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ABSTRACT 

T h i s  r e p o r t  c o m ? r i s e s  t h i r t y - n i n e  b r i e f  p a p e r s  
tha t  d e s c r i b e  r e s e a r c h  u n d e r t a k e n  by m e m b e r s  
of the Geolog ica l  S u r v e y  of Canada  between 
N o v e m b e r  1965 and  Apri l  !966 .  



REPORT O F  ACTIVITIES, N O V E M B E R  1965 to APRIL 1966 

INTRODUCTION 

This  r epor t  consis ts  of thir ty-nine shor t  pape r s  that  p resen t  the 
r e s u l t s  of scientif ic s tudies  c a r r i e d  out by m e m b e r s  of the Geological Survcy 
between November 1965 and Apri l  1966. Many of these pape r s  a r e  in ter im 
repor t s  on r e s e a r c h  that will l a t e r  be m o r e  fully descr ibed e i ther  in one of 
the Survey 's  publications o r  in one of the scientific journals.  The 
i l lustrat ions accompanying this r e p o r t  a r e  reproduced without change f rom 
m a t e r i a l  submitted by  individual authors .  

The r e p o r t  of activit ies i s  published twice each yea r  in o rde r  to 
make the r e s u l t s  of c u r r e n t  r e s e a r c h  available to the public a s  quickly a s  
possible.  The sect ion covering the period May to October consis ts  p r imar i ly  
of r e p o r t s  of field work whereas  th is  sec t ion includes r e p o r t s  on both field 
and labora tory  investigations.  Most r e s e a r c h  is  based on field observations 
and thus both sections f o r m  pa r t  of a whole and together with the volume of 
abs t r ac t s  and index of publications provide a n  annual r e sume  of the ma jo r  
scientif ic activit ies of the Geological  Survey.  



GEOCHEMISTRY 

1. SAMPLING PRECISION IN REGIONAL GEOCHEMICAL STUDIES 

E.M.  Cameron  

In  a rea1  geochemical  s tudies  the e lement  content of a spot sample 
i s  usually taken to represc ,n t  the composition of a much l a r g e r  volume of 
r o c k  a t  the sampled locality. This  e s t i r l~a te  will, however,  differ f r o m  the 
t rue  composit ion of a finite volume of rock  surrounding the sample because 
of var ia t ion  within the rock,  sampling bias,  and analytical  e r r o r .  Knowledge 
of this  sampling e r r o r  i s  m o s t  c r i t i ca l  where geological var ia t ion  is  subtle 
and thus l ikely to oe obscured ' )y sampling e r r o r .  

A regional geochemical  study has  been made of the carbonate 
Slave Point  Format ion  in the subsurface  of p a r t s  of Br i t i sh  Columbia and 
Alber ta  to determine the chemical  cha rac te r i s t i c s  of the different sediment-  
a r y  fac ies  (Cameron,  in p r e s s ) .  The study posed seve re  sampling problems 
because the relat ively sl ight  regional var ia t ion  of this  r a the r  uniform 
format ion had to be determined using two different sample types,  core  and 
d r i l l  cuttings, the l a t t e r  being f a r  f rom ideal  for quantitative geochemical  
S tudie s . 

Sampling e r r o r s  were  found to be sma l l e s t  for  those e lements  
that  a r e  held in solid solution in the dominant carbonate minc ra l  of the 
samples  (calcite or  dolomite).  Sampling e r r o r s  a r c  much g rea te r  for 
e lemcnts  contained in the minor ter r igenous  f rac t ion or  in minor  secondary 
mine ra i s .  There  a r e  two main  causes  for  the difference in sampling 
precis ion.  F i r s t ,  selective p rese rva t ion  of ce r t a in  lithologies a s  d r i l l  
cuttings can  considerably a l t e r  the content of a minor  component in  a sample 
and the e lements  that i t  contains,  but will have l i t t le  effect on the proportion 
of a major  component. Thus when dri l l ing a l imestone composed of 99  per  
cent calcite and 1 pe r  cent uedded che r t ,  enr ichment  of the tough c h e r t  in the 
cuttings might double the conccntration of this  component to 2 p e r  cent,  but 
change the content of calcite to  98 per  cent.  The e s t ima ted  Si content of the 
rock  will  thus be highly biased,  but Sr  contained in the calcite will hardly  be 
b iascd a t  a l l .  The second cause of genera l  significance i s  that the major  
mine ra l  components, such a s  ca lc i te ,  show little variat ion within any one 
s t ra t igraphic  section.  Thc e lements  they contain a r e  therefore not subject  to 
the sampling imprecis ion that a r i s e s  f r o m  the i r r egu la r  distr ibution of a hos t  
mine ra l .  The ter r igenous  f rac t ion i s  much l e s s  regular ly  d is t r ibuted,  and 
the minor  secondary rr.inerals sphaler i te  and bari te a r e  so  i r r egu la r ly  
d is t r ibuted that e s t ima tes  of the mean  Zn  and Ba content of sections a r e  very  
poor .  Danger of contamination of dr i l l  cuttings by cavings was shown, for  
the a r e a  studied, to be contined to the e lements  c a r r i e d  in the ter r igenous  
f rac t ion of the Slave Point .  F o r  the l imestones ,  analytical  var iance  for  a l l  
e l emen t s  except Ca does not significantly add to within-se ction sampling 
var iance  . 

It is concluded that e lements  held principally in solid solution in 
the calcite or  dolomite of this and s imi la r  units a r e  the m o s t  suitable indicat-  
o r s  of regional geologicai variat ion.  F o r  the other e lements  it i s  Set ter  to 
use  r a t ios  of e lements  that  a r e  contained in  the same  m i n e r a l  fraction.  

Cameron,  E.  M. 
( in  p r e  S S): Evaluation of sampling and analytical  methods for  the regional 

geochemical  study of a subsurface  carbonate formation,  
J. Sedimentary Pe t ro l .  



GEOPHYSICS 

SHORT PERIOD MAGNETO -TELLURICS 

A. Becker  

The successful  application of long period (10- 1000 s e c . )  
magneto-tel luric measuremen t s  to the determinat ion of basement  depth and 
topography in F r a n c e ,  the U. S. S.  R. and Canada suggested that  the method 
could be equally well exploited for the mapping of near  surface  res is t iv i ty  
anomal ies .  F o r  this application, however,  higher f requencies  m u s t  be used 
if good resolut ion is  to be obtained. 

Natura l  e lec t ro-magnet ic  radia t ion caused by thunder s t o r m s  is 
unusually s t rong a t  8 cycles  per  second because of favourable propagation 
conditions through the e a r t h ' s  ionosphere cavity. Measuremen t  of the 
e lec t romagnet ic  field a t  this  frequency should provide information down to 
about one thousand feet. 

A pilot model of an  appara tus  for the measuremen t  of te l lur ic  
c u r r e n t s  a t  8 cycles  p e r  second has  been constructed.  I t  will be tes ted  and 
evaluated during the coming field season.  The immediate objectives a r e  the 
detection of the r e s i s t iv i ty  anomaly a c r o s s  the Gloucester Fau l t  nea r  Ottawa, 
Ontario,  the sensing of sulphide conductors in Quebec and the outlining of 
r e s i s t ive  aquifers  in Manitoba. 

3. REFERENCE SIGNAL OSCILLATOR FOR TUNING RADIO RECEIVERS 

J. Blanchard 

T r a n s i s t o r  r ad io  r e c e i v e r s  used by field personnel on geological 
mapping su rvey  pa r t i e s  using a i r c r a f t  a r e  proving sa t i s fac tory  in t e r m s  of 
long per iods  of standby se rv ice .  However the inability to tune to  a n  a i r c r a f t  
f requency in the absence of a s ignal  f r o m  a n  a i r c r a f t  i s  a major  drawback. 
The operation of tuning the r ece ive r  d ia l  back and for th  a c r o s s  the approxi-  
ma te  frequency of the a i r  c ra f t ' s  t ransmit ted  radio  signal i s  t ime consuming. 
If the pilot m u s t  t u r n  back to  the m a i n  base camp or  land because of weather 
conditions, the field officer i s  le f t  wondering a s  to the whereabouts of the 
a i r c ra f t .  The ground rad io  r ece ive r  i s  used for other purposes ,  and,  a s  i s  
often the case ,  i t  i s  v i r tua l ly  impossible to r e t u r n  i t  t o  a predetermined 
setting. A smal l  hand-held signal source  for  accura te  tuning of t r ans i s to r  
r ad io  r e c e i v e r s  will overcome these difficulties (Fig.  1). 

The r e fe rence  signal  oscil lator i s  an  accura te  source  of 
modulated R .F .  ene rgy  of low intensity designed to radia te  a signal  fo r  the 
purpose of radio  r ece ive r  tuning in the field. 

A crys ta l -control led  t r ans i s to r  high frequency osci l la tor  i s  30 
p e r  cent modulated by a 279 cycle audio tone. The audio tone i s  genera ted  
by a n  audio oscil lator of the Har t le  y type (Fig.  2).  The frequency of the unit 
can be controlled over a frequency range f r o m  2-10 MC by inser t ing  the 
p roper  c r y s t a l  in the holder.  Power  requirement  i s  540 mic ro -amps  a t  1 .5  





volts .  The ba t t e ry  i s  adequate for  an  ent i re  field season.  

A c rys ta l  of the c o r r e c t  frequency i s  instal led in  the r e fe rence  
signal osc i l la tor .  The r ad io  gain  control  i s  turned to maximum and a check 
i s  made that the r ece ive r  i s  switched to the c o r r e c t  band. The dial  pointer 
i s  moved to the approximate dial  frequency. With the r e fe rence  signal  
osc i l la tor  in one hand, the r ad io  r ece ive r  i s  tuned with the other.  The 
switch on oscil lator i s  depressed  and the signal  i s  tuned in on radio  
r ece ive r .  F o r  the initial tuning the unit i s  held close but then the signal  
osc i l la tor  i s  moved progress ively  f a r the r  f r o m  the r ad io  r ece ive r  while the 
r ece ive r  tuning i s  adjusted f o r  maximum signal, until it i s  accura te ly  tuned to 
a weak signal f r o m  the osci l la tor .  Maximum deflection of the m e t e r  pointer 
indicate S maximum signal on those r ece ive r  S incorporating a tuning m e t e r .  

The reference  signal oscil lator a s  a companion unit to var iable  
tuned radio  r e c e i v e r s ,  will i nc rease  the usefulness of these r e c e i v e r s  many 
t imes .  I t  will we possible to use the radio  r ece ive r  fo r  receiving weather 
fo recas t s ,  monitoring other f requencies  a s  required  o r  fo r  enter ta inment  in 
the evenings. I t  r equ i re s  just a few seconds to plug the c o r r e c t  c rys t a l  i n  
the range f r o m  2-10 MC into the osc i l la tor ,  place i t  in operation,  tune the 
signal  in  on the r e c e i v e r ,  switch the reference  signal  osc i l la tor  off and 
continue with other duties confident that the r ad io  i s  accura te ly  tuned. In 
the field, i t  can  a l so  be used for  r ece ive r  tuning af ter  a change of c rys t a l s ,  
and will a c t  a s  a n  accura te  reference  to check ca l ibra t ion of multi-band 
r e c e i v e r s .  

