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ABSTRACT 

This report comprises thirty-five short 
papers that describe research carried out by members 
of the G eological Survey of Canada b etween November 
196 9 and March 197 0. Some are illustrate d by photo­
graphs and line drawings. 
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The American Falls at Ni agara as they appeared during the summer of 1969. See Article 27. 



REPORT OF ACTIVITIES, NOVEMBER 1969 TO MARCH 1970 

INTRODUCTION 

The thirty -five papers that comprise this report describe 
briefly some of the work carried out b y members of the Geological 
Survey between November 1969 and March 197 0. Some of these 
r eports are in the nature of "r e ports of progress " , others are com­
plete though brief statements on some aspect of geological research 
and others are designed to "alert" ea rth scientists about the 
Geological Survey's current approach to certain re search problems. 
T h e figures used to illustrate t his publication are r eproduced without 
change from mate rial supplied by the authors. Manuscripts were 
accepted for inclusion in this r e port until 1 May, 1970. 

The Report of Activities (parts A and B), the reports on 
isotopic and radiocarbon dating, the annual index of publications and 
the vo lume of abstracts of papers published by Survey personnel in 
non-Survey publications provide an annual accounting of most of the 
scientific work of t he Branch. Requests for announcement ca rds, 
geological reports, maps or information on specific areas or topics 
should be addressed to: Geological Survey of Canada, Department of 
Energy, Mines and Resources, 6 01 Booth Street, Ottawa, 4, Canada. 
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ANALYTICAL CHEMISTRY 

l. ATOMIC ABSORPTION SPECTROSCOPY 

Project 690090 

Sydney Abbey 

The new 'lithium fluoborate ' decomposition scheme described in 
Paper 69 -l, Part B has been extende d to most of the major and minor ele­
ments of silicate rocks, having been applied to the determination of Si, Al, 
total F e , Mg, Ca, Na, K, Mn an d Cr (where present in mor e than trace 
amounts ) . For most of the e l ement s, precision and accuracy are comparable 
to tho se obtainable by conventional m ethods, and spe e d is greatly improved. 
For such e l e m e nts as Al and Ca, when present in unusually small concentra­
tions, in the presenc e of a lar ge excess of iron and/or m agn esium, the pro­
posed sch eme is mor e r e liabl e than a r e conventional m ethods . For Al in the 
more u s u a l r ange, r esults a r e somewhat inferior to those of the older meth­
ods; for Si, even more so, but still superior to X-ray fluorescence values. 

2. APPLICATION OF SPECTROCHEMICAL METHODS 
TO TRACE ELEMENT DETERMINATION$ 

IN GEOLOGICAL MATERIALS 

Project 690090 

W. H . Champ 

) 

A q uantitative analytical proce dure has b een established for the 
determination of some 35 trace e leme nts in iron base materials, e . g. pyrite, 
pyrrhotite, magnetite, h e matite, etc. The elements currently determinable, 
and the approximate limits of determination are: 

<.001% Ag, Se, Yb 
. 001 - . 002% Ba, Be, Co, Cu, Cr, Mg , Mn, Ni, Sr, Ti, V, y 

. 003-.005% Ge, La, Nb 

. 01- . 02% Ca, Mo, Nd, Si, Sn, W, Zr 

. 03- . 05 o/o Al, B, Bi, Ce, Pb 

. 07- . 1 o/o As, Cd, Sb, Zn 

A minimum of 50 milligrams of representative sample is required. 
Precision obtained is +15 p er cent of amount reported, or better. 
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PRECONCENTRATION OF MICROGRAM AMOUNTS 
OF THE RARE EARTHS FOR DETERMINATION 

BY INSTRUMENTAL METHODS 

Project 6900 9 0 

J . G. Sen Gupta 

The development work for preconcentration of the r a r e earths from 
rocks prior to determination by instrumental methods, as described in a pre ­
vious report 1, was continued. A small Dowex l-X8 anion-exchange r esin 
(50-100 mesh) column (8 cm by 1. 6 cm) was used to separate the rare earths 
from synthetic mixtures approximating the composition of 1 gram and 2 g rams 
of acidic and basic rocks. A total of 7 5 millilitres of a mixture of 90 p er cent 
acetic acid and 10 per cent 5 N nitric acid was used to wash the column for 
r e moval of traces of Al, Ca and Mg impuritie s . The rare earths were 
desorbed from the column b y washing with 200 millilitres of 1 N nitric acid 
and pr ecipitate d as basic sebacates2 in presence of a l uminium and colloidal 
silica (LUDO X) as carriers. After ignition to oxides, they w e re analyzed by 
a spectrographic method . The results indicated quantitative recoveries for 
Ce, La, Nd, Y and Yb. 

In order to study whether all other trac e s of the rare earths in 
rocks are determinable by X- ray fluorescence and/or spectro g r aphic methods 
after preliminary concentration by anion-exchange resin, synthetic solutions 
containing amounts of Y, La, the rare ea rths (exce pting Pm) corres ponding to 
those in 1 gram and 2 grams of the U. S. G . S. standard rocks were pre p ared. 
The rare earths, Y and La were precipitated in the presence of Al and colloi ­
dal Si02 (LUDOX) as carriers by the method of Carron et al. 2 After filtra ­
tion and washing, the precipitate was i gnited to oxide and a portion analyzed 
b y X-ray fluor escence methods against synthe tic standards prepared identi­
cally. Preliminary r esults indicate that excepting Y, a ll rare earths includ­
ing La are d e terminable by X - ray fluor e scence methods . Yttrium can be 
determined by a spectrographic method. 

2 

Sen Gupta, J. G.: Preconcentration of microgram amounts of the rare 
earths in rocks for determination by instrumental methods, i n 
Report of Activities, November 1968 to March 1 969; G eol. Surv. 
Can., Paper 69-1, Part B, p . 3 (1969). 

Carron, M. K., Skinne r, D. L . and Stevens , R. E . : Determination of tho -
rium and rar e -earth elements in cerium earth minerals and ores; 
Anal. Chim. Acta, vo l. 28, p. 1 (1 955) 
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DETERMINATION OF CARBON BY NON - AQUEOUS TITRATION 
USING A HIGH-FREQUENCY INDUCTION FURNACE: APPLICATION 
TO ROCKS, STONY METEORITES AND METALLURGICAL SAMPLES 

Project 690090 

J. G . Sen Gupta 

The determination of carbon in a wide variety of samples requires 
a suffic i ently rapid and accurate method. The conventional gravimetric 
method involves collection of carbon dioxide evolved during combustion (total 
carbon) or acid treatment (carbonate carbon) of the sample , in a pre-weighed 
absorption tube containing Ascarite and magnesium perchlorate and weighing 
again, the difference being equal to the weight of carbon dioxide absorbed. 
For determining small amounts of carbon dioxide in rocks, this method suf­
f e rs from some uncertainty because it involves measuring a small difference 
in weight (i . e. a fraction of a mg) in an absorption tube which may weigh over 
100 grams. This cumbersome gravimetric procedure was replaced by devel­
oping a suitable nonaqueous titration method. 

For the determination of total carbon in rocks, stony meteorites 
and m e tallurgical sample s, the method involves ignition of the sample mixed 
with iron chips and vanadium pentoxide in a curre nt of oxygen in a high­
freque ncy induction furnace; the carbon dioxide liberated is absorbed in a 
solution of acetone containing 0. 6 per cent monoethanolamine and an excess 
of sodium methylate. After reaction the excess sodium methylate is back 
titrated by a standard methanolic solution of benzoic acid using phenolphthalein 
as the indicator. For the determination of total carbon in carbonate ores and 
carbide s , acetone in the above solution was replaced by a 1 : 1 mixture of ace ­
tone and methanol. 

The above nonaqueous titration method has been extended to the 
determination of carbon dioxide in rocks, clay and limestones by the acid 
evolution method. 

Reliabl e results up to 47 per cent total carbon dioxide were obtained 
by this method. Details will be published e ls ewhere . 



5. 

- 5 -

CORDILLERAN GEOLOGY 

MAGNETIC ELEMENTS OF ANVIL RANGE AREA, 
YUKON (10 5 K, 105 J) 

Proj ect 69 00 92 

D. C. Findlay 

Four-mile m agnetic compil a tion maps o f the gene r a l A n vil Range 
area {105 K - Tay River; 105 J - Sheldon Lake ) show a number of anomal ous 
features. Figure 1 (s ee Geol. Surv . Can., Geophysics Papers 7 839G (Tay 
River) and 7838G (Sheldon Lake )) shows generalized airborne magnetic data 
for Tay River and western part of She ldon L ake sheets. Superposed on the 
regional magn e tic g radient (dec reasing f rom eas t to west} are several mag ­
n etic features of presumably more loca lize d origin. Tintina Trench i s marked 
by a magnetically subdued belt (not shown on Fig. 1) w hich is bordered on the 
northeast by a chain of sublinea r positive anomalies that a r e undoubtedl y 
relate d to P ennsylvanian-Permian vo l canic rocks and scattered serp entinized 
peridotite bodies (Tempe lman - Kluit, 1968). 

Extending through the area in a norther l y direction a r e a number 
of m agnetic discontinuities that are, in part, functions of c h anges in t r ends of 
the r egion al magnetic 'be lt s ' (shown i n F i g. 1 at lOO-gamma interval s), but 
that must be partly a l so due to other causes . T h e most pronounced of these 
e lements extends through the a pproxima te centr e of the area fr om near the 
junction of Ro ss and Pelly Rivers (s outh of Fig. 1 bou ndar y), across MacMillan 
R i ver and into adjacent L ansing map-sheet (105 N) to the north (s ee Geol. 
Surv. Can., Geophysics Paper 7853G). Between Ross and Tay R ivers, t he 
feature is d e lineated by a southerl y flexu r e of the r egional magnetic trend; 
north of Tay R i ver its extension is tr ace d by a s e ries of gene r a lly norther l y ­
trending positive magnetic anomalie s, in place s separated by l ess pr onounced 
north-trending magnetic depressions . The overall effect o f the r egional and 
local magnetic components deline ates a strong sublinear magnetic feature that 
is, in p art, discordant to the magnetic 'grain' of t h e a rea as well a s dis co r­
dant t o regional geo logical trends. Although not shown o n Figure 1 the mag ­
netic e lement terminates to the south at Tintina Trench . 

Similar, although l ess well - define d magnetic discontinuitie s seem 
to b e present about 25 mile s and 5 0 mile s east of the central magnetic e l e ­
m e nt. A fourth e l ement, marke d principally by a south-trendin g b end in t h e 
re gional m agnet ic trend may b e present about 25 miles to the west, north of 
Mount Mye . 

The signific ance of the north-trending magnetic e l e m ents is not 
known . It is noteworthy t h at the ir tr e nds are par a lle l to m agn eti c survey 
fli ght -line directions, and thus spur ious r esults might b e exp ected due to con­
touring procedures. For e xample , the feature marke d by the chain of small 
positive anomali es immediately ea st of Ross Rive r is confin e d to a s ing l e 
flight-line width. A choice of contour geome try that would emphasize no rth­
weste rly trending axes of t h ese small anom a lies mi ght change the patte rn in 
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this area in detail, although a pronounced northerly orientation of the overall 
e lement would remain. On the other hand, the parts of the magnetic e l ements 
that are traced by flexures in regional magnetic trends are not easily expl ained 
by contour geometry. 

The north-trending magnetic elements of Anvil Range area are onl y 
partly correlative with surface geological features. As shown on Figure 2, 
the principal magnetic element crosses an area underlain from south to north 
by: Pennsylvariian-Permian volcanic rocks; Cretaceous and 'Tertiary' acidic 
intrusive rocks and intermediate to mafic volcanic rocks; various sedimentary 
strata, chiefly of Devono-Mississippian age; Cretaceous acidic intrusive 
rocks; and, part of the Proterozoic(?) 'Grit Unit' assemblage. The volcanic 
and plutonic rocks were originally assigned a Tertiary age by Roddick and 
Greenl however, subsequent K-Ar age determinations on the volcanic rocks 
have yielded Cretaceous ages2 . In general, rock units and structures (bed­
ding, schistosity) trend west -northwest. Between MacMillan and Tay Rivers, 
the irregular magnetic pattern lying west of the main north-trending magnetic 
feature is probably correlative with the distribution of younger (Cretaceous) 
volc anic rocks . To the east of the magnetic e l ement, corre l ation between the 
distribution of volcanic rocks and magnetic activity is not as exact, and part 
of the area may be underlain by sedimentary rocks (Devono - Mississippian). 
It is possible however, that small positive anomali es of this area may be cor ­
relative with scattered, plug-like mafic igneous bodies that may represent 
feeders to volcanic piles, subsequently removed by erosion. Although not 
reported from t hi s particular loc ality, such 'feeders' a r e known e ls ewhere in 
Anvil area, as for example, northwest of the Faro Mine . 

In summary, the apparently strongly discordant magnetite features 
of Anvil Range area may be due only to a fortituous combination of s hifts in 
regional magnetic trends, local geological features (chiefly volcanic), and 
magnetic contouring geometry. One oth er possibility, of a highly s peculative 
nature might be considered. This concerns the orientation of the northerly­
trending magnetic features with respect to orientation of Tin tin a Trench. On 
Figure 2, known faultsl, 3 are shown, as well as a few faults inferred from 
local geology. A number of weak magnetic sublineaments are also shown, 
most of which seem paralle l to known fault directions. In general, the se fea­
tures combine to suggest a rectalinear pattern whose principal directions are 
approximately northwest (parallel to Tintina Trench) are northeast . Roddick4 

concluded that Tintina Trench is the surface expression of a major (transcur ­
r ent) fault with right-lateral movement of the order of 220 to 260 miles. Such 
a fault or fault zone should (a s noted by Roddick, op. cit. p. 2 9) have theoret­
ical associated tension directions of a pproximately north- south orientation . 
A major crustal shear of the magnitude of Tintina Fault might be expecte d to 
generate proportionately large associated tension fractures. Thus, the pos­
sibility might be entertained that the north-trending magnetic discontinuities 
of Anvil Range area are magnetic expressions of tensional e lements associ­
ated with Tintina Fault. 

1 
Roddick, J. A. and Green, L . H. : Tay River map-area, Yukon Territory; 

Geol. Surv. Can., Map 13-1961 (196 1). 

2 
Lowdon, J.A., Stockwell, C.H., Tipper, H.W. andWanless, R.K.: Age 

determinations and geological studies, K-Ar Isotopic Ages, Rept. 
3; Geol. Surv. Can., Paper 62-17 (1963) . 
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3 
Tempelman-Kluit, D. J. : Geological setting of the Faro, Vangorda and 

Swim base metal deposits, Yukon Territory; Geol. Surv. Can., 
Paper 68 -l, Part A, pp . 43-52 (1968). 

4 
Roddick, J. A.: Tintina Trench; J. Geol., vol. 75, pp. 23-33 (19 67). 

6. NORTHEAST CORNER MCBRIDE MAP-AREA, 
BRITISH COLUMBIA (93 H) 

Project 680066 

E.W . Mountjoy 

This note provides additional information and modifies the geolog­
ical map published by Campbelll. The field work was carried out during 
parts of the summers of 1967 and 1968 with additional air photograph anal y ses 
during 1969. 

This small part of the McBride area is structurally equivalent to 
the Front Ranges and eastern Main Ranges of regions to the southeast. Only 
the extreme western part of the Foothills occurs in the northeast corner of 
the area and is underlain by Jurassic and Triassic strata. The Front Ranges 
consist of one thrust sheet, the Cecilia, which comprises Devonian, Ordovician 
and Cambrian strata. This thrust sheet is broken by two normal faults with 
west side down displacements of up to 2, 500 feet. 

The Wallbridge and Sir Alexander thrust sheets form the eastern 
Main Ranges. The Wallbridge thrust sheet consists of Ordovician to Lower 
Cambrian strata which dip about 30 degrees southwest . The Sir Alexander 
thrust sheet is fo lded into a 10 -mile -wide asymmetric sync line with a more 
steeply dipping west limb . It forms the most prominent mountain range in the 
northeastern part of the area with a relief of more than 7, 000 feet, exposing 
a complete Lower and Middle Cambrian succession north of Buchanan Creek. 

These structures are bounded to the southwest by the Snake Indian 
thrust which divides the Main Ranges of this and a djoining areas into two dis­
tinct parts; a northeastern part with distinct thrust sheets, and a southwest ­
ern part comprising compl exly folded Precambrian and Cambrian strata. The 
Snake Indian thrust is one of the longest (120 miles) and most important faults 
of the region. Northwestward this fault appea rs to continue to the Pine Pass 
area as the Back Range fault2 . Surface exposures to the southeast in the 
adjoining Mount Robson west half map-area clearly indicate that this thrust is 
a low angle thrust fault with considerable displacement3. 

The main differences on this map from the one published previ­
ously are: 
1. Normal fault which extends across the Cecilia thrust sheet from Bastille 

Mountain south to Intersection Mountain. 
2. Series of thrust faults of minor displacement which trend east-west between 

the Wallbridge and Cecilia thrusts. 
3. Thrust fault of small displacement between Buchanan and Bastille Creeks. 
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Campb ell, R. B.: McBride (93 H) map-area, in Report of Activities, May 
to Octob e r, 1967; Geol. Surv. Can., Paper 68 - 1, Part A, pp. 14-
19 (1968). 

2 . 
Shnd, 0. L. and Perkins, G . D.: Lower Paleozo i c an d Proterozoic sedi -

ments of the Rocky Mountains b etween Jaspe r, Alberta and Pine 
River, British Columbia; Bull. Can. Petrol. Geol., vol. 14, 
pp. 442-468 (19 67) . 

3 . 
MountJoy, E . W.: Mount Robson (southeast) map - area; Geol. Surv. Can., 

Paper 61-31 (1 962). 

7. UPPER TRIASSIC SEDIMENTS OF NORTHERN VANCOUVER ISLAND 

Project 6800 38 

J. E. Muller an d R. A. Rahmani 

Introduction 

Upper T ria ssic sediment s we re s tudie d in some detail in the course 
of r egional geological mapping of the Alert Bay and Cape Scott map-ar ea 
(92 L, 102 I). northe rn Vancouver Island. These s e diments form a signifi-
~ant, w e ll-defin e d break b etween two thick piles of vo l canic rocks, t h e 

Triassic Karmutsen a nd the Jurassic Bonanza. They are of great econor:nic 
importanc e as they are host-rocks to many known skarn-type iron and copp e r 
deposits, and are a djacent to the newly discove r e d lar ge low- g r ade copp er ­
molybdenum deposit of Island Copper Mines near Port Hardy. 

Earlie r regional wo rk on the formations had been done b y Gun nin g 1, 
who introduc ed the strati graphic names "Quatsino" an d "Bonanza", and b y 
Hoadley2. J e letzky3 , 4, 5 made deta ile d geological and stratigraphic surveys 
a long the western coas t-lines and made the first extens ive collections of 
Triassic fossi l s. In 1968 and 1969 he consulte d with th e senior w ri te r i n the 
fi e ld and cont ribute d some important collections to the K l askino Section . T h e 
stratigraphic sections were m easured b y Rahmani an d Muller i s responsible 
for this discuss ion. E . T. Tozer6 (a nd pers. comm. ) identified a ll fossils, 
exc e pt those o f the Iron River Section. 

Three sections a r e described r epresenting three b e lt s of U ppe r 
Triass ic sediments: a western belt, a central belt, and a northe astern b e lt 
(see Fig. 1). In a gene r a l way each b e lt is part of a major southwestward ­
tilt e d f ault b lock where Quats ino Limestone and Bonanza Sediments outcrop 
b etwe en underlying Karmutsen lavas to the northeast an d over l ying B onanza 
volcanic rocks to the southwest. 

The central belt contains the thickest sedimentary section, more 
than 4, 000 feet thick, and is areally the most continuous, though offset by sev ­
e ral cross-faults. The northeastern a nd w e ste rn b e lt s contain sedimentary 
sections less than 2, 000 feet thick and are interrupted by many faults and b y 
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dis corda nt a nd conc orda nt b a sic and granitic intrusions. In the se l a tte r two 
b e lt s m a n y c orrec tions in the str ati g raphic s e ctions a r e r e quir e d to e liminate 
b as i c sills a nd cross-faults . 

The s e dime nts are l e ss resistant to erosio n than the u n derly in g 
and overlying volc anic rocks and therefore generally underlie low-ly ing a re a s. 
As the lowe r slope s are densely forested s e ctions c an only b e studie d a lon g 
the s e ashore, along some cre eks, a nd in a few are a s where loggi ng h a s 
expos e d the hillsides. 
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The western Klaskino Section was measured along the coast north 
of Klaskino Inlet, west of Red Stripe Mountain, between 50°18'50" and 
50°19'30"N and at about 127°51'50"W. 

The lower part of the Alice Lake Section was measured across a 
logged-off area east of the south- e nd of A1ice Lake, betwe en Malook Creek 
and Bens on River. The middle part {medium-bedde d limestone and Monotis­
b earing beds) was partly exposed along logging-spur 6 4B of the MacMillan 
Bloedel Company's Tree Farm License Area 39, and the upper part was 
studied along Yootook Creek, in the Rayonnier Company's Tree Farm License 
Area 6. Topographic coordinates are 50°25'30"N, 127°20'05"W for the base 
and 50 o 22'5 5 "N, 127 o 19'20 "W for the top of the section. 

The northeastern Beaver Cove Section was studi e d on a t ributa r y 
of Tsulton River, just south of Beaver Cove, in an area lo gge d by Crown 
Zelle rbach Company in the N impkish Provincial Forest. Coordinates are 
50°29'50"N, 126°53"20"W for the b ase and 50°28'35"N, 12 6o52 ' 30"W for the 
top of the section. 

