical difficulties which h a d forced the discontinuance of our 
procedure for trace volatile e l e ments in silicates were r e solved and a much 
improved m ethod establishe d, enabling these analys es to be carried on with 
b etter precision and accuracy than before . This method e mploys factional 
distillation of the volatile elements from the sample in a globule-type DC arc, 
A buffer mixture of alumina a nd alkali salts gives bette r arc stability and 
precis ion than earlier methods, and matrix e ffects are small enough that 
most of the common silicate rocks and minerals can be analyzed, excluding 
the ultrabasic rocks. On a minimum 25 milligrams of sample we c a n deter
mine 15 elements, as follows: ... 

Zn Pb Ga Sn B Ge As mo Tl Sb Bi Cd Ag In Te. 

Results are reported to two significant figures, ± 30%, within the 
'concen t ration r an ge of 0 .1 to 1000 ppm. (The elements Hg, Au and Cu may 
b e d e t ec ted also, but quantitative determinations for them cannot be made,) 
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4. ATOMIC ABSORPTION SPECTROSCOPIC METHODS FOR 
DETERMINING THE NOBLE AND THE BASE METALS 
IN OSMIRIDIUM, NATIVE PLATINUM AND SPERRYLITE 

Project 690090 

J. G, Sen Gupta 

Atomic absorption spectroscopic methods for determining the 
noble and the base metals in osmiridium, native platinum and sperrylite have 
been developed with synthetic solutions; the methods then applied to the anal
yses of some naturally occurring samples. 

A comparative study of the three spectroscopic buffers (0. 5% Cu -
0. 5% Cd, 1 % La, 1 % Sr) revealed that 0. 5% Cu - 0. 5% Cd buffer is superior 
for atomic absorption determination of micro and macro amounts of all the 
noble metals in the said materials. For determining platinum and rhodium, 
the solutions should be diluted to a suitable volume to avoid interferences of 
the overwhelming amounts of the other noble metals. The base metals can be 
determined from either 1 % La or 1 % Sr buffer medium. 

The decomposition of osmiridium was effected by dry chlorination 
at 700 - 750°C, and those of native platinum and sperrylite by a .combination 
of aqua regia treatment and dry chlorination, or dry chlorination alone at ele
vated temperatures. Osmium and ruthenium were distilled from the chlori
nated product by perchloric acid and collected in hydrobromic acid. After 
removing the excess acid, the determination of these two elements in the 
mixture (containing 0, 5% Cu~ 0, 5% Cd as spectroscopic buffer) was completed 
by atomic absorption spectroscopy. After evaporation and conversion to 
chlori.de the remaining noble metals and the base metals were determined 
from various aliquots by atomic absorption spectroscopy in the presence of a 
suitable spectroscopic buffer as stated above. 
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CORDILLERAN GEOLOGY / 

CHEMISTRY AND PETROLOGY OF SOME MESOZOIC 
VOLCANIC ROCKS OF VANCOUVER ISLAND, 

BRITISH COLUMBIA 

Project 68003 8 

J.E. Muller 

Introduction 

The early-Mesozoic volcanic cycle of Vancouver Island is com
posed of a lower part of Triassic basaltic flows, pillow-lavas and breccias 
(Karmutsen Volcanics) and an upper part of Lower Jurassic andesitic to rhyo
dacitic flows, breccias and tuffs (Bonanza Volcanics) separated by Upper 
Triassic and Lower Jurassic sediments, Commonly these two volcanic 
sequences are different in appearance or can be separated readily on the basis 
of structure. But in many small outcrops a definite formation-assignment, 
essential for structural interpretation, cannot be made on megascopic or 
even microscopic characteristics. To aid clas'sification and distinction of 
these two major rock-groups 6 samples of Karmutsen Volcanics, from a 
± 6, 000-foot section exposed on Mount Flanigan, west of Upper Campbell 
Lake and 19 samples of Bonanza Volcanics from a section, about 8, 000 feet 
thick, exposed along the Pacific Ocean north of Cape Parkins, were selected 
for chemical analysis, 

Chemical Analyses 

The analyses were done by S. Courville of the Geological Survey 
using X-ray fluorescence, supplemented by rapid chemical analysis for FeO, 
NazO, Pz05, COz and total HzO. Table 1 shows the analyses (arranged in 
stratigraphic succession of the sections) and Figure 1 shows a Larsen plot 
of the data, together with some average compositions of classes of volcanic 
rocks according to Nockoldsl, · ·· 

The plot shows excellent separation of Karmutsen and Bonanza 
Volcanics. The cluster of Karmutsen lavas, between -11.2 and -15.3 on the 
abscissa, contains on the silicic side Nockolds' "normal tholeiitic basalt". 
Values for three analyses of Karmutsen Volcanics from Queen Charlotte 
Islands 2 could not be plotted separately: two coincide with values on opposite 
ends of the Karmutsen-cluster and one coincides with the basic end of the 
Bonanza andesite group. Plotted on Kuno' s3 alkali-silica diagram the 
Karmutsen rocks are partly in the tholeiite field and partly in the high
alumina-basait field. 

The largest group of Bonanza Volcanics plots between -0. 5 and 
-6. 7 on the abscissa of the Larsen diagram, This cluster coincides, on its 
silicic side, with Nockolds' "average andesite"; the average of 5 Aleutian 
basaltic andesites 4 agrees with the basic side of this cluster. One basalt, 
similar in chemistry to Karmutsen Volcanics, is also present. Plotted on 
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Kuno's alkali-silica diagram Bonanza Volcanics are scattered across the three 
(tholeiite, high alumina and alkali) fields, but most of them are within the 
alkali field. As the petrographic character of these rocks, so far as can be 
ascertained in spite of fine grain-size and alteration is calc-alkaline, but 
albitized, it is suggested that the high alkali values are due to secondary 
enrichment in sodium. 

Two analyses plot close to the "average dacite" of Nockolds 1 and 
five analyses cluster between the points for "average rhyodacite" and "average 
dellenite" (= quartz-latite), An analysis of "andesite" from the Yakoun 
Formation of Queen Charlotte Islands 2 would plot slightly to the left of the 
Bonanza dacites. 

Fused-rock refractive indices 

Refraction indices of fused rock were determined according to 
Mathews 15 method by courtesy of B. N. Church of the British Columbia 
Department of Mines and Petroleum Resources (beads by L,E, Sheppard; 
refraction indices by E. F. Karpick). The results, shown on Table 1 and 
Figure 1, correlate very well with the analyses. Karmutsen basalts range 
between R, l. 1, 596 and 1. 622, Bonanza andesites between R. l. 1, 558 and 
1. 583, and the one sample of basalt has an index of 1. 594. Bonanza dacites 
(only two samples) range from R. l. 1. 525 to 1. 583 and rhyodacites from 
1.491 to 1. 504, Clearly this m ethod can be used as a fairly reliable tool to 
determine the general composition of these volcanic rocks. Bearing in mind 
that apparently there are a few basaltic andesites in Karmutsen Volcanics and 
a few basalts in Bonanza Volcanics the method can be used with discretion to 
distinguish the two rock-groups. This has already been put into practice by 
K. Northcote (pers. comm.), 

Petrography 

Karmutsen basalts, either in flows or in pillows and breccias, are 
quite uniform in composition and chemistry. They are fine grained, dark 
greenish to brownish grey, brown weathering rocks and commonly show small 
feldspar phenocry?ts and amygdules filled with secondary minerals. Thin 
sections show equigranular ophitic or porphyritic assemblages of labradorite 
and augite in about equal amounts, together with fine opaque matter and pal
agonite, Vesicles are filled with chlorite, quartz, epidote, and also com
monly pumpellyite and in many rocks the feldspars are saussuritized, 

Bonanza andesites are dark reddish to greenish grey rocks, less 
massive and more coarsely vesicular than Karmutsen basalts. They are gen
erally fine grained to aphanitic, but there are distinctive coarse porphyries 
containing densely packed plagioclase phenocrysts to 1 cm long. The large r 
vesicles commonly contain calcite and rosettes of zeolite. Thin sections 
show saussuritic plagioclase, commonly in two generations and, where deter
minable, with composition of andesine or labradorite and intersertal grains 
of clinopyroxene. Hypersthene, definitely identified in some samples as a 
second pyroxene, may also be represented by rectangular pseudomorphs of 
talc and serpentine in other thin sections. The mesostasis consists mainly 
of chlorite, serpentine and opaque matter. Clouthier6 detecte<i by X-ray dif
fraction the minerals ripidolite (a chlorite) and laumontite in some of the 
writer's samples. 
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Figure 1, Fus e d-rock refraction indic es and Lars e·n plot of compositions 
of some Mesozoic volcanics of Vancouve r Island together with 
Nockolds ' averages for some volcanic rocks. 

Bonanza dacit e s are reddish to greenish grey rocks of lighter hues 
than the andesites, commonly containing conspicuous w hite or pinkish plagio
clase phenoc rysts 1 to 2 mm long and small specks of h ematite. Thin sections 
s how pheno c rysts of lar ge ly a ltered oligoclase-andesine and minor pyroxene, 
a lso mostly altered, in a diffuse matrix of feldspar and interstitial quartz. 
Bonanza rhyodacites ar e r e ddish, greenish and pinkish grey aphanitic or vitro
phyric rocks w ith white or pink feldspar phenocrysts, a few mm long. Thin 
sections show the albitic phenocrysts in a matrix of fin e feldspar and quartz, 
c hlorite and h e m atite. Staining of some sections of these rocks failed to 
r eveal any potash fe ldspars. 
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TABLE 1 

Bonanza Volcanics, north of Cape Pork ins 

68.6 0 . 55 

2 67.8 0.55 

3 48.6 l.02 

4 48 . 7 1. 53 

5 50.0 2.03 

6 53 . 5 l. 96 

7 51. 1 l.40 

8 52.1 l.70 

9 47.9 1.28 

10 43.7 l.59 

11 50.1 0 . 86 

12 55.7 0.69 

13 49.4 0.82 

14 69 .6 0.27 

15 72.4 0 . 30 

16 51.4 2.21 

17 74.4 0.29 

18 60.4 l.11 

19 61.2 1.13 

15.2 2.4 2. 0 0. 08 

15.0 2.3 1.8 0.08 

19.6 2. 8 5.6 0. 16 

17.2 3 .. 7 6.4 0.26 

15.8 3.8 7.4 0.24 

14.8 3.6 7.4 o. 19 

15.4 4.4 5.4 0. 14 

15.3 4.3 5.7 0.18 

19.2 3.9 5.3 0.14 

16.9 7. 1 4 .7 0.16 

17.4 2.9 4 . 9 0. 14 

16.5 1.9 5.2 0.17 

17.5 1. 9 4.5 0.15 

13.5 0.9 1.8 0.06 

13.0 0 . 5 2.9 0.11 

14.2 2.4 7.9 0.26 

12.8 0. 3 2.2 0.09 

15.3 2.1 5.0 0.16 

14.9 2.7 4.0 0.14 

1.7 1.2 5.0 3. 1 0.12 

1.5 1.4 5.2 2. 6 0.12 

4.5 9.3 3. 7 0.8 0.05 

8.0 5.6 4 .4 1.0 0.42 

6.2 4.8 5. 2 1.1 0.52 

5.2 5.8 4.2 1.5 0 . 61 

5 . 1 6.8 4.8 1.7 0.42 

4. 7 6.4 3.8 1.5 0.37 

3.7 9.4 3.3 0.7 0.28 

9.3 5.8 3.8 1.0 0.09 

6 . 7 5.4 4.5 2.2 0 . 17 

4 . 7 9.0 3.4 1.0 0. 18 

4.2 10.9 4.4 1.2 0.22 

1.4 2.2 2.3 2.1 0.03 

1.9 1.3 4.4 2.2 0.03 

5.1 7.4 3.9 0.8 0.63 

1.6 0.7 5.0 1.5 0.03 

3.1 4.1 4.2 2. 8 0.26 

3.3 2.4 5.4 1.9 0.29 

0. 7 1. 1 

1.6 0 . 9 

0.5 2.2 

0. 1 3. 9 

0.2 3.3 

0. 1 2. 5 

1.6 2.5 

O: 1 2.4 

2.5 3.0 

0.8 4.6 

1.0 3 .6 

0. 2 2. 7 

2.8 1.4 

2. 9 2.0 

0.3 1.1 

1.4 2.6 

0.1 0. 7 

1.0 1.9 

0.2 1. 7 

3, 4, 5, 6, 7, 8, 11, 12, 13: aphanitic and fine-grained andesite flows 

9: coarsely porphyritic andesite flow 

18, 19: fine-grained and aphanitic porphyritic docile 

1, 2, 14, 15, 17: fine-grained and aphanitic porphyritic rhyodacite 

Karmutsen Volcanics, Mt. Flanigan 

49. 2 1. 56 

2 47.3 2. 38 

3 47.4 1. 25 

4 47.7 2.24 

5 48.8 2. 31 

6 49.5 1.23 

15.0 4.4 7.3 

13.0 5.2 8..8 

13.9 4 . 1 6.5 

13.9 4.6 9.0 

12.9 4.3 9.1 

17.1 1.5 7.5 

0. 18 6. 9 

0.23 7.0 

0. 17 7. 7 

0.20 6.3 

o. 19 6.4 

0. 14 5.4 

10.0 

9.3 

10.5 

10.4 

11. 2 

13.1 

1 - 4: basalt flows, finely amygdaloidal; 

5: pillow lava 

6 : porphyritic basalt flow 

3.4 0.4 

2. 7 0.5 

3. 5 tr 

l. 7 0. 2 

1. 9 o. 1 

2.3 0. 1 

, · 

0.12 
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Mesozoic volcanic history 

The Meso zoic volcanic history of Vancouver Island is c haracter
ized by the initial outpouring of as much as 20, 000 feet of tholeiitic flood
basalts including pillows, breccias or flows forming a north- south elongated 
volcanic shield. Upper Triassic and locally Lower Jurassic volcaniclastic 
and carbonate s edimentation followed and was in turn succeeded by Lower 
Jurassic and ? later outpouring of andesitic to rhyodaciti c flows and their 
associated tuffs, breccias and minor greywackes. Present distribution and 
thickne ss (8, 000 feet in one measured section) suggests the younger rocks are 
part of submarine cones, located mainly on the west-side of the basaltic shie ld. 
Emplacement of granitic rocks of the Island Intrusions into the volcanic shield 
occurred in Midde Jurass ic time, after and perha ps also in c onjunction with 
the extrusion of andesitic and more silicic volcanics. 

There appears to be an analogy b etween the Triassic-Juras sic vol
canic histor7 of Vancouver Island and the C eno zoic history of wes tern Washington 
and Oregon • There too an early Eocene thole ii tic s hield m~re than 15, 000 feet 
thick and par a ll e lling the present coastline for about 400 mil es is overlain by 
volcaniclastic sediments followed by L ate Eocene to Oligocen e andesitic vol
canics that were erupted from cones that formed a long the easte rn edge of the 
basaltic shield. This volcanic pile has b een inferr e d to have been built directly 
on oceanic crusts. 

Anot h e r pos s ible analogy is the mechanism of developme nt of the 
Aleutian Island Arc, as diagrammatically shown by Coats 9. Three figures 
show deve lopme nt of the "subduction zone " b e low the island arc (before 
"subduction" and "plate tectonics" had b ecome fashi onabl e geotectonic terms) 
and m agmas being gen erat e d above that zone in the mantle. The first stage 
shows "shield volcanoes" built on oceanic crust; as move m ent along the "thrust 
fault" proceeds eruption of the shield volcanoes move s oc eanward. In the third 
s tage 11 andesiti c strato volcanoes" appear on the side of the shield-volcanoes. 
It is inferred that part of this isla nd arc r e sts on older e ugeosynclina l sequences, 
a nd pa rt of its rests on o ceanic c rust. 

The V a ncouver Island Meso zoi c volcani c complex is known to ove r
lie a partly m e t amorphosed pre-Pennsylvanian vol canic complex (Sicke r Group 
a nd Westcoast Gne iss Complex) and one inay reasonably infe r that this com
plex rests on or m e rges into oceanic crust. The M es o zoic sequence h as 
therefore the c h emical-petrographi c characteristics _and the structural.setting 
c ompatible with that of an early - M esozoi c island a r c off the North American 
paleocontinent. 

Conclusions 

The a n a lys es a nd petrographi c examina tion r eveal a good distinc
tion b etween Karmutsen and Bonanza volc anics. The uniformity of m any 
thousands of feet of pillow lavas or bas a lti c flows of the Karmutsen Formation 
as s een in the fi e ld is reflected in rather uniform p et ro gr a phic and c h e mical 
c ompo s ition as well as fus ed-ro ck re fr action index. In contras t the Bonanza 
Volc ani cs , hi ghly variable in lithology in expos e d sections containing l avas , 
tuffs, br ecc i as and mino·r sediments also exhibit a much large r range of 
c hemical and p etrographic c omposition a nd of r efraction index .. 
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The chemistry, petrology and tectonic setting of the early 
Mesozoic volcanic sequence of Vancouver Island seems to be consistent with 
the idea that they represent the remains of a Triassic - Jurassic island arc. 
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ECONOMIC GEOLOGY 

6. NIOBIUM (COLUMBIUM) AND TANTALUM DEPOSITS 

Project 700069 

K.R. Dawson 

An exhaustive search of the journals for papers dealing with these 
elements has been made that re suited in the identification of approxirnatel y 
240 Canadian and 52 foreign deposits and occurrences. The search was orga
nized to assemble standard sets of descriptive parameters including the geo
graphical location, mineral species, host rocks, country rock, structures, 
state of development, grade and reserves. The data sets for Canadiandepos
its and occurrences were extended to include brief geological descriptions, 
corporate history, physiographic province, and bibliography. They are found 
in three geological environments in Canada, placers, granitic pegrnatites and 
alkaline-carbonatite complexes. The minerals pyrochlore and colurnbite have 
proven to be the most widespread in these deposits. 

Canadian production of Nb comes from an alkaline syenite
carbonatite complex and Ta production comes from a zoned granitic pegrnatite. 
Several potential producers of Nb have been identified that .. have not proven 
economic under present day market conditions. These include the Nova 
Beaucage, near North Bay; Nernegosenda Lake near Chapleau; the Alpha-B 
orebody south of Moosonee and possibly the St Honore near Chicoutirni. All 
of these are related to alkaline syenite-carbonatite complexes. Nb reserves 
in placer deposits are known in British Columbia but their full extent has not 
been tested. Tantalum on the other hand occurs widely as an accessory in 
pegrnatite dykes but Canada's known reserves of the element are small. 

Research is being done in connection with the classification of the 
deposits of the two elements and one scheme will be chosen that suites the 
Canadian geological situation. 

1H . . h e1nr1c , E. Wm.: The geology of carbonatites; Rand Mc Nally and 
Company, Chicago (1 966). 

2 
Parker, R. L. and Fleischer, M.: Geochemistry of niobium and tantalum; 

U.S. Geol. Surv., Prof. Paper No. 612 (1968). 

3 
Pecora, W.T.: Carbonatites, A review bulletin; Bull. Geol. Soc. Arn., 

vol. 67, No. 11 (1956). 

4 
Tuttle, O.F. and Gittins, J.: Carbonatites; Interscience Publishers, N.Y. 

(1966). 
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7, GEOLOGY OF LEAD AND ZINC DEPOSITS IN CANADA 

Project 650056 

D. F. Sangster 

I - Follow-up studies 

Various aspects of follow-up work relating to last summer's field 
activities (Geol. Surv. Can. Paper 71-1; Pt. A, pp. 91-94) can be reported 
at this time. 

1. Samples of argillite, from the vicinity of the Tom Group, 
Yukon (NTS 105 Q'l) lead-zinc-barite deposits, were submitted for pal~onto
logical examination in an effort to determine the age of host rock of this 
important strata-bound and stratiform sulphide body. Following, is an excerpt 
from Paleontology Report Fl-11-1970-DCM by D. C. McGregor: "Markings 
on the surface of some of the samples are probably the remains of fragments 
of wood. They are much too poorly preserved to be identified. The presence 
of fossil wood would date the sediments as Devonian or younger". Chert
pebble conglomerate in the host rocks at Tom Group can now be correlated 
with a similar conglomerate in Devona-Mississippian strata to the southwest. 

Recognition of these host rocks as Devona-Mississippian is sig
nificant because it identifies an attractive and alternate time-stratigraphic 
unit for lead-zinc exploration in addition to that of the well-known Upper 
Proterozoic-Lower Cambrian in the Canadian Cordillera. Extensive lead
zinc mineralization is known to occur in the Devona-Mississippian of the 
Interior Plains of North America (e.g. Pine Point is in Middle Devonian and 
Tri-State in Mississippian strata) and it would now appear that this impor
tant metallogenic unit continues into the Cordillera, 

2. Selected samples of host rock at the Bathurst-Norsemines 
deposit, N. W. T. (NTS 76 F/16) were examined in thin section and the essen
tially quartzite nature of the rock in hand specimen was confirmed. The rock 
consists of over 85 per cent quartz with subordinate amounts of muscovite 
and, locally, sillimanite, The presence of the latter mineral implies high
grade metamorphism which is also evident in the quartzite, now completely 
recrystallized. The possibility that the rock represents a metamorphosed 
rhyolite tuff is considered to be remote because of the extremely high quartz 
content of the rock and the absence of feldspar in the matrix, Thin sections 
of limestone, also present in the immediate vicinity of the sulphide deposit, 
show that it has apparently undergone the same metamorphism as the quartz 
ite and tends to confirm the largely sedimentary nature of the host rocks to 
this important Cu-Pb-Zn-Ag deposit. This is in contrast to the largely vol
canic character of the host rocks enclosing similar massive Cu-Zn sulphide 
ores in the Superior Province. One might infer from this that, at least in 
the Slave Province where the proportion of volcanics to sediments is consid
erably less than in the Superior Provincel, exploration for massive sulphide 
deposits should extend beyond the classical "greenstone belts" and out into 
the surrounding sediments. 
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II, Pb-isotope studies 

In an attempt to expand on some of the metallogenic concepts in 
the Precambrian as proposed by RoE;coe 2, particularly in the light of recent 
theories relating to Archean protocontinents as suggested by Goodwin3, 4, the 
writer has been compiling published Pb-isotope data on Precambrian strata
bound massive sulphide deposits. 

Early in this compilation it became evident that massive sulphide 
ores of the Flin Flan-Snow Lake belt contain lead of distinctly different com
position from that in similar deposits in the Archean of the Superior Province. 
Host rocks to the Flin Flan deposits, the Missi volcanics, have traditionally 
been considered of Archean depositional age 5 . 

As a check on the Pb-isotope compositions of the Flin Flan-Snow 
Lake orebodies, suitable material was collected from the Western Nuclear, 
Flin Flan, Schist Lake, Anderson Lake, Stall Lake, and Osborne Lake depos 
its and was submitted for isotopic analysis. 

The deposits are typical of the so-called "volcanic exhalative" or 
"volcanogenic" stratabound type and, in common with such ores, appear to be 
coeval with the host volcanics . This type of deposit normally contains 
"ordinary" or "single stage" leads6 and dating of the ore deposits by the Pb
Pb method should yield ages close to those of the enclosing host rocks. 

Final results are pending more precise determinations but pre 
liminary analyses show a small, but probably real, spread of isotopic ratios 
with an average close to that of the main Flin Flan orebody itself. 

The Flin Flan isotopic data give a preliminary model lead age of 
1850 ±. 44 m. y., thereby suggesting that the Amisk volcanics are of Aphebian, 
and not Archean, age, The data agree well with a recent, very precise, 
determination of Flin Flan lead by Stacey~~· 7 which yields a model lead 
age of 1840 ±. lO 'm,y. If this age is accepted, the Amisk volcanics, and their 
contained massive sulphide deposits, would have been deposited just prior to 
the Hudsonian orogeny which resulted in widespread recrystallization at about 
1735 m.y. although deformation likely reached a peak about 100 million years 
earlier5 

An Aphebian age for the Amisk volcanics was implied in 1965 by 
Byers et~. 8 who concluded that rocks of the Flin Flan area had undergone 
only one major orogeny and that it was Hudsonian. This conclusion has been 
supported by recent structural studies 9 in the Mis si sediments ave rlying the 
Amisk volcanics. If these rocks were Archean, it is extremely unlikely that 
they would have escaped the widespread Kenoran orogeny; recognition of only 
one (Hudsonian) orogeny strongly suggests that these rocks are post-Kenoran 
in age. Structural studies on the orebodies themselveslO, 11, 12 show thatthe 
structures of the ores parallel those of the enclosing rocks and that both ores 
and host rocks have been metamorphosed together. 

Thus, Pb-Pb ages of the Flin Flan-Snow Lake orebodies, com
bined with structural studies, offer compelling evidence of a Proterozoic age 
for this highly-mineralized volcanic belt, Thus, a periodicity in major 
Precambrian metallogenic epochs is suggested, one occurring around 2900 
to 3000 m.y. 2 and another at about 1850 m,y, Furthermore, analysis of lead 
from the Brabant Lake depositl 3, occurring in the same volcanic belt as the 
Fox Lake and Ruttan Lake deposits north of Flin Flan, yields a model lead 
age similar to that of Flin Flan, suggesting yet another belt ofCu-Zn-bearing 
Proterozoic rocks in the Lynn Lake region. 
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A final manuscript, reporting on details of the Pb-isotope studies 
in the Flin Flan-Sp.ow Lake ore-field, is in preparation. 
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GEOLOGICAL STUDY OF SILVER DEPOSITS IN CANADA ~, /. 

Project 680060 

R.I. Thorpe 

Mineralogy 

More than 200 polished sections have been prepared for mineral
ogical study of ores from silver-bearing deposits. Polished section study of 
ore from some of the veins of the Ainsworth camp, British Columbia, resulted 
in the identification of a small to minor amount of stannite in ore from a few 
of the deposits. A total of 26 polished sections were studied, and these were 
from 22 specimens collected from the area many years ago and kindly supplied 
to the writer by the British Columbia D e partment of Mines and Petroleum 
Resources. Stannite was most abundant in a specimen of ore from the Tariff 
property, A very few grains of stannite we re noted in ore from the Little 
Donald, Silver Glance and Ida C properties. The recognition of stannite in 
these ores may be of little significance in itself, but could be a geochemical 
indication that intrusions of the Nelson batholith are favourable for tin 
,prospecting. 

The Tariff and Little Donald properties are located we st of Mile 
Point near an intrusive lens of granite, The Silver Glance vein is just south 
of Lendrum Creek and about 1 1/4 miles northwest of Florence Townsite. The 
Ida C property is about 1/2 mile east of the Silver Glance vein. For further 
location information on all these properties see reference 1. 

El~ctron microprobe determination of the silver, mercury and 
tin contents of a suite of tetrahedrite-tennantite specimens is being done. The 
object of this study is to test the usefulness of minerals of the tetrahedrite
tennantite series as geochemical indicators for these elements. 

Lead isotopic results 

Lead isotopic results have been obtained by the writer for eleven 
samples of galena from the silver veins of the Great Bear Lake area, 
Northwest Territories. These are interpreted (see Thorpe, separate 
contribution, this report) a; indicating an age of about 1625 m.y. for the 
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mineralization. Two galena samples from silver veins in the Hope Bay area, 
east of Bathurst Inlet in the Slave Province, suggest an age of about 1490 to 
1535 m.y., although this is based on preliminary data and may be subject to 
later revision. There is very little geochronological data for the area, but 
there is a distinct possibility that the diabase sills in the area are of approxi
mately this age. A sample collected by H. H. Bostock from a porphyritic 
diabase body at Rockinghorse Lake gave a whole rock K-Ar age of 1570 + 
115 m. y. 2 . This location is about 200 miles from Hope Bay, but the date
may be a valid one for the extensive diabase sills which are very continuous 
along and near the base of the Goulburn Group3. These sills extend east to 
Bathurst Inlet and could b e cogenetic with those at Hope Bay. Fraser (pers. 
comm.) has recently obtained a whole rock K-Ar age of 1560 ± 118 m.y. for 
a sample from a diabasedykejusteastofBathurstinlet(at 67°25 1N, 107°34'W). 
This dyke belongs to a swarm with a north-northwest to north trend distinct 
from the northwest trend of the Mackenzie swarm that is widely represented 
in the western Canadian Shie ld. Even if the diabase sills at Hope Bay are 
found to be related to the younger (mean age 675 m.y . ) diabase sills of the 
Coronation Gulf-Bathurst Inlet area4, the dyke age obtained by Fraser still 
suggests an event in the area that could be related to the silver mineralization. 

