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R E P O R T  O F  ACTIVITIES: P a r t  I1 

INTRODUCTION 

This repor t  compr i ses  a  number of shor t  abs t rac t - type  pape r s  
present ing the r e su l t s  of cu r ren t  scientif ic work of the Geological Survey.  
Some of the papc r s  r epor t  complete p ro jec t s ,  o the r s  a r e  in ter im p r o g r e s s  
accounts of r e s e a r c h  that will eventually be descr ibed in full in one of the 
Survey 's  publications,  o r  in one of the scientif ic journals.  The pape r s  
have received l i t t le  o r  no fo rma l  editing and include,  where  appropr i a t e ,  
i l lustrat ions p repa red  by individual authors  . Compilation by P e t e r  Harke r  
a s s i s t ed  by Leona R. Mahoney. 

Fie ld  observations proper ly  provide the bas i s  of mos t  of the 
scientif ic work of the Geological Survey and no c l ea r  l ine can,  o r  should be 
drawn between laboratory and field r e s e a r c h .  No such distinction is made  
in the contents of this  r epor t .  Repor ts  of activit ies will be i ssued each 
year  in p a r t s ;  the f i r s t  p a r t  (a l ready issued during the cu r ren t  year  a s  
P a p e r  65-1) deals  mainly with the previous s u n ~ m e r ' s  field work.  The 
o the r  p a r t  o r  p a r t s  will  be i ssued l a t e r  in the year and will compr i se  shor t  
r epor t s  on any aspect  of the Survey's  scicntif ic p rogram that can conveniently 
be repor ted  in this way. These  r e p o r t s ,  together with the index of publi- 
ca t ions ,  provide an annual accounting of the m a j o r  scientif ic ac t iv i t ies  of 
the Geological Survey.  



GEOPHYSICS 

1. PALAEOMAGNETIC RESULTS ON THE MILES CANYON BASALTS, 
SOUTHERN YUKON 

R . F .  Black, A. Larochelle 

The Miles Canyon Basal ts  a r e  known to be the youngest 
consolidated deposits in the Whitehorse map-area,  Yukon Ter r i to ry .  They 
a r e  believed to be of Pleistocene age on the basis  of microfossi l  assemblages 
found in the unconsolidated deposits interlayered with them. No field 
evidence is  reported to indicate that they have been folded or faulted since 
their extrusion (Wheeler, 1961). 

A total  of 78 oriented samples was collected a t  4 s i tes  
distributed along a line extending 10 miles  southward f rom the city of 
Whitehorse. The s i tes  a r e  numbered according to their position in the 
stratigraphic column, the rocks a t  site 4 being the uppermost. Data on 
twelve of the samples included for site 2 were reported ea r l i e r  by DuBois 
(1959). 

Two one inch cubes were cut f rom each sample and the natural 
remanent magnetization of each cube was measured with an  as ta t ic  magneto- 
mete r  in  the laboratory of the Geological Survey. The mean direction of 
magnetization of the two cubes f rom each sample was considered a s  
representative of that for the sample. Two samples were selected f rom 
each of the four s i t es  for stability tes ts .  The cubes were submitted to 
alternating field cleaning treatments (Larochelle and Black, 1965) with the 
peak amplitude of the demagnetizing field s e t  successively a t  50, 100, . . . . 
up to a maximum of 700 oers teds .  The demagnetizing curves for the two 
samples representative of site 1 a r e  represented in Figure  1. The curves  
obtained for the other s i tes  a r e  a lso character is t ic  of samples whose 
magnetization i s  remarkably stable and most  likely of thermoremanent 
origin. Only one of the 8 samples t reated indicated the presence of a weak 
component of viscous magnetization which was effectively removed during 
the cleaning treatment at  peak field amplitude of 150 oers teds .  Accordingly 
the cubes of the remaining samples were exposed to an alternating field of 
this intensity and the directions of the residual magnetization after the 
treatment a r e  represented in Figure  2. The fact that the directions of 
magnetization a t  each site a r e  well grouped, that they a r e  notably different 
f rom that of the present  e a r t h ' s  field at  the collecting s i tes  and that the 
alternating field tes ts  indicate good magnetic stability of the samples leads 
to the conclusion that the directions of magnetization plotted in Figure 2 
ref lect  the attitude of the ea r th ' s  field a t  the t ime the rocks cooled f rom 
magmatic temperatures .  

I t  i s  noted that the directions of magnetization a t  s i t e s  1 and 3 
a r e  almost paral le l  whereas those at  si tes 2 and 4 a r e  almost diametrically 
opposed to one another and have a declination quite distinct f rom those of the 
other sites.  This  disparity i n  the directions of magnetization i s  difficult to 
explain considering that the rocks f r o m  which they were obtained a r e  
supposedly of the same age and undisturbed since the period of their cooling. 



TABLE I 

Summary of Palaeomagnetic Data, Sta t is t ica l  P a r a m e t e r s *  
and Pole Posit ions for the Miles Canyon Basal ts  

No definite explanation has  been found so  fa r  for  this anomalous situation 
although three  hypotheses may be advanced temporarily:  

1. The ages of the rocks  a t  the different s i tes  may be markedly 
different. 

2. The s t ructure  of the a r e a  may be f a r  m o r e  complex than the 
thick coverage of glacial drif t  allows to observe;  a normal  fault between 
s i tes  2 and 3 for instance could explain the para l le l i sm in  the magnetization 
directions a t  s i tes  1 and 3 on one hand and a t  s i tes  2 and 4 on the other. 

3. The rocks  dealt with may have acquired their  magnetization 
during a period of considerable e a r t h ' s  magnetic field instability which was 
terminated by a r eve r sa l .  

Collection Site 

1 6 0 . 7 N ,  135,OW 
2 60.7N, 135.OW 
3 60.6N, 135.OW 
4 60.6N, 135.OW 

I .-. 
H OERSTEDS (PEAK VALUE) 

R 

21.85 
26.69 
18.64 
9.93 

N m r e  l. Demamellzalion curves for two samples from site No. 1. 

D 

71.3 
191.7 
71.0 

319.0 

k 

136 
83 
50 

126 

I 

-57.9 
-83.7 
-61.0 
+75.2 

a95 

2.7 
3.1 
4 .8  
4.3 

N 

22 
27 
19 
10 

Pole  
Posi t ion dJr 

2.9 
5.7 
5 .6  
7 .2  

25N 
73N 
28N 
71N 

dX 

3.9 
7.3 
7 .3  
7.9 

170E 
126W 
172E 
158E 



I (Yukon River power station) \/ 

Equal area proJeotlon8 of stable ma~e l l za t lm dlrwllona (J,;;, of Mlles Canyon Eaealls 

vectors polnllngupmrds ............................................. 0 
veolompalnllngdomwsrds ........................................... -. 
clmbn of cmfldence.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 
prere~t  local dlrocllon of lhe earth'. Ileld.. ............................ '3' 



Regardless  of the plausibility of any of these hypotheses i t  i s  
suggested however that the data repor ted here  could be of some utility in 
correlating Pleistocene volcanic flows in the Whitehorse map-area .  Radio- 
genic age determinations of samples  f rom the four s i tes  would undoubtedly 
help in  interpreting the above data. 

DuBois, P.M. 
1959: Geomagnetic f ield in  Late T e r t i a r y  t ime in  nor thwestern  

Canada; Nature,  vol. 183, pp. 16-17. 

F i s h e r ,  R.A.  
1953: Dispersion of a sphere;  P r o c .  Roy. Soc. London, S e r .  A, 

vol. 217, pp. 295-305. 

Larochelle,  A.  , and Black, R .  F.  
Testing of an  alternating field demagnetization apparatus 
( in  preparation).  

Wheeler,  J. 0. 
1961: Whitehorse map-area ,  Yukon Ter r i to ry ;  Geol. Surv. Can., 

Memoir 312. 



2. AUTOMATED COMPILATION OF AEROMAGNETIC DATA 

M.E. Bower 

An important pa r t  of the National Aeronautical Establishment 's  
airborne magnetometer project is the development of rapid methods of 
compiling and analysing data. This is  necessary not only because of the 
large amount of information being obtained, but also because i t  i s  recorded 
in digital fo rm which cannot be compiled efficiently by hand. Therefore the 
use of high-speed electronic computers has become almost a necessity. 

A rubidium vapor magnetometer is  used in this project. I t  
operates on the principle that the energy level of the electrons in a cel l  of 
rubidium gas can be made to oscillate at  a frequency proportional to the 
magnetic field strength. The signal f rom the magnetometer i s  mixed with a 
known crysta l  frequency to produce a different frequency in  the range of 
5, 000 to 25, 000 cycles per  second. The time, T, i s  measured for 1, 000 
cycles of this frequency, and recorded a s  a 7-digit number. 

Magnetic field (gammas) = crysta l  freq. + 1, 000/T - 

The readings a r e  recorded on Digistore magnetic tape in  8-4-2- 1 binary 
coded decimal format,  and on printer tape a s  ordinary decimal numbers.  
Also recorded a r e  cer ta in  codes required by the computer, and automatic 
and manual identification nurnbe r S . 

At present  a Bendix G-15 computer is  used to compile the data. 
Connected to the computer a r e  a typewriter, AN-1 mechanical punch tape 
reader ,  magnetic tape recorders ,  a Digistore tape reader ,  and a Calcomp 
PA-3 plotter.  The computer 's  magnetic tape units use a different kind of 
tape than the Digistore, and record  the data in a different format.  The 
Calcomp plotter uses  a continuous s t r ip  char t  with a recording width of 
10.24 inches; maximum plotting speed i s  1.9 inches per  second. 

Frequently i t  i s  useful to convert the magnetic data f r o m  digital 
to profile fo rm.  If the Digistore tape is  known to be relatively f ree  of 
e r r o r  S ,  the whole process  of computing and plotting can be accomplished 
with one computer program.  F i r s t ,  a constant derived f rom the crysta l  
frequency i s  given to the computer through i t s  typewriter. The program i s  
then started, and severa l  operations take place simultaneously o r  in rapid 
succession. 

( 1) A block of 64 readings, each a 7 digit number, i s  r e a d  by the Digistore 
and loaded into the computer memory. 
(2) The readings a r e  converted f rom time to garnmas, and added to or 
subtracted f r o m  the crysta l  constant. The check sum i s  computed; this i s  
the logical sum of a l l  the data words in the block without regard to overflow, 
and se rves  to  identify that block of data. 
(3) The computed readings and check sum a r e  s tored on computer magnetic 
tape. 
(4) The readings a r e  plotted at  a predetermined scale;  the end of each block 
i s  marked. 



(5) The typewriter pr in ts  the l a s t  reading of each block, and the check sum 
i s  punched on the computer ' s  punch. 

The whole cycle repeats  under p rogram control  until the end of the Digistore 
tape. 

If desired,  the profiles may be replotted with correct ions  for 
dr i f t  o r  gradient. A punch tape i s  p repared  which gives the amount of 
correct ion p e r  reading and the check sums  of the blocks of data between 
which the correct ion applies. This  tape i s  r e a d  by the computer ' s  photo- 
e l ec t r i c  r e a d e r ,  the data a r e  taken f r o m  the magnetic tape unit, and the 
co r rec ted  readings a r e  computed and plotted. 

Some experimental  work has  been done in  simulating the 
conventional methods of aeromagnetic compilation. On a smal l  t e s t  survey 
the only operations done manually were: plotting a i r c ra f t  t rack,  converting 
positions to an  xy coordinate sys tem,  setting up init ial  control  grid,  and 
contouring. Computer p rograms  performed the following operations.  

(1) Remove drift  f rom control  l ines .  
( 2 )  Calculate cross ing locations of t r a v e r s e  and control  l ines,  and the 
corrected magnetic readings a t  the cross ings .  
(3)  Tie t r ave r se  l ines  into control  l ines  and remove drift  f rom t rave r se  
line s . 
(4) Find 10 gamma intercept levels,  highs and lows, and calculate their  
coordinates . 
(5) P lo t  the above information using var ious  symbols. The plotting was 
done by a P a c e  plotter using a punch tape produced by the computer.  

This  project  was quite successful ,  but the method is not rea l ly  
pract ica l  unless the a i r c ra f t  position can be recorded automatically in  
digital fo rm.  



3 .  A METHOD FOR CALCULATING THE MAGNETIC FLELD DUE 
TO A THREE DIMENSIONAL GEOLOGICAL BODY O F  

ASSUMED SHAPE AND MAGNETIZATION 

Edwin H .  Gaucher l ,  P . H .  paye t t e2 ,  G . D .  c a m e r o n 3  

One method of in terpre t ing magnetic anomal ies  i s  to a s sume  a 
shape and magnetization of thc body causing the anomaly,  calculate the f ield 
caused by the body and then compare  the resul tant  f ield wit11 the or ig inal  
observed field. If the "fit" i s  poor ,  changes a r e  made in the assumption 
about e i ther  the shape o r  magnetization of the body and the field i s  
recalculated.  This  p r o c e s s  i s  r epea ted  until a n  adequate "fit" is obtained. 
Th i s  method is  known a s  the indi rec t  method of quantitative in terpre ta t ion  
and although the solution reached i s  not unique, the chances of it being s o  
a r e  relat ively good if the geological knowledge of the a r e a  a l so  indicates 
that the a s sumed  shape i s  reasonable .  

Hand calculations with th is  method a r e  long and tedious and w e  
at tempted to  e1iminat.e them.  Th i s  p r o g r a m  m a y  calculate the magnetic 
anomaly of a body of any shapc,  within ce r t a in  l imi ts ,  fo r  any di rec t ion of 
the e a r t h ' s  f ield and for  any direction of the total ( remanent  plus induccd) 
magnetization in the body. 

The gene ra l  mechanism of th i s  p r o g r a m  i s  s imi l a r  to that  of 
Vacquier (1962) except that  our p r o g r a m  finds by itself the boundaries of the 
body, which need to be defined cnly by up to three  mathemat ica l  equations,  
and that  the f inal  product of our  p r o g r a m  i s  a calculated magnetic anomaly 
whereas  Vacquier obtains only the direction of magnetization of a body 
f r o m  i t s  known shape and a n  observed magnetic survey map,  the shape 
having been scaled  previously manually point by point f r o m  a m a p  of the 
body. 

The total  magnetization of the body under study i s  f i r s t  
decomposed in three  rec tangular  components. One of these  components i s  
ve r t i ca l  and the o ther ,  X, i s  se lec ted  to  be pa ra l l e l  to the horizontal  
component of the e a r t h ' s  magnetic field. 

This  p e r m i t s  us  to consider the body to ac t  approximately a s  
three  bundles of square  p r i s m s ,  magnetized pa ra l l e l  to the i r  length. F o r  
each point in the flight plane the anomaly due to the pole a t  each end of the 
magnetized p r i s m s  i s  then calculated and these effects a r e  summed  up. The 
computer will pr in t  out the resul t ing  net anomaly and plot the contour l ines .  
Alternately the computer may  give just  a prof i le  l ine along the X o r  Y 
directions a s  chosen. 

lCieologist - Geological Survey of Canada. 

' ~ n ~ i n e e r  - Asselin,  Benoit, Boucher .  Ducharme, Lapointe,  Inge'nieurs 
Conseils  . 

3 ~ r o g r a ~ m e r  - Department of Mines and Technical  Surveys .  



T h e r e  a r e  two ma in  p a r t s  to  this program:  

Geometr ica l  P a r t :  a rec tangular  ca r t e s i an  coordinate s y s t e m  is used.  
The region to be considered i s  l imi ted  by a cube 20 units  to  a side,  the 
number of units being chosen to suit  the speed of our computer (IBM 1620). 
F o r  example,  for a plane flying a t  1, 000 fee t  the body would be l imited to  a 
cube up to  3 miles  on the s ide .  The body is  defined by three  equations,  the 
Upper Boundary Function (BUF),  the Sides Boundary Function (BSF) and the 
Lower Boundary Function (BLF) .  These  functions can be quite genera l  (for 
example a ve r t i ca l  body with a n  approximately square  c r  OS S -section i s  
r ep resen ted  by the side function Xn Yn = C, n being a l a rge  positive 
integer)  except that fo r  the t ime being only functions monotone inside the 
cube should be used for the BUF and B L F .  F o r  a p r i s m  bundle pa ra l l e l  t o  
a given coordinate axis  the poles of the p r i s m s  a r e  located on the su r faces  a t  
integer values of the two other coordinate S .  

Magnetic P a r t :  the anomaly due to each  pole is then calculated for 
midway points between the integer coordinates.  In this pape r ,  we utilized 
the c l a s s i ca l  formulae for  the s t rength  of the magnetic f ield due to  a pole 
(Vacquier,  1962). As i l lus t ra ted  on F igure  1, the precis ion afforded by 
the se  approximations should be sufficient considering the i r r egu la r  nature of 
geological bodies. 

A major  difficulty that had to be overcome in  the writing of the 
p r o g r a m  was that of determining when a given point i s  inside or  outside the 
geological body. This  was done by the application of a Jourdain (1896) type 
cr i ter ion,  based on signs and s ign changes of boundary functions a t  
boundaries of the body, for  success ive  values of a running coordinate 
pa ra l l e l  to the direction of the bundle of poles under investigation ( see  
F ig .  '2 for Block Diagram).  

In the p resen t  a r r angement  seve ra l  t r i a l s  with d i f ferent  a s sumed  
shapes  of body might be necessa ry  before sa t i s fac tory  concordance with 
aeromagnet ic  m a p s  i s  observed.  We have found that one run  might take a s  
much  a s  four hours  on the IBM 1620 (minimum r u n  10 minutes) .  I t  i s  hoped 
that  it m a y  soon be possible to p r o g r a m  a loop automatically modifying the 
a s sumed  shape of the body f r o m  a t e s t  f i t  with the observed magnetic data. 
Work is  a l so  being done on ways to speed up the exist ing p rogram.  

As i t  i s ,  the p r o g r a m  i s  fully operational .  Copies can be made 
available to in teres ted  pa r t i e s  . 

Jour  dain, Camille 
1896: Cours  d lanalyse  de l lEco le  Polytechnique; Gauthier -Villars,  

Edi teur ,  P a r i s ,  1896. 

Vacquier,  Victor 
1962: A machine method for computing the magnitude and direction of 

magnetization of a uniformly magnetized body f r o m  i t s  shape 
and a magnetic survey;.  Benedum E a r t h  Magnetism Symposium, 
Pit tsburgh,  1962, pp. 123-137. 
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0 COMPUTER A L 3 M L Y  

The difference bctwcen the anomalies corresponds 
to l e s s  than a 370 error the depth of the sphcre 

Dumerer of rphere 30 

Dc.jllh of sphere 60 

DISTANCE 

Figure  1. Calculated anomaly over a sphere  by computer and by hand. The 
sphere  has  a ve r t i ca l  magnetization of 0 .001 cgs . The e a r t h ' s  
field i s  a lso  ver t ica l .  
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LOGIC OF THE GEOMETRICAL PART 

COORDINATE CONSIDERED (X, Y ,  2). (X, Y ,  Zt I ) .  