DIGITAL FILTERING AS AN AID TO 
AEROMAGNETIC INTERPRETATION 

Margare t  E. Bower 

One of the ma jo r  problems in the analysis of aeromagnet ic  data 
has  been the difficulty in isolating anomal ies  of var ious  amplitudes and 
f requencies .  A typical  magnetic profile may  contain anomalie S with 
wavelengths ranging f r o m  a f rac t ion of a mile to tens  of mi l e s ,  and 
amplitudes ranging f r o m  l e s s  than one gamma to hundreds o r  thousands of 
gammas .  There fo re  the anomal ies  with shor t  wavelengths and sma l l  
amplitudes can  be completely masked by the l a r g e r  ones .  If they could be 
observed,  the sma l l  anomal ies  might be v e r y  useful in the geological 
in terpre ta t ion  of any region. 

Various means  have been used to resolve  the sma l l  anomalies.  
The data m a y  be f i l te red  e lec t ronical ly  a s  it i s  obtained, removing the low 
frequency anomal ies  and amplifying the r emainder .  This  method is  
commonly used in r e a l  t ime ,  so  the f i l ter  can take into account only the data  
in  pas t  t ime.  This  introduces a phase shift  into the f i l te red  output and 
d i s to r t s  the shape of the anomal ies .  Simple f o r m s  of digital  f i l tering have 
been used,  such a s  r emova l  of regional gradient and running ave rages .  
These  methods a r e  useful  in some c a s e s ,  but they tend to accentuate ce r t a in  
f requencies  and attenuate other S in a n  undesirable manner .  

Some useful methods of digital f i l tering a r e  desc r ibed  in a r e p o r t  
by Anders ,  e t  51.  These  involve a type of F o u r i e r  analys is  in which a 



smoothing function i s  computed and applies to the data .  One requ i remen t  i s  
that  the data  be a number  of equally spaced readings .  The magnetic readings  
obtained on the National Aeronautical  Es tabl ishment ' s  North Star  f l ights 
m e e t  th is  requirement ;  they a r e  r ecorded  in digital  f o r m  a t  e i ther  equal 
t ime o r  equal distance in tervals ,  and can therefore  be used di rec t ly  in the 
digital  f i l te r  p r o g r a m s .  To  date,  p rograms  have been wri t ten  for a low pass  
f i l t e r ,  band pass  f i l t e r ,  and f i r s t  and second derivative smoothing f i l t e r s .  
All  computing and plotting i s  done with a PB-250 computer and Calcomp 
plot ter .  

A t e s t  a r e a  was chosen in the Scotian Shelf aeromagnet ic  projec t  
where the main  magnetic fea ture  i s  a broad anomaly of about 400 gammas.  
Flight line spacing is 3,000 feet ,  and portions of 13 consecutive l ines  were 
used.  A band pass  f i l te r  was  used which r e t a ins  only the anomal ies  with 
f requencies  between 1 and 5 cycles  p e r  mi le ;  a l l  o ther  f requencies  a r e  
at tenuated or  cut off. The f i l te red  magnetic r e c o r d s  revealed  that on 12 
consecutive l ines  there  was a group of smal l ,  high frequency anomalie S .  

E a c h  group contains f r o m  two to four anomal ies ,  with wavelengths l e s s  than 
one mi le  and amplitudes of 1 to 2 gammas .  These  occur on the side of the 
m a i n  anomaly,  and were  pract ica l ly  invisible on the original  profile be cause 
of the s t eep  gradient.  This  same group of l ines was then put through a f i r s t  
derivative f i l t e r ,  which showed that the smal l  anomalies were a t  the point of 
s teepes t  gradient  on the original  anomaly.  

F u r t h e r  t e s t s  will be c a r r i e d  out on this and other a r e a s .  I t  i s  
believed that this  method of anomaly separa t ion could become a v e r y  useful  
aid to aeromagnet ic  in terpre ta t ion .  

Anders ,  E . B .  e t  a l .  
" r i g x a l  F i l t e r s "  NASA Contractor Repor t  CR- 136. 

ALRBORNE ELECTROMAGNETIC SURVEY OVER 
THE WINKLER AQUIFER, MANITOBA 

L.  S.  Collett 

In 1965, the Geological Survey of Canada embarked on a n  
exper imenta l  p r o g r a m  to t e s t  whether the e lec t romagnet ic  method could 
differentiate between c lays ,  t i l l s ,  and sands and gravels .  with the possibil i ty 
of delineating buried aquifers .  The Bar r inge r  INPUT (Induced Pu l se  
Trans ien t )  sys t em was se lec ted  to fly over the aquifer nea r  Winkler, 
manitoba (Charron,  1964) ,  which had previously been outlined by a ground 
DC res is t iv i ty  survey (Wyder, 1964) and by dri l l ing.  

INPUT differs f r o m  other e lec t romagnet ic  sys t ems  in that a 
half-sine pulse i s  t ransmit ted  f r o m  a loop on a n  a i r c r a f t  and a signal  i s  
r ece ived  f r o m  the ground following the terminat ion of the pulse.  Circulating 
c u r r e n t s  a r e  induced in the ground which take a finite t ime to  decay.  It i s  
during th is  period af ter  the abrupt  cessa t ion of the pulse that the receiving 
c i r cu i t  s amples  these "relaxation1'  o r  t rans ient  signals.  This  field i s  
detected in  a ver t ica l  axis-or ienta ted  coil  which is  housed in a "bird" and 
towed about 250 fee t  behind and below the a i r c ra f t .  Each  sampling of the 
pulse i s  fed into separa te  ampl i f iers  and smoothed over approximately a 
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EOUlRESlSTlVlTY CONTOURS IN OHM-I IElRES 

GRAVEL PIT 

W I N K L E R  AREA-  MANITOBA 

F i g u r e  1 .  Equ i r e s i s t i v i t y  c o n t o u r s .  



F i g u r e  2 .  Input  contours 



three  second period.  The voltage output f r o m  each ampl i f ier  o r  channel i s  
r eco rded  in  analogue f o r m  on  a multi-channel paper cha r t  r e c o r d e r .  The 
t ime -isolation principle e l iminates  the in ter ference  effects between the 
t r a n s m i t t e r  and the r ece ive r  caused by a i r  turbulence.  

The ground DC res is t iv i ty  survey over the Winkler aquifer i s  
shown in F igure  1 using a Wenner profi le with a n  e lec t rode spacing of 100 
feet .  The res is t iv i ty  of clays and si l ty clays range between 5 to 20 ohm- 
m e t e r s ,  of t i l l s  and sandy t i l l s  f r o m  10 to  30 ohm-met res  and of sands  and 
gravel  beds f r o m  40 to 650 ohm-mete r s .  Bedrock shales  a r e  saline and 
have a r e s i s t iv i ty  of 3 to  6 ohm-mete r s .  The depth to the top of the shale i s  
g rea te r  than 200 feet  under the aquifer.  

The INPUT survey over the same a r e a  i s  shown in F igure  2. 
The contour values a r e  in  mill ivolts  fo r  channel No. 1 which i s  cent red  at  
250 microseconds  after  the end of the t ransmit ted  pulse and 300 
microseconds  in width. The a i r c r a f t  was flown a t  a height of 500 fee t  with 
the flight l ines  spaced 1 mile apa r t .  The amplitude of the t rans ient  response  
i s  g r e a t e r  over good conductors such a s  clay and t i l l  than over poor conduct- 
o r s  such a s  sand and gravel .  

The a i rborne  su rvey  co r re l a t e s  v e r y  well  with the ground DC 
res i s t iv i ty  su rvey  over the aquifer.  The resolut ion of changes in the 
lithology i s  better  defined by the INPUT survey.  Although the a i rborne  
method does  not give the apparent  res is t iv i ty  values a s  measured  by the 
ground DC res is t iv i ty  survey,  the amplitudes of the t rans ient  r e sponses  do 
delineate a r e a s  of different res is t iv i ty  con t ra s t s .  The survey showed that 
the method i s  able to  detec t  sand and gravel  beds with th icknesses  of a few 
tens of fee t  lying beneath clay and till deposits  up to 75 fee t  in thickness.  

Another important  factor i s  tELe t ime taken to do the survey; the 
ground DC res is t iv i ty  survey took a four -man c r e w  3 months whereas  the 
a i rborne  survey took 3 hours  operating f r o m  the Winnipeg a i rpor t .  Loca l  
power l ines  do not in ter fere  with the measuremen t s .  High tension c r o s s  - 
country power l ines ,  however,  do blank out the measuremen t s  for  about 200 
fee t  on each side of the power line. Power  l ines  over sma l l  towns and oil  
f ields a lso  blank out the t rans ient  pulses .  

The a i rborne  INPUT method i s  a n  impor tant  new tool fo r  
reconnaissance  surveying of surf ic ia l  and glacial  deposits .  I t  will aid the 
groundwater hydrologist  and Ple is tocene geologist  in the i r  mapping p r o g r a m s  
in the same  manner  a s  a i rborne  magnetic maps  a r e  now used by the mapping 
geologist. It should be possible using this method to pinpoint in  a d i r ec t  way 
where to concentrate dri l l ing p r o g r a m s  for investigating the lithology and for  
exploring fo r  local  municipal  and f a r m  water  supplies. 

Charron,  J.E. 
1964: Two aquifer t e s t s  in Winnipeg and Brandon Map--%reas, 

Manitoba, 1962; Geol. Surv. Can.,  P a p e r  63-43, 51 p .  

Wyder,  J.E. 
1964: Reconnaissance r e s i s t iv i ty  su rveys  in Southeastern 

Manitoba; M.Sc. Thes i s ,  Univ. Sask. ,  pp. 91 - 104. 



A SHALLOW SEISMIC EXPERIMENT IN PERMAFROST, 
KLONDIKE AREA, YUKON TERRITORY 

G.D. Hobson 

A h a m m e r  se ismograph ins t rument  was used in the Klondike 
a r e a  of the Yukon T e r r i t o r y  to t e s t  the feasibil i ty of delineating bedrock 
topography favourable to the accumulation of placer gold deposits  in a 
pe rmaf ros t  environment.  P r i o r  to the exper iment  it was  appreciated that  
s e i s m i c  wave velocit ies would be considerably different f r o m  those r egu la r ly  
observed in  Ple is tocene m a t e r i a l s  beyond the zone of pe rmaf ros t  but the 
benefits that  might be der ived through application of this  geophysical tool to 
p lacer  mining cer ta in ly  were  not anticipated. 

A placer  deposit  has  been descr ibed a s  a m a s s  of gravel ,  sand 
o r  s imi l a r  loose m a t e r i a l  result ing f r o m  the crumbling o r  e ros ion  of solid 
bedrock and enr iched by pa r t i c l e s  of valuable heavy m i n e r a l s  which have 
been der ived f r o m  the rocks  and veins.  P l a c e r  gold deposits  in the Klondike 
a r e a  a r e  found a s  s t r e a m  o r  al luvial  deposits: ( 1) in  bur ied  bedrock 
channels a s  originally cut  by a n  ancient s t r e a m  or  l a t e r  cut by the p resen t  
s t r e a m ;  and ( 2 )  on benches formed when p resen t  s t r e a m s  abandoned old 
r i v e r  beds and cut down below the ancient s t r e a m  levels  thus leaving benches 
on hi l l s ides .  These  benches a r e  usually well covered by overburden.  
P l a c e r  gold mining was the Yukon T e r r i t o r y ' s  pr incipal  indust ry  f o r  over 50 
y e a r s  but in r e c e n t  y e a r s  it has  been displaced by s i lver  mining. 