1 

2 
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Fyles, J. T.: Geology of the Ainsworth-Kaslo area, British Columbia; 
B.C. Dept. Mines Petroleum Resources, Bull. No. 53, 125 pp. 
(1967). 
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determinations and geological studies, K-Ar isotopic ages, 
Report 9; Geol. Surv. Can., Paper 69-2A, p. 38 (1970). 

Fraser, J .A.: Geological notes on northeastern District of Mackenzie, 
Northwest Territories; Geol. Surv. Can., Paper 63-40, 20 pp. 
(1964). 

4
Fahrig, W.F., Irvine, T.N. and Jackson, G.D.: The paleomagnetism of 

the Franklin intrusions; Can. J. Earth Sci. (in press). 
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EXPLORATION GEOPHYSICS 

9. ELF NATURAL ELECTROMAGNETIC FIELD INVESTIGATIONS 

Project 680123 

R.H. Ahrens and L.S. Collett 

Since our experience with airborne AFMAG surveys as an aid to 
mapping tectonic geological features (refs. 1,2,3,4), there are certain 
improve ments that can be made to the present state of the art. One major 
disadvantage in the method is the seasonal nature of useful field strengths. 
An investigation h as been initiated to study the nature of the natural e lectro
magnetic fields at extremely low frequencies (ELF), especially in the 
Schumann resonance band from 8 to 40 Hz. The EM fields in this audio and 
sub-audio frequency range will presumably a llow for reconnaissance surveys 
to be conducted on a year-round basis. 

A theoretical study has been done on an orthogonal 3-coil sensor 
system for determining the wave structure of the ELF EM fields. Equipment 
is being designed to m eas ure the relative magnitude of the total magnetic field 
vector. Effort is being concentrated on the build-up time and current response 
from a plane EM wave induced voltage in a resonant circuit where the direc
tion of the plana r wave is in general not normal to the surface of incidence. 
The d es ign ide a of the r ece iving system is outlined in the block diagram shown 
in Figure 1. The magnetic component of the plane EM wave induces in the 
three orthogonal! y positioned coils L 1 , L2 and L3. The periodically time 
varying voltages are preamplified, filtered and frequency up -converte d (FUC) 
from 8 Hz to 9800 Hz. Sensitive Fluke Model 207-1 VLF receivers are us e d 
to detect the r es ultant frequency from the sensors. The induced voltages and 
their phase differences are monitor e d. 

The equipment is divide d into two units, console- I as shown in 
Figure 1 and console-11. In console-I, the data are recorded in analogue 
form and the construction is now nearing completion. Conside ration for the 
de sign of the second cons ole-11 is for statistical studies of the data which 
will be recovered by the u se of real time cross-correl ation and Fourier anal
ysis techniques. 

The purpose of studying these ELF natural electromagnetic fields 
is to l earn more about their behaviour so that equipment specifications ' can be 
determined for the next generation airborne system to be us e d for reconnais
sance surveys. 

1 

2 

Collett, L.S.: AFMAG/ELF surveys, Uranium City area, Saskatchewan, 
upper Ne lson R i ve r area, Manitoba; gi Report of Ac tivities, 
Part A, April to October, 1968; Geol. Surv. Can., Paper 69- l A, 
p • 7 9 (1 96 9) • 

Collett, L.S.: AFMAG survey, St. Mary's River area, Nova Scotia; in 
Report of Activities, Part A, April to October, 1969; Geol. 
Surv. Can., Paper 70-lA, pp. 70-71 (1970), 
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Collett, L.S.: AFMAG surveys; in Report of Activities, Part A, April to 
October, 1970; Geol. Surv._ Can., Paper 71-lA, p. 47 (1971). 

Collett, L. S. and Bell, C. K.: AFMAG use in geological interpretation; 
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10. AIRBORNE RADIOMETRIC SURVEY MAPS AND PROFILES 

Project 670050 

A.G. Darnley and R.L. Grasty 

Previous reference has been made 1• 2 to the fact that the 
Geological Survey of Canada conducted airborne gamma-ray spectrometer 
surveys with high sensitivity equipment in the Bancroft area of Ontario and 
Eldorado (Uranium City) areas of Saskatchewan in 1969, and in the Elliot Lake, 
Ontario, and Fort Smith/ Great Slave Lake, NWT areas in 1970. 

The main portion of the Bancroft survey is now available on OPEN 
FILE, a nd can be obtained by special order from Campbell R e productions 
Ltd., 85 Sparks Street, Ottawa, Ontario, or inspected at Geological Survey of 
Canada libraries in Ottawa, Calgary and Vancouver. 

It consists of data compiled for an area of approximately 400 
square miles bounded by Latitudes 44° 51 1 and 45°15 1 and Longitudes 77°48 1 

and 78° 05 1W. The measurements were made using twelve 9 x 4 in. NaI (Tl) 
detectors (a total volume of approximately 3000 cu. in) with a 128 channel 
spectrum analyser, flown at a m ean terrain clearance of 400 feet and a mean 
speed of 120 m.p.h. Details concerning the survey are published elsewhere3• 

The data are presented in both profile and contour map form. 
There are profiles along 61 flight lines (mean spacing 0. 25 mile), plotted at a 
scale of 1:250, 000 and seven maps on a scale of 1:50, 000, All profiles and 
contours have been computer plotted, the contouring program used being that 
developed by Holroyd and Bhattacharyya4. The contour maps will be published 
in due course in the Geological Survey of Canada Geophysical Map Series. 
The profiles will only be available through the OPEN FILE release. 

Each profile shows: i) Integral counts per 0. 5 s (0. 4 __, 2. 80 Mev). 

ii) Potassium counts per 2.5 s. 

iii) Uranium counts per 2, 5 s. 

iv) Thorium counts per 2. 5 s. 

v) Ratio uranium: thorium counts. 

vi) Ratio uranium: potassium counts. 

vii) Ratio thorium: potassium counts. 

viii) Terrain clearance, in feet. 
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BRNCROFT SURVEY 1969 
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Figure l, Example of a computer controlled plot of a fully correlated gamma
ray spectrometer profile. This line crosses the uraniferous belt 
about 0. 3 mile east of the Greyhawk property. 

Figure 2. Example of a portion of the U:Th ratio map. Mean spacing between 
(opposite) flight lines is 0. 25 mile. Centres of principal anomalies are located 

over Bicroft (lower left) and Faraday (centre) dumps. · 



- 21 -

.. 
·. 



- 22 -

plotted against distance along each line. Items (i) to (v) inclusive, and the 
derived ratios (v) to (vii) inclusive, are corrected for atmospheric background 
radiation, and deviations from the nominal terrain clearance, following pro
cedures already described3, 5. Potassium and uranium counts are corrected 
for Compton scattering following the procedure in 6. 

Separate maps show items (i) to (vii) listed above, with contour 
intervals of 10 counts for (i) to (iv). These contour intervals are approxi 
mately equivalent to 0.06 per cent K, 0.4 ppm U, and 1 ppm Th. Eac h radio
metric map is reproduce d on a base showing individual flight lines and the 
principal geographic features in the area. The maps are intended to provide 
an overall picture of the radiometry of the area, whilst the profiles provide 
more detailed information along the lines of flight. Examples of a profil e a nd 
of part of a map are shown in Figures 1 and 2. 

The ratio displays accentuate any unusual relative concentration 
of the radioelements, and may be considered as emphasizing enrichment (or 
impoverishment). Thus the U: Th and U:K ratio displays are important with 
respect to possible economic occurrence s. Whilst high values of thes e ratios 
are not certain indicators of miner alization, the probability is much increased 
where these ratios are high. 

The surveys of the Eldorado (Uranium City) area of Saskatchewan 
is now in the final stage of preparation for OPEN FILE release and is 
expected to be available to the public when this report is published. Release 
of the other areas flown and public a tion of maps will follow in due course. 
The general format is expected to remain similar, although detailed improve
ments in data reduction procedures will be made from time to time. 

1 

2 

3 

4 

5 

6 

Darnley, A.G. and Grasty, R. L.: iE Rept. of Activities, April to October , 
1969; Geol. Surv. Can., Paper 70-lA, p. 72 (1970). 

Darnley, A.G.: iE Rept. of Activities, April to October , 1970; Geol. Surv. 
Can., Paper 71-lA, pp. 48-49 (1971). 

Darnley, A.G. and Grasty, R. L.: Mapping from the air by gamma-ray 
spectrometry; in Proceedings Third Internationa l Geochemical 
Prospecting Symposium, Special Volume; Can. Inst. Mining Met., 
Montreal (1971). 

Holroyd, M. T. and Bhattacharyya, B. K.: Automatic contouring of geo-
physical data using bicubic spline interpolation; Geol. Surv. C9-n., 
Paper 70-55 (1970). 

Darnley, A.G., Brisbow, Q. and Donhoffer, D. K.: Airborne gamma-ray 
spectrometer experiments over the Canadian Shield; Symposium 
Nuclear Techniques and Mineral Resources, International Atomic 
Energy Agency, Vienna, pp. 163-186 (1968). 

Grasty, R. L. and Darnley, A.G.: Calibration of gamma-ray spectrometers 
for ground and airborne use; Geol. Surv. Can., Paper 71-17 
(1971). 
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THEORETICAL STUDY ON MEMBRANE POLARIZATION 
AND COMPLEX MOBILITY IN MOIST RO CKS 

Project 630049 

G, Finzi-C ontini'~ 

In this short p a per, a number of items related to the electrical 
behaviour of certain moi st rocks that show m e mbr ane pol a ri zation effects, 
are de a lt with theoretica lly. One of the important idea s in thi s work is the 
consideration of the complex mobility of mobile c h arges m oving along pores 
in moist rocks tha t exhibit membrane polarization. The ideas in this work 
have b een derive d from Madden and Marsha ll 1, Fras e r et al. 2 and Fin zi -
Contini3, 4 . - -

The m obile c h arge , q, in the following equ ati on is acted up on by 
a numb e r of forc es ; name 1 y, a linear lattice e lectrostatic force ( - Q >~x), a v~s -
cous force (-KX: x =dx/dt) and fin a lly the e lectric field force qE 0 e-irnt: 

. -iwt 
KX + Q~'x = qE 0 e (1) 

Resolving (1) and n egle ct ing the non-steady state term, the following solution 
can be d er ived 

dx/dt 

-iwt 
E 0 e 

- j . Q>~w J q = U 
2 2 2 

Kw + O* 

(2) 

where U is the theoretical complex mobility. It should be noted that the real 
a nd imaginary p art s of this mobility are non-linear functions of frequ e n cy, 
f(w=2nf). 

Rearranging (2) and con side rin g the typi cal cubic lattic e l ength 
2a3 • 4 one can write: 

d g(x /a) I dt. 
2 

[ KJ Q>~w J -iwt q 
E 0 e (3) 

2 4} 2 2 2 2 2 2 
4a Kw + Q* Kw +Q* 

w here j is a current density. The t erm in the squar e brac~et can b e a ssumed 
to be a specific a dmittance; it should be n oted that the latter gives a l eading 
current d e nsity with rega rd to the a pplied e l ec tric fi e ld, E, 

This specific admittance can b e used to build up analog e l ectric 
circuits having non- linear parame t e rs w ith frequency. It is p e rhaps inter
e sting to remember that different specific a dmittanc es can b e considered with 
reference to both negative and positive cha rges 5 . The ir beha viour could be 
d esc rib e d by introducing certain values for K. 

One should also note that both these non-linear conductivities and 
non-linear capacitances with frequ ency can be ins erted in other electrical 
n etworks in orde r to simula te m e mbrane polarization. 

* Canada Council F e llow, 1970-71 (Osservator io Geofisico, Unive rsity of 
Siena, Sie na, Ita ly). 
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12. SEISMIC SURVEY, SOUTHWESTERN CAPE BRETON ISLAND, 
NOVA SCOTIA 

Project 680037 

R.M. Gagne 

A shallow seismic survey was conducted on southwestern Cape 
Breton Island between August 23 and S eptember 2, 1970, in the project area 
of D.R. Grant, Quaternary Research and G eomorphology Division (Fig . 1). 
A portable seismograph, Huntec model FS-3, was used to test the feasibility 
of the shallow refraction seismic method to d ete rmine the distribution and 
thickness of surficial materials within the a rea, "Abundant glacial d ebris, 
disruptive topography and shifting ice flow were thought to favour the burial 
of preglacial valleys and their alluvium, providing groundwater aquifers for 
current community water supply programs" 1. Seismic locations were 
selected in co-operation with the proj ect geologist. 
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Figure 1. Location of seismic control, southwestern Cape Breton Island. 

The topography of the area is incised by a network of steep-side d 
V -shaped valleys. The survey area is covered by a thin cove r of glacial drift 
composed chiefly of till and stratifie d sand and gravel, with r ecent d e posits of 
stream alluvium, beach sand and gravels. 
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Bedrock unde rlying the glacial drift varies in age from 
Carboniferous to Pre-Carboniferous 2 . The l ithol ogy of bedrock formations 
diffe rs only slightly with sandstone b e ing its majo r constituent. 
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The histogram of occurrence versus the apparent velocities from 
single-ended refraction profiles (Fig. 2) indicates the possibility of correlat
ing seismic velocities with surficial materials over the project area. Profil es 
are shown as straight line sections w ith the refraction ve l ocities obtained 
shown within the section (Figs. 3 to 7) . 
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Seismic lines were r un in the western part of the proj ec t area 
across present stream alignments, it being postul ated that preglacial drain
age from the east c ould h ave produce d c hannels which were late r filled in. 
Loc ations 1 to 4, Figure 3, are loc a t ed a t the mouth of the Little Judique 
Brook a nd exhibit a bedrock d epression b eneath the present stream course. 
A l ayer of recent sand (velocity range 2600 to 3500 fee t per second) was depo
sited along the mouth of the stream with a till deposit a long the steep valley 
sides. 

Locations 5 to 24, Figure 3, and locations 3 1 to 3 7, Figure 5, 
were run along the eas t coast of George Bay in an attempt to delineate the 
pr e glacial dr a inage from the Craigni s h Hills. These profiles reveal a very 
irre gul a r bedrock surface infilled with till and, in some a r eas , covered w ith 
rece nt sands and gravels (velocity range 4000 to 7800 feet p er second). Bas e d 
on limited control it can be d e duced that the present dr ain age appears to occupy 
r e-excavated bedrock channels. No other bedrock c h ann e ls we r e detected 
along these lines. 

Profiles run across the valley of the Little Judique Brook at loca
tions 25 to 30 inclusive, Figure 4, indicate anarrowbedrockdepressionbelow 
the present course of the stream. 

A line approximately 3 miles north of the townofPortHawkesbury 
at locations 39 to 42, Figure 4, indic ates that a narrow bedrock depression 
exists b e low the present course of North Little River a nd Northwest Arm 
Brook. 

Profiles run on the flo or of the Inhabitants Vall ey reveal me an
dering channels w hich are postulated to have been cut by a previous water 
course. These channels are filled with till which must date from a previous 
nonglacial period (Figs. 6 and 7). 

Selected locations west of River Denys Basin reveal that the pres
ent day river occupies a bedrock channel which has b een infill e d with till, 
locations 88 to 97, Figure 5. 

A test site on the property of Georgia-Pacific Gypsum Division 
quarry near River Denys yielded records of poorer qua lity than normally 
obtained in the area. Operati on al difficulties were encountered because of 
the surfa'ce conditions. The author would like to gratefully acknow l ed ge the 
kind assistance of Mr. J. Graham, Geol_ogist, Georgia-Pacific Gypsum for 
release of bore hole data for correlation with seismic data . Comparison of 
borehole and seismic data revealed that overburden thicknesses on profiles 
which we re computed from rather poor seismic data yielded i:;e asonable cor
relation with borehole depths (Fig. 8). On reinterpr e t ation of profile 102, 
which is a very poor record, a very low bedrock velocity was removed and a 
minimum depth calculation based on 15, 500 feet per second (average of 
apparent b edrock velocities from profiles 105 and 104 yielded a d e pth of 
71. 5 feet, a 1 7 per cent e rror). The accuracy is dire c tly d e p endent on the 
surface conditions for record quality and clos eness of profile spacing for 
detail re quired. 

Approximately 1 mile north of profile 38 n ear latitude 45°45 1 on 
George Bay, exposures indicate an overburden section of a gravel l ayer from 
10 to 30 feet in thickness overlying 3 0 feet of till. Seismic ve locitie s of 500, 
2600, 6600, and 10, 200 feet p er second we re recorded at this lo cation with 
computed thicknesses of 3, 8 and 42 feet. 
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Conclus ion s 

1. It is possible to depict the bedrock topogr a phy in the project area using 
the s e ismic method. 

2. The quality of refraction seismic data is fair to good and the seismic 
velocities computed within the overburden are usua lly consistent. It is 
therefore possibl e to m a ke gene ral correlations of drift materials w ith 
seismic velocities withir. the area, 

3, The observed velocities indicate that no relationship exists between 
unreversed refraction ve locities and bedrock lithology within the pr o ject. 

4, It is impossible to m ap the bedrock topo graphy of any area of 500 square 
miles with 100 profiles; it would be ne cessary to run closely spac e d pro
files because of the complex, irregular b e drock topography. 

1 

2 

Grant, D.R.: Surficial ge ology, southwestern Cape Breton Island, Nova 
Scotia; Geol. Surv. Can., Paper 71-1, Part A, pp. 161-164 
(1971). 

Kelley, Danford G,: Baddeck and Whycocomagh m ap-ar eas; Geol, Surv. 
Can., Mem. 351 (1967). 
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13. A HAMMER SEISMIC SURVEY, WOODSTOCK AREA, 
NEW BRUNSWICK 21J / 4, 5 

Project 670075 

R . M . Gagne 

A seismic survey using a Huntec model FS - 3 hammer seismo 
graph was conducted over Pliestocene deposits, 12 miles northwest of 
Woodstock, New Brunswick (Fi g. 1). The purpose of the survey was to deter 
mine the bedrock topography beneath the deposits in order to assist in the 
definition of the direction of ice move ment at the time of deposition. 
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Figure 2. Histogram of velocity versus frequency of occurrence. 
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Forty-five seismic stations were surveyed, On lines 3, 4, 5 and 
6 unreversed profiles were completed every 100 feet while on lines 1 and 2 
reversed seismic profiles were completed, 

Surface relief of the project area varies between 3 25 feet a. s .1. 
at seismic station 1 and 434 feet a. s.l. at station 13. 

Surficial geology of the area has been mapped in detail by Lee 1 . 
The area is covered by a thin layer of rill wash overlying either the basal till 
or bedrock. A compacted till may underlie other units and in some localities 
is exposed, The third unit in the area is an abalation till which is loosely 
compacted and oxidized throughout, The bedrock is dark grey slate, with buff 
and green slate and greywacke of Silurian age. 

A histogram of velocity versus frequency of occurrence (Fig. 2) 
indicates four possible ranges of apparent velocities. A surfac e layer is 
observed with a velocity range of 300 to 1, 400 feet per second. A velocity 
grouping of 1, 600 to 2, 700 feet per second is observed extensively over the 
area and has been correlated with the rill wash. The range of 3, 300 to 4, 800 
feet per second may represent the loosely compacted abalation till while the 
higher range of 5, 000 to 7, 300 feet per second may represent the basal till 
unit. Bedrock apparent velocity appears to be in excess of 13, 000 feet per 
second. 

The results of the seismic survey are graphically portrayed by 
the sections· of Figure 3. The total thickness of overburden varies from 7 feet 
at station 39 on line 5to 57 feet at station 29 on line 3. In general, the sur
face layer and layer of rill wash in total are less than 10 feet thick. 

A portable hammer seismograph was found to be adequate to define 
the bedrock surface in the Woodstock area. The seismic results on these 
short lines are complementary to the geological study but do not detail the bed
rock surface; additional control would be required to contour the bedrock sur
face. Present data indicate that the Pleistocene deposit essentially lies on a 
bedrock surface conformable to the present day surface, the former exhibit
ing slightly more relief. 

1 
Lee, Hulbert A.: Surficial geology of Canterbury, Woodstock, Florenceville 

14. 

and Andover map-areas, York, C3.rleton and Victoria Counties, 
New Brunswick; Geol. Surv. Can., Paper 62-12. 

LOW-LEVEL AEROMAGNETIC SURVEYS IN 
THE LABRADOR SEA 

Project 650007 

Peter Hood and Margaret E. Bower 

Since 1962, the Geological Survey of Canada and the National 
Aeronautical Establishment have co-operated in a low-level aeromagnetic 
reconnaissance of the continental shelves and deep-ocean basins adjacent to 
eastern Canada. Aeromagnetic profiles at about 60-mile intervals have been 
obtained from the southern tip of Greenland to Kane Basin between Ellesmere 
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Island and northern Greenland. Figure 1 shows most of the total intensity 
profiles obtained in the Labrador Sea with the regional gradient removed. The 
correlation between the anomalies occurring on the flight lines is indicated by 
the dashed lines, and the inferred position of the axis of the dormant Labrador 
ridge, which coincides with a central U-shaped anomaly, by the thick black 

LABRADOR SEA PROFILES 
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line. There is a marked symmetry about this central U-shaped anomaly on a 
number of the profiles, and this is reasonably good evidence that sea-floor 
spreading h as occurred in the Labrador Sea, 

Consideration of the pattern formed by the dashed lines le ads to 
the conclusion that a triple spreading junction has existed south of Cape 
F arewe ll at the southern tip of Greenland at a pproximate ly 56°N 44°W. Thus 
sea-floor spreading would h ave taken place in three dir ections about the triple 
junction which makes the magnetic anomaly pattern difficult to unravel in that 
area. The loc us of the dormant Labrador Sea ridge can be traced around the 
southern tip of Greenland using other aer omagneti c profiles obtained in the 
North Atlantic Oc ean and joins with the dormant ridge earlier postulated by 
Godby et~· 2, which formed part of the double-ridge system gene rated in the 
North Altantic during the late Mesozoic a nd early Tertiary period. 

In order to ascertain the spreading sequence in the Labrador Sea, 
a comparison of the observed anomalies has been made with those generated 
by the computer using the Lamont geomagnetic polarity time scale and a 
spreading rate of 1 cm/ year for a 2-km-thick layer. An examination of the 
time scale shows polarity p eriod s corr esponding to Anomalies 20, 21, 22 and 
23 would have produced a well- r esolved, distinctive b and of anomalies in the 
L abrador Sea because each was generated over a relativelylongperiodoftime 
during w hich the field did not c hange polarity, and there is good separation 
between the polarity periods. It is not possible to be certain about the positive 
identification of these a nomalies , but it is concluded that the distinctive ones 
s een on the flanks of the mid-Atlantic ridge (between 3 50-450 km from the 
crest) and in the Labrador S ea are in fact Anomalies 20-23. It is thus inferred 
that the spreading in the Labrador Sea ceased at a time when the earth's m ag
n etic field was reversed just a fter Anomaly 13 was generated which would have 
b een about 36 million years ago . 

The positions of holes 111 (Orphan Knoll), 112, a nd 113 drilled on 
Leg 12 (June-July 1970) of the Joides Deep S ea Drilling Project are given on 
the figure. From the foregoing analysis Hole 11 3 falls close to Anomaly 16 
and the bas·ement material would therefore be expected to h ave an Eocene age 
of about 41. 5 million years; the hole did not actu ally p e netrate to the igneous 
basement 2 . The basement beneath hol e 112 is also inferred to have an age of 
about 53 million years (Anomaly 21) which is a t the Eocene-Paleocene 
boundary. 

It is concluded that s ea-floor spreading started in the Labrador 
Sea at the end of the Cretaceous Period (about 65 million years ago) although 
it is possible that a proto-Labrador Sea was a lready in existence at that time. 
Thus it can be expected that the sedimentary formations on the continental 
shelves bordering the Labrador Sea are mostly Mesozoic or younger in age, 
which makes the shelves attractive areas for the petroleum industry to 
prospect. 

1 
Godby, E.A ., Hood, P.J. and Bower, M.E.: Aeromagnetic pr ofiles across 

the Reykjanes Ridge southwest of Iceland; J. Geophys. Res., 
vol. 73, No. 24, pp. 7637-7649 (1968). 

2
Anonymous: De ep sea drilling project, L eg 12; Geotimes, vol. 15, No. 9, 

pp.10-14(1970). 
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A COMPUTER METHOD TO OBTAIN THE VELOCITY-DEPTH 
FUNCTION FROM SEISMIC REFRACTION DATA 

Project 68003 7 

J. A. M, Hunter 

The interpretation stage of refraction seismic surveying is often 
susceptible to various forms of "noise" or interpretive uncertainty. This can 
occur at the data receiving end, such as noise occurring on seismic records, 
or it can occur in the treatment of the data either in the "picking" stage or in 
the refractor interpretation. An operator can be easily trained to reduce 
record noise by introducing proper field procedures, and can easily acquire 
skill in the identification of first arrival onsets; however, the interpretation 
of refractor layering from these arrival times is an art which may take con
s iderable time to perfect. The identification of refractors is subject to strong 
human bias which in turn affects the velocity-depth structure. To this end, 
this paper presents a method to minimize, by computer means, the human 
bias in refraction interpretation, and to delay the human interpretive influence 
until after the velocity-depth. function has been obtained. 
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Figure 1. Refraction travel-time distance plot showing continuous velocity 
increase. 
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This method gives good results under the following assumptions 
for the earth mode l: 

1) The velocity increases with depth and can be d escribed by the 
first arrival times (no hidden laye rs). 

2) Subsurface layering is horizontal, and all velocities are con
stant laterally, but may b e constant or increase with depth 
within any one layer . 

A typical example of a r e fraction travel-time dist anc e plot show
ing a continuous velocity increase with depth is given in Figure 1. Any 
attempt to draw straight line segments of 3 or more points through the data 
would effect an interpre tive bias. The b es t a pproach to the problem is to 
consider each point a s an arrival from a distinct laye r. H enc e , for the k+l 
data point the thickness of the kth layer would be the familiar equation: 

-E 2 z. J v~ - v: _ 1 } .......... . .. . .... ( 1 > 

i = 1 1 • v k. vi- 1 

where V k = velocity as given by the k and k + 1 points 

ck = the intercept time obtaine d from: 

.. .. ........ . ..... (2) 

where T the travel time 
k 

xk shot-geophone distanc e 

Thus, if the velocity can be measured at each point on the time
distance plot, the ve locity-depth function can be obtai·ned. 

Most travel-time distance plots for actual field cases do not follow 
a smooth curve e xactly because of scatter of time from picking errors and 
local velocity and depth variations. Prior to obtaining a velocity-depth function 
the plot must be smoothed so that effects of thes e minor irregularities are 
reduced. However, the smoothing must not be such that sharp velocity tran
sitions are lost. 