DIPOLE BUNDLE PARALLEL TO THE Z AXIS 1 

CALCULATE 
at (X, Y.2-1) BUF1, BSFI,  B L F 1  

at (X. Y, 2) BUF. BSF, B L P  

CALCULATE 

(X, Y, z+ 1) BSF, BUF, BLF] 

C: NO INTERSECTION C: INTERSECTION, GOING IN 
OR OUT OF THE BODY 

NOTE IN MEMORY 

X , Y , Z - 0 . 5 ,  t l 

F igure  2. Flow char t  of the logic of the geometr ica l  p a r t  to determine the 
surface  pole distribution. 



4. FOREUSE PORTATIVE POUR LIECHANTILLONNAGE EN SURFACE 

Edwin H .  Gaucher, Gerald A. Meilleur 

Sommaire 

L a  prdsente notice ddcrit  une foreuse 2 diamants dont le poids 
total  e s t  l imite k 7 Kg. e t  qui permet  d'effectuer dans des conditions t rks  
satisfaisantes l'dchantillonnage des affleurements par  prelkvement de 
carottes a une profondeur allant jusqulQ un m6tre .  Cette foreuse ul t ra  
leg'ere qui comporte une pompe h eau incorporde, e s t  trBs rapide e t  dlun 
manieme nt aise'. On a d@osd une demande de brevet s u r  cet appareil. 

Introduction 

I1 es t  souvent n6cessaire de pr6lever sur  le t e r ra in  des 
dchantillons de roche non alt ire 'e pour des dtudes de paldomagnetisme, de 
geochimie, etc.  Les  pr6lbvements a l a  masse  sont difficiles, surtout dans 
les  roches igndes ou m d t a m ~ r p h i ~ u e s ,  e t  l e s  probl'emes sont encore plus 
grands lorsque l 'on de'sire des  6chantillons orientgs, comme pour l es  etudes 
de pal&omagnetisme. Les  foreuses  pr isentement  disponibles sur  le marchd 
sont a notre avis soit  t rop lourdes pour dtre  vraiment appropriees aux 
conditions de leur emploi par les g6ologues en  campagne, ou alors ,  lorsque 
plus legeres  elles sont d'un maniement difficile. E n  plus ces  foreuses 
exigent l 'usage d'une pompe accessoire  pour l a  circulation dleau de 
refroidissement,  ce qui ajoute a l 'encombrement e t  au poids de l 'ensemble. 

Tout en  nous inspirant largement de l a  foreuse construite v e r s  
1955 par  R. Doe11 (1965), nous avons construit une foreuse plus ldgkre, 
a laquelle nous avons incorpore' une pompe a eau. 

L a  nouvelle "Foreg 0l1I1 

L a  foreuse qui e s t  l 'objet de l a  pr6sente notice a etd mise  au 
point B l a  suite de 11exp6rience acquise au cours  de deux saisons d'explora- 
tion par  des  Gquipes de l a  Commission Gdologique chargCe s de collectionner 
des echantillons orient6s e t  qui ont employ& avec discernement e t  d'une 
manikre comparative llechantillonnage au moyen des diverses foreuses  auss i  
bien que ll&chantillonnage b l a  masse .  La  foreuse a 6te consue 5 l a  
Commission Ge'ologique du Canada plus sp&cialement dans le but de prelever 
des e'chantillons orientgs pour l ' i tude du magne'tisme r b a n e n t  des  roches  e t  
du palcomagn&tisme. Elle peut "ere employge e'galement pour l es  relevds 
g&ochimiques e t  dans tous les  cas  oh l 'on desire  un e'chantillon f ra i s  e t  non 
alte'r6, h condition toutefois, comme c l e s t  ge'ndralement le cas  au Canada, 
que l fa l t6rat ion ne soit pas t rop profonde. 

La  foreuse permet  dl&chantillonner l es  affleurements par  
carottage de 6" a 40" (15 c m  'a 1 m )  de profondeur, avec une pendtration 
moyenne de 6" 9. l a  minute dans le granite f ra is .  Jusqul& present,  les  
carottes pr61ev6es ont 1" ou 1 318" de diametre (2.54 c m  ou 3.5 cm).  

G1est  le nom que nous proposons pour cette nouvelle foreuse. 



FOREUSE 

Figure  1. Plan  de la foreuse .  



C- .  

Planche I. Foreuse  e n  e'tat de marche.  Pour  fo re r  du granite on met t ra i t  
le  r ese rvo i r  par  -dessus la foreuse.  



Planche 11. Couronne de diamants spkcialement 6tudi6e pour notre foreuse 
(Canadian Longyear).  



Pour faire notre foreuse nous avons adapte 5 un moteur de scie 5 
charnette (A Fig. 1, aussi  ~ l a n c h e  I) de 50 cc (3.3 po. cu.) un nez (B Fig.  1) 
sur leque'l sont fixes une pompe (C) ,  des poigne'es (D) et un reservoir  'a eau 
(E) .  Nous avons aussi 6tudie des tubes a carottes et des couronnes a 
diamants speciaux pour notre foreuse. 

Le nez e t  l a  pompe a eau 

Le nez (B), partie principale de la foreuse, comprend un axe 
(F) de 1" support6 par deux roulements k billes scelles (G),  distants de 3", 
capable de supporter aisdment une charge axiale de 200 lbs. a une vitesse de 
6, 000 R.P.M. L a  couronne (H) es t  attachke a une extremite de l'axe e t  le 
moteur (A), par l'interme'diaire d'un embrayage (I), a l tautre  extremite. 
Le b i t i s  du moteur e s t  solidaire du nez. Deux poigndes (D) partent-du nez, 
font le tour du moteur pour le prote'ger, e t  s1&l;vent de 20 pouces, a part i r  
du nez du moteur, pour assurer  une position confortable au foreur. Le 
rdservoir d'eau (E) de 4 .5  gallons (Imp. ) en  polydthylene, qui a et6 prevu 
pour dtre place entre l e s  deux poignees par-dessus l a  foreuse, e s t  facile- 
ment detachable pour le remplissage. Le poids du reservoir  es t  desting en 
m8me temps B augmenter le pression sur l a  couronne. 

Une petite pompe B excentrique (G), montge dans le nez de l a  
foreuse, fournit l leau n6ce ssaire  pour refroidir l a  couronne de diamants. 
La pompe es t  opkree par  un impulseur (J) en  "t6flon1' qui glisse dans une 
mortaise (fente) usinge dans llaxe de l a  foreuse. L1irnpulseur tourne avec 
ltaxe de l a  foreuse, tout en  glissant dans s a  mortaise, et ce fais ant balaie 
le volume compris entre llaxe e t  l'excentrique (K) de la  pompe. L1eau sous 
pression es t  injectke par deux rainures (L) de l a  mortaise dans le milieu 
creux de ltaxe (F), e t  de 1 i  elle descend a la  couronne de diamants. L a  
quantite d'eau necessaire pour forer  un echantillon de 6" es t  dlenviron 1 
litre (un quart de gallon). 

La  couronne de diamants 

Le s diamants peuvent &tre  mont6 s directement sur  le tube 'a 
car otte S, comrne le s "Longyear industrial diamond bits". Cependant, nous 
avons prefe'rd employer un tube carottes avec couronne de'montable vissge, 
le tube etant usine' avec pr6cision pour assurer  un centrage rigoureux des 
couronnes, ce qui e s t  essentiel 6, 000 R.P.M. 

Pour ltdchantillonnage pale'omagne'tique, nous employons des 
tubes carottes de 8 pouces de longueur (20 cm) ayant un diam&tre ext6rieur 
de 1.25" (3.125 cm) en  acier inoxydable, type 304. non magn6tique. Les , 
diamants sont se r t i s  dans une matrice de tungstGne, Bgalement non magne- 
tique. Un tube de 40 cm de longueur e t  de. 4 cm de diametre extdrieur 
peut &re employ& pour ll&chantillonnage geochimique. Dans les  deux cas 
l16paisseur de la couronne de diarnants (N) n les t  que de 0.16 pouce (0.4 c m ) ,  
ce qui contribue l a  rapiditd du forage. Les carottes obtenues sont de 
1 pouce e t  1 318" de diarnetre respectivement. Le forage peut "ere approfondi 
en  intercalant des tiges dtallongement (dill rods) a p r i s  que l a  premiere 
carotte a dt6 enlevde . 



I1 e s t  pr&f&rable que les couronnes ne soient pas se r t i es  de plus 
de 100 diamants dlun poids totEl dtenviron un ca ra t  (Planche U). Dtapr&s  
.nos ex~e ' r i ences  un plus grand nombre de diamants provoque le polissage 
premature' 'de ceux-ci car l a  press ion de l tensemble sur  l a  couronne (100 
lbs . )  n ' e s t  a lors  pas suffisante pour l es  emp8cher de gl isser  sur l a  roche 
au lieu de l a  couper, surtout i 6,000 R.P.M. Une vitesse plus lente n t e s t  
pas ddsirable car elle ralentit  le forage. 

Le pr ix de revient du pr&lkvement dtun &chantillon de 6" 
(15 c m  ) dans du granit  s16tablit 'a moins de $2.00 dlusure de l a  couronne de 
diamants. Ce pr ix  s 'abaisse sensiblement pour l es  prSlevements dtdchan- 
tillons dans des basaltes ou au t res  roches moins dures ,  e t  devient ne'glige- 
able dans des roches tendres.  Ces rendements ont ktd observBs sur  des 
couronne S de diamants montde S spe'cialement suivant de s specifications 
particulieres adapte'es B l a  nouvelle foreuse "Foreg 01". 

Nous avons aussi  essay6 des couronnes imprelgneks de diamants, 
m a i s  comme leur vitesse de pdnetration etait bien infGrieure, nous 
nlavons pas  dtudi6 leur  p r ix  de revient. 

Conclusion 

Cette foreuse constitue une amglioration par rapport aux 
foreuses pr6 -existantes, tant au point de vue dlal l igement  qui e s t  de 40 
loo%, que de l a  maniabilite', et  de l a  facil i tg d'emploi. Bien que congue 
sp6cialement pour l es  gdologues, l a  foreuse pourrait  e'galement se rv i r  b 
cause de son faible poids B dlautres  usages, te ls  que pour le forage d'une 
station permanente dtarpentage dans un affleurement, le dynamitage 
occasionnel d 'erratiques,  l a  collection dle'chantillons de chausse'es de be'ton 
ou dans des tranche'es dtexploration, etc.  Elle s e r a  fabrique'e sans doute en  
sgrie au Canada. 

Doell, R .  R . ,  e t  Cox, Allan 
1965: Measurement of the remanent magnetization of igneous rocks; 

U.S. Geol. Surv., Bull. 1203A, 1965, pp. 1-32. 



5. AEROUGNETIC GRADIENT SURVEYS 

Peter  Hood 

The recent development of highly sensitive magnetometers, such 
as  the optical-pumping varieties, has made feasible the measurement of the 
first-vertical derivative of the total field (aAT /ah) in  aeromagnetic surveys. 
This i s  accomplished by using two sensitive magnetometer heads separated 
by a constant vertical distance and recording the difference in outputs. The 
effect of diurnal i s  thus eliminated in the resultant differential output, and 
this is an especially desirable feature in northern Canada where the diurnal 
variation i s  usually much greater than is  found in more southerly magnetic 
latitudes. Moreover, steeply dipping geological contacts in high magnetic 
latitudes are outlined by the resultant zero-gradient contour. It is  also 
possible to obtain the depth of burial of the contact from the graph of 
(aAT/ah) versus (xaAT/ax) where X is  the horizontal distance measured from 
the contact. Similar quantitative interpretations may be made for the point 
pole and dipole. The data reduction necessary to produce a vertical- 
gradient map is  much simpler than with the total-field m s e  because no 
datum levelling i s  necessary. Since the aircraf t  track will be available from 
the main compilation it is  only necessary to plot the resultant vertical 
gradient values on the track map and contour. Thus two maps will be 
obtained for little more than the price of one but with a greatly increased 
gain in geophysical information concerning the geometry of the causative 
bodies. Actually a first-derivative map is  difficult (and therefore costly) 
to produce by any other means. The measurement of the vertical gradient 
would appear to be the main advantage to using hundredth-gamma magneto - 
meters  in aeromagnetic surveys, since those types presently in service a re  
sensitive enough for the effective delineation of total-field anomalies. 

6. NOMOGRAM FOR THE K~NIGSBERGER RATIO 
OF ROCK FORMATIONS 

Peter  Hood 

The important role of remanent magnetism in producing 
magnetic anomalies i s  being realized by an increasing number of geo- 
physicists. One of the ways to ascertain the relative contribution of the 
remanent magnetism is  to calculate the K8nigsberger (1938) ratio. The 
~ g n i g s b e r g e r  ratio (Q) i s  defined as  the ratio of the remanent (R) to the 
induced magnetization (1) in the rock formation under consideration. Thus 

where k i s  the volume susceptibility of the formation, and T i s  the total 
intensity of the earth's magnetic field in the area. The value of R may be 
obtained using a remanent magnetometer usually the spinner or  astatic 
varieties.  The intensities of remanent (R) and induced magnetization (I) 
combine vectorially to give a total intensity of magnetization (J), which is  
also the total magnetic moment per unit volume of the rock formation. The 
amplitude of the magnetic anomaly associated with the rock formation is  
directly proportional to the total intensity of magnetization (J).  





A double nomogram has  been devised for the convenient 
calculation of Q (and I) using the units commonly employed by exploration 
geophysicists. The reader  should note that a s  Q i s  a ratio,  i t  i s  dimension- 
l ess .  The procedure for using the nomogram i s  best  i l lustrated by an 
example for a rock specimen collected f rom the micropegmatite zone of the 
Sudbury nickel irruptive in northern Ontario (Hood, 1961). A value of the 
volume susceptibility k = 1124 X 10-6 cgs units (or  emu/cc)  was obtained 
experimentally using a susceptibility mete r ,  and using the value of T = 
59, 000 gammas obtained f rom the Dominion Observatory isodynamic char t  
(1955), the induced magnetization I = 6.6 x 1 0 - ~  emu/cc  i s  obtained. Using 
this value of I, and the value of the remanent magnetization R = 4 .4  X 10-4 
emu/cc determined with a spinner magnetometer; the ~ 8 n i ~ s b e r ~ e r  ra t io  of 
the rock spec imenQ = 0.66 i s  r e a d  f rom the nomograrn. One can thus 
conclude that the contribution of the remanent magnetization to the production 
of total  intensity magnetic anomalies associated with the micropegmatite is  
somewhat l ess  than the magnetization induced by the ea r th ' s  field. However, 
in any given formation both k and R a r e  somewhat variable quantities and the 
procedure should be repeated for a number of rock specimens collected 
f rom the same outcrop, in  o rder  to  obtain a mean value. 

The effective susceptibility of a rock (k,) may be defined a s  the 
total  magnetization ( J )  divided by the intensity of the ambient ea r th ' s  field, 
i.e. = 2. This  may a l so  be readily calculated using the nomograrn. 

T 

Hood, P e t e r  
1961: Paleomagnetic study of the Sudbury basin; J. Geophy. Res . ,  

vol. 66, pp. 1235-1241. 

~ g n i g s b e r g e r .  J.G. 
1938: Natural res idual  magnetism of eruptive rocks; T e r r .  Mag. 

Atmos. Elec. ,  vol. 43, pp. 119-130, 299-320. 

1955: F -1sodynamic Chart,  Dominion Observatory, Canada. 



GEOCHEMISTRY 

7. GEOCHEMISTRY OF THE YELLOWKNEE GROUP 
VOLCANIC ROCKS 

W.R.A. Baragar  

The Yellowknife and Cameron River volcanic belts  of approx- 
imately 40, 000 feet  and 7, 000 feet  thickness respectively were sampled in 
1962 a t  about 500-foot s t ra t igraphic  intervals.  E a c h  sample has  been 
analysed for  the 9 major  oxides by X-ray fluorescence techniques supple- 
mented by chemical analyses.  The resu l t s ,  obtained late this year ,  have 
not been fully processed but a pre l iminary assessment  follows: 

1. The volcanic bel ts  a r e  composed of the following rock types in the 
proportions given: 

(a)  Yellowknife belt. Basa l t  - 490/0, quar tz  basal t  - 6%, andesite - 27%, 
latite - 30/0, dacite - 870, quar tz  lat i te - 770. 

(b) Carneron River belt. Basal t  - 3670, andesite - 437'0, lat i te - 770, 
dacite - 77'0, quar tz  latite - 770. 

Geological Survey nomenclature (Brown, 1952) i s  used but classifications 
a r e  based on normative ra the r  than modal minera l s .  

2. The chemist ry  of the volcanic rocks  shows l i t t le overal l  sys temat ic  
change with height in the lava piles.  Rather  each oxide s e e m s  to va ry  about 
a mean  that p e r s i s t s  through the ent i re  s t ra t igraphic  section. In the 
Yellowknife belt  mos t  of the acidic rocks  a r e  contained in two l aye r s ,  one, 
roughly 2, 000-fee: thick, i s  about halfway down in  the section; the other of 
possibly 3, 000 feet  thickness caps  the section unconformably. The lower 
acidic layer r e p r e s e n t S a n  abrupt change in the chemist ry  of the lava  f r o m  
that of immediately preceding basal ts  and andesites.  The upper acidic layer ,  
on the other hand, may  be heralded by a rising acidity apparent in lavas  
immediately below the unconformity. In the Cameron River  volcanic belt  an 
acidic layer  of about 1, 000 to  1,500 feet  thick occurs  about two th i rds  of the 
distance f r o m  the base to  the top of the section. However, because of the 
higher acidity of the Cameron River  belt  i t  does not r ep resen t  a s  abrupt a 
chemical change a s  do the acid l aye r s  of the Yellowknife belt. 

3. Frequency distribution d iagrams  of a l l  Yellowknife Group volcanic rocks  
analysed exhibit sha rp  peaks a t  the following values for  each of the oxides: 
SiO2 - 5170, A1203 - 1570, Tota l  i ron  a s  F e 0  - 1170, MgO - 570, NazO - 2.570, 
K20  - 0.570, T i 0 2  - 1.0%. Comparison of these  values with those obtained 
by Chayes (1964) fo r  360 circumoceanic and 579 oceanic basal ts  leads  t o  
some conflict in assigning affiliation of the Yellowknife lavas to  e i ther  suite.  
The CaO, MgO, and TiO2 peaks  coincide with those of the circumoceanic 
basal ts ,  the A1203 peak with that  of the oceanic basalts ,  and the S i 0 2  peak 
fa l ls  between peaks of the other two sui tes .  P e a k s  of the remaining oxides 
coincide with corresponding peaks of both oceanic and circumoceanic basal ts  
which for these oxides a r e  unresolvable.  

4. A differentiated s i l l  in ter layered with volcanic rocks  of the Yellowknife 
belt  shows an  iron-enriched differentiation t r end  with negligible alkali 
enrichment.  This  corresponds  with one of two types of chemical  var ia t ion 
exhibited by the lavas viz  a var ia t ion dominated by a n  F e 0  - MgO exchange, 



and a var ia t ion  cha rac te r i zed  by alkali  enr ichment  with l i t t le  change in the 
FeO/MgO ratio.  Assuming the differentiated s i l l  can be r ega rded  a s  a 
model of the magma behaviour in high-level magma chambers  the i ron -  
enr iched t rend of the lavas  might be attr ibuted to c r y s t a l  fractionation in  
such chambers .  The alkali  enr ichment  t r end  that  produces the acidic rocks  
of the Yellowknife Group i s  not l ikely at tr ibutable to a s imi l a r  origin.  