B a i r d  (1955) has  descr ibed a venture wherein a deep shaft  was 
sunk on c l a im 3A on Eldorado Creek  in which four levels  of pay g rave l  
interbedded with s l ides  of sch i s t  and muck and talus were  found. I t  i s  
interesting to speculate upon the economic possibil i t ies associa ted  with the 
presence  of a false or second bedrock.  Th i s  theory  has  no doubt intr igued 
many p rospec to r s  and m o r e  than pass ive  considera t ion was given to  this 
theory  during the in terpre ta t ion  of the se i smic  data  to be d iscussed.  

I n  th is  study the s tandard  formulae for the computation of 
thicknesse S and dip by the se i smic  ref rac t ion method have been applied 
throughout the reduction of data .  No explosives were used; the ene rgy  
source  generally used was a l0  -pound sledge h a m m e r  s t ruck  agains t  a s t ee l  
plate on the ground. 

The following tabulation of velocit ies i s  compiled f r o m  data 
observed in  a n  a r e a  of l imi ted  extent along Dominion Creek.  Because these 
r e f rac t ion  profi les were not r e v e r s e d ,  the individual velocit ies a r e  a s  
observed in the field and a r e  not co r rec ted  for  dip. P e r m a f r o s t  extends to  
an  unknown depth into bedrock.  

Mate r i a l  Velocity range,  fee t  p e r  second 

working layer  - 900 - 6,500 
f rozen  muck - 9,800 - 11,500 
f rozen  gravel  - 13,200 - 15,300 
bedrock ( sch i s t )  - > 16,500 

These  velocity values a r e  considerably higher than those fo r  the same  
m a t e r i a l s  in non-permafros t  a r e a s .  Muck i s  comparable to  clay o r  si l ty 





clay in which se i smic  velocitie S in gene ra l  v a r y  between 4,000 and 7,000 
fee t  pe r  second and unconsolidated g rave l s  have velocit ies between 1,500 and 
3,000 fee t  p e r  second depending upon thei r  mois ture  content. 

Seventy-one locations were probed by the se i smic  method along 
Dominion and Sulphur Creeks ,  Pa rad i se  Hill, and the Klondike River ,  
F igure  1. Dr i l l  holes along Dominion Creek  and side -hill cuts  on P a r a d i s e  
Hill  provided control  fo r  corre la t ion  of se i smic  data  with geology. Twenty- 
two locations were  investigated within a s m a l l  a r e a  on Dominion Creek  
adjacent to bore-holes dr i l led  20 o r  30 y e a r s  e a r l i e r .  These  locations 
provided exceptionally close control  for corre la t ion  of se i smic  data with 
dr i f t  m a t e r i a l s  and bedrock su r face ,  

There  i s  exceptionally good corre la t ion  a t  11 of the 22 bore-hole 
locations between dr i f t  th ickness  der ived f r o m  s e i s m i c  data and that 
de termined by the dr i l l .  This  accuracy i s  about two pe r  cent which is  
ex t r emely  good compared to the 10 per  cent accuracy generally claimed for 
the se i smic  method. However,  a t  the other 1 1  locations,  g rea t  d i sc repan-  
c i e s  appear  between the se ismical ly  calculated and the known depths to 
bedrock. Th i s  e r r o r  m a y  be a s  g r e a t  a s  200 p e r  cent.  Never theless ,  a t  
these  anomalous locations where percentage e r r o r  i s  excess ive ,  the depth 
t o  the g rave l  below the muck i s  always within the e r r o r  of the ins t rument  and 
the se i smic  method. This  p resen t s  a n  interesting geological situation. 
Seismical ly ,  the phenomenon can  be explained only by the p resence  below the 
f rozen  g rave l  of a layer  of m a t e r i a l  which has  a s e i s m i c  velocity equal to o r  
l e s s  than that  of f rozen  g rave l  s o  that  s e i s m i c  energy i s  r e f r ac ted  
downwards instead of upwards to the detector on su r face .  This  lower 
velocity l aye r  could be thawed gravel ,  highly weathered sch i s t  bedrock,  or  a 
lower  density intrusive.  The false bedrock theory m u s t  a lso  be evaluated.  

The Yukon Consolidated Gold Corporat ion Limited  dr i l led  two 
holes in the Granvil le a r e a  between the confluence of Sulphur and Dominion 
Creeks  and Indian River  a t  locations suggested a s  anomalous a t  the 
conclusion of the se i smic  projec t .  In these  two holes,  bedrock was 
penet ra ted  to a depth of 29 fee t  and 2 2  fee t  respect ively  with no evidence of 
gravel  o r  muck below the schis t  bedrock. However, bedrock was thawed to 
cons iderable depth in both holes.  

The lowest  se i smic  r e f rac to r  appeared to be ve ry  i r r egu la r  over 
the re la t ive ly  s m a l l  projec t  a r e a  indicating e i ther  a n  i r r egu la r  interface or  
d i f ferent ia l  thawing within the pe rmaf ros t .  The two bore-holes confirmed 
this in terpre ta t ion  of the se i smic  data.  The nearby surface  workings, 
thawing, e t c . ,  have evidently changed the subsurface f r o s t  conditions since 
the e a r l i e r  dri l l ing.  

It i s  a l so  noted that there  was no contourable pat tern  to the 
anomalous se i smic  locations.  If these  locations had shown a definite 
contourable t rend on the bedrock surface  there  m a y  have been fur ther  g rave l  
accumulations in  a deeper channel cutting through o r  a c r o s s  the valley. 

Observations to date do not indicate positive c r i t e r i a  by which a n  
in t e rp re te r  m a y  evaluate the validity of data acquired  under differential  
thawing conditions. The procedure  of thawing by driving "points" into the 
muck and gravels  can have extensive effects on f r o s t  conditions within the 
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Figure  2. Typical  r e v e r s e d  refract ion profile plot showing a ve r t i ca l  
discontinuity on bedrock, Klondike Area ,  Yukon T e r r i t o r y .  

gravels .  The seismologist  must  be aware of the effects of such conditions 
upon the r a w  data. 

The active layer  a t  Sulphur Creek during July was a t  a depth of 3 
o r  3 112 feet  and presented operational problems.  There  is a high attenuation 
of se ismic  energy through the active layer  making the use of hammer  and 
plate a s  a n  energy source  an  a lmost  futile exe rc i se .  Explosives a r e  
required.  One innovation attempted under these conditions was to attach the 
geophone to a s tee l  stake dr iven through the thawed surface layer  into the 
pe rmaf ros t  and to s t r ike  a s imi la r ly  dr iven stake with the hammer .  This  
method was partial ly successful .  

At  s e v e r a l  surveyed locations in  the Sulphur Creek a rea ,  a 
"step-out" o r  offset was noted on the t ime-distance graphs which has  been 
in terpre ted a s  indicative of a velocity inversion or a fault-like bedrock 
feature.  A r e v e r s e d  profile confirmed the l a t t e r  si tuation to be m o r e  
plausible, Figure  2. This  phenomenon on the time -distance graphs  may  be 
one method of interpreting benches on the bedrock surface par t icular ly  if 
such phenomena can be observed and aligned on severa l  adjacent profiles.  

Several  conclusions can be drawn: 

1 .  Bedrock surface can be detailed by the se ismic  refract ion method unless  
the differential thawing of pe rmaf ros t  within the gravels  has occur red  in 
which case  a velocity inversion occurs  within or below the gravel s o  that 



a n  accura te  depth to bedrock cannot be calculated. 

2. Regard les s  of pe rmaf ros t  conditions the thickness of the muck overlying 
the g rave l  c a n  be determined with relat ively high accuracy.  

3 .  More interpretable t ime-distance graphs  can  be obtained if both 
geophone and energy source  a r e  immediately in contact  with pe rmaf ros t .  
The working l aye r  of pe rmaf ros t  highly at tenuates s e i s m i c  energy.  If 
necessa ry  the detector can be at tached to a me ta l  stake dr iven to the 
pe rmaf ros t  and a s imi la r  a r r angement  c a n  be used to introduce energy 
into the ground. Explosives a r e  recommended a s  a n  energy source .  

4. Benches m a y  be in terpre ted  f r o m  se i smic  t ime -distance graphs  that 
indicate the presence  of a ver t ica l  discontinuity on the bedrock surface .  

5. The s e i s m i c  method cannot detect  occur rences  of gold but can  outline 
benches and channels wherein  placer gold m a y  have accumulated.  

6. Se i smic  methods may  be a complementary  tool in  r e s e a r c h  into thawing 
techniques in  p lace r  mining. I t  m a y  point out those a r e a s  of differential  
thawing i n  the pe rmaf ros t  and thus affect considerable savings in thawing 
cos t s  and perhaps  influence the choice of method used to thaw the 
overlying mucks  and gravels .  

Mr .  A.G. B a r r e t t ,  Manager,  and Mr .  B.  H e s t e r ,  Geologist, 
both with The Yukon Consolidated Gold Corporation Limited,  were mos t  
cooperative and understanding of the r equ i remen t s  of the se i smic  c rew in  the 
Klondike a r e a .  Accommodation was  made available a t  the Y. C. G. C. 
Granvil le camp and they have maintained a continuing in teres t  in a l l  projec ts  
in that  a r e a .  0. L .  Hughes, Geological Survey of Canada, suggested the 
projec t  in cooperation with his Pleistocene studies in the a r e a .  C. Gauvreau 
was in charge  of the s e i s m i c  c r e w  in  the f ield.  

Baird ,  A. 
1955: Sea rch  for a submerged channel i n  the Yukon; West. Miner 

and Oil Rev., July, pp. 36-37. 

7 .  AEROMAGNETIC PROFILES ACROSS UNGAVA BAY 

P. J. Hood and Marga re t  E .  Bower 

During June 1964 a n  aeromagnet ic  reconnaissance  of the 
Labrador  Sea  was c a r r i e d  out in co-operation with the National Aeronautical  
Es tabl ishment  using a North Star  a i r c r a f t  equipped with a rubidium-vapour 
magnetometer  (Godby, Baker ,  Bower,  and Hood, 1966). The a i r c r a f t  was 
based a t  F rob i she r  Bay on Baffin Island and on  f e r r y  flights to  and f r o m  
Ottawa the opportunity was taken of obtaining magnetic profi le S a c r o s s  
Ungava Bay. F igure  1 shows the a i r c r a f t  t r ack  (with fiducial numbers )  
together with the bathymetr ic  contours ( in fathoms) of the water-covered 
a r e a s ,  and the genera l ized geology of the adjacent land m a s s e s .  The e a s t -  
west  profile immediately to  the south of Cape Chidley in  e a s t e r n  Ungava Bay 
was obtained during one of the flights a c r o s s  the Labrador  Sea. 