The fourth section, shown for comparison, is from Iron River 
n ear Campbell River a nd was studied in detail by D. Carli s l e 7 and coworkers 8 

Rock-stratigraphic Succession 

The Upper Tria ssic succession has great l a t eral variations in 
lithology and thickness (s ee Fig. 2) . Yet a general sequential pattern can be 
r ecogniz e d in all sections. It exhibits a gradual increase upwards in clastic 
components at the expense of the carbonates. 

The lower unit, r esting conformably on Karmutsen Volcanics, con ­
sists of thick-bedde d to massive, light-grey, fine - to microcrystalline, but 
loc a lly coarse-crystalline, commonly stylolitic limestone. This unit is com­
monly devoid of fossils except for a few nondiagnostic corals and pelecypods. 
It is about 1, 600 feet thick in the central section but only 80 feet in the west­
e rn, 250 feet in the eastern section and 400 feet in the Iron River Section . 

The Middle Unit consists of medium- to thin - bedded limestone 
(thickness 6 to 18 inches), interlaminated with black, calcareous siltstone 
(thickness 1/2 inch to 3 inches ) . The beds are commonly le nticular an d out­
crops have a 'ribbed' appearance. They contain loc a lly abun dant ammoni tes 
and p e l ecypods . Approximate thicknesses are 160 feet in the K l askino Section, 
990 feet in the Alic e L ake Section, 680 feet in the Beaver Cove Section, and 
110 feet in the Iron River Section. 

The Uppe r Unit is fairly well exposed, although faulted, in the 
Klaskino Section, but only p artly exposed in the Alice Lake Section whe re the 
lower part was studied a long Spur 6 4B and in a steep gully, draining into 
Benson River about 1 mile farther southeast. The upper part was e x amine d, 
again in incomplete exposures, a long Yootook Creek. In th e Beaver Cove 
Section the unit is only known from scattered road-exposures. The added dif­
ficulty of numerous b as ic sills intruding the sediments prevented recording a 
meaningful stratigraphic section. 

The b ase of this unit is plac e d at the lowest beds containing grey ­
wacke, breccia, or pr e dominant s ilt stone. This first influx of clastic mate­
rial appears to be the only practical definition of the contact. T hus d e fined 
the unit consists in each section examined of several subunits, alternately 
containing predominant clastic and pr e dominant carbonate material. How­
eve r, these subunits cannot be mapped or correlated over any distance. 
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In the e aste rn section a nd the Iron River Section the unit cons is t s 
e ntire l y of t hin -be dde d b l ack cal car eous siltsto n e and silty lime stone, c o n ­
taining in place s abunda n t p e l agi c p e l ecypods like M ono ti s . In the centr a l and 
weste rn s ectio ns similar lime sto n e i s a ls o pre s e nt , but i s inte rb e dde d wi t h 
beds o f calca r eou s, f e lds p a thi c g r e ywack e and grit togethe r with var y ing 
amount s of conglomerate a nd s e diment a r y br e ccia . 

In the Kla skino Section the bre ccias conta in fr agm e nts of lime s tone 
and gr e ywacke and in some instances folded and crumple d beds of lime stone , 
apparently forme d by the slumping of newly forme d lime stone down the s e a­
bottom. Convolution and grade d bedding in the g r e yw a cke a lso suggest the 
t urbidite nature of the se beds . 

The top of the Alic e Lake Se ction consists of a few hundred feet of 
silty and argillaceous limestone , capped by 20 feet of rather pure light-grey 
limestone with abundant colonial cor a ls. They are over lain by Bonanza 
Volcanics. This contact is not e xposed in the Klaskino Section and the r e the 
uppermost part is predominantly limestone and minor greywacke. 

Thicknesses of the Upper Unit are 1,020fe etintheKla skinoSection, 
2, 050 feet in the Alice Lake Section, probably l ess than 500 fe e t above the 
Beaver Cove Section and 1, 760 feet (including Jurassic b e ds) in the Iron River 
Section. 

Sediments believed to be co e val with the U pper Unit a re a l so e xposed 
along several strips of coastline at the east-end of Quatsino Sound, namely 
between Smith Cove and Cultus Cove, on the south side of Drake Island, and 
east of Quatsino Village . Except for the outcrops on Drake Isl a nd thes e beds 
had earlier been studied by J e letzky5. On the east side of Julian Cove he 
found fossiliferous limestone, overlain by a 11 waterlain breccia'' containing 
fragments of limestone and vol canic rock in a calcareous and ar g illaceo us 
g r eywacke -matr ix. On t h e north shore of Quatsino Sound he estimated the 
thickness of this breccia -unit to be 2, 100 feet. In both instanc e s the breccia 
is overlain by dark-coloured to maroon amygdal oidal lavas and tuffs of the 
Bonanza Volcanic Division. 

The writers examined the e qui valent beds on the south shore of 
Drake Island, about half-way between the Julian Cove and Quatsino Village 
exposures. They found a total thickness of 3, 650 feet of sediments, of which 
1, 470 feet were estimated in covered intervals. As ther e is probably r e peti­
tion by faulting the true thickness of the section may be in the order of 2, 000 
feet. The section contains interbedded grey and black nodular to lenticular 
limestone and various kinds of sedimentary breccias with fragments of lime­
stone and tu££. Sequences several hundred feet thick with predominant lime­
stone alternate with several hundred feet of breccia. Toward the top, just 
below the Bonanza Volcanics, the close alternation of coralline limestone, 
arenaceous limestone, grit and breccia was especially noted. 

Stratigraphic Names and Contacts 

H. C. Gunningl introduc e d in a pr e liminary report on the Nimpkish 
Lake are a thre e important names that have b e come well- e stablishe d i n 
Vancouve r Isla nd geology . The name Quatsino Formation, earlie r us e d i nfor­
m a lly by Dolmage , was propos e d for the "ma in limestone in the Nimpkish 
area". "Ka rmuts en Volcanics" w a s suggeste d for the unde rly ing volcanics a nd 
the "assemblage of sedimentary and volcanic rocks above the Quatsino 
Formation" was t e rmed" Bonanza Group''. The Bonanza Group is actually a 
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"Sub -group", for together with Karmutsen and Quatsino it forms the Vancouver 
Group9. The Bonanza was divided by Jeletzky3 into a Sedimentary Division 
and a Volcanic Division and the former was further divided in a "Thinly Bedded 
Member", an "Arenaceous Member", and a" Limestone Member". The latter 
divisions may be useful for detailed mapping in some west-coast areas but in 
the writers' opinion they cannot be carried over great distance or used for 
1:250,000 reconaissance mapping. Indeed in the west-coast sedimentary belt 
it is necessary for mapping purposes to include Quatsino Limestone with the 
Bonanza Sediments. 

There is generally no problem in defining the contact between 
Karmutsen Volcanics and Quatsino Limestone, although in some cases there 
may be a transition zone, less than lOO feet thick, of interbedded volcanics 
and limestone . 

The top of the Quatsino is difficult to establish. Without doubt the 
massive to thick-bedded limestone of the Lower Unit is Quatsino Limestone. 
The Middle Unit of medium- to thin-bedded lime stone is included b y the writer 
in the Quatsino and the Upper Unit of alternating carbonate and clastic sedi­
ments is equated with the Bonanza Sediments. It should be noted that lime­
stone subunits of the Upper Unit are very similar to the beds of the Middle 
Unit . The Quatsino-Bonanza contact may thus be difficult to determine in 
areas of limited exposure. In general, the lowest beds containing clastic 
material may be considered to be the base of the Bonanza Sediments. 

The contact between Bonanza Sediments and Bonanza Volcanics is 
commonly marked by amygdal oidal and porphyritic, in many instances, red­
dish coloured lava-flows. There may be a transition from sedimentary brec­
cias with some volcanic material to true volcanic breccias. 

Biostratigraphic Sequence 

The faunal zonation of the Upper Triassic of Vancouver Island has 
been summarized by Tozer6. He recognized in collections by Jeletzky and 
others the Dilleri and Welleri Zones in the Upper Karnian, the Kerri Zone in 
the Lower Norian, the Columbianus Zone in the M iddle Norian and Lower 
Suessi and Upper Suessi Zones in the Upper Norian. L ater the Middle Norian 
Magnus Zone was identified in the Iron River SectionlO. Intervening fauna! 
zones, established elsewhe re in Western Canada, have not yet b een discovered 
in the Vancouver Island collections. 

The Tropites dilleri fauna, oldest Triassic fauna so far known on 
Vancouver Island, was not found in any of the sections studi ed. The fauna was 
discovered farther south in the western belt by Jeletzky, and again by Muller, 
on the largest His nit Island in Ououkinsh Inlet, in a lime stone lens included in 
Karmutsen la vas . It was also found by Jeletzky on Union Island within 
Karmutsen volcanic rocks. The Dilleri Zone is also known from intervolcanic 
sediments west of the Iron River Section, on Texada Island, and on Quadra 
Island (se e ref. 9 for further references). Onl y in the latter locality does it 
appear to be present in Quatsino Limestone, to which the local "Ope n Bay 
Formation'' is correlated! (and Carlisle and Suzuki, pers. comm. ). Thus the 
Dilleri Zone appears to represent the time of deposition of the upper part of 
the Karmutsen Volcanics and locally perhaps the lower part of the Quatsino 
Limestone. 

No diagnostic fossils were found in the Lower Unit of massive 
limestone, but the Middle Unit of medium- to thin-bedded limestone y ielded 
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Upper Karnian (Welleri Zone) faunas a nd in the Beaver Cove Section also 
Lower Norian fossils. The Lower Norian Kerri Z one is reported by Tozer6 
from more southeasterly locations in all three s e dimenta ry belts. They were 
obtained from beds describe d by the collectors as Quats ino Lime stone as well 
as Bonanza S e diments . Thus the sections and the othe r localities suggest that 
the Quatsino -Bonanza contact varies in age from Upper Karnian to Lowe r 
Norian. 

The Upper Unit of the sections, equated w ith Bonanza Sediments, 
has y i e lded Lower and Upper Noria n faunas. In r egard to f a una ! zones only 
the Lower Suessi Zone was es tablished in all sections by th e presenc e of 
Monotis subcircularis Gabb (E. T. Tozer, pers . comm.: States that the tax ­
onomy of the Upper Norian Monotis from Vancouver Island may require revi­
sion . Some identified as Monotis subcircul aris may be r efe r able to M onotis 
ochotica (Keyserling)) . In the Kyuquot a r ea the T hinl y Bedd e d Membe r of 
Jeletzky, basal part of the Bonanza Sediments, h as y i e lded th e M iddle Norian 
Columbianus Zone and the Lower No rian Kerri Zone. 

The late U pper No rian Suessi Z one is suspecte d to be present in 
the upper limestone of the Alice L ake Section. The age of this subuni t is not 
exactly known a s the corals are undiagnostic. The writers tend to believe 
that it is the "Limestone Membe r" of Jeletzky3, l ater corre l ate d with t h e 
Sutton Formation of Cowichan L ake area6. This limestone carries a diagno s ­
tic fauna of the Upper Suessi Zon e, younge r than the L ower Sues si Zone 
marked b y Monotis subcircularis. However, for the present the possibility 
cannot b e ruled out that the limestone of Yootook C r eek, at the top of the Alice 
L ake Section, is Jurassic in age and correlative to Lower Jurass i c sediments 
found b e low Bonanza Volcanics in the Iron River SectionS. 

Neve rtheles s, the presence of t he U pper Sues s i Zone in the central 
sedimentary b e lt is es t ablishe d by the occurrence of Paracochlo ceras sp., 
collected b y J e l e tzky from limestone at Julian Cove , mentioned previous l y in 
the discussion of the sediments of the Uppe r Unit . The sequence of Dra k e 
Island y i e lded o nly one somewhat diagnostic fossil collection. The re lime ­
stone, about 500 feet b elow t h e top of the sedimentary section, yie lde d 
P ect enids indet. and Plicatula ? sp. of 1' Late No rian? " age. 

Paleoge o graphic Notes 

The sections p e rmit only som e general r emarks regarding paleo ­
geography The writers h aveearlie rassumedll t h at the U ppe r Triassic s e di ­
m ents and overlying Bonanza Volcanics were deposited on the west-flank of a 
great, north-northwesterly e longated l a va-plate au of Karmutsen basalt, now 
occupying the middle part of Vancouver Island (s ee Fig. 1) . It a ppea rs t h at 
the sediments formed a l a r ge l enticular body , thickest in the central sedimen­
tary belt, between Alice L ake and Quatsino Sound. Ini tially t h e vol canic pile 
w as apparently submerged and only carbon ate reefs were formed . But grad­
ually i n No rian time islands probab l y eme r ge d and a l ong their margi ns d epo­
sition of greywacke and breccia by turbid currents alternate d w i th sedimenta­
tion of coralline and a l gal limestone. The region at the headofQu ats ino Sound 
in the central sedimentary belt r eceived t h e greatest quantit y of d ebris whereas 
the we stern sedimentary belt, being fa rthe r r emove d from the l an d , a ppar­
ently received l ess and finer graine d clastic material. The eastern sedimen­
tary belt, where only thin Upp er Norian siltstones are known, may have been 
a shallow shelf, later emerging while the uppermos t Norian g r eywackes and 
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breccias were deposited farther southwestward. In this regard it is also 
interesting to note that in the central belt, between Quatsino Sound and Alice 
Lake and near Jeune Landing, only a few hundred feet of Bonanza Sediments 
are present between Quatsino Limestone and Lower Cretaceous rocks 12. This 
too may indicate early emergence of that area. 

1 
Gunni ng, H. C.: Preliminary report on the Nimpkish Lake Quadrangle, 

Vancouver Island, B . C.; Geol. Surv. Can., Sum. Rept. 1931A, 
pp. 22-35 (1 932). 

2 

3 

Hoadley, J. W.: Geology and mineral de posits of the Zeballos-Nimpkish 
a r ea, Vancouver Island, British Columbia; Geol. Surv. Can., 
Mem. 272 (1953). 

Jeletzky, J. A.: Stratigraphy of the west coast of Vancouver Island between 
Kyuquot Sound and Esperanza Inlet, British Columbia; Geol. Surv. 
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Muller, J. E.: Northern Vancouver Island, British Columbia (92 E, K, L, 
102 I), in Report of Activities, Part A, April to October, 1969; 
Geol. Surv. Can., Pape r 70-1, Part A, pp . 44-49 (1970). 
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8 . AN OCCURRENCE OF ECLOGITE NEAR TINTINA TRENCH, YUKON 

Project 670009 

D. J. Tempelman-Kluit 

A specimen of amphibole e clogite, collected by the writer in 196 8, 
was examined in thin section and analyses were made of the rock and its con ­
stituent minerals. The locality, believed to be the firs t known occurrence of 
eclogite in the Canadian Cordillera, is on the southern flank of Rose Mountain 
in Tay River map-area (62°l7'30"N, 133°27'W). Exposure is poor , but t h e 
eclogite apparently forms a small lens, about 20 feet l ong and several feet 
thick, interfoliated with muscovitic quartzite of prob abl e Hadrynian age. The 
quartzite is metamorphosed to greens chist facies and nearby Permian vol­
canic rocks are unmetamorphosed. Only one occurrence of eclogite is known 
in this region but 25 miles southeast of the eclogite occurrence a metamor­
phic quartzite carrying blue amphiboles is found adjacent to Van go rda Fault. 
The eclogite lens lies 500 f eet north of Vangorda Fault, a steeply southwest 
dipping structure that can be traced for about 50 miles and which is par t of the 
T intina Fault Systeml . Vangorda Fault is intruded along much of i ts length 
by a 1, 000-foot-thick serpentinized peridotite. Movement on Vango rda Fault 
occurred between Late Permian a nd Middl e Triassic time. 

The eclogite is a fine-grained, apple - g r een rock made up lar ge l y 
of p yroxene and amphibole . It is studded with abundant small, euhe dral, 
bright red garnets up to 5 millimetres across. The average mode from three 
counts of 500 points is: 

Pyroxene 4 9 . 5 
Amphibo l e 30.2 
Garnet 13. 6 
Muscovite 3.0 
Chlorite 3.0 
Quartz 0. 8 

There is considerable range in the proportion of pyroxene, mus­
covite and chlorite in cont r ast to the garnet and amphibole. 

The rock is a f ine l y granular aggregate of fractured, anhedral 
equant pyroxene grains about 0. 2 millimetre across. Subhedral prismatic 
megacrystals of amphibol e 1 centimetre or more l ong, a re scattered through 
the pyroxenes. Amphibole grain boundaries are irregular; some amphibole 
encloses small pyroxene grains. T h e garnet is isotropic and unzoned. It 
commonly includes tiny anhedral g rains of an e pidote group mineral, prob abl y 
clinozoisite. Most garnet grains are rimmed by narrow irregula r zones of 
muscovite in which the mica flakes are oriented paralle l to the ga rnet crystal 
boundaries. 

In this rock the garnet, pyroxene and amphibo l e are apparently 
primary. Chlorite is evidently secondary after pyroxene and some garnet and 
e pidote after garnet. 

Analyses of the eclogite, its garnet, pyroxene and amphibole are 
given in Table I. 
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Table I 

2 3 4 5 6 7 

Si0
2 

51. 9 38.5 38.6 38. 9 38.2 54.0 52 . 2 

Ti0
2 

0. 82 0. 1 

A1
2

0
3 

11. 9 21. 9 21. 9 22.8 22.2 10.8 7 . 1 

Fe
2
o

3 1. 9} 
FeO 7 . 7 

26. 5':'} 24. 6~'} 24. 4~'} 26 . 3':'} 5. 0~'} 6. 5* 

MnO 0.24 

M gO 11. 6 4 . 7 4.9 5.5 3.8 9. 5 19 . 4 

CaO 7.9 8. 7 8. 7 8. 3 8.5 15 . 1 9. 7 

Na
2
o 2.0 6.0 3 . 5 

K
2
o 0.6 

H
2

0 3.6 

100. 16 100. 3 98.7 99. 9 99. 0 100.4 98.5 

1 Eclogite, Yukon Territory; anaL S. Courville by rapid chemical analysis . 
2 Garnet from above e clogite; anaL G. Plant, by microprobe. 
3 Garnet from above eclogite; anaL G . Plant, by microprobe. 
4 Garnet from above eclogite; anaL G. Plant, by microprobe. 
5 Garnet from above eclogite; anaL G. Plant, by microprobe. 
6 Pyroxene from above e clogite; anaL G. Plant, by microprobe. 
7 Amphibole from above eclogite; anaL G. Plant, by microprobe. 

Formulae of the four garnets calculated from the analyses on the basis 
24(0) are as follows: 

2 3 4 5 

Si 5.99 6 .05 6 .00 6. 02 
Al 4.02 4.05 4 . 15 4 . 36 
Fe 

of 

Mg 
3.45} 
l. 09 5. 99 

3.22l 
1.15f5 .82 1.26 5 . 77 

3 . 14} 3.66} 
0 . 89 5. 98 

Ca l. 45 1. 45 l. 37 1. 43 
Almandine 57.6 55. 3 54.4 61. 2 
Gro s sularite 24.2 24. 9 23. 5 23. 9 
Pyrope 18.2 19.8 21. 6 14. 9 

The proportion of andradite cannot be determined from the micro­
probe analyses because these do not discriminate between ferrous and ferric 
iron and it is therefore assumed that all iron in the garnet is bivalent and that 
no andradite molecule is present . Becaus e most of the iron in the eclogite 
(anaL 1) is in the ferrous state this assumption is probably valid. 

The cell edge of two of the garnets is 11. 6 12A and 11. 609A; the 
specific g r avity of part of one grain is 3. 991 and the refractive index 1. 785 + 
. 005 . The physical properties agree well with the chemical data. 

>!~ 

All iron reported as FeO. 
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The pyroxene in the Yukon eclogite is truly anomphacite; its chem­
ical formula, recalculated from analysis 6 on the basis of 6 (0) is given below; 
with its end member proportions. 

Si l. 93f 2 00 
A1 . 07 . 

A1 
.39} 

Jadeite 39% 
Acmite 3% 

Fe .15 1.05 
Hedenbergite 12% 

Mg . 51 
Diopside 46% 

Ca . 58 i 1 00 
Na . 42 . 

The recalculated formula of the amphibole in terms of 23(0) is: 

Si 7.27f 
Al 0.73 8 . 00 

A1 0.43 
Fe o. 76 }s 23 
Mg 4. 03 . 

Ti 0 . 01 

Ca l. 45 ~ 2 4 
Na 0. 95 . 0 

and the mineral is evidently close to edenite in composition. 
Mineralogically and chemically the Yukon e clogite is comparable 

to eclogites found with glaucophane schists in California. The Yukon eclogite 
is also chemically similar to a tholeiitic olivine basalt although it carries a 
higher proportion of silica and a lower amount of magnesia and lime than the 
average tholeiitic olivine basalt of Nockolds2. Compared with other eclogite 
analyses the Yukon mate rial is richer in silica than all, riche r in magnesia 
than most and poorer in iron, lime and soda than many e clogites found else­
where. The Yukon eclogite differs chemically from nearby extensive Permian 
basalt because it contains considerably more silica and magnesia and less 
alumina3. 

Garnet in the Yukon eclogite contains l ess than 30 per cent pyrope 
and evidently belongs to the Group C eclogite type of Coleman e t al. 4 The 
garnet compositions are close to the average of garnets from ~phibolites. 
All the Yukon garnets fall close to, but outside of, the field of garnets from 
eclogites within glaucophane schists of Figure 9 of Coleman et~ 4 

Pyroxene in the Yukon eclogite is an omphacite typical of that found 
in Group C eclogites in that it contains a relatively high proportion of jadeite. 
The pyroxene also compares closely to omphacites from various European 
and California eclogites studied by Essene and Fyfe5. Amphibole of the Yukon 
eclogite contains more magnesia than that found in amphibole from similar 
rocks elsewhere. 