Brown, I .C.  
1952: A nomenclature of igneous rocks ;  T r a n s .  Can. Inst .  Mining 

Met. ,  vol. L V ,  pp. 53-56. 

Chayes, F. 
1964: A pet rographic  dist inction between Cenozoic volcanics in and 

around the open oceans;  J. Geoph. Resea rch ,  vol. 6 9 ,  
pp. 1573-1588. 



8. COPPER, ZINC, NICKEL AND LEAD IN LOWER TILL MATERIAL 
COLLECTED NEAR A MASSIVE SULPHIDE OREBODY IN 

THE CLAY BELT OF NORTHERN ONTARIO 

J .A.C.  For tescue ,  O.L.  Hughes 

During the course of geochemical investigations, c a r r i e d  out by 
the Geological Survey of Canada in the vicinity of the Dragon orebody of the 
Texas Gulf Sulphur Company near  Timmins  (Anon., 1964), the Company made 
available to the Survey samples  of surf ic ia l  ma te r i a l  collected f r o m  sixteen 
dril l-holes located above and around the orebody (Fig .  1). These  holes 
were dri l led to bedrock during a p a r t  of a civil engineering investigation 
c a r r i e d  out on the proper ty  by P r o f e s s o r  E . I .  Robinsky of Toronto 
University. 

One object of the geochemical investigation was to discover 
whether a chemical anomaly exis ts  in the lower t i l l  ma te r i a l  "down ice" 
f r o m  the orebody. I t  i s  believed that if an extensive anomaly of this kind 
(for example severa l  t imes  the a r e a  of the suboutcrop a r e a  of the orebody) 
does occur a t  the Dragon property,  chemical analysis of lower t i l l  ma te r i a l  
would be of value a s  a 'follow-up level '  (Fortescue,  1964) method of 
prospecting. Such a method would be of special  in teres t  in the interpretation 
of geophysical anomalies in the Clay Bel t  of nor thern  Ontario, and for this 
reason we publish these pre l iminary findings a t  this t ime. A m o r e  
comprehensive account of these,  and pending, investigations c a r r i e d  out in 
the a r e a  will be published after the cu r ren t  drilling p rogram i s  completed. 

The s t ra t igraphy of the overburden mate r i a l  a t  the Dragon 
proper ty  i s  typical of that p a r t  of the Clay Belt  overridden by a late 
(Cochrane) ice advance (Hughes, 1956, 1960a, b, 196 1).  Sandy, bouldery 
"lower" t i l l  lying on bedrock i s  overlain by varved s i l t  and clay and by clay 
t i l l  on which a few feet of peaty ma te r i a l  may occur .  Where the overburden 
i s  thin ( l e s s  than 35 feet)  varved clay i s  commonly lacking and clay t i l l  l i e s  
on f r e s h  bedrock o r  on the lower t i l l .  The lower t i l l  consists predominantly 
of ma te r i a l  scraped f r o m  bedrock a shor t  distance ups t ream in  the direction 
of ice movement. The varved clay and si l t  a r e  glacial  lake deposits ,  
whereas  the overlying clay t i l l  was formed by glacial  reworking of the varved 
clay and si l t .  

Complete co res  of the holes were not available, hence sections 
shown on Figure  2 a r e  not divided up into stratigraphic units. In  o rde r  to 
facilitate the description of the chemical r e su l t s  the holes have been divided 
into four groups, and a r ranged  in o rde r  of increasing depth in each group 
(Fig .  2).  

The samples  were analysed for total  zinc, copper,  nickel and 
lead by color imetr ic  methods due to Gilbert  (1959) and Stanton and Coope 
(1959). One hundred mi l l ig ram portions of the minus eighty mesh  mate r i a l  
f r o m  each sample were attacked by a hot hydrofluoric/perchloric acid 
mixture in  platinum crucibles .  The residue f rom this procedure was 
dissolved in dilute hydrochloric acid and color irnetric analyses c a r r i e d  out 
on separate  aliquots of this solution. The nature of the occurrence of the 
metals  in  the samples  was not established during this pre l iminary 
investigation. 
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Figure 1. Sketch map of the Texas Gulf Sulphur Property showing the location of the suboutcrop area of the 
Dragon orebody and the sitas of drill holes in surficial material. 
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Jn the case  of lead and nickel ve ry  s imi la r  levels of concentra- 
tion were  found in the samples  of lower t i l l  and in  the ma te r i a l  collected 
nea re r  the surface .  The 70 pprn nickel value in hole 15 i s  an exception, and 
should be considered a s  an  e r r a t i c  high value of l i t t le in te res t  in  the p resen t  
investigation. The copper content of upper and lower t i l l  samples  in  holes 
1-6 and 9-12 inclusive i s  always below 30 pprn except in  one case .  The 
exception i s  in the lower t i l l  sample of hole 12 si tuated above the orebody 
where one might expect a high value. The copper value S in  lower t i l l  
collected 'down ice '  f r o m  the minera l  deposit a r e  in a l l  cases  over 100 ppm. 
Values of 120 pprn and 60 pprn copper were found in the lower t i l l  ma te r i a l  
taken f r o m  holes 7 and 8 situated near  outcrops away f r o m  the m i n e r a l  
deposit. The copper content of a l l  the upper samples  in  holes 7, 8, 13, 14, 
15 and 16 i s  below 30 ppm. 

The zinc values exhibit a distribution pat tern  s imi la r  to  the 
copper except that  the contras t  in  level  of concentration between background 
samples  (i. e . those taken of lower t i l l  and upper ma te r i a l  in contr 01 a r e a s  
and in upper samples  where the lower t i l l  is  anomalous) and anomalous ones 
i s  higher in the case of zinc, Zinc values of over  100 pprn a r e  found in  the 
lower t i l l  ma te r i a l  in  a l l  four samples  collected 'down ice '  f r o m  the deposit 
as well a s  in  the two (7 & 8) near  the outcrop and in control  hole 6 which i s  
relatively deep and close to an outcrop a r e a .  

The fact  that values for  copper and zinc a r e  not significantly 
above background level in lower t i l l  over the orebody (except for high copper 
in  a sample f rom immediately above bedrock in  hole 12) may  a t  f i r s t  s e e m  
anomalous. However, m a t e r i a l  deposited a t  the base  of a moving ice-sheet 
m u s t  necessa r i ly  have been eroded f r o m  bedrock some finite distance 
ups t ream (with r e spec t  to direction of ice movement) f r o m  the point of 
deposition; hence, the source  of a large  p a r t  of the lower t i l l  overlying the 
orebody probably l i e s  to the north of the orebody. 

At the Dragon proper ty  a geochemical anomaly in lower t i l l  
"down ice" f r o m  the orebody appears  to  be di rect ly  attr ibutable to  ice  
t r anspor t  of ma te r i a l  f r o m  the orebody. The resu l t s  d iscussed a r e  too few 
t o  give any indication of the size of the anomaly, o r  i ts  uniformity within the 
lower t i l l  unit. A drilling p rogram designed to provide m o r e  information 
on these two aspects  i s  present ly  in  p r o g r e s s  by the Geological Survey. 

The w r i t e r s  thank the Texas  Gulf Sulphur Company for allowing 
the Geological Survey of Canada to c a r r y  out geochemical investigations on 
the Dragon proper ty  during 1964, for  providing information and samples ,  
and f o r  reading this paper  and allowing i t  t o  be published a t  this t ime. The 
chemical analyses were made a t  the Geochemical Laboratory  of the 
Geological Survey of Canada by Mr .  J. J. Lynch and M r .  G. Mihailov. 

Note 

Since going to p r e s s ,  we have obtained directions of N15"W and 
NIOOW for  s t r i ae  exposed on the bedrock in  the bottom of the open pit a t  the 
Dragon orebody. Th i s  suggests that  r e su l t s  f rom holes 1 and 3 should be 
included in the group of holes "down ice f r o m  orebody" in  Figure  2, 
although the interpretation of the r e su l t s  f r o m  these holes i s  s imi la r  to that  
f o r  holes 9, 10 and 11. 
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GROUNDWATER STUDIES 

9. WATER-SAMPLLNG EQUIPMENT 

R. 0. van Everdingen 

The water -sampling equipment for small-diameter cased wells, 
developed by the Engineering and Groundwater Geology Section, consists of 
a sampling tube, and a stand with cable r e e l  and pulley. 

The sampling tube (see Plate  I ) ,  with an  outside diameter of 114 
inch and an overall  length of 33 114 inches. i s  a modified vers ion of the 
standard Kemmerer  sampler .  Because of space limitations only the bottom 
opening is  closed by the triggering mechanism, and the emptying valve at  
the bottom has been omitted. 

The tube can be used in casing with an inside diameter of 1 112 
inches or l a rger .  I ts  capacity i s  445 cubic centimeters.  

The sampler  stand (see Plate  11) was constructed f r o m  angle 
alunlinum with pre  -drilled holes on 314-inch centres.  Construction details 
a r e  shown in Figure  1. The stand can be assembled in about 10 minutes. I n  
assembled state it can be t ransported in a standard panel truck, and 
operated f rom the back of such vehicle. 

The cable r e e l  i s  mounted on the stand by way of a piece of 
112-inch pl.ywood. It has a long handle for  easy  operation, but no gears  o r  
level-winding device. The capacity of the r e e l  i s  approximately 500 feet of 
118-inch s teel  cable. F o r  deep wells 1,000 feet of Ul6-inch cable can be 
used instead. 

The pulley has a circumference of exactly one foot. The pulley 
shaft i s  coupled to a revolution counter that indicates feet-of-cable le t  down 
the well. The pulley assembly can be mounted on a wooden c r o s s  -member 
o r  on the metal  cross-member  a t  the front of the stand (see  Figure  1 and 
Plate  U). 

Both the standard Kemmerer  sampler  and the modified one-inch 
sampler can be used with this sampler  stand. 

The operation of the one-inch sampling tube is  practically 
identical to that of the Kemmerer  sampler .  The tube mus t  be emptied 
through the top opening, because the bottom valve of the standard sampler 
has been omitted. 

Very little contamination of the sample through the open top has 
been found so  f a r .  It should be pointed out, however, that gasses  dissolved 
in the sample can escape through the open top. Samples obtained with this 
sampling tube thus will not yield a reliable CO2 analysis.  

During the summer of 1964 the sampling tube was used as  a 
bailing tool for determinations of hydraulic conductivity, in till, shales and 
fine -grained sandstones i n  southern Saskatchewan. A prerequisite for this 
use of the sampling tube i s  a fairly low hydraulic conductivity of the 



formation tested,  because bailing has  to produce a t  l eas t  some measurable  
drawdown. In cases  of very  low hydraulic conductivity one run  of the 
'bailer  ' will produce approximately 0 .65  foot drawdown in  a well with 2-inch 
casing. About one minute i s  required to run  the bailer in  and out of the 
well for each  100 feet  of depth to  the water.  Some time can be saved, and 
excessive wear  of the t r igger ing mechanism can be avoided, by operating 
the sampling tube in the 'closed'  posit ion when used as a bailer.  

Pla te  I .  One-inch sampling tube.  

A .  Open. 
B .  Closed. 



B. C .  

Plate 11. Sampler  s tand.  
A .  Ful l  view. 
B.  F ron t  view, with s a m p l e r  in open posit ion.  
C .  .Front view, with sample r  in closed position 



Ptgure I .  Can.lrucllon d-1111. of .ampler ~ U n d .  
A. Top r1.w. 
B. Sld. "law. 
C .  Front ",er. Cro..-br.c.. 44' 0rnllf.d. 



ISOTOPE AND NUCLEAR GEOLOGY 

10. RADIOCARBON DATING LABORATORY 

W.  Dyck 

The study of variations of C l 4  concentrations in  Douglas Fir 
t r e e  r ings  f r o m  Vancouver Island (pa r t  I of O . P .  338) was completed. The 
exper imental  r e su l t s  indicate a maximum var ia t ion of 44O/oo during the pas t  
1, 100 yea r s .  The magnitude and t rend of these variations a r e  s imi la r  to 
those observed by deVries  in  Douglas Fir f r o m  Germany  and by W i l l i s  e t  al. 
i n  Sequoia f r o m  California, confirming e a r l i e r  observations that a tmospher ic  
mixing of CO2 takes place rapidly on a large  scale .  

cl4 measurements  of about ten successive annual growth rings 
f r o m  the piths of two f i r s  (345 y r s .  and 1, 100 y r s .  old) show no var ia t ions  
beyond those attributable to the s ta t is t ica l  counting e r r o r  of t 6O/00. Thus,  
cyclic variations in sunspot activity and/or  climate,  if prese%t during these  
intervals,  did not affect the cl4 concentration in  the biosphere appreciably.  

Analyses of 1964 leaves  and g r a s s  f r o m  Champlain Lookout 
(pa r t  II of O . P .  338) indicate an  average c l 4  concentration of 867" above the 
level  existing p r i o r  to  the testing of nuclear bombs, and 21% above the 1963 
level.  

A 5 l i t r e  counter,  with exceptionally good counting charac te r -  
i s t ics ,  was put into routine operation. In  addition to the extension of the 
dating range f r o m  40, 000 yea r s  (obtainable with the 2 l i t r e  counter)  to 
54, 000 yea r s ,  the counter has  made i t  possible to  double the output of the 
laboratory.  

The design of a 1 l i t r e  counter,  for  use with ve ry  s m a l l  sample ,  
h a s  been completed.  I t  incorporates d isc  -type quar tz  insulators instead of 
the conventional sleeve type, making the theoret ica l  counter volume 
efficiency near ly  1007%. 

11. K-AR AGE OF CAMBRIAN GLAUCONITES FROM ALBERTA 

R.D.  Stevens 

Six stratigraphically controlled glauconitic l imes  tone samples  
were  collected f r o m  the Cambrian success ion in southwestern Alber ta  for  
K-Ar age determinations (Aitken and Stevens, 1964). 

Only one of these samples  (Ac-96) was considered sa t is factory  
for age determination after petrographic examination. However, a second 
sample  (Ac-9 1 E -42.5) was a lso  se lected for  age determination to  give a 
g rea te r  geographic cover age. Two clean glauconite concentrates were  
p repared  f r o m  Ac-96, one by normal  heavy liquid and magnetic separation,  
and the other by acid  solution of the associa ted carbonate.  Concentrate 
Ac-91 was cleaned by acid  leaching of the carbonate impuri t ies .  



K-Ar  age  de t e rmina t i ons  y ie lded  middle  Pennsy lvan i an  a n d  l a t e  
M i s s i s s i p p i a n  ages  of 300, 301 and  327 mi l l i on  y e a r s .  Since the s t r a t i -  
graplr ic  pos i t ion  of the s a m p l e s  i s  wel l  e s t ab l i shed  a s  being upper  and  middle  
C a m b r i a n ,  the a g e s  obtained a r e  c l e a r l y  anoma lous  and  m u s t  be a t t r ibu ted  to  
r ad iogea i c  a r g o n  l o s s  f r o m  the  glaucollite s  s i nce  C a m b r i a n  t i m e .  

T h e  r e s u l t  of t h l s  s tudy ~ o g e t h e r  with two ages  r e p o r t e d  by 
Folln:;.lee, e t  a l .  1960, a r e  shown in  the following (ab le :  

SUMMARY O F  ALBERTA GLAUCONITE AGES 

Samole  Loca l i t y  A s s o c i a t e d  S t r a t i g r aph i c  K-Ar 
F a u n a  P o s i t i o n  Age 

AC -96 
(Acid  c leaned)  

AK-9 
(Fo l i n sbee  , 
e t  al. 1960) 

52'28'44"N C e d a r i a  Zone  
116 "55'50"W 

Sunse t  P e a k ,  Olene l lus  
Alta .  

Sunse t  P e a k ,  Olene l lus  
Alta .  

Co rona  Fm. U .  300 m .  y. 
C a m b r i a n  

Low itliddle 327 m . y .  
C a m b r i a n  

Uppe r  L o w e r  413 m . y .  
C a m b r i a n  

Upper  L o w e r  396 m .  y. 
C a m b r i a n  

T h e  r e a s o n  fo r  t he se  anomalous ly  low a g e s  i s  not immed ia t e ly  
appa ren t .  I t  i s  known tha t  the C a m b r i a n  r o c k s  containing the g lauconi tes  
have  b e e n  v e r y  deeply bur ied ,  the s a m p l e s  in  ques t ion  having a t  s o m e  t i m e  
b e e n  o v e r l a i n  by the e n t i r e  s t r a t i g r a p h i c  s ec t i on  th rough Devonian to  and  
including the C r e t a c e o u s .  At  such  depths the t e m p e r a t u r e  m a y  have b e e n  
high enough to c ause  a t  l e a s t  p a r t i a l  l o s s  of rad iogenic  a r g o n  unt i l  the t ime  
of tec ton ic  o r  e r o s i o n a l  "unloading". 

I n  addit ion to  the s t r a t i g r a p h i c  depth of bu r i a l ,  t h e r e  i s  s t r ong  
ev idence  f o r  the s tacking-up of w e s t e r l y  t h r u s t  s h e e t s  over  the  s amp led  
r o c k s  which, themselves, a r e  l oca t ed  i n  a  l a r g e  t h r u s t  shee t .  The  dynamic  
t e m p e r a t u r e  i n c r e a s e  a s s o c i a t e d  with the t h ru s t i ng  could have been  
suf f ic ien t  t o  c ause  a r g o n  l o s s  f r o m  the g lauconi te ,  even  though the l imes tones  
a n d  t h e i r  enc lo sed  f o s s i l  r e m a i n s  show no s i g n  of r e c ry s t a l l i z a t i on .  

I t  i s  a  point  of i n t e r e s t  t ha t  r o c k s  of the I c e  R i v e r  Complex  y ie ld  
K-Ar a g e s  in  a  s i m i l a r  r ange .  Lowdon (1960) r e p o r t s  a g e s  of 340 m .  y.  
(GSC 59-7) and  330 m . y .  (GSC 59-8) ,  while  B a a d s g a a r d  e t  al. (1961) 
ind ica tes  a  r ange  of 304 t o  360 m . y .  f o r  the I c e  R i v e r  r o c k s .  T h e s e  r o c k s  
a r e  i n t ru s ive  into Ordovic ian ,  a n d  R e e s o r  ( 1964) c o n s i d e r s  360 m .  y. to  be a  
m i n i m u m  age  fo r  t hem.  However ,  the  g lauconi t ic  l imes tones  of the p r e s e n t  



study a r e  some distance f r o m  the Ice River  a r e a  and show no indication of 
t h e r m a l  metamorphism.  

One additional sample of glauconitic g r e e n  sand f r o m  a d r i l l  core  
f r o m  the absolutely undisturbed, though deeply buried, Cambrian sequence 
in  the P la ins  has been collected by J.  D. Aitken. An age determination will 
be c a r r i e d  out on this m a t e r i a l  to  help decide whether the radiogenic argon 
l o s s  f r o m  samples  a l ready studied was perhaps  due to the th rus t  faulting o r  
to the g r e a t  depth of burial .  

Lowdon, J .A .  
1960: "Age determinations by the Geological Survey of Canada. Repor t  

1, Isotopic Ages"; Geol. Surv.  Can., P a p e r  60-17, pp. 6-7. 