The bathymetric contours a r e  based on Canadian Hydrographic 
Char t  5300. There  appears  to be a trough running around the centra l  p a r t  of 
Ungava Bay, and Akpatok Island i s  located in the westernmost  p a r t  of th is  
cen t ra l  a r e a .  The top of this cen t ra l  a r e a  i s  relatively flat  and slopes 
monotonously a t  an average ra te  of about 5 feet per  mile f r o m  west  to e a s t  
which suggests that it is  Palaeozoic l imestone.  The deepest  p a r t  of the 
trough i s  on the e a s t  side of Ungava Bay where depths in excess  of 200 
fathoms (1,200 feet)  have been recorded (Canadian Hydrographic Char t  5300). 

A North Star  a i r c r a f t  of the National Aeronautical  Establishment,  
equipped with a rubidium-vapour magne tometer ,  was used for the survey. 
Magnetic field values were recorded a t  1130th mile intervals on digital 
magnetic and pr inter  tape and a l so  in analogue f o r m  on a n  Offner cha r t  
r e c o r d e r  together with t e r r a i n  c learance,  WWV time signals,  and Doppler 
mileage.  As t ro  and Doppler navigation were used to position the a i r c r a f t  
t r ack .  A rubidium-vapour magnetometer ground station was established a t  
F rob i she r  Bay to monitor the e a r t h ' s  magnetic field during the flights a c r o s s  
the Labrador  Sea.  The magnetic diurnal r ecords  f rom Baker Lake were 
examined for the occurrence of magnetic s t o r m s  during the f e r r y  flights 
between Frob i she r  Bay and Ottawa and fortunately the period during which 
the flights a c r o s s  Ungava Bay were  made was relatively quiet. 

The digital magnetic tapes  were used to produce the aeromagnetic 
profiles shown i n  F i g u r e s  2, 3 and 4. The readings recorded on the tapes 
a r e  actually t imes  ( t )  for 100 cycles of a frequency which is  dependent on the 
magnetic field strength.  Total  magnetic field values a r e  obtained by 
computing: 

T (gammas)  = Crys ta l  frequency 5 100/t 
4.6635 

The Bendix G-15 computer was used to co r rec t  recording e r r o r s ,  
compute total  field and plot profile S.  To simplify presenta t ion and in terpre  - 
tation of the data, the regional gradient was a lso  removed with the a id  of the 
computer to give the res idual  total  field ( A T )  values .  The profiles were 
plotted with a Calcomp PA-3  plotter.  This  plotter operates  under the control  
of the computer and records  on a continuous s t r ip  char t .  Also included with 
the AT profiles plotted in F i g u r e s  2, 3, and 4 a r e  land elevations,  depth of 
water ,  and a i r c r a f t  altitude given in feet  above or below s e a  level.  On 
F igure  3, the diurnal variation of the e a r t h ' s  magnetic f ield r ecorded  a t  
F rob i she r  Bay during the t ime the profile was obtained has  been inser ted a t  
the bottom of the figure using a dashed l ine.  A number of depth determina-  
tions were ca r r i ed  out on the profile S using P e t e r s  ( 1949) half -slope method, 
and the resul tant  values a r e  included on F igures  2 and 4 above the 
appropriate anomaly. The anomalies a r e  a l so  marked  with a ba r  to indicate 
which side o r  whether both side S of the anomaly were used in the depth 
determination.  

Consideration of the eas te r ly  north -south profile (Fig.  2) shows 
that the anomalies a r e  sharpest ,  i . e .  have the shor tes t  wavelength, between 
Fiducia ls  13 and 14. In general  the period of the anomalies inc reases  in a 
northward direction indicating that the distance to the crystall ine basement 
a l so  inc reases  in this direction.  At Fiducial  18 the aeroplane climbed to 
7,500 feet  above sea-level so  the anomalies tend to become lower in  amplitude 
and longer in wavelength because of the higher flying height. The depth 
values to  the southeast of Akpatok Island obtained using P e t e r  Is ( 1949) 
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half-slope method indicate that  the depth to basement inc reases  f r o m  about 
1,500 feet  to about 5,000 feet  below sea-level opposite the island and then 
becomes shallower. However the anomalies a r e  not well resolved in that 
a r e a .  The depth of water in this a r e a  averages  around 350 feet. There  i s  a 
dist inct  anomaly ( reminiscent  of the continental slope anomaly) where the 
slope of the bottom suddenly changes, which i s  a natura l  division between 
Ungava Bay and Hudson Strait .  A depth determination on the Hudson Stra i t  
side of the anomaly gave a depth value of 2,300 feet  to basement.  

The westerly north-south profile (Fig .  3) i s  generally s imi la r  in  
magnetic cha rac te r  to the f i r s t  profile discussed. The a i r c r a f t  ascended to 
2,000 feet  in flying over Akpatok Island because of low cloud. There  i s  a 
dist inct  trough in the aeromagnetic profile to the south of Akpatok Island 
immediately t o  the north of Fiducia l  234 which i s  not apparent on the f i r s t  
profile.  A 600-gamma anomaly a lso  occurs  to the south of the feature ,  but 
unfortunately the a i r c ra f t  descended f r o m  2,500 to 800 feet  a t  this point and 
the cha rac te r  of the aeromagnetic profile was adversely  affected. However 
the cha rac te r  of the profile does suggest a lithologic change immediately to 
the south of Fiducia l  234. Cox (1933) postulated the existence af a fault  
which bifurcated south of the island to give two subsidiary  faults. One fault  
pa ra l l e l s  the west coast  of the island with the downthrow to the west;  the 
second bifurcation i s  pa ra l l e l  to the eas t  coas t  with the dounthrow to the eas t  
making the island a smal l  hors t .  I t  may be that the large  depress ion in the 
profile i s  the magnetic express ion of a graben but this speculation is  not 
rea l ly  warranted f rom a single profile. 

Depth determinations over Akpatok Island itself indicate that  the 
thickness of sediments i s  relatively shallow, probably l e s s  than 5,000 feet .  

There  i s  a noticeable change in the cha rac te r  of the profile a t  the 
edge of Hudson Stra i t .  The anomalies in the s t r a i t  have been labelled A, B, 
and C. A s imilar  se t  has  been labelled on the f i r s t  profile and it i s  inferred 
that the anomalies a r e  continuous between the profiles, i.e. that the 
anomalie S in Hudson S t ra i t  s t r ike  about northwest. Depth de terminations 
c a r r i e d  out on anomaly A on both prof i les  gave a n  average value of about 
11,000 feet  indicative of the fact  that Hudson Stra i t  i s  downfaulted on i ts  
southern side.  

The profile on the e a s t e r n  side of Ungava Bay (Fig.  4) was flown 
a t  a n  elevation of about 2,000 feet .  Anomalies in  e x c e s s  of 500 gammas 
occur along i ts  length and a r e  highest  nea r  Cape Chidle y. The anomalies in 
the vicinity of Fiducia l  114 indicate that the crystall ine basement  i s  a t  a 
shallow depth being l e s s  than a thousand feet  below the bottom of the bay. A 
marked  depress ion in the aeromagnetic profile between Fiducials 113 and 1 14 
s e e m s  to be associated with the trough running around Ungava Bay. The 
g rea tes t  depth of water below the profile was about 1,500 feet .  

No definite conclusions can be drawn f r o m  a pai r  of profiles 
separated by some 18 mi les  and the following resu l t s  m u s t  be considered 
tentative and will be subsequently modified by additional geophysical data. 
Depth determinations c a r r i e d  out on the prof i les  indicate that the crystall ine 
basement  surface  slopes gently to the south f rom Baffin Island and reaches  
i t s  g rea tes t  depth on the south side of Hudson Stra i t  where the water i s  
deepest .  The depth es t ima tes  indicate that the thickness of sediments  i s  
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Figure  4.  Aeromagnetic profi les a c r o s s  Ungava Bay, N . W . T .  

g rea te r  than 5,000 fee t  a t  th is  point. In the vicinity of Akpatok Island there  
would appear to be somewhat l e s s  than 5,000 fee t  of sediments.  

The centra l  p a r t  of Ungava Bay compris ing some 3,500 square  
m i l e s  does however appear f r o m  the bathymetry to be covered with flat-lying 
sediments ;  th is  elevated region i s  separa ted  fro111 the P r e c a m b r  ian sequence 
outcropping on the s h o r e s  of Ungava Bay by a trough-like depress ion in the 
vottom topography. 

The authors  wish to acknowledge the cooperation of E.A. Godby, 
R. C. Baker ,  W.  M. St rome and other m e m b e r s  of the National Aeronautical  
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used in recording the prof i les  over Ungava Bay. The North Star  a i r c r a f t  was 
flown by R. C.A. F. a i r c r e w  under Fl ight  Lieutenant N. Paul .  Clarence  
Lys te r  of N.A.E. aided in  the data reduction p rocess  and K.H. Owens 
compiled the geological map  and drafted the final f igures .  Canadian 
Hydrographic Service supplied the echo-sounding data upon which the 
bathymetric contours in the f igures  a r e  based.  The magnetic d iurnal  
r e c o r d s  f r o m  Baker  Lake were supplied by the Dominion Observatory  
through the cour tesy  of E.I .  Loomer .  
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8 .  SEISMIC REFRACTION SURVEYS, WESTERN QUEEN ELIZABETH 
ISLANDS AND POLAR CONTINENTAL MARGIN 

A. Overton 

During 1964 and 1965, explosion se i smic  studies were conducted 
in a n  a r e a  centring on P r ince  P a t r i c k  Island,N. W .  T .  ( see  F ig .  1). The 
work was  a n  extension of the s e i s m i c  investigations of sedimentary  
th icknesses  by Hobson ( l  962, 1966) and s imi la r  studies extending to the 
c r u s t  and upper mantle by Sander and the wr i t e r  (1965). 

More than usual  in t e res t  has  been aroused in the a r e a  by the high 
incidence of local  t r e m o r s  a t  the Mould Bay se ismograph (stat ion G, F ig .  l ) ,  
and the anomalous behaviour of the geomagnetic field r epor t ed  by Whitham 
(1963, 1964). 

Toze r  and Thors t e insson  (1964) and Thors te insson and Tozer  
(1960) have descr ibed the geology of the a r e a .  

The data disclose se i smic  velocit ies for sedimentary  rocks  
ranging f r o m  2.7 k m / s e c .  on the surface  a t  s ta t ion  H to 6.23 k m / s e c .  for  the 
Cornwallis  Fornla t ion between stat ions I and K and a t  stat ions E ,  F and G .  
An integrated sonic log f r o m  the Dome e t  a l .  Winter Harbour  bore-hole 
(s ta t ion  K) indicates veloci t ies  a s  high Z T k m / s e c .  for  the Cornwallis  
Format ion .  Depths computed fo r  the se i smic  event a sc r ibed  to the 
Cornwallis  Format ion  range f r o m  ze ro  a t  McCormick Inlet (shotpoint 73) to 
4 k m  a t  shotpoint 78. This  s e i s m i c  event appea r s  a s  a weak high frequency 
(15 cps )  pulse.  In the a r e a  bounded by stat ions D,  E and I, centring on 
E m e r a l d  Is le ,  these high frequency events a r e  not s e e n  suggesting that  the 
Cornwallis  Format ion  h a s  become too thin to t r ansmi t  perceptible se i smic  
energy,  o r  that the format ion has  undergone a fac ies  change with a n  
attendant reduction in  velocity. The predominant sedimentary  event in  the 
E m e r a l d  Is le  a r e a  r e p r e s e n t s  a well defined 5.5 k m / s e c .  velocity l aye r  a t  
depths of 3 to 4 ktil. 