The origin and significance of this eclogite occurrence is not clear 
because exposures do not allow close study of field relationships. The local­
ity is very close to Vangorda Fault, a major transcurrent structure, and a 
genetic relationship to this fault seems probable. Whether the eclogite is 
exotic and brought up from the mantle along the fault, perhaps together with 
the alpine peridotite bodies also found along the fault or whether this peculiar 
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rock formed in place from Permian basalt by the application of high vapour 
pressur e is not resolve d. If the latter is the case the condition for eclogite 
formation must have b een very lo cal b ecause, basalt a lso next to Vangorda 
Fault, is unmetamorphosed at nearby lo calities. Furthermore because a 
metamorphic quartzite carrying blue amphibole is found in the wall of Vangorda 
Fault at another locality i n this r egion it seems possible that faulting allowed 
very loc a l build-up of high vapour pressure near the fault long enough to allow 
transformation of some basalt to ec log ite . 

l . 
Rodd1ck, J. A.: Tintina T rench; J . Geol., vol. 75, pp. 23-33 (1967). 

2 

3 

4 

5 

N ockolds, S. R .: Ave r age chemical compositions of some i gneous rocks ; 
Bull. Geol. Soc. Am., vo l. 65, pp. 1007-1032 (1954) . 

Tempelman - Kluit, D. J. · The geology and origin of the Faro , Vangorda and 
Swim concordant zinc-lead d e posits in central Yukon; Geol. Surv. 
Can. (in pr e p a ration). 

Co l eman, R. G., Lee, D. E ., Beatty, L. B. and Brannock, W.W.: Eclogites 
and Eclogites: Their diffe r ence s and similarities, Bull. Geol. Soc. 
Am. , vol. 76, pp. 483- 508 (1965 ). 

Essene, E . J. and Fyfe, W. S.: Omphacite in Californi an metamorphic 
rocks; C entr . M inera l. and Petrol., vol. 15, pp. l-2 3 (1967) . 
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EXPLORATION GEOPHYSICS 

9. ELECTRICAL AND MAGNETIC FIE LD ABSORPTION METER 

Project 6200 56 

R. H. Ahrens 

An e l ectric and magnetic fi eld absorption meter has been designed 
for contactless m easu r ement of the electr ical properties of rocks. The equip­
ment consis ts of a sensor and an indicator unit as shown by block diagram in 
F i gure 1. The principal of the meter is based on the response of a paralle l 
resonant circuit to induced damping caused by alternating current losses in 
the rock sample when inserted in the solenoid or between the plates of the 
cap aci tor. The magneti c f i eld absorption in the coil is a funct i on of fr e que n cy, 
magnetic flux, condu ctivity and permeability whil e the e l e ctric field absorp ­
tion in the capacitor is a function of frequency, imaginary permittivity and 
e l ectr ic field strength. 

r---------, 
' vo DA 
' Volt.Contr. 

Dlfl~ce Neg.Res. 
Os c. Amplifier 

OP FB 
r.. r.. 

fo 

Sensors 

H E CO RV 
Crystal Reference 

Contr.Osc. Voltage 

I MHz-fc 
3 " " Amp I. Ph. 
5 " r.. r.. 10" 

FIG-I Block- Diagram of Rock-Sample Measuring Equipment 

Lo- coils,WL'ifh axial electric field compensation and without 

Co- 6pf sensor capacitor 

Rn-variable resistors 0.01 ohms to 0.28 ohms for calibration 

R- Residual resonant circuit losses 

FR de-A 
out 

Fillers Output 
Rectifier Readout 
de-level 

zero r.. adj. 

The sensor is basically a voltage controlled negative res is tance 
oscillator, where the negative resistance is developed across the resonant 
circuit by positive feedback in Colpitts c ir cuit of the common base transistor. 
The response of the voltage-controlled para lle l resonant c i rcui t is best des­
cribed by a nonlinear differential equation in the form d e rived by Van der Pol 1 . 
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The oscillator is operated at a threshold of oscillation in Class 'A' 
so that the negative conductance of the active element cancels the damping and 
so narrows the bandwidth of the tun e d parallel resonant circuit. This results 
in a very stable amplitude and frequency. The frequency stability over 4 hours 
of operation is 10 Hz per l MHz. The sensitivity of the resonant circuit in its 
r e sponse to induced damping increases rapidly with moderate decrease of the 
positive feedback in the vicinity of the thr eshold of oscillation. 

The indicator unit is not restricted to resonant circuit type of sen ­
sors; it is applicable in measurements of incremental changes of signal levels. 
A novel circuit evolved from the r e quir ement of a constant phase difference 
between a reference signal of a constant amphitude and the sensor signal which 
changes in amplitude and phase due to the power absorption by the sample . 

A DC vo ltage at the output appears only with a signal voltage drop 
due to power absorption when a rock sample is plac e d in the coil or capacitor 
of the resonant circuit. Incremental change of the distributed capac itance of 
the coil due to the sample is nulled out by returning the paralle l resonant 
circuit. 

The indicator unit is operated at an intermediate frequency of 19.4 
Khz. The nominal frequencies of the sensor unit are 1 MHz, 3 MHz, 5 MHz 
and 10 MHz . DC vo ltage at the output is linearly related to the intermediate 
fr e quency signal at the input. The minimum discernible difference signal at 
indicator input is 25 microvolts. 

The m e thod of evaluation of some e lectrical properties of rocks is 
bas ed on power absorption in the magnetic field of a coil or in the electric field 
of a capacitor. Magnetic losses will in general include conductivity losses 
caus e d by migration of charge carriers in the form of eddy currents and hys­
ter es is losses in magnetic fields of 0. 03-0. 07 oersted, which is the region of 
initial permeability. The separation of conductivity losses has yet to be 
solved. The electrical losses need not stem from a migration of charge car­
riers and are described by dielectric conductivity cr d = we" 

Vo Vo •ljr(Rn) 

FIG- 2 Equivalent lass resistance of a rack sample Rs with regard to calibration 
curves at different feedback of oscillator sensor a,b and at different 
operating paints c,d 

D- Domain of cubic approximation of curves 

Rn 
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The equiva l e nt loss resistance, Rs, of a sample is evaluated fr o m 
the c a libration curve which r e presents the DC output voltage a s a function o f 
serie s r e sistors , Rn, inserte d in the r e sona nt c ir c uit and is va ri a ble in 16 
steps from 0. 01-0.2 8 ohms. The calibr a tion curve is shown in Figure 2. 

Samples of a n y mate ria l a nd form a r e c h a r a cter i ze d b y t h e ir e quiv ­
alent loss r e sistanc e s in the s e nsor. Diffe r e n t m a t e rials o f t h e sam e s h a p e 
a r e compare d according to the powe r l o sses i n the r e sona nt c ir c u it . T h e 
absorbe d pow er of s t a nd a rd s a mple s, suc h as n -dope d silic o n , o f known s h a p e, 
is calculate d from the m a gne tic fi e ld, H, in the c oil. Measu r e m en t s on luna r 
sample s c a n also b e take n with this a bsorption m ete r . 

Mr. J. Fr e che tte c ontribute d to the r ealiz a tio n of t his project in 
the developme nt of a ctive circuits, structur a l d es i gn of the indicat o r un it an d 
t e sting o f the equipme nt. 

1 
Va n d e r Pol, B.: 

vol. 20, 

10. 

Non-linear theory of e l e c t ric osc ill a tions ; P ro c. IRE , 
. 1051 (1934). 

T IME -DOMAIN E M T H E O RY 

P r o j ec t 6 705 64 

A. Becker and A. V . D yck 

The obj ec t of this proj e ct is to d e v e l op a quantit ative i nte rpr eta tio n 
sche m e for the c a lcula tion of a ppa r e nt g round conduc tivity a nd condu cti vity ­
thickne ss p a r a m e t e r s f r o m IN PU T d a t a . T o t hi s e nd seve r a l theo r e tical an d 
scale mode l s h ave b ee n e x a mine d . 

A Calcomp compute r pro g r a m h as been d evel o p e d whi c h can p ro ­
duc e a s e t o f plotte d IN PUT transie nts for a two -laye r c ondu cti ng ea r t h. T he 
progr a m utilizes the dig ital simula tion m e thod of Beckerl in conjunc tio n w i th 
a USGS Fortran I V subroutine deve l op e d b y Fris c hkne cht 2 w hi c h g ive s t h e 
respons e , in the fr e qu e nc y doma in, of a two-laye r earth in th e pr e sence of an 
oscilla ting m a gneti c dipole. So fa r a s e t of two -laye r t r a nsients h a s b een 
produce d using the prima r y w aveform e mplo ye d i n t h e INPUT su r vey in th e 
Ottaw a a r ea 3. 

In a ddition, the r e spon se of a sheet conduc tor of infin ite extent w a s 
e x a mine d i n orde r t o f u rthe r the u nde rsta nding o f t h e E M induction process . 
A modif i e d ve rsion of Frischknecht • s 2 pro g r a m w a s u s e d to compute t h e 
fr e que ncy -domain r es pons e o f a thin she e t of t hickn e ss , s , to a dipol a r induc ­
ing field o f skin-de pth, o. It was s hown t h a t w h en s /5<0. 7, t h e conducting 
she e t m ay b e class ifie d as 'thin'. If S/ 6 b ecomes > 0 . 7 t h e r e i s a g r a du a l 
transition int o a r egi o n whe r e the conductor r esponds as a n i nfi ni te , con d uct ­
ing h a lf- s p ace . Pr e p a r ati o n o f a Geo l ogica l Su r vey r e port on t hi s problem is 
in prog r e ss. 

T h e INPUT scal e mode l i s presently cap able of o p e r at i ng i n th e 
full-tr ansie n t mode. A n umbe r of full t ransients h ave a lrea dy been ob tai ne d 
f o r variou s thin-sheet conductor confi gurations . In a fur t h e r deve l o p ment 
whic h i s nea ring c omple tion, the mo del is b e i ng e x tende d t o a full y - a u tomated , 
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d ynamic s yst em with fifteen sequential channe ls. It will be able to simulate 
a fift een - channel INPU T system in producing profiles over various conduc ­
tivity mode l s. T h e system will have digital output onto p a p er tape to facili­
t ate mode l- to-computer interfacing. 

1 

2 

3 

Becker, A.: Simulation of time -domain, a irborne, e lectromagnetic s y stem 
r e sponse; Geophysics, vol. 34, No. 5, pp . 73 9 -752 (1 969) . 

Frischknecht, F. C . : Fields about an oscillating ma gnetic dipol e over a 
two -layer ea rth, and a pplication to g round and a irborne e lectro ­
magnetic surveys; Quaterl y Colorado School o f M ines, vol. 6 2 , 
N o. 1 (1 967) . 

Collett, L. S . : Airborne INPUT Surveys, Winkler Manitoba, Drumheller 
Alberta, Ottawa Ontario, in Report of Activities, Part A, April to 
Octobe r, 1968; Geo l. Surv~ Can., Paper 69-1, Pt. A, p . 78 (1 969) . 

11. USE OF THE OMEGA RADIONAVIGATION SYSTEM 
FOR O CEAN AEROMAGNETIC SURVE YS 

Proj ect 65 0007 

Margaret E. Bower 

Accurate navigation is one of the m a jo r problems of aeroma gnetic 
survey s over the ocean . When t h e aircraft is several hundr e d miles from l and 
and at a l ow a ltitude , d ead r eckoning is often the onl y m ean s of obtaining a 
position . In 1969 the Omega V. L. F. navi gation system was us e d fo r the first 
time by the Nationa l Aeronautical Establishment's No rth Star aircraft durin g 
a survey of the Lab r a d o r seal. 

The O m ega netwo rk consist s of four stations lo cated in No rway, 
Trinidad, New Yo rk and Hawaii, transmitting on fr e quenci e s of 10 . 2 and 1 3 . 6 
kHz. A hyp e rboli c p attern of phase differences is produc e d h aving l ane widths 
of 8 to 12 mil es. T h e installatio n on th e a ircraft convert s the signal s int o two 
or more lines - of -position, thes e are plotte d (with a skywave correction) on 
an Omega plotting chart, and their point of intersection is the a ir craft's posi­
tion. T h eo r etical acc ur acy is 1 mile during the day, 2 m iles at night. 

A more accurat e and convenient m ethod now under deve l o pment 
w ill convert the Omega r e adings directly to l atitude and lon gitude us ing a 
c ompute r installed on th e aircraft . Furthe rmore, O m ega plotting charts are 
not availab l e for both frequencies, and the existi ng c h arts do not s how a ll of 
the six possib l e lane p atte r ns . A Fortran program, pre p a r e d by the United 
States Navy2 an d modified b y the Observatories Branch, do es e ither Omeg a t o 
geographic o r geographic to Omega conve rsion using a very accurat e, non­
iterative method d eve l o p e d by Sodano3. Thi s p rogram was revis ed to simu­
late r eal-time operation, debugged on the IBM-3 60, then r e written for t h e 
Interdata computer used on the a ircr a ft. 
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In its simplest form, the program is initializ e d at the start of t he 
trip by specifying two transmitte r p a irs, the frequency to be used, and the 
latitude and longitude of the point of d e parture. The pro gram r ece ives r ead ­
ings from the Omega set every 10 seconds, keeps track of the l ane numbers 
and computes the geographi c position in d eg r ees, minutes and seconds. These 
may be recorded on the data tape a nd displaye d for the n avigator . A more 
versatile version of the program, now in preparation, will p ermit the use of 
both frequencies and compute the best position from as many as four trans ­
mitter pairs. The accuracy of the system depends of course on the quality of 
the incoming signal, and it is hoped tha t the use of both frequencies will 
enhance this . 

l 
Hood, P. J. and Bower, M. E.: L abrador Sea: L ow Level Aeromagnetic 

Investigations in 1969, in Report of Activities, Part A, April to 
October, 1969; Geol. Surv. Can., Paper 70-l, Pt . A (1 97 0). 

2 
United States Naval Oceanographic Office, Informa l Report No . N -3- 6 4 : 

Omega to geographic conversion and geographic to Omega conver­

sion . 

3 
Sodano, E. M.: General non-iterative so lution of the i nverse an d direc t 

12. 

geodetic problems; Bull. Geodesique No . 75 (1 965 ) . 

A TEST STRIP FOR CALIBRATION OF 
AIRBORNE GAMMA- RAY SPECTROMETERS 

Projects 670052 and 6 70050 

B. W. Charbonneau and A. G. Darnle y 

One of the prime aims of airborne gamma-r ay s p ect rometr y is to 
relate in-flight measu rement of radioactivity to ground-leve l concentration of 
potassium, uranium and thorium. In order to undertake this an a rea ofknown 
radio- e lement abundance is require d, which can be test-flown under typical 
survey conditions . The specifications for such a strip are as follows: 

1 . homogeneous surface composition; 
2. minimum of l mile long by l/4 mile wide ; 
3. flat surface , with no obstacles to low flying along major axis; 
4. accessible for ground measurements; 
5. well marked to facilitate recognition from the air. 

During the spring of 1969 exp erimental flights h a d b een conducted 
across the area immediately north of Ottawa between the Ottawa and Gatineau 
Rivers. Several potential test strips were identified for ground e xamin ation, 
but the only one to meet the above r e quirements is shown on Figure l. It is 
close to Breckenridge, Quebec . It has a railway a s a centre line and cross 
roads for starting and finishing points . A ground survey has been undertaken 
over a l ength of l mile, by l/3 mile wide. There is evidence to suggest t h at 
its length can be extended northwestward for some distanc e a long the railway 
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over a surface of the same composition. The proximity of the Ottawa River , 
which is 1 mile wide, is very convenient for the purpos e of obtaining airborne 
background measurements . 

The geology of the strip has been referred to in an earlier public a ­
tion 1 . Measurements have been made on the ground using an Atomic Energy 
of Canada Ltd . CPD - 153B fi e ld spectrometer . The observations made on 
July 2, 9 an d 15, 1969 are shown in Figure 2. The mean values uncorrected 
and corrected are as follows: 

Field Spectrometer 

Observed c. p. m. 
Background value 
Corrected for background 
Corrected for Compton scattering 
(CY = 0. 7; 13 = 0. 8; Y = l. 2) 

K 

460 
35 

425 
365 

u 

67 
16 
51 
10 

Th 

66 
8 

58 
58 

On the basis of control measurements on the calibr ation slabs at Upl ands air­
port, Ottawa, thes e count rates corres pond to l. 8 p er cent K, 0. 5 ppm eU 
and 8. 0 ppm eTh. 

The test strip was flown on Jul y 20 with a helicopter - mounted 
gamma-ray s p ectrometer [3 (5 x 5) in Nai (T l) crystal s] as previously d es ­
cribed2. This was flown at 250 feet terrain clearance. The mean values, 
uncorrected and corrected a r e as follows: 

Helicopte r Spectrometer 

Observed c . p. m. 
Background value 
Correcte d for background 
Corrected for Compton scatter ing 
(a = 0. 4; 13 = 0. 6; Y = l. 1) 

K 

53.0 
8.8 

44.2 
36.7 

u 

8.0 
2. 5 
5 . 5 
1. 8 

Th 

10 .4 
1. 2 
9 .2 
9 .2 

It is of interest to compare the correlation between ground and air count r ates 
obtained at Breckenridge with those previously reported from work undertaken 
b y the Geological Survey of Canada in the Bancroft a r ea during 19682 . This 
is done in Figure 3. The Breckenridge result is added to the poin ts prev iou s l y 
obtained, and very good ag r eement is a pparent. This is ve r y e ncouraging 
with regard to the precision of fi e ld gamma - ray spectrometry insofar as the 
other measurements were obtained a year previous l y , in a different area, 
although the instrumentation was the same. 

On July 29, 1969 the test strip was flown with the GSC Skyvan 
spectrometer system in reconnaiss an ce mode [6 (9 x 4) in Nal (T 1) crystals] 
at several different heights. Ther e had been some rain the previous ni ght. 
Results at 400 and 500 feet terrain clearance are given below. Note that the 
counting interval is 5 seconds. The observed count rate thus approxi mates to 
that obtained with 12 (9 x 4) in crystals in a 2. 5 second counting interval, which 
is the mapping mode for the syste m. 
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Skyvan S:ee ctrometer a t 400 f ee t K u Th 

Ob se rved c. p . 5 seconds 4 6 5 99 127 
Background 110 55 42 
Corrected for b ackground 355 44 85 
C orrecte d for Compton scattering 3 10 1 3 8 5 
(et = 0. 4; s = 0. 4 ; y = 0 . 6 ) 

Skrvan S:eectrometer a t 500 feet K u T h 

Observed c. p . 5 seconds 368 89 10 6 
Background 110 55 42 
Cor re cted for back g round 258 34 64 
Cor r ected for Compton scatte ring 224 10 64 

Base d on the abo ve data, the following c orre l ation is obtained between air­
borne count r ate and ground concentration for the Skyvan s ystem . T h e count 
r ates are counts p e r unit time i nte r val (5 sec . fo r 6 c r ystal system) . 

Counts /pe r cent K 
Count s /ppm eU 
Counts /ppm eTh 

400 feet 

172 
2 6 

10. 6 

500 feet 

124 
20 

8 

Whils t t hese val ues a r e r easonably a c cur ate, they a r e r ega rde d as onl y pr o ­
v i s ional p endin g r epetition on seve r a l diffe r ent occas ions w ith six and t we l ve 
detector crystal s i n ope r atio n and w i t h known measu r e d ground m ois ture con ­

tent . 

2 

C h a r bonneau, R. W. and Darnle y, A . G.: Gamma-ray suppor t , Banc roft , 
Ontar io a nd Gatineau a r ea , Qu eb ec, i n Report of Activitie s, Part 
A, A pril to October, 1969; Geo l. Sur~ Can., P a p e r 70-1, Pt. A, 
pp. 69 - 71 (1 970). 

Darnley , A. G . : Airborne gamma-ray s p ec trome tr y ; Can. Inst. Mini ng Met. 
Bull., vo l. 73, PE· 20-2 9 (1 97 0) . 

1 3. R ADIOACTIVE PRECIPITATION A N D ITS SIGN IFICANCE 
TO HIGH-SENSIT IVIT Y GAMMA-RAY SPECTROMETER SURVEYS 

Project 67 0052 

B. W. Charbonneau a nd A. G. Darn le y 

During the summe r of 1969 the Geological Su r vey of Canada und e r­
took furth e r gamma-ray spe ctromet ry exp e riments b ase d atBanc ro ft, Onta rio. 
A h e licopte r - mounted installation (de scribe d in r e f. l} was based on the a ir­
strip at B ancroft toge ther with a mobile l aborato r y us e d for sto ring a nd main ­
t a ining e quipme nt. On the l a te afternoon of July 2 8th there was a he avy 
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thunder and rain storm during which 1 inch of rain fe ll over a 20 minute 
period. This followed several days of hot summe r weather. 