Aitken, J.D., ands tevens ,  R.D. 
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Folinsbee,  R .  E . ,  Baadsgaard,  H. ,  and Lipson, J. 
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Special  Publication No. 8, pp. 94- 129. 



MINERALOGY AND PETROLOGY 

12. DETERMINATION OF "DIAGNOSTIC ELEMENTSt'  IN 
FELDSPARS BY FLAME PHOTOMETRY 

Sydney Abbey 

A combined flame photometric method has  been developed for the 
determination of potassium, sodium and calcium i n  feldspar S. Magnesium i s  
used to minimize variations in  the depressant  effect  of aluminum on calcium 
emiss ion  result ing f r o m  deviations f r o m  stoichiometry.  Standard solutions, 
approximating the compositions of the sample solutions, a r e  p repared  f r o m  
pure reagents.  Background effects on the calcium emiss ion  and mininiized 
by using a recording spectrophotometer,  which pe rmi t s  scanning a c r o s s  the 
contour of each emiss ion peak. 

Analysis has  been done on a s  l i t t le a s  10 mi l l ig rams  of some 
samples .  Poss ible  application of the method to  other types of samples  is 
being investigate d. 

13. P R E  -CONCENTRATION O F  TRACES O F  HEAVY METALS 

Sydney Abbey, C . J .  P e t e r s ,  J.A. Maxwell 

Three  separate  procedures  were  worked out for  chemical  p r e -  
concentration of such "heavy meta l s t1  a s  Ag, Pb ,  Si, Zn, Cd, MO, As, Sb, 
B i  and some others,  f r o m  samples  in which their  concentrations were below 
the l imi ts  of detection by existing spectrographic techniques. 

F o r  l imestones,  gypsums and bar i tes ,  the t r ace  elements were 
precipitated on an alumina-iron-sil ica c a r r i e r ,  by means  of 8-hydroxyquino- 
line, thionalid and tannin. The addition of si l ica,  i n  the f o r m  of a colloidal 
suspension, represented an improvement over e a r l i e r  methods, i n  that  i t  
improved the texture of the ignited f inal  concentrate,  and gave it a composi-  
tion s imi la r  to  that  of the si l icate rocks  for  which the spectrographic method 
was designed. 

F o r  pyrite and s imi la r  sulphides, the bulk of the i ron  was 
removed by extraction of f e r r i c  chloride with iso-propyl e ther .  T r a c e  
e lements  were then precipitated f r o m  the sample solution by a modified 
vers ion of the technique descr ibed above. 

F o r  magneti tes,  t r a c e s  of s i lver  and molybdenum were 
precipitated a s  sulphides, using copper as  a c a r r i e r .  

All  of these procedures  gave some good resu l t s ,  but a l l  showed 
significant limitations, indicating the necess i ty  for fur ther  investigation. 



14. VALLERIITE AND MACKINAWITE IN THE MUSKOX INTRUSION 

J. A. Chamberlain,  R.N. Delabio 

Mackinawite and valleri i te have been observed in the dunites and 
pyroxenites of the centra l  layered s e r i e s  of the intrusion. E lec t ron  probe 
measurements  and X-ray powder diffraction data obtained on severa l  
specimens compare  closely with those given by e a r l i e r  workers .  Cer ta in  
optical  and physical  proper t ies  were  found to be helpful in  distinguishing the 
two minera l s  i n  polished section. Mackinawite occurs  a s  a replacement  in  
pentlandite and i s  invariably associated with this minera l  in  serpentine- 
bearing rocks .  Valleri i te occurs  in  serpentine where i t  may  replace 
secondary magnetite and, unlike mackinawite, i s  not usually associa ted 
with other sulphides. Mackinawite fo rmed  before valleri i te and var ious  l ines 
of evidence suggest  that both minera l s  fo rmed  a t  sub-magmatic t empera tu res  
during, an6 a s  a r e su l t  of, the serpentinization p rocess .  

15. DIFFUSION IN GEOLOGICAL PROCESSES 

K.L. Gur r i e  

1. Uetermination of the solubility of albite in  super -cr i t ica l  water 
was completed between t empera tu res  of 400 and 6 2 5 " ~ ,  and water p r e s s u r e  
f r o m  500 to  3,000 ba r s .  The  data may  be summarized in the equations 

where XI ,  X2, X3 r e f e r  respectively to the m01 fractions of si l ica,  soda and 
alumina in solution, V i s  the m01 volume of water a t  the given p r e s s u r e  and 
temperature  and T i s  the temperature .  This  formula  i s  co r rec t  within 1% 
i n  the measured  range.  

2. Determination uf solubility of orthoclase i s  in  p rogress .  It 
appears  to be s imi la r  to that of albite . 

3. P re l iminar l -  experiments on  he leaching of rocks  by super - 
c r i t i ca l  water  were begun and indicate some start l ing differences i n  the 
composition of the solutions depending on ra te  of passage of the water  over 
the exper imental  ma te r i a l .  These  differences cannot be due to incomplete 
solution of some components, because the absolute concentration of S i 0 2  in 
the solutions r i s e s  by a factor of two a t  the m o s t  rapid  ra te  of passage of 
water .  

4.. A theoretical  investigation of the motion of water during meta-  
somai i sm indicates that water los t  fronl c rys ta l s  during metamorph i sm may 
be concentrated in a r e a s  of high temperature ,  and hence be available for 
anatexis andfor  hydrothermal  activity. Exper iments  a r e  being designed to 
t e s t  the mechanism involved. 



5. Measurement  of the H f / Z r  r a t io  i n  rocks  of the Crow Lake dome 
s e e m s  t o  indicate influx of Hf and Z r  into the granitoid rocks,  with p r e -  
ferent ia l  motion of Z r  . 

16. NATIVE METALS IN THE MUSKOX INTRUSION 

J .A.  Chamberlain,  C.R. McLeod, R.J. Trai l l ,  G.R. Lachance 

The following native me ta l s  have been identified i n  the Muskox 
Intrusion: pative iron; native nickel-iron (awaruite); native cobalt-iron 
(wairauite) and native.-r. Mineral  distr ibutions and textures indicate 
that the native me ta l s  formed a t  roughly the same t ime,  during the period of 
serpentinization of the host  dunites and re la ted rocks .  

Conditions during serpentinization m u s t  have been extremely 
reducing in  the centra l  and lower p a r t s  of the layered s e r i e s ,  and l e s s  so  
toward the marg ins  and upper p a r t s  of the intrusion. This  i s  indicated by 
the fact  that m o s t  native metals  a r e  abundant in the centra l  regions and a r e  
essentially lacking elsewhere,  even in  strongly serpentinized zones. This  
zoning suggests that reducing conditions m a y  have been generated internally, 
possibly a s  a r e su l t  of the serpentinization p rocess  itself. The composition 
of the p r i m a r y  olivine of Fogo-85 together with the presence of abundant 
secondary magnetite in equivalent se rpentinite S suggest  that a redox 
reaction,  olivine t water = serpentine + magnetite + hydrogen, contributed 
to  the development of a progress ively  m o r e  reducing, o r  hydrogen-rich, 
fluid phase.  

Natural  phase relations indicate that each native me ta l  fo rmed  
p r imar i ly  in situ a s  a r e su l t  of the decomposition of specific e a r l i e r -  -- 
fo rmed  minera l s  that  had become unstable i n  the reducing environment. 
Native i ron  appears  to have been fo rmed  by the reduction of magnetite; 
awaruite by the reduction of pentlandite; wairauite by the reduction of an  
unknown phase,  possibly cobalt pentlandite or cobaltian pyrite;  and native 
copper by the reduction of chalcopyrite. The feasibil i ty of m o s t  of these 
reactions was confirmed by exper imental  studie S c a r r i e d  out in  sys tems  
open to  mois t  hydrogen. 

17. APPLICATION O F  SPECTROCHEMICAL METHODS TO 
TRACE ELEMENT DETERMINATIONS IN GEOLOGICAL MATERIALS 

W.H. Champ 

(1) The fractional distillation method for  volati les i n  si l icates,  
developed i n  1963, has  been put into routine use .  Analytical working curves  
a r e  available for  determining eleven e lements ,  a s  follows : 

Ag .05 - l 0  ppm P b  . 5  - 500 ppm 
B . 7 - 2 0 0 "  Sb 10 - 1000 " 
B i  . 5  - 150 " Sn .4  - 2 0 0  " 
Cd 2 - 500 " T1 . 2 - 3 0  " 
Ge .5  - l00 " Zn 10 - 1000 " 
MO .5  - 200 " 



Curves  a r e  in preparat ion for Ga  ( .  2-200), In (. 2-200) and T e  
(30- 1000 ppm). Difficulties of e lement  distr ibution i n  the samples  a t  low 
concentrations,  in  prepar ing synthetic standards,  and i n  avoiding ubiquitous 
Cu contamination, have prevented e stablishment of reliable curve S for As, 
Au, Cu and Hg to date. The method i s  applicable to a wide range of 
alumino-silicate rocks  and minerals ,  including some low grade sulphide 
o r e s ,  but bas ic  and ul t rabasic  rocks  and high-grade o r e s  a r e  excluded. 
On a routine single exposure bas is  r e su l t s  a r e  repor ted with an expected 
accuracy of 30% of the concentration stated.  

( 2 )  Optinum operating conditions were  experimentally determined 
and a rev i sed  and extended routine analytical  method was put in use ,  
employing a i r  -jet controlled D. C .  a r c  excitation and Ilford Special Rapid 
photographic plates . This  replaces  e a r l i e r  methods using the now 
discontinued Kodak type SA 1 1 plate S. 

Th i s  procedure i s  of broad applicability and can be used for 
pract ica l ly  a l l  si l icate rocks  and minerals ,  plus Ca-Mg carbonates,  var ious  
i ron  o r e s  and sulphide o res ,  etc. ,  including mixtures  of these sample 
types. Concentration ranges  covered a r e  f r o m  approximately .002 to 570, 
depending on the e lement  considered.  

Twenty-four analytical  working curves  a r e  available for  de te r -  
mining 19 elements:  Ag, As, B, Ba, Be, Bi,  Ca, CO, C r ,  Cu, Ge, Mg, 
Mn, MO, Ni, S r ,  T i ,  V and Z r .  In  preparat ion a r e  another 25 curves  which 
will cover an additional 15 elements (Al, Cd, Ce, F e ,  La,  Nb, Pb ,  Sb, Si, 
Sn, Sc,  Th, Y, Yb, Zn). 

Intensity ra t ios  determined f r o m  replicate exposures of standard 
t e s t  samples  gave coefficients of variation between 4-127'0 for m o s t  t r ace  
e lements .  On a routine single exposure basis,  r e su l t s  on samples  a r e  
r epor ted  with an  expected accuracy of 15% of the amount stated.  

(3) Installat ion and pre l iminary alignment of a direct-reading optical 
spect rometer  (the Ja r re l l -Ash  company "Atom counter" with 10 analytical  
c-hannels) has  been completed. Analytical calibration for t r a c e  e lement  
determinations will be c a r r i e d  out in 1965. 

In conjuction with this,  new gas-flow regulating equipment has  
been installed. This  will enable us  to excite samples  with the D. C. a r c  
under controlled conditions in  environments other than a i r .  

18,  RAPID ROCK ANALYSES B Y  X-RAY SPECTROGRAPH 

S. Courville 

Emphas i s  i s  now being placed on the improvement of the 
accuracy and precis ion of this routine procedure.  In ordex- to  es tabl ish  
necessa ry  bas ic  guidelines for  such a study, numerous factors  a r e  being 
investigated, among which a r e  those external  fac tors  affecting the stability 
of the samples  d iscs ,  the effect of X-rays on the sample surface,  the 
dilution factor and the sample to  flux ratio.  



The s ta t is t ica l  data required for  this investigation were obtained 
with the proposed laboratory  reference rock  sample (picr i te) .  Those factors  
which affect routine sample processing,  such a s  replicate analyses and 
homogeneity of the sample were considered a lso  and this work i s  st i l l  in 
p rocess .  

Another aspect  present ly  under investigation i s  the choice of the 
m o s t  suitable heavy absorber  to use in  conjunction with the lithium te t ra -  
borate flux. The present  absorber ,  lanthanum oxide, gives a ve ry  high 
background which in terferes  with the magnesium determination and, the use 
of ce r ium oxide was investigated, with ve ry  favourable r e su l t s .  This  la t ter  
heavy absorber  i s  now in routine use .  

An attempt was made to improve the sensitivity of the light 
e lements  AI,, S i  and Mg by using a sealed detector (exatron) instead of the 
p resen t  gas-flow detectors  (minitron).  A decrease  in  sensit ivity was found 
fo r  Mg; the r e su l t s  with the A1 channel were  no better than those obtained 
with the mini t ron under the conditions being used. F u r t h e r  study i s  planned. 

A very different approach to obtaining increased senitivity i s  
now being investigated. This  involves the use of the rock powder without 
fusion. The problems inherent in this approach a r e  numerous and complex 
in nature but the potential saving of laboratory  t ime, if this method is put on 
a routine bas is ,  makes  i t s  investigation v e r y  worth while. 

19. MAJOR ELEMENT ABUKDANCES IN A PART OF THE 

CANADIAN SHIELD 

W.F.  Fahr ig ,  K.E. Eade,  J .A. MaxweU 

Rapid analysis,  for major  e lements ,  of groups of hand specimens 
collected during the reconnaissance mapping of some 200, 000 square miles  
of New Quebec presented a unique opportunity to col-ilpare the chemical 
composition of granulite facies and amphibolite facies rocks .  These  
analyses have provided a d i rect  determination of the bulk composition of a 
l a rge  a r e a  of Shield, In addition the regional var ia t ion i n  chemical 
composition over this large  a r e a  was defined. 

The rocks  consist  chiefly of faintly to strongly foliated Archaean 
granodiorit ic gneisses  that a r e  probably of metasodimentary origin. Two 
major  metamorphic  facies ,  granulite and amphibolite, a r e  prevalent.  The 
study a r e a  was divided into fifteen unit a r e a s  and in each unit a r e a  hand 
specimens of each rock  unit a s  determined by the geological mapping were 
grouped together.  The composite sample of each rock  unit i n  each unit a r e a  
was analysed. T o  determine average compositions, the data were  weighted 
in  proportion to  the a r e a  occupied by each rock  unit. 

The analytical r e su l t s  indicate that  T i02 ,  MgO, CaO, P2O5, 
A1203 and total  F e  a s  F e 0  a r e  higher and K20, SiO2 and H 2 0  lower in rocks  
of granulite facies than in surrounding rocks  of the amphibolite fac ies .  The 
indicated loss  of K froin rocks  of granulite f ac ies  i s  of par t icular  in teres t  
because i t  is  a major  contributor of c rus ta l  radiogenic heat. 



This  par t  of the surface of the crystalline Shield probably r e p r e -  
sents an  a r e a  of deep continental crust .  There  a r e  significant differences 
between the average composition which we have determined for  this region 
and previously published estimates of continental shield composition. 

Within New Quebec there a r e  marked regional variations in the 
distribution of some major elements.  Mg in particular shows pronounced 
variation. 

20. PLATINUM IN THE TULAMEEN ULTRAMAFIC COMPLEX, B. C. 

D. C. Findlay 

One hundred and ten assays  of rocks and minerals  of the 
Tulameen complex have been done at the Mines Branch to determine the 
distribution of platinum in the body. In rocks,  P t .  i s  confined to the 
principal ultramafic units, dunite (65 to 340 par t s  pe r  billion, mean 85 
p.p.b.) ,  olivine pyroxenite(65.p.b.  to 170 p.p.b., mean 59 p .p .b . ) ,  and 
hornblende pyroxenite (detected in only 2 of 10 samples,  mean 45 p. p. b. ). 
Platinum group metals  were not detected in the gabbroic rocks of the 
complex. In minerals ,  P t .  occurs mainly in massive chromite of dunite 
(100 to over 8,000 p.p. b.)  and in  l e s s e r  amounts in magnetite of hornblende 
pyroxenite (130 to  520 p.p. b . ) .  In chromite,  P t .  i s  concentrated in 
magnetic fractions of samples up to  20 times that of non-magnetic fractions.  

21. PREPARATION OF AN ULTRABASIC REFERENCE 
ROCK SAMPLE FOR LABORATORY USE 

J. A .  Maxwell 

The picrite,  crushed and ground to pass  through a 150-mesh 
screen,  was split  into fourteen approximately 10-pound lots and each lot 
was mixed thoroughly in a Patterson-Kelley dry blender. Each lot was then 
split with an  automatic revolving splitter into 100-gram quantities. 

One 100-gram split  was taken f rom each 10-pound lot, and nine 
100-gram splits f r o m  one 10-pound lot. These were analyzed in replicate 
for Si, Al, F e ,  Ca, Mg, K, T i  and Mn with the ARL X-ray spectrograph. 
Statistical t reatment  of the data showed that the mater ia l  was homogeneous 
within the 10-pound lot but not f rom lot to lot. 

The splits were combined again and, with the assistance of the 
Mines Branch, the whole was rolled in a large drum and split this t ime into 
16 lots.  A s imilar  se r ies  of homogeneity t es t s  were made and the mate r ia l  
found to be satisfactorily homogeneous, at  l eas t  a s  concerns the distribution 
of the major  and minor elements.  

Fur ther  analyse S ,  by different methods, a r e  being made, 
including the determination of the t race elements by emission spectrography. 



22. THE CONTACT METASOMATIC MAGNETITE DEPOSITS OF 
SOUTH WESTERN BRITISH COLUMBIA 

D.F. Sangster 

Ore zones, skarn, host rocks,  and associated intrusions of 
twelve magnetite deposits were studied in both field and laboratory to 
determine their mineralogical and geochemical character is t ics ,  origin of 
the iron, and factors  controlling emplacement of iron-bearing 'minerals. 
The study seeks a better understanding of the origin and mode of occurrence 
of contact metasomatic magnetite deposits which in  tu rn  may provide better 
guides to  their exploration and evaluation, 

Skarn in  the coastal  Bri t ish  Columbia region i s  composed mainly 
of garnet (andradite -gros sularite),  pyroxene (diopside -hedenbergite), 
epidote, and magnetite. Conformity to Gibbs Phase Rule and the non- 
appearance of incompatible phases is  strong evidence that equilibrium was 
attained during skarnification. Magnetite is  the major  metall ic mineral  but 
chalcopyrite, pyrite:. pyrrhotite, and arsenopyrite a r e  locally abundant. 

The temperature oi intrusion is  estimated to be in the range 
800-900 "C and stability relations of coexisting minerals  indicate a tempera-  
ture  of 700-55 0 "C during skarnification. The pyrite -pyrrhotite geothermo- 
m e t e r  applied to eight specimens shows that o re  deposition took place within 
the temperature range 400-550°C. The composition of arsenopyrite 
coexisting with pyrite and pyrrnotite in one orebody indicates a confining 
pressure  of 2,600 + 1. 000 b a r s  during ore  formation. 

A majority of deposits have replaced volcanic rocks near a 
contact with lime stone. Several orebodies have formed entirely in l ime - 
stone o r ,  rarely ,  in an adjacent intrusion. Stocks adjacent to the magnetite 
deposits a r e  generally of intermediate composition but range f rom gabbro to 
quartz monzomte, Local folds and faults a r e  important physical ore 
controls; the presence of limestone is  a major chemical control. 