Between shotpoints 7 and 15 on the ocean profile northwest  f r o m  
Brock Island,  another weak, high frequency event i s  observed with a velocity 
of 6.1 krn/sec .  and depths ranging f r o m  2.5 to 4.5 km.  This  event m a y  
r e p r e s e n t  a sedimentary  l aye r  o r  a diabase s i l l  (Blackadar,  1964). 
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Figure  1. Shotpoint and recording S tation locations 



VELOCITIES krn/sec 
MODEL S T A T I O N S  

1 l E M E R A L D  I S L E  I O C E A N  
K 

2.7 7 V 5.5 

SEDIMENTARY v =  5.5 
ROCKS Cornwallis fm V =  6.  s i l l  V =  6.1 ---- p ---- 

-------p----- - - - F 

BASEMENT 

COMPLEX 

INTERMEDIATE 
LAYER V Z 6 . 2 5  

U P P E R  

M A N T L E  V = 8.18 

Figure  2 .  Generalized velocity model  

Deeper  in  the sec t ion a velocity l aye r  cha rac te r i zed  by s t rong,  
low frequency (2 .5  to 5 cps)  events appea r s  to p e r s i s t  over mos t  of the 
projec t  a r e a .  These  events a r e  frequently seen  a s  secondary  a r r i v a l s  and 
occasionally a s  f i r s t  a r r i v a l s .  The layer  has  a poorly defined velocity of 
6.25 k m l s e c .  and i s  the only l aye r ,  other than those within the sedimentary  
column, observed with a velocity comparable to values published for grani t ic  
rocks  of the Canadian Shield (Hodgson, 1953b) .  However,  depths to the top 
of the layer  v a r y  f rom 10 to 20 k m  using any reasonable  velocity function. 
This  l aye r ,  called the "intermediate layer"  on F igure  2, impl ies  the 
presence  of about 5 to 15 k m  of rock  ("basement complex" F ig .  2) below the 
sedimentary  column for which no measure  of velocity i s  apparent.  

In gencra l ,  accura te  depth calculations f r o m  re f rac t ion  se i smic  
data  r equ i re  that  the velocit ies of l a y e r s  inc rease  with depth and that the 
velocity of each l aye r  can be measured .  If one o r  m o r e  l aye r s  ex i s t s  with 
lower velocity than overlying l a y e r s  (velocity inversion),  conditions are. not 
conducive to tl:e measuremen t  of the lower velocit ies.  The basement  
complex could r e p r e s e n t  a velocity invers ion problem. 

Geological  implications of the basement complex and intermediate 
layer  a r e  conjectural  a t  this  t ime and may  not be resolved without dri l l ing a t  
l eas t  into the basement  complex. Two in teres t ing  possibil i t ies a r e  
suggested: 

F i r s t l y ,  if the intermediate layer  r e p r e s e n t s  the grani t ic  c r u s t ,  then the 
basement complex could r ep resen t  a considerable thickness of 
P r e c a m b r i a n  rocks .  



Secondly, if the basement  complex r e p r e s e n t s  the grani t ic  c r u s t  a t  
reasonable  depth, then the in termedia te  l aye r  m a y  be a low velocity 
expres s ion  of the basalt ic  c r u s t ,  r e f e r r e d  to  in previous  work to the 
e a s t  (Sander,  Over ton ,  1965) with velocity m e a s u r e d  a t  7.3 k m / s e c .  

The depths and th icknesses  of the interniediate l aye r  compare  
with those p re sc r ibed  by Whitham (1963, 1964) to  account for the Mould Bay 
geomagnetic anomaly.  Tht, low velocity of the a s s u m e d  basa l t ic  c r u s t  could 
be r e l a t ed  to the high conductivity r equ i r ed  uy the anomaly .  

About 17 pc r  cent of upper mantle ( P n )  events  show time delays 
ranging f r o m  1.2 to 3.0 seconds ,  and an  analys is  for  P n  velocity exhibits  a 
wide degree  of s ca t t e r  for  this  p a r a m e t e r .  

Most  of the delayed paths a r e  or iented  in a northwest-southeast  
azimuth.  The analys is  shows that the wide var ia t ion  in P n  velocity i s  due to 
the delayed t r ave l  t ime s and can  be explained by a n  upper mantle with a well  
defined velocity of 8.18 k m l s e c . ,  containing a n  anomalous zone local ized  
nea r  Eglinton Island and the nor thwest  coas t  of Melville Island.  Numerous  
physical  conditions in the upper mantle can  cause  delays in P n  events .  The 
impor tant  cons idera t ion  i s  that  if theore t ica l  t ime -distance cu rves  a r e  d rawn  
fo r  any of these conditions, the path of min imum t ime is  the diffraction 
curve  originating f r o m  the southeas t  boundary of the anomaly  into points to 
the northwest .  F u r t h e r  d iscuss ion  of the anomaly  is  unwarranted  until 
events  which have actually t ravel led  through the anomaly a r e  recognized.  

Es t ima tes  of c rus t a l  thickness f r o m  t ime- terms would have been 
somewhat questionable in view of the unmeasured  velocity of the basement  
complex and the poorly defined velocity of the in termedia te  l aye r .  However,  
an  opportunity to check the average  c r u s t a l  velocity was provided by 
ref lec t ions  f r o m  the upper mantle nea r  c r i t i ca l  incidence. These  
ref lec t ions ,  observed a t  s ta t ion  K f r o m  shotpoints 80 to 82, indicate a n  
ave ragc  velocity of approximately 6.00 k m / s e c .  f r o m  the surface  to the 
upper mant le ,  and a t ime - t e r m  to depth convers ion  fac tor  of 9.67 k m / s e c .  
The t ime-dis tance  cu rves  suggest  l i t t le  re l iable  bas i s  for  changing this  
convers ion  fac tor  over the a r e a  and the value of 9.67 k m / s e c .  i s  thought to  
be r ep resen ta t ive  except for the ocean profile and shotpoints 19 and 24. 

T ime- t e rms  to  the upper mant le  range  f r o m  2.5 1 s e c .  a t  shot -  
point 19 to 4.63 s e c .  a t  s tat ion D with a n  average  of 3.70 sec .  for  the p ro jec t  
a r e a .  On the ocean profi le shotpoints 1 and 12 show t i m e - t e r m s  of 3.11 sec .  
and 4.26 s e c .  respect ive ly ;  the average  of 3.65 sec .  i s  not significantly 
different  f r o m  the average  for  the en t i r e  a r e a .  The only suggestion of 
c rus t a l  thinning toward the Arc t i c  Ocean is  indicated by the sma l l e r  t i m e -  
t e r m  a t  shotpoint 1 compared  with that  of shotpoint 12. Th i s  s ta tement  could 
be modified by m o r e  extensive c r u s t a l  velocity information.  The average  
t ime- t e rm of 3.70 sec .  for  the en t i r e  a r e a  r e p r e s e n t s  a c r u s t a l  th ickness  of 
35.8 km.  Care  m u s t  be exe rc i sed  in in terpre t ing  the t ime- term of shotpoint 
19 (2.51 s e c . )  a s  a thin c r u s t  (24.27 k m ) ,  since the sma l l  t ime- t e rm could be 
the r e s u l t  of a P n  velocity in e x c e s s  of 8.18 k rn / sec .  not revealed  in the 
velocity analys is  for  paths involving shotpoint 19. 
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9. A BALLISTIC MAGNETOMETER 

E. J. Schwarz 

Th i s  versa t i le  ins t rument  allows the measuremen t  of var ious  
magnetic p rope r t i e s  of single mine ra l s  and of rocks  in  ex te rna l  f ields up to 
600 oe and a t  t empera tu res  up to about 700°C. Ins t ruments  of this type were  
desc r ibed  previously by, for instance,  Thel l ier  (1938) and Nagata (1961). 

The change i n  magnetic flux due to  the d isplacement  of a 
magnetized specimen induces a n  e l e c t r i c  cu r ren t  in a detection coil. The 
induced c u r r e n t  i s  sensed by a ball ist ic galvanometer.  The charge  induced 
in a detection coil placed around the specimen i s  given by: 



i n  which n r e p r e s e n t s  the number  of t u rns  p e r  c m ,  s  i s  the c ros s - sec t iona l  
a r e a  of the specimen,  J i s  the to ta l  magnetization of the specimen,  R i s  the 
r e s i s t ance  of the de tec tor  coil  c i r cu i t ,  a  and b a r e  the d is tances  between the 
cent re  of the specimen and the n e a r e s t  and the f a r thes t  winding of the 
de tec tor  coil ,  L i s  the length of the specimen,  and A i s  the a r e a  of effective 
c r o s s - s e c t i o n  of the coi l .  

In the p r e s e n t  i n s t rumen t  ( s e e  Fig .  l ) ,  two detec tor  coils  a r e  
used .  Both a r e  connected in s e r i e s  opposition. The advantage of using two 
detec tor  coils  i s  that  m o s t  changes in the ambient  f ield do not produce a 
significant  e lec t romot ive  force  in the de tec tor  c i r cu i t .  The specimen is  
moved by hand f r o m  the cent re  of one of the detection coils  to that  of the 
other ( a  distance of nea r ly  4 inches) .  The deflection of the ga lvanometer  is  
r e a d  with a s ca l e .  The sens i t iv i ty  i s  about 1 0 - ~  e m u  pe r  g r a m .  

The cyl indr ica l  spec imens  a r e  114 inch in d i ame te r  and 2 inches 
in length.  The specimen is  mounted on a rod  (usually qua r t z  g l a s s )  for  e a s y  
manipulat ion,  and i s  placed inside a 12 inch long cyl indr ica l  e l e c t r i c  oven. 
The oven i s  sur rounded by a g l a s s  cooling jacket .  The detec tor  coils  (about 
33,000 tu rns  each )  a r e  mounted on the cooling jacket .  Th i s  assemblage  i s  
placed inside a 10-inch-long coil .  The coil  produces  a magnetic field (H) of 
up to 600 oe. Hearing of the spec imen  m a y  be c a r r i e d  out in any type of 

The ins t rument  al lows measu r ing  of the following quanti t ies a t  
va r ious  t empera tu res :  

1. The total  magnetization a s  a function of H (magnetization cu rve )  and of 
T (Cur ie t empera tu re  S ) .  

2. The r emanen t  magnetization (including the rma l  demagnetization).  

3.  Acquisi t ion of r emanen t  magnetization under var ious  conditions 
(pTRM, CRM). 

4. Coerc ive  force  (of r emanen tmagne t i za t ion ) .  

Nagata, T .  
1961: Rock magnet ism.  Maruzen  Co.,  Tokyo, 350 pp 

The l l i e r ,  E.  
1938: Sur  l ' a imauta t ion  de s  t e r r e s  cui tes  e t  s e s  applications 

ge'ophysiques. Am.  Ins t .  Phys .  Globe, P a r i s ,  16, 
157-302. 
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A MAGNETIC BALANCE 

E .  J. Schwarz 

The ins t rument  m a y  be used in the investigation of magnetic 
proper t ie  S of mine ra l s ,  in the identification of fer romagnet ic  mine ra l s  in  
rocks ,  and in the investigation of magnetochemical  changes during heating of 
rocks  in neutral ,  oxidizing o r  reducing a tmospheres .  Var ious  types of 
somewhat s imi l a r  magnetic balances a r e  descr ibed by, fo r  instance,  
Selwood ( 1956) and Nagata ( 196 1) .  