The computer program to smooth and transform the time-distanc e 
plot has bee n written in Fortran II for a small 6K-word r emote-terminal com
puter, but with minor changes it c an be us e d with most computer systems. 
The program sequence is as follows: 

a ) A three-point least-squares velocity fit is made at each data point. 

b) A search of the computed velocities is made to dete rmine whether velocity 
reve rsals occur along the time-distance curve. If a velocity d ec r ease 
occurs at a data point, mark~r array e lements corresponding to data points 
on either side of this data point, as well as this anomalous point, are set 
to non-zero value s. 



- 42 -

c) The marker array is searche d for non-z e ro value s. If such occur, the 
trave l times <1-ssociated with these e l e m e nts are again computed using the 
l east-squares ve loc ities and intercept times. The m arke r ar ray is re-set 
to ze ro. 

d) The thr ee -point velocity dete r minations are r e -computed for all dat a points 
and velocity reversals are noted again. When recursive smoothing h as 
reduced ve locity reversal s to 10 feet per second the are finally eliminated 
b y assuming the prece ding ve locity . At thi s point the velocity-depth func
tion i s c omputed using equation (1) . 

DISTANCE 
x 

5. 

10, 

20. 

30. 

40. 

50. 

60. 

70, 

80. 

100. 

120 . 

140 . 

160 , 

180 . 

5.XXXXXX 
10 .xxxxxxx 
15 . XXXXXXX 
20.xxxxxxxxxx 
25.XXXXXXXXXX 

til 30. xxxxxxxxxxxx 
~ 35. xxxxxxxxxxxx 

OBSERVED 
T 

5.0 

9.0 

15 . 0 

21. 0 

26.5 

3 1. 0 

35.0 

39.0 

42.0 

47.5 

52.5 

56,5 

60.0 

62.5 

p:: 40. xxxxxxxxxxxxxxx 
45.XXXXXXXXXXXXXXX 
50.XXXXXXXXXXXXXXXXX 
55.xxxxxxxxxxxxxxxxx 
60,XXXXXXXXXXXXXXXXX 
65.XXXXXXXXXXXXXXXXX 
10.xxxxxxxxxxxxxxxxxxxxxxxx 

VELOCITY 
COMPUTED DEPTH (ft./ms.) 

T' z v 
5,0 . o 1. 00 

9.0 1.9 I , 6 7 

15, 0 1, 9 1. 6 7 

21. 0 4,7 1. 82 

26.5 9. 3 2.22 

31 • 0 13 . 1 2.50 

35. o 13 , 1 2.50 

39.0 22.0 3.33 

42.0 26,7 3,64 

47,5 32.5 4 , 00 

52.5 43.8 5,00 

56,5 53.8 5,71 

60.0 72.5 8,00 

62.5 72.5 8.00 

2 3 4 5 6 1 8 9 10 II 12 13 14 15 16 17 18 
VELOCITY (ft. /ms.) 

Figure 2. Typical printe d output for time -distanc e data given in Figure 1. 
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Examples of the computer routine 

A typical printed output is given in Figure 2 for the time-distance 
data given in Figure 1. The printer-plot output can be considered a good 
visual aid for interpreting the velocity-depth function. 

As a check on the routine, a four layer refraction case with time
distance. plot, Figure 3, was inputted. Table I is the printed output from the 
program showing the velocity-depth function and a perfect fit of observed and 
smoothed travel-times. This demonstrates that the smoothing routine pre 
serves sharp velocity increases in the time-distance curve. 

To test the smoothing routine, two types of travel-time anomalies 
were considered. Both types were tested using the four layer case of Figure 3 
as a base. The first type is a late arrival anomaly of 5 milliseconds at a 
distance of 40 feet. This is a rather extreme deviation but could result from 
either a mis-pick of the first arrival or an actual velocity or depth anomaly 
in the region of the 40 feet spacing. The smoothed time-distance curve is 
shown as dashed line in Figure 4 an elargement of the first portions of the plot. 
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Figure 4. Enlargement of first portion of plot in Figure 3, 
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Depth computation based on the smoothed curve give values of 8 feet for the 
first horizon rather than the correct value of 2.2 feet. However, for succes
sive lay.ers, the computed depth values are respectively 10 per cent and 2 per 
cent too large. The decreasing effect on deeper horizon-depth calculations is 
particularly important since, for shallow refraction.work, the target horizon 
is generally the deepest one. 

The second type of travel time anomaly is the travel-time decrease 
shown as the solid line in Figure 5. This could also arise from extreme 
changes in depth to the refractor or local velocity changes in the overlying 
layer. The smoothing performed by the computer routine is shown as the 
dashed line in Figure 5, and is quite close to the original curve with the anom
aly removed, The smoothing for this type of anomaly is much finer since the 
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Figure 5. A second type of travel time anomaly, travel time decrease. 
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TABLE I 

VELOCITY 
DISTANCE OBSERVED COMPUTED DEPTH (ft./ms.) 

x T T' z v 
2, 2,5 2.5 . o 1.00 
5. 5.0 5,0 .o 1. 00 
7 , 7,5 7.5 .o I, 00 

10 . 10.0 10,0 2.9 2.00 
15. 12 ,5 12 ,5 2.9 2.00 
20, 15 .0 15 . o 2.9 2.00 
25. 17 ,5 17 ,5 2.9 2.00 
30. 20.0 20 , 0 2.9 2.00 
35. 22.5 22.5 2.9 2.00 
40. 25.0 25.0 2.9 2..00 
45. 27,5 27,5 2.9 2.00 
50. 30,0 30,0 2.9 2.00 
55, 32.5 32.5 2,9 2.00 
60, 35,0 35,0 2,9 2.00 
65, 37,5 37,5 2.9 2.00 
70 . 40,0 40,0 22.4 A,00 
80, 42.5 42,5 22 .4 4.00 
90. 45,0 45,0 22,4 4.00 

100, 47,5 47,5 22.4 4.00 
110. 50,0 50 ,0 22,4 4.00 
120 . 52,5 52.5 22,4 4,00 
130. 55.0 55,0 22.4 4,00. 
140 , 57. 5 5 7, 5 5 7. 9 8.00 
160 , 60.0 60.0 57.9 8,00 
180, 62,5 62,5 57,9 8.00 

TABLE II 

VELOCITY 
DISTANCE OBSERVED COMPUTED DEPTH (ft. /ms.) 

x T T, z v 
5. 5,0 5,0 .o 1.00 

IO, 13.0 13.0 4,7 2.18 
15 . 17,0 15. 3 7.8 3.96 
20. 18,0 16.6 9,4 A.43 
30, 19.0 18.8 10,6 4,58 
40. 20.5 21. 0 10 ,6 4,57 
60, 24.0 25 ,4 10 ,6 4,57 
80, 29.0· 29.7 10.6 4.57 

100 , 33.0 34. 1 10 ,6 4,57 
120 . 37 . o 38,5 10,6 4.57 
140, 4 1.0 42,9 10 ,6 4.57 
160. 46.0 47.2 10.6 4.57 
180 , 51. 0 51,6 10 ,6 4,57 
200, 56,0 56,0 23.6 4,77 
230, 63,0 62.3 25. 9 4,78 
260. 68.5 68.6 25.9 4,7g 
290. 75 , 0 74.9 25 .9 4.78 
320. 81 . o 81 .1 25.9 4.78 
350, 87,0 87,4 25. 9 4,77 
380. 93.0 93. 7 25. 9 4. 77 
410. 99.0 100,0 25.9 4,77 
4.40. 1.01 . o 106,3 44.9 4..91 
470, 112.0 112. 4 58.9 5.04 
500, 120 .0 118 .3 61. 3 5,05 
530, 125 .o 124 .3 61.9 5 , 05 
560, 129.0 130,2 61,9 5 . 05 
590. 136.0 136 . 2 61,9 5,05 
620. 141.0 142.1 61.9 5 .0.4 
650, 148.0 148, I 61.9 5,04 
680. 154. 0 154 , 0 176,2 7,50 
710 . 158,0 158.0 323,7 15.00 
740, 160 ,0 160,0 323, 7 15 ,00 
770. 162,0 162 . 0 323,7 15.00 
800. 164.0 164.0 323. 7 1.5.00 
830. 166 . 0 166,0 503,2 30.00 
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computer tec hnique is b ased upon removing velocity reversal s (ve l ocity 
decreases w ith distance) . The depth compute d to thi s horizon is 5. 8 feet in 
contrast t o the cor rec t value of Z. Z fee t showing that the error is l a rge for 
the effecte d hori zon. H owever , the errors in computing the depths to the 
deeper horizons a re Z. 7 p er cent and O. 9 per cent respectively for the model, 
s ugge sting again the decr easing effect of the smoothing e rror with d e pth. 

As an example of the routine applied to a field case, Figur e 6 
s h ows the time-distance plot of a refraction profile in the Ottawa area. The 
printed velocity-depth fun c tion is given in Tabl e II. The plot was inte rpreted 
in the field by con ventiona l means as a three layer case with V 0 = 855 feet per 
second, V 1 = 4, 7ZO feet p e r second and Vz = 19, ZOO fee t per second giving a 
depth of d 1 = 5 .5 feet and dz= Z70.5 feet . The compute r fit, however , gives 
a 7-layer case w ith velocities of V 0 = 1, 000 - 4, 4Z8, V1 = 4, 570, Vz = 4, 776, 
V3 = 5,045, V4 = 7,500, V5 = 15,000 and V6 = 30,000 f eet per s ec ond, with 
d e pths of d 1 = 10. 6, dz = 2 5. 9, d3 = 62, d4 = 176, d5 = 323 and d6 = 503 feet. 

At this point t h e inte rpreter s h ould conside r the velocities of 
7, 500 and 30, 000 feet p e r s econd as questionable since they are b ased on one 
d ata point eac h. Howev e r, the velocity 7, 500 feet p e r second may oc c ur as a 
velocity increase within the 5, 045 fe e t p e r second layer and in tha t r e spect 
m ay b e real. The 30, 000 feet per s econd ve l ocity is given by the last data 
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Fi gure 7. Examples of interprete d ve locity-de pth functions for hamme r 
s e ismic p r ofiles compar e d with conventiona l multila yered 
r e fra c ti on inte rp ret a tion. 

point and b ecaus e of this, m a y be r e ject e d a s an unsmoothed trave l-time anom
a ly. This example d e mons t rat e s the a bility o f the c omputer fit to dete c t fin e 
ve l oc ity c h an ge s as well as the n eed fo r ope r a tor inte rpretation of the ve lo c ity
d e pth functi on . 

Fi gur e 7 s how s s ome examples o f interpreted v e loc ity-depth func
tions for h amm e r se ismic p r o file s as c ompa r e d to the conve ntiona l multilay
e r e d r e fr acti on interpr e t at i on and the d r iller 's lo g s from adj acent drillholes. 
The c onve n t i onal in t e rpre tive m ethod introduces abrupt s eismic interfac e s 
w hic h m ay n ot b e r ealistic. The v e l oc ity-de pth fun c tion inte rpr etation sug
gests on the othe r h and that ve l ocity gradi e nt s exist w i t hin lithol o gic units; 
ve l oc ity contr a sts exi s t b e tween unit s but m a y n ot n ece ssarily b e lar ge or 
abrupt. 
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16. A HAMMER SEISMIC INVESTIGATION OF THE PERMAFROST 
LA YER, MACKENZIE DELTA 

Project 68003 7 

J. A. M. Hunter and R. Good 

/ 

A seismic survey was undertaken during July-August 1970 at 
selected sites in the lower Mackenzie River D_elta and along the coast of the 
Beaufort Sea in co-operation with Dr. J. R . Mac Kay (Proj ec t 68004 7) . The 
seismic experiment was designe d to measure the thickness of the p e rmafrost 
layer by the reflection technique since velocity inversions commonly occur
ring at the base of the permafrost negate the use of conventio·nal r e fraction 

I] rl~~ REFRACTION PROFILES 

I I I I I 
2 4 6 8 10 12 14 16 18 20 

PROFILES 

10 12 16 18 20 22 24 

VELOCITY (XJ0 3 ) FT/ SEC 

Fig ure 1, H istogram of observe d velocities from hammer seismic profiles. 
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Figure 2. Histogram of permafrost thicknesses as determined from seismic 
profiles. 
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techniques. In total 4 7 locations were investigated, the majority being reflec 
tion profiles with a few refraction profiles to provide horizontal ve loci ties. 
Interpr e table data were obtained from 39 reflection a nd from five refraction 
profiles, the record quality varying from fair to poor even when explosives 
were used as a source of energy. This suggests that the active layer of the 
permafrost is a substantial absorber or attenuator of source energy. 

Velocities observed on both the reflection a nd refraction profiles 
are displayed in histogram form in Figure 1. The reflection profile velocities 
most commonly recorded were 4, 000 and 7, 500 feet per second. These have 
be en interpreted as representing the shear and compressional reflected waves 
respectively from the base of the permafrost layer . An investigation of later 
arrivals of energy on the r e fraction records, also presented in Figure 1, coin
cide with the velocities d e rive d from the reflection records.. The thickness of 
the permafrost varies from 4 feet in regions of di scontinuous permafrost to 
values in excess of 500 feet. The thicknesses determine_d during this abbre
viated survey are shown in histogram fonn in Figure 2. 

The average Poisson's ratio computed for the p e rmafrost zone is 
approximately 0,30, a value greater than that generally interpreted to rock 
but l ess than that measured in soils. 

17. j SEISMIC REFLECTION TEST, QUYON, QUEBEC 

Project 68003 7 

J.A,M. Hunter and R.M. Gagne 

The area chosen for the reflection survey tests is near Quyon, 
Queb ec , where a regional refraction seismic survey indicated that refracte d 
arrivals from bedrock were sometimes weak and bedrock d e pths were taxing 
the limit of the hammer seismic refraction method, Refraction results indi 
cated that bedrock depths increas ed away from the river to a maximum value 
adjacent to the escarpment in the Quyon area. The tests were performed 
along two roads, Figure 1, at right angles to the Gatineau Hills Escarpment. 

The instrument us ed was the Huntec FS-3 hammer seismograph 
which has been describe d in d e tail by such as Hobson 1 and Paterson and 
Meidev 2 . The instrument was operated in the reflection mode following the 
two-geophone spatial filtering technique described by M eidev3, a technique 
involving coincidence window matching of arrivals from geophones in line with 
the hammer source resulting in velocity rejection filtering of arrivals. 

Two methods were tested on the survey lines. On line A a contin
uous series of single-ended reflection spreads were obtained, each of 300 feet 
total length with 50-foot spacing of hammer blows, for a total traverse length 
of 1. 5 miles. Line B was surveyed w ith a series of split spreads positione d 
at the locations of the refraction profiles done in the regional survey. The 
total length of each split spread was 600 feet with 300 feet each side of the 
geophone pair and a 50-foot spacing between hammer blows. 

For both survey lines the correlation gate w idth for coincidence 
recording of geophones was constantly adjusted between 2. 5 and 3. 0 milli
seconds as reception conditions varied along the profiles. With a geophone 
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Figure 4 (a ). Refraction profile No. 120 - field record. 
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Figure 4 (b) . Time-distance plot for profile No. 120. 

spacing of 20 feet this gave lower limits of acceptance of events with apparent 
velocities between 6, 600 and 8, 000 fe et per second. This type of filtering 
eliminates refracted arrivals from the overburden layers with velocities below 
this lower limit. 

The reflection profile data for line A yielded events which can 
readily be interpreted as bedrock reflections. A portion of the field records 
is shown in Figur.e 2. Most events were correlated from hammer spacings 
between 100 and 300 feet. However, it has been note d that in m any cases the 
arrivals from the 50-foot spacing were apparently overriden by a strong event 
which did not correlate with the extrapolated reflection time. This strong 
event has been interpreted as the air-coupled ground wave, a wave that atten
uates rapidly with distance so that data from beyond 150 feet are largely una f 
fected by it. 

A sectional plot of the interpretations for reflection line A is also 
given in Figure 2 along w ith results obtained from the conventional shallow 
refraction survey. The data h ave he en interpreted and plotted in the following 
ways: 

a) using the average travel-time and velocity obtained from each reflection 
profile assuming a single overburden l ayer least squares trave l-time fit, 

bl using the reflection travel-times from the reflection profiles and the aver
age overburden velocity as determined from the refraction profiles, 

c ) using the refraction first arriv al times and computing depths from the 
refraction method, and 
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d) using a l east-squares reflection wave fit to later arrivals picke d from the 
refraction profiles as the bedr ock reflection. 

Good correlation is shown in general b etween var ious refle ction 
interpretations and the refraction r esults; however , differ ences as muc h as 
80 feet sometimes do occur, D e pths to bedro c k range between 225 feet at the 
south to 3 00 feet n ear the north e nd as one approaches the Ga tine au Escarpment. 
An abrupt ris e has b een inte rpr e t e d at the north end of the section. 

Of the variou s inte rpr e t ations given in Figure 2, the most acc u 
rate reflection method appea rs to be that using the arriva l times from the 
reflection survey in conjunction with the velocity obtained from the refraction 
survey. The reasons for this conclusion are: 

1) The r e fl ec tion geophone configuration in conjunction with the velocity filt e r 
minimi zes inte rfer enc e from low velocity events, and 

2) The overburden velocity obtained from the refraction profiles is based on 
many points and is statistically the more accurate velocity m e asurement 
obtaine d compared to that obta ined from the r e flection profiles. · 

The reflec tion data from line B using the split spread method we r e 
poor compa red to those of line A. This is attributed to a c h a n ge in geological 
conditions b e tween the two lines rathe r than the difference in the method. 
Figur e 3 is a sectional plot of the reflection interpretations in conjunction with 
the refraction results. The thre e interpretation m e thods used w e re: 

a) least squares velocity fit and d epthcomputa ti onofreflection r es ults assum
ing a single layered overburden, 

b) depth computations from refraction r es ult s , a nd 

c) depth computation from reflecte d events on the refraction profiles. 

The refraction records from the area suggest an inte rmediate 
r e flecti on horizon above the bedrock w hic h appears as a hidde n refractor in 
the first a rrival plots. This interpretation is b ased on the position of r e fl ect e d 
later events w ith respect to the first a rrivals on the refraction profiles. 
Comparison between interpretive m ethods as shown by Figur e 3 suggest that 
all methods indicate the same d epth trends along the s ection but differ as much 
as 50 feet at some locations. 

For line B, the interpretation bas ed on reflections observed as 
l a ter arrivals on the refraction profiles may be the best indic ator of the sub
surface structure. Here the inte rpreter i s guided by the position of the over
burden first a rrival times and the bedrock refr actor times extrapolated b ack 
to the origin. Later events in this region can b e inte rpre ted as infra -overburden 
r e flections and multiples of same. A reflector tangent to the extra polated 
refractor travel-time may be interpreted as the b edrock r e fl ection. Many 
case s ar is e in shallow refrac tion prospecting where the b e drock refractor 
first arr ivals are weak and insufficie nt to give a reliable velocity but m ay be 
usable as a guide to the bedrock r eflection. 

The average d e pth values compute d from the reflection profiles 
we re obtained under the ass umption of a singl e- l ayered overburden. To t es t 
the effect of low ve locity l ayering on the travel time of a reflection, a r efrac
tion profil e from the Quyon area (No. 120) s h owing a clear reflection event 
was s e l ected. The profile location was close to line B, Fi gur e 1. The field 
record is shown in Figu r e 4(a) and the time - distance plot in Figure 4(b). The 
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first arrival times suggest laye rs with velocities of 65 0, 1, 670 and 4, 770 feet 
p e r second. Also, the b edr ock refractor was inte rpr e t e d as a secondary 
a rrival w ith ve loc ity of 13 , 770 feet per second. 

The bedrock reflector interpr eted from profile No. 120 give s an 
average velocity of 5, 080 feet p e r second and a depth of 222 fe e t to b e drock as 
compared to 183 feet from refraction data. In an att empt to resolve the dif
ferences by the two methods, layered r eflection mode ls we re d es igne d and 
trave l - time s were computed using an it e r ative solution of the para m etric form 
of the travel-time and dist an ce e quations: 

k 

2= 
i= l 

k 

2= . . 2 2 1/2 
(2Zi. Vi p) I (1-p Vi ) 

i-1 

where Tk = two way trave l time of a r e fle c tion from the kth interface 

X = dist ance be,tween source and receiver 
k 

p the ray parameter 

ai 
Vi th 

the incide nt angle at the i interface 

Vi. h l . . h' th . th l = t e ve ocity wit in e i ayer. 

Thre e models which fit the travel times of the reflector within 2 milliseconds 
a re given in the following t abl e : 

Model L ayer Velocity (feet per s ec ond) Layer Thic knes s (feet) 

a) 5080 222 

b) 1670 10 

5300 200 

c) 1-670 10 

4770 160 

8000 25 

These are not the only b est-fitting mode ls available (since many more maybe 
obtained by adding intermediate layers) but rather they a r e the most probable 
based on reflection and r efraction data . Model (a) is simply the model as 
given by the r e fl ection r es ults. Mode l (b) ass umes a 10-foot-thick surface 
low ve locity l ayer and was obtained by trial and error fitting of overburden 
ve l ocit y and d e pth . Mode l (c ) ass umes the 10 - foot low velocity l aye r and the 
overburden velocity as given b y the r efraction results, To obtain a good fit 
w i t h the mode l, a third laye r of high veloc ity (8, 000 feet per se cond) was 
added. This suggests a velo c ity increase at the bas e of the overburde n and 
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may be correlated with a basal high velocity drift layer interpreted in the 
Quyon area. A further indication of this lower layer comes from weak events 
in the region of 23 0 feet to 410 feet on the profile closely following the first 
arrival from the 4, 770 feet per second layer which may be interpreted as 
reflections. 

Model (c ) of those considered appears to be the best interpretation 
since model parameters are bounded by the refraction results. The workwith 
model studies has demonstrated that multilayered overburden models can sub
stantially alter the travel-time of reflections. Least -square s velocity and 
depth fits assuming a single layered case may only be approximate. However, 
reflection observations combined with refraction results may lead to better 
interpretation in seismic studies of overburden. 

1 
Hob son, G.D.: Seismic methods in mining and groundwater exploration, in 

Geol. 'Surv. Can., Econ. Geol. Rept. No. 26, pp. 148-176, ed~ 
L. W. Morley (1970). 

2 
Paterson, N. R. and T. Meidev: Geophysical methods in highway engineer-

ing; Presented at 48th Ann. Conv. Can. Good Roads Assoc., 
Saskatoon, Saskatchewan (1967). 

3
Meidev, Tsvi: Hammer reflection seismics in engineering geophysics; 

Geophysics, vol. 34, No. 3, pp. 383-395 (1969). 

18. ELECTRICAL ROCK PROPERTIES 

Project 630049 

T.J. Katsube and L.S. Collett 

Research on the electrical rock properties is carried out with the 
intention of aiding geological mapping and solving many geophysical problems 
concerned with industry, by laying a basis for development and improvement 
of new and existing geophys ical exploration equipment and techniques. 

Measuring systems have been· set u;f for measuring electrical 
pro~erties of rocks under various conditions l, ' 3 for the frequency range of 
10- to 10 7 Hz. The systems for the frequency range of 103 to 10 7 Hz have 
been standardized. This makes it possible to study the electrical character
istics of rocks in relation to the petrology in the 103 to 10 7 Hz range. Studies 
are being made below 1 o3 Hz, but measurement precision will have to be con
sidered before these systems can be standardized. A theoretical study that 
has b een made on the e l ectrical properties of earth materia ls in general is in 
the completion stage4 . This study was necessary for setting up the measur
ing system, and to lay the basis for electrical characterization study of rocks. 

Measurement of various igneous rocks and major rock forming 
minerals has begun, with the intention of clarifying their electrical 



- 59 -

character i stics. A set of measurements on sedimentary and metamorphi c 
rocks is pl anned to follow the measurement of the igneous rocks. After char
acteri zing the various types of rocks, it is intended that measurement will 
begin on rocks from various formations across Canada. 

A set of measurements on lunar samples from Apollo 11 and 12 
has been carried out during the last year, and the results5 have been pre
sented at the Second Annual Lunar Science Conference in Houston in January, 
1971. A paper6 on the same subject has already been submitted for publica
tion. These results seem to be accepted and are being used by scientists and 
engineers who are concerned with the EM soundings of the moon. 

At present an attempt is being made to standardize the measuring 
systems in the frequency range of 1o-2 to 1 o3 Hz. The main object of this 
attempt is to begin production of measurements in order to study the electro
chemical polarization in rocks, including rocks disseminated with sulphide 
minerals. This study should relate the electr i cal characteristics of rocks, at 
these frequencies, to the petrol ogy and geology of various kinds and types of 
ore-bearing zones across Canada. This study, if successful, should produce 
significant results for use by scientists and engineers related to mining explo
ration techniques. 

Another subject of industrial importance, which has to be taken 
up in the near future, is the development of measuring systems for frequen
cies above 10 7 Hz. Study of earth material in this frequency range is required 
in relation to permafrost and electromagnetic subsurface sounding in soils. 

Good quality data and a theoretical understanding of measurements 
are essential for this study of electrical rock properties, and these are the 
aspects in which most effort has been concentrated during the development 
stages of the measuring systems. Such effort will be continued besides 
increasing the quantity of data production. This work may have an important 
re l ation to future developments in exploration geophysics in Canada. 

1 
Katsube, T. J. and Collett, L. S.: Measuring techniques for electrical 

properties of rocks (in preparation) . 

2 
Katsube, T .J. and Collett, L.S.: Variable a i r-gap technique for measuring 

electrical properties of rocks (in preparation). 

3 
Katsube, T. J.: Electrical rock properties; in Report of Ac ti vitie s, Part B, 

November 1969 to March 1970; Geol. Surv. Can., Paper 70- l B, 
pp. 39-41 (1970) . 

4 
'Katsube, T.J. and Collett, L.S.: Theoretical di scuss i on on the e l eetrieal 

characteristics of lunar and terrestrial rocks (in preparation) . 

5 
Collett, L.S. and Katsube, T.J.: Electrical properties of Apollo 11and12 

6 

lunar sampl es; presented at the Second Annual Lunar Science 
Conference, Houston, Texas (1971 ) . 

Katsube, T.J. and Collett, L.S.: Electrical properties of Apollo 11 and 12 
lunar samples; submitted for publication in Proceedings of the 
Apollo 12 L unar Science Conference , Mass. Inst. Technol. Press. 
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A SEISMIC REFRACTION INVESTIGATION IN THE 
ST. JOSEPH ISLAND, SAULT STE. MARIE AREA 

(41 J/4 WEST HALF), ONTARIO 

Project 670075 

H.A. MacAulay 

Recent geological mapping
1 

on St. Joseph Island has cast some 
doubt upon the presence of Silurian strata at the southern extremity of the 
island as previously mapped 2 • The seismic investigation was therefore pro
posed as an aid to the mapping of bedrock formations beneath the drift covered 
areas of this part of the island3 • 

Contours on bedrock surface, Figure 1, are interpolated from 
drift thickness calculations based on refraction seismic profiles. The fence 
diagram of the same figure was constructed from a combination of subsurface 
geological and seismic data, and a general assumption that Paleozoic strata 
dip uniformly southward at about 40 feet per mile. 

Under the reversed profile between shot points 9 and 10 a short 
distance north of Tenby Bay Post Office, thickness of drift (unit 4) and the 
combined Wekwemikongsing, Sheguiandah and Collingwood Formations (unit 2, 
predominantly shale) were calculated. Further southward where carbonate 
rocks (unit 3) overlie the shales, depths to the top of the shale (unit 2) could 
not be determined because shale velocities being generally less than the veloc
ities in carbonate rocks (unit 3) create a velocity inversion problem which the 
seismic refraction method does not resolve. Southward from shot point 11, 
near Tenby Bay Post Office where shales are capped by carbonate rocks of 
unit 3, only that part of the fence diagram of Figure 1 penetrating the top o"f 
the upper carbonate sequence is seismically derived. The approximate posi
tions of the underlying stratigraphic units are extrapolated from the Henery 
Fremlin No. 1 well applying a regional southward dip of 40 feet per mile. 
The four rock units recognized in the seismic profiles exhibit good velocity 
contrasts, therefo're assuring reliable correlation throughout the area of 
seismic survey. The velocities of the various units are diagramaticallyillus
trated in Figure 1 and correlated with the rock stratigraphic units which form 
the southern part of St. Joseph Island. 