The immediate source of i ron in these deposits i s  believed to be 
nearby intrusions. The ultimate source, however, i s  very probably under - 
lying volcanic rocks which have been assimilated, in part ,  by an  advancing 
pluton. I ron  i s  considered to have been derived f r o m  plutons adjacent to the 
orebodies and to have been ca r r ied  to the s i tes  of deposition as aqueous 
supercr i t ical  solutions of i ron chloride. Magnetite was precipitated f rom 
the ore-forming fluid bp an increase in pH brought about by reaction with 
l ime S tone. 

Changes in the chemical and physical nature of the ore -forming 
fluid during ore  deposition a r e  discussed in t e r m s  of temperature,  density, 
pH, par t ia l  p ressures  of oxygen and sulphur, and composition. Hydro- 
thermal  processes  operative in  formation of the deposits were solvate 
apposition, metasomatism, and cavity filling. 

The author proposes that the process  by which skarn  i s  formed 
be called skarnification i.e. the replacement by, conversion into, or 
introduction of skarn.  The t e r m  would include al l  processes  by which skarn 
may be formed such as  contact metamorphism. contact metasomatism, o r  
regional metamorphism. 



23.  DETERMINATION O F  THE PLATINUM METALS AND 
THORIUM I N  METEORITES 

J.G. Sen Gupta 

Arsenazo 111 has been used a s  a very  sensit ive and selective 
reagent  for the color ime t r i c  determination of palladium in  mixtures  of 
palladium, platinum, rhodium and i r id ium separated f r o m  meteor i te  S by 
ion-exchange technique. The use of the reagent  has  a l so  been extended to  
the determination of t r ace  amounts of thorium in stony meteor i tes  after 
separat ing the e lement  f r o m  the other base me ta l s  by ion-exchange. 

In  o r d e r  to  determine the relative abundances of the platinum 
meta l s  and thor ium in  me teor i t e s  two i ron  and five stony meteor i tes  were 
decomposed by distillation with perchlor ic  acid in  a distillation apparatus.  
Osmium and ruthenium were  determined in  the dist i l late by color ime t r i c  
methods.  The perchlor  a tes  remaining in  the distillation flask were 
evaporated in  presence of nitr ic acid and then converted to chlorides with 
hydrochloric acid. Work is now i n  p r o g r e s s  on the separat ion of the 
remaining platinum meta l s  and thorium f r o m  the other base metals  in these 
solutions by ion-exchange procedure for subsequent determinations of these 
t r ace  e lements  using appropriate color imetr ic  reagents.  



24. DEFORMATION O F  STRAIN SLIP  CLEAVAGE BY BEDDING 
SLIPPAGE IN BAY D'ESPOLR GROUP, NEWFOUNDLAND 

F . D .  Anderson,  D.K. Nor r i s  

The Bay d 'Espoir  Group consis ts  la rgely  of slate and si l tstone 
and thei r  metamorphic  equivalents. The s t r a t a  a r e  of Mid-Ordovician ( ? )  
age and bes t  exposed around Bay d1Espoir  i n  southern  Newfoundland. 

St ructura l ly  the Group m a y  be divided into th ree  zones: (1) a 
nor thern  zone cha rac te r i zed  by folded s t r a t a  and subhorizontal  cleavage, 
(2) a cent ra l ,  relat ively undisturbed zone, and ( 3 )  a southern  faulted and 
metamorphic  zone. 

Studies in  the nor thern  zone indicate that  the rocks  have under - 
gone seve ra l  s t ages  of deformation.  The s t r a t a  a r e  intensely folded and 
everywhere  t r ansec ted  by a subhorizontal  cleavage along which there  has 
been subsequent movement.  

P la t e  I i s  a photograph of a n  outcrop of s la te  and si l tstone d i s -  
playing subhorizontal  cleavage about l 112 miles  southwest of Milltown on the 
e a s t  side of Bay d lEspo i r .  The outcrop i l l u s t r a t e s  a probable h is tory  of: 
(1) folding, ( 2 )  development of subhorizontal  cleavage,  and ( 3 )  subsequent 
movement pa ra l l e l  to the cleavage,  with the detachment of the si l tstone bed 
f r o m  the enclosing s la te .  

Truncat ion of the cleavage in the si l tstone a t  i t s  in ter faces  with 
the s la te  would suggest  that  these in ter faces  s e r v e d  a s  deformat ion discon- 
t inuit ies separa t ing two mechanically dist inct  f o r m s ,  a s h e a r  fold in  the s la te  
and a flexur al-sl ip fold in  the si l tstone.  The folds appear to have fo rmed  
simultaneously and after  the cleavage was  imposed on the rock.  

Measurements  were made of the rotation of the cleavage in the 
si l tstone a s  a function of the corresponding rotation of the bed in the axial  
region of the fold ( see  Fig .  1). The fundamental r e fe rence  line for bed 
ro ta t ion  i s  the projection into the photograph (Pla te  I)  of the upper l imb of 
the fold and the z e r o  point i s  a rb i t r a r i ly  chosen a s  the point a t  which the bed 
deviates f r o m  this planar position. Cleavage rotation is m e a s u r e d  by the 
acute angle between the two cleavages in  the two media.  Counterclockwise 
rotation ( a s  viewed) i s  considered posit ive.  

The measuremen t s  of the rotation were  then plotted (Fig .  2). 
The r e s u l t s  show that the re la t ion  between bedding and cleavage rotation i s  
apparently l inear  in the axia l  region of the fold, has  a slope of 0.67 there  
and in t e r sec t s  the cleavage ro ta t ion  axis  a t  -5 degrees .  The data  would 
suggest  that  i n  this region cleavage ro ta t ion  i s  the re fo re  proportional  to bed 
ro ta t ion  and had a n  init ial  value of about 5 degrees  m e a s u r e d  in  the opposite 
sense  (clockwise) f r o m  pa ra l l e l i sm with the cleavage i n  the s la te .  

The cleavage rotation appears  to  be the net r e s u l t  of ex te rna l  
rotat ion of the bed (counterclockwise a s  viewed in P la t e  I )  and in ternal  
rotat ion (clockwise) within the bed. However, cleavage rotation due only t o  
ex te rna l  ro ta t ion  (in response  to  shea r  folding in the s la te)  should be equal 



Pla te  I .  S t ra in  s l ip  cleavage i n  interbedded s la te  and si l tstone of the Bay 
d l E s p o i r  Group. 

in  magnitude and sense  to  bed ro ta t ion  and the re la t ion  between them should 
be a s t r a igh t  line with a slope of one. But the slope of this  re la t ion  i s  l e s s  
than one, indicating that  the cleavage rotation a t  any point i s  sma l l e r  than 
anticipated fo r  simple external  rotat ion.  The difference in ordinates  for  a 
given bed deflection i s  therefore  a m e a s u r e  of the magnitude of the in ternal  
rotat ion.  

The  data a r e  therefore  consistent  with the two types of folds 
fo rmed  contemporaneously in  the same  rock  m a s s .  The cleavage su r faces  
in  the slate was  actively involved in shea r  folding, those in  the si l tstone 
were  pass ive  and s e r v e d  only to facil i tate ro ta t ion  of success ive  cleavage 
pla tes  . 





Relation between Cleavage and Bedding Rotation 



REGIONAL AND STRUCTURAL STUDLES 

25. CANOE RIVER WEST HALF ( 83  D W 112) MAP-AREA, 
BRITISH COLUMBIA 

R.B . Campbell 

A section of an ea r l i e r  report  dealing with the geology of the 
Canoe River a r e a  (see  Campbell in  Jenness. 1965, pp. 43-46) was 
unintentionally omitted. The following i s  supplementary to the ea r l i e r  
repor t  and should be read in conjunction with i t .  

As mentioned in the ea r l i e r  report  the region may be divided into 
two systems in  t e r m s  of s t ructural  geology; the Shuswap Metamorphic 
Complex and the folded Kaza and Cariboo Groups. The contacts between the 
two systems a r e  not clear cut and require further study. The Shuswap 
Metamorphic Complex, irrespective of the age of the rocks within it, dis- 
plays a unique structur a1 style featuring recumbent folds and approximately 
east-west axial t rends.  In the second system folds vary f rom isoclinal to 
relatively open s t ructures  mainly with distinct northwesterly axial t rends.  

The s t ructure  of the Kaza and Cariboo Groups, exclusive of that 
pa r t  e a s t  of North Thompson River, can be discussed in relation to three 
major  s t ructural  axes,  two "fan axes" and an antiformal axis. The t e r m  
"fan axis t1  signifies an axis or zone in which foliation and fold axial  planes 
a r e  ver t ical  and on either side of which the foliation and axial planes dip 
inward; that is, the foliation on one side dips toward the axis, steepens and 
becomes ver t i ca l  a t  the axis, and assumes the opposite dip beyond it. 

Northeast of the "fan axis" along North Thompson and Raush 
Rivers  the s t ra ta  of the Kaza Group a r e  isoclinally folded and become 
progressively more metamorphosed toward the northeast until they reach 
the kyanite zone. Both the foliation and axial planes a r e  warped ac ross  the 
antiformal axis north of Canoe River and both pass  through the more north- 
easter ly  "fan axis" beyond which they maintain a southwesterly &p to the 
edge of the Rocky Mountain Trench. 

On the "fan axis" along North Thompson and Raush Rivers  folds 
in the Kaza Group a r e  nearly isoclinal and have a strong axial plane 
cleavage. To the northeast in the isoclinal folds foliation and compositional 
layering a r e  parallel .  To the south folds have northeast dipping axial 
planes, one steep limb and one flat limb, and well developed axial plane 
cleavage. Still far ther  south s t ra ta  of the Cariboo Group a r e  deformed into 
much attenuated isoclinal folds with northeast dipping axial planes and here  
again foliation and compositional layering tend to be parallel .  

In the Kaza Group east  of North Thompson River folding is  
isoclinal and locally recumbent. 

The direction of tectonic t ransport  in the folded rocks between 
the two "fan axes" could not be determined. I t  seems,  however, that one o r  
other of the axes, or the general a r e a  between them, i s  an important s t ruc-  
tural  axis that m a r k s  a zone ac ross  which the direction of tectonic t ransport  
changes on a regional scale.  To  the west tectonic t ransport  in the Kaza and 
Cariboo Groups i s  to the southwest whereas on the opposite side s t ructures ,  
including those in  the Rocky Mountains, a r e  directed to the northeast. 



QUATERNARY 
PLEISTOCENE AM) RECENT 

Glacial deposits; alluvium 

TERTIARY, PLEISTOCENE, AND RECENT 
[R Basaltic flows, cinder cones, and fragmental deposits 

: l 
CmACEOUS OR EARLIB 

7a, biotlte quartz monzonite; 7b muscovite-biotite 1 granite' : CAMBRIAN OR LATSR 
LOWER CAMBRIAN OR LATB 

CARIBOO CROUP (4 to 6) 
T I Y A N K E E  BZLLE b'0RMATION: slate, phyllite, and quartzite 

Low= CAMBRIAN 

(51 CUNAINCIIAM LIKYSTOWE: grey and buff marble; may include some carbonate units of Isaac Formation 
LOWER CANBRIM4 OR WRLIXR 

m ISAAC FORMATION: 4a, phyllite, schist, marble, quartzite, slate, and limestone; 4b, garnet, staurolite, and 
banite mica schist, quartzite, and marble; may 
include undifferentiated Yankee Belle Formation 

VIKDErnRE 
KAZA GROUP (equivalent to Miette Croup) 

131 3a, quartzite, micaceous and garnetiferous quartzite, garnet, staurolite, and kyanite mica schist; minor 
marble and metacone;lomerate; 3b, micaceous marble, minor 
schist (may be equivalent to units 4 or 5); 3c, quartzite, 
commonly feldspathic and gritty, phyllite, schist, 
and minor conglomerate 

MIETTE GROUP (equivalent to :,aza sroup) 
(locally &nrnetiferous), slnte, quartzite, 

coqlomerate, and limestone 

ACE UNKNOWN 
SliJYdiiP I.LZTAHOR;.HIC COMPLEX 

, quartz-feldspar-biotite eneiss, quart,zite, ( la amphlbolite, mica schist (locally garnetiferous) 
marble, lime-silicate gneiss; includes much pegmatite; 
lb, grey and buff marble; lc, quartz-hornblende 
gneiss, amphibolite, quartzite; minor staurolite 
and garnet mica schist 

Ceoloeical contact (defined, approximate .-- - --- 
or assumed) 

Foliation (approximates axial planes of 
folds) (inclined, vertical) A & 

Lineation approximates fold axes) 
[plun~ing, horizonklj 2 C--, 

Fault (approximate or inferred) -- -- 
.Thrust fault, approximate -V- 

Anticline (upright, overturned) +-@- 
Syncline (upright, overturned) -+-%b- 

Antiform (fold in foliation and axial 
planes of older folds) 

Synform (fold in foliation and axial 
planes of older folds) 

Fan axis % 
Geology by R.B. Campbell, 1963 

and R.B. Campbell and E.W. Mountjoy, 1964 





The par t  played by the gneisses of the Shuswap Metamorphic 
Complex in  the regional s t ructural  development i s  not under stood. The 
unique s t ructural  character  of the gneisses suggests that they were in their 
present  condition pr ior  to the deformation of the Kaza and Cariboo Groups 
but nevertheless they were involved in younger deformation a t  leas t  to the 
extent that they were thrust eastward ac ross  the Rocky Mountain Trench and 
over the Miette Group and younger rocks in  the Rocky Mountains eas t  of the 
map-area.  Miette Group s t ra ta  adjoining the thrust  a r e  intensely deformed 
and al tered to staurolite schist .  

Within the map-area and in the map-area to the eas t  (Canoe 
River  E1/2) the Rocky Mountain Trench marks ,  approximately, the locus of 
a fault along which rocks on the southwest a r e  thrust  northeastward. In  the 
map-area to the eas t  the fault locally leaves the Trench. No evidence was 
noted which would suggest extensive l a te ra l  movement. 

Jenness,  S.E. 
1965: Report of Activites: Field, 1964; Geol. Surv. Can.. Paper  65-1. 



26. ARCHAEAN SEDIMENTARY ROCKS O F  NORTHWESTERN ONTARIO 

J. A. Donaldson, G.  D. Jackson 

This  study was initiated to evaluate provenance for  Temiskaming - 
type c las t ic  sediments in  Archaean metasedimentary  -metavolcanic belts  of 
the Superior Province .  Most attention was di rected to  arenaceous  sediments  
that fo rm about 60 pe r  cent of the Archaean sedimentary  sequence a t  North 
Spiri t  Lake,  but additional data were  collected for  other a r e a s  between Red 
Lake and Lansdowne House. Most of the areni tes  a r e  interbedded with 
argil l i te S in thick sequences character ized by gra in  gradation. P r i m a r y  
s t ruc tu res  in  the graded beds suggest  turbidity current  origin, and hold 
promise  for  palaeocurrent  determinations (F ig .  1 ) .  Phenoclasts in conglom- 
e r a t e s  were  studied in  some detail  because,  representing l a rge  samples  of 
source  rocks ,  they-yield textura l  and s t ruc tu ra l  information not obtainable 
f r o m  a study of the finer-grained c las t ic  rocks .  I n  an  effort  to s t r e s s  
quantitative r a the r  than qualitative data, the concept of modal analysis was 
extended to megascopic determination of volumetric abundances for  glacially - 
smoothed outcrops of conglomerate.  

Many sandstones in  the North Spiri t  a r e a  can bes t  be t e rmed  
quar tz  greywackes on the bas is  of a ma t r ix  content g rea te r  than 15 pe r  cent 
and abundance of c las t ic  quar tz  gra ins  in  the f ramework (Pla te  IA). 
Relatively calcareous  sandstone S a r e  locally abundant, and textura l  data 
for such rocks  supports p r i m a r y  origin for  the carbonate r a the r  than 
"carbonatization". Sand-sized c las t ic  quar t z  composes m o r e  than 30 pe r  
cent of the total  sequence of Temiskaming-type sediments and s imi la r  
abundances hold for  c las t ic  sediments  of nearby bel ts .  Much of the s i l t -  
s ized quartz in the sandstones and associa ted argi l l i tes  m a y  have been 
derived by comminution of l a r g e r  quar t z  gra ins .  

These data have implications with r ega rd  to geologic h is tory  i n  
the Archaean. Temiskarning-type sediments commonly a r e  character ized a s  
the products of rapid  eros ion of r ising volcanic a r c s ,  and belts of Keewatin- 
type volcanic rocks  have been regarded by some workers  a s  r e l i c s  of proto- 
continents. I t  has  been recent ly  argued that  granitoid rocks  of batholithic 
dimensions were non-existent p r io r  to deposition of "Temiskamingtt  sedi-  
m e n t ~ ,  and the sca rc i ty  of phenoclasts of granitoid rocks  i n  Temiskaniing - 
type conglomerates has  been cited in  support  of this concept. Our study has  
substantiated sca rc i ty  of granitoid phenoclasts in  conglomerates of the North 
Spiri t  a r e a ,  but we r e g a r d  this m e r e l y  a s  the outcome of proximity of source  
rocks to the site of deposition. We propose a model consisting of a 
depositional bas in  flanked by volcanics, with granitoid roclcs (and probably 
older sedimentary rocks)  exposed in abundance beyond the proximal volcanic 
t e r ra in .  F o r  such distribution, volcanic rocks would provide coarse  detritus, 
and the granitoids (plus older sedimentary roclcs?) would contribute large  
volumes of sand- and s i l t -s ized detri tus,  but, following S te rnberg t s  law, 
relatively few cobbles and boulders.  This  model satisfactorily explains our 
petrographic data, whereas  a source  t e r r a i n  consisting essentially of 
volcanic rocks  doe S not. Bas ic  volcanics,  the m o s t  abundant Keewatin-type 
rocks ,  contain virtually no quartz,  and the l e s s  abundant associa ted acid  
volcanics could have supplied significant amounts of quar tz  sand only under 
conditions of ext remely r igorous  weathering (quar tz -~henocrys t s  of sand 
size compose l e s s  than 10 p e r  cent of the porphyrit ic volcanics which in tu rn  



A .  Flame s t r u c t u r e s  in the upper p a r t s  of graded g rey-  
wacke - argi l l i te  couplets.  Asymmet ry  indicates t r a n s -  
po r t  towards the left .  

B. Two success ive  beds showing convolute lamination,  
capped by a bed showing ripple-drif t  crossbedding.  
Both types of s t ruc tu re  indicate t r anspor t  towards 
the left .  

C .  Graded bed showing sole m a r k s  (probably groove cas t s )  
and festoon crossbedding.  The section i s  t r ansve r se  to 
the direction of t r anspor t .  

F igure  1 .  P r i m a r y  s t ruc tu re  in outcrops on the shore  of South Bay. 
North Spir i t  Lake.  All sections a r e  perpendicular  to bedding. 





compose less  than 10 per cent of the acid volcanic rocks).  The chemical 
analysis of a typical argillite shows a potash content of 3.4 per cent and a 
magnesia content of only 0 .5  per cent, suggesting that even the fine -grained 
sedimentary detritus was not derived primarily from basic volcanic rocks. 