Atmospheric background r eco rded on the mornin g of July 27tho ve r 
Lake Baptiste was 2. 5 counts per second i n the Bi-214 channel. On the mor n ­
ing of July 28th it was 5. 5 counts p e r second showing that atmos pheric build­
up of the decay products of radon was taking plac e . During t h e afte rnoon of 
July 28th the helicopte r spectrome t er was b e ing checked o n t h e gro u nd fo r 
stability and the count rates were b eing observe d continuously on a strip chart 
recorder . This r eco rder was running throughout the p eriod of the rainstorm. 
Imme diately after the storm at about 5:45 the crew inspected the e quipment 
and noted that it was off-scale on the Bi-214 channel. An instrument m a lfunc­
tion was suspected but as an inde pendent check on r adiation l eve l s a small 
portable field ratemeter was switched on and the general l eve l of r adioactiv ­
ity was confirmed as b e ing about twice norma l. Two portable fi e ld gamma­
ray spectrometers in the mobile l aborato r y were then brought into ope ration 
and their readings monitored . Figure l shows a plot of the count r ate var i a ­
tion with time in the Bi-214 channel of the three spectromete rs an d the small 
ratemeter. Table 1 shows a plot of count rates in the po tassium and Tl -20 8 
channels. The fact that the Tl-208 channel count rate remaine d constant 
throughout the dur ation of the observations shows that the cosmic background 
was not responsible for the increase d activity observed i n th e Bi - 214 channel. 
The increase in the potassium count rate is att ributable so l e ly to increase d 
Compton scattering proportional to the incre ase in the Bi -21 4 count rate. 
Because the Bi-214 record was off-scale just after the r ainsto rm, the B i-214 
values shown on Figure 1 (dashed line part) have, where necessary, been cal­
culated from the following formula: U = K/Y where U is the increas e i n 
Bi-214 count r ate, K is the increase in the potassium count rate and Y i s the 
Compton scattering factor between these energy levels for the hel i copter s p e c­
trometer (Y = l. 1). From the plot in Figure 1 it will be seen that the h a lf­
life of the radiation is approximate l y 25 minutes. This compares with the 
decay time of 20 minutes for Bi-214. At the peak the uncorr ected Bi -214 
count rate was six time normal; it had compl ete l y returned to normal after 7 
hours . A probable e xplanation for the observations is suggested by a p aper by 

Wilke ning 1 The decay products of radon in the atmosphere, Po-2 18, Pb - 214, 
and Bi-214, are initially present as positively charged p a rticles which mayor 
may not be electrically neutralized by attaching themselves to dust particles 
in the atmosphere. A thunderstorm acts both as a co llector of positive l y 
charged ions and as a 'scrubber' of dust p a rticles, as is d emonstrated by the 
improved visability following the p assage of a thunderstorm. Measurements 
by Wilkening show that the radon content of the a tmospher e remains fairly 
constant throughout the storm p eriod but a t en -fold r e duction in dau ghter ion 
concentr a tion ma y occur. Although some of the ions m ay b e lodg e d in the 
stratosphere many of them, together with the dust, will probab l y be subse­
quently r e turned to ea rth in the h eavy rain assoc iated with such a storm. Part 
of the composite h alf- life of the daughter products betwe en parent Rn-222 and 
Bi-214 will have expired during collection and circulation of the particles 
within the thunderstorm. Thus the observed h a lf-life of the decay products on 
the g round is only slightly l onger than the half-life of Bi-214 which suggests 
that this is the principal constituent of the precipitation . 

The important l e sson to be drawn f rom these results is that gamma ­
ray spectrometry survey activities should not be carried out during, or within 
several hours of, heavy thunderstorms unless the background is carefully 
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Table 1 

HELICOPTER 
SPECTROMETER UNCORRECTED 

counts per second 

Time P. M. K u Th 

430 94 8 7 
445 94 8 7 
500 104 16 8 
545 130 63 9 
600 120 50 8 
615 102 32 8 
630 96 25 8 
645 90 20 8 
700 90 16 8 
715 86 16 8 

1 115 80 10 8 

Stripping facto r s: Cl = . 4; \3 = . 6; y l.l 

CPD 153 - B UNCORRECTED 

counts per minute 

T ime P . M. K u Th 

600 544 190 34 

615 500 136 34 

630 492 120 34 

645 466 96 36 

700 440 84 26 

715 436 84 28 

11 15 348 38 28 

Stripping factors: Cl = . 7; 

PORTABLE RATEMETER 

CPD 153 -C 

counts 

K 

542 
492 
474 
446 
426 
392 
402 

\3 = . 8; y = 1.2 

12 
ll 
10 

9 
8 
7 
7 
7 

UNCORRECTED 

per minute 

u Th 

140 2 8 
98 2 6 
84 28 
76 2 6 
60 24 
52 24 
38 22 

Based on the CPD 153-B readings and the following calibration val ues (200 
cpm = l o/o, 20 cmp = 1 ppmeU, 7 cpm = 1 ppme Th) the bulk composition of the 
landing strip sand is: 

K u T h 

Uncorrected observation 348 38 28 
N orma l background 35 16 8 
Corrected for background 313 22 20 
Corrected for Compton 287 8 20 
(K = l. 4%; eu = 0. 4 ppm; eTh = 3. 0 ppm) 
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Table 1 (cont'd) 

If the readings taken at 6 p. m. were .used to calculate the composition of the 
landing strip sand and NO ALLOWANCE was made for the abnormal back­
ground the following values would b e obtained: 

K u Th 

Uncorrected observation 544 190 34 
Normal backg round 35 16 8 
Corrected for background 509 174 26 
Corrected for Compton 289 15 6 26 
(K = 1. 4%; eU = 7. 8 ppm; eTh 3. 7; within experimental limit) 
This g i ves an apparent uranium content 20x true v alue. 

checked to es tablish that it is not abnormal. In the case of airborne surveys 
the tracks of h eavy thunderstorms should be avoided until anomalous surface 
activity has had a chance to d ecay . If the Bi-214 precipitated on the g round 
in this example had been interpr eted as being du e to uranium in the ground 
then the cor r ect concentratio n would have been exaggerated more than twenty­
fold. Because even a two- or three-fold increase in apparent surface uranium 
content might be interpreted as being highly significant from a mineral explo­
ration point of view the importance of avoiding this type of precipitation can­
not be overemphasized. 

1 
Darnley, A. G.: Airborne gamma-ray spectrometry; Bull. Can. Inst. 

Mining Met., vol. 73, pp. 20-29 (1970). 

2 
Wi lkening, M. H.: Radon-daughter ions in the atmosphere, in the Natural 

Radiation Environment, pp. 359 - 368, e d. J. A. S. Adams, 
W. M. Lowder, Uni v. Chicago Press (1964). 

14. A VIBRATING- SAMPLE MAGNETOMETER 

Project 6700 69 

K. W. Christie, R. M. Schaeffer and E. J. Schwarz 

A vibrating-sample magnetometer can provide a continuous mea­
sure of the intensity and direction of remanent or induc e d magnetization of a 
sample, while th e latter is being heated and kept in a field free space or 
exposed to a high magnetic field. These records y i eld relevant information 
on the nature of the magnetization carried by rocks pertaining to the reliabil­
ity of their paleomagnetism, their anistropy, and their coercivity. The func­
tions of this instrument are intermediate between those of an astatic magne­
tometer which is use d to perform discrete measurements of natural remanent 
magnetization of rocks in a field free space and at r oom temperature, and 
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those of a thermomagnetic balance which gives a continuous record of the 
intensity of magnetization of a sample as a function of its temperature or the 
applied field. 

The principle of a vibrating-sample magnetomete r is the detection 
of the time varying part of the magnetic field due to a vibrating dipole. The 
variations of the field produced by a magnetic dipole oscillating between two 
extreme positions are equivalent to those of an a lternating quadrupole. This 
quadrupole is formed b y two dipoles located at the extreme positions of the 
sampl e motion a nd r evers ing their moments with the frequency of the oscilla ­
tion. A few possibilities exist in selecting the dir ection of motion of the sam ­
ple in respect to the external magnetic fie ld a nd in a rranging the detection 
coils . A sample v ibr ating in a direction p erpendicul ar to the applied fie ld h as 
been chosen as the most adapted a lt e rnative in this p articular case. The dif­
ferent compon ents of the magnetic moment can b e determined separately 
according to the location, the shape and the connection of the detection coil s . 

This instrument is d es i gned to measure standard size d cylindrical 
samples (l 1/4 inch in diameter, 1 1/8 inch in l e ngth) at a frequency of about 
40 h ertz. The sample is driven by means of an e lectromagnetic v ibr ation 
system. 

15. AEROMAGNETIC PROFILE FROM CAPE CARGEN HOLM, 
BAFFIN ISLAND TO RED HEAD , WEST GREENLAND 

Project 6 50007 

Peter Hood and Margaret E. Bowe r 

Since 1962 the Geological Survey of Canada an d the National 
Aeronautical Establishment h ave co-operate d in joint l ow - l eve l aeromagnetic 
surveys of the continental s h e l ves and deep - oce an basins adjacent to Canada . 
Figure 1 s hows one of the profiles which h ave been obta ined acrossBaffinBay. 
The su r vey equipment used was a digitally -recording rubidium-vapour mag ­
netometer w hich was i nstalled in the NAE's North Star ai rcraft. Astro, 
Doppler and Loran A navigational aids were used to po sition the track of the 
a ircr aft which was flown at a nomina l h e i ght of l, 000 feet across Baffin Bay. 
The inset a t the top of Figur e l locates the po s ition of the a ircraft track from 
Cape Cargenholm on the northeast coast of Baffin Island to Red Head in the 
Melville Bay a r ea of West Greenland, a distance of about 38 2 statute miles . 

Below th e ins et is the resultant total intensity profile whi ch h as h a d 
the regional magnetic gradient removed. A numb e r of sho r t - wavelength 
anomalies a ppear at either end of the tot a l intensity profile and in order to 
bring these out in a more definitive way, a digita l high-frequenc y bandpass 
filt e r, which did not a ttenuate frequ encies betwe e n 0. 1 and l. 0 nautical mil es 
(0. 185 to l. 85 km). was a pplied to the data. T h e resultant filte r e d total - fie ld 
profile is shown between the bathymetric profile at the bottom of t h e figure and 
the total-field profile . T h e r ead e r s hould note that the vertical scales of the 
filtered and total-intensity profiles differ by a factor of 3 2 . It can be seen that 
at the coast of Baffin I s l and (Point A ). t h e high frequency acti vity on the filtered 
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profile stops abruptly and that there is another short length of high frequency 
anomalies about 16 miles from the coast, the centre of which has been lab e lled 
point B on the filtered profile. The slope of the continental shelf appears 
to steepen at this point. This fine structure is caused by the proximity of 
crystalline basement rocks of Precambrian age which occur on Baffin Island 
and as these basement rocks deepen offshore the high frequency activity con­
sequently diminishes . Because the amplitude of the high frequency anomalies 
abruptly diminishes at the coast of Baffin Island, it is reasonable to conclude 
that a considerable sedimentary section exists on the Baffin Shelf. Moreover 
the presence of the high-frequency anomalies on the outer part of the shelf 
would a lso strongly suggest that a basement ridge runs a lon g the outer part of 
the shelf which is prob ably similar to that found a long the eastern seaboard of 
North America. Depth determinations carried out on the profile presented 
and on the adjacent profiles indicate that the thicknesses of sedimentary rock 
exceed 10, 000 feet in this area of the Baffin Shelf. 

On the Greenland side, the crystalline basement rocks a ppea r from 
the filtered trace to extend for about 35 statute miles offshore from the coast 
{Point D) before abruptly deepening at Point C. From this and adjacent pro­
files the distinct U -shaped anomaly immediately west of Point C would appear 
to be due to a deep sediment-filled graben whose width is approximately 35 
miles. The sequence of anomalies farther west a r e produce d by causative 
bodies whose tops are buried more than 20, 000 feet below the ocean surface. 
Sedimentary cover in the central deep-ocean part of Baffin Bay e xceeds 20,000 
feet over large areas which is the reason why the anomalies in that part of the 
profile have such a low amplitude. 

16. ELECTRICAL ROCK PROPERTIES 

Project 630049 

T. J. Katsube 

Not much is known about the conduction mechanism in rocks, though 
the principles of electrical methods in exploration geophys i cs are mainly based 
on the difference of these properties that exist in rocks. It can be said that an 
obstacle stands in the way of the development of new methods or new ideas in 
this field, because of this lack of knowledge. The fields that are affected by 
this obstacle are not only the existing methods such as IP, EM, and resistiv­
ity sounding, but perhaps also the application and development of RF and 
microwave techniques to explor ation geophysics. 

Much work on the electrical rock properties has been carried out, 
up to the present day, by many scientists all over the world. And this work 
is more or less compiled in the recent publications by Keller and Frischknechtl, 
Ward and Fraser2, Parkhomenko 3 , and Fuller and Ward4 . But these results 
are not satisfactory as far as forming a basic concept of the electrical phe­
nomen a in rocks . 

Through many preliminary experiments, which have been carried 
out during the last year in this laboratory, over the frequency rangeofO.Ol I--Iz 
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to 30 MHz, a n att e mpt has been made to understand m any problems that h ave 
not b een cla rified in the stu dy of e l ectrical rock prope rties . Based on these 
r esul ts , plan s h ave b een formed to organize work in the direction which is 
conside red to produc e e ffective results. Some of the important problems are 
stated be l ow. 

1. Contact Effect 

When measuring dr y rocks, t h e contact impedance (the contact 
b etwe e n the e l ectro des and rock samples) a ppea r s to be usually ve r y l arge, 
and it can affect the measurement of th e rock samples to a l a r ge e xtent, unless 
ce rtain cons iderati ons a r e taken. It has b e come possible to evaluate t h e con ­
tact effect quantitative ly, an d therefore an a pproach is being made to make 
thes e c onside r ati ons, whi ch a r e f o r example , sel ection of appropriate sample 
imp e d ance (s e l ectio n of sample thi ckness), a method to d ecrease contact 
impe d ance, a nd se l ection of the a dequate frequency r ange for measurement . 
But under the present circumstances i t seems to be very diffi cult to measure 
the true e l ectrical pr ope rties of dry rocks correctly , below frequencie s of 
lOO Hz. 

2. Me a surement Circui t 

T h e e l ectrical curr ent that flows t hrough the rocks can be classi­
fied i nto two t y p es; ohmic current (r e lated to r es i stiv i ty of sample ) w hic h is 
in phase with the voltage or current sour ce, and displacement current w hi ch 
is 90 d eg r ees out of phase (r e l ated to the die l ectric constant). In dr y rocks 
the displ acement current excee d s the ohmic current usually by 10 times or 
more. Therefore it is generally difficult to make accurate measurements of 
the o h m i c r es istance, due to instrumental, sample holde r and circuit condi­
tions. However mea sureme nt systems with full control ove r these problems 
h ave b een set up, and r e liabl e data can be produce d ove r the f r e quency r ange 
of 0. 01 Hz to 30 M Hz, within certain limits of the displacement and ohmic 
curr ent r atio. 

3. Separation of Grain Boundary Effects 

F rom refe rence to work done on electrical prope rtie s of solid e l ec­
trolyte sS and iron 6, and from certain indications in measurements carried out 
at the Geological Survey, it seems certain that the grain bounda ri e s largely 
a ffect t h e r es istivity of dr y rocks . The method to separate this e ffect from 
the r esis tiv ities of the rock forming minerals has not yet been completed. But 
it is expe cte d that the separation of these effects will succeed, and this i s con ­
sidered to be a very important subje ct . 

4 . Effe ct of M oisture 

The die lectric constant of rocks is considered to vary with mois ­
ture, according to work carried out in the p as t3 , 4. 

Measurements carried out in this l abo ratory give indication:;: that 
the die l ectri c constant does not change with moisture, or even i f it does i t 
doe s not seem to b e large enough, in order to be significant. The following 
e xplanations may be a d e qua t e for the r e sults carried out in the p as t . 
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When dry rocks become moist, the conductivity increases, there ­
fore e ither (a), this effect has not been sufficiently taken into consideration in 
the inte rpretation procedure, or (b) there is an e l ectrochemical phenomena 
that produces results that appear as if the dielectric constant changes . How­
ever it is expected that this problem will be clarified in the near future . 

The 'grain boundary' problem concerns the e le ct rical properties of 
rocks not only on earth but on the moon and p e rhaps other planets, whereas 
the 'moisture effect' is a problem limited to earth, at present . 

When the above-mentioned problems are clarified and the stan ­
dardization of measuring and data-interpretation systems are compl eted and 
classified, an effective research program should start on the e lectrical prop­
erti es of all kinds of rocks . The program should consist of the following 
studies: 
l. Classification of rocks and minerals by their e lectrical properties. 
2. Effect of rock texture for se dimentary, igneous and metamorphic rocks. 
3. Effect of mineral composition. 
4. Effect of sulphide dissemination and a ll kinds of mineral alterations . 
5. Further study on the e l ectrode polarization of minerals. 

1 

2 

3 

4 

5 

6 

Ke lle r , G . D. an d Frishknecht, F. C .: E lectrical methods in geophysical 
prospec ting, pp. l-55, Pergamon Press (1 966) . 

Ward, S. H. and Fraser, D . C.: Conducti on of e l ectric i ty in rocks, in 
Mining Geophysics (ed.bySoc . Ec . Geophys .), pp. 197 -224(1 967) . 

P a rkhomenko , E . I.: Electrical properties of rocks, Plenum Press (19 67 ). 

Fuller, B. D. and Ward, S. H.: Linear system d escription of the e lectrical 
p arameters of rocks; IEEE Transactions on Geoscience E l ectronics, 
vol. GE-8, No. 1, pp. 7-18 (1 970). 

Bauerle, J . E.: Study of solid e l ect rolyte polar ization by a complex admit-
tance method; J. Phys. Chem. Solids, vol. 30, pp . 2 65 7-2 67 0 
(1969). 

Brannovic, M. and Hawarth, C. W.: Grain-boundary contribution to the 
electrical resistivity of iron; J . Applied Physics, vo l. 40, No . 9 
(Aug.), pp . 3459-3464 (1969). 
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17. SPECTRA FROM A HIGH RESOLUTION GE(LI) DETECTOR 

Project 670053 

L. Ostrihansky 

1 . The Measu r ement of Natural Radioactivity 

The measurement of natural radioactivity with a Ge(Li) detector 
p e nnits the quantitative estimation of both uranium and its decay products . 
Figure 1 shows t h e natural spect rum of a sample 0 f uranium ore containing 4 
per cent uranium in the form of pitchble nde. This spectrum is over the range 
from 30 to 15 0 KeV . U -238 and its decay products Th-234, U -234, Th - 230, 
Ra-228, Pb-214, Pb - 210, and Bi-210 have gamma emission or X-ray conver­
sion lines in this hw ene rgy range. The 63 KeV line of Th-234 is convenient 
for measurement being strong a nd not close to other lines. U-235 and its 
decay products Th-231 and Th - 227 have gamma line s inthislow energyregion . 

Measurements on such a spectrum have been used for the deter­
.mina tion of radioactive e quilibrium between the isotopes Th-234 and Pb-210. 
These isotopes a re convenient for dete rmination of gross sample equil ibrium 
because Th-234 is the second and Pb-210 is one of the last members of the 
uranium decay series. These measurements are b e ing used for investigation 
of the state of equilibrium of ground control samples collected in the field in 
connection with ai rborne gamma-ray spectrometer surveys . 

2. X - ray Fluorescence Analysis using Radioisotope Sources 

The Ge(Li) detector is being used to analyze X - ray fluorescence in 
the 30-120 KeV range. The source used has been Co-57 with an energy of 122 
KeV which is suitable for excitation of K-lines of heavy elements from ura ­
nium to tungst e n in the periodic system. By using a lead ~upport for this 
radiois oto p e it has been possible to extend the useful excitation range. The 
l ead acts as a target for the Co-57 and the lead K X-rays excite elements 
below tungsten in the periodic table . Thus one primary source enables mea­
surements to b e obtained for all elements down to barium. 

Figure 2 shows the X - ray fluo rescence spectrum of a sample of 
uranium ore from a Denison mine , Elliot Lake, Ontario. As is shown in this 
figure a n int e r esting association of heavy elements, notably rare earths is 
present together with uranium and thorium. It is estimated that using this 
technique, concentration of e l ements can be measured down to 50 ppm using a 
counting time of 2 hours. 

Work has commenced on the measurement of lighter elements by 
radioisotope X-ray fluorescence using a Pu-238 source. 
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18. A VARIABLE LOW - FREQUENCY POWER SIGNAL GENERATOR 

Project 670040 

W . J. Scott and C. Gauvr eau 

For AC resistivity studies in the field, a low-frequency po r tab l e 
signal generator h as been designed and constructed to provide a nearly­
sinusoidal output at a power output of appr oximate l y 300 watts . The apparatus 
consists of three units: a motor generator, unit 1 and unit 2 (Fig. 1). 

r--- --------UNIT 1- --------------l 
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Figure 1 . Block diagram of power signal generato r . 

Power is supplied from a gasoline motor - driven alternator at a 
frequency of 2000Hz. The power conve rsion efficiency at 0. 9 amperes is 79 
per cent wh en the output waveform is unfiltered or 6 3 per cent after filtering. 

The output of the generator is applied to the TRF - 1 transformer in 
unit 1 . The secondary taps of the transfo rmer are crmnected to silicon con ­
trolled recti fiers (S. C . R.) switches. The secondary of t h e transformer has 
11 taps with the centre tap being a common point. The vo ltage present between 
the centre tap and the taps on the upper portion of the secondar y are always 
180 degrees out of phase with the voltages present between t h e centre tap and 
the taps on the l ower p orti 0n of the secondary. 
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The S.C.R.'s are s w it c h e d on one at a time , at a rate of 4KHz b y 
pul ses coming from unit 2. The seque n ce in w hi c h t h e S.C.R.'s are switched 
on is such that it produces a synthes ize d sine - wave at the output. The output 
frequency is determine d by t h e number of times the cor respondin g sets of 
S. C . R. ' s, connected to the taps w ith t h e sam e voltage a mplitude , are fired 
consecutive l y. T h erefore , the output voltage w ill remain a t the same vol tage 
l eve l l onge r for the lower freque n c i es than at higher frequencies. The fr e­
que n cy is adjustable from ZOO Hz to approximate l y 0.01 Hz followint the rela­
tionship 

f = ! : , w h e re m = 1 or 1 0 and n = 1 , 2, 3 . . . l 9 9 9 . 