The bedrock surface at shot point 1, about 3, 3 00. feet northwest of 
the Henery Fremlin No. 1 well is interpreted as limestone (unit 1). The 
overlying shales (unit 2) which were encountered in the Fremlin well appar
ently terminate and form an escarpment at some point between the well and 
shot point 1. The same phenomenon occurs to the southwest where the change 
from shale (unit 2) to limestone and/ or dolomite (unit 1) of the bedrock sur
face between shot points 9 and 8 determined seismically, indicates a gener 
ally north- facing buried escarpment with a relief of approximately 200 feet. 
Within the area of seismic control, the drift cover averages 100 feet in thick
ness above the escarpment, but increase_s abruptly to 300 feet thick north of 
the buried limits of the escarpment. 

The absence of Silurian strata on St. Joseph Island as recently 
interpreted by Liberty is puzzling in light of their presence on immediately 
adjacent Lime Island in the state of Michigan, U.S.A. Ehlers and Kesling 
have correlated strata encountered in wells penetrating the Silurian rocks of 
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the Northe rn Peninsula of Michigan a nd Cockburn Island, Ont a rio4 . One o f 
the wells w hich provid e d data for the ir corr e l a tion was drill e d by the North 
Weste rn H a nna Fue l Co. on Lime Isla nd. Although this we ll w as bottome d in 
the Siluria n Moss Lake Formation the ir corr e lation shows the stratigraphic 
succ e ssi on postula t e d b e low the formations p e n e trated. Ehl e rs and K e slin's 
interpr e tation indic ate s the pres e n ce of approx im a t e ly 130 fee t of Siluria n 
strata ext e nding b e low lake leve 1 a t this Lime Is l a nd location. At shot point 3 8 
near R a ins Point, St. Jos e ph Is l and the seismic data indicat e a depth of b e drock 
surface of 80 feet b e low the level of Lake Huron. This d e pth to bedro c k a t 
Rains Point is alon g s trike with Siluria n ro c ks of Lime Isla nd and sug ge st that 
up to 50 fe e t of Siluria n strata may b e present under the drift c over at the 
south e nd of St. Jos e ph Island. 

It should a lso be pointe d out that a southeast tr e nding buried str e am 
channe l approximate ly 100 feet in d e pth can b e observed in Fi gure 1 to c ross 
the southe rn tip of St. Jo_seph Island and this c ould very w e ll h ave de ve loped 
coincid e nt with the un c onforrr"iable Silurian-Ordovic ian boundary. 

In conclusion, it has b een determine d that Siluria n formations a r e 
not as w id e ly distribut e d on St. Jos eph Island as previously m a pped; the y a r e , 
in all probability, p re s e nt but confine d to the extr e me southwes tern pa r t ofthe 
island w hic h lies adj acent to Lime I s land, U.S.A. 

1 
Liberty, B.A.: Strati g raphic studie s of Middle Ordovicia n and Cambrian 

strata in the St. Jos e ph Island-S ault Ste. Mari e ar e a; Geol. Surv. 
Can., P a per 67-1, P a rt A, pp. 154- 155 (1967). 

2
Hewitt, D. F.: P a l e o z oic geolo gy of southe rn Ontario; Ont. D e pt. Mine s, 

Map 211 7 (1966). 

3
MacAulay, H.A. and Hobson, Ge or g e D.: S e ismic refrac ti on, St. Jos e ph 

Island, Ontario (41 J/4 We st Half); in Report of Ac tivities, 
Part A, May to O c tobe r, 1967; Geol:'" Surv. Can., Paper 68-1, 
Part A, pp. 85-86 (1968). 

4 
Ehle rs, G. M. and Kesling, R. V.: Silurian ro cks of the No rthe rn Peninsula 

20. 

of Michigan; Mich. G e ol. Soc., Guide book for Annu a l Fie ld 
Conference (1967) 

ROCK MAGNETISM AS A GEOLOGICAL TOOL 

Proj e ct 700054 

E. J. Schwar z 

The conventional rol e of roc k magne tism is to prov ide a physical 
background for paleomagnetism by c onside rin g the magne ti c mineralo gy and 
mechanisms of acquisition of various types of r e manent magnetization unde r 
different natural conditions. Howe ver rock magnetism has applications to 
geology apart from paleomagnetism. 
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The most abundant magnetic minerals are oxides of iron which 
h ave been under study for many years. However, sulphide minerals such as 
pyrrhotite have been avoided in paleomagnetic work because their occurrence 
is limited essentially to sulphide (ore ) deposits and some rock types, and 
because the complexity of their magnetic properties has been indicated by the 
few studies conducted on these minerals. Grant and West (ref. 1, p. 363) 
state that "The properties of pyrrhotites in sulphide ores are completely 
unstudied". From a practical point of view, these minerals are obviously of 
great interest. It is for these reasons that the magnetic properties ofpyrrho
tite are being investigated at the Geological Survey. Pyrrhotite is the only 
common magnetic sulphide to occur in nature. As a result of this work, some 
new techniques of analysis have been developed. To illustrate possible appli
cations of these techniques and to encourage further applications the following 
examples are given. 

Figure lA shows a thermomagnetic curve for a pyrrhotite sample 
from the Strathcona Mine, Sudbury. The magnetization (J) de creases contin
uously during heating in a normal manner. The Curie temperature (Tel indi
cates that the composition of the pyrrhotite is Fe7Sg. Figure lB, however, 
shows an abnormal curve. This curve has been split into two parts (1) a nor
mal curve due to Fe 7Sg (Tcl ) and (2) an abnormal curve due to Fe 9s 10 (Tc 2). 
J before heating yields the relative abundance of both phases if the sample is 
relatively pure. The reasons behind this interpretation fall outside the scope 
of the present account but are discussed in earlier papers 2 . The distribution 
pattern of these phases in the mine (Fi g. 2) shows an abruptbreakatthelower 
contact of the norite which must be of significance in unravelling the forma
tion of these deposits. The advantage of this thermomagnetic technique of 
analysis is that it is generally applic abl e however finely intergrown both 
phases may be (superior to the e lectron microprobe) and that it avoids possi
ble bias due to grinding and other difficulties as in X-ray diffraction. These 
results can be augmented by a study on the fabric of the orebodywhichis very 
eas ily carried out on the basis of the ext r aordinary crystalline magnetic anisot
ropy of pyrrhotite. This method also has definite advantages over X-ray dif
fraction and interference from other minerals in the samples is negligible 
owing to the hi gh contrast in this intrinsic anisotropy. 

The second major component of the program is the attempt to 
unrave l the NRM as to components of magnetization acquired at some stage(s) 
in the history of a rock. For instance, a rock may cool through the Curie 
temperature in a magnetic fi e ld H1 and at some other time be reheated to a 
temperature (TR) below the Curie point and cooled in a field Hz causing a 
superposition of two magnetizations of the same type. The results shown on 
Figure 3A may be interpreted in this manner. If reheating results in a dif
ferent magnetic mineral (e.g. exsolution in an original titanomagnetite) at a 
temperature below the Curie point of the new mineral (e.g. purified magnetite), 
a chemical magnetization above the temperature of (magnetic) metamorphism 
will be acquired and subsequent cooling will result in another type of magne
tization. The results shown on Figur e 3B may reflect such events. The tem
perature (TR) of metamorphism would be around 450°C. This method is elab
orate but should find applications in paleomagnetic work on, in particular, 
Precambrian rocks that may well h ave undergone metamorphism. Further
more the determination of temperatures reached in metamorphism is possible 
on the basis of magnetochemic'al changes in selected cases 3 . 
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Figure 1. Thermomagnetic curves for single phase (A) and two phase 
pyrrhotite (B). J. indicates magnetization and Tc represents 
the Curie point (of phases 1 and 2). 
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Figure 2, Distribution pattern of Fe 7s8 and Fe9S10 in the Strathcona Mine, 
SudBury. 
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Figur e 3 . Superpos i t i on of components of remanent magnetization of t h e 
same type (A ) and of d i ffer e nt types (B ) . Tm i ndicate s the u pper 
l imit of the t e mperature r eache d in (magnetic ) metamorphi sm. J 
and TR r epresent r espective l y magn etization a nd temperatur e of 
metamo r ph ism . 
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Techniques and facilities are now available for the following 
purposes: 

1. Quantitative determination of Fe1-xS phases in any pyrrhotite associated 
with sulphide ores (50 mg samples). 

2. D etermination of fabric in sulphide bodies (magnetocrystalline anisotropy 
of pyrrhotite) and in rocks (mainly shape anisotropy of magnetite). This 
requires oriented samples. 

3. D e termination of temperatures r e ached in magnetic metamorphism (only 
below C u rie temperature). 

The paleomagnetic investigation of sulphide orebodies in relation to their wall 
rocks is attractive from a practical point of view but remains a difficult prob
lem. Howeve r, the work on pyrrhotite is beginning to provide some answers 
in thi s matter. 

1 
Grant, F.S. and West, G.F.: Interpretation theory in applied geophysics; 

McGraw Hill, N. Y. (1965) . 

2 
Schwarz, E.J .: Magnetic phases in natural pyrrhotite; J. Geomag. 

Geoelect., vol. 20, pp. 67-74 (19 68). 

3
Kobayashi, K. and Schwarz, E.J .: Magnetic properties of the contact zone 

between Upper Triassic red beds and b asalt in Connecticut; J. 
Geophys. Res., vol. 71, pp. 5357-5364 (1966). 

21. AN ASSESSMENT OF THERMAL INFRARED SCANNING 

~\ 
Project 670054 

V. R. Slaney 

The Remote Sensing Section of Exploration Geophysics Division 
has been involved in assessing potential applications of thermal infrared scan
ners for more than 3 years. Most of the work h as been with a Reconofax IV 
scanner, manufactured by H.R.B. Singer. 

The investigations have taken place in associat ion with Inland 
Waters Branch and therefore have included hydrological studies as well as 
studies more strictly attributable to the earth sciences. Undoubtedly the most 
useful applicat ion of the scanner li es in the hydrological sciences - the study 
of currents and water disturbances , thermocline phenomena, harbour studies, 
groundwater seepage into lakes, rivers or the sea, and the location and the 
dispersion patterns of coolants and industrial and municipal was tes into rivers 
and lakes. In each of these areas, a high thermal sensitivity is required, 
while spatial sensitivity (resolution) is relatively unimportant. The revers e 
holds true for most, if not for all, investigations over land. 
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Most of the land areas flown were, for practical reasons, close to 
Ottawa. Subject areas are generally soil covered and contain a variety of 
vegetation types. Outcrops are usually scattered and occupy relatively small 
areas relative to the resolution of the system. There were repeated flights 
over a test strip near Almonte, which was flown at all times of the year during 
the day and at night. 

The scanner is best applied to the solution of specific problems 
involving a limited subject area, and allowing for maximum spatial resolution 
by flying at altitudes not greater than 3, 000 feet. Under these conditions most 
rock outcrops can be recognized and some evidence is available to show that 
rocks with different thermal conductivity (i.e. limestone and gneiss) can be 
separated on the imagery. Near surface soil moisture patterns can be distin
guished, particularly when the vegetation cover is thin (grassland or crops) or 
absent. Fractures can often be recognized, particularly when they have topo
graphic expression or when they are outlined because of a distinctive vegeta 
tion or soil moisture pattern. Differences in image texture may allow separa 
tion of alluvium from glacial drift and from areas underlain by a thin soil 
cover. 

For geological purposes the value of the imagery must be judged 
with reference to four classes of information: a) the nature of the subject 

b) the instrument used 
c) timing of flight 
d) flight conditions. 

(a) The nature of the subject. The most important factors here are the vege
tation cover and the effect of air and water. 

The vegetation cover is rarely the prime subject of study. Where 
a vegetation cover exists, and particularly a shrub or tree cover, it acts 
as a thermal blanket to radiation emanating from the underlying soils. 
Thermal patterns relating to soils and to scattered outcrops beneath a 
vegetation cover are usually totally obscured. 

The movement of cold air along valleys or into hollows (= frost 
hollows), and of warm air which often accumulates in vegetation foliage, 
will modify the radiation from the ground or vegetation surface. 

Rain showers during the day preceding a flight will reduce the 
thermal contrast of the subject area. 

(b) The instrument used. The Reconofax IV scanner has a number of limita 
tions which were understood only after a fairly prolonged association with 
it. Basically the scanner is a military instrument which is being applied 
to problems for which it was not designed. There is no fixed or measur
able relationship between changes in ground radiation received at the 
detector and changes in image density on the recording film. This is 
because of an automatic gain control and to the lack of D.C. restoration in 
the scanner electronics. 

The recording system (a ~adulating lamp scanning 70 mm film) 
had been designed so that hot, point-source anomalies showupprominently 
on the film. Subjects colder than average merge into their surroundings. 
The imagery, once recorded on film, cannot easily be corrected for radial 
or along track distortion. 
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(c) The timing of flight. Daytime flights are considered to provide very little 
useful information because of the irregular and ephemeral effect of solar 
radiation on the ground. Of all night-time periods, that between sunset 
and loss of skylight is generally most useful. This is the period of maxi
mum thermal contrast. The le11gth of the survey, 1 1/2 - 2 hours, is 
limited by the need for accurate visual navigation procedures. 

For some subjects, almost any time of year is acceptable e.g. 
studies of industrial and municipal effluents. For many subjects the tim
ing of the survey may determine whether the technique will be successful 
in its aim. 
Spring - immediately spring floods have subsided is the best time for 

tracing groundwater infiltration into rivers, since the ground
water being warmer, will float. 

- for soil moisture and drainage studies. 
for the greatest thermal contrast between various species of 
fresh growing vegetation, 

Summer - best for differentiating rock types and outcrop from soil or drift. 

Autumn - micrometeorology studies, particularly the movement and 
accumulation of warm or cold air at near-ground levels. 

(d) Flight conditions. Many of the requirements for flying have been mentioned 
already. Given briefly, they are, altitudes below 3, 000 feet to maintain 
ground resolution (aircraft speed is not critical); sufficient light for visual 
navigation; no rain 24 hours preceding flight; no cloud during flight; high 
winds and turbulence should be avoided because of need for accurate in
flight measurement of drift and ground speed, 

In conclusion, any new sensing system particularly one requiring 
heavy capital funding, must compete successfully with established sensing 
systems by providing information not otherwise available, or, by providing 
the same information at a cheaper price. 

Our experience with one particular scanner in a temperate part of 
Canada would indicate that for geological purposes thermal infrared imaging 
does not compete successfully with techniques such as aerial photography. 
While one accepts that the imagery represents a thermal response, there is 
generally little information on the imagery which can be regarded as unique, 
In part this is because of the nature of the particular scanner used for the 
investigations, and in part to the areas chosen for investigation, areas which . 
would now be regarded as being generally unfavourable. Most of the publica
tions claiming a successful application for thermal infrared sensing relate to 
poorly vegetated, arid environments. The Canadian Shield represents a dif
ferent environment. 

In the summer of 1970, some 300 line miles of thermal imagery 
was obtained from the area about Fort Smith in the Northwest Territories, 
using a scanner (manufactured by Daedelus Corporation) specifically designed 
for natural resource studies. 

The imagery produced by this survey has not yet been properly 
assessed, although from an early examination, it is clear that a number of 
lithological units can be recognized. 



22. 

- 69 -

GEOCHEMISTRY 

DEVELOPMENT OF INSTRUMENTATION FOR 
VAPOUR SENSING 

Project 700087 

Q. Bristow 

)f; 

The sensing and measurement of vapour concentrations is receiv
ing incre asing attention as an aid in geochemical surveying. Work is proceed
ing on the development of suitable instrumental techniques for this purpose 
which it is hoped will enable a number of vapours, e.g. mercury and iodine, 
to be detected both at ground level and from the air. 

CRYSTAL OSCILLATOR VAPOUR DETECTOR 
DISPLAY UNIT G.S.C.-1000 

MEASURfMENf TIME • N.t, (HUI DISPLAYS ACCUM AF 

SENSITIVITY • N 11,1' j ----. 
No OF PERIODS 'N' SAMPLE PERIOD ' '.' 

•o• eeo 10• ••o 
10• 100 •to 

10• ~ ~ , ,~ 

Lo-.~ 
CYCLE DISPLAYS .6F AT ENO OF EACH SAMPLE PERIOD 

FREQ SHIFT .llF 

RESET/ START 
ON REPLACE BAHERY 

~y 
UNIT -UNIT VAPOUR CONC _~ k. M/ SENS IJIVITY 

REAU 

ENO MEAS 
UME 

The first objective is the development of a light weight portable 
rnst1 ument for the determination of mercury in soil gases. The photograph 
(Fig. 1) shows the prototype version o{ a unit which employs two conventional 
quartz radio crystals connected as highly stable electronic oscillators with 
nominal frequencies of 15 MHz. One crystal has aluminum or nickel elec
trodes and the other has gold electrodes. Both crystals are exposed to the 
soil gas under investigation and are therefore subject to the same environmental 
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conditions. Gold has a high affinity for m e r c ury so that if mercury vapour i s 
present in the soil gas it will be a dsorbed. The increase in the mass of the 
crystal l owers i ts natural frequency by approximate l y 2 . 6 cycles / sec p e r nano
gram of addit iona l mass; the other reference crystal frequency is virtually 
unaffected. The di fference between the two fr e qu e n c i es " FD " is then fed to a 
mini-computer contained in t h e display unit (s h own in the photograph). As the 
m eas ur e ment proceeds and m e r c ury continues to be adsorbed, the value of 
FD increase s continusouly. The shift is automaticallymonitored anddis played 
at predetermine d inte rva ls on a digital re a d out, t h e acc umulated shift over a 
pres et m eas urement time is a measu r e of the c oncent r ation of mercury vapour 
in the soil gas . 

The crystals and associat e d oscillator c ir cuits are contained in a 
d e t ec tor unit about one-tenth of the volume of the display unit. The equi pment 
i s batte ry ope r ated from four 1. 5V "D" cells and tw o smaller 5. 4V cells . An 
an a l ogue output for driving a strip chart re corder i s provide d. 

The quantity price of g old elect r od e crystal s i s of the order of 
$2.50 and it is anticipated t h at each c rystal w ill b e good fo r abo ut lOdetermi
nations before its ability to adsorb mercury h as dete rior ated to the point 
where it affects the accu r acy of the result, 

This approach is still in the d eve l opment stage and h as yet to 
undergo fi e ld tests. However , if successful, i t may well h ave application to 
other:vapour s b y coating one o f the c r ystal s w ith a ppropriate se l ecti ve 
absorbents. 

23. J LAKE SAMPLING vs. STREAM SAMPLING FOR 
REGIONAL GEOCHEMICAL SURVEYS 

Proj ect 680028 

W . Dyck 

At the e nd of the 1969 r egion a l geoc h emi cal survey of the 
B eave rlodge, Sask. r egion, in order to d etermine w h eth er l ake samples give 
the same information a s d o str eam samples , a 30-squ are-mil e area situate d 
a b out 5 miles east of Eldorad o was sampled at a d ensity of 4 l ake water and 
sediment samples p e r square mile and 4 stream wate r and sediment samples 
p e r square mile. This detailed sampling program was carri e d out as follows: 
whil e one man sampled the l ake-bay from a h elicopter , about 20 fe e t from 
the inlet or outlet of a stream, anoth e r man took two st r eam samples roughly 
200 feet apart. A tot a l of 63 such l ake -stream group s were sampled; anothe r 
62 lake sites alone were sampl ed and include d 33 inac tive bays. The following 
variables were d e t e rmine d: t e mperature, uranium, radon, pH, and a lka lin
ity in waters a nd uranium, radium, z inc , copp e r, l ead, and nickel in sedi
ments. Except for radon and ur anium in water , all variabl e s give significant 
positive co r re lation s between the l ake bay sites and the stream sites. Radon 
and uranium correlate onl y weakl y , w ith prob abilities of significance of44 and 
77 p er cent respective ly. 

Comparison of the geometric m eans of e l e m ent concentrations 
l ead s to several interesting observations and rough but useful generalizations. 
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As was already observed in the regiona l survey, the pH and temperature was 
lower , and the r adon alkalinity and uranium highe r, in stream waters, Anal
ysis of sediments from the d e tailed survey show that the con centr a tion of U, 
Cu, Pb, Ni, and Ra is roughly 25 per cent higher in streams than in lakes; 
Zn shows just the opposite trend, Also, sediments from outflow bays and 
from streams n ear outflow bays contain rou ghly 25 per cent more U, Zn, Cu, 
Pb, and Ni than d o sediments from inflow bays or from streams n ear inflow 
bays; in this case Ra shows the opposite trend. It is believe d that the organic 
c ontent, which is about 40 per cent highe r in stream sediments than in lake 
sediments and about 15 p e r cent higher in outflow sites, and the relative 
mobility of the elements are responsible , e ither dir ectly or in combination 
with iron and manganese hydroxides , for the observe d differe nc es in trace 
e lement contents. 

The r e sults indicate the following relative mobility of trace ele
ments in the Beaverlodge surface e nvironment: Zn>U>Cu>Ni>Pb>Ra, 

The r esults suggest tha t lake waters are a good m edium for geo
chemical reconna issance of large regions. However , sampling and analytical 
proble ms limit this approach at pres ent. Adsorption on containers and 
desorption from suspended matter, when acid is added to prevent adsorption, 
are the toughes t probl ems to overcome , Neve rtheless, the regional uranium 
surv e y of the Beaverlodge area showed that with the detec tion of d e finite 
a mounts of uranium in about 30 per cent of the l ake and stream waters out of 
a total of 1, 300 samples , uraniferous zones can be outlined sucessfully. In 
contrast, out of 3 50 l a ke and stream water samples only 16 p e r cent had Zn 
contents above the detection limit and none had d e tectable amounts of Cu and 
Ni using direc t atomic absorption a nalytical m e thods . E ve n with prec oncen
tration of 90 samples, only 70 per cent contained dete ctable amounts of Zn 
and 13 p e r cent d e tectable amounts of Cu and Ni. 

Apart from confirming the existe nc e of three uranium 'highs' 
dete c ted during the r egiona l survey, the d etaile d sampling program also 
showed tha t s e dime nt sampling of small lakes n ear the inflow or outflow of 
streams w ill give e ss enti a lly the same information as stream sampling. In 
rugged t e rrain like that encountered in the Beave r lodge area where landing on 
land is practi cally impossible, lake sampling can r e sult in conside rable 
savings to the exploration ge ochemist. 

Considering the present state of methods of s a mpling a nd a nalysis 
of geochemical materia ls, it appears that s ediment sampling by h e licopter of 
inflow and outflow lake bays offers the m ost economical method of assessing 
the mineral potential of large r e gions of the Canadian Shield. For U and Zn 
lake water sampling should suffice. 
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GEOCHRONOLOGY 

24. LEAD ISOTOPIC EVIDENCE ON AGE OF MINERALIZATION, 
GREAT BEAR LAKE, DISTRICT OF MACKENZIE 

(Including a New Model for Certain Anomalous Leads) 

Project 680060 

R.I. Thorpe 

Lead isotopic results have been received from the Geochronology 
Laboratory of the Geological Survey of Canada for 6 galena samples from the 
silver veins of the Great Bear Lake area, and preliminary results have been 
received from Isotopes Inc. for an additional 5 samples. The following notes 
give a tentative interpretation of the available isotopic data; further documen
tation will be presented in a paper now in preparation. 

Seven of the above samples are composed of ordinary lead, as 
were three of the galena samples from Port Radium that were analyzed by 
Jory 1 • The preliminary data from Isotopes Inc. give points falling far below 
any accepted model curve, but the remaining 8 ordinary galenas on a plot of 

206 204 . 207 204 Pb /Pb rat10 versus Pb /Pb , the so-called x-y plot, are closely 
scattered about a Pb204 error line. If it is considered that the data for these 
8 galenas indicate a single lead comr,osition then, on the basis of the assigned 
analytical errors, lead with a Pb 20 /Pb 206 ratio of 0. 963 to O. 966 and an 
age of 1623 ± 17 m. y. satisfies the analytical results. The Geological Survey 
of Canada data fit closely the model curve suggested by Stacey~ al. 2 This 
model uses, as primordial lead isotope ratios, the absolute values determined 
by Oversbz;3 on meteorites. However, on a plot of Pb206/Pb 204 ratio against 
Pb 208/Pb 

04 
ratio, the so-called x-z plot, the model of Stacey~ al. is not 

entirely satisfactor~. The authors have used a decay constant of 4. 99 x 
io-11/yr. for Th23 , although they do not specify this. Change of the decay 
constant will not, however, improve the agreement of the apparent x- z age 
with that indicated by the x-y plot, but an increase in the value for the present 
Th

232
/Pb 204 ratio from 34. 75 to a value in the range of 35.3 to 36.0 gives 

good agreement. The calculated Th/U ratio on the basis of this model is 
approximately 3. 88 to 3. 96. This is in good agreement with values tabulated 
by Stacey et al. (ref. 2, p. 22) for leads that are generally considered to be 
of single-stage origin. 

Four anomalous galenas have been analyzed for the writer and 
four were done by Joryl. In addition two samples analyzed by Jory, one of 
galena (PR 42) and one of a tetrahedrite-chalcopyrite assemblage (PR 3), 
were found to consist of a mixture of ordinary lead with radiogenic lead from 
a very uranium-rich source. These anomalous galenas generate a chord on 
the x-y plot which apparently merges with the average Port Radium ordinary 
galena at one end and intersects the model curve again near the zero isochron 
as it passes into the more radiogenic region of the plot. The radiogenic com
ponent for these anomalous galenas have been derived from a source about 
1625 m. y. old if the leads resulted from mixing of a radiogenic component 
with ordinary lead and if deposition of the galena was very recent. Pitchblende 
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in the veins at Port Radium would be a logical source for radiogenic l ead, in 
fact the amount of uranium lead generated in the veins h as been calculated by 
(r ef. 1, p. 17 5) at 3.5 x 10 6 p ounds on the basis of the quantity of uranium 
mined. However, the anomalou s galenas are not a product of mixing of ordi
nary l ead and uranogenic lead, because the Th/U ratio of the source for the 
radiogenic component h as been calculated to be as great as 2. 89 to 4. 5%. If 
recent formation of the anomalous galenas is assumed then a source age of 
about 1625 m.y. for the radiogenic component is a problem b ecause this is 
the date of ordinary l ead mineralization and the host rocks have been dated as 
considerably older (refs. 1, 4). The maximum age for formation of the anom
a lou s l eads by this mixing model is about 933 m. y., the time at which the 
instantaneous production ratio Pb20 7 /Pb 20 6 was in agreement with that of the 
radiogenic component. 