A few distinctly layered migmatite pebbles were found in some 
conglomerates (Plate IB). Regardless of their scarcity, the presence of 
such pebbles indicates ear l ier  orogeny. The l1Laurentiant1 problem, centring 
around the premise of major unconformity between the volcanic and sedi- 
mentary rocks, i s  r e  solved by rejecting the premise in favour of a volcanic- 
sedimentary sequence with orogeny (and granite emplacement) preceding 
volcanism. The concept of multiple orogenies involving and separating 
succe S sive "Keewatin-Temiskarningtl pairs  appears more acceptable than the 
classical concept of post-"Keewatin", pre-"Temiskaming" (i.e. 
"Laurentian") orogeny. 



27. GEOLOGY OF NORTHWESTERN PICTOU COUNTY, NOVA SCOTIA 

The main purposes of this study were 1) to  map  and describe the 
field occurrence,  and 2) determine the minera l  composition of the Upper 
Palaeozoic  sedimentary  rocks of northwestern Pictou county, an.d 3) use the 
r e su l t s  in deciphering the details  of the stratigraphy and geological history 
of the map-area1. Geological mapping, a t  a scale of one inch to one mile,  
and laboratory  work were included in the investigation. Samples were 
collected f r o m  the det r i ta l  units of the map-area ,  and the minera l  composi-  
tion was measured  by point-count techniques. 

The metamorphic  and igneous rocks  of the pre-Carboniferous 
Cobequid Complex constitute the oldest  rocks  of the map-a rea  (F ig .  l ) .  The 
overlying Upper Palaeozoic section consists of the Devonian and 
Mississippian (7) River  John ~ r o u ~ z ,  the Mississippian Windsor Group, 
the Mississippian and (o r )  Pennsylvanian Canso Group, the Millsville 
Conglomerate and the Boss  Point Format ion  of the Pennsylvanian River  sdale 
Group, the New Glasgow Conglomerate of the Pennsylvanian Cumberland 
Group, and the PennsylvanianStel lar ton andPic touGroups .  Minor felsi te 
and diabase dikes,  which a r e  intrusive into the Upper Palaeozoic  s t r a t a ,  
comprise  the Carboniferous and ( o r )  post-Carboniferous intrusive rocks .  

The dominant s t ruc tu ra l  fea tures  of northwe s t e r n  Pictou county 
a r e  the e a s t e r n  end of the Cobequid mass i f ,  the broad northeast-plunging 
Scotsburn anticline, and two high-angle faults ,  the West River  fault and the 
Loganville fault. 

The det r i ta l  units below the Millsville Conglomerate a r e  low 
rank greywackes,  whereas the Millsville i s  a typical arkose ,  and the units 
above the Millsville a r e  impure a rkoses .  

The change in minera l  composition f rom the River  John and 
Canso Groups,  which contain abundant sedimentary and metasedimentary  
rock f ragments  and minor  quartz-feldspar rock f ragments  and fe ldspar ,  to 
the Millsville and younger units, which contain relatively abundant grani t ic  
rock  f ragments  and feldspar and l e s s  common sedimentary  and meta -  
sedimentary  rock f ragments ,  ref lec ts  the unroofing of a plutonic igneous 
source  a r e a .  The minera l  composition of the Upper Palaeozoic s t r a t a ,  
par t icular ly  the arkosic  Millsville Conglomerate and the feldspathic younger 
units ,  and the abundance of coa r se  det r i ta l  rocks  a r e  typical of the sedi-  
men ta ry  rocks  derived f r o m  a post-geosynclinal t e r r a n e .  

1 Gillis ,  J. W. : Geology of nor thwestern  Pic tou county, Nova Scotia, 
Canada; unpub. Ph.D.  thes is ,  The Pennsylvania State Univ., University 
P a r k ,  Pennsylvania (1964). 

Z ~ e l l e ~ ,  D.G. : Cobequid Mountains; in  Jenness ,  S . E . ,  Compiler,  Repor t  
of activities: Fie ld ,  1964; Geol. S u r y  Can. ,  P a p e r  65-1, pp. 125-127 
(1965). 
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The development of coarse conglomerates near the Loganville 
fault indicates that the eas te rn  end of the Cobequid massif  was tilted up 
along the Loganville fault in Middle to Late Devonian or Ear ly  Mississippian 
time, and that movement r e c u r r e d  in Ear ly  Pennsylvanian time. The most  
recent displacement on the fault was post-Early Pennsylvanian. Unconform- 
able relations between some of the units involved in the Scotsburn anticline 
indicate that the s t ructure  was growing during sedimentation. The s t ructure  
was active in pre-Early  Pennsylvanian time and movement recur red  in  p re -  
Middle Pennsylvanian time. Lates t  activity was post-Middle Pennsylvanian. 
The West River fault i s  of post-Early Pennsylvanian age; there  i s  no 
evidence for ea r l i e r  movement. 

28. RIGHT -LATERAL MOVEMENT ALONG THE TINTINA FAULT 

J.A. Roddick 

A study of the major geologic units bordering Tintina Trench, 
made a s  par t  of a memoir  on the Pel ly  River area.  Yukon Ter r i to ry ,  
indicates a right-lateral  movement of f rom 240 to  260 miles.  The conclus- 
ion i s  based mainly on the apparent offset of a distinctive, thick, late 
Proterozoic  (and Cambrian?) ,  clastic formation, the Yukon Group, a band 
of greenstone of uncertain age, and with l e s s  certainty, on several  l e s s e r  
units. The postulated movement is  further supported by the matching offset 
of different regional trends ac ross  Tintina Trench.  The age of movement 
i s  bracketed by the youngest rocks truncated by the t rench (Middle Jurass ic  
shales) and gently deformed, Paleocene rocks that l ie in  the trench. Poor  
additional evidence indicates that the movement took place more probably in 
the upper Cretaceous than ea r l i e r .  



STATISTICAL ANALYSIS 

29. STATISTICAL TECHNIQUES 

F.P. Agterberg  

During 1964, work was  done on the following subjects:  
1. Methods of t r end  analysis 
2. Analysis of frequency distr ibutions for  t r a c e  e lements  
3. Compilation of s ta t i s t ica l  techniques for  geologic data  
4. Development of a s tochas t ic  prediction model for m i n e r a l  deposits  

1. Methods of t rend analysis:  The rel iabil i ty of polynomial t r end  
su r faces  for  m i n e r a l  composit ion data  and specific gravity of the Mount 
Alber t  Per idot i te  Intrusion,  Gasp&, Quebec, was tes ted  in s e v e r a l  ways: 
A. Method of pa r t i a l  corre la t ion  coefficients 
B. Duplicate t r end  su r face  analys is  
C. Confidence in tervals  on t r end  su r faces  
D. Exper imen t s  on a n  ar t i f ic ia l  t r end  surface  with autoregress ive  res iduals  
E .  T h r e e  dimensional t rend analys is  for  specific gravity data. 
These  methods were  r epor t ed  on the 4th International  Computer Symposium 
a t  Golden, Colorado, in  April ,  1964 (Transact ions ,  Col. School Mines, 
Quar t . ,  vol. 59, pp. 111-130). 

2. Frequency distr ibutions:  About 1, 000 determinations for  each of 
nine t r a c e  e lements  f r o m  the Muskox Int rus ion were  stat ist ically analysed.  
A. Regress ion  curves  were  computed for  the relat ionship between rock  type 

m e a n s  and s tandard  deviations for  the e lements .  
B. One-way var iance  analys is  to  t e s t  the equality of sub-group means  f o r  

the rock  types was applied using two independent classif ications for the 
sub-groups. 

C. Information s ta t i s t ics  such as  the entropy and the d iscr iminator  I were  
computed fo r  two configurations of frequency c l a s s  interval .  Th i s  i s  
s imi l a r  to techniques recent ly  applied by Vistel ius method. 

D. P a r t  of the p rob lem of analyzing t runcated  frequency distr ibutions was 
approached by using max imum entropy es t ima to r s  a s  developed by 
Tr ibus .  

E. Exper imen t s  with random n o r m a l  numbers  genera ted  by a n  IBM Monte 
Car lo  method were made to simulate the growth of frequency distr ibutions 
with t ime.  

These  techniques were  r epor t ed  a t  the Computer Symposium a t  Tucson, 
Ar iz . ,  i n  March  1965 (Transact ions ,  vol. 1, pp. G1-33). 

3. S ta t i s t ica l  Techniques: Table 1 r ep resen t s  some methods for  
analyzing geologic data.  Explanatory  notes a r e  given in a paper  entitled: 
'Stat ist ical  techniques for  geologic da ta t  (Tectonophysics,  vol. 1, 
pp. 233-255, 1964). 

4 .  Stochastic prediction model: F igure  1, left hand side,  shows 
e l emen t s  which a r e  randomly distr ibuted throughout a ma t r ix .  F igure  1, 
r ight  hand side,  r ep resen t s  e lements  which a r e  subject  to a ce r t a in  amount 
of c lus ter ing (autoregress ive  Po i s son  Model). In many ins tances ,  F igure  1B 
will  provide the m o r e  r ea l i s t i c  model.  The c lus ter ing can  be studied by 



autocorrelation functions. Formulas  for the relationship between the 
variance of the number of elements to be expected in  a cer ta in  volume V and 
the size of V have been developed. This model was presented on the 8th 
Commonwealth Mining and Metallurgical Congress, Melbourne,. Australia 
in March, 1965 (Transactions No. 2, pp. 23-28). 

POISSON MODEL AUTOREGRESSIVE 
POISSON MODEL 

Figure 1. The Poisson model (1A) represents  elements randomly distributed 
throughout a mat r ix .  The elements a r e  clustering in case  of the 
autoregressive Poisson model (1B). 
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STRATIGRAPHY, PALAEONTOLOGY AND COAL PETROGRAPHY 

30. CAMBRIAN STRATA OF THE EASTERNMOST SOUTHERN ROCKY 
MOUNTAINS AND THE ADJACENT SUBSURFACE, ALBERTA 

J.D.  Aitken 

The Cambrian of the easternmost  Rocky Mountains and adjacent 
Plains  .comprises five depositional cycles, each commencing with fine 
clastic rocks and ending with carbonate rocks.  With one exception, the 
carbonate facies belt for each succe S sive cycle shifted progressively north- 
eastward, following the general Cambrian marine transgression. 

Lithologic analogues of the Lower Cambrian Gog Group of the 
Mountains, encountered in the subsurface, a r e  younger than the Gog, and 
a r e  assigned to the basal sandstone unit. The Mt. Whyte Formation i s  
recognized.only where the Cathedral Formation can be delineated; beyond 
the facies edge of the Cathedral carbonate rocks,  the lower fine clastic unit, 
s imilar  in lithology to the Mt. Whyte and Stephen Formations,  i s  equivalent 
to  the sequence Mt. Whyte - Cathedral - Stephen (Fig. 1). Carbonate rocks 
of the Eldon Formation extend beyond the Cathedral l imit to the northeast, 
but eventually pass  into the lower fine clastic unit. The P ika  Formation, 
youngest of the Middle Carnbrian formations, i s  remarkable for its uniform 
and widespread development; carbonate rocks of the P ika  extend beyond the 
l imit  of the Eldon. 

The Arctomys and Waterfowl Formations  a r e  clearly recognizable 
in Foothills wells, but no lithologic equivalents a r e  known i n  the Plains  sub- 
surface, and time-equivalents a r e  thought to  be missing, a s  i l lustrated in  
Figure  1. Lithologic and a t  leas t  partial  time-equivalents of the Sullivan 
Formation in  the Plains  subsurface a r e  assigned to the upper fine c las t ic  
unit. The Sullivan and the upper fine clastic unit a r e  overlain by mainly 
carbonate rocks of the upper division of the Lynx Group. The upper Lynx i s  
overlain nearly everywhere by basal  Devonian rocks,  except in  eas te rn  
Alberta,  where thin Lower Ordovician deposits may be present.  

Aitken, J.D. 
(in press) :  Sub-Fairholme Devonian rocks of the E a s t e r n  Fron t  Range S, 

southern Rocky Mountains, Alberta; Geol. Surv. Can. , 
Paper  64-33. 

Aitken, J. D., and Greggs, R.G. 
(in p ress ) :  Upper Gambr ian Formations,  southern Rocky Mountains of 

Alberta, an  interim report ;  Geol. Surv. Can., Bulletin. 

vanHees ,  H. 
1964: Cambrian, P a r t  I - Plains,  in  Geological History of Western 

Canada; Alta. Soc. Pe t ro l .  G o l . ,  Calgary, pp. 2 0 - 2 8 .  



LITHOLOGY, FOSSILS. AGE 

LYNX CROUP (UPPER DIVISION) 

Red md qeen ahale. 

PIKA FORblATlON 

F O R M A T I O N S  

I 

ELDON FORM 
1,lmestone and dolomite. 

. . , . . .  
. . . , , .  . . . . . . . 

I l I 
FRONT RANGES l FOOTll lLlS I PLAINS 

LITHOWGY. FCSSIIS. ACE 

Stltstonc, shale .  Ordovlclnn 

Limestone, dolomite. hubor< 
Inate SI1tSlone and shale.  
No fauna.  
Lledl:nl and late Upper 

Cnrnbriun. 

CrcDlcephalus zone f:nunn. 

Shnle, s i l s t one ,  w r y  
mlnor limestone, muoh 
gI3"Co"lle. 
Early Uppcr Camhr1;ln. 

Limestone, shale, "cry 
mlnor s l l ts lane.  
No ldcnllflnble fauna. 
Lntcsl  hllddle Cambrian 

Shnle, glaveooltic s i l ts tone 
and fine .sandstone. 

zone taunns. 
Modlal Middle Cnmbrinn 

6 n e  to coarse sandstone, 
partly glauconlllc. No fauna 

Cnelss ,  schlsl, lgleous rook 

F l y r e  l .  Tiible of Cnrnllrltv formations for Ule eas t e rn  Franl 
Range-. Foothills, and Plains 01 southern Alherta. 
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Fig. 1. Upper Cambrian sequence, Southern Rocky Mountains, 
Alberta 



3 1. UPPER CAMBRIAN FORMATIONS, SOUTHERN ROCKY MOUNTAINS 
O F  ALBERTA 

J .D .  Aitken, R.G. Greggs  

The rev i sed  Upper Carnbrian S e r i e s  of the southern Rockies of 
Alber ta  i s  summar ized  in  F igure  1. The s e r i e s  compr i ses  th ree  cycles of 
deposit ion (Arctomys-Waterfowl,  Sullivan-Lye11 and Bison Creek-Mistaya) .  
E a c h  cycle begins with the sudden appearance of shales  above a thick 
carbonate in terval .  The interbedded shales ,  l ime  stones and subor dinate 
s i l t s tones  of the f i r s t  half of the cycle grade  upward into the carbonate rocks  
with minor  s i l t s tones  and sandstones of the second half. Evidence of 
deposition in  v e r y  shallow water ,  such a s  mud-cracks ,  r ipple -marks ,  algal  
s t romatol i te  S ,  pebble conglomerates,  ooli tes and well-sorted ca lcareni te  S ,  

i s  widespread in both shaly and carbonate half -cycles.  

The shaly Sullivan and Bison Creek  Format ions  grade  northward 
into carbonate in tervals  indistinguishable f r o m  the bounding Waterfowl, 
Lyell ,  and Mistaya Format ions .  The sequence Waterfowl-Sullivan-Lyell- 
Bison Creek-Mistaya thus p a s s e s  into an  equivalent, thick, undivided 
carbonate unit, the Lynx Group (elevated f r o m  Lynx Format ion) .  The Lynx 
Group i s  divisible into Upper and Lower divisions in  the region in which the 
Sullivan Format ion  i s  p resen t  but the Bison Creek  Format ion  i s  unrecognie- 
able (Fig .  2) .  

The Bosworth, Paget ,  and Sherbrooke Format ions  of the Kicking 
H o r s e  P a s s  a r e a ,  the Mons Format ion  of the Glacier  Lake a r e a ,  the Tangle 
Ridge Format ion  of the Sunwapta P a s s  a r e a  and the Ghost  River  Format ion  
of the e a s t e r n  F r o n t  Ranges a r e  considered obsolete and invalid. 

SOUTH NORTH 

Fig.  2 .  Stratigraphic relationships of the Lynx Group. 

-- 
-L -- 

Waterfowl F m  . 
Arctomys F m .  

-- 
- X -- 

a, 
3 : 

Arctomys F m .  
-- 
-- 



3 2 .  STUDIES ON CARBONIFEROUS PALYNOLOGY 

M.S. B a r s s  

The miospore  studies of the type sections of the var ious  
Carboniferous format ions  in  the Mari t ime Prov inces  has  been continued. 
Samples  examined f r o m  the Penns  ylvanian Pic tou Group indicate that  the 
type section i s  younger i n  age than previously considered; i t  m a y  even 
extend into the P e r m i a n .  

Of the many samples  submitted during 1964 f o r  a palynological 
age determination,  one sample i s  worth mentioning. A bore-hole sample  
f r o m  nea r  Walton, N.S. f r o m  the Scotch Village Format ion,  revealed  a 
Westphalian D age for  th is  formation,  which was previously considered to 
be We stphalian A (River  S dale Group) . 

33. SUBSURFACE STRATIGRAPHY OF DUNVEGAN FORMATION 
(UPPER CRETACEOUS), WEST -CENTRAL ALBERTA 

AND ADJACENT BRITISH COLUMBIA 

C.F .  Burk,  Jr. 

A widespread e lec t r ic- log m a r k e r  hor izon equivalent to the top 
of the Doe C r e e k  sandstone m e m b e r  (Stelck and Wall, 1954, Fig .  4) was 
co r re l a t ed  throughout the r epor t - a rea .  T h i s  m a r k e r  horizon, located a few 
feet  above the Dunvegan Format ion,  provides a convenient datum for  c r o s s  - 
sections . 

The isopach m a p  of the m a r k e r  -defined in terval  between the F i s h  
Scales  and Doe Creek  m a r k e r s ,  which embrace  sandstones of the Dunvegan 
Format ion,  has  a dominant nor th-nor theas t  t r end  with a minor  t r end  supe r -  
imposed a t  r ight  angles.  The minor  t r end  i s  m o s t  strongly expressed  in  the 
e a s t e r n  th i rd  of the r epor t - a rea  and diminishes westwardly.  Poss ib ly  i t  
r e f l ec t s  the presence  of a surface of e ros ion  near  the level  of the F i s h  Sca les  
m a r k e r .  The overlying marker-def ined in terval  between the Second and 
F i r s t  White Specks m a r k e r s ,  which has  a dominant northwest  t rend,  lacks  
any such super imposed minor  t rend.  