T h e purpo se of uni t 2 is to suppl y firing pulses in the proper 
sequence to t h e S.C .R.' s . The sync hr onize d generator , synchroni zed w ith 
the motor generator emits trigger puls es to t h e S.C.R.'s firing sequen ce l ogic 
circuits and to t h e pres e nt counter . The present counter count s the number 
of pulses from the synchronize d generator and e mits a pul se and resets to 
zero after a certain number of puls es h ave been counted . The number of 
puls es counted is d etermin ed by the setting of the output f r equency selecting 
switc h es. T h e ring of 5 counter d etermines w hi c h of t h e five l eve l s of v ol tage 
from the secondary of the transformer wi ll b e appli e d to the o u tput of the sys­
t e m . Output 5 from the ring of 5 counter i s a pplie d to a divided by 2 stage. 
The < 5 and >5 outputs determines if the output voltage s h ould b e rising o r fall­
ing . The >5 output of this stage i s applied to another 7 2 stage. The < 10 a nd 
> 10 outputs determine if the output voltage s hould b e positive or n egati ve . 

The tr i gger output from the synchroni zed generator, t h e 5 o u tputs 
from the ring of 5 , and the 4 output s from th e two 7 2 stages are a ll appli ed 
to th e S.C.R .' s firing sequence lo gic c i rcuits. These l ogi c c i rcuits decide, 
depe nd ing on t h e states of t h e input lines , w h ic h of t h e S. C . R . ' swill fire. 
T h e firing pul ses are appl ied to the prope r S.C.R . throughpul setransfo r mers 
and puls e s haping networks. 

Extensive use was made of s e miconductor components and inte­
grated ci r cuits in the building of this equipment. 

P h ase and amplitude m eas u rements using this power s i gn a l gen er ­
ator were made in the field over nine s ulphid e deposits of varyin g c h aracte r, 
shape and depth of burial. Althou gh definite induced polarization effects we r e 
observed, no phas e shifts were r ec orded that could n ot b e explained b y e l ec ­
tromagnetic coupling b e tween the transmitter and receiver dipoles . 
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LUNAR STUDIES 

1 9. LUNAR CRUST INVESTIGATION 

Project 670561 

J .A. Maxwell 

Two crystalline igneous rocks and a sample of the <1 millimetre 
portion of the lunar regolith returned by the Apollo X I manned lunar landing 
mission were analyzed for thirty major, minor and trace constituents!, Con­
ventional rock analysis methods were supplemented by special pro ce dur es for 
nuorine and chlorine, total carbon and sulphur, and carbon dioxide. A new 
composite scheme, utilizing a lithium fluoborate method for dissolution of the 
samples and measurement of eleven constituents by atomic absorption spec ­
troscopy and colorimetry, was also applied to determine the applicability of 
the procedure, which requires only a relatively small amount of sample, to 
lunar material. Trace e l ement determinations, w ith the exception of lithium 
and zinc, were done by optical emission spectroscopy. 

The compositions of the three lunar samples superficially resem­
ble that of terrestrial basalts but are character i zed by a very high titanium 
content (7-12 per cent Ti02), the absence of Fe (III), very low alkalis and an 
almost complete absence of volatile constituents, notably water, A small 
sulphide phase is present in each, and the fines contain a minor metallic phase 
as well. Chromium is an important minor const ituent of the three samples, 
but zirconium, yttrium and scandium are also n oticeably enriched in them, as 
is barium relative to the low potassium content. The nickel content of the 
rocks is about 5 ppm but is about 200 ppm in the fines, where it is t hought to 
have a meteoritic origin. 

The collaboration of S, Abbey, W.H. Champ and the staff of the 
Spectrographic Labo ratory, J. G. S n Gupta and J, L. Bouvier, in the study of 
these samples, is gratefully acknowledged, 

Maxwell, J.A., Abbey, S. and Champ, W.H.: Chemical composition of 
Science, vol. 167, No. 3918, January 30, pp. 530-

531 
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METAMORPHI C PETROLOGY 

20. PETROCHEMICAL STUDY OF GRENVILLE GRANU LITES 

Project 690034 

E. W. Reinh ardt and G. B. Skippen 

This project began in September 1 969 w ith the object of imp roving 
the und e rstanding of conditions obtained du rin g high- grad e regional metamor­
phism of granuli t es from selected l ocalities of the western Grenvill e Province. 
Although granulite s a r e wide spread throughout the Canadian Shield, their gen ­
e sis, in a ll but a few areas, is either obscure or specul ative. On t he other 
hand, granulite metamorphism could have important implications directly 
r e lated to processes such as oroge n y and ore formation . 

To dat e , sampling has b ee n car ried out in the Gananoque l and 
Westport2 map-areas of southeastern Ontario as part of a program designed 
to evaluate granulit e metamorphism along the Frontenac Axis w h ere meta ­
morphi c boundaries h ave b een proposed by Wynn e-Edwards 3 and de Waard4 
This region is on e of the few plac es in the Grenvill e Province w h ere granulites 
have b een mapped in consistent detai l and initiation of the project in such an 
accessible area allows for inexpe nsive re-examination of fi e ld re l ationships 
where petroche mical data suggests further clarification. The immediate con­
cerns of the inve sti gat ion are t h e stability of the association biotite­
orthopyroxene and factors gave rning the equilibrium partitioning of F e+ 2 and 
Mg between these mineral s. 

There is a ce rtain amount of confusion in the use of the term ' gran­
ulite ' but for pu rpos es of this p r e s e ntation, a l oose d efinition cons i stent with 
t h at empl oyed in Canadian reconnaissance geol ogy is adequate. Following 
t his , granulites may be regard e d as hi gh - grade metamorphic rocks t h at c h ar ­
acte ri stically contain pyroxene and that exhibit distinctive olive - green or 
brown colou rs of weath ering. Metamorphi c c h a rnockites can be t h ought of as 
quartzofe l dspathi c granuli tes of overall grani tic aspect and whic h contain 
orthopyroxene but l ack compositional l ayering or banding. A further di s tinc­
tion can be made b etween charnockites proper a nd e nderbites5 on the basis of 
t h e dominant fe lds par phase; t h e for m er h ave ahi gh er proportionofK-fe lds pa r 
r e lative to plagiocl ase , w h ereas the latte r have plagioclase as the major 
f e ld spar. 

Current opinions vary as to w h at conditions of temp e r ature (T ), 
l oad p ressure (Pl), water pressure (Pw), and oxygen pressure (P 0 ) are reg­
istered by common granuli te mineral assembl ages . Experience has s hown 
that for t h e lower grade s of metamorphism, facies and subfacies can be ratio­
nalized by comparing natural to idealized mineral assoc iations, the latter 
b e ing related by simple mineral reactions to higher and l ower grad e assoc i a ­
tions. This has l ed to a r e alistic progressive scal e of metamorphism con ­
cur r ent w i th fie ld observations and w hi c h accounts for the regu l ar ity of assem­
b l ages from one regi on to anoth er as well as permitting compari son of m eta­
morphi c intens i ty over re l atively short distance s. This general approach, 
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howeve r, has be e n l ess r ewarding in dealing with r eg iona l metamorphism 
above middle amphibolite facies, although several detailed classification 
schemes have been advanced . The main disagr eement arises in the interpre ­
tation of physical conditions where assemblages contain both hydrous and 
anhydrous minerals. T hi s difficulty b ec ome s furthe r a ppar e nt in field appli ­
cations es pecially where rocks typical of more than one subfacies occur over 
distances in the order of a hundre d feet. There is also a t e nd e n cy in most 
classifications to r e l ate grade, at l eas t in part, to properties of individual 
minerals, for example: colour of hornblende or biotite , and a l uminum con­
tent of orthopyroxe n e . Undoubte dly, mineral compositions w ill b ea r some 
rel ationship to T, P1, Pw• and P 0 , but the manner o f dependence is lar ge l y 
unknown. In view of the above mentioned conflict, further faci es subdivision 
of granulites from the Grenville Province should b e reserved unti l : 
l. the stability ranges of key granulite associations are know n more prec is e l y ; 
2. the influence of variables T, P[, Pw, and P 0 on the partitioning of major 

e l ements among typomorphic minerals h as b ee n d e t ermine d experimenta ll y 0 

In order to maintain some uniformity in discussing interrelation­
ships of high-grade associations from the Grenville Province, it is advisable 
to impos e some compositional restrictions on rocks that will b e considered 0 

The constraints c h osen are those inherent in the AFM projection de ve lope d 
for p e litic gne i sses of the Gananoque area6. Essentially t his amounts to con ­
sidering onl y those assemblages that always contain quartz, K-feldspar, 
plagioclase, magnetite, and ilmenite. The AFM projection in Figur e 1 shows 
t entative phase relations for granulites from the southwest corn e r o f t h e 
Westport map-area2. This type of representation not only serves as a con­
venient working diagram for inte rpreting phase r e lations suggested by natura l 
associations, but also indic ates what possible reactions among phases could 
be expected. Further anal ytical work is required to d ec ide whether or not 
this form of projection has rigorous application to granulite assemblages, 
particularly in view of the assumptions involved in its der i vation. One main 
advantage of this diagram is the ability to display va riations in Fe+2f (Fe+2 + 
Mg) of both rocks and minerals. It is also we ll adapted for presentation of 
assemblages from pelitic rocks and charnockites. One important aspect 
e mphasized by the AFM projection in Figure l is the apparent necessit y of 
h aving biotite as a stable associate in granulite facies m etamorphism. If this 
were not the case, we should expect the association sillimanite-hypersthene 
and this appears to b e extreme l y uncommon. 

Another popular method of portraying compositional re lationships 
between coexisting mineral phases from metamorphic rocks is by means of 
distribution diagrams 0 The theory of e l ement partiti oning between coexisting 
minerals has been treated extensive ly by Kretz 7 as we ll as others. It is gen­
erally accepted in applying this concept that any systematic e quilibrium par­
titioning of e l ements between coexist in g phases w ill be mainly t e mperatur e 
d e pende nt, such that on a distribution diagram h aving co -o rdinates of the type 
shown in Figure 2, one could exp ect a family of curves r e presentative of dif­
fe r e nt temperatures. Unfortunate ! y, most analyses of coexisting mine rals 
from granulites come from rocks collected from differ e nt localities, and in 
attempting to appl y the principle of e l ement partitioning we are confronted 
with interpreting correlations from a number of scattered points on a distri­
bution diagram without knowing the characteristic shape of curve or the tem­
p e rature sensiti vity registered by displacements b etween c urves. This prob­
lem is adequately demonstrat e d in Figure 2 w hi ch shows the distribution of 
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TO CL!NOPYROXEN£ 

+ Quartz 
+ K feldspar 
+ Plagioclase 
+ Magnetite 
+ llmenite 

' 
Fi gur e l, Tentative interpretation of phase relation for gneisses and granu­

lites from the vicinity of C l ear Lake , Westport area, shown on an 
AFM projection for ideali zed conditions of constant T, P1, Pw, 
and P 0 • The construction is based on associations observed in 
this study as well as those given by Wynne-Edwards2. 

F e / (Fe + M g) between biotite and orthopyroxene based on analyses taken from 
the lit e rature. Other problems involved in this approach are: the assumption 
that e quilibrium was attained with r espect to the mineral phases c hosen, t h e 
value of absolute temperature r epresented by a given curve, and the possibil­
ity of parameters other than temperature having significant effects , In effort 
to minimi ze the above mentioned uncertainties in stud ying the partitioning of 
Fe+ 2 and Mg between coexisting biotite and orthopyroxene from Grenvi ll e 
granulites, we decided on the following procedure: 
1. To sample biotite-orthopyroxene associations over small areas in selected 

localiti es so that P 1 and T can be assumed constant for all assemblages 
from a given locality. 
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FROM ROACH & DUFFELL (1968)14 

Figure 2. Partitioning of Fe and Mg between coexisting biotite a nd 
orthopyroxene from granulites and c harno ckites. Source s 
for analyzed mineral pairs (solid cir cl e s) are as follows: 

Groves8: G-80; Uganda, East Afric a. 

Jen9: prefixed 'J'; Tichborne area , Ontario. 
Himmelberg and Phinne y l 0: prefixe d 'H'; Granit e Falls-

Montevideo area, Minne sota. 
Saxenall: prefixe d'S'; Varberg area, Sweden. 
Reinhardtl2: no pre fix; Gananoque and Westport areas, 

Ontario. 

One passible inte rpretation of distribution r e lationships is 
suggested by the broken-line c urve s. 
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ANNITE d 060 SIDEROPH Y LLITE 
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PHLOGOPITE EASTONITE 

0 

Contour interval 0-002 A 

• Data from this study 

• Data from Wones (1963,p.1310) 

Figure 3. Variat i on of do6o(A) with bioti t e composition in the range a nnite ­
sidero phy lli te - e astonite-phlogopite bas ed on pre liminary data from 
this study and t hat published b y Won es l 6. 
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2. To prepare, using hydrothermal e quipme nt, synthe tic biotite a nd ortho ­
pyroxene of k nown compositions appropriate to those of the natur a l 
counterparts. 

3. To conduct reaction exp er iments using t h e synthe tic phases in the pr esence 
of aqueous chloride solutions in a manner similar to t h at of M e darisl5 for 
olivine -orthopyroxene , so as to determine the nature of Fe+2 and Mg par­
titioning betwe en the synthetic phases under controll e d T, P 1 , and P

0
• 

4. To interpret conditions of m etamorphi c crystalli zation in naturall y ­
occur ring Grenville granulites on the basis of data obtained from the reac ­
tion experiments. 

Synthesis work to date con sists of successful crystalli zation of fif ­
teen biotite s and one magnesium orthopyroxene . The mic a composition s a r e 
w ithin th e range defined by, and including the e nd-members: annite , sidero­
phyllite, eastonite , and phlogopite. The starting mixes consisted of fired 
gels prepared from standardized reagents. Iron-bearing composi t ions we re 
reduced in a hydrogen furnace w ith the result that an oxidation state compar­
able to the wus tite -magnetite ass e mblage was establi shed during crystalli za ­
tion. Synthesis runs were done in cold seal vessels at temperatur es ranging 
from 560° C to 900°C and at total fluid pressures between 1000 and 2000 bars. 
Preliminary powder X - ray diffraction measurements have b ee n made for a ll 
micas synthesized and cell parameters have been cal cul ated. Figur e 3 sum ­
marizes data for the cl-spacing of t he plane, (0 60). These r e sults indicate 
that the .£-cell dimension is l argely controlled by the F e /Mg ratios of the bio ­
tites. This parameter can therefore b e used to d ete rmine the compositions 
of biotit e s in experiments involving the exchange of F e and Mg b etween coex ­
isting silicates. 

2 

3 

Wynne-Edwards, H.R.: Gananoque map-area, Ontario; Geol. Surv . Can. , 
Map 27-1962 (1962). 

Wynne-Edwards, H. R.: Westport map-area, Ontario, with special e mpha-
sis on the Precambrian rocks; Geol. Surv. Can., Mem. 346 (1 967). 

Wynne-Edwards, H.R.: The Fontenac Axis, in Geology of parts of ea stern 
Ontario and western Quebec; Geol. Assoc. Can. Guidebook, p. 7 6, 
(1967). 

4 
d e Waard, Dirk: Reply in Discussion: Analysis of equilibria invo l ving gar ­

n et in rocks of granulite facies .£y S. K. Saxena; Am. J . Sci., vol. 
267, p. 530 (1969). 

5 
Tilley, C.E.: Enderbite, a n ew member of the c ha r nockit e series; Geol. 

6 
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Reinhardt, E. W.: Phase relations in cordierite-bearing gne is ses from the 
Gananoque area, Ontario; Can. J. Earth Sci., vol. 5, pp. 455-482 
(1968). 

Kretz, Ralph: Some applications of thermodynamics to coexisting minerals 
of variabl e c ompositi on . Examples: orthopyroxene-clinopyroxene 
and orthopyroxene-garnet; J. Geol., vol. 69, pp. 361-387 (1961). 
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MINERAL DEPOSITS 

21. SERPENTINITES AS POTENTIAL SOURCES OF NICKEL 

Project 630 03 7 

0. R. Eckstrand 

The purpose of this note is to call attention to the fact that muc h o f 
the ni ckel content of serpentinized ultramafic rocks occurs in mineralogical 
forms other than serpentine; and that, because of mineralogy and technologi ­
cal advances in mining and treatment of ores, some serp entinite bodi es could 
in the future become exploitab l e for their nons erpentine nicke l con tent. 

Nati ve Nickel-Iron 

tinized 
nickel. 

Native nicke l-iron (or awaruit e , approximately Ni3 Fe) in serpe n ­
ultramafic rocks could const i tute a s ignificant potential source of 
E. H. Nickell and J .A. Chamberlain2 h ave demonstr ate d t hat nickel-

iron is a common mineral, resulting from serpentinizat i on in a number of 
asbestos-producing ultramafic mass es in th e Eastern T own s hip s of Quebec ':' , 
and in the Muskox intrusion2 . In four sampl es invest igate d by Nickel , 
approximately one-half of the original rock ' s ni cke l content was converte d to 
nickel-iron and the remainder to slightly nicke life rous serpe ntine . It is rea­
sonable to expect that there are other occurrences in w hich the con version to 
nickel-iron may be more complete. Howe ver t h e re is li tt l e published infor ­
mation on the abundance of nickel-iron in ultramafic rocks. 

Two factors tend to make native nicke l-iron an attractive p otentia l 
source of nickel: 
1. Open-pit mining methods. Becaus e of its probable origin through se rpen­

tinization, native nickel-iron mineralization is like l y to b e widespr ead and 
uniform, and resulting 'ore' is like l y to constitute large portions of some 
ultr amafi c intrusive masses. Reserves of individual orebodi e s c ould be in 
the order of tens (perhaps hundr e ds) of millions of tons, w ithlowwaste :ore 
ratios. Mining costs should therefore be low. This is in contr a st to the 
high costs of selective mining methods usually r e quired b y ni c kel sulphide 
d eposits associated with ultramafic rocks. 

2. Magnetic methods for concentrating the ore. Nc.ti·v·e nickel-iron is magne -
tic; and therefore may l end itself t o relatively inexpensive magnetic con­
centration methods. (Magnetite is a lmo st ce rtain to be present, and 
may represent a valuable recoverable by-product, or a troublesome 
contaminant). 

However there are some serious unc e rtainties that must be 
resolved, 
potential. 

before i t is known whether nickel-iron occurrences have economic 
The two most important are grade and grain size. As regards 

* Confirmed by some recent unpublished work by G. Siddeley of the 
Geochemistry Section, Division of Economic Geology and Geochemistry. 
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grade, the nickel content of ultramafic rocks usually lies in the range 0. l to 
0. 3 p e r c e nt, rarely as high as 0. 4 to 0. 5 per cent, and averagin g about 0. 2 
p e r cent . It is c l ear ly desirable that th e target ultramafic body have a high 
nicke l cont e nt, and that a large proportion of the nickel occur as native nickel­
iron. Consequentl y, in a favo urable c ircumstanc e , a large tonnage of ser ­
p entinit e might h ave 0. 4 per cent tota l nicke l , of which 75 per cent i s in nickel­
iron form, y i e lding a grade of 0. 3 per cent 'available' nicke l. This is obvi­
ously rather low grade material. How ever, it should be pointed out that sev­
eral porphyry copper depos its presently in various stages of deve lopment and 
producti on in British Columbia have a r ock -in-place value per ton that is onl y 
one -half to two-thirds the value of 0. 3 p e r cent nickel 'ore' . 

The grain size of nickel-iron in the previously-mentioned occur­
r e nces studied by Ni ckell and Chamber l ain2 is extremel y fine, most grains 
f a lling in the range 2-100 microns. Consequently very fine grinding will be 
necessary for lib eration. Subsequent concentratinn may be problematic, but 
encouragement is offe r ed by the example of successful fine grinding (to - 500 
mesh, approximately) a nd magnetic concentration of taconite iron ores. 

Possible by-products of such an ore might b e magnetite and chro­
mite. Unfortunate ly, because the background copper content of ultramafic 
rocks is extremely low, it is unlikely that copper would be a recove rable by­
product. 

Low grades and fine grain-size will undoubtedly give rise to prob­
l ems of metallurgical recovery, but because o f cheap mining and magnetic 
concentration methods, nicke l-iron occurrences in serpentinites may offer 
significant pote ntial as a source of nickel. Given the present and projected 
futur e market for nicke l, it would seem that serious efforts to evaluate this 
potential are justified. 

Nickel-bearing Sulphides 

Much of what has b een stated here concerning native nickel- iron is 
applicable to heaz l ewoodite (N i 3S 2 ), pentlandite ((Fe, Ni) 9Sg), and millerite 
(Ni, S), a ll of which are known to occur as fine disseminations in serpentinites. 
The mineral, heazlewoodite, h as been shown to occur commonly as a product 
of serpentinization in several of the same or similar asbestos-producing 
ultramafic masses that contain nicke l-iron in Quebec ' s Eastern Townships2. 
Apparently heazlewoodite, instead of nickel-iron, resulted where suffic i ent 
sulphur was avail ab l e during serpentinization. The same may be true of the 
other sulphides. Considerations in eval uating economic potentia l of the se 
finely disseminated nickel sulphides would b e much the same as for native 
nickel-iron except th at other methods of concentration (perhaps flotation -
collection) would b e required. 

1 
Nickel, E. H.: The occurrence of native nicke l-iron in the serpentine rock 

of the Eastern Townships of Quebec Province; Can. Mineralogist, 
vol. 6, Pt. 3, pp. 307-319 (1959). 

2 

3 

Chamberlain, J . A.: Heazlewoodite and awaruite in serpentinites of the 
Eastern Townships, Queb ec; Can. Mineralogist, vol. 8, Pt. 4, 
pp. 519-522 (1966 ). 