The ins t rument  al lows measur ing  of the t rans la t ional  force  
acting on a specimen suspended in a n  inhomogeneous magnetic field. This  
force  i s  given by: 

F Z  = V .  J (H) .  6H/gz,  

in which v r e p r e s e n t s  the volume of the specimen, J (H)  i s  the total  
magnetization a s  a function of tl;e magnetic field H, and 6 H / & z  i s  the 
gradient  of H ( z  i s  the d i rec t ion of t rans la t ion  of the specimen).  The mos t  
advantageous position of the specimen was se lec ted  by carc.ful sampling of 
the applied magnetic field with a sma l l  Hall  effect probe.  FZ m a y  be 
measured  in 0.1 m g r a m  a t  t empera tu res  up to 800°C. 

The main  p a r t s  of the ins t rument  a r e  a 6 inch e lec t romagnet  and 
a chain-type chemical  Lalance ( see  Fig .  1). The magnetic field produced by 
the e lec t romagnet  i s  var iable  between 70 and 6000 oe (a t  the cent re  of the 
sample) .  The ins t rument  i s  eas i ly  converted into an  automatic recording 
one by replacing the chemical  balance with an  c lec t robalance .  

The specimens  used a r e  rod-shaped and of maximum diameter  
114 inch and length 118 inch. F o r  each specimen the following i d o r m a t i o n  
m a y  be obtained: 

1. The magnetization curve a t  var ious  t empera tu res .  

2 .  T h e r m a l  change of the (sa tura t ion)  magnetization and Cur ie  
t empera tu res .  

Nagata, T .  
196 1: Rock magnet ism;  Maruzen C o . ,  Tokyo, 350 pp. 

Selwood, P. W.  
1956: Magnetochemistry;  In tersc ience ,  New York,  435 pp. 



F i g u r e  1. The magnet ic  balance.  (Schwzrz  10) 



1 1 .  A MASER PROTON PRECESSION MAGNETOMETER 

S .  Washkurak 

A continuous se l f  osc i l la t i r~g proton p r e c e  S sion magnetonleter  
h a s  been deveioped for  the m e a s u r e m e n t  of the e a r t h ' s  total  magnet ic  f ield to 
a sensit ivi ty of 0.01 gamma.  

The ins t rument  u t i l izes  dynamic nuclear  polar iza t ion  to  
inc reasc  the signal  to noise r a t io  of the p recess ing  nuclcus .  The in terac t ion  
between the nuclear  and e l ec t ron  moment s  a f f ec t s  the spin lat t ice re laxat ion  
t ime ,  and if the e l ec t ron  o r  hyperfine s t ruc tu re  ( a t  low magnet ic  f ie lds  suck. 
a s  the c a r t h ' s )  i s  s a tu ra t ed ,  the d i f ference  of the no rma l  Bol tzman 
population of the nuclei  between the i r  l eve l s  i s  grea t ly  increased.  

Since polar iza t ion  (enhancement)  i s  r ea l i zed  by sa tura t ing  the 
e l ec t ron ic  l ine of a paramagliet ic f r e e  r ad ica l  d issolved and ionized in a 
solvent,  th is  frcquency being far  r emoved  f ro in  the p recess ion  f requency of 
a proton a continuous r eco rd ing  of the total  magnet ic  intensity of the 
geomagnetic f ield can  be m e a s u r e d  by counting the L a r m o r p r e c e s s i o n  
f rcquency of the proton on a r a t e m e t e r .  

Dynamic nucltbar p o l a r i ~ a t i o n  a l so  provides  a method for 
investigating magnet ic  relaxation,  molecular  mot ion  and liquid s t ruc tu re  . 

A solution of 250 c m 3  of water  and 0.25 g r a m  of potass ium n i t ro  
sodisulfonate (NO(S03)2K2) is subjected t o  an  R .  F. polarizing f ield of 10 
watts a t  56.5 n-~egacycles,  sa tura t ing  the hyperfine s t ruc tu re  of the e l ec t ron  
resonance  l ine .  The p recess ing  frequency of the proton i s  de tec ted  with a 
low "Q" pick-up coil. The s ignal  i s  amplif ied with a low noise ,  broad band 
ampl i f ie r  with f la t  phase  cha rac t e r i s t i c .  T o  sus t a in  oscil lat ion a t  the L a r m o r  
p recess ion  f requency i t  i s  n e c e s s a r y  to  provide regenera t ive  coupling a t  
r ight  angles to the pick-up coil reducing a l l  non-nuclear coupling between 
the two coi ls .  With th is  nuclear  f i l tc r  technique frequency pulling of the 
absolute value of the p recess ing  protons  is  reduced to F 0.5 g a m m a  over a 
r ange  of L500  g a m m a  with a fixed tuning posit ion of the de tec tor  coil .  

T o  obtain max imum enhancement  of the signal  the double 
d is t i l led  de -ionized water  o r  ammonia  solution (0.880) should be tlior oughly 
degassed of dissolved oxygen by a f r eeze  thaw cycle under vacuum. The 
aqueous solutions were  maintained a t  a  ph = 11.5 with a phosphatc buffer .  
The  solution of the f r e e  r ad ica l  was m o s t  stable under these conditions and 
would l a s t  fo r  s e v e r a l  days.  

The  pick-up coi l  number 1 of F i g u r e  1 cons i s t s  of two axial ly 
opposing coils  of 2,000 tu rns  cach of #22 wi re  on a 2.5 inch d i ame te r  by 4 
inch long f o r m .  The R . F .  polarizing coil  p2 has  4 tu rns  of # l 2  wire  wound 
d i r ec t ly  on the 250 cm3 ,  two inch d i ame te r  sample  conta iner .  The feedback 
coi l s  h 3  consis t  of 200 t u r n s  each  of #/20 wire  wound on a 1 2  inch d i ame te r  
f o r m  spaced 10 inches apa r t .  

The four stage differential  broad band ampl i f ie r  has  a gain of 
about 70 db. A por t ion  of the amplif ied signal  i s  feedback a t  r ight  angles  t o  
the de tec tor  coil  with the amount of feedback adjusted by a ten  tu rn  helipot. 



Figure  l .  Continuous f r c c  precess ion magnetometer  

The signal i s  a l so  fed on through a cathode follower to a digital  and analogue 
frequency measur ing c i rcui t .  

The L a r m o r  p recess ion  frequency of about 2,500 cycles  i s  
multiplied 320 t imes  with a S e r s o n  type frequency mul t ip l ier .  The 
multiplied frequency when counted for a period of 0.734 second gives a 
digital  to ta l  magnetic field value d i rec t ly  in  gammas  to an  accuracy  of 0.1 
gamma.  

A continuous analogue presentation of the total  magnetic: field i s  
obtained by tapping into the Se r son  multiplier  a t  the t imes  sixtee;: point and 
comparing this multiplied frequency to a stable c rys t a l  oscil lator o r  variable 
frequency osci l la tor  in  a balanced mixe r .  The difference beat frequency is 
amplified and counted on the Hewlett P a c k a r d  r a t eme  t e r  . With the expand 
mul t ip l ier  s e t  a t  t imes  ten a sensit ivity of 0.05 gamma cal: be r ead  on a 
Leeds  and Northrup 9 inch s t r i p  c h a r t  r e c o r d e r  showing 10 gammas  full 
sca le .  

A continuous self -oscillating nuclear p rece  s s  ion magnetome t e r  
has  been rea l i zed  ~ , i t h  a n  absolute accuracy of 0.5 g a m m a  in a 2 5 0 0  gamma 
range with a n  ult imate sensit ivity of 0.05 gamma.  A staole f r e e  r ad ica l  
solution that  will l a s t  indefinitely i s  in the p rocess  of bcing se lec ted  and 
transistorizing the ins t rument  for field use  i s  in p r o g r e s s .  



GROUNDWATER 

HYDROCHEMISTRY O F  MOOSE MOUNTAIN AREA, 
SASKATCHEWAN 

A. Rozkowslci 

The purpose of th is  study i s  to  investigate the development and 
or ig in  of the surface  and groundwater chemis t ry  and the i r  in ter re la t ion  in a n  
a r e a  of hummocky mora ine .  The p re l imina ry  investigations a r e  based on 
the r e su l t s  of chemical  analyses  of water  s amples  collected by P. Meyboom 
in 1965. 

The Moose Mountain region,  si tuated in southeas t  Saskatchewan, 
cons is ts  of an  isolated group of h i l l s  (Fig .  1) .  I t  i s  a n  a r e a  of typical  
hummocky moraine  with knob-and-kettle topography with a number  of sloughs 
and lakes  without outlets .  The permeabi l i ty  of g lac ia l  deposits  i s  v e r y  low. 
Groundwater flow i s  under investigation by P. Meyboom, who has  observed 
the downward d i rec t ion  of groundwater flow in the t i l l  deposits .  L a t e r a l  flow 
and upward leakage in permeable  zones occur  in the vicinity of d ischarge  
a r e a s .  

The conductivity m e a s u r e m e n t s  and chemical  analys is  of water  
show considerable  d i f ferences  in hydrochemis t ry .  

The minera l iza t ion  of surface  water v a r i e s  f r o m  240 to  16,500 
ppm, and groundwater f r o m  470 to 4,700 ppm. 

T h e r e  a r e  two bas ic  types of surface  and groundwater with 
r e s p e c t  to the i r  chemical  content. The f i r s t  one cons i s t s  mainly  of H C 0 3 -  
o r  SO4- -  - H C 0 3 -  anions ,  and c a t  S or c a t '  - ' cat ions ,  and i s  low in 
minera l iza t ion .  

t t  . 
The second type of water  cons is ts  mainly  of SO4--  -Mg ions.  

These  a r e  wa te r s  of high minera l iza t ion .  

F igu re  2 shows the re la t ion  between the ions and total  
minera l iza t ion  of water  We observe  the inc rease  of concent ra t ion  of ions,  - - 
especia l ly  SO4 , ' and ~ a f  with the inc rease  of total minera l iza t ion .  

The high mine ra l i za t ion  of water  in shallow aquifers  i n  moraine  
deposits  i s  typical  for  s e m i - a r i d  regions  where infi l trat ion of r a i n  and 
percola t ion  of soluble sa l t s  i s  low. 