The writer ' s first interpretation of the anomal ous l eads was that 
they must have formed very recently, probably even in a groundwater regime 
that p ersists to the present. This is the interpretation that was arrived at by 
Tugarinov ~ al. 5 for a similar suite of anomalou s galenas. The writer has 
now d eveloped a new model for anomalous leads that seems more in line with 
some of the observed r e lationships. It is postulated that the anomalous 
galenas were formed at the same time as ordinary galena and other vein min
erals, but that they have been subjected to continuous addition of radiogenic 
lead, probably by diffusion from their relatively immediate environment, 
until the present. This b est explain s why in a number of cases (for exampl e : 
the present study; refs. 5, 6) where the ordinary gal ena composition is closely 
defined, t9;5gnodel age for t h e ordinary lead is in good agr ee ment with a 
Pb 207 / Pb slope age for the source of the radio genic component when 
recent formation of the galena is assumed, The slope of a suite of anomalous 
galenas on an x-y plot can thus be used to confirm the age indicated by ordi
nary galena in the veins, and a l ess certain technique would be to us e the 
"anomalous l ead age" of vein galenas as the age of mineralization even when 
the ordinary l ead composition h as not be e n defined, 

Jory's l eads which contain a uranogenic cornponent yield some 
interesting evidence on the age of mineralization. Sampl e PR 42 contains 
only a small radiogenic component and this makes calcul atiozi<T

6 
subj ect to con-

siderable error. Jory (ref. 1, p. 190) assigned a Pb 207/Pb ratio of 
0.15 ±. 0,04 to the uranogenic l ead compone nt in this sample. However , a 
ratio as low as 0. 0815 can be calculated using his assigned error limits and 
taking sample S 207 as representative of the ordinary lead. This r emoves the 
minimum age of 750 m.y. suggested by Jory for this galena . Sample PR 3 
was found (r ef. 1, p. 189) to contain some uranium, and the ordinary lead 
content was very l ow in the tetrahe drite- c h alc opyrit e material analyzed, and 
these facts togeth er suggest that the urano genic l ead has b een generated in 
situ in this case. On the basis of this assumption an age for the source ura
nium mineral can b e calculated using Jory's sample S 207 for the composition 
of the ordinary l ead component. This age is 1579 to 1630 m.y. and indicates 
that some uranium was d e posited in the veins in association with sulphides at 
the time of ordinary lead mineralization. This date is not in agreement with 
Jory's dat e of 1445 ±. 20 m, y. for the time of pitchbl ende deposition. 

Jory ' s data for pitchblendes was obtained on seven samples of 
various size taken from three specimens from the Port Radium mine. He 
concluded from his work that the pitchblende in carbonate gangue was depos -
ited at 1445 ±. 20 m.y. However, this age was bas e d so heavily on a single 
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sample, which could have been subjected to later redeposition, that he could 
not rigidly conclude that a single age of uranium mineralization was · repre
sented, alth ough he considered his r es ults to favour this conclusion (r ef. -1, 
p. 173). If one combines the results of earlier isotopic analys es on radio 
genic l ead from pitchblende a t Port Radium with Jory's data, any lingering 
doubts about his appar ent age for pitchblende miner a liza tion are eliminated. 
Data from Cumming~ a l. 7 for 18 l ead isotopic d etermina tions on an x-y 
plot, together with Jory' s d ata, d efine an isochron at 1451.±12 m .y., in 
exce lle nt agr eement with the age based on Jory's d ata alone. 

The possibility that pitchblende miner a li zation a t about 1450 m. y. 
was superimposed on an earlier sulphide minerali zation at about 1625 m . y . 
seems r emot e , in view of the paragenetic evidence from microscoific study 
of textures that the reverse sequence of deposition was the case 1• . It there
fore seems ne cessary to conclude tha t the pitchble nde in the Port Radium 
veins has been updat e d from 1625 to 1450 m. y., possibly by mobilization and 
redeposition at the latter date. There is evidence of an event in the area at 
this approximate date . Wanless e t al. 9 report a K-Ar age of 1400 .± 75 m.y. 
for a biotite - hornblende mixture from a sample collected by W. F. Fahrig 
from a diabase sheet or "sill" on Hogarth Island, about 16 miles northeast of 
Port Radium. Such a diabase sheet or sill about 150 feet thick cuts through 
the veins at Port Radium . M agn e tite-actinolite ve ins, sometimes containing 
a p at ite , pyrite and other minerals, are closely associated spatially with the 
diab ase sheet. Robinson4 conclude d that there is probably a genetic relation
ship b etween the magn e tite-actinolite veins and the diabase sheet and he 
reports an age for the veins of 1420 ±. 60 m . y. on the basis of K - Ar analysis 
of two actinolites and one hornblende from the veins (lo c . c it., p. 61) . The 
obvious mobility of iron oxides at the time these veins were formed may be a 
factor in favour of the suggestion that pitchblende was mobilized and redepos
ite d at this time, although such remobilization appears to be contradicted by 
the textural evidence unless a ll vein mineral s were remobilized and sulphides 
redeposited slightl y l ater than pitc hbl ende. 

For thos e who may be reluctant to accept the idea that pitchblende 
can be completely update d by postde positional events some further evidence 
should b e cited. It is, of course, w ide ly accepted that pitc hble nde and other 
uranium-bearing mine r a ls undergo e pisodic and/ or continuous diffusion loss 
of radiogenic l ead. U -Pb d at ing of pitchblende in the B eaverlodge area, 
Saskatchewan, by Koeppel 6 r es ult e d in the definition of an apparent age of 
mine rali zation at 1780 m.y. and a redeposition of some of the pitchblende at 
1110 m. y. The lead isotopic dat a obtained by Koeppel on galenas and claus -
thalit e s suggest, by the writer's inte rpretation, an original age for the min
erali zation of 2500 to 2560 m.y. Indeed, Koeppel's suite of gal enas included 
one that is apparently an ordinary galena with a mode l age of 2450 to 2500 m. y. 
(or a little order if the r e is a very slight radiogenic contamination), in very 
good agreement with the age suggested above on the basis of anomalous gale
nas. Thus Koeppel 1 s U-Pb d ate of 1780 m.y. for the pitchblende would appear 
to also r e present an upd ating event. Not all of Koeppel 1 s l ead isotopic data 
can b e readily interprete d, a nd possibly after further cons ide ration the updat
ing events recorded by the pitc hble ndes can be identified in the galenas. 
Knipping 1 O has reporte d that U-Pb dating work on pitc hble nde from the Rabbit 
Lake d epos it, within the Wollaston Lake fold belt, "indicates primary emplace
m ent of pitchblende 1, 200 million y e ars ago with l eaching and redeposition at 
stages between 1, .200 and 200 million years ago". Howeve r, one sample 
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recently analyzed from the same deposit for H. W. Little (pers. comm.) at 
the Geological Survey of Canada suggests a minimum age of about 1610 m. y., 
and the writer would suggest that the 1200 m.y. date represents an updating 
event, possibly the same event as that interpreted at 1110 m . y. in the 
Beaverlodge area by Koeppel. 
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25. COMMENTS ON ROCK AGES IN THE YELLOWKNIFE AREA, 
DISTRICT OF MACKENZIE 

Project 680060 

R.I. Thorpe 

During the course of compilation of Pb-Pb and U-Pb isotopic data 
for the Bear and Slave pr.evinces in connection with this project, some inter
esting conclusions were reached with regard to the age of rocks at Yellowknife, 
primarily on the basis of U-Pb data recorded by Greenl for 15 zircon concen
trates. His extensive Rb-Sr and K-Ar age data are not reviewed. Green's 
data were examined ,on plots of Pb207 /Pb2o4 ratio against Pb206/pb204 ratio 
and Pb20 7 /Pb208 ratio versus Pb20 6 /Pb20 8 ratio. On such plots the Pb207 / 
Pb206 ratio for the radiogenic component added to a zircon since its formation 
is derived as the slope of the resulting2, 3, 4 line if the points define a well
controlled line. The result is independent of any recent chemical loss of lead 
from the zircons since chemical fractionation of the Pb206 and Pb20 7 isotopes 
is generally considered to be insignificant. Past loss of lead would result in 
an age that is too young and, since uniform loss would be unlikely for a suite 
of samples, should result in some scatter of the analytical points. A signifi 
cant point to be made is that such plots should always be prepared in zircon 
dating work, in addition to the standard Concordia plot, in order to avoid 
errors in interpretation, 

In tlie calculation of ages used in the followin~ discussion the decay 
constants employed for u238 and u 235 were 1. 537 x 10- 1 /yr. and 9. 722 x 
10-lO/yr.~ respectively. A value of 1/137,8 was used for the present atomic 
ratio of U 3 5 to u 238 • Green .(ref. 1, Appendix, pp. 29, 39) used the same 
values for these constants. The limits of error assigned to the ages refer to 
the uncertainty of the slope defined by the data points and do not account for 
possible errors in age due to uncertainties in ·the constants listed above, 

Green's 12 analytical points, including spiked values, for zircons 
from the Southeastern Granodiorite give an excellent lead isochron ob 
"Houterman's" isochron at 2610 ± 10 m.y. on a Pb207/Pb204 - Pb2 0 /Pb 204 

plot, This includes the Ross Lake sample which is considerably more radio
genic than the other samples, gut which does appear to be part of the suite. 
The single zircon Pb207 /Pb 20 age for the sample, given by Green as 2640 ± 
10 m.y., also suggests this affinity. The lead isochron age of 2610 ±. 10 m.y. 
is in excellent agreement, as should be the case, with the Concordia age of 
2618 ± 20 m.y. given by Green, 

In the case of the Western Granodiorite, however, the lead iso
chron age is considerably greater than for the Southeastern Granodiorite while 
Green arrived at a slightly younger age. A plot of Pb207 / Pb204 ratio versus 
Pb206/Pb204 ratio gives an age of 2699 ± 20 m,y, if the Stock Lake sample is 
ignored, and an age of 2675 ± 40 m.y. if it is included. A plot of Pb206; 
Pb208 ratio against Pb207 /Pb208 ratio for Green's unspiked data gives a good 
isochron at approximately 2713 m.y., but this is not completely satisfying 
since the slope is controlled by the point for the Stock Lake specimen, How
ever, a plot of Pb207/Pb208 ratio against Pb206/Pb208 for Green's results 
when a Pb 208 spike was employed, yields an excellent isochron at 2690 ± 
20 m.y. (Fig. 1), There is no essential disagreement in these various ages, 
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Figure 1. Lead isotopic plot of zircon data for the Western Granodiorite, 
Yellowknife area. Data from Green (1968) . 
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Figure 2. Lead isotopic data for zircons from sediments and volcanics of the 
Yellowknife Group. H = Henderson, G = Green, S = sediments, 
V =volcanics, U = unspiked, Sp= spiked. 
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but the latte r date is accepted as the data points show l ess scatter on this 
plot. Figure 1 shows that the point for the Stock Lake sample falls on the line 
generated by the other three samples, suggesting that the Stock Lake intrusion 
is essentially coeval with the main Western Granodiorite mass. This age of 
2690 ±. 20 m.y. for the Western Granodiorite is not in agr eement with the 
Concordia age -of 2596 ±. 16 m.y. given by Green, and the reason for the lac k 
of agreement is not obvious. The problem most like ly lies in the fact that 
Green's chord on the Concordia plot is controlled by a single point for a speci
men from the Fort Rae highway. The other points on his Concordia plot could 
b e on a c hord inters ect ing the curve at 2725 ±. 45 m. y. This age, although 
t h e error limits are broa d, is in reasonable agreement with the 2690 .± 20 m. y. 
d ate d educed above. The chord gives a lower or secondary Concordia inter-

. section of about 860 m.y. for a n age of 2690 m.y. or of about 1000 m.y. if 
the age is assumed to be as great as 2725 m.y. The lowe r intersection could 
represent the time of an episodic l ead loss from the z ir cons. It has be e n 
found by a number of workers, however, that the lower inte rsection on a 
Concordia diagram do es not necessarily have geological significance 5 • 

Green's d ata for two zircon samples , one from Yellowknife Group 
sediments and one from Yellowknife Group volcanics, have b een considered 
together with the data obtaine d at the Geological Survey of Canada for a zircon 
concentrate from Yellowknife Group sediments collected by J.B. Hende rson. 
With GreEfn's spiked dat a , five P,Oint~(f4e then available for defining an iso-
chron on a Pb207/Pb204 - Pb 206/Pb plot at 2700 .± 14 m.y. (Fig. 2). This 
age is in close agreement with the single zircon Pb207 /Pb206 age of 
2685 m.y. for the H enderson sample. The detrital zi r con suite in the 
Yellowknife Group sediments, which have greywacke affinities, have been 
d e rived, at least in part, from the Yellowknife Group volcanics according to 
Henderson(ref. 7, p. 6, andpers. comm.). Thusthe isochroncouldbeindi
cating the age of the Yellowknife Group volcanics. This latter reasoning also 
provides the justification for using zircon lead isotope data on both sediments 
and volcanics in a single plot. On a Concordia plot a c hord joining the analyt
ic a l points for the two sediment samples intersects the curve at about 
2702 m.y., but the point for the volcanic sample plots some distance from the 
line . It must be noted that this possible age for the Yellowknife Group 
"volcanics" is indistinguishable from that derived above for the Western 
Granodiorite. Whether or not intrusion of the Western Granodiorite followe d 
extrusion of the volcanics very closely is not known, but the alternate possi
bility that zircons in the sediments have been largely derived from the Western 
Granodiorite and that the (considerably older?) volcanics have not been dat e d 
by the above technique, must still be entertained. This is especially so in 
view of the divergence of the point for the volcanic sample from the chord 
generated by the sediment samples on a Concordia plot. More samples of 
Yellowknife Group volcanics should be investigate d for age dating, possibly 
using lead isotopic analysis of mixed heavy mineral concentrates to avoid the 
probl ems inherent in attempting to derive a high-purity zircon concentrate 
from zircon-poor lavas and in carrying out quantitative U and Pb analyses. 
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MINERALOGY 

PARTLY-FUSED PHLOGOPITE FROM ECLOGITE NODULES 
AND ITS RELATION TO DIAMOND - BE.i;'\.RING KIMBERLITE 

AND RELATED ROCKS 

Project 700067 

J. Rimsaite 

Chemical and optical properties of the partly-dehydrated phlogopite 
and the host eclogite (Ee) from kimberlite were studied and compared with 
those reported for South African diamond - bearing kimberlites (K), their cog
nate inclusions, and Canadian kimberlites, lamprophyres (L), carbonatite (C) 
and metasomatic limestone . The distinctive features of the partly dehydrated 
phlogopite and associated pyroxene from the eclogite nodules in kimberlite are 
their partly fused edges and glass particles, which indicate that the mica and 
the pyroxene were affected by thermal alteration after crystallization 
(Figs. 1, 2). 

Figure 1. 
Phlogopite flakes with glass particles, 
x40 . Area containing glass particles is 
illustrated in the upper right field, x500, 

Figure 2, 
Partly- fused and recrystallized 
phlogopite and pyroxene in eclogite 
nodule from South Afric a n 
kimberlite. 

The results show that the host rocks are ultrabasic with Niggli values 
for si between 25 and 100, and _t b e tween 0. 7 and 1, 0. The Niggli v a lue s for a 
phlogopite - rich nodule and for the phlogopites fall also in the field of the ultr a
basic rocks . As can be se e n from Figure 3, the phlogopite is the principal 
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Figure 3, Ionic percentages of major and minor constituents in phlogopite 
(Ph) and in ultrabasic host rocks. 
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carrier of potassium, rubidium, aluminium, and of primary magmatic water 
in kimberlite and in carbonatite. Some minor elements, such as fluorine, 
chlorine, lithium, barium, nickel, chromium, titanium and zinc are also pres -
ent mainly in the phlogopites. The magmatic phlogopite differs from the meta
somatic phlogopite in its lower aluminium and fluorine contents, and in the 
abundance of some trace elements. The phlogopite is of geochemical and 
petrological interest because it reflects chemical composition of the parent 
ultrabasic magma, including its water and alkali contents which are altered in 
the host rocks during subsequent serpentinization and weathering. 

27. EXAMPLES OF SPINEL-MICA ASSOCIATIONS IN 
CANADIAN ULTRABASIC ROCKS AND IN NICKEL DEPOSITS 

Project 700067 

J. Rimsaite and G. R. Lachance 

Two hundred ultrabasic rocks and specimens from Cu-Ni deposits of 
Coppermine, Lynn Lake, Shebandowan, Timmins, Malartic, and Ungava areas, 
and from Eastern Townships of Quebec were examined under a petrographic 
microscope for their mica contents. It was found that these rocks contain 
fresh, altered, primary and secondary micas associated with fresh and/ or 
altered spine ls. Chemical properties of the micas and of the associated spi
ne ls and some other minerals were studied by an electron microprobe and a 
few examples of spinel-mica associations from the ultrabasic rocks, massive 
Cu-Fe-Ni sulphides, and from selvages betwe en the sulphides and wallrocks 
are given in this summary: 

An example of the mica-olivine - spinel association in an ultrabasic 
rock is illustrated in Figure 1. The spinels and micas are zoned. The early 
phlogopite and olivine phenocrysts, cogenetic with red chromite, contain rel 
atively high concentrations of nickel (0.1 - 0.3%). The chromium contents of 
the zoned phlogopite and spinel decrease from the core towards the rim, as 
can be seen from the changes in structural formulae of the spinel: (Mg. 7Fe'.3l 
(Fe ".'2Al. 6Cq. 2)04 for the core, to (Mg. 6 Ti. 1Fe.3) (Fe . 6Al. 3 Cq. 1 )04 for 
the inner rim, and to (Mg . 1Ti.6Fe'.'3) (Fe1''.'3Al . 2Cr. 02)04 for the outer rim. 
The c hromium content in the early phlogopite phenocrysts is 1. 5% Cr203 and 
decreases in the rim of zoned crystals to 0.05% Cr 2o 3 . - Similar red Cr
spinels associated with micas were found in ultrabasic rocks from the Eastern 
Townships of Quebec, from Shebandowan and Bird River areas and from the 
Thompson Nickel Belt. In some drill core samples from the southwest part of 
the Manitoba Nickel Belt, the phlogopite is partly altered to bright-green chlo 
rite which contains less chromium than the original mica. It is concluded that 
the early phlogopites which are cogenetic with chromite contain relatively high 
concentration of c hromium which decreases in later generations of the phlog
opite and during its alteration to chlorite. 

The metaperidotite of the Manitoba Nickel Belt, described by 
Zurbriggl and metaperidotites from the Werner Lake Ni-deposit contain phlog
opite in intergrowths with green and olive-brown Al-Fe-spinels which contain 
5 to 30 per cent Cr 2o3 (Fig. 2). 
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1 2 

3 4 
Figure 1. Chromite rimmed by titaniferous magnetite and surrounded by 

mica flakes in kimberlite, x40. 

Figure 2. Phlogopite with opaque bands and green spinel (two grains having 
high relief) in the m etaperidotite from the Manitoba Nickel Belt, 
x lOO. 

Figure 3. Zincian spinel with mica inclusions (white) adjacent to massive 
Fe-Ni sulphides (black), xl 00. 

Figur e 4. Zoned Cr-rich granules in massive Fe-Ni-sulphides from the 
M egantic area in Quebec, xlOO. 

Selvages between massive Cu-Fe-Ni sulphides and the wall -rocks in 
the Ni-deposits of the Manitoba Nickel. Belt consist of brown-red chromian 
biotite , greenish chromian muscovite, and mottled yellow-brown-red spinels 
(Fig. 3). The spine! varies in col our and chemical composition from a yellow 
zincian variety (Mg Fe Zn 

4
) (Al 

6
cr 

4
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4 
to red chromite 

.05 .55 . 1. . 
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TABLE 1. 

DISTRIBUTION COEFFICIENTS K~-s FOR SEVEN OXIDES BETWEEN 

FRESH MICAS AND ASSOCIATED SPINELS, AND SOME 

ALTERED AND SECONDARY MINERALS 

Host rock Al20 3 Ti02 F eO Cr 2o 3 MgO MnO 

in Ultrabasic rock, Fig, 1: 

Phlogopite-chromite core . 7 49 • . 2 • 04 1, 8 .03 

Biotite-spinel rim 3, 6 . 2 • 2 • 08 4, ,4 

ThomEson Nickel Belt 
in SerEentinite: 

Phlogopite-red spinel 5, . 5 .08 . 02 19. .03 

Phlogopite altered-olive 
spinel 1, • 9 .08 • 02 5, ,04 

in MetaEeridotite : 
Phlogopite-green spine l . 3 1. 8 ,25 • 04 4. ,4 

Cu-Fe-Ni sulEhides 
in Selvages: 

Biotite- red spinel 2, 4. • 7 . 03 24, 

Muscovite -ye llow spinel 1, 2 . 4 ,05 . 03 5 • 

Sericite-red spinel 2. 3 . 2 .06 . 00 2, 

In SEinel: 

Biotite-yellow spinel . 3 5, 1. . 08 6. 2.3 

In Po-Pn Ore: 

Biotite-brown spinel . 5 5, • 7 • 03 6, 4, 

Werner Lake Area 
in SerEentinite 

Phlogopite-olive green spinal . 3 2, . 3 .08 3, 5 . 2 

Phologpite altered green 
spine! .4 . 25 • 1 . 07 4. 6 • 2 

Chlorit, mica-olive spinel . 3 1. 6 . 2 .02 2, 6 • 07 

in Po-Pn Ore 

Biotite-Zoned Cr-grains • 3 10, • 8 .02 . 7 .1 

Fe-Oxide vein-host spine! . 05 0,0 3, . 00 • 0 . 4 

Ni 

1. 

1. 

1. 

. 5 

1. 

3, 

3, 

. 0 

4. 

2. 

• 4 

,4 

1, 

1. 

7, 
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(Mg. 04 Fe.Szzn. 14) (A1. 9cr1 Fe'.'1')o4 . Micas and spinels, which are pr e sent 
in massive Cu-Fe-Ni sulphides of the Thompson Nickel Belt, a r e similar in 
c hemic al composition to those from the selvages. Some of the biotite flakes 
are p a rtly altered and r e placed by greenish c hlorite , some of the spinels are 
partly replac e d by carbona t e s and hydrous silicates, and fractures contain 
secondary sericitic mica. No c hromium or nicke l was d e t ec t e d in the second
ary mic a. Fresh and altered micas and zoned concentric g ranules containing 
about 15 per cent Cr 2o3 were found in massive F e-Ni sulphides of the Werner 
Lake and M eganti c deposits (Fig. 4). The c hromian grains from the We rner 
Lake d e posit c ontain about 1. 5 p er cent vanadium. Economic a nd genetic sig
nificances of uncommon e l e ments in micas a nd associate d spinels will b e 
investigated. 

The results of the electron probe mic roana lyses indicate that the 
chromium contents of phlogopite, biotite and muscovite v a ry with .thos e of the 
associated spinel, and that micas associated with nickeliferous pyrrhotite and 
pentlandite contain up to 0. 3 per cent nickel. Nicke l and chromium contents 
of micas can be used for distinguishing between micas tha t a re r e lated to Cr
Ni-rich minerals and those which are not r elated. E x ample s of c h e mical rela
tionships between phlogopite, biotite, and muscov ite , and associated s pinels 
are illustrate d as distribution coefficients for seven oxides (between the mica 
and the associated spine!) in Table 1. 

1 
Zurbrigg, H.F.: Thompson Mine geology; Bull. Can. Inst. Mining M et., 

vol. 56, pp. 451-460 .(1963). 
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PALEONTOLOGY, STRATIGRAPHY AND BIOSTRATIGRAPHY 

28. PALYNOLOGIC EVIDENCE FOR A VERY LATE CRETACEOUS 
AGE OF LITTLE BEAR AND EAST FORK FORMATIONS, 

DISTRICT OF MACKENZIE 

Proj ect 500029 

Wayne W. Brideaux 

Significant palynomorphs have been identified in four of six samples 
collected by C. J. Yorath in 1968, from a stratigraphic section at the type 
locality of the Little Bear Formationl on Little Bear River, 24 miles south
..;,,est of Fort Norman, at 68° 34'N, 126° l 9'W. Recent work by C. J. Yorath 
shows that this section comprises 310 feet of Little Bear Formation overlain 
unconformably by about 20 feet of the East Fork Formation, and that the con
tact of the Little Bear and the underlying Slater River Formation, is not exposed. 
Tassonyi2 has pointed out that the stratigraphy of this area is by no means 
clearly understood. The thickness of 780 feet given for the Little Bear 
Formation! and late r quoted by Hume3, probably should be considered as an 
estimate. All three formations were assigned previously to the Cretaceous, 
but little concrete evidence ex isted to support a more refined determina tion. 

Table 1. Palynomorphs recovered from the Little Bear and basal East Fork 
Formations from a section on Little Bear River. Datum bas e of 
section. 

EAST FORK FORMATION 
306-310 feet - Unit 5 of 

section 
GSC Loe. C -8720 

Cingulatisporites radiatus Stanley 
Cingutriletes spp. 
Stereisporites spp. 
Cicatricosisporites spp. 
Hamulatisporis amplus Stanley 
Lycopodiumsporites sp. cf. 

L. papillaesporites (Rouse) 
Srivastava 

Deltoidospova sp. 
Gleicheniidites senonicus (Ross) 

Skar by 
Zlivisporis sp. cf. ~· blanensis 

Pacltova 
Osmundacidite s wellmannii Couper 
Laevigatosporites ovatus Wilson&: 

Webster 
Polypodiisporites sp. cf._!'. favus 

(Potonie) Potonie 
Inaperturopollenites hiatus ( Potonie) 

Thoms on &: Pflug 
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Liliacidites sp. 
various trilete apiculate spores 
Marcellopites sp. cf. M. 

tolmanens is Srivastava 
Tetracolpites sp. 
Retitricolporites sp. 
Triporopollenites sp. 
Extratriporopollenites sp. 
Triatriopollenites costatus Norton 
Aguilapollenites trialatus Rouse 
Aquilapollenites sp. cf. A. oblatus 

Srivastava 
"Mancicorpus" sp. 
Aguilapollenite s clarireticulatus 

(Samoilovich)B. D. Tschudy 
Tenua? sp. >:< 

UNCONFORMABLE CONTACT OF LITTLE BEAR AND EAST FORK 
FORMATIONS AT 306 FEET 

LITTLE BEAR FORMATION 
280-306 feet - Unit 4 of 

section 
GSC Loe. C -871 9 

274-280 feet - Unit 3 of 
section 

GSC Loe. C-8718 

239-246 feet - Unit 2 of 
section 

GSC Loe. C-871 7 

Cingulatisporites radiatus Stanley 
Stereisporit~ spp. 
Cingutriletes spp. 
Hamulatisporis amplus Stanley 
Gleicheniidites senonicus (Ross) 

Skar by 
Osmundacidites spp. 
A bietine aepollenites sp. 
!nape rtur opollenites hiatus (Potonie) 

Thomson & Pflug 
Psilatricolpites sp. 
Retitricolpites sp. 
Marcellopites sp. cf. M. 

tolmanensis Srivastava 
Aguilapollenites sp. cf. A. dentatns 

B. D. Tschudy 
Aguilapollenite s s p. cf. A. steilckii 

Srivastava 
Aquilapollenites .trialatus Rouse 
Hystrichosphaera sp. ~' 

Baltisphaeridium sp. '~ 

Osmundacidites sp. 
unidentifiable bisaccate grains 
unidentifiable trilete spores 

Barren of microfossils 



229-239 feet - Unit 2 of 
section 

GSC Loe. C-8716 

Unit 1 of section 
Thickness 229 feet 
Sample taken within 
Unit 1. Stratigraphic 
position uncertain 

~' Microplankton species 
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Barren of microfossils 

Deflandrea sp. cf. _Q. spectabilis 
Alberti~' 

Deflandrea spp. '~ 
Spinidinium. sp. * 
various unidentifie d dinoflagellates* 
Baltisphaerdium spp. * 
Veryhachiu~ reductum forma 

trispinoides (de Jekhowsky) de 
J ekhowsky~' 

Gleicheniidites senonicus (Ross)' 
Skar by 

various trilete spores 
Inaperturopollenites dubius (Potonie) 

Thomson & Pfl,ug 
Aguilapolle nites trialatus Rouse 
Aquilapollenites sp. cf. !2_. decorus 

Srivastava 

The pollen and spore assemblages recovered from samples of Units 1, 
4 and 5 of Yorath's measured section on Little B ear River comprise both 
long ranging species and those with more restricted ranges. Some species 
with published ranges restricted to the Maestrichtian have been described 
only from the Edmonton Formation by Srivastava4 and the ir basal ranges have 
not been determined. Certain other species have been widely reported and 
possess ranges restricted to the Campanian. F ew palynological studies have 
been published on the Cretaceous of northwestern Canada and it is possible 
that these ranges extend into the Early Maestrichtian in this region. 