Chamberlain, J. A., McLeod, C. R., Traill, R . J. and Lachance, G. R.: 
Native metals in the Muskox intrusion; Can. J. Earth Sci., vol. 2, 

. 188-215 (1965). 
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SOME COPPER OCCURRENCES IN 
YOUNGER SEDIMENTARY ROCKS OF THE 

COPPERMINE RIVER AREA, NORTHWEST TERRITORIES 

Project 600009 

R. V. Kirkham 

These occurrences r ep r esent a type of mineralization that is not 
well known in the Coppermine River area (Fig. 1) and have certain simil ari ­
ties to some major stratiform copper deposits of the wor ld. However, th e 
particular showings described to do not a ppear to be of immediat e economic 
interest. 

0 
116 

0 
114 

Figur e 1. Index map. 

During the course of r egional mapping Baragar discovered the 
mineralization at showing 3l, 2. This and other showings indicated on Figure 
2 wer e examined brie fly by the writer as part of a general study of copper 
deposits of the Copper mine Rive r area being carried out by E. D. K indle and 
the writer2. The area desc ribed in this r e port is about 7 miles northwest of 
the junction of Husky Creek and Coppermine River and about 30 m iles south­
west of the Village of Coppermine on Coronation Gulf. 
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This region has undoubtedl y b een extensively prospected by a num­
b e r of mining companies. Assessment reports indicate that some companies 
were pr e vious l y awar e of this type of mineralization. The three drillholes 
shown in the northwest part of the area w e r e comple t e d early in 1969 by Giant 
Y e llowk nife Mines Ltd. and encounte r ed only barren 1 r e d b e ds 1 of the 
Coppermine River Group. Hearne Coppermine Explorations Ltd . and 
Coppermine River Ltd . h ave done extensive diamond drilling in the younger 
sediments a few miles to the north and northeast of the map - area. C l a i ms in 
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Figure 2. Geology in the v icinity of some copper occurrences in young e r s e di­
m enta r y rocks of t h e C oppermine River area, No rthwest Territories. 
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the area are held by G. Leliever, Casino Silver Mines Ltd., A. Claussen, 
Giant Yellowknife Mines, and Millbank Minerals (September Mountain Copper 
Mines Ltd.). 

The southern and northwestern part of the area is underlain by 
inter layered basaltic flows and 'red beds' of the Copper mine River Group as 
defined by Baragar3. The flows generally range from 25 to lOO feet thick and 
are mainly medium to dark greenish grey with brecciated, reddish and brown­
ish amygdaloidal tops. The 'red beds' are limy, hematitic, crossbedded con­
tinental sandstones, siltstones, and mudstones. These rocks were gently 
folded and eroded prior to the deposition of the younger sediments (Fig. 2). 

In the map-area the younger sediments consist of thinly bedded 
light and dark grey, drab pink, white, and greenish grey quartzites, mud­
stones, siltstones, silty sandstones, and silty pebble conglomerates. Desic­
cation cracks, channel structures, and possible rain drop impressions were 
noted in some units. These rocks are approximately horizontal or dip gently 
to the north. 

The younger sediments have been intruded by a diabase sill over 
100 and possibly greater than 200 feet thick (Figs. 2, 3). About 2 miles east 
of the map-area this sill becomes a dyke that cuts the flows and 'red beds' of 
the Coppermine River Group. 

The younger sediments have been metamorphosed and indurated to 
varying degrees by the diabase, but even though in places the metamorphism 
has been intense, bedding and other sedimentary structures h ave been remark­
ably well preserved. Amphiboles (hornblende and actinolite?), plagioclase, 
quartz, garnet, serpentine, chlorite, epidote, muscovite, minor biotite, and 
possibly magnetite are the main metamorphic minerals. The petrographic 
identifications of many of the minerals were confirmed by X-ray powder 
photographs taken by M. Bonardi. Some dark green, hornfelsic mudstones at 
section B contain greater than 30 per cent fine- and medium-grained amphi­
bole with 10 to 15 per cent magnetite. Some thinly laminated (still flaggy) 
metamorphosed mudstone beds at section A contain about 30 per cent m edium ­
and coarse-grained pale green garnet porphyroblasts in a matrix containing 
about 60 per cent fine-grained amphibole and 10 per cent fin e -grained chlo­
rite. Howeve r, the relative amounts of the various metamorphic minerals 
vary widely and seem to depend largely on initial lithology. 

Although general lithologies and metamorphic assemblages are 
variable, rocks of the younger sediments below the diabase can be divided into 
two main groups: (1) an upper group that varies from 10 to 70 fe e t thick 
immediately below the diabase and (2) a lower group from 10 to 50 feet thick 
beneath the upper group. The base of the lower group was not observed as 
rocks immediately above the unconformity are not exposed. The primary dif­
ference between the two is that the upper group was probably initially com­
posed of finely laminated sandstones with only minor interlayered siltstones 
and mudstones; whereas the lower group was probably initially composed pri­
marily of thinly laminated mudstones and siltstones with only minor clean 
sandstone. 
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The upper group of sediments is characterized by grey, white, and 
drab pink quartzites. The grey and white beds are composed mainly of 
recrystallized clastic quartz with minor amounts of opaque mine rals, g r een 
and brown metamorphic biotite, amphibo l e, a nd sphene. The dr ab pink b e ds 
are composed mainly of metamorphic pink plagioclase, sericitic mica, and 
q uartz. Possibly these beds contain minor po tash fe l dspar as w e ll. E x ce p t 
for minor quartz veinlets with copper sulphides these se din"lents ge n e rally 
have low copper content (Fig . 3). 

The l ower group of sediments consists mainly of m e tamorpho se d 
dark and m e dium gr ey and green - gr ey mudstone s and s i ltstones with only 
minor inte rlayered drab pink siltstones and grey and green s a ndstones a nd 
quartzites. Most ro cks of this unit a ppea r to b e rich in metamorphic amphi­
bole and in places garn e t. The se rocks a r e b es t e xpos e d a t and b e twee n sec­
tions A and B . Ther e is a possibility t h at they pinch out t o t h e northwest . 

The nume rous line aments in t h e diabas e (Fig . 2) and r eco g niz ed 
fau l ts in the younger sedime nts expo sed along the Coppe rmine River ind ic a te 
that although these rocks ar e mainly horizontal or dip gently to the north th e r e 
h as probably b een significant faulting post - da t ing diaba se e mplacement. T h e 
diffe renc e in e l evation b etween two knobs of diabase in th e northwest co r ne r 
of the map-area suggests that th e south block was downdropped a t l e as t 5 0 a nd 
possibly lOO fe e t in respect to the north block. 

Copper mineralization of the a r ea occurs in two ways : (l) m inor 
veinlets containing co pper sulphides a nd (2) strati graphica lly controlled cop ­
per sulphide s . Localities 4, 5, 6, and 7 shown on Figur e 2 arc so l e l y of the 
first type, consisting of minor quartz veinlets with cha l copy ritc , c h a l coc itc , 
and/or pyrite . They app ea r to be of no economic importance . At lo cality 1 
the r e is m e dium grade chalcocite mine r a lization of thi s type in a 2 - foo t be d of 
white quartzite. 

Stratigra phically controlle d mine r a liz at i on of the second typ e is 
ge ologically the most interesting. It a ppea rs to be confine d l a r ge l y to l h e 
lowe r sedime ntary unit of the younge r se dime nts. It is well expose d at sec­
tions A and Band is present at some points b e twee n the sections. In the area 
examined, chalcopyr ite with subordinate bornite , chalcocite, a nd at a few 
places minor covellite (possibly of s e condary origin) oc c ur as fine dis semina ­
tions and medium - and coars e -graine d blebs in metamorphos e d mud dy and 
silty units. The sulphides show strong litholo g ic control and some tende n cy 
to b e concentrated in beds and l enses with a high specular hematite or m agn e ­
tite content (about 10 to 15 p er cent) . Some b eds that w e r e examine d contain 
up to 10 p er cent of a finely disseminated mine ral that is tentative l y ident i fied 
as rutile . Although throughout the r e gion chalcopyrite appears to be the main 
coppe r sul phide, at section B, bornite a nd chalcocite pre dominate in areas of 
higher grade mineralization. 

Under the microscope it is apparent that in some specimens chal ­
copyrite, bornite, chalcocite , and covellite occur in clo se proximity . How­
ever, in most cas e s, the sulphides (e xcept cove llite) o ccu r in se p a rat e grains 
or bornite and chalcopyrite occur togeth e r or bornite and c h a l coc it e occur 
toge ther. Mutual boundary r e lationships are most common but orient e d c h a l­
copyrite lame llae in bornite and graphic inte r growths of c halcoc i te in bornite 
are also common. The covellite occurs characteristically as v e inlets in the 
othe r sulphide s or as rims a round the m. 

It is quit e pos s ibl e that ext e nsive r ec r ys t a llizat ion a nd r ea r­
rang e m e nt of su lphide s took plac e dur ing m e t a morphism. The m inor 
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copper -bearing veinlets in the upper sedimentary unit beneath the diabase 
could possibly have formed in this manner. 

The following is a list of copper d e t erminations on chip samples 
collected by the write r: 

SamEle Number 

17 5 - 1 
17 5-2 
17 5 - 3 
17 5-4 
177 - 1 
178-1 
50-1 
50 - 2 

Locality Numbe r 

1 
2 
2 
3 
3 

Width (in feet) CoEEer (Eer cent) 

1 0. 13 
5 0. 02 
7 0.08 
3 0.44 
6 0 . 09 

1 / 2 0 . 07 
0. 33 

5 0 . 20 

X - ray fluorescence analyses by G. Lachance by the standard addition method 
using cha lcopyrite. 

Details of location of most of the samples are given on sections A a nd B. 
The chip samples a r e thought to b e reasonably r e presenta tive of 

the beds t e sted; howeve r, mineralization tends to be erratic and there are 
some obviously h i gher grade sections within certain units . This is especially 
true at sample locality 50 - 1, the same area where Bar agar colle cted grab 
samples that contained 0 . 26 and 1. 70 per cent copperl. The writer collected 
first- sized samples from this area that probably contain greater than 5 p e r 
cent copper. As a whole high grade patches appear to be quit e restricted, but 
m i neralization in this particular 1 - foot b e d was traced for more than 200 f eet 
along strike. 

Until more is known about the geology of these deposits, their exact 
origin, history , and economic importa nc e cannot be fully evaluated. However, 
the fact that copper sulphides are apparently stratigraphically controlled in 
anoxic clastic rocks and the fact that the stratigraphic position of the deposits 
has many general similarities with the White Pine area in Michigan (that is, 
they occur in dark m arine or marginal marine Proterozoic mudstones and 
siltstone s that overlie cupriferous flood basalts and continental 'red beds') 
are indications that economic cupriferous shale d e posits might occur some ­
where in the Coppermine River area . However, much stratigraphic andother 
geological work is n ecessary to adequately test this possibility. 

Without a d e taile d topographic survey and subsurface information 
it is very difficult to e valuate how much r e lief there is on the unconformity. 
However, the write r exp ects that the relief could be significant. Since the 
mineralization desc rib e d occurs very close to the unconformity it should be 
k e pt in mind during any e nsuing exploration that favourable b eds might b e 
abs e nt in paleogeogr a phic high areas along the unco nformity and th at there 
might h a v e b een many local basins along this surface. 

1 
Baragar, W. R. A . a nd Donaldson, J . A.: Copp ermine and Dis mal Lakes 

map-areas, District of Mackenzie, in Report of Activities, PartA, 
A pril to October, 1969; Geol. Surv.Can. , Paper 70-1, Pt. A, 
pp. 120-124 (1 970). 
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2 
Kindle, E. D . and Kirkham, R . V . : Coppermine River copper deposits, 

District of Mackenzie, in Report of Activities, Part A, April t o 
October, 1969 ; Geol. S~v. Can., Paper 70-1; P.t. A , pp . 94 - 95 
(1970) . 

3 
Bara gar, W. R . A . : Volcanic studies: Coppermine Rive r basaltic flow s , in 

23. 

Report of Activities, Part A, May to October, 1966 ; Geol. Surv. 
Can., Paper 67 - 1 , Pt. A, pp. 2 6- 28 (1 967 ). 

URANIUM A N D VANADIUM CONTENT 
OF ASSORTED ROCKS IN CANADA 

Project 63 00 39 

E. R. R os e 

During a review of l abo r atory investigations of the n a ture of occur­
rence of vanadium in Canada it was co n s idere d advisable to test ce rtain sui tes 
of ro ck s amples fo r uranium as well as vanadium. For uranium, this was 
done b y measuring t h e radioactivity of a standard vo lume of powde r ed rock by 
an end window G e i ge r counter and comparing the rate of discharge with th at of 
radio active standards car r y ing known weights of u 3o 8 , thus a rriving at an 
es tima t e of u 3o 8 equival ent content for the unknown rock sample . For vana­
dium a po rtion of the rock powder was fused with sodium carbonate (Naz C0 3), 
dissolve d i n hot nitric ac id (H N03), diluted, coo l ed, f ilte r e d, and teste d w i t h 
a drop or two of con centrated hydrogen peroxide (HzOz) . 

Summary of Results 

S e dime ntary Rocks 

Thirty samples of dark s h a l es of Pal eozoic (Ordovici an ? ) a g e from 
the Watson L ake area of the Yukon Territory and northern B r itish Columbia, 
supplied b y H. Gabrielse, s howed a consistent weak radioactivity gi ving an 
es timated U303 (e quiv.) conte nt ranging from 0. 001 to 0. 006 per cent , an d a 
vanadium content ranging from nil to 0 . 1 p er cen t. 

Twelve samples of manganiferous s hale of Paleozoic (Cambrian) 
age, from the Avalon Penninsula of Newfoundland, suppli e d b y W .D . McCartney , 
showed an estimated U 303 {equiv. ) content ranging from 0 . 001 to 0 . 00 6 per 
cent, a nd a vana dium content r anging from 0 , 01 to 0. 5 per cent . 

T hirty samples of dark s h a l e collected by th e writer from var ious 
loca lities in Canada showed faint radioactivity an d fa int t r aces of vanadium. 
Two samples of dark s h ale, one of D evonian age fro m Yarbo, Saskatchewan, 
a nd a noth e r of Cretaceous age from the Sikanni Chief River, Brit i s h Co lumb i a, 
showed a content of 0 . 01 per cent U 308 (equiv . ). 
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Igneous a nd Metamorphic Rocks 

Twelve samples of gneisses of Mesozoic age from the northern 
part of the Coast Range, British Columbia, supplied b y J. A. Roddick, showed 
a range from 0. 001 to 0 . Oll per cent U303 (e quiv.) a nd a vanadium content 
ranging from 0 . Ol to 0. 5 p e r cent. 

E i ght samples of graphite schists of Precambrian (Archean) age, 
from the F lin F lon area of north e rn Manitoba and Saskatchewan, submitted by 
D . R . E. Whitmore, showed a r ange from 0. 002 to 0. 014 p e r cent U 308 
(equiv.), and from nil to 0. 1 per cent vanadium. 

Three hundr ed sampl es of Precambrian (Ar c h ean) volcanic rocks, 
mainly of basic types but ranging from b asalt to rhyolit e , submitted b y 
A. M. Goodwin from greenstone belts in northern Ontario a nd Quebec , showed 
a range from n il to 0 . 01 per cent U303 (e quiv . ), and from nil to 0. 5 per cent 
vanadium. Of the s e , only one, a sampl e of rhyolite tuff or flow from the Bird 
Lake - Uchi Lake area of northw e ste rn Ontario, showed as much as 0 . 01 per 
cent U 303 (equiv .) . In genera l the basic rocks were slightly lower in ura­
nium and s lightly highe r in vanadium than the more ac idic volcanic rocks in 
this suite. 

24. GE OLOGY OF CANADIAN LEAD AND Z INC DEPOSITS 

Project 65 0056 

D . F . Sangster 

l . Various aspects of the w riter's r esearch on the geology of Canadian lead 
an d zinc deposits have been drawn together in a series of papers: 
(a) " Meta llo genes i s of some Canadian l e ad-zinc deposits in carbonate 
rocks" -This paper outli nes the three main types of l ead-zinc d e posits in 
carbonate rocks whic h are recognized in Canada. Geological evidence is 
pr esented to show that ore sulphide in conformable deposits are normal, 
diagenetic or sedimentol ogic products of sedimentary basins 1 . 
(b) " Geo lo g i cal expl oration guides for Canadian l ead-zinc deposits in car­
bonate rocks " - Attention is drawn to the fact that economic concentrations 
of ore minerals occur in time-rock units where th ey are co incid e nt with 
appropriate paleogeogr a phic position and/or tectonic overprinting. The 
paper concludes with a tabl e listing t en favourable time- ro ck and litholo g i c 
units, togeth er with specifi c geologica l targets, con s ide r ed by the writer 
to h o l d good pote ntia l for l ead-zinc mineralization2 . 
(c) "Sulphur i s o t opes, str atabound sulphide deposits, and ancient seas" -
Data from over lOO orebodies a r e presente d to demonst rate that most of 
the sulphur in stratabound ore::o h as b een b acter ially derived from sea 
water sulphate. This implie s a clos e association in time b etween deposi­
tion of host ro cks a nd de po s ition of or e sulphides. The data furthe r sug­
gest the use of sulphur isoto p es in ores as a possible means of dating ore 
formation . This paper to b e presente d to the Inte rnationa l Association on 



- 65 -

the Genesis of Ore Deposits (IAGOD) Meeting in Japan, 1970 and scheduled 
for publication in the IAGOD Volume of that meeting . 

2. With the assistance of Mrs . K. L. Edmond, the amalgamation of approxi­
mately 45 published and unpublished 4-mile maps of Lower Cambrian 
strata in the Western Canadian Cordillera was complete d. About half of 
these have already b een reduced to 1: 5 00, 000 scale for publication to foc us 
attention on the potential of the Lowe r Cambrian as a l ead-zinc metallo­
genic time -rock unit. 

3. Studies continued on the Pb- and S-isotope composition of Canadian strata ­
bound l ead and zinc d e posits. Approximately 64 sulphide m i nera l s were 
mechanically separated and submitte d for a nalysis, previous results were 
studied, a nd the literature g l ean ed for supporting data . Stable isotope 
studie s of these ores are providing valuable data on the i r depos i tional 
environment and time of emplacement, the latte r part i cular ly so in the 
Precambrian, 

2 

Sangste r, D . F.: Metallo genes is of some Canadian l ead - zinc deposits in 
carbonate rocks; Geol. Assoc. Can. , Proc., vo l. 22 (in press). 

Sangster, D. F.: Geological exploration guides fo r Canadian l ead - zinc 
deposits in carbonate rocks; Can. M ining J. (in press). 
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MINERALOGY 

25. REFLECTANCE, MICROINDENTATION HARDNESS AND 
ROTATION PROPERTIES OF OPAQUE MINERALS 

Project 6 10251 

C. R. McLeod 

In collaboration with Dr. B. F. Leonard, United States Geological 
Survey, Denver, and Dr. E. N. Cameron, Department of Geology and 
Geophysics, University of Wisconsin, work has started on a compilation of 
quantitative data on r eflectance, microindentation hardness, and rotation prop­
e rties of opaque minerals. This compilation will be more comprehensive 
than a pr evious one1, and will supercede it. It will bring together informa­
t ion that is dispersed through a voluminous literature in many languages, and 
should provide a val uab l e aid in the identification of opaque minerals in pol­
ished section . 

Near l y 500 mineral species will be listed, although information on 
all prope rties is not available for each species. Dr . Cameron is preparing 
the data on rotation prope rties, and Dr. Leonard and the writer are compiling 
the r e fl ectance and microhardne ss values. Material from the literature has 
b een supplemented by a conside rable amount of unpublishe d and pre -publication 
information provided by several workers in the field. The contribution of this 
information and permission to use it are gratefully acknowledged. 

It is intended to present the data in both graphic and tabular form, 
w ith references cited for all values used, thus providing the user with an 
index to source material and a lead to other mineralogical data. Publication 
in 1970 is anticipated. 

1 
McLeod, C. R. and Chamberlain, J. A.: Reflectivity and Vickers micro-

hardness of ore minerals; Geol. Surv. Can., Paper 68 - 64 (1968). 

26 . STUDY OF MICA - GROUP MINERALS AND HOST ROCKS 

Project 590309 

J. Y. H. Rimsaite 

(1) Adsorption and Retentivity of Adsorbed and Radiogenic Argon in Heated 
Micas 

The writer ' s systematic research on adsorption and retentivity of 
argon in principal varieties of chemically analyzed mica was carried on during 
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the past few years in connection with heating experiments on the micas. 
Chemical changes, resulting from oxidation of iron and dehydration, are 
already describedl. The related papers on r etentivity and a dsorption of a rgon, 
and on physical properties of the heated micas are in preparation. A com ­
parison between change s in the ratio of Ar40 / K40 in relation to potassium, 
oxygen and h y droxyl contents in biotite and muscovite h eate d under diverse 
expe rimental conditions is presented in Figure 1 (le ft and centre). The rela­
tionship between the proportions of adsorbed atmospheric argon and radio­
genic argon (shown as the ratio ArAtm; ArRa) in phlo gopite (Ph), biotite (B), 
muscovite (M), and muscovite-like alte ration product (MII), which wer e h eate d 
in argon, is illustrated in Figure 1 (right). 
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F i gure l. Loss and a dsorption of argon in d e h yd r ated micas . 

The research on retentivity and adsorption of argon w as e x tended t o studies of 
the stability of the adsorbe d atmosphe ric argon. P r e liminary results indicate 
that, after reheating in air at a ce rtain tempe ratur e , the biotite and phlo gopite 
los e a greater proportion of adsorbed argon than of r a dio geni c a r gon. The 
prope rty to adsorb and r e t a in argon is important in c onnection with t h e appli­
cation of minerals to isotopic dating. The se prope rties w e re not studied sys ­
tematically b e fore, a nd the r e a r e no d ata in textbooks on r etentivity and 
adsorption of argon. 