The observed d i f ferences  in the chemis t ry  of groundwater and 
i t s  concentrat ion changes f r o m  the a r e a  of r echa rge  to the a r e a  of d ischarge  
a r e  dependent on the following fac tors :  

1. different  velocity of groundwater flow through the s t r a t a ,  
2. the length of flow, 
3. the t ime of contact  between the water  and t i l l s ,  
4 .  the r a t e  of evapora t ion  in the zone of d i scha rge .  
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Figure  2 .  Relation between ionic concent ra t ions  and total  s u m  of c o n s t i t u e n t s  



These observations of chemical changes permit  us to classify the 
hydr ochemical zones: 

The high evaporation of surface water resul ts  in: 

1. the general increase of water mineralization, 
2. the concentration of easi ly  soluble sal ts  mainly MgS04 and 

Na2 SO4, 
3. the precipitation of carbonate sal ts .  

There  i s  an  increase in mineralization f rom the top of the hills 
downward to the 2,400 foot contour. Below that level the mineralization of 
sloughs is low again (see  F i g .  1 ) .  

The changes of chemistry of water suggest the appearance of 
hydrochemical zones in the sequence 

- - - - 
~ ~ 0 3 -  + HC03- - so4-- -+ S 0 4  - H C O ~ -  + S 0 4  

The resul ts  of analyses of surface and groundwater indicate the 
existence of a hydraulic interrelationship. 

Both ground and surface water show similar i t ies  with respect  to 
their chemical type s . 

The presence of corresponding hydrochemical zones in both 
cases  confirms this hypothesis. 

- + +  
The lack of HC03 - Ca type of water in the groundwater can 

be explained by previous percolation of r a i n  water through the soil. 

The low mineralization and HC03- type of surface water a s  well 
a s  the increasing concentration of groundwater with depth indicates that the 
recharge a r e a  of the moraine aquifers consists mainly of the upper par t  of 
Moose Mountain. On the other hand the region of sloughs with high 
mineralization shows the a r e a  of discharge of groundwater. In the la t ter  
a r e a  the mineralization of surface water is higher than groundwater. This  
phenomenon can be explained by the influence of evaporation. The 
explanation for the limited a r e a  of lakes and sloughs with high mineralization 
can be attributed to the different permeabili t ies of glacial deposits. Fur ther  
detailed investigations based on geochemical and hydrochemical methods a r e  
planned in the near  future.  



ISOTOPEANDNUCLEARGEOLOGY 

ATOMIC ABSORPTION SPECTROSCOPY 

Sydney Abbey 

In this new technique, developed a s  a method of chemical 
analysis during the l a s t  ten  y e a r s ,  a solution of the sample i s  d ispersed in a 
f lame. Light f r o m  a source  emitt ing the line spect rum of the des i red  
e lement  i s  passed through the f lame,  and the attenuation of one spectrum 
line of that element,  result ing f r o m  the absorption of "resonant" energy by 
"ground-state" a toms of the e lement ,  i s  measured  by means  of a 
monochromator and a photo-multiplier tube. 

In atomic absorption,  selectivity originates in the light source ,  
r a the r  than in  the flame ( a s  in flame photometry) or in the chemical p re  - 
t rea tment  ( a s  in molecular spectrophotometry,  o r  color imetry) .  Inter - 
element  effects a r e  much l e s s  pronounced than in other methods.  

Although atomic absorption was f i r s t  considered for work a t  the 
Geological Survey a s  e a r l y  a s  1960, it was not until the summer  of 1965 that 
refinement of the equipment had reached the stage where a decision was 
reached to proceed. The equipment was received a t  the beginning of 1966 
and work began i n  February .  

So f a r ,  excellent r e su l t s  have been obtained fo r  up to 15 p e r  cent 
of MgO, much m o r e  rapidly and accurate ly  than by other methods. 
Incomplete work indicates that  lithium can be determined down to about 2 
ppm in rocks ,  with little o r  no inter -element effects. F u r t h e r  work i s  
planned on zinc, cadmium and other t r ace  metals .  

CARBON- 14 AGES O F  DOUGLAS FIR 
TREE RINGS FROM VANCOUVER ISLAND 

Willy Dyck 

T o  calibrate the apparatus  in  the Radiocarbon Dating Laboratory  
of the Geological Survey i t  was essent ia l  to obtain ma te r i a l s  whose age is  
known accurately.  There  a r e  only two sources  of such mater ia ls :  museums  
and t r e e s .  Cura to r s  a s  a ru le ,  a r e  reluctant to p a r t  with ar t i fac ts  especia l ly  
if they cannot be re turned.  Even  ve ry  old living t r ee  S a r e  difficult to find 
but through the diligent efforts of Rayonier Canada (B. C. ) Limited,  the 
F o r e s t  Products  Laboratory  of Canada, and the di rector  of the Geological 
Survey, a n  old t r e e  was discovered and shipped to the Ottawa laborator ies  
where i ts  age was determined,  f i rs t ly ,  by counting the annual growth rings 
and secondly, by measur ing the carbon14 disintegration r a t e  in  these r ings  
using the so-called "radiocarbon clock" method. 

The t r e e ,  a 60 inch diameter  Douglas F i r ,  grew on the west 
coast  of Vancouver Island nea r  San Simon Point (Long. 1Z4°04tW, Lat.  
48°27tN) and was cut alive late in  1960. An approximately 8 inch rectangular 
section, cut about 20 fee t  up the bole f r o m  the stump and f r o m  per iphery to 



per iphery  through the pith was sent  to the Geological Survey fo r  analys is .  A 
p re l imina ry  r ing count showed 1,127 growth r ings .  A ca re fu l  count by Mr.  
J. D. Hale a t  the F o r e s t  P roduc t s  Laboratory  revealed  1,143 annual growth 
r ings .  His  count was  used  for  r e fe rence  in  a l l  subsequent compar isons .  

ca rbon14  analyses  of samples  consist ing of 4 to 20 growth r ings  
and taken a t  approximately 100 yea r  in tervals  were  converted t o  radiocarbon 
ages  and compared to the t r e e  r ing  ages .  The r e s u l t s  a r e  l i s ted  in the table.  
If ideal conditions had prevailed throughout the l ifet ime of the t r e e  and 
beyond, all the points if plotted graphically would have fal len on a 45 degree  
line. However, the fo rces  of nature seldom r e m a i n  constant  long enough to 
p e r m i t  the es tabl ishment  of equilibriurri. In addition to the deviations f r o m  
the ideal  state each measuremen t  has  associa ted  with it an  e r r o r  which i s  
due to e r r o r s  in the prepara t ion and m a a s u r e m t ~ n t  of thr  sample and the 
randomness  of radioactive decay. Sta t i s t ica l  theory p red ic t s  and p rac t i ca l  
exper iments  ver i fy  that  with random phenomena measuremen t s  occasionally 
can  be f a r  r emoved  f r o m  the t rue  value and s t i l l  be quite valid. But e r r o r s  
alone cannot explain the deviations observed in thls par t icular  case .  Simi lar  
observations have been made on Sequoias f r o m  California and Oak and 
Douglas F i r  f r o m  Germany  by other sc ient is ts .  There  i s  no doubt that  the 
var ia t ions  a r e  r e a l  and a r e  due to var ia t ions  in  the carbon14 concentration of 
the a i r  f r o m  which the t r e e s  d rew thei r  carbon. The r easons  fo r  this  
however,  a r e  complex and not fully understood a s  yet .  

Although the pr inciples  behind the dating method a r e  relat ively 
simple in pract ice  considerable ef for t  i s  required  to determine the age of a 
sample .  This  i s  s o  mainly because the carbon14 concentration i s  s o  v e r y  
sma l l  ( 1 0 - ~ ~ %  i.e. 0.0000000001~0). Samples a r e  converted to  pure  carbon 
dioxide gas.  The gas  i s  pumped into a radiation detector (Geiger counter)  
where the disintegration r a t e  of carbon14 in the sample is measured .  F r o m  
the disintegration r a t r  the age of a specimen can be calculated.  

In addition to many events which have been dated, considerable 
information on the circulation pat terns  of the a tmosphere  and ocean i s  gained 
by t rac ing carbon14 through these  r e s e r v o i r s .  

A word of caution may bc in o r d e r .  F r o m  t r ee  r ing  measure  - 
ments  and well-dated h i s to r i ca l  a r t i f ac t s ,  it i s  known that the carbon14 age 
scale has  deviated f r o m  the solar  scale by a s  much a s  200 y e a r s  during p a r t s  
of the l a s t  millennium and by a s  much a s  600 y e a r s  during p a r t s  of the pas t  
five millennia. Although arguments  favor a m o r e  o r  l e s s  steady s ta te  over 
long per iods  of t ime there  i s  no absolute guarantee that  the radiocarbon yea r  
h a s  not deviated f r o m  the so la r  year  by lnore than that during the distant  
pas t .  However,  even if that were so,  it would not invalidate the effort  and 
t ime spent on the radiocarbon clock, for  events could s t i l l  be co r re l a t ed  on 
the radiocarbon age sca le .  



15. URANIUM-LEAD AGES AND LEAD ISOTOPE RATIOS IN GALENAS 
AND CLAUSTHALITES O r  THE BEAVERLODGE AREA, SASKATCHEWAN 

Table of 
carbon14 Ages  and T r e e  Ring Ages of Douglas F i r  

V. Koeppel 

Growth,  A.D. 
F r o m  T o  

830 - 834 
914 - 934 

1014 - 1034 
1126 - 1136 
1228 - 1238 
1330 - 1340 
1432 - 1442 
1524 - 1544 
1626 - 1646 
1728 - 1748 
1830 - 1850 

A new at tempt  i s  being made to determine the h i s to ry  of the 
meta l l ic  mine ra l  deposits  of the Beaverlodge a r e a .  The isotopic composition 
and e lementa l  concentrations of l ead  and uranium in sma l l  s amples  of 
pitchblende(1-2 mg)  have been determined with a solid source  m a s s  
spe c t romete r  . 

The main  purpose of the investigation is  to determine whether 
the formation of the mine ra l  deposits  took place during only one period,  or  
whether they a r e  the product of repeated  minera l iza t ion occurr ing a t  widely 
sepa ra ted  in tervals .  The study should a l so  help to solve the age re la t ions  
between the pegmatit ic and the hydrothermal  uranium deposits ,  the 
metamorphic  event r ecorded  by the potass ium-argon ages  of micas ,  and the 
volcanism occurr ing in the Mart in  Format ion.  

Aver .  Ring Age 
A.D. 

832 
9 24 

1024 
1131 
1233 
1335 
1437 
15 34 
1636 
1738 
1840 

Special  at tention is being paid to the selection of pitchblende and 
uraninite samples  for  isotopic analys is .  Ideally a sample should consis t  of 
only one type of pitchblende, i t  should be f r e e  of any a l tera t ion products ,  and 
it should not be intergrown with l ead  mine ra l s ,  except in c a s e s  where 
microscopic  evidence suggests  that the lead m i n e r a l  was fo rmed  by 
exsolution of lead f r o m  the surrounding pitchblende. Whenever possible 
samples  were  chosen f r o m  pitchblende occur rences  where a n  upper o r  lower 
re la t ive  age was es tabl ished on field evidence.  