3 4 .  PETROGRAPHIC EXAMINATION O F  COKING COALS 
FROM MICHEL, BRITISH COLUMBIA 

A.R. Cameron,  S.K. Babu 

F o r  this continuing projec t  two column samples  of a low volatile 
coal  s e a m  have been examined. As the s e a m  i s  over 50  fee t  thick, i t s  
pe t rographic  study requ i red  the prepara t ion and microscopic  examination of 
s e v e r a l  hundred polished sections and g ra in  mounts .  Based  on detailed 
megascopic  and microscopic  examinations,  twenty-two petrographicaLly 
dist inct  zones could be r e c o g n i ~ ~ d .  These  zones show prominent  differences 
i n  m a c e r a l  composition and reflectance values of the vitr inite component. 
In  view of the e S tablished relat ionship between petrography, including 
ref lec tance  measuremen t s ,  and coke stability, the p resen t  columnar study 



permi t s  a selection of those par ts  of the seam which will likely produce the 
strongest coke. Interesting differences between the fluidity and swelling 
proper t ies  of pure vi t ra in  and whole coal samples have been observed, which 
will play an  important pa r t  in  the preparation of the most  suitable coal 
blends for  coking purposes. 

35. PETROGRAPHY AND CARBONIZATION CHARACTERISTICS 
O F  SOME WESTERN CANADIAN COALS 

A.R. Carneron, J .C .  Botharn 

In  this joint investigation between the G.S.C. and the Mines 
Branch, a number of samples  f rom two seams in  the Crowsnest P a s s  a r e a  
of Br i t i sh  Columbia were studied with respect  to correlation between 
petrography and coking properties.  Physical tes ts  included measurement  
of swelling by the f ree  swelling index test, measurements of fluidity by the 
Gieseler  test ,  and measurement  of strength on coke f rom the 500 lb. 
capacity, movable wall t e s t  oven. Petrographic data include resul ts  in 
t e r m s  of both macera l s  and microlithotype s . Of interes t  i s  the somewhat 
anomalous distribution of opaque components, especially the fusinitic 
constituents, in the various size fractions of one of the seams examined. 
Fluidity i s  shown to have a better correlation with the content of the micro-  
lithotype vi t r i te  than with the total  vitrinite. Calculated stability factors on 
s i x  cokes suggest that a textural variety of vitrinite, described as  
mylonitized o r  pitted, has a deleterious effect on coke strength. 

Cameron, A.R., and.Botham, J .C .  
(in p ress ) :  Contribution to  the F i r s t  American Conference on Coal Science, 

Pennsylvania State University, State College, 1964. 

36. STRATIGRAPHY OF THE WEST COAST OF NEWFOUNDLAND 

Port ions  of two contrasting tectono-stratigraphic regions 
dominate the geology of the west coast of Newfoundland - 1. the Anticosti- 
S t ra i t  of Belle Is le  Plat form composed of Lower Palaeozoic carbonate 
deposits; 2. a late Palaeozoic belt of deep subsidence represented by 
marine and non-marine Carboniferous s t ra ta ;  the NW margin of this 
Carboniferous fold belt i s  preserved around the head of St. George Bay. 

The southeastern p a r t  of the Anticosti-Strait of Belle Isle 
P la t fo rm l ies  near  the edge of a n  enormous gravity slide m a s s  which was 
emplaced during Middle Ordovician time. Once emplaced, rocks of this 
klippel acted as  a thick stratigraphic unit that was accommodated into the 
carbonate succession by localized additional subsidence of the platform 
edge. 

l ~ o d ~ e r s ,  J., andNeale ,  E.R.W.:  Possible "Taconic"Klippeninwestern 
Newfoundland; Am. J. Sci., vol. 261, pp. 713-730 (1963). 



On P o r t  au P o r t  Peninsula  klippe rocks  of the Humber A r m  
Group a r e  sandwiched between platform carbonates .  The success ion f r o m  
e a s t  to west  a c r o s s  P o r t  au P o r t  Bay is:  St .  George  Format ion  (Cambro-  
Ord.  ); Table Head Format ion  (Mid. Ord.  2 ) ;  Humber A r m  Group (Lower 
Ord.);  Long Point  Format ion  (Mid. Ord.  ); Clam Bar& Format ion  (Sil. 7 - 
Lower  Dev.). T o  the west  and unconformably overlying this success ion,  
a r e  undisturbed r e d  conglomerates composed of rhyolite cobbles. These  
R e d  Is land s t r a t a  a r e  in terpre ted  a s  a remnan t  of the sedimentation border  - 
ing a nor theas t  trending, graben-like,  Carboniferous t r ench  (aulacogene 3, 
occurr ing between Anticosti  I s land and Newfoundland. 

37. TRIASSIC DISCONFORMIT Y IN THE T ANQUARY FIORD - 
YELVERTON PASS REGION, ELLESMERE ISLAND, N. W. T.  

R . L .  Chr i s t i e  

St ra t igraphic  sections were  m e a s u r e d  in  1963 i n  a nor theas t -  
ward extension of the Sverdrup Basin;  the following r e m a r k s  provide a 
pa r t i a l  accounting and in terpre ta t ion  of re la t ionships  observed there .  

The basal  beds of the Sverdrup Bas in  a t  the head of Tanquary  
F i o r d  a r e  l imestones  of Pennsylvanian age,  and locally, sandstones of 
unknown age.  Overlying the basa l  beds i s  a generally conformable sequence 
of P e r m i a n ,  T r i a s s i c ,  J u r a s s i c ,  and Cretaceous  Format ions .  However, a t  
va r ious  local i t ies  a thick, la te  T r i a s s i c  Format ion,  the Heiberg Format ion,  
r e s t s  d i rec t ly  on la te  Palaeozoic  beds, on the undated basa l  beds,  and on 
the basement  rocks  underlying the Sver  drup Basin .  

The undated basal  format ion noted above is a n  unfossil iferous 
arenaceous  c las t ic  sequence near ly  2, 000 fee t  thick exposed a t  Yelverton 
P a s s .  The sequence i s  divisible into two map-units  m o r e  o r  l e s s  equal i n  
thickne s S: the lower unit, red-weathering and thin-bedded shale and sand-  
stone;  and the upper,  white -weathering medium- to  thick-be dded sandstone 
and conglomerate.  Th i s  unnamed format ion i s  over la in  with apparent  sl ight  
angular discordance by the Heiberg Format ion.  

The Permo-Carboniferous  beds include: basal ,  red-weathering 
conglomerate and sandstone, near ly  400 fee t  thick but only locally developed; 
co ra l - r i ch  l imestone and l imy  sandstone beds aggregating a t  l e a s t  500 feet;  
and, uppermost ,  about 600 fee t  of mass ive ,  str ikingly pure  white sandstone, 
i n  m o s t  place S with a carbonate cement .  Tentative corre la t ion  is: the  
basa l  c las t ic  beds,  Canyon F i o r d  Format ion;  the corall ine l imestones ,  
Belcher  Channel Format ion ;  and the white sandstones,  uncertain,  o r  
' P e r m i a n  ( 7 )  sandstones ' .  

z ~ h i t t i n ~ t o n ,  H.B.: Tr i lobi tes  of the Ordovician Table  Head Format ion,  
wes te rn  Newfoundland; Bull .  Mus. Comp. Zool., H a r v a r d  Universi ty,  
vol. 132, No. 4, pp. 2/7-441; 68 p la tes  (1965). 

~ a l i v k i n ,  V .  D. : Graben-like t renches  in the e a s t  of the Russ ian  Pla t form;  
Defence R e s e a r c h  Board  of Canada, t rans la ted  by E .R.  Hope, T400R 
11965). 



The Tr iass ic  Bjorne and Schei Point Formations a r e  represented 
by grey - and yellow-weathering sandstone units respectively 120 to 300 feet  
thick and 50 to 80 feet thick. 

The Heiberg Formation comprises two distinct members:  the 
lower, iaterbedded sandstone, siltstone, and shaly siltstone in  about equal 
proportions, and minor shale;  the upper, massive, fine -grained grey to 
white sandstone. Igneous s i l ls  fo rm up to one -third of sections in  the lower 
member .  The thinnest section i s  measured a t  1,700 feet, and the thickest 
estimated to be about 3 ,500  feet. Although 'coalifiedl plant remains  occur 
scat tered throughout the lower member ,  almost none a r e  sufficiently well 
p rese rved  for plant identification. A collection of larger  and bet ter-  
preserved plant fossils f rom a bed i n  the upper half of the lower member  
was submitted to W .A. Bell, Geological Survey of Canada, who reports  as  
follows: 

Neocalamites hoerensis (Schimper) Halle (GSC Loc. 6873, 6876) 
h y l l u m a t h o r  s t i  (Schenk) (non Seward) 
6874) 

Of Neocalamites hoerensis,  Dr.  Bel l  r emarks  that the species 
was long considered res t r i c ted  to Rhaetic ( la tes t  Upper Tr iass ic )  f loras ,  
but that specimens f rom Liass ic  (Lower Jurass ic )  beds have recently been 
assigned to it, and that the enclosing Heiberg beds therefore could be either 
la te  T r i a s s i c  or ea r ly  Juras  s ic  in age. 

Recessive black, crumbling shales, siltstones, and grey-brown 
sandstones of Ju rass ic  age overlie with s t ructural  conformity the strikingly 
competent upper sandstone member  of the Heiberg Formation, and a r e  over - 
lain similarly by the Isachsen Formation, also of competent sandstone. 

The Sub-Heiberg Disconformity 

The Heiberg Forr-at ion in  the Tanquary-Yelverton regions r e s t s  
upon an eroded terrane comprising various older formations. The relation- 
ships between the Heiberg and underlying formations, not everywhere 
precisely  determined, a r e  evidently as  follows: either conformably o r  
disconformably upon the Schei Point Format ion (the known immediate 
predecessor  of the Heiberg Formation);  disconformably, or '  perhaps with 
slight angular unconformity upon the Permo-Carboniferous coral  beds; 
near ly  disconformably, but with slight angular unconformity upon the undated 
white sandstones and conglomerates of Yelverton P a s s ;  and with g rea t  
angular unconformity upon the pre-Carboniferous basement rocks.  Evidently 
an  episode of tectonism and erosion immediately preceded the deposition of 
the Heiberg Formation. F r o m  present  evidence only a limited a r e a  was 
affected, but further exploration may show the event to be a significant one 
in  the stratigraphic history of the region. 

Although the Heiberg Formation r e s t s  in  places directly upon the 
pre-Carboniferous basement, only a few miles  away the stratigraphic 
section appear S normal and complete, the Heiberg Formation resting without 
apparent discordance upon the Schei Point Formation. There  i s  little o r  
nothing i n  the measured sections to suggest either a thinning of the p re  - 
Heiberg Formations o r  progressive truncation of them. Had a tectonic arch,  
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or  broad upwarp, r i s e n  in pre-Heiberg t ime, one or both of these relation- 
ships would be expected to obtain. The abrupt disappearance of the entire 
p re  -Heiberg section, on the other hand, could be due to p r e  -Heiberg faulting; 
a basement fault of considerable ver t ical  displacement would have elevated 
a welt of Permo-Carboniferous and Lower Tr iass ic  deposits, exposing them 
to erosion while allowing the preservation nearby of a complete, o r  near-  
complete section. The local ver t ical  component of fault movement required 
would be a t  leas t  the thickness of the pre  -Heiberg section, which i s  about 
1 , 5 0 0  feet. Upper Tr iass ic  movement of this order  on a nearby branch of 
the Lake Hazen fault -zone, which was a locus of major  post-Cretaceous 
faulting, would explain the relationships observed. 

Tozer ,  E . T .  
1961: T r i a s s i c  stratigraphy and faunas, Queen Elizabeth Islands, 

Arctic Archipelago; Geol. Surv. Can., Mem. 316. 

1963a: Mesozoic and Ter t i a ry  stratigraphy, pp. 74-95, in For t i e r ,  
e t  al . ,  Geology of the north-central  part  of the Arctic 

v .  

Archipelago, N. W .  T .  (Operation Fr inkl in) ;  Geol. Surv. Can., 
Mem. 320.. 

1963b: Mesozoic and Ter t i a ry  stratigraphy, western E l lesmere  Island 
and Axe1 Heiberg Island, District  of Franklin; Geol. Surv. Can., 
P a p e r  63-30. 

38. CARBONIFEROUS COAL DEPOSITION ASSOCIATED WITH 
FLOOD-PLAIN AND LIMNIC ENVIRONMENTS IN 

NOVA SCOTIA 

P .  A.  Hacquebard, J .R .  Donaldson 

This  investigation was ca r r ied  out to  present factual data and 
possible explanations on the origin and deposition of coal measures  in two 
distinctly different basins. The basins a r e  those of the Sydney and Pictou 
coalfields in Nova Scotia of which much information was available for study, 
due to  their long mining history. 

In  the Sydney coalfield, normal-banded autochthonous coals 
accumulated i n  a flood-plain environment. Lithofacies maps show the 
existence of two main r iver  channels in this plain. The interaction between 
fluvial sedimentation and peat deposition, which caused the splitting and 
digitation of seams,  i s  i l lustrated with a char t  showing eleven c r o s s  -sections 
through the major  seams of the coalfield. The environmental changes in  the 
peat swamps have been interpreted f rom petrographic variations within the 
coals. By arranging the latter in  "facies triangles", i t  was possible to plot 
these changes in cross-sections of eight seams.  These sections a r e  based 
on previous petrographic studies ca r r ied  out over severa l  years  on fifty-one 
column samples,  which together total 253 feet of coal. The cross-sections 
show that forest-moor and reed-moor environments predominated through- 
out, but were  interrupted occasionally by open moor conditions. Changes in  
environment were accompanied by changes in vegetation. This was 
concluded f r o m  variations in  the spore florule s within seams,  particularly 
i n  the ra t ios  of Punctatosporites and Lycospora. Rapid subsidence with 



ear ly  bur ia l  of peat beds i s  indicated for Sydney Basin,  ay  type of clastics 
and excellent preservat ion of coal macer  als.  

In the Pictou coalfield, micro-banded hypautochthonous coals 
accumulated in a narrow intermontane lake basin. Lithofacies maps show 
lacustrine sediments, with coal seams up to 44 feet thick, in  centre of basin, 
and more  fluviatile deposits a t  margin. The rapid megascopic changes 
between coal and detri tal  sedirnents, which caused la te ra l  " l i th i f i~a t ion '~  
ra ther  than digitation of seams i s  i l lustrated in  a char t  showing twelve 
cross-sections through the major  seams  of the western par t  of this field. 
Uniform ecological conditions a r e  indicated by uniformity i n  petrographic 
composition and by constancy of the spore florule within each seam. A 
slowly subsiding basin, with simultaneous accumulations of peat and clastic 
mater ia ls ,  i s  postulated by the type and preservation of the coal macera l s  
and the presence of numerous, minute quartz. grains.  

Due to the entirely different environments of coal deposition i n  
the two basins examined, greatly different se ts  of sedimentological, coal 
petrological and palynological character ist ics resulted. These a r e  l isted in 
a table, which shows that of the twenty-eight features  compared, nearly a l l  
a r e  diss imilar .  

Hacquebard, P. A .  , and Donaldson, J. R. 
(in p ress ) :  Contribution to G. S . A .  Symposium on "Environments of Coal 

Deposition", Miami Beach, 1964. 

39. STRUCTURE AND STRATIGRAPHY OF THE 
STONY CREEK FLELD, NEW BRUNSWICK 

R.D. Howie 

The Stony Creek Gas and Oil Field  located about 9 miles  south of 
the city of Moncton, New Brunswick i s  the only productive field in Canada 
e a s t  of the province of Ontario. Production i s  f rom 6 sand zones in  the 
Alb3rt Format ion of Mississippian age. Each  of the sand zones, composed 
of a number of lenticular sands that vary f rom well to well, a r e  separated 
by non -bituminous to bituminous shales.  Because of the lenticular nature 
of the sands and the absence of good marker  horizons, the detailed 
stratigraphy of the field has never been worked out. 

In  recent  studies of the a r e a  it i s  apparent that the field i s  
located in a deltaic deposit. A s e r i e s  of facies maps now i n  production 
show the movement of the s t ream channel ac ross  the delta. P o s t  depositional 
uplift, erosion and considerable faulting can also be illustrated. 

40. PLAINS OF SOUTHERN ALBERTA AND SASKATCHEWAN 

E. J. W. I r i sh  

A preliminary study of the Edmonton Formation between Red 
Deer  and Bow Rivers  indicates that the most  reliable marker  is  the zone that 



includes the equivalents of the Whitemud and Battle Formations.  No 
diagnostic foss i ls  have been found in  these units so that correlation is  made, 
so  fa r ,  only on their  distinctive lithology. A tentative division of the 
Edmonton Formation i s  based on this zone. Beds up to and including the 
Battle equivalent a r e  re fe r red  to as  Lower Edmonton and those above the 
Battle equivalent, a s  Upper Edmonton. 

So fa r ,  the Whitemud and Battle equivalents have been t raced 
southward a s  fa r  a s  Bow River.  Upper Edmonton s t ra ta  have been t raced 
a s  f a r  e a s t  a s  Sheerness,  Alberta where only a few feet of beds separate the 
W hitemud equivalent f rom the underlying Bearpaw Formation. 

Geochemical resul ts  suggest that the Bearpaw Formation may 
be divided into a n  upper and lower par t  on the relative amount of Na2O in the 
shale.  Whether o r  not such a division i s  applicable over extensive a r e a s  is  
a s  yet unknown. 

41. AGE AND TECTONIC NATURE OF THE 
STRAIT OF GEORGIA SEAWAY 

J. A. Jeletzky 

The ear ly  to mid-Lower Cretaceous (Berr ias ian to Aptian 
inclusive) marine rocks of Spiden Island, western Vancouver Island and 
Queen Charlotte Islands a r e  nerit ic,  fine to coarse clastics derived f r o m  the 
east .  An extensive tectonic highland built of the strongly dislocated and 
metamorphosed pre  -Cretaceous sediments and volcanics invaded by the 
presumably mid-Jurass ic  Coast Intrusions was their source a rea .  This 
tectonic land erected by the Jurass ic  (late ? ) tectonic movements occupied 
the place of the present  Georgia andQueen Charlotte Stra i ts  and possibly 
extended northward and southward therefrom; i t  probably extended eastward 
almost  to the Tatlayoko and Harr ison Lake a reas .  The Cretaceous marine 
to non-marine troughs west and east  of this tectonic land remained separate 
until mid-Upper Cretaceous (Coniacian o r  Santonian) faulting or ( 7 )  down- 
warping submerged large t rac t s  of the highland forming the late Upper 
Cretaceous (late Santonian to ea r ly  Mae strichtian) ancestra l  Georgia Stra i t  
seaway. The predominantly marine sediments of the Nanaimo Group we're 
deposited in  this g r  aben (or  trough?).  This northwest trending s t ructural  
depress ion remained a negative s t ructural  element receiving non-marine 
T e r t i a r y  sediments at  intervals ever since. 