(2) Z oned Micas 

(a) Application of Z one d Phenocrysts to Study the Chemical Evolution of Their 
Hos t Rocks (The conclusions are based on e l ectron prob e microana lyse s 
r eporte d previously. ) 
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- 69 -

Zoned micas are the principal carriers of Al, Si, Mg, Ti, OH and 
Kin the Oka carbonatite (compare average mica concentrate, open circles, 
and the host carbonatite, closed circles, in Fig. 2). By means of the distri­
bution coefficients of the major constituents b etween the adjacent mica zones, 
it is possible to illustrate the chemical trends during successive phases of 
crystallization (Fig. 2, small circles) . Gradual linea r changes represent the 
chemical changes due to differentiation of magma, whereas abrupt c h anges 
and r eversed trends result from the crystallization of Fe-Ti minerals. (Mor e 
detailed discussion is given in ref. 2.) 

(b) Anionic and Cationic Variations in Zone d Phlogopite 
Results of complete chemical analyses of phlogopite from core 'c ' 

and rim 'r ' of zoned crystal reve a l differences in a nionic and cationic con ­
tents. Distribution coefficients of major and minor oxides between the rim 
and the core (K~~~) indicate a slight decrease for Si, Fe 2 +, Mg, K , and Sr 
(0. 99-0. 9), a greater decreas e for Rb and water (0. 86-0. 83), a significant 
decrease for Ti, Fe3+, Mn, Ni, and F (0 . 50-0. 71) and an increase for Al, 
Na, Zn, and 0 (Fig . 3) . The zoned phlogopite is of mineralogical and petro­
logical interest becaus e, unlike most silicates, the concentrations of its iron, 
magnesium and titanium exhibit the same trend and an opposite trend to that 
of aluminium. Results of the present study provide an example of an ionic 
variations within a single crystal. A paper has been submitted for publication . 

2 

Rimsaite, J. Y. H.: Structural formulaw of oxidized and hydroxyl-deficient 
micas and decomposition of the hydroxyl group; Contrib. Mineral. 
Petrol., vol. 25, pp. 225-240 (1970). 

Rimsaite, J . Y . H. : Evolution of zoned micas and associated silicates in the 
Oka carbonatite; Contrib. Mineral. Petrol., vol. 23 , pp. 340-360 
(1969). 
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QUATERNARY RESEARCH AND GEOMORPHOLOGY 

27. STEREOMAPPING OF THE FACE OF THE AMERICAN FALLS 

Project 670038 

E . B. Owen 

During the p e riod from late June to November 1969 the American 
Falls at N iagara Falls, New York were dewatered by a cofferdam to permit 
geological and engineering studies on the preservation and improvement of the 
waterfall. These studies are being ca rrie d out by the United States Army 
Corps of Engineers and Inland Waters Branch, D e partment of Energy, Mines 
and Resources under the direction of the American Falls International Board 
of t he Inte rnational Joint Commission. 

At the request of the Director, Inland Waters Branch, the Geological 
Survey of Canada has provided geological assistance in determining the strati­
graphic unit s and discontinuities within the rock mass of the American Falls. 

A part of this assistance has b een directe d toward the geological 
interpretation of photo graphs of the vertical fac e of the falls using stereo ­
scopic terrestr ial photogrammetrical techniques. The photogr a phs were taken 
w ith a Wild T - 30 pho toth eo dolite and were later processe d through a Wild A -7 
Autograph Plotter to produce topographic maps contoured in 1-foot intervals 
and at a scale of 1 inch to 10 feet. The stratigraphic units and fracture pat­
terns interpreted from the photographswe rethensuperposedonthetopographic 
maps. T h e processes of eros ion of bedrock exposed a long the fac e of the f a lls 
are clearly indicated on these combined geological and topographic maps . 

The stereoscopic technique is particularly suitable for a geological 
study of a r e l atively inacces sible vertical rock fac e such as the American 
Falls and thus rnay have application to the study of vertical faces of l arge 
excavations such as open -pit mines, quarr i es or dam s ite abutments. In addi ­
tion, sequential stereophotography p e rmits an evaluation of changes in the 
rock face with time and p e rmits a calculation of the volume of material and 
the types of material involved in the change. This technique may be useful in 
mapping potential slide areas where unstable soil conditions exist. Maps pre­
pared from photographs taken periodically will indicate the direction and 
amount of move ment that may have taken place. 

Disadvantages of the technique include the inability of the stereo ­
plotter to plot topographic or geo logical data in areas covered with foliage. It 
i s best to photograph in the spring or fall when there are no l eave s on t h e 
trees. Azimuths and dips of any plane surface on a vertical fac e can only be 
approximated. Also, it would be difficult to establish a permanent base line 
for periodic photographs in areas of wide-spread soil instability. 
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Figure 3. Comparison of ring width and ring density crossdating . 

28. SOME NEW TECHNIQUES USED IN 
DENDROCHRONOLOGICAL INVESTIGATIONS IN CANADA 

Project 680026 

M. L. Parker 

Severa l new techniques have been developed for processing dendra­
chronological material. Attention has been given to developing tree-ring d e n­
sity analysis to supplement tree-ring width analysis for dating and climatic 
studies. Two methods of X-raying dendrochronological spe cimens (stationary 
technique and in-motion technique, Fig. l) have been deve loped with 
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K. R. Me l eski e , N on-Destructive T esting Labor a tory , Mines Branch, New 
spec ime n pr e parat io n techniques h ave been used and a method of X-raying 
charcoal has b een devis e d . 

The Geological Survey tr ee -ring scanning densitometer and data 
acquisition system, developed with F. W. J ones, is b e ing us e d to produce ( l) 
tree-ring d e n s ity plots, (2) ring-width measure ments, (3) maximum-density 
b a r graphs, and (4) ring-width bar g raphs from X-ray negatives of tree -ring 
specimens (Fig . 2) . Data process e d by this m e thod s how that in some cas e s 
maximum ring density i s more useful for crossdating purpos e s thai} ring­
width measurements (Fig. 3). The value of many Canadian coniferous tree 
species for c hronolo gi cal and d endroclimatological purposes is e nhanced by 
tree -ring d e nsity studies. 

2 9 . GEOCHEMICAL ANOMALIES IN TILL, SOUTHEASTERN QUEBEC 

Project 690095 

W . W. Shilts 

Analyses of the - 6 4~ portions of more than lOO samples of till from 
southeaste rn Que b e c indicat e that tr ace e l ement dispe rsal patterns closely 
approximate dispersal patterns of mine ral g rains and pebble- and cobbl e-size 
clastsl, 2. N ickel and chromium c oncentrations produc ed patterns that coin­
cide almost exactly with dispe rsal sha dows of ultrabasic surfac e cobbles , 
ultrabas i c p ebbles in till, and magne tite. The sou-rce of nicke l and chromium 
is appar e ntly in the ultrabasic-basic b e lt e xtending b e tween Black Lake and 
Asbestos , Que b ec . N i ck e l concentrations 50 kilome tres down-i ce from the 
pr e sume d nicke l source are as high o r higher than the values reported b y 
Kauranne3 for till l ess than l kilomet r e down-ic e from a nicke l orebody in 
Finland. 

The dispe rsal shadows of a ll compon ents studies show predictable 
e ffects of the blocking of g lacially transpo rte d debris by topographic promi­
n ences . M ounts Ste. Cecile and St. Sebastien h ave blocked m ost d ebris ori­
ginating in the ultrabas i c rocks to the northwest, causing drift deposited in 
their l ee (southeast side) to be impoverished in all ultrabasic components. 

Titanium, zirconium, vana dium, and copper were also studied. 
All of these e lements show southeast-northwest-trending b ands of anomalous 
concentrations, reflecting th e regional moveme nt during the last glaciation, 
but unique source are as could not b e a ssigne d to any except vanadium which 
has one apparent sourc e near the south e nd of Mount Ste . Cecile . Vanadium 
concentrations of lOO ppm to 110 ppm in the dispersal shadow southeast of 
this possible source could b e caus e d by e rosion of secondary vanadium con­
centrations produce d during sulphide weathering . Ranges of 'backg round' and 
anomalous concentr ations for the trace e lements inve stigated are recorded in 
Table l. 
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Table l. 'Background' and anomalous trace element concentrations for una l ­
tered till, southeastern Quebec. 

Element Background Range (ppm) Anomalous Range (ppm) 

Chromium 56-110 130 - 280 
Nickel 20-40 60 - 180 
Copper 18-30 30 - 43 
Titanium 3900 - 5000 5000-7000 
Vanadium 61-100 100-120 
Zirconium 160-400 400- 6 20 

~' Analyses obtained b y emission spectroscopy; figures are exp ected to be 
accurate to +15 p e r cent of state d values ; results reported for 108 sampl es 
of -64~ fraction from C - horizon of youngest till. 

Well defined dispersal shadows of t ill components studie d during 
this investigation indicate source areas as far as 50 kilometres away from 
sample locations. Trace element anoma lies are particularly strong for l ong 
distances down ice from their source areas. The data obtaine d during thi s 
study suggest that an integrated pro g ram of trace e l e ment , mineral, boulde r, 
striation, and t i ll fabri c mapping can b e an importa nt tool for lo cating eco ­
nomic d e posits. 

1 
Shilts, W. W.: Quate rnary geology of the upper Chaudiere River drainage 

basin, in Report of Activitie s, Part A, April to Octobe r, 1968; 
Geol. Surv. Can. , Paper 69-1, Pt. A, pp. 218 - 220 (19 69 ) . 

2 . 
Sh1lts, W. W . : Indicator studies; Ple istoc e n e geology; La c Megantic region, 

3 

Quebec, in Report of Activities, Part A, April to October, 1969; 
Geol. Surv. Can., Pape r 70-1, Pt. A, pp. 185 - 186 (1970). 

Kauranne, L . K .: Pedogeochemical prospecting in gl aciated terrain; B ull. 
Comm. Geol. Finl ande, No. 184, pp. 1-10 (1959). 
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STRATIGRAPHY 

30. SIGNIFICANCE OF AN UNCONFORMITY WITHIN THE 
CHINCHAGA FORMATION, NORTHERN ALBERTA 

AND NORTHEASTERN BRITISH COLUMBIA 

Project 500336 

Helen R. Belyea 

The Chinchaga Formation, defined by Law1, was divided into Upper 
and Lower Members by Belyea and Norris2. Rice3 recognized the same 
members in wells north of the Tathlina Uplift between latitude 62° and 63°N. 
Recent work has shown that the Upper and Lower Members of the Chinchaga 
are separated by an unconformity and that the rocks above and b elow belong to 
two separate sequenc e s. 

The lower sequence of rocks rests on granites of Precambrian age 
to the east and on argillites, quartzites, or sandstones of unknown age to the 
west. These rocks are overlain by arkoses and sandstones and, locally, by 
r ed -brown, sandy, anhydritic, dolomitic mudstones of probable Devonian age. 
The succeeding strata begin with the Ernestina Lake Formation composed of 
finely crystalline dolomites overlain by light grey anhydrite and which, in 
northeastern British Columbia, contains abundant coarse quartz grains. The 
conformably overlying red beds and salt of the Cold Lake Formation seem to 
be corre lative with the anhydrite in the same stratigraphic position in the Evie 
Lake No. 1 we ll (Figs. l, 2). A widespread red-bed marker horizon at the 
top of the Cold L ake Formation is overlain conformably by orange-red to 
pinkish grey anhydrites at the base of the Lower Member of the Chinchaga 
Formation. The red colours change upward to grey . Facies in this member 
change eastwa rd from brownish grey dolomite partly altered to white, coarsely 
crystalline, vuggy dolomite in Evie Lake No. l to finely crystalline dolomite 
and thence to anhydrite (Fig. 2). Regardless of the facies change the member 
h as distinctive gamma ray characteristics, certainofwhichhave b een sel ected 
to demonstrate its eastward truncation (Fig. 2). It disappears completely 
between wells in Township 113, Range 21, West 5 and Township 112, Range 
12, West 5. 

The unconformably overlying Upper Member of the Chinchaga is 
composed of two units. At the base is a quartz sandstone and sandy dolomite, 
locally conglomeratic and containing g re en shale partings. To the north and 
east sand is missing and the unit is composed largely of green or red dolo­
mitic mudstone and dolomite3, 4. The sandy, shaly member grades up to 
anhydrite in the eastern part of the area and to dolomite in the western part 
(Fig. 2). In the line of section (s ee Fig. 2) the dolomite ranges from sub­
lithogr aphic to finely crystalline, but becomes fossiliferous to the north beyond 
the area illustrated. It grades upward to the limestones a nd dolomites of the 
Lower Member of the Keg River Formation. 

The Upper Member of the Chinchaga with equival ent carbonates 
and the overlying L ower Member of the Keg River correlate with the Nahanni 
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Formation of the s outhe rn district of Mackenzie and with the Dunedin of the 
Muncho-Summit Lake a reaS, 6. The age and correlation of th e beds b e low the 
unconformity are uncertain as the magnitude of the unconformity to the west 
and northwe st is unknown. F ew facts a r e available. Rice3 showed that the 
Ernestina Lake contains the same fauna as the Fitzgerald Formation south of 
Great Slave L ake and in northeaste rn Alberta, and th at the Lowe r Member of 
the Chinchaga thickens westward north of th e Tathlina Uplift. The strati­
graphic position of this member plus the patte rn of facies changes from evap ­
orites in the east a nd northeast to carbonates in the w e st and northwest sug ­
ges ts corre lation, at l east in par t , with the Stone Formation of the Muncho ­
Summit Lake areaS, 6 and the Landry (or Mane toe facie s ) and the Arnica to the 
northwest. Slight support for this correlation is g iven by the dolomitization 
of the Lower Member of the Chinchaga in the Evie Lake No. 1 w e ll (Fig. 2) 
which is similar to that of the Manetoe a nd in a similar stratigraphic position. 
This type of dolomitization, howeve r, occurs at many horizons in the M iddle 
Devonian and may have no significance in this particul ar case . If, howeve r, 
the Lower Member of the Chinchaga correlates with the Arnica (or unde rlies 
it), solution of the Cold Lake salt may be in part a cause of t h e brecciated 
member of the Bear Rock Formation (coeval with the Arnica) designate d by 
T assony i7 and the Cold Lake may b e equivalent to the underlying evaporit i c 
member. 

1 

2 

Law, J.: Geology of northwestern Alberta and adjacent areas; Bull. Am. 
Assoc. Petrol. Geol., vo l. 39, pp. 1927-1 978 (l9SS) . 

Belyea, H. R. and No rris, A. W.: Middle Devonian and older Pa l eozoi c 
formations of southern District of Mackenzie and a dj acent a reas; 
Geol. Surv. Can., Paper 62-l S, 82 pp . (1 962 ). 

3 R' 1c e , D. D.: Stratigraphy of the Chinchaga and older Paleozoic formations 
of th e Great Slave Lake area, southern Northwest Territories and 
northern Alberta; unpubl. M. Se. thesis, Univ. Albe r ta , 139 pp. 
(1 967) . 

4 

s 

6 

7 

Belyea, H. R.: Middle Devonian Tectonic history of Tathlina Uplift, south-
ern District of Mackenzie; Geol. Surv . Can., Paper (in press ). 

Taylor, G. C.: Regional geology adjacent to the Alaska highway between 
Fort Nelson and Muncho Lake, British Columbia; Edmonton Geol. 
Soc. Guidebook, pp. 16-29 (1969). 

Taylor, G. C. and MacKenzie, W. S.: D evonian stratigraphy of northeastern 
British Columbia; G e ol. Surv. Can., Bull. 186 (in pr ess ). 

Tassonyi, E. J.: Subsurface geology , lowe r Mackenzie River and Anderson 
River area, District of Mackenzie; Geol. Surv. Can., Paper 68- 2S 
(1969). 
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BIOSTRATIGRAPHIC SUBDIVISION OF THE FIRST 
MACKENZIE RIVER DELTA EXPLORATORY BOREHOLE 

Project 670068 

T.P, Chamney 

Location and Drilling History 

This is a biostratigr a phic study on 12, 668 feet of strata penetrated 
in the first boreho1e drilled in the Mackenzie River Delta in the Beaufort Sea 
region. The exploratory well, Reindeer D-27, 69°06'05"N, 134°36'54"W,was 
drilled by the British American Oil Company Limite d, Shell Canada Limited 
an d Impe rial Oil Enterprises Limite d. It is located on the southeast end of 
Richards Island, 34 miles north and east of the Reindeer Depot settlement and 
42 miles southwest of the Tuktoyaktuk settlement. It is approximately 15 
miles upstream and 5 miles west of the East Channel, from Kugmallit Bay in 
the Beaufort Sea, The well commenc e d drilling 7 August, 1965 and was com­
pleted 1 May, 1966 to a tota l de pth of 12,668 feet with electrical logs taken 
from 1, 51 0 to 12, 290 feet. The drilling included a r e presentative 10 per cent 
co r e pro g r am, numerous drill stem tests and several electrical and physical 
lo gs w ith a ll data d e posite d with the Canadian Department of Indian Affairs 
and North ern Development, The most significant hydrocarbon show was a 
gassy mud flow to the surface from the interval 6, 838 to 6, 855 feet. The 
operator assis ted the Canadian government in placing e lectrical devices in 
the borehole prior to abandonment in order to obtain continuous permafrost 
data r eadings; in 1968 permafrost penetration was r ecorded to a depth of 106 
feet. 

Physical Stratigraphy (Fig. 1 - Depositional Intervals A to G) 

Subdivision of the 12, 668 feet of strata by physical methods of 
lithologic , e lectric and othe r type of logs, has presented much difficulty. 
The u pper 9, 000 fe et of section represents modes of deposition which dumped 
considerable amounts of detritus of variable grain size in r elatively shore 
intervals. The resultant "sand-shale sandwiches" and homogenous mudstone 
sequences provide very f e w persiste nt datums for correlation. 

Eight major depositional intervals are designated on Figure 1 
(intervals A to G). The geometry of the uppermost 6, 960 feet which includes 
major d e positional inte rva ls "A" to "C", fits a delta concept of rapid deposi­
tion with rapid lateral facies change. The remaining 2, 090 feet of the rapid 
d e position inte rval to the depth of 9, 000 feet is r e presente d by pre dominantly 
mudstones of rapid infilling of the late Early Cretaceous ancestral Beaufort 
Sea. This inte rval is shown as the major deposition interval "D" of Figure 1. 

From the depth of 9, 000 fe et to the sandstone units of the Lower 
Cretaceous at 10,720 fe et there are 1, 720 feet of sediments approaching a 
r e duced rate of deposition as r e presented by the major d e positional interval 
"E". The upper boundary of this unit coincides with the first major horizon 
of microfauna found in descending stratigraphic succ ession of the borehole. 
Interval "F" represents 680 fe e t of Lower Cretaceous coarser clastics 
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{silts and sands) of quite normal rate of deposition for marine sands more or 
l e ss distributed b y longshore currents. This rock unit can be expected to be 
persistent late rally throughout the Arctic are a of the Delta. The lowermost 
unit "G" r e pre sents a normal rate of d e position for mudstone lithologies with 
sc a tte r e d minor b e ds of coarse r clastics. 

Biostratigr a phy (Fig . 1 - Biostr a tigraphic Subdivisions) 

Subdivision of this bore hole b y phy s ical stratigraphic m e thods 
a lone only produc e s some nine g ros s subdivisions! ; biostratigraphic research 
o n the s a m e se ction h a s e stablishe d tw e nty -three subdiv isions. The biostrati­
gr a phic subdivisions a r e inte rpr e tations of the microfossil r e cove ry from 
cor e and d r ill cuttings combine d with obvious phy sical stratigra phic change s 
in desce nding seque n ce of the s trata p e n e trate d . The r e port is primarily 
orient e d as a contribution for subsurface corre lat ion b y e stablishing what is, 
a t the pre s e nt time , conside r e d t o b e ge n e tically r e late d depositional inte r­
val s for both th e fo s sil or ganic content a nd the de posite d sedime nts . The s e 
s ubdiv ision s a r e p r im arily b a s e d on evide nc e from foraminifera and t e nta tive 
i nte rna tiona l age a s signments a lso h ave been inte rpr e t e d on the b a sis of inde x 
s p ec i e s. Pr e liminary micropa l e ontolog ical inve stigations ofthe sample mate ­
ria l fro m thi s b or e h o l e a lread y have b een publishe d2 . The pres e nt biostrati­
g r a phic r e port is a r e fin e m ent of th e g ro s s rock unit div isions previously 
r e p o rte d. One major ch a nge is the age a ssignment fro m Late to Early 
Cr e tace ou s for th e most distinc tiv e for a minife ral zone of "Cy clamina" sp. lA. 
The change in a ge as signme n t b e came obvious whe n th e total microfaunal 
seq ue nc e wa s plo tted in distribution c h a r t form a t, thus indicat ing the nature 
of r e- cycle d drilling mud whi ch contrib ut e d c a v e d or con taminate d microfos­
sil s p e c ime ns . In conjunc tio n with the above obj ec tive s of subsurfa c e corre ­
l at i on a nd age a s s i gnme nt, int e rpr eta t io n of the p a l e o ec ology is a s ignifi c a n t 
c o nt ribution i n r es olv i ng ge n e tic ally r e l ate d de po s itiona l inte r v als a nd in t urn 
in di catin g the dir ec tion of po tenti a l h y dro c arbon r e s e r voir deve lopment. 