The assemblage of angiosperm pollen from Units 1, 4 and 5 includes 
a bundant specim~ns of the genus Aquilapollenites Rouse. Ranges of species 

Legend f~r Plate I (opposit e ) 
All figures xl200 unless otherwise noted. 

Figur e 1. Aquilapollenites sp. cf. f2. oblatus Srivastava, Polar diam, 29µ,. 
27816 

Figur e 2. 
Figur e 3. 
Figure 4. 

Figure 5. 
Figure 6. 

Tetracolpites sp. Max , diam. 33µ,. 27817 
Triporopollenites sp. Equat. diam. 13 µ,. 2 7 818 
_Aguilapollenites sp. cf. !:: , clarireticulatus (Samoilovich) 
B.D. Tschudy. Polar diam. 38µ.. 27819 
Deflandrea sp. L ength 43µ,. 27820 
Deflandrea sp. cf. :Q. ~pectabilis Alberti (x500). Length 96µ.. 
27821 

Figures 7-9. Aguilapollenites trialatus Rouse. 7. Polar diam. 52µ,. 27822. 
8. Polar dia m, 38µ.. 27823. 9. Polar diam, 37µ.. 27824, 

All specimens from basal bed, East Fork Formation, except Figures 5 and 6 
from the Little Bear Formation. 
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PLATE l 

6 
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of this genus determine d in the Ro cky Mountain region are assumed to hold 
for the District of Mackenzie. Reports in the literature of Aptian-Albian a nd 
other pre-Lat e Santonian occurrences of this genus have n ever b een substan
tiated. A very few speciments h ave been record ed from the Late Santonian 
of Alaska (unpublished information), but the abundance of specimens and the 
species diversity of the Aguilapoll e nites assemblage under discussion rules 
out any possibility of a Late Santonian age assignment. 

Aqui l apolle nites trialatus R ous e has been reporte d only from deposits 
of Campanian age in the• Rocky Mountain regions of Canada and the Unit e d 
States. 5 The presence of this species in abundance in Units 1, 4 and 5 the r e 
fore strongly supports assignment of a Campanian age for the Little Bea r 
and basal East Fork Formations . Other specie s of Aquilapollenites c it e d in 
this report have bee n recorded from the Maestri chtian. A Campanian age 
ass i gnment is not contradicted by the absence of the ge nus Wodehouseia 
Stanley, species of which are common in the M aes trichtian, but occur only 
rarely in o lder rocks. 

The sample taken from Unit 1 also contains seve ral spec ies of the 
cavate dinoflagellate cyst, Deflandrea Eisenack, notably one species very sim
ilar to _2. spectabilis Alberti, a species recorde d from the Late Senonian of 
Germany. The pres e n ce of a marine dinoflagellate assembl age in this sampl e 
contrasts with the almost exclusivel y continental aspect of the samples fr om 
Units 3 to 5. 

The proposal of a Campanian or possibly Early Maestrichtian age for 
the Little Bear Formation and the basal portion of the East Fork Formation is 
in conflict with several sources. Tassonyi2 (p. 135), summa rizing availab l e 
evidence, suggested that the Littl e Bear Formation is probably Late Turonian 
or younger. He pointe d out, howeve r, that this d e termination was tentative 
and based on insufficie ntly docume nte d paleontological data. Mountjoy and 
Chamney6 (pp. 20-22 and Fig. 4) specul ated that the Little Bear Formation 
may be in part equivalent to the Arctic Red and Tre vor Formations of Albian 
age, but e mphasized the need for confirmatory studies. Douglas et al. 7 
(p. 45 5 and Chart III, pr e pared prior to Tass onyi 2 and Mountjoy andChamney3 ) 
tentatively s u ggested a Late Albian age for the Little Bear and East Fork 
Formations based on published and unpublished P.Vidence advanced by earlier 
workers. Finally, Jele tzky8 (p. 58) reported an occurrence, brought to his 
attention by C.R. Stelck, of a 11 

••• 2-foot long Santonian Inoceramus ex. gr. 
_cardissoides .~ P.inniformi~ ••• 11 which was 11 

••• pr e sumed to have been col 
l ected from the East Fork shale ..• 11

, and suggested from this evid ence that 
the age of the East Fork Formation could be Santonian. This premise cannot 
be accepted with the present evidence that the age of the basal beds of the 
East Fork Formation must be at l east as young as Campanian. 

1 
Stewart, J .S . : Recent exploratory deep well drilling in Mackenzie River 

valley, Northwest Territories; Geol. Surv. Can., Paper 45-29 
(1945). 

2
Tassonyi, E.J.: Subsurface geology, Lower Mackenzie River and Anderson 

River area, District of Mackenzie; Geol. Surv. Can. , Paper 68-25 
(1969). 

3 
Hum <:; , .G,S.: The L ower Mackenzie River area, Northwest Territories and 

Yukon; Geol. Surv. Can., Mem, 273 (1954). 
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4
Srivastava, S. K,: Pollen biostratigraphy and paleoecology of the Edmonton 

Formation (Maestrichtian), Alberta, Canada; Palaeogeogr. 

Palaeoclim. Palaeoecol., vol. 7, pp. 221-276(1970). 

5 Tschudy, B.D. a nd L eopold, E.G.: Aquilapollenites (Rous e ) Funkhouser-

selected Rocky Mountain taxa and their stratigraphic ranges; Geol. 
Soc, Am,, Spec. Paper 127, pp. 113-167 (1970). 

6M ountjoy, E.W. and Chamney, T .P: Lower Cretaceous (Albian) of the 
Yukon: Stratigraphy and foraminiferal subdivisions, Snake and Peel 
Rivers: Geol. Surv. Can., Paper 68-26 (1 969). 

7
Dougl as , R.J.W., Gabrie lse, H., Wheeler, J.O., Stott, D.F. and 
Belyea, H. R.: Geology of western Canada, l!: Geology and economic minerals 

of Canada; Geol. Surv. Can., Econ. Geol. Rept. No. 1, 5th ed., 
pp. 367-488 (1970). 

8
Jeletzky, J .A.: Marine Cretaceous biotic provinces and paleogeography of 

western and Arctic Canada: illustrated by a detailed study of 
a mmonites ; Geol. Surv. Can., Paper 70-22 (1971). 

29. TERTIARY STRATIGRAPHY AND MICROFAUNAS FROM THE 
HESQUIAT-NOOTKA AREA, WEST COAST, VANCOUVER ISLAND (92E) 

Projec t 690075 

B. E . B. Cameron 

Analyses of microfossil assembl ages collected durin g the summer of 
1 969 on Nootka Island and samples provided for study from Hes qui at Peninsula 
by J .A. Jeletzky have resulted in the recognition of a sequence of foramini
fera l zones and addit ional information on the depositional environments of the 
Tertiary succession in this area, In general the superpositional r e lations of 
the molluscan assemblages as recognized by Jeletzky have been proven cor
rect. The ages and biostratigraphic correl ation of these rocks have been 
more refined on the basis of the rich foraminiferal assemblages and are shown 
on the accompanying table . 

Foraminiferal Ages and Depositional Environments 

1) Bulimina schencki/lower Sigmomorphina schencki zones 

The coarse conglomeratic and sandstone litholo gi es mapped by 
Jeletzky1 in 1954 as Division A (= Escalante Formation) contain Foraminifera 
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o f the Sigmomorphina schencki zon e of Washington State (Rau2, 1 958). Rather 
than a Middle Oligocen e age assignment as suggested by Jeletzky, the unit is 
n ow assign e d to the l ate Upper Eocene. The late Narizian (Upper Eocene ), 
Bulimina schencki zone m ay a ls o be r e presente d in the basal part of the 
E s calant e Formation. The d epos itional environme nt indicated by the foramini
fera l assemblages in one of d eep water, continential s lope~. 2, 000 feet) depo
sition. The conglomerates of this unit are the r efo r e probably parts of de ep 
water turbidite sequences . 

2) Uppe r Sigmomorphina s c h encki zone 

This biostr atigraphic zon e of lower R e fugian (la t e Upper Eocene) is 
represented in stratigraphic Div i sion B of J e l etzky on Nootka Island and in 
Divis ion C of Hesquiat P eninsula . The fine -graine d elastic sequence onNootka 
Island is a facies equival ent of the generally coarser conglomeratic-sandstone
shale sequence on H es quiat P eninsula. Both facies repr e s ent deep-water 
d epositional environments . 

3 ) Eponide s kleinpelli zone 

This zone is present both in the upper part ofJeletzky's stratigraphic 
Division Bon Nootka Island and Div ision C on H e squia t Peninsul a. These 
rocks a r e assigned a late Refugian (Lower Oli goce n e ) age rather than late 
Zemor ria n (Upper Oli gocene) as suggested by J e l etzky. Depositional environ
ments of these rocks are inte rpr e t e d as deep water on the basis of the con
tained foraminiferal a ss e mblages. 

4) Later Oligocene - Zemorrian 

The uppermost p a rts of stratigraphic Division B on Nootka Island a nd 
Division C on Hesquiat Peninsula a s mapped by Jeletzky contain Foraminifera 
indicative of early and middle Zemorrian of the Oligocen e . The sequence on 
Hesquiat Peninsula may b ecome somewhat younge r in the Oligocene than on 
N ootka Is l and. 

5) Upper Mioc e n e / Lowe r Pliocene Assemblage 

The wes tern edge of N ootka Island expos es a shallow water Tertiary 
sequence in the vicini ty of B ajo Point. The lower part of the sequence was 
mapped by Jeletzky1 as stratigraphic Division C. For a minife ral evidence 
indicates a much younge r age for this unit than assumed byJeletzkyandindeed 
the B a jo Point section appears to h ave no biostratigr aphic e quivalence to 
Division C as mappe d by J e l e t zky on Hes qui a t Peninsula. The overall com
position of the foraminife r a l assemblage is clos e ly similar to the Mioc en e 
Montesano Formati on and possibly to part of the Astoria sensu l ato of 
Washington (Rau3• 4). Th~ following forms were recorded: --- --

Gl obigerina bulloides d 10rbi gny 
Quingue l oculina sp. 
Nonionella miocenica Cushman 
Globobulimin a s p. cf. Q. ovata (d' Orbi gny) 

Pseudonodosaria s p. indet. 
Haplophr agmoid es sp. 
R eophax sp. 
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NOOTKA ISLAND HESQUIAT 
EPOCH STAGE ZONES PENINSULA 

TH IS JELETZKY 
PAPER 1954 

w UPPER Wheelerian z 
w 
(.) MIDDLE Venturian 
0 
_J LOWER Repett ian a. 

De lmontian 
UPPER 

w Mohn ian z 
w 

Luisian (.) MIDDLE Q 
Re lizian ::!! 

Saucesian 

w z 
w 

Zemorr ian (.) 
0 
(!) 

:J Eponides kleinpelli 0 
Refugian Sigmomorphina 

w schencki 
z 

Buli mina w UPPER (.) schencki 0 Narizian 
w 

Figur e 1. Co rre l ation of Tertia ry rocks, Nootka-He squiat Area, west coast 
of Vancouve r Island, B.C. Stratigraphic Nomenclature after 
Jeletzky, 1954 . 

The oldest re co rded occurrence ofG. bulloides d 10rbi gnyis Tortonian 
(Mohnian in West Coast s ens e ) or Uppe r M i o-cene (N-16 zone , B l ows, p. 316) , 
A ve r y shallow wate r d e positional environment is indicate d for most of t h is 
sequen ce. 

6) Lower to Middle Pliocene Assembl age 

The sequence at Baja Point, Nootka Is l and is capped by a sandstone 
and congl omerate unit which has b een mappe d by Jeletzky as Division D. Two 
significant species of Foraminifera we re found the r e. 

Protelphidium depr es sul um matagordanum (Kornfeld) 
E lphidie ll ".:: ~ (Chshman and Grant) 

The se shallow water foraminifers are cha racte ristic of the upper part 
of t h e Quinault Formation of Washington State and suggest a late Lower to eai·ly 
Middle Pliocene age for this s e que n ce (Rau4) . Elphidiella hannai is not known 
from d e posits older than Pliocene. --- . 

The microfaunas of Divisions C and D of Jeletzky (1954) as exposed 
on Baja Point of Nootka Island h ave not yet been enc ountered in any of the 
available samples from Hesquiat Peninsula . It is planne d, howe ver, to sys 
temat ically sample the Hesquiat Peninsula rocks during the summer of 1971. 
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1 
Jeletzky, J .A.: Tertiary rocks of the Hesquiat-Nootka area, west coast of 

Vancouver Island, British Columbia; Geol. Surv. Can., Paper 53-17 
(1954). 

2 

3 

4 

Rau, W.W.: Stratigraphy and foraminiferal zonation in some of the Tertiary 
rocks of southwestern Washington, U.S. Geol. Surv,, Oil and Gas 
Investigations, Charts OC 57 (1958). 

Rau, W.W.: Tertiary foraminifera from the Willa pa River valley of south-
west Washington, J. Paleontol., vol. 25, No. 4, pp. 41 7-453 (1951). 

Rau, W.W.: Foraminifera, stratigraphy, and paleoecology of the Quinault 
Formation, Point Grenville-Raft River coastal area, Washington; 
Wash. State Div. Mines Geol., Bull, 62 (1970). 

5
Blow, W. H.: Late Middle Eocene to recent planktoni c foraminiferal bio

stratigraphy; Proc. First Intern. Conf. Planktonic Microfossils, 
Geneva, 1967; vol. 1, pp. 199-421 (1969). 

J 

30, MIDDLE TRIASSIC CONODONTS FROM THE FERGUSSON GROUP, 
NORTHEASTERN PEMBERTON MAP-AREA (92J), 

BRITISH COLUMBIA 

B. E, B. Cameron and J. W. H. Monger 

The Fergusson Group1 is a thick complexly deformed succession of 
thin - bedded chert with interbedded locally graphitic pelite, cherty argillite, 
locally altered, pillowed, basic volcanic rocks and minor lenses and pods of 
carbonate, Previously, the Fergusson Group had be e n assigned to the 
Permian 

1 
on the basis of its lithologic similarity to part of the Cache Creek 

Group. No specifically identifiable fossils had been recovered from these 
rocks up to this time. 

Locality and Lithology 

G, S. C, Locality 86300 

Conodonts were recovered from the unit as insoluble acetic acid 
residues of a partly recrystallized limestone pod collected byJ. W. H. Monger. 
The limestone grades from oolitic calcarenite to a phanitic carbonate. The 
collection was made on the east side of Tyaughton Creek immediately above 
the Bridge River road (latitude 50°53 1N, longitude 122°36 1 W, NTS 92J). 
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MIDDLE TRIASSIC UPPER TRIASSIC 

SPECIES 

ANISIAN LADINIAN KAR NIAN NORIAN 
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Spec ies ranges (Mosher, 1968, 1970) 
known inferred 

--------- North America 
•••••••••• Europe 

Conodonts 

The very rich conodont assemblage recovered from this locality 
includes the following forms: 

Hindeodella spp. 
Cypridodella sp. cf. C. muelleri (Tatge) 
C. ? sp. 
Prioniodina sp. 
EEigondolel~ mungoensis (Diebel) 
Paragondolella polygnathiformis (Budurov and Stefanov) 
!'. navicula navicula (Huckreide) 
cf, Neogondolella mombergensis (Tatge) 



- 96 -

Age Assignment 

The accompanying range chart derived principally from publications 
of L.C. Mosher 2 • 3 indicates the ranges of the species pertinent to this dis 
cussion. The overall composition of the assemblage clearly indicates a late 
Middle to early Upper Triassic age for these rocks. If, as Mosher suggests, 
Epigondolella mungoensis is restricted as indicated in the chart, the assem
blage can be dated precisely as late Ladinian of the Middle Triassic. Triassic 
conodont studies are at a relatively early stage of development, however, and 
further documentation of these ranges is desirable. 

The possibility that Triassic conodonts are more generally di str ibuted 
in the Western Cordillera may provide a method of solving other similar strati
graphic problems. 

Correlation 

These rocks may be correlated with the probable Middle Triassic 
Pavilion Group (ref. 4, p. 34) that is exposed only twenty miles to the east. 
On the basis of lithologic similarity, the undated Hozameen Group (ref. 5, 
p. 1205) outc'ropping 120 miles to the south-southeast is possibly an equiva
lent. Finally, this discovery raises the possibility that parts of the extensive 
upper Paleozoic Cache Creek Group of the Intermontane Belt may be as young 
as Middle Triassic. 

1 
Cairnes, C. E.: Geology and mineral deposits of Bridge River Mining Camp, 

British Columbia; Geol. Surv. Can., Mem. 213 (1937). 

2
Mosher, L. C.: Triassic conodonts from western North America and Europe 

and their correlation; J. Paleontol.; vol. 42, No. 4, pp. 895 - 946 
(1 968) . 

3 
Mosher, L. C.: New conodont species as Triassic guide fossils; J . Paleontol. 

vol. 44, No. 4, pp. 737-742 (1970). 

4 T ' HP rethn, •. : Geology of the Fraser River valley between Lillooet and 
Creek; B. C . Dept. Mines Petroleum Resources, Bull. 44 

5 

Big Bar 
(1 961 ) . 

Mc Taggart, K . C. and Thompson, R. M.: Geology of parts of the Northern 
Cascades in southern British Columbia; Can. J. Earth Sci., vol. 4, 
pp. 1199 - 1228 (1967). 
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31. PRELIMINARY ECOLOGICAL COMMENTS ON ALBIAN 
MICROFLORAS FROM THE CANADIAN ARCTIC ISLANDS 

Project 680068 

W. S. Hopkins 

Introduction 

This paper presents some preliminary data and conclusions on 
Albian floras of the Arctic Islands, based on palynological analysis. Ulti 
mately, it is hoped that this total project will lead to a fuller understanding 
of Cretaceous floras throughout the Sverdrup basin. Panarctic Oils Ltd. 
supplied the samples and stratigraphic information from Ellef Ringnes and 
Melville Islands on which this work is based. 

Geology 

Samples were obtained from the Christopher Formation, a sequence 
of marine shales that lies between the Isachs e n Formation below and the 
Hass e l Formation above. This is a widespread formation in the Sverdrup 
basin with a highly var iable thickness ranging from 130 feet on Princ e Patrick 
Island! to 4,600 feet on southern Axel Heiberg Island2. It is about 400 feet 
thick on the Sabine Peninsula of Melville Island. Consequently, samples come 
from both a compressed section on M e lville Island and from a much expanded, 
and pres umably more complete section on Ellef Ringnes Island. Although 
marine inverte brate fossils are rare, there is general agreement that the 
Christopher is Albian in agel, 3. Spore and pollen evidence also supports an 
Albian age. 

Palynology 

Samples were examine d in stratigraphic succession from youngest 
to oldest, in order to determine whethe r there were significant range or 
frequ e ncy changes in the palynomorph distribution. The total number of 
samples examined was 21; 13 from M e lville Island and 8 from Ellef Ringnes 
Island. 

Ma ce rati on followed standard techniques: solution of the rock in 
hydrochloric and hydrofluoric acids; oxidati on of the organic residue in 
e ither Schultzes solution or bleach and treatment with potassium hydr oxide. 
This was followed by staining, and then mounting in glycerine jelly as a 
permanent mount. 

The palynomorphs that have been identified and to which formal 
names have been applied foqow. Ins ofar as possible they are classified into 
the natural botanical system. 
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Family Sphagnaceae 

Cingulatisporites cf . radiatus Stanley 1 965 

Sphagnum antiquasporites Wilson and Webster 1946 
Sphagnum buchenauens is (Krutzs ch) Els ik 1968 
Sphagnum psilatus (Ross) Couper 1958 

Family Locopodiaceae 

Lycopodiumsporites austroclavatidites (Cookson) Pocock 1962 
Lycopodium cerniidites (Ross) del, and Sprum. 1965 
Lycopodiacidites irreg'ularis Brenner 1963 
Lycopodiumsporites marginatus Singh 1964 
Lycospora sp. 
Hamulatisporis hamulatis Krutzsch 1959 
Foveosporites cyclicus Stanely 1965 

Family Selaginellaceae 

Acanthotriletes vari~~ Pocock 1962 
Leptolepidites verrucatus Couper 1953 

Family Osmundaceae 

Baculatisporites cornaumensis (Cookson) Potonie 1956 
Osmundacidites wellmanii Couper 1953 

Family Matoniaceae 

Matonisporites phlebopteroides Couper 1958 

Families Cyatheaceae or Dicksoniaceae 

Cyathidites australis Couper 1958 
Cyathidites minor Couper 1953 
Kuylisporites lunaris Cookson and Dettmann 1958 

Family Gleicheniaceae 

Gleicheniidites senonicus {Ross) Skarby 

Family Schizaeaceae 

Appendicisporites tricornitatus Weyland and Greifeld 1953 
~endicisporites perplexus Singh 1964 
Cicatricosisporites australiensis (Cookson) Potonie 1956 
Cicatricosisporites dorogens is Potonie and Gelletich 1933 
Cicatricosisporites hallei Delcourt and Sprumont 1955 
Cicatricosisporites perforatus (Baranov, Nenkova and 

Kondratiev) Singh 1964 
Cicatricosisporites pseudotripartitus {Bolkhovitina) Dettmann 

1963 
C icatric os isporites sp. 
Lygodiumsporites (Potonie, Thomson and Thiergart) Singh 1964 
Neoraistrickiea cL .!:!· robusta Brenner 1963 
Plicatella erdtmanii (Pocock) Ameron 1965 
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Filicales - Incertae sedis 

Aeguitriradite s s p. 
Concavissimisporites parkinii (Pocock) Singh 1964 
Concavissimisporites variverrucatus (Couper) Singh 1964 
Conca vis simisporites verrucosus Del. and Sprum 1955 
Contignisporites cooksonii (Balme) Dettmann 1963 
Converrucosisporites saskatchewanensis Pocock 1962 
Deltoidospora hallii Miner 1935 
Deltoidospora junctum (Kara-Murza) Singh 1 964 
Hymenozonotriletes mesozoicus Pocock 1962 
Laevigatosporites ovatus Wilson and Webster 1946 
Pilosisporites versus Del. and Sprum. 1955 
Pilos isporite s sp. 
Rouseisporites laevigatus Pocock 1962 
Rouseisporites reticulatus Pocock 1962 
Trilobosporites appiverrucatus Couper 1958 
Trilobosporites canadensis Pocock 1962 
Trilobosporites trioreticulosus Cookson and Dettmann 1958 
Trilobosporites sp. 
Verrucosisporites rotundus Singh 1964 

Spores - Incertae Sedis 

Apiculatisporis s p. 
Lycopodiacidites ambifoveolatus Brenner 1963 
Microreticulatisporites sp. 
Reticulatisporites sp. 
Schizosporis sp. 
Triplanosporites sinuosus (Pflug) Thomson and Pflug 1953 
Undulatisporites sp. 
T2 

Cycadophyta and/ or Ginkophyta 

Monosulcites sp. A 
Monosulcites sp. B 

Coniferales 

Araucariacites australis Cookson 1947 
Calassopollis classoides (Pflug) Pocock and Jansonius 
Eucommiidites troedssonii (E.rdtman) Hughes 1961 
Laricoidites magnus (Potonie) Potonie, Thomson and Thiergart 

1950 
Podocarpidites sp. 
Tsugaepollenites mesozoicus Couper 1958 
Taxodiaceae - Cupressaceae 
Bis ac cate miscellaneous 



- 100 -

General Remarks in Regard to Flora 

In general the recovered palynomorphs are comparatively well pr e
served and moder a tely numerous. Dinoflagellates and other phytoplankton 
a r e present in most samples, occasionally up to as much as 8 per cent of the 
t ota l. Thes e , however, are beyond the scope of this report. Representative 
coniferal es a re tr eated in a general way, being class ified into six more or 
less easily identified genera; i. e, Araucariacites, Class opollis, Eucommiidites, 
Larico idites , Podocarpidites , and Tsugaepolle nites . Another less distinc
tive group .is referre d to the T axodiaceae -Cupress aceae . The remaining 
saccate forms, be caus e of the ir almost endless var iation in morphology, 
size and pres e r vation, a r e simply assigned to "miscellaneous bisaccate 
conifers". Most would probably b e considered m e mbe rs of the Pineaceae, 

Composition 

Excluding the phytoplankton, and the lar ge variation present in the 
bisaccate conifers, a total of sixty-nine species were identified. According 
to the wr ite r's interpr etation of affinities this breaks down to 4 species of 
bryophyte s, 9 lycopods , 18 fe rns, 19 filical es Ince rtae S e dis, 8 spores 
In cert ae Sedis, 2 pr o b a ble cycadophyte s and 7 conifers. 

Range charts were drawn up for each of the stratigraphic sections 
studied but no variation of significance was n ot e d, i.e. the en v ironme nt 
apparently remaine d comparative ly constant during Christopher time and no 
particular evolution o r plant migration took place , Generally, the flora of 
the surrounding country during deposition of the sediments was a conifer
f ern complex. Thes e two broad groups are the m o st common by far of the 
spore and pollen types . Vi rtually all of the conifer gene ra, as well as large 
numbe rs of miscellaneous bisaccat e s, are well represented in nearly every 
sample. Of those identified a t a generic leve l, Tsugaepollenite s seems to be the 
most abundant. Conve rs e ly, Arauc a riacties , Classopollis, andEucommiidites, 
app ear to b e the l eas t common. All of this suggests a complicated and varied 
coniferous fore st. 

Among the ferns, spores of the Gleiche niace a e are overwhelmingly 
d ominant, as they seem to be throughout the Cretaceous r ocks of the Arctic 
Islands . Next in abundance are m emb e rs of the family Schizaeaceae of 
which at le as t six species of Cicatricosisporites are present. Other fern 
famili es ide ntified are cons idered r e presenta tives of the Cyatheaceae, 
Matoniac eae and Osmundaceae. Abundant ge~era of other probable filicales 
are pr e s e nt also. Fina lly, though limited in numbe r, the re are repr e senta
tives of the Sphagnaceae , Lycopodiaceae, and Selaginellaceae, 

Monocolpate pollen g rains are conspicuous by the ir rarity, only a 
very few specimens being found . The large size of these specimens suggests 
the y may belon g t o the Cycadales o r Be nnettitales, Several smaller mono
colpate grains doubtfully b e long to the Ginkgoales . Finally, and significantly, 
n o evidence of angiosperm p o lle n was found. 

In short the n, we h ave r epresented in the Christopher Formation a 
fern-conifer forest made up o f a l a r ge number of species, and no evidence of 
the pr esen ce of angiosperms. 
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Climatic Interpretations 

As in all Mesozoic palynology, environmental interpretations are 
difficult, and can be made only generally, utilizing groups of families, always 
with the hope that ecologic requirements haven't changed too much in a 
100 ±million years, Below follows a brief synoptic outline of the climatic 
requirements of modern families which can be related to microfossils from 
the Albian Christopher Formation, 

SPHAGNACEAE - Cosmopolitan family in ponds and bogs, lives 
from the Arctic to the tropics. Usually rare in the Christopher, 

LYCOPODIACEAE - Cosmopolitan family in moist areas, from the 
tropics to the Arctic , Usually present, but never an abundant form in the 
Christopher. 

SELAGINEbLACEAE - Cosmopolitan family in moist areas, tropical 
to temperate. Rare in the Christopher. 