42. TAXONOMY AND PHYLOGENY OF FOSSIL COLEOIDEA 
(=DLBRANCHIAT A) 

J. A. Jeletzky 

The ea r l i es t  known primitive, belemnite -like representatives of 
subclass Coleoidea (=Dibranchiata=Endocochlia) belong to a t  l eas t  two 
lineages which a rose  independently out of presumably bactri t id ancestors 
i n  the -late Devonian o r  ( 7 )  ea r l i es t  Carboniferous t ime. Two new orders  a r e  



here  proposed for these lineages. The new order  Aulacocerida 
(=Protobelemnoidea Efben, 19641) i s  the more  primitive of these lineages. 
This most  primitive Coleoidea order known is  characterized by almost 
achoanitic to achoanitic ear ly  (the structure of the ea r l i es t  septal  necks 
i s  insufficiently known) and more  o r  l e ss  distinctly prochoanitic 
(aulacochoanitic) adult septal  necks, tubular essentially nautiloid living 
chamber, absence of a proostracum and hyperbolar zones, and a loosely 
built predominantly to completely organic ( in  Chitinoteuthididae) guard. The 
predominantly organic concentric lamellae of the aulacocerid guard a r e  
char acter  istically considerably thicker than the intervening predominantly 
calcareous lamellae.  In  some forms  (Aulacoceratidae) the sculpture of the 
conotheca i s  visible on the surface of the alveolar pa r t  of the guard because 
of i ts  "imprinting" on surface of a l l  successive guard's layers  so  long a s  
they paral le l  the surface of the conotheca. Muscular mantle and a r m  hooks 
a r e  unknown and probably absent. Aulacocerida must  have been relatively 
inactive animals a s  compared with a l l  other Coleoidea; they a r e  believed to 
be essentially s imilar  to orthoconic nautiloids and bactritids in the degree of 
mobility, life habits, and general organization level. The order  appears to 
be unrelated either to the Phragmoteuthida and Belemnitida S. r e  s t r .  o r  to 
any other known Coleoidea. When the genetic relationships a r e  fully worked 
out i t  may be necessary to divide the Coleoidea into two superorders ,  one of 
which will consist  only of Aulacocerida while the other will include a l l  other 
o rders .  

The order  Aulacocerida includes the following families: 
Aulacoceratidae (ex  Aulacocer atinae Mojsisovics, 1885) Mojsisovics, 1885 
s . r e  s t r  . ; Atractitidae new family; and Chitinoteuthididae (ex  Chitinoteuthidae 
M u e r - S t o l l ,  1936) ~ d l l e r - S t o l l ,  1936. A new genus Buelowiteuthis (based 
on Dictyoconites planus ~ i l o w - ~ r u r n m e r  . 19 15) i s  proposed for the 
predominantly IndoneSian representatives of Aulacocer atidae with strongly 
depressed and flattened r o s t r a  and a new genus Mojsisovicsteuthis (based on 
Atractites conver ens  v. Hauer,  1847) i s  erected for the breviconic (apical 
angle 15°-~&entatives of Atractitidae. The Chitinoteuthididae a r e  
believed to be relatively little changed descendants of the root stock of 
Aulacocerida because of their unusually large and cup-like, essentially 
nautiloid-like protoconch and exceptionally smal l  apical angle of the 
phragmocone . 

The other new order  Phragmoteuthida i s  a l e s s  primitive 
belemnite -like lineage character ized by an  extremely wide, fan-like 
proostracum consisting of a long and wide, anteriorly convex median field 
and two almost equally long and wide, anteriorly convex la te ra l  fields (wings) 
which a r e  separated f rom the median field by narrow and shallow zones of 
backward convex growth lines (incipient hyperbolar zones). Phragmoteuthida 
possessed belemnitid-like muscular mantle and a r m  hooks. Their  
breviconic phragmocone has closely spaced septa and so i s  essentially 
belemnitid in  i t s  s t ructure .  The guard i s  feebly developed or absent which 
appears  to be a primitive feature.  The Phragmoteuthida appears to be a 
d i rec t  offshoot of the bactri t ids ancestra l  to all  other known Coleoidea, 
except for the Aulacocerida; i t  i s  believed to be directly ancestra l  to the 
Teuthida and probably a lso to Belemnitida S .  r e s t r .  

1 Bactritoidea; in: Treat ise  on Invertebrate Palaeontology. P a r t  K-  
Mollusca 3. Nautiloid Cephalopods; Geol. Soc. America & Univ. Kansas 
P r e s s ,  Lawrence, pp. K491-505, text-figs. 352-361. 





The Teuthida Naef, 1916 (nomen cor rec tum,  e x  Teuthoidea Naef, 
1916) is character ized by a great ly  reduced shel l  normally lacking a cham- 
bered phragmocone and guard,  except for insignificant vestiges retained by 
some fo rms .  The conotheca i s  only represented by a rudimentary conus a t  
the poster ior  end of a well developed gladius (=proost racum).  The gladius of 
the oldest  known, m o s t  pr imi t ive  T euthida (Loligosepiina new suborder ;  
typified by Lol i  ose  i a  Quenstedt. 1839)exhibits  wings and shallow hyper - 
bolar z o n e s d k & k y  s imi la r  to those of Phragmoteuthida.  Some of the 
younger and m o r e  advanced Mesozoic teuthids typified by Plesioteuthis 
(Prototeuthidina Naef, I921 S.  r e s t r . )  lack these re-entrant-l ike hyperbolar 
zones and wings and acquire an  essentially Belemnitida-like gladius. Others 
typified by Palaeololi  o (Mesoteuthidina Naef, 1921; nomen correctum,  e x  
M e s o t e u t h o d 9 2 1 )  became Loligo-like. 

The exclusively recent  teuthid suborders  Vampyromorphina 
Robson, 1929 ( t r ans fe r  of Vampyromorpha Robson. 1929 emend. Pickford,  
1936 to the Teuthida was broached by Mr.  L .  Bairstow, Bri t i sh  Museum 
Natural  History,  unpublished), Oegopsina dlOrbigny, 1839, and Myopsina 
dlOrbigny, 1839 cannot be reliably re la ted to the foss i l  teuthids and a 
completely independent subordinal nomenclature must  be maintained for 
them. The foss i l  Teuthida appear to be, a t  any ra te ,  m o r e  primitive than 
thei r  r ecen t  analoga and morphologically transit ional between the recent  
Oegopsina and Myopsina on the one hand and the hypothetical, strongly 
vampyromorph- and octopid-like root stock of the Teuthida on the other.  
The Prototeuthidina S. r e s t r  . lacks,  for  example, the a r m  hooks, h o r n  
r ings  and l a rge  rhomboidai adult fins of i ts  presumed oegopsid descendants 
while possess ing l a rge  a r m  web, pa i red  c i r r a e ,  and ( 7 )  uniser ia l  suckers .  
The poorly under stood a r m  crown of Loligosepiina was apparently even 
m o r e  vampyromorph- and octopid-like, although this suborder a l ready 
possessed  tentacle S .  The recent  Varnpyromorphina apparently separated 
f r o m  the teuthid main s t e m  very  ea r ly  (in the T r i a s s i c  7 )  before i t  developed 
the cha rac te r i s t i c  tentacles common to a l l  other teuthid suborders  known. 

The Belemnitida Naef, 1912 S. r e s t r .  (nomen correctum,  e x  
Belemnoidea Naef, 1912) i s  unknown in p r e  - Ju rass ic  rocks ,  except for  the 
s t i l l  somewhat stratigraphically doubtful gobelemni tes  Flower ,  1945. The 
o rde r  i s  character ized by a narrow, spatulate to  spear-l ike sharpened 
p roos t racum corresponding only to the median field and inner halves of the 
hyperbolar zones of the phragmoteuthid proost racum.  The breviconic 
phragmocone is closely septate and has  retrochoanitic (ortho- to hemi -  
choanitic) e a r l y  and adult septa l  necks.  The calcareous  lamel lae  of densely 
built, usually well calcified guard a r e  character is t ica l ly  thicker than the 
intervening predominantly organic  lamellae.  The guard is char  ac te r  ist ically 
well  developed, which i s  believed to be a secondary modification of the feebly 
developed (or  completely absen t? )  guard of the phragmoteuthid ancestors  of 
the Belemnitida S. r e s t r .  Muscular mantle is well  developed. P a i r e d  a r m  
hooks a r e  p resen t  i n  a l l  suitably p rese rved  representa t ives  but suckers  and 
horn  r ings  a r e  unknown. The o rde r  is believed t o  be ances t ra l  only to  the 
Sepiida, i t s  s imi lar i ty  to Teuthida being due to homoeomorphy and retention 
of the primitive character  S derived f r o m  thei r  common phragmoteuthid-like 
ancestors .  



The Belemnitida S. r e s t r .  i s  subdivided into three  suborders :  

1. Belemnitina Stolley, 1919, S .  r e s t r .  (nomen correctum,  e x  
Belemnoidea Stolley, 19 19) (=Acoeli auctorum) which includes families:  
Belemnitidae dlOrbigny, 1845 S .  r e s t r .  (=Passaloteuthinae Naef, 1922); 
Hastitidae Naef, 1922 non Hastatidae Stolley, 1919; Cylindroteuthididae 
Stolley, 1919 emend. Naef, 1922; Oxyteuthididae Stolley, 19 19; 
Bayanoteuthididae Naef, 1922; Belemnoteuthididae Zittel, 1885 emend. 
Naef, 1922; and Chondroteuthididae, new family.  

2. Belemnopsina, new suborder (=Gastrocoeli  auctorum plus Notocoeli 
auctorum) with the families:  Belemnopsidae Naef, 1922 emend. Jeletzky, 
1946 (=Hastatidae Stolley, 19 19), Duvaliidae Pavlow, 1914; Belemnitellidae 
Pavlow, 1914; and ( ? )  Dimitobelidae Whitehouse, 1924; and 

3. Diplobelina, new suborder with the only family Diplobelidae Naef, 
1926. Diplobelina differs f r o m  Belemnitina and Belemnopsina in  i t s  
ex t remely  narrow,  anter ior ly  sharpened proost racum,  &ore deeply incised 
suture  line with a dorsa l  saddle and ventra l  lobe, and more  o r  l e s s  strongly 
ventra lward incurved axis of the phragmocone. These features  ally i t  to the 
Sepiida to which i t  appears  to  be directly ancest ra l .  A new genus 
Greenlandibelus i s  e rec ted  for "Belemnoteuthis" rosenkrantz i  Birkelund, 
1956. 

Sepiida Naef, 1916 (ex  Sepioidea Naef, 1916) i s  represented by 
foss i l  f o r m s  retaining a l l  p ~ i n c i p a l  morphological e lements  of the 
Belemnitida shell .  However. i t s  phr agmocone i s  e i ther  strongly incurved 
o r  coiled ventralward.  Sepiicla i s  not definitely known to occur in  the 
Mesozoic rocks  and i s  probably an  offshoot of the Diplobelus-like belem- 
nitids. This  suggestion may, however, be subject to a revis ion if the st i l l  
doubtful occurrence of Sepia-like f o r m s  in the J u r a s s i c  and T r i a s s i c  rocks  
should be confirmed. 

Octopida Leach, 1818 (ex  Octopoda Leach, 1818) sensu Naef, 
1922 i s  an  extremely specialized taxon a lmost  unknown in the foss i l  s ta te .  
I t  i s  believed to be an offshoot of the same hypothetical, strongly vampyro- 
morph-like teuthid root stock that produced Vampyromorphina.  Like 
Vampyromorphina,  the Octopida mus t  have separated f r o m  the main  teuthid 
s t e m  v e r y  ea r ly  ( in  the T r i a s s i c  ? )  before i t  developed the tentacles.  Among 
the Octopida, the r ecen t  Cir romorphina  a r e  believed to be l e s s  specialized 
descendants of the octopid root  stock than the Inci r ra t ina .  The Upper 
Cretaceous  Palaeoctopus i s  probably a specialized representative of 
Cir romorphina .  

F igure  1 i l lus t ra tes  the w r i t e r ' s  proposals for revis ion of the 
taxonomy and phylogeny of the sub-class Coleoidea. 

43. LOWER AND MIDDLE DEVONIAN SPORES OF 
EASTERN GASPE 

D.C. McGregor 

Tr i l e t e  spores  and ac r i t a rchs  occur through m o s t  of the coastal  
section of Lower and ea r ly  Middle Devonian rocks  of the For i l lon Peninsula 



and Gasp6 Bay, Quebec. Acr i tarchs  a r e  abundant and usually well p rese rved  
in  the l imestones of the Cape Bon Ami and Grande Grkve Format ions ,  but 
become extremely r a r e  in  the York River Format ion (which m a r k s  the 
beginning of non-marine deposition i n  the a r e a )  and in  the overlying Bat tery  
Point and Malbaie Format ions .  Tr i le te  spores  occur a t  cer ta in  levels in  the 
l imestones ,  but they a r e  abundant only in  the overlying non-marine York 
River ,  Bat tery  Point and Malbaie Format ions .  

The spore assemblages  indicate that a distinct change in  the 
t e r r e  s t r ia1  f lora  occur red  during the t ime of deposition of the Bat tery  Point 
Format ion.  The upper assemblage i s  character ized by zonate and ( ? )  
saccate spores  and spores  with bifurcate p rocesses .  The lower assemblage 
lacks  spores  with bifurcate p rocesses ,  contains few zonate o r  ( 7 )  saccate  
types, and contains a g rea te r  abundance and var ie ty  of Emphanisporite s 
spp. and severa l  new species  of azonate spores .  

The Cape Bon Ami, Grande Grkve and York River Format ions  
of e a s t e r n  Gasp6 contain inver tebrates  which indicate upper Gedinnian, 
Siegenian, and Siegenian or lower E m s i a n  ages  respectively (A. J. Boucot, 
o r a l  communication). The Bat tery  Point and Malbaie Format ions ,  which 
constitute the upper p a r t  of the apparently continuous succession,  a r e  not 
datable by inver tebrates ,  but the upper spore  assemblage which f i r s t  occurs  
in  about the middle of the Bat tery  Point Format ion south of Bois ~ r u l g  Brook, 
i s  c lear ly  s imi la r  to Middle Devonian assemblages  of Scotland and the USSR. 
F o r  this r eason  an  Eifelian age i s  suggested fo r  the upper Bat tery  Point and 
the lowermost  Malbaie rocks .  However, the re  i s  a s  yet  no evidence to 
indicate whether or not the f lora l  change within the Bat tery  Point Format ion 
coincides with the Emsian-Eifelian boundary. 

I l lustrations and sys temat ic  descriptions of approximately 150 
species  of spores  f r o m  the Bat tery  Point Format ion and the lower, plant-  
bearing p a r t  of the Malbaie Format ion  a r e  being p repared  for  publication. 
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44. UPPER DEVONIAN SPORES FROM THE GRIPER BAY FORMATION, 
PARRY ISLANDS, N. W. T. 

D.C. McGregor 

Well  p r e s e r v e d  s p o r e s  occur  i n  the G r i p e r  Bay  Format ion  of 
Ba thurs t  and Helena Is lands .  On Bathurs t  Island, spores  of late F r a s n i a n  
o r  e a r l y  Farnennian age occur  920 fee t  f r o m  the base  of the formation,  and 
e a r l y  Famennian spores  occur  about 380 fee t  higher in the section.  Marine 
inver tebra tes ,  ass igned a n  e a r l y  Famennian age by D. J. McLaren,  a l so  
were  identified a t  the l a t t e r  locali ty.  On Helena Island about 60 mi les  nor th-  
wes t  of the Ba thurs t  Is land locali t ies,  s p o r e s  of probable la te  F r a s n i a n  age 
were  identified a t  a height of 2,675 fee t  i n  the format ion.  

The spores  compare  m o s t  closely with Upper Devonian species  
of the w e s t e r n  USSR. Severa l  species  a r e  a lso  common to Upper Devonian 
r o c k s  tImperia1 Format ion)  of the Mackenzie Basin.  F u r t h e r  study of the 
spores  of the G r i p e r  Bay Format ion  and other Devonian rocks  of the P a r r y  
Is lands  i s  being conducted by Dr .  B. Owens, who was a National R e s e a r c h  
Council Post -Doctora te  Fel low with the Geological  Survey in 1964. 

K e r r ,  J. W ., McGregor,  D. C.,  and McLaren,  D. J. 
( in  p res s ) :  An unconformity between Middle and Upper Devonian rocks  of 

Ba thurs t  Is land with comments  on Upper Devonian faunas and 
mic ro f lo ras  of the P a r r y  Islands;  Bull. Can. P e t r o l .  Geol. 

45. RECONNAISSANCE DEVONIAN STRATIGRAPHY O F  THE 
NORTHERN YUKON TERRITORY AND NORTHWESTERN 

DISTRICT O F  MACKENZIE 

A. W .  N o r r i s  

T h i s  r e p o r t  which i s  to be published in full a s  a GSC bulletin i s  
based  on field work by the wr i t e r  and other m e m b e r s  of Operation 
Porcupine  i n  1962 covering a n  a r e a  north of latitude 65 " and west  of 
longitude 132". Some 36 Devonian sections a r e  p resen ted  of which 32 a r e  
desc r ibed  i n  the Appendix accompanied by tentative foss i l  l i s t s .  

T e n  format ions  a r e  recognized of which five a r e  new. With the 
exception of the R a m p a r t s  (Kee Scarp)  and the B e a r  Rock ( r e s t r i c t ed ) ,  a l l  of 
the format ions  typically developed i n  the cen t ra l  Mackenzie River  region to 
the e a s t  can  be recognized i n  the r e p o r t  a r e a .  

A new unit consist ing of orange weathering foss i l i ferous  l ime - 
stone,  dolomite and shale ranging in  age f r o m  Lower ( 7 )  to lower Middle 
Devonian is locally developed i n  the Hart-Ogilvie R ive r s  a r e a .  I t  discon- 
formably  ( ? )  over l i e s  the graptoli t ic Road Rive r  Format ion.  Banded 
aphanitic dolomites and l imestones  to  be named by J. Tassonyi  ( in p r e s s )  
that  a r e  roughly coeval with the B e a r  Rock evapor i tes  and b recc ia ,  ' a re  
widely distr ibuted in  the Mackenzie and Ogilvie Mountains and the Campbell  
Lake uplift. These  beds range i n  age f r o m  Lower  to lower Middle 
Devonian, and in the nor thern  p a r t  of the a r e a  beds of Si lur ian  age a r e  
p r e s e n t  a l so  i n  the formation.  A new format ion consisting of da rk  shale,  



argillaceous limestone and chert ,  ranging in  age f rom Lower to upper 
Middle Devonian i s  confined roughly to  the Richardson Mountains uplift. In 
places it contains a r ich coral, brachiopod and goniatite fauna i n  i t s  lower 
and middle par t s .  This unit transitionally overlies the graptolitic Road 
River Formation. A new unit consisting of res is tant  limestone and calcar  - 
eous shale of lower Middle Devonian age i s  locally developed in the Snake 
River area .  A new unit of res is tant  grey weathering carbonates ranging in  
age f rom Lower to upper Middle Devonian is  widely developed in the Ogilvie 
and White Mount'ains and in the Campbell Lake uplift. Within the report  
a r e a  the upper Middle Devonian Hume Formation changes char acter  west - 
ward and i s  not developed west of Flyaway Creek. An unusually thick Hare 
Indian Shale occurs in the Snake River  area ,  but pinches out rapidly to the 
south and west. The Canol Shale occurs mainly in the eas te rn  par t  of the 
a r e a  where i t  marks  the base of Upper Devonian sediments. In places this 
shale disconformably overlies beds as  old a s  the Middle Devonian Hume 
Formation. An unnamed interval of poorly exposed shales ranging in age 
f rom Middle to Upper ( 7 )  Devonian i s  present  in the Ogilvie Mountains. The 
Upper Devonian Imperia l  Format ion consisting of clastic rocks in places 
over 5, 000 feet thick was deposited throughout the southeastern half of the 
report  a r e a  and beyond. 