T h e twenty - three inte rpr ete d subdivisions of Figure 1 a re d e sig ­
n ate d as bios t r ati g r a phi c subdiv ision s b u t bot h biolo g i cal a nd physi c al str a ti­
g r a phy a r e use d in orde r to es t ablish pr acti cal subsurface c orre l a tion u nit s. 
The y a r e fo r th e mo st part se l e cted o n the b a sisofforaminife r a l as s e mblages . 
F urth e r a ppli c ation of th e s ubdivisions with a dditional s ubsurface s e ctions in 
th e De lta a r ea , ma y prove th e m to r e pre s e nt As semblage Z one s 3 . Four o f 
the s e s ubdiv i s ions a r e known t o b e r egional i n d e x , m i c rofo ssil z ones . These 
four a r e subdiv isions 7, 9, ll C and 1 3 w hich a r e r e spec tively r e f e rable to 
Tro c h a mmin i a rib stone nsi s, V e rneuilinoide s borealis, M iliammina 
m anitobe n s i s a nd Ha plophragmoide s ~· A possible fifth zona l, index 
spec i e s whi ch a ppea r s t o b e a pproaching confirma tion, is the subdiv ision 14C , 
r a diola ria sp . 9 (Dictyo1ne tr a s p. ). This index spe cie s h a s b een previously 
r e porte d fr om t h e E a rly to M iddle Albian bounda r y of the Yukon2 a nd from 
equi val e nt stratigra phic hori zon s in Alaska4. 

1 
D e pt. of Indian Affa irs and Northe rn D e v e lopme nt: Sche dule o fW e lls 1 96 8, 

Nor thw e s t Te rritorie s and Yukon T e rritory ; G e ol. Surv . Can., 
pp. 31-32 (1 969) . 
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Chamney, T. P.: Upper Devonian to Upper Cretaceous stratigraphy of the 
Anderson Plains, District of Mackenzie, in Report of Activities, 
April to October, 1968; Geol. Surv. Can. :-Paper 69-1, Pt . A, 
pp. 229-231 (1969). 

3 
American Commission on Stratigraphic Nomenclature: Code of stratigraphic 

nomenclature; Am. Assoc. Petrol. Geol., vol. 45, No. 5, pp . 645 -
665 (1961). 

4 
Tappan, H.: Cretaceous biostratigraphy of northern Alaska; Am. Assoc. 

32. 

Petrol. Geol., vol. 44, No. 3, pp. 273-297 (1960). 

STRATIGRAPHY AND SEDIMENTOLOGY OF THE 
ORDOVICIAN AND LOWER DEVONIAN STRATA IN 

PINE PASS MAP-AREA, BRITISH COLUMBIA 

Project 600084 

Lubomir F. Jansa 

Introduction 

A sedimentological study of Ordovician and Lower Devonian strata 
on Murray Range in the Rocky Mountains of British Columbia was begun dur­
ing the field season of 1969. The investigation was done in association with 
Operati on Smoky coordinated by G. C. Taylor who guided the author concern­
ing the regional stratigraphic framework. 

The purpose of the study was to: (1) establish the litho strati­
graphic sequence and conditions of sedimentation for Ordovician strata; and 
(2) compare the carbonates of nearshore and basin slope environments as a 
contribution to the discussion regarding " deep water" carbonates. The best 
sections were found on Mount Hunter and an unnamed peak near the southeast 
corner of the Pine Pass map-area. 

Southwest-dipping thrust sheets with a general dip of 60 degrees 
are the principal tectonic structures within the Murray Range. The presence 
or absence of specific units within any local area depends on the amount of 
erosion that took place prior to the sub-Devonian unconformity and on the 
stratigraphic intervals present in particular thrust sheets. Ten, widespread, 
carbonate and clastic units can be recognized in the Ordovician and four addi­
tional units in the Lower-Middle(?) Devonian. On Mount Hunter, Ordovician 
beds are more than 4, 400 feet thick, whereas the overlying Devonian strata 
are 1, 600 feet thick. 

Stratigraphy 

The Lower Ordovician Chushina Formation was, redefined bySlind 
and Perkinsl to include all the strata between the Upper Cambrian Lynx 

0 
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Formation and Monkman Orthoquartzite. On Mount Hunter this interval is 
1, 800 feet thick, but there includes 150-200 feet of beds at the base which 
relate more closely to the Upper Cambrian Lynx Formation. Fossils near 
the top of this interval were identified by Norford as of Early Ordovician age, 
Zone B. The lower part of Chushina Formation is lithologically similar to the 
underlying Upper Cambrian Lynx Formation. 

Seven informal units were distinguished in the ChushinaFormation. 
These are, from bottom to top, as follows (Fig. 1): 

Unit 7 

Unit 6 

Unit 5 

Unit 4 

Unit 3 

Unit 2 

Unit 1 

Moderate brown-weathering, resistant unit; 200 feet thick. 

Moderate yellowish brown-weathering, resistant unit; 
300 feet thick. 

Medium grey-weathering, cliff-forming unit; 547 feet 
thick (Early Ordovician age, Zone D-E). 

Light grey, recessive unit; nodular at top; 157 feet thick 
(Early Ordovician age, Zone B) . 

Massive, resistant unit, weathering yellow-brown; 100 
feet thick. 

Light grey, recessive, nodular unit; 360 feet thick. 

Basal bended unit, 100 feet thick. {Fossils from this 
unit have been identified by Norford as of Early 
Ordovician age, Zone B.) 

The Chushina Formation consists of silver-grey limy shales, argil­
laceous calcilutites, limy quartz siltites, quartz silty calcisiltites and cal­
cilutites, mud- and grain-supported skeletal limestones, intraformational 
flat-pebble conglomerates, and nodular limestones . The rocks commonly 
show a cyclic or rhythmic development, with beds of intraformational con­
glomerates at the base prograding into laminated calcisiltites with laminae of 
quartz silt. The top of the cyclic unit consists of papery, limy shale or thin­
bedded, argillaceous calcilutite. The basal contact of a cycle is sharp and 
commonly e rosive; within the cycle contacts are gradational. Dolomitization 
and silicification are common and authigenic feldspar is present. 

The basal member of the Chushina Formation is considered to 
reflect tidal deposition whereas a basin slope - carbonate platform environ­
ment is assumed for the remainder of the formation. 

Monkman Orthoquartzite (Unit 8, 1, 350-l, 045 feet) 

This unitl can be mapped without interruption for 55 miles, the 
thickness decreasing toward the south. The contact of this sandstone with the 
underlying Chushina Formation is erosional, but apparently conformable. 
The unit consists of white- and pale brown-weathering orthoquartzites and 
dolomitic sandstones. The sand grains are fine to medium in size, well­
rounded and medium to well sorted. Vertical worm burrows represented by 
Scolithus are common at some horizons. The environmental history of the 
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sand body is complicated for it shows aeo lian, beach upper shoreface, beach 
l ower shoreface, overwash and tidal c h annel facies. The origin postulated 
for the Monkman Orthoquartz i te is that of a compound offshore barrie r 
i sland. 

Skoki Formation 

The name Skoki Formation is used for the lower part of a n interval 
that Slind and Perkinsl called Skoki. T h ey used theterm forallrocksb etween 
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the Monkman Orthoquartzite and the Beaverfoot Formation, which is an expan­
sion of its application in the type are a of the southern Rocky Mountains2. 

The Skoki Formation is 700 f e et thick and comprises units 9 and 10 
r e spe ctively 430 and 270 fe e t thick. Fossils from near the base of unit 10 
w e r e identifie d by Norford a s b e longing to the Orthidie lla Zone of Whiterock 
a g e a nd thos e from the uppe r part of unit 10 as of White rock or l a t e st Canadian 
a g e . 

The formation consist s of m e dium to dark g r ey dolomites of 
l agoona l a nd sub t idal origin progra din g into light gr e y dolomites with rare 
gy p s um cast s and laminae of qua rtz silt of an intratidal to lowe r supratidal 
origin. 

U ni t ll - a n unname d unit of uncertain origin and corre lation 

Unit ll, 193 fee t thick is poorly e xposed. It is composed mainly 
of 117 f ee t of light gr e y orthoquartzite s but includes r e cessive, dark grey 
dolomite s. According to Norford (pers. comm.) an important stratigraphic 
hiatus is pre s e nt above or within this unit and r e pr e s e nts most of Middle 
Ordovician time. 

B e ave rfoot Formation (U nit 12, 12 , 400 feet thick) 

Slind and Perkins l e xtende d the use of the name Beaverfoot north­
ward from its t y p e area in th e southe rn Rocky Mountains. The B eaverfoot is 
quite distinct in the Mount Hunter s ection (Fig. 2) and its base represents a 
prominent Ordovician transgression. It is composed of a monotonous succes ­
sion of m e dium to dark grey, fin e to medium crystalline, fossiliferous dolo­
mite s containing silicified favositid, halysitid and horn corals as well as 
stromatoporoids, brachiopods and crinoids. Black and white chert is com­
mon as nodules and stringers. An 8-foot -thick biohermal body observed near 
the bas e of the formation is compos e d of colonial and horn corals mostly in 
growth position. The environment of deposition of the Beaverfoot Formation 
is thought to be generally infratidal to subtidal although prograding occurs in 
the upper part owing to regression into intra tidal conditions . 

Unit 13 (160 feet thick, age uncertain) 

This unit consists of unfossiliferous, medium gr e y dolomites litho­
logically similar to the underlying Beaverfoot Formation. It contains some 
silty and sandy beds although these are more common in the overlying 
Devonian Formation. This unit is of Ordovician, Silurian or Devonian age. 

Lower-Middle(?) Devonian (Stone Formation) (1,530feetthick,unfossiliferous) 

The base of this unit consists of 160 feet of sandstone having a 
sharp contact with the underlying unit 13. The sandstone is light grey, fine­
to medium-grained and contains some zones of worm burrows. Strata over­
lying this sandstone consist of light grey dolomites with beds of dark grey 
dolomite, dolomitic sandstone or sandy dolomite that are interbedded in a 
cyclic manner. Thes e represent cyclic oscillations of the environments on 
tidal flats, with some subtidal beach deposits. Light grey-weathering, light 
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Figure 2. Ordovician and Upper Cambrian section on p eak north of 
Mount Hunte r, northeastern British Co lumbia. UC, Upper 
Cambrian; CHU, Chushina Formation; MNK . 0, Monkman 
Orthoqua rtzite; SK , Skoki Formatio n . 

brownis h grey sandstone marks the top of the measured section. Thi s is fo l ­
lowe d by a r ece ssive unit a nd thrust fault bringing up Cambrian rocks forma­
tion on its b a s e. 

Summa r y 

Beds a t the base of the Ordovician in the Pine Pass area ofBritish 
Columbia represent "dee p" water d e position resulting from r a pid transgr e s ­
sion. The following slow regression culminate d with the d e position of the 
Skoki Formation follow e d b y a hiatus shown b y l ack of part of t h e Middle 
Ordovician acc ording to Norford (pe r s. comm. ) . A new r a pid trans g r ession 
es tablishe d conditions for d e position of the B eave rfoo t Formation with a minor 
r eg r ess ion postulate d n ea r the end of this depo s i t ion (Fig . 1). 

The top of the Ordovic ian succession ismarkedbythe sub-Devonian 
unconformity. During this time some of the Uppe r Ordovician was eroded. 
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The very sandy Devonian sequence was deposited in a nearshore, predomi ­
nantly tidal flat environment during a time of stable sea-level. 

Next field season a reconnaissance of Ordovician geology will be 
made from the P i ne Pass area southward to the vicinity of Jasper Park. 
Special cons ideration will be given to Ordovician outcrops with greater devel­
opment of shale. 

1 
Slind, 0. L. and Perkins, G. D.: Lower Paleozoic and Proterozoic sedi­

ments of the Rocky Mountains between Jaspe r, Alberta and Pine 
River, British Columbia; Bull. Can. Petrol. Geol., vo l. 14, 
pp. 442 - 468 (1966). 

2 
Norford, B . S.: Ordovician and Silurian stratigraphy of the southern Rocky 

Mountai:r;ts; Geol. Surv. Can., Bull. 176, pp. l- 90 (1 969). 

33. CRETACEOUS AND TERTIARY STRATIGRAPHY, 
CARIBOU HILLS, DISTRICT OF MACKENZIE - A CORRECTION 

Project 690020 

C . J. Yorath 

In a short note publi s h ed in January 1970, C. J. Yorath and 
W. S . Hopkins1 indicated that the Tertiary Reindeer Formation of the Caribou 
Hills rested on the "Bentonitic Zone ", a Lower Cretaceous unit that occurs on 
Kugaluk, Anderson and Horton Rivers to the east2 . Preliminary pollen and 
dinoflagellate studies by W. S . Hopkins and R . L. Cox indicate that this corre­
lation is in error and that t h e underlying black, plastic, concretionary shales 
are Upper Cretaceous (post-Turonian) in age (R. L. Cox, pers. comm. ). 

1 

2 

Yorath, C. S. and Hopkins, W . S,: Cretaceous and Tertiary stratigraphy, 
Caribou Hills, District of MacKenzie, in Report of Activities, 
April to October, 1969; Geol. Surv. Can . , Paper 70-1, Pt. A, 
p. 245 (1970). 

Yorath, C . J., Balkwill , H. R. and K lassen, R. W.: Geol ogy of the eastern 
part of the northern Interior and Arctic Coastal P l ains, Northwest 
Terr i tories; Geol. Surv. Can., Pape r 68 -27 (1969). 
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GENERAL 

34 . REGIONALIZATION OF CRUSTAL STRESSES 
IN CANADA: ASSESSMENT OF TECHNIQUES 

Project 690033 

G. H. Eisbacher 

H. U. Bielenstein (Mines Branch) and G. H. Eisbacherl, 2 propo sed 
that the high horizontal in situ rock st r esses n ea r Elliot Lake could represent 
remanent t ectonic stress components. The elastic strains were probably 
locked into competent units of the Huronian sequence during the Hudsonian 
Orogeny (about 1700 m. y. ago). It was speculated that the present easter l y 
orientation of the maximum in situ stress axis is contro lled by long -lived 
regional arching along an easte rly trending hinge an d that postorogenic joints 
had formed in response to these locked -in stresses. 

During regional arching the stress components normal to the axis 
of arching are reduc e d below the value of stress components parallel to the 
axis of a rching. 

To test this h y pothesis more measurements were car ried out by 
H. U. Bie l e nstein which confirmed the close relationship between t h e orienta­
tion of postorogenic joints and in situ stresses. 
that thes e joints are mechanically equivalent to 
extension fractures, with the exception that the 
surfaces is probably slow. 

It can therefore be concluded 
experimentally produced 
rate of opening a long the joint 

To fit thes e findings into a regional framework, stress measure­
ments made b y the U.S. Bureau of Mines3, 4 were plotted on a map of eastern 
North America. From this plot of the maximum compressional stress axes it 
can be speculated that long-lived slow arching during Phanerozoic t ime may 
indeed control the orientation of the in situ stress tensor near the su rfac e of 
the earth's crust. The parallelism of the maximum compressional stress 
axes with the outline of the principal Phanerozoic depressions and uplifts is 
quite striking. 

The knowledge of in situ stresses is pertinent to questions of min­
ing safety, economic quarrying, stability of steep rock faces, underground 
fuel and gas storage, liquid radioactive waste disposal, man - induced earth­
quakes, and petroleum reservoir engineering. 

Measurement techniques have rece ntly b een reviewe d by Fairhurst5. 
At present the mechanisms by which elastic strains are locked into 

rocks are only poorly understood. A knowledge of these mechanisms and the 
domain over which stresses act independently will be useful to the geomor­
phologist (rock slopes, sheeting, natural bridges, etc . ) , to the geophysicist 
(earthquakes and seismic wave propa gation), to the structural geologist (kine­
matic interpretation of joints), and to the rock mechanics engineer (rock 
breakage, drilling and blasting, fracturing of wells). 
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Figure 1. Orientation of maximum horizontal in situ stress (arrows) from 
measurements made in eastern North America!, 3, 4. 

2 

3 

4 

Bielenste i n, H . U. and Eisbacher, G. H.: Tectonic interpretation of e las tic­
strain-recovery measurements at Elliot L ake; Mines Br. Research 
Rept. 210 (1970). 

Eisbacher, G. H. and Biel e nstein, H. U.: Tectonics and remanent e l astic 
rock strains; Eos, vo l. 50, p . 643 (1 969) . 

Obert, L.: In situ determinations of stress in rock; Mining Engineering, 
pp. 51-58 (1 962). 

Hooker, V. E . and Johnson, C. F.: Nea r-surface horizontal str esses includ-
ing the effects of ro ck anisotropy; U. S. Bureau of Mines, Report 
of Investigations 7224, 29 pp. (196 9) . 

5 
Fairhurst, C .. Methods of determining in- s itu rock stresses a t great depths; 

Tech. Report 1-68, Missouri River Div., Corps. of Engineers, 
Omaha, Neb. , 115 pp. (1 968) . 
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EXPLORATION GEOPHYSICS 

35. A HAMMER SEISMIC SURVEY OF AN ESKER NORTH OF 
PETERBOROUGH, ONTARIO, 31 D/8 

Project 680037 

R. M. Gagne and George D. Hob son 

Seismic data at 72 locations in an area surrounding a well-defined 
esker ridge, north of P e terborough, Ontario, was collected in order to define 
the underlying b edrock topography and describe overburden materials (Fig . 1). 
The project was suggested by Dr. I. Banerjee to assist in his study of the 
sedimentology of the esker. 

A portable seismograph, Huntec mode l FS-3, was us ed to record 
all seismic data. Energy source was a 16-pound sledge hammer striking a 
steel plate on the ground. 

The esker ridge described by Banerjee 1 is confined to the 
Peterborough drumlin field which extends over much of south-central Ontario. 
The eske r ridge under study varies in width along its course and shows gaps 
at intervals varying from 1{2. mile to 2 miles. Esker sediment is typically 
rudely stratified accumulations of gravel, sand and waterworn stones. 

Liberty2 has describe d the bedrock underlying the glacial drift as 
Paleozoic of Ordovician age, and composed of fine-grained limeston e inter ­
bedded with calcareous shale. 

The histogram of observed velocities versus frequency of occur­
rence, (Fig . 2) indicates four possible ranges of apparent velocities. In sum ­
mary, the following table correlate s ve locity with suggeste d overburde n 
m aterial: 

Velocity Range 
(feet p e r s econd) 

300 - 1200 
1200 - 6600 
6800 - 9000 

> - 12000 

Material 

Aerated surface zone. 
Sandy clay, boulders and gravel. 
Till or shale(?). 
Bedrock. 

Well data was obtained from Ontario Water Resource s Commission 
publications on groundwater in Ontario. Five boreholes close to the eske r 
ridge are shown on Figure 1 as a, b , c, d, and e. Their logs follow: 

Borehole a: 0-2 feet, top soil, 2-18 feet, brown clay and gravel, 18-40 feet, 
very fine sand, 40-47 feet, blue clay, 47-65 feet, dark limestone. 

Borehole b: Dug well to 20 feet, 20-24 feet, gravel, 24-90 feet, limestone. 

Borehole c: 0-1 foot, top soil, 1-23 feet, brown clay and boulders, 23-24feet, 
sandy gravel, 24-65 feet, grey limestone. 
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Figure 1. Location of seismic control, Peterborough area, Ontario. 

Borehole d: 0-1 foot, top soil, 1-62 feet, clay hardpan, 62-120 feet, lime­
stone. 

Borehole e: 0-8 feet, brown clay and boulders, 8-20 feet, grey clay, 20 - 25 
feet, shale, 2 5-120 feet, grey limestone. 

Cross sections were prepared using data obtained from both bore­
hole and seismic data. Section A to Al, Figure 3, illustrates a longitudinal 
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section of th e esker. The recorded seismic velocities are shown on a ll sec­
tions, Figur e s 3, 4 and 5 . The l ayer underlying the southwestern portion of 
t h e esker with inte rmediate ve lo c ity of 7, 000 to 9, 000 feet per second, indi­
cates the pr esence of either a shale layer or a compacted till. The existence 
of a shale laye r in bore hole e, approxi mate ly l mil e east of seismic l ocation 
55, i ndi cates that a shal e l aye r may overlie the lime stone formation of bed­
rock . T h e lime stone bedrock has b een described b y Liberty as b e ing thinl y 
inte rbe dded with shal e. The ve locity range observe d b y the seismi c method 
for e ithe r a till or a shal e can b e in the 6, 000 to 9, 000 f eet per secon d range. 
Figures 4 and 5 a r e s e ctions which transverse the esk er. The esker appears 
to over.li e a bedrock h i gh in the southern section whil e b e ing slightly di spl aced 
from a bedrock high in the northern secti on. A contour map of the b edrock 
surface, Figure 6 , is bas ed on seismi c and boreho l e bedrock data and mini­
mmn v a lues from bor e ho l es that do not penetrate bedrock. 
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Figure 6. Bedrock topography, Peterborough area . 
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Figure 7. Thickness of overburden, P ete rborough area. 
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Figure 7 is an isopach of ove rburden in the general are a . The 
esker ridge has on the average 25 f ee t of total sediment overlying the b edrock 
surface . 

In conclusion, the seismic investigation of the P ete rborough eske r 
reveals that the thickness of the eske r varies from a minimum of 10 feet to a 
maximum of 60 f eet. Sixty f eet of drift was m easur e d by B a ner jee in a grave l 
pit west of the south e nd of Katchiwano Lake without reaching the b edrock sur ­
face (p e rs . comm. ) . 

The apparent velocities indicate that e ithe r a till or shale l aye r 
ove rlies the limestone formation at the southe rn e nd of the eske r ·. The b e d­
rock surface highs a ppear to lie dir ec tly b eneath or slightly di spla ce d f r om 
the pre s e nt express ion of the esk e r ridge , 
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