OSMUNDACEAE - A family found in swampy or damp regions in 
tropical to temperate climates. Moderately abundant form in the Christopher. 

CYATHEACEAE - Mostly tropical to warm temperate tree ferns. 
A rare family in the Christopher. 

GLEICHENIACEAE - A tropical family normally, but does extend 
into warm temperate areas, such as along the coast of the southern United 
States. A very abundant family in the Christopher. 

SCHIZAEACEAE - A tropical family normally, but certain members 
do occur in temperate regions such as Nova Scotia and Ontario . Compara
tively abundant in the Christopher Formation. 

CYCADACEAE - An exclusively tropical to subtropical family. 
Only doubtfully present in the Christopher, but even if present is very rare. 

ARAUCARIACEAE - Subtropical to warm temperate in southern 
hemisphere. Rare in the Christopher. 

CUPRESSACEAE - TAXODIACEAE - Cosmopolitan, mostly sub
tropical to warm temperate. Rare in the Christopher. 

PINACEAE - Mostly temperate throughout the northern hemisphere. 
Exceedingly abundant throughout the Christopher. 

PODOCARPACEAE - Essentially a southern hemisphere family, 
present in tropical to temperate climates. ·Comparatively rare in nearly all 
samples. 

The overwhelming abundance of the Pinaceae would suggest strongly 
that we are not dealing with anything warmer than a temperate climate. The 
apparent lack (or rarity) of cycadales, which is strictly a tropical to sub
tropical form, is probably significant because it is present in most Albian 
microfloras elsewhere. Ephedraceae, a common constituent of arid parts 
of the tropics and subtropics is absent also. However, the various fern 
families .would suggest a damp climate, and comparatively warm conditions. 
In short, the microflora would seem to indicate a moist, warm, temperate 
climate. This would be in keeping with Smileys4 interpretation of a humid 
warm temperate climate for northern Alaska in Albian time. 



( 

- 102 -

1 Tozer, E.T. and Thorsteinsson, R.: Western Queen Elizabeth Islands, 
Arctic Archipelago; Geol. Surv. Can., M e m. 33 2 (1 964). 

2 Tozer, E.T.: Mesozoic and Tertiary stratigraphy, western Ellesmere 
Island and Axel Heiberg Island, Distric t of Franklin; Geol. Surv. 
Can., Paper 63-30 (1963). 

3 
Tozer, E.T.: Mesozoic and Tertiary stratigraphy, in Fortier, Y.O. e d., 

Geology of the north-central part of the Arctic Archipelago, 
Northwest Territories (Operation Franklin); Geol. Surv. Can., 
Mem. 320, pp. 74-95 (1963). 

4 smiley, C .J.: Floral zones and correlations of Cretaceous Kukpowruk and 
Corwin For mations, northwestern Alaska; Am. Assoc. Petrol. 
Geol., vol. 53, pp. 2079-2093 (1969). 

32. 
' 

CRETACEOUS AND/OR TERTIARY ROCKS, NORTHERN 
SOMERSET ISLAND, DISTRICT OF FRANKLIN 

Projec t 680068 

W. S. Hopkins 

Introduction and G~ 

In July 1970, through the kind cooperation of a Sproule and Associa tes 
field party headed by Mr. Ken Neile , the writer had the opportunity of visit
ing briefly several localities along the Cunningham Inlet Fault on northe rn 
Somerset Island. The purpose was to collect several grab samples for paly
nological analysis. This aim was achieved during the cours e of five hours 
during the night of July 27th, 1970. Time was not available to measure 
sections nor even to look at the rocks in any detail. However, the seven 
sample s collected were sufficient to d emonstrate through p a lynology that 
latest Cretaceous and/ or earliest T e rtiary rocks are present along this fault 
zone. 

For a more complete discussion of the geology of northern Some rset 
Island, the reader is referred to Fortier et-2J. and to Map 1098A which 
accompanies that r e port. Briefly, northern Somerset Island is composed of 
essentially flat-lying Ordovician, Silurian and ? Devonian limes tones and 
dolomite s. Some conglomerates, sandstones, and siltstones are present in 
the Silurian and/ or Devonian Pee l Sound Formation on the northwesternmost 
part of the Island. 

The Cunningham Inlet Fault zone lies entirely within the Middle and 
Upper Silurian Read Bay Formation, which is dominantly a massive, fossil
iferous limestone. This fault zone, which extends east-southeast from the 
head of Cunningham Inlet, is m a rked topographically by a comparatively 
deep, narrow and straight-sided valley in which a river runs west-northwest 
into Cunningham Inlet. 
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In the bottom of this valley sporadic outcrops of a very different 
rock type occur. This succession a ppears to be comparatively thin, but 
detailed work will be n ecessary to determine its geographic and vertical 
extent. 

The unit appears to be completely e lastic with fine - to m edium 
grained sandstones dominating, but pebble-conglomerates a r e present as 
are carbonaceous siltstones. Cross-bedding is common in both the sandstone 
and pebble conglomerates. Many of the sandstones contain a bundant but 
poorly preserved plant remains, mainly material that appears to be small 
stems, twigs or rootlets. The remains of carboni zed leaves, pres e nt also 
on some sandstone bedding planes, are impossible to identify . There is little 
doubt, h oweve r, that they a re the remains of angiosperms. In short, this 
unit is very different from the massive Silurian limestone which borders it 
to the north and south. 

Palynology 

Two of the examined samples came from about two miles above the 
h ead of Cunningham Inle t, the r emaining five samples are from about ten 
miles farther up the fault zone. 

Palynological analyses of these samples produced some rathe r 
interesting results. Although the samples yielded palynomorphs of varying 
numbers and of uneven quality, the florules from a ll samples appear to be 
ess entia lly the same, and probably represent rocks of the same age. The 
more abundant and conspicuous forms include the following: 

Laevigatosporites sp. 
Verrucosisporites sp. 
Hamulatisporis amplus Stanley 1965 
Osmundacidites sp, 
Baculatis par ite s s p. 
Gleicheniidites senonicus Ross 1949 
Sphagnum antiguasporite s Wilson and Webste r 1 946 
Sphagnum sp. 
Lycopodiumsporite s cf. L. austroclavatidites (Cooks on) Pocock 1962 
Lycopodium sp. 
cf. Cyathidites sp. 
Cicatricosisporites cf. C. australiensis (Cookson) Potonie 1956 
Undifferentiate d bisaccate conifer pollen 
Taxodiac eae 
Glyptostrobus -type 
cf. Sequoia sp. 
Podocarpidites sp. 
Cycadopitys sp. 
Schizosporis cf. S. microfoveatus Stanley 1965 
cf. Liliaceae 

cf. ~sp. 
cf. Ericaceae 
cf. Carya sp. 
Extratiporopollenites spp. 
Betula sp. 
Alnus verus (Potonie) Martin and Rouse 1965 



cf. Pterocarya sp. 
cf. Corylus sp. 
cf. Salix sp. 
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Wodehous e i a spinata Stanley 1961 
Tricolpites spp. 
Tricolporopollenites sp. 

The dominant e lement of this flora, in terms of numbers of paly
nomorphs and variety of types, seems to be angiosperms, many of which are 
of comparatively modern aspect. Spores of ferns and lycopods are next in 
abundanc e . Present, but least common in all samples, are pollen grains 
repres e nting the conifers, 

In spite of the comparatively large flora from these samples, most 
of the liste d palynomorphs are indicative of either the uppermost Cretaceous 
or lowe rmost Te'rtiary. Wodehous e ia spinata and Schizosporis microfoveatus 
have b een found, as far as the write r is aware, only in Maestrichtian rocks 
in North America, although the former has been found in Danian rocks of the 
Soviet Union. This would suggest a very late Cretaceous age for these rocks. 

Summary and Conclusion 

This brief study indicates that Late Cretaceous and / or Early 
Tertiary rocks are present in at leas t one east-southeast - west-northwest 
trending linear band at the north end of Somerset Island, A very elongated 
but narrow graben apparently developed along the Cunningham fault zone, 
and this resulted in the preservation of younger rocks. This faulting probably 
took place in the Tertiary. Furthe rmore, the lithology and age of these 
rocks indicate that the y belong to the Eureka Sound Formation which was 
evidently widespread at one time throughout the Arctic Archipelago. 

1 
Fortier , Y, O., and others: Geology of the north -central part of the Arctic . 

Archipelago, Northwest Territories (Operation Franklin); Geol. 
Surv. Can., M e moir 320 (1963). 
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PETROLEUM GEOLOGY 

33. SOURCE ROCK ANALYSIS IN ALBERTA AND THE 
NORTHWEST TERRITORIES, UTILIZING BOREHOLE CUTTINGS 

Project 680134 

L. R. Snowden 

Preliminary analyses have b een run on samples from selected 
bor eholes in Alberta, Saskatchewan, and the Northwest Territories including 
all w e lls drilled on the Arctic Islands. The purpose of the proj ec t was (1) to 
establish a procedure for the identification of petroleum source rocks, (2) to 
provide data for determining the leve l of di agenesis of sediments in selected 
areas and (3) to initiate organic geochemical reconnaissance in the Arctic in 
order to aid in basin studies and to corre late with other geochemical informa
tion generated by petroleum companies operating in the Northwest Territories. 

Using the simple extraction technique of hermetic, mechanical 
disintegr ~tion, light h y drocarbon gases (methane through butane) from bor e 
hol e cuttings collected and canned at drilling sites were quantitatively ana
lyz ed on a flame ionization gas chro1natograph. The r esults were keypunched 
and printer plotted on a downhole log (100 feet to 1 inch) ; total gas and meth
ane concentrations were plotted on the same grid so that methane anomalies 
and so called "wet" gas (Cz, C3, iC4 and nC4) anomalies could b e distinguished. 

Complementary to the gas analysis, the total carbon and total 
organic carbon content of the samples were determined using a conventional 
high temperature combustion apparatus. By correlation of the total extract 
able gas and its composition (wet or dry ) with the organic content of the cut
tings, potential source .rocks have b een identified for several areas in Alberta 
and the Arctic. As well as source material, low grad e r ese rvoir rocks have 
been tentatively identified. 

The method serves as a rapid and reasonably accur ate tool for the 
initial stages of identification of source material because a large number of 
samples can be h andled. 

No specific wells, areas or facies have b een mentioned here becaus e 
most data which h ave been collected to date are still confidential. 
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PRECAMBRIAN GEOLOGY 

34. A CONTRIBUTION TO THE STRUCTURAL GEOLOGY 
AT YELLOWKNIFE, DISTRICT OF MACKENZIE 

Project 670006 

John B. Henderson 

The structural geology of the Yellowknife area has been described 
in considerable detail by Campbelll, HendersonandBrown2, andBoyl e3 among 
others. In the course of a sedimentological study of the Archean Yellowknife 
Supergroup at Yellowknife certain aspects of the structure were considered. 

The main structural element is a north-northeasterly trending 
syncline through Yellowknife Bay and the lakes to the north (Figs. 1, 2). A 
smaller subsidiary anticline on the east limb occurs just north of the large 
granitic area southeast of Yellowknife. The west limb of the major syncline 
consists of the steeply dipping Kam Formation of some 35, 000 feet of pre
dominantly mafic massive to pillowed volcanics and related intrusions that 
are unconformably overlain by the basal conglomerates and volcanic lithic 
sandstones of the Jackson Lake Formation. On the east limb of the major 
fold in the core of the subsidiary anticline occurs the volcanic Duck Formation 
which is believed to be an eastward extension of the upper part of the main 
volcanic sequence to the west . It i s conformably overlain by the greywacke
mudstone turbidites of the Burwash Formation. The Banting Formation, a 
felsic volcanic unit of varied thickness, occurs on both east and west limbs 
of the syncline as do the greywacke-mudstones of the Walsh Formation that 
conformably overlies the Banting or in places the Burwash Formation. 

The whole area is offset by a series of sharply defined, essentially 
vertic a l, l eft lateral strike slip faults of which the West Bay Fault just east 
of Yellowknife is a well known example . Figures 1 and 2 are respectively 
sketches of the geology at Yellowknife and of the same area with the displace
ments due to the l ate faulting removed. 

Economic interest in the area has centred on gold deposits asso
ciated with major shear zones in the Kam Formation, Three of these major 
systems, the Con, the Giant, and the Campbell systems are indicated in the 
figures, These shear zones have be en described in considerable detanl, 2, 3 
and the suggestion made that the shear zones have developed along major 
thrust faults of which the Campbell-Giant system is the most important. The 
offset on these early shears is evident in Figure 2. The Con system as well 
as others not plotted represent subsidiary zones to the main Campbell- Giant 
system. 

It is suggested that a second major subsidiary shear zone occurs 
east of the Giant system underlying thew est side of the north part of Yellowknife 
Bay and extending north between the Jackson Lake Formation and the Banting 
Formation. Nowhere can these two formations be seen in normal contact but 
are typically separated by a narrow outcrop-free area with the outcrops in 
the contact being typically more sheared than those more removed from the 
contact. The Jackson Lake Fo rmation along the west shore of the bay exhibit s 
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a zone of shearing parallel to the tr end of the hyp oth estze d f ault. As in the 
shear zones in the Kam volcanics there a re horses of undeformed rock with, 
in this cas e , perfec tly prese rved primary sedimentary structure s b etween 
which a r e z ones where the original features of the sediment h ave been com
pletely obliterated. In this same a r ea is a z one of tectonic breccia which 
varies along strike from sharp, angular, tightly packe d to sheared stretched 
clasts of the Jackso-n Lake Forma tion sandstone. Adjacent outcrops strati
g raphic a lly above and b e low this breccia zon e are essentially undeformed. 
This brecc i ation may be r elated to the formation of a shear zone in this a r ea. 
A similar breccia occurs further north near the contact b etween the J ackson 
L ake and Banting F ormations. The s trike of the shoreline in the northwest
ern part of the b ay pa ralle ls the shoreline in the southwestern part of the bay 
which i s appare ntly controlle d by the Campbe ll shear z one . The presence of 
the suggeste d subsidiary s h ear zone may similarly govern the position of the 
northweste rly shore line as well. 

The occur rence of this branc h of the Yellowknife shear zon e sys -
tem to the east of the mainmafic volcanic sequence maybe of economic i·nterest. 

2 

3 

Campbell, N. : Regional structural features of the Yellowknife area; Econ. 
Geol., v ol. 42, pp. 687 - 698 (1947). 

Hende rson, J.F. and Brown, I.C . : Geologyand structureoftheYellowknife 
Greenstone B e lt, District of Mackenzie; G eol. Surv . Can., Bull. 
141 (1966). 

Boyle, R. W.: The geology, geochemistry and origin of the gold d e po sits of 
the Yellowknife district ; Geol. Surv. Can., Mem. 310 (19 6 1). 

Note: Figures 1 and 2 for thts report are on pages 108 and 109. 
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Figure 1. General geology of the Yellowknife area. Legend as for Figure 2 . 

#34 H enderson 
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YELLOWKNIFE AREA 

Walsh Fm mudstone greywacke 

Banting Fm felsic volcanics 

Jackson Lake Fm conglomerate sandstone 

Kam Fm rufic volcanics 

Granitic rocks 

early shear zones 

replaced late faults 

++ syncline , anticline 

WITH LATE FAULTS REPLACED 

Walsh Fm mudstone greywacke 

Banting Fm felsic volcanics 

Burwash Fm greywacke mudstone 

Duck Fm intermediate volcanics 

Granitic rocks 

conformable contact 

~ unconformable contact 

_/\____ intrusive contact 

Figure 2, General geology of the Yellowknife area with late faults replaced. 

#34 Henderson 
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QUATERNARY RESEARCH AND GEOMORPHOLOGY 

GLACIAL DEPOSITS, SEA LEVEL CHANGES AND 
PRE-WISCONSIN DEPOSITS IN SOUTHWEST NOVA SCOTIA 

Project 660036 

D.R. Grant 

Southwestern Nova Scotia possesses a unique combination of evi
dence of three major Quaternary events: (1) glaciation, including unidirec
tional ice-flow linE<ation attributed to a Laurentide phase, as well as radially
oriented features indicating final recession to an upland ice cap, (2) sea level 
changes, including post-Wisconsin marine overlap better exposed than else
where in the Maritimes, as well as recent submergence due to eustatic rise, 
tidal incr·ease and local subsidence, and (3) a nonglacial warm-water interval 
of sea level higher than the pre sent, which is thought to date from the Sangamon 
Interglacial. 

Figure 1 depicts evidence for a sequence of glaciation beginning 
with the earliest ice-flow moving in an easterly and southeasterly direction. 
This same trend is recorded in northern Nova Scotia and Cape Breton Island; 
together they point to early centres in New Brunswick-New England, Subse
quently, the ice mo'ved southward and left a linear pattern of eskers, drum
lins and fluting which characterize the surficial fabric not onl y of this area 
but of the entire Atlantic slope of Nova Scotia. This would indicate that, pre
sumably during the Wisconsin maximum, the ice shed lay over New Brunswick 
and the Gulf of St. Lawrence, if not farther north. Later, during the reces
sion, numerous examples of crossed striations and intersecting drumlins 
indicate that the movement was in a more southerly to southwesterly direc
tion. This later trend is paralleled by eskers and crossed by belts of corru
gated moraine. North of a line through Salmon River, however, quite a dif
ferent trend is evident. Bold morainal ridges abut the coast, displaying 
marine-reworked distal slopes and unmodified, ice-scalloped proximal faces, 
attesting to the synchroneity of moraine-building and the formation of the 
marine limit. Few southerly drift lineations remain; most have been reworked 
and appear circular; many are completely reoriented with the stoss side lying 
to the east. Rock-inscribed features agree and point west also, many cross
ing earlier striae. The features on Long Island reveal the gradual rotation 
of ice flow from southwest to northwest. Eskers lie perpendicular to the 
coast (see Fig. l}, trending west to east and north to south inland over the 
topographic divide at 500 to 700 feet, and converge on an area around Kejimkujik 
Lake (K. L. - Fig. l} at 300 feet. This was apparently the site of the west
ernmost of several late remnants of the ice shed on the Atlantic Upland. 

Prest and Grantl explain the flow reversal by drawdown into a 
calving bay produced by the marine invasion of the Bay of Fundy, the suppo
sition being that a reshaping of the ice front would impose new hydraulic gra
dients to which eskers would adjust, and might oversteepen the profile suffi
ciently to reverse former flow directions. North of the Salmon River discon
tinuity, the marine limit is more erratic and rises less steeply than to the 
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Figure 1. Pleistoc en e features, southwest Nova Scotia. Some 
striations from Taylor4, 5. 
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south. This, and the greater developme nt of ice-flow features, suggest that 
the late ice rnass was better nourishe d in this sector and m.or e capable of sus
taining ice moven1e nt in it s redirected course. 

The r ecord of sea level change begins with the late Wisconsin sea 
standing high against the receding ice front. Evidence suggests the sea was 
highest at deglaciation and fell thereafter; no transgression occurred. Mar ·
ine overlap is easily determined owing to fr e shly eroding cliffs of variable 
height composed of easily reworkable till. In section, overlap d e posits appear 
as wedges of plane-bedded, well-sorted gravel that pinch out upslope against 
unmodified till . The zero isoline crosses the coast 1 km north of Red Head. 
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Unit 2: sediment with warm water fauna deposited during nonglacial interval 
of higher sea leve l (Sangamon?), 

Unit 3: reddish brown shell-bearing till with foreign stones deposited ,by 
Laurentide ice moving south across r e d rocks underlying Ray of Fundy, 

Unit 4: greyish tills of local derivation d e posited by late Wisconsin ice flow
ing west from Nova Scotia uplands, 

Unit 5: post-Wisconsin marine ove rlap sediment. 

Figures in parentheses are thicknesses in metres. Broken 
lines at base of each section represent high tide level. 
R - bedrock; G - gravel; S - sand; 
Si - silt; Cl - clay; F - shell fragments. 

Figure 2. Correlation chart of Pleistocene deposits exposed along the coast be
tween Yarmouth and Digby (numbered localities indicated on Fig. 1). 



- 113 -

The marine lirnit rises to the north, with the direction of n.1.aximum tilt at 
160 degrees - ne a rly p a rallel the rnaxirnu1n Wisconsin ice-flow direction. 
The only ag e dete rmina tion on this phase (as well as the only indirec t age of 
cleglaciation in the area, and the oldest in Nova Scotia) is one of 14, 100 ±. 
200 years (GSC-1259) on detritus of intertida l se aweed in grey sand at 1 m 
above high tide in Gilbert Cove. Following the establishment of the inarine 
limit, sea l evel fell, reac h e d and crossed the present sea leve l.£.<:l:. 13, 000 years 
ago, and continued falling to a level 20 to 30 1n below present, judging by the 
thickness of intertidal sedime nt agg raded in estuarie s. The last 15 m and 
4, 000 years of its return to present l evel h ave b e en cletern.1.inecl by d atiT1g 
submerged intertidal and scipratidal inclicators2. 

Deposits pr e dating the locally-derived tills of the last glaciation 
may b e seen in numerous coastal exposures. Figur e 2 shows the stratigraphy 
inferred by correlating two distinctive units common to most exposures - the 
post-Wisconsin marine overlap gravel a nd an anomalous r ed till contain ing 
shellfragrnents. Identification.of specie sbyF.J.E. Wagner and A.H. Clarke Jr . 
show that Vene ric a rdia borealis and Mercenaria mercenaria are dominant, 
Astarte undata and Placopecten magellanicus are common, and that Astarte 
subequilatera and Balanus spp . , among others, a re accessory. The red till 
is assigned to the Wisconsin maximum phase because both its fabric, as well 
as the striations beneath it, point to the south. At Salmon River (44°03 . 5 1N, 
66°10. 5 1W) the r eel till overlies a deeply oxidized bed of grey sand containing 
all the above species plus several others, a ll largely intact, including a large 
extinct gastropod - Neptunea stonei - that gave a smnewhat questionable age 
of 38, 600 ±. 1, 300 years (GSC-1440). The fauna indicates th at the water was 
as warm as at present and the top of the Neptunea bed, where it is truncate d 
by the overlying till, is fully 6 m above high tide or 9 m a. s. 1. For these 
r easons , the radiocarbon age notwithstanding, the Neptunea bed is assigned 
to .the Sangamon Interglacial, a time when the sea was both warm enough and 
high enough for this fauna to have been present3. 

1 

2 

3 

Prest, V. K. and Grant, D.R.: Retr e at of the last ice sheet from the 
Mariti1ne Provinc e s-Gulf of St. Lawrence region; Geol, Surv. Can., 
Paper 69 -33 (1969). 

Grant, D.R.: Recent coastal submergence of the Maritime Provinces , 
Canada; Can. J. Earth Sci., vol. 7, No. 2, part 2, pp. 676-689 
(1970). 

Clarke, A.H. Jr., Grant, D.R. and Macpherson, E.: Notes on the paleo-
ecology of Neptune a stonei; Malacology ( 1971). 

4 
. Taylor, F . C . : Reconnaissance geology of Shelburne map-area; Geol. Surv. 

Can . , Mem. 349 (1967). 

5 
Taylor, F. C.: Geology of the Annapolis-St. Mary's Bay map-area; Geol. 

Surv. Can., Mem. 358 (196 9). 
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36. GEOMORPHOLOGY, LAKE MELVILLE AREA, 
LABRADOR (13 F AND G) 

Project 680086 

D.R. Grant 

This report terminates a surficial geology study for the Labrador 
Pilot Project of the Canada Land Inventory. The deposits and glacial history 
have been outlined previouslyl. 

The geomorphology of the coastal lowland bordering Lake Melville 
on the southwe.st was interpreted and plotted on ten she e ts at a scale of 1: 50, 000. 
Figure 1 is a sample that illustrates most of the geomorphic f~atures includ
ing (1) an extensive kettled ridge and terrace, (2) rais e d marine strandlines 
as high as 400 feet above sea level, (3) abandoned d e ltas of the Kenamu River 
at elevations of 50, 120, 160, and 260 feet, overlapped by (4) a broad alluvial 
fan spreading from the M ealy Mountains scarp, and (5) numerous flow-slides 
propagate d by failure of the sand and buried marine pelite that dee ply m antle 
the entire area. 

Figure 2 is a compilation of this d etailed information generalized 
as contrasting geomorphic units of ecological as well as geological signifi
cance. The continuity, topographic promine nce and arcuate shape of the do1n
inating k e ttled ridg e and t e rrace led to its recognition as the largest of a ser
i e s of interlobate and marginal mor aines2. 

With the moraines depicte d by Blake3, a network of ice-marginal 
ridges was reveale d by me ans of a derived bathy-orographic map (Fig. 3) 
based on water depths from the Canadian Hydrographic Chart 4728, and pub
lished topographic maps, both at the scale of 1: 50, 000 . Sub aerial topography 
has been interpreted to restore the original glacial surface, thus neglecting 
the distracting effect of postglacial dissection and some marine deposition. 
The result is believe d to reflec t the patternofmajormorainalelementsunder
lying the mantle of marine sediment. 

Figure 4 depicts a sequence of deglaciation inferred from the 
moraines. The pattern is s een to b e largely the result of four tributary sub
lobes occupying the Melville basin, the most active and latest of which was 
apparently the one that emanated from Grand Lake valley and excavated a 
trough in the floor of Lake M e lville. 

1 
Grant, D.R.: Surficial d e posits, Lake Melville area, Labrador; in Report 

of Activities, Part A, April to October, 1968; Geol. Sur~ Can. , 
Paper 69-1, Part A, pp. 197-198 (1969). 

2 
Bajzak, Denes: Bio-physical land classification, L abrador; Department of 

Fisheries and Forestry, Forest Research Laboratory, St . ·John's, 
Newfoundland, Internal Report N-13 (1969). 

3 
Blake, W. Jr.: L a ndforms and topography of the L ake Melville area, 

Labrador, Newfoundland; Can. D e pt. Mines Tech. Surv., Geog. 
Bull., No. 9, pp. 75-100 (1956). 
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Figure 3. Bathyme try and derive d topography showing morainal ridges , south
ern Lake Melville area, Labrador . 

Figure 4. Hypothe tical ice -marginal positions, with inferr e d meliwater 
escapeways and areas of dead-ice topography . 

#36 Grant 
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GLACIATION OF CAPE BRETON ISLAND, NOVA SCOTIA 

Project 700056 

D.R. Grant 

Airphoto study of glacial features in Cape Breton Island corrobo
rates earlier interpretations and provides more uniform knowledge of the 
e ntire island . Grantl collected evidence in southern Cape Breton of " early, 
easterly, coastwise and onshore ic e flow crossed by later southerly offshore 
movement". Grant2 notes that "newly-observed striae support the concept of 
a radially-spreading, land-locked Bras D 10r lowlands ice mass" . Prest and 
Grant3 depicted evidence of ic e flow throughout the region and portrayed with
drawal to an active lowland centre as well as to a weake r centre on the north
e rn plateau. After ~et aile d mapping, Grant4 confirmed the early easte rly 
flow and the final retreat to the north, but also provide d compelling evidence 
that main flow h ad been from south to north over muchofthelowlands, appar
ently from a centre on the continental shelf. Whereas e ls ewhere on the Atlantic 
side of Nova Scotia r etreat was apparently upslope from south to north from 
the shelf to the uplands, degl ac iation in southern Cape Breton may have been 
l ater because of the extr a step involved in s hifting the ice divide from the 
shelf to the Bras D' Or area. 

Examination of small-scale airphotos at scales of 1:65, 000 and 
1: 86, 000 reveals a well-developed lineation in tills, often with directional 
asymmetry , on both highlands and lowlands alike. Reli able knowledge of the 
entire island can now be claimed. The patterns are clear and convincing, 
and generalized flowlines , substantiated by over 400 directional striations, 
a r e shown in Figure 1. A feature of this paper is the author's commitment 
to the previous existence of a full-fledged ice cap on the northern plateau in 
view ,of e qually well-developed tracts of crag-and-tail hills on the western as 
well as eastern s lopes. 

While the patterns are at variance with the popular notion of sim
ple unidirectional movement characteristi c of much of Canada overridden by 
the L aurentide i ce sheet, they are actually just what should be expected in a 
region that is near the Wisconsin limit, that has high r e lief relative to the 
tapering ice thicknesses of the marginal zone, and that occupies a windward 
and maritime position where local accunrnlation can b e eTihanced. The ob served 
pattern is regarded as a natural consequence of the following events or 'pro
cesses: (1) before and after possible confluence with Labradorean (Laurentide) 
ice, the regional flow pattern was dominated by the activity of local dispersal 
centres, one of which happene d to have centred offshore on the formerly emer
gent shelf, like that indicated by Hoppes for the Barents Sea; (2) movement 
was topographically dir ecte d with local reversals, like that indicated for 
Victoria Island by Fyles6; (3) ice centres and ice divides shifted in response 
to differential accretion a nd shrinkage, such as was recognized in the District 
of Keewatin by Tyrrell?, and (4) movement in the fin a l stages became essen
tially radial to the coast occasioned by marine incursion, such as oc curred 
when the Tyrrell Sea invaded Hudson Bay8. 

Thus, the interpretations being propos e d for Cape Breton Island 
are not without precedent, eve-n in Canada. Cape Breton does, however., 
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Figure 1. Generalized gl acial movements in Cape Breton Island based on 
field observations and airphoto interpretation, (Dashed arrows 
denote early flow from distant sources; solid arrows d enote flow 
from several sources on or n ear the island active during max
imum and late Wisconsin phases; dotted a rrows d enote a late local 
recession) . 

commend itself as a type area for these variations il1 glaciatio·n by virtue of 
the abundant clear-cut evidence. Argume nts are b e ing marshalled to promote 
this theme during an excursio.n of the 1972 International Geological Congress. 

1 
Grant, D.R.: Reconnai ssance of submergence phe nomena, Nova Scotia; in 

Report of Activities, Part A, May to October, 1966; Geol. Surv~ 
Can., Paper 67-1, Part A, pp. 173-174 (1967). 
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Grant, D . R.: R ec ent subrnergence in Nova Scotia and Prince Edward Island; 
in Report of Activities, Part A, May to October, 1967; Geol. Surv. 
Can., Paper 68-1, Part A, pp. 162-164 (1968). 

Prest, V. K. and Grant, D.R.: Retreat of the last ice sheet from the 
Maritime Provinces-Gulf of St. Lawrence region; Geol. Surv. Can., 
Paper 69-33 (1969). 

Grant, D.R.: Surficial geology, southwest Cape Breton Island, Nova Scotia; 
in Report of Activities, Part A, April to October, 1970; Geol. Surv. 
Can., Paper 71-1, Part A, pp. 161-164 (1971) . 

Hoppe, G.: The Wurm ice sheets of northern and arctic Europe; Acta Geog. 
Lodz., No. 24, pp. 205-215 (1970). 

Fyles, J. G.: Surficial geology of Victoria and Stefansson Islands; Geol. 
Surv. Can., Bull. 101 (1963). ' 

Tyrrell, J.B.: Report on the Dubawnt, Kazan and Ferguson Rivers and the 
northwest coast of Hudson Bay; Geol. Surv. Can., Ann. Rept., 
1896, Pt. F (1897). 

Lee, H. A.: Quaternary geology; in Science, history and Hudson Bay, 
C. S. Beals, ed ., Can. Dept. Energy, Mines Resources, Ottawa, 
vol. 2, pp. 503-543 (1968). 

~ 38. MODIFICATIONS TO RAPID SEDIMENT ANALYSER 

Project 680017 

D. E. Lawrence 

The useful range of the rapid sediment analyser, (B e nthos No. 341) 
used by the Division of Quaternary Research and Geomorphology has b een 
extended by effecting a number of small changes allowing smaller samples to 
b e processed with less background interference. The changes were aimed at 
limiting vibration, variations in temperature, and pressure from external 
sources. 

The principle of the operation is basedonthemeasurementofpres
sure differential between two columns of water, one a reference and the other 
a settling column for the sediment. Introduction of a sample increases the 
effective column density, which is measured by a pressure transducer located 
near the bottom of the columns. As the particles fall past the transducer sen
sor, pressure changes generate a voltage, the output of which is fed to a sig
nal processing network and an X-Y plotter where pressure is plotted against 
time. 
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Figure 1 (left) 
Diagrammatic sketch of settling column module 

(not to scale). 
(a) water reservoir (removed in modification). 
(b) sample introduction mechanism. 
(c) settling column . 
(d) reference column. 
(e) transduc e r . 
(f) lead ballast. 
(g) 2-inch concrete levelling platform. 
(h) 5 inches of uniform sand. 
(i) isomode antivibration pads. 

Figure 2 (below) 
Base of settling tube modul e with modifications . 
GSC Photo No. 20/629-E. 
(a) isomode rubber anti vibration pads (two only vis

ible) use.cl to decouple instrument from floor. 
(b) plywood box containing silica sand. This serves 

a dual role provj.ding a stable base of high ine r
tia and damping out vibration. 

(c) concrete platform. 
(d) lead ballast. 



- 122 -

Rapid Sand Ana lysis GSC Sedimento lo9y Laboratory 

r 
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Figure 3. X-Y pl ots of fall ve locity vs. time for t ypical 3-gram samples. 
Cu r ve A is r eprese11tative of r esults b efore modificatio11s. 
Curve B is repr ese11tative of results afte r modificatio11s w e r e made. 



- 123 -

The follow ing t abula tion and figur es indicate the natur e and e ffect s 
of the modifications . 

Prob lem 

Hig h background and 
int e rference 

Vibrations within 
instrument slow 
to attenuate 

Instrumental 
drif t 

X-Y p l ot of 
fall ve l ocity 
vs . t ime does not 
reg i ster the 
complete sample. 

TABLE I 

MOD IF ICATIONS TO RAPID SEDnlENT ANALY SER 

Cause 

Externa l Vibration 

Vibrations set 
up waves in 
reservoir tank. 

b. High centre of 
gravity. 

Transducer 
sensitive t o 
temperature 
var i ation . 

a . Hay be 
attribute d to 
temperature 
drift. 

b . Complete sampl e 
not sett ling in 
tube due to 
surface tension . 

Mod if ica t ions 

Decoupl e ins trument from 
floor with i somode ant i 
v i bration pad s . 

b. Install high iner tia base 
of sand with concrete 
levelling pad. 

Remove wa t e r r eservoir 
from module and mount 
on wall bracket. 

b. Ad d l ead ba llas t to 
i nst rument ba se. 

a . Relocate i ns trume nt to 
draft free l ocation. 

b. Ins ulate pressure 
transduce r. 

Applicat i on of wetting 
agen t to samp le when 
placed on i ntroduction 
mechanism . 

Ef fect 

A large port ion of th e 
l ow f r e quency vibration 
i s reduced o r 
eliminated. 

Vibration is attenuated 
more quickly, 

Drift r ed uced to a 
mi n imum. 

All sampl e is wet t ed 
and promptl y fal ls 
whe n int rodu ced to the 
sett ling column . 

The modifications tabulate d a bove c an easily b e applied to a ny 
vibration-sensitive instrument, as n o physic a l modifications to the in s trume nt 
itself are necessary. 

The d ecoupling method has b een in us e for some time on an astatic 
magne tomete r locat e d in the same building. Thanks ar e extende d tome mbers 
of the Rock Magnetism Section of the Exploration Geophysics Division for 
a dvic e and assistance in this r e spect. 

3 9. PALYNOLOGY OF A BURIED ORGANIC DEPOSIT, 
RIVER INHABITANTS, CAPE BRETON ISLAND, NOVA SCOTIA I l 

Project 690064 

R.J. Mott 

The str a t ig raphy and palynology of several buried organic d e posits 
from Cape Breton Island have b een d escribe d by M ott and Prestl and 
LivingstoneZ. During the summe r of 1970, G rant3 r e dis cove r e d a burie d 
organic depos it that had o riginally b een note d by Sir William Daw son in 185 54 
on the Northwe st Arm Brook, a tribut ary of River Inhabitants (45°40. 57 1N, 
61°19. 58 1 W), and c ollected samples for wood identification and paynological 
study. 

The rive r is exhuming a bu r i e d b edrock d e press ion containing a 
stratigraphic thickne ss of 15 fee t of colluvia l lens es interbe dd e d w ith organic 
s and, peat and wood that is mor e than 39, 000 years old (GSC-1406)3, ove r
lain by 10 fe e t of cobble gravel and 30 fee t of reddish till containing she ll 
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fragments that, elsewhere, gave an apparently finite age of 32, 100 ±. 900 years 
(GSC-1408)3 . Glacia l loading h as greatly compressed and d epresse d the peat 
and caused the formation of boudins in the colluvial layers by differential 
stretching at the margins where the beds lap ste e ply onto bedrock. The sedi
ment sequence is interpreted by Grant3 to represent: (1) p eriglac ial deposi
tion of colluvium and organic detritus; (2) proglacial d e position of outwash 
gravel and (3) burial by tills of the last glaciation. 

Results of a preliminary palynological study are shown in Figure 1 
with a schematic outline of the stratigraphy and wood identifications. The 
assemblages throughout the sequence, dominated by Picea (spruce) and Alnus 
(alder), with lesser amounts of Pinus (pine ) and small p ercentages of Betula 
(birc h) and Abies (fir), are boreal for est assemblages which are significantly 
different from modern pollen spectra and most postglacia l spectra from Cape 
Breton Island2' 5. The low B etul a p e rc entages and the almost complete lack 
of Tsuga (hemlock) and thermophilous deciduous gene r a are the more obvious 
deviations from the modern spectra. The high, and somewhat e rratic, fre
que nci es of Alnus pollen point to over r e presentation due to its loc al abund
ance in the vegetation. Numerous piece s of alder wood in the sediments cor
robor ate this inte rpretation and suggest an alder swamp environment of depo
sition w ith frequent inundations and d e position of colluvium. The surrounding 
r egion was probably covered by a clos e d spruce forest with some fir and pine 
on suitable sites. Some wood of spruce and fir was also found in the sedi
ments. Among the nonarbore a l pollen taxa , Cyperaceae (s e dges ) a nd Sphagnum 
are the mo st abundant, indicating tha t these plants were plentiful in the local 
flora together with several other taxa r eprese nted by less e r polle·nfre quencies. 

The similarity between the pollen spectra at the River Inhabitants 
site and those described for othe r buried organic deposits on Cape Breton 
Island suggests a tentative correlation b etween them. Until more e vidence of 
other inte rglacial or interstadial episode s is brought forth, this deposit is 
assigned to an early Wisconsin interstade , as suggested previously for other 
deposits by Mott and Prestl. 

1 

2 

3 

4 

5 

Mott, R. J. and Prest, V. K.: Strati g raphy and palynology of burie d organic 
d e posits from Cape Breton Island, Nova Scotia; Can. J. EarthSci., 
vol. 4, pp. 709-724 (1967). 

Livingstone, D. A.: Some inte rsta dia l and postgl ac ial pollen diagrams from 
eastern Canada; Ecol. Monog., vol. 38, N o. 2, pp. 87-125 (1968). 

Grant, D.R.: Surficial geology, southwest Cape Breton Island, Nova Scotia; 
in Report of Activities , Part A, April to October, 1970; Geol. Surv. 
Can., Paper 71-1, Part A, pp. 161-164 (1971). 

Dawson, Sir J. W.: Ac a dian geology (first edition); E dinburgh, 338 pp. 
(1855). 

Livingstone , D. A. and Estes, A.H.: A carbon-dated pollen diagram from 
the Cape Breton Pla t eau, Nova Scotia; Can. J. Bot., vol. 45, 

339-359 (1967). 
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40. RADIOCARBON DATES FROM SASKATCHEWAN 

Project 650030 

R. J. Mott 

Four radiocarbon d a t es on basal organic lake sediments from four 
lake sites in Saskatchewan were reported previouslyl, 2. These and two new 
dates from l ake sites farther to the north are liste d below and are shown in 
Figure 1. 

Site 1. GSC-648 11, 560 + 640 
Site 2. GSC-642 11, 090 + 160 
Site 3. GSC-647 10, 260 ± 170 
Site 4. GSC-643 8, 520 ± 170 
Site 5. GSC-1446 8, 640 ± 240 
Site 6 . GSC-1466 8, 230 ± 250 

Basal organic sediment from a small unna1ned lake about 68 m iles 
north-northeast of La Ronge, Saskatchewan (Site 5, Fig. 1) (55 °53 120 " N, 
104 °4 130"W) gave a date of 8, 640 ± 240 years B . P. (GSC-1446) . The l ake, 
forme d in a bedrock basin, has a surface elevation of about 1, 570 feet above 
sea l evel and a maximum wat e r depth of 30 feet. The sediment core showed 
494 cm of dark brown laminate d algal gyttja and 6 cm of grey, silty clay over 
lying coarse bouldery grave l. The radiocarbon date w as on a 5 cm interval 
at the base of the algal gyttj a. Some organic material was pre sent in the silty 
clay but in amounts too small to date. 

The second date , 8, 230 ± 250 (GSC-1466), is on basal organic sed
iment from an unname d l ake about 88 rn.ile s north-northeas t of La RO'nge (Site 
6, Fig. 1) (56°7'30"N, 104°24 1 20"W) . This lake also occupies a bedrock 
b asin . Because the water depth was too great in the d eep es t part of the lake 
(more than 80 feet) the core was taken in a sma ll b ay at the eastern e nd of the 
lake which was almost cut off from the main part of the lake by a bedrock 
ridge and eske r. However , the bay was not a separate basin as the bottom 
sloped continuously into the main lake. Elevation of the lake surface was 
also about 1, 570 feet above sea level, and water d e pth at the coring site was 
25 f ee t. Coring reve.aled 500 cm of brown algal gyttja, 50 cm of grey-brown 
silty gyttja and 22 cm of dark brown to black organic silt overlying inorganic 
silty clay. The interval from 562 to 572 cm d e pth was us e d for dating as the 
underlying silty clay did not contain enough organic matter to yield a date. 

Both new dates provide minimum ages for deglaciation, and the 
dat e from Site 6 a ls o gives a minimum age for retreat of the ic e from the 
Cree Lake Moraine which is situated less than 5 miles south of the coring 
site (Fig. 1) . Since both l akes are outside the area covered b y any phas e of 
Glacial Lak e Agassiz or any other knownglaciailakes, the b eginning of organic 
accumulation was not de l aye d, as was probably the case with three of the orig
ina l four sites dated . For example, Cycloid L ake (Site 4, Fig. 1), which 
gave a date of 8, 520 ± 170 (GSC-643) on basal gyttja, was probabl y covered 
by two phases of Glacial L a ke Agassiz possibly until as late as 9, 000 years 
ago3 , 4, 5 . Although rnor e than 5 m of organic sediments were recovered 
from the lake north of the Cree La:-:e l'.1:oraine, ':h e deepest part of the lake 
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Figur e 1. Location map s how in g lake sites and Cree Lake Moraine . 

and, therefore, pre sumably the o ldes t sediment, was not sampl e d. T h e lag 
b etween d egl aciation , the invas i on of plants into the area, and the acc umula 
tion of sufficient organi c matte r in the sedime nt for r a diocarb on d a ting are 
other factors whi c h invol ve an unknown l ength of time , 

Prest 5 h a s sugges t e d, somewhat speculatively, that the Cree Lake 
Moraine is about 10, 000 years old. The dat e from S it e 6 is much youn ger 
but, b e cause of the factors noted above, the d ate mu s t b e conside r e d a 
minimum and neither ver ifies nor negates Prest 1s s u ggested age. 
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Mott, R. J.: Palynological studies in central Saskatchewan; in Report of 
Activities, Part A, May to October, 1966; Geol. Surv. Can., 
Paper 67-1, Part A, pp. 122-123 (1967). 

Lowden, J . A., Fyles, J. G. and Blake, W. Jr.: Geological Survey of 

Elson, 

Canada radioc arbon dates VI; Radiocarbon, vol. 9, pp. 156-197 
(1967). 

John A . : Geology of Glacial Lake Agassiz; in Life, L a nd and Water, 
Proc. 1966 Conf. on Environmental studie-; of the Glacial Lake 
Agassiz Region, William J. Mayer-Oakes , e d., pp . 37-95 (1967). 

Prest, V. K.; Grant, D.R. and Rampton, V. N.: Glacial map of Canada; 
Geol. Surv. Can., Map 1253A (1967). 

Prest, V . K.: Retreat of Wisconsin and rec ent ic e in North America (spec -
ulative ice -marginal positions during recession of last ice- sheet 
complex); Geol. Surv. Can., Map 1257A (1969). 

41. GROUND ICE CONDITIONS: YUKON COASTAL PLAIN 
AND ADJACENT AREAS 

Project 69004 7 

V. N • Rampton 

Buried massive i ce a nd icy sediments, i. e. sediments containing 
excess ic e , are commonly reported in shot-hole logs and engineering test
hole logsl along the Yukon coast and adjacent areas (Fig. 1). These occur
rences indicate that massive ice and icy sedime nts a r e common in near
surface unconsolidated materials a long the Yukon coast, even though previ
ously published observations and maps covering the same a rea2, 3 did not 
acknowl e dge their presence . Ice-rich till and colluvium, whichprobablyhave 
ice contents typical of i cy sediments in the area, can be observed in the sea 
cliffs along the Yukon coast (Fig. 2). Any disturbance of the landscape caus
ing icy sediments similar to those in Figure 2 or buried massive ice to melt 
will produce thermokarst depressions whose d e pths will b e proportional to 
the amount of excess ice the melted sediments contain. 

Wes t of longitude 137 ° more than h a lf the drilled holes on the coastal 
plain e ncountered icy sediments or buried massive ice. A comparison of the 
logs and maps of the surficial geology3 indicates that a ll clayey and silty 
material s , this includes morainal deposits, lacustrine deposits, fine-grained 
allu,:,iurn and colluvium, have high contents of ic e . Excess ice is even common 
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Figure 1. Ground-ice conditions of the Yukon coastal plain and adjacent area. 
Explanation: In the hachure d areas, sediments containing exce ss 
ice are not only common near the surfac e , but are ofte n found as 
unique stratigraphic units at depth . In the stippled areas , shot 
hole lo gs only occasionally report sediments a s having excess ice. 
The~ nume ral gives the general m aximum depth of icy sedi
m e nts in feet where they have be e n note d, and the l ower nume ral. 
g ives the maximum de pth in feet a t which icy sediments have b een 
note d. In the cross-hachure d ar eas , figures a1· e bas e d on an 
extrapolation from a minimum number of drillhole logs. 

in the thin v e neer of fine-grained sediments a nd organic de posits wh ere they 
c ap bedrock, pediment surfaces , and gla"ciofluvial a nd fluv ial de posits. Only 
bedrock, fluvial a nd glaciofluvial deposits lacking a cover of . fine - grained 
sediments or organic deposits, modern beach deposits, and mode rn floodplain 
d e posits ar e r e lative ly free of excess i ce . 

The icy sediments and massive ice generally form the upper str ati
graphic units in most drillhol,es, and the maximum de pth s to whic h exces s ice 
in the sedime nts are c ommonly r e porte d has been recorde d on Figure 2 . For 
example, in the area dir ec tly south of He r schel Island, icy sediments and 
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Figure 2. Ice wedges a nd lenses in ice-rich till and colluvium expos ed a l ong 
the Yukon coast west of Shingle Point. Exposure is about 35 feet 
high (photo by J. G. Fyles). GSC P h oto 201695. 

massive ice a re commonly r eported in dr i llhole l ogs from the surfac e to a 
depth of 25 feet ; although some drillholes h ave bottomed in i cy se diments at 
80 feet, icy sediments below 25 feet are uncommon. Exceptions to this n ear
surfac e occur rence of icy sediments and massive i ce occur on He rsche l Island 
and the coastal strip to the southeas t (Fig . 2) w h e re icy sedi ments and mas
sive ic e have occasionally b een r epo rted b e l ow sediments l ackin g excess ice. 

Eas t of longitude 137 ° , icy se diments are not commonly reported 
in shot-hole logs. Howeve r, in areas whe r e both shot holes and enginee ring 
test holes h ave b een drilled, the enginee ring t est -hole lo gs generally r e port 
the upper 20 feet of sediment to contain excess ice . Thus, the s hot-hole l ogs 
from eas t of l ongitude 137 ° must b e viewed with some skepticism in the eval
uation of ground-ice conditions, and areas on Figure 2 fr om which sediments 
w ith excess ice are only occasionally reporte d may, in fact, have an abund
ance of near -surface sediment s containing excess ice. 

1 
Ripley, Klohn and L eonoff A lbert a Ltd .: Evaluation of sub - surface condi

tions, Mackenzie Valley P ipe line (1 970) . 

2 

3 

R ampton, V . N.: Quaternary geology , Mackenzi e Delta and Arc tic coastal 
plain, District of Mackenz ie; in Report of Activities, Part A, 
April to October, 1969; Geol. Surv. Can. , Paper 70-1, Part A, 
pp. 18 1-1 82 (1 970). 

Rampton, V. N.: Surficial geology, Hersche l Island-Ak l avik; Geol. Surv. 
Can., Open File Report 21 (1970) . 
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42. PRELIMINARY INTERPRETATION OF 
SHALLOW SEISMIC REFLECTION PROFILES FROM 

THE WEST SIDE OF MACKENZIE BAY, BEAUFORT SEA 

Proj e ct 700092 

James M. Shearer 

About 250 nautical miles of shallow reflection profiling using a 
Huntec 2A sparke r unit w e r e obtaine d during the month of August, 1970 in the 
Mackenzie Bay area of the Beaufort Sea from the C.H. S. Richardson (Fig. l}. 
A few short lines using a side scan sonar unit were also run. 

Throughout most of the area tr ave rsed, except in depths of less 
than 20 to 30 feet, considerable thickness es of recent (postglacial) muds were 
observed (Figs. 2, 3, 3a and 4). Wave action is apparently strong enough to 
prevent deposition of clay in the summertime and to erodewhatfine sediments 
were deposited during the winter at these shallow depths (<30 feet). In depths 
of less than 150 to 200 feet this mud unit has a very irregular surface, which 
is attributed to cumulative scouring by the bottoms of ice islands and pres
sure ridges (Figs. 2 to 4). Work using the side scan sonar (Fig. 5) d emon
strated that thes e observed features were, in fact, continuous (usually quite 
linear) thus supporting the ice scouring hypothesis. 

Underlying this blanket clay deposit were a number of feaiures, 
the most notable being a buried trough or canyon (Figs. 3, 4) which appears 
to be consistent throughout the study area b etween 3 to 5 miles off the west 
coast of Mackenzi e Bay. Ice-thruste d marine sedime nts form the topographic 
ridge between King and Kay Pointsl. Offshore in that area, a structureless 
unit lying under the recent muds is found to increase in thickness shoreward 
and eventually surfaces to become the seabottom (Figs. 3, 3a). This unit is 
de signate d as the offshore e quivale nt of the ice-thrust horizon found on shore. 
The similarity of this unit to the bas a l unit in the buried canyon (Fig. 3) implies 
a similarity in formation. In this respect, it is proposed that the cu.nyon was 
formed by erosion from a continental glacier tongue mo ving seaward. Branches 
emanating from this tongue were probably sufficient in size to cause the defor
mation observed b e twe e n King and Kay Points. 

The r e lationship of this buried canyon to the Mackenzie Cany011 
observed on bathymetric c harts is unknown. The present surface over the 
buried canyon is almost flat (slope 1/300) with the m aximum slope existing 
along the e dge of the Macke nzie Canyon being around 1/60. Both these slopes 
a re a diff e re·nt order of magnitude from that slope of the burie d canyon wall 
(slope 1/2 to 1/4) . 

A change in slope of the wall of this canyon (Figs. 3, 4) indicates 
the depth at which modification by fluvial and/or- marine processes occurred. 
In this case, the e rosion and truncatio·n of the west bank is thought to be due 
to marine action a lone, as the deposits contemporaneous with a given l eve l of 
incision are found in the trough (canyon) at some d e pth below this leve l. They 
are best interpreted as bottom-s et b e ds or submarine outwash deposits laid 
down in 50 to 100 feet of water with the corr es ponding de lta front or glacier 
front some mil es to the south. This change in slope of the canyon wall is 
des ignate d hereafter as the "breakpoint" and is thought to be r e presentative 
of the sea level at the time the Wisconsin ice first receded beyond this point . 
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The world wide sea level datum was much lower than the present 
during the time when the large conti:aental glaciers existed over the North 
American land mass2, 3. Creager and McManus4 have some evidence of lower 
sea levels in postgl acial times in the Bering and Chukchi Seas and, excluding 
significant crustal subsidence by tectonic and/ or g l acier ice loading mecha
nisms in the Mackenzie delta area, it is safe to conclude t h at lower sea l evels 
existed in the study area at these times. The C . S. S, Hudson, worki ng in t h e 
Beaufort Sea east of the canyon in 1970, obtained a number of well -sorted 
coarse-grained sands which may be interpreted as relict beach sands, thus 
providing some past evidence of a lower sea level regime. Picking a world
wide sea leve l transgression curve2 the time of formation for any given 
"breakpoint" may be estimated. Directly offshore (~. 10 naut. mile's) from 
Stokes Point the "breakpoint" is found at a depth of about 27 0 feet, corre -
sponding to a time on the curve around 16, 000 years B. P. South of Stokes 
Point, the "breakpoint" is found at progressively shallower depths, being 
around 200 feet (ca. 14, 000 years B. P.) just north of Sabine Point . From 
this evidence it can be proposed that deglaciation in this area occurred 16, 000 
to 14, 000 years B. P. and that, in fact, retreat was quite slow (ca. 4 0 km/ 
2, 000 yrs . =ca . 20 m/yr. ) . -

Another way of accounting for the offshore slope of the "breakpoints" 
is to propose (for practical purposes) synchroneity in their development with 
postglacial rebound causing a distortion of a once a lmost level shoreline. 
The warping observed (20 m/40 km= ca . 0. 5 m / km) is not unreasonable and 
implies crustal displacements increasing to the south. The maximum possi
ble value of crustal displacement at Stokes Point (which assumes degiaciation 
at the lowest eustatic level~· -360 feet) is about 160 feet (360-200 feet). If 
deglaciation did not occur when the sea was at its lowest level, then the total 
crustal depression is so1newhat less than 160 feet. It is not known which of 
these alternatives is the correct one, the most likely answer being that some 
combination of both mechanisms occurred. 

Times of stability seem to have existed during the truncation pro
cess by the transgressing sea (Figs. 3 to 5). The uppermost reflector (bot
tom of recent muds) is quite persistent and is c·orrelated to the topset depos
its of a large postgl acial Mackenzie River (Fig. 2). 

1 

2 

3 

4 

Mackay, J. R . : Glacier ice-thrust features of the Yukon coast; Can. Dept. 
Mines Tech. Surv., Geog. Bull., No. 13, pp. 5-21 (1 959 ) . 

Sh epard, F. P. and Curray, J. R.: Carbon-14 determination of sea leve l 
,-;"ci.nges in stable areas; .in Prog. in Oceanog., vol. 4, pp. 283-
291 (1967 ) . 

Milliman, J. D . and Emery, K. 0.: Sea levels during the past 35, 000 years; 
Science, vol. 162, pp. 112 1 -1 123 (1968). 

Creager, J. S . and McManus, D. A.: Geo l ogy of the floor of Bering and 
Chukchi Seas - American studies; i n The Bering Land Bridge, 
D . M . Hopkins, ed., pp. 7-31 (1967). 
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