Aver .  ca rbon14  
Age A.D. 

740 2 80 
880 .? l00  
870 2 100 

1150 2 90 
l200 2 60 
i300.? 60 
1530 2 50 
1700 1 70 
1690 2. 60 
1850 70 
1860 5 90 

P r i o r  to removing the sample f r o m  the polished sect ion the 
se lec ted  surface  was examined with a n  e l ec t ron  microprobe in  o rde r  to make 
a p re l imina ry  e s t ima te  of the uranium-lead r a t io  and to study the lead 



distr ibution within the se lec ted  a r e a .  

Seve ra l  concordant,  o r  closely concordant,  ages  have been 
obtained on pitchblende f r o m  hydrothermal  deposits  suggesting a time of 
deposit ion of 1780 my. O n  the other hand, the pa t t e rn  of d iscordant  age S of 
some  pitchblendes suggests  a f i r s t  lead  l o s s  between 1050 and 1100 my, and 
fur ther  lead l o s s e s  between 0 and 300 my. The lead isotope r a t ios  of galenas 
and c laus thal i tes  support  the conclusions drawn f r o m  the in terpre ta t ion  of 
the apparent  pitchblende ages .  Apparent ages  obtained f r o m  pitchblende 
samples  of the same  pitchblende veinlet of a given hand specimen do not 
suppor t  the theory  of continuous lead los s  by diffusion a s  the sole mechanism 
of lead los s .  

The presence  of one o r  two dist inctly younger genera t ions  of 
pitchblende i s  indicated by the apparent  pitchblende ages  combined with a 
possible in terpre ta t ion  of the lead isotope r a t ios  of galena occurr ing in veins  
which a r e  cut by pitchblende bearing veins. 

Uraninite of pegmatit ic deposits  was  fo rmed  1900 my  ago. 
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MINERAL DEPOSITS 

THE ORIGIN O F  HIGH GRADE IRON DEPOSITS 
ON BAFFIN ISLAND, N. W.  T . 

G . A .  G r o s s  

The d iscovery  of high grade  i r o n  deposits  nea r  the north end of 
Baffin Island i s  of ma jo r  significance.  The deposits  a r e  p a r t  of a new reg ion  
in  Canada that  can  supply i r o n  o r e  of exceptional  quali ty for expor t ,  and 
production of o re  f r o m  this  a r c a  would be a ma jo r  advance in  pioneering 
Arc t i c  development.  The i ron  deposits  a r e  of spec ia l  geological  impor tance  
because of thc exceptionally high grade  and s t ruc tu ra l  quali ty of the hemat i te  
and magneti te o re  zones and the unusual  sequence of geological  events  which 
produced them.  

The i ron  deposi t s  were  d iscovered  in- and have been 
explored  by Baffinland I ron  Mines Limi ted  who c a r r i e d  out comprehensive  
studies durin-65 of the feas ib i l i ty-ofmining and shipping i r o n  o r e  f r o m  
ihe lMary River  a r e a .  The Geological  Survey of Canada did reconnaissance  
geology along thc coas t  of Baffin Island p r io r  to 1960 and of the adjacent a r e a  
west  of the i ron  r anges  in  1963. Detailed geological investigation of the i ron  
deposits  was c a r r i e d  out in 1964 and 1965 by the w r i t e r .  

The l a r g e s t  i ron  deposit  occu r s  in Archaean  rocks  about 60 mi l e s  
southeas t  of the head of Milne Inlet  a t  la t .  7 1 "20fN and long. 79" 16'N on the 
c a s t  side of a ma jo r  s t r u c t u r a l  b reak  that extends northwest  f r o m  P i l ik  Lake 
to Milne Inlet .  The topographically low a r e a  west  of this  s t ruc tu ra l  
l ineament  i s  undcr la in  by Palaeozoic  r o c k s  and the highland plateau t o  the 
e a s t  is  under la in  by highly metamorphosed P r e c a m b r i a n  rocks .  A group of 
rocks  c o n ~ p o s e d  of ac id  and basic metavolcanics ,  i ron-formation and 

- 

metnsediments  has  been infolded and faulted within the granitoid m a s s i f .  
Th i s  group of rocks  i s  grani t ized  in local  a r e a s  and intruded by bas ic  dykes,  
now amphibolite m a s s e s ,  and by u l t r abas i c  rocks  now l a rge ly  serpent in ized .  
E r o s i o n  of complex s teeply  plunging fold s t r u c t u r e s  has  le f t  numerous  s m a l l  
i so la ted  bel t s  of me tased imen t s ,  i ron-format ion  and metavolcanics  
d is t r ibuted  in tile grani to id  rocks  of the plateau a r e a .  

The i ron-format ions  f o r m  conspicuous lent icular  m a s s e s  in the 
volcanic-sedimentary  sequence and a r e  of genera l  A1 oma  type. Typica l  
thin l aye red  quar tz  magneti te and quar tz  hemati te ?+- ac ie s  a r e  m o s t  common. 
A dist inctive fea ture  in the i ron-format ion  i s  the occur rence  of beds of 
nea r ly  pure  magneti te and occasionally hemat i te ,  which range  in thickness 
f r o m  a few inches to tens of feet  that  a r e  in ter layered  with the thinly 
laminated  quar tz  magneti te beds .  

The Number 1 Deposit  in the Mary  River  a r e a  i s  a  folded s teeply  
dipping zone of porous h a r d  specular  hemati te that  g rades  to zones of dense 
h a r d  magneti te a t  both nor th  and south ends .  The magneti te zones grade  to 
thin banded magneti te and quar tz-magnet i te  o r  i ron-s i l ica te  qua r t z  i ron -  
format ion .  The i ron - r i ch  zone v a r i e s  in th ickness  f r o m  350 to 500 f ee t  over  
a s t r ike  length of 8,200 fee t  and pinches to l e s s  than 50 feet  in the m o s t  
souther ly  outcrop.  The typical  composit ion of this  deposit  indicated by 
diamond dr i l l ing  i s  69.6570 i ron ,  0.7270 s i l ica ,  and 0.026% phosphorus.  The 
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Figure  1. Geology of the I r o n  Lake a rea ,  Baffin Island. 

average  i ron  content i s  m o r e  than 68% and the s i l ica  content i s  l e s s  than one 
p e r  cent.  

The I r o n  Lake deposit  consis ts  of a lenticular bed composed of 
magneti te and hemat i te  that  f o r m s  p a r t  of the i ron-format ion on the north 
l imb  of a complex syncline. The i ron-r ich  zone i s  7 ,800 fee t  long and i ts  
max imum width is 250 feet .  Surface channel samples  indicate an average  
composit ion of 66.84% i ron,  2.06% sil ica,  and 0.08170 phosphorus.  

Other deposits  in the Mary River  a r e a  a r e  p a r t  of a s t ra t igraphic  
zone within the i ron-format ion that  i s  composed of specular  hematite and 
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Figure  2. Geology of the Mar y River  a r e a ,  Baffin Island.  High grade 
magneti te and hematite zones a r e  numbered 1 to 3 3 .  

magneti te.  This  zone was  t r aced  eas tward  fo r  m o r e  than a mile and i ts  
thickness v a r i e s  f r o m  l00 to 300 feet .  The exceptional high grade and 
s t ruc tu ra l  quality of mos t  of the potential  o re  in the Baffin deposits  i s  r a r e  
if not unique, and thei r  mode of or ig in  i s  of specia l  in teres t .  The ma in  
per iod of i ron  enr ichment  in the deposits  was during e a r l y  P r e c a m b r i a n  t ime 
when predominantly oxide f ac ie s  of i ron-format ion were  oxidized, s i l ica  was 
leached by groundwater,  and supergene enr ichment  of i ron  took placc,  
leaving vuggy lenticular cavit ies and s t reaky porous zones in the hc.matite. 
The deposits  were deeply buried and extensively r ec rys ta l l i zed  during a 
per iod of me tamorph i sm that  reached amphibolite rank.  Hematite fo rmed  a t  
the expense of magneti te,  much of the poros i ty  in  some of the deposits  was 
p r e s e r v e d  and many r e l i c t  sedimentary  f ea tu res  a r e  p rese rved  in the 
magneti te and quar tz  magnetite i ron-format ions .  Evidence was not found to 
suggest  any appreciable amount of migra t ion of i r o n  during me tamorph i sm.  



Some a l t e r a t ion  and en r i chmen t  of i r o n  has  taken place in p a r t s  of the 
Number  1 Deposit  a f ter  me tamorph i sm and p r io r  to glaciat ion.  

I t  i s  doubtful whether leaching and enr ichment  p r o c e s s e s  alone 
were  the pr inc ipal  f ac to r s  in producing such pure  i r o n  oxide although they 
appear  to have been a n  e s sen t i a l  p a r t  of the genetic p r o c e s s .  It i s  believed 
that  much of the i ron-format ion  that  i s  now hos t  o r  p ro to re  for the r i c h  
deposi t s  was originally r i ch  in i r o n  oxide and composed mainly  of magneti te 
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beds ,  and only a sma l l  amount of impurity had to be removed in the ore-  
forming p rocess .  EnrC.chment of the i ron-format ions  extends to depths 
g r e a t e r  than one thousand fee t  and the p r o c e s s e s  that leu to the format ion of 
high grade ore  may  have been widespread throughout the region.  

l rar ia t ions  in the texture and composit ion of the high grade i ron  
oxide zones a r e  reflected in the exist ing topography, and a r e a s  of low relief  
and dr i f t  covered i ron-format ions  m u s t  be sampled before i ron-ore  potential 
in the a r e a  can be adequately a s s e s s e d .  Magnetometer su rveys  alone will 
not se rve  to distinguish e i ther  high grade  magnetite o r  hemat i te  zones f r o m  
low grade  iron-formaiion.  The existence of near ly  pure magneti te and 
hemat i te  beds of sedimentary  origin within the i ron-format ions  great ly  
enhances the possibil i ty of finding other high grade i r o n  deposits ,  or  of 
finding iron-formations of unusually high i ron  content that can  be beneficiated 
eas i ly .  Minor zones in the iron-formation containing pyrite and pyrrhoti te 
suggest  thCt -more extensive and significant sulphide fac ies  of i ron-format ion 
may 'be  present .  

17 .  COPPER DEPOSITS, CORDILLERAN REGION 

E .  D. Kindle 

L i b r a r y  r e s e a r c h  re la t ing  to the study of copper occur rences  in  
the Cordi l lcran  Region of Canada was  c a r r i e d  out during the winter months.  
Al l  copper p rope r t i e s  lying within N.T.S.  m a p - a r e a s  92G. 92 J, 92H, 82E', 
82G,  82 J ,  82K, 8 2 L  and 82N were  located,  c lass i f ied  and descr ibed in 
s u m m a r y  fo rm.  In  these a r e a s  the copper deposits  a r e  commonly found in 
P r e c a m b r i a n  and Palaeozoic  sedimentary  rocks  and in T r i a s  s i c  sedinlentar y 
and volcanic rocks .  They a l so  occur in intrusive rocks  of P r e c a m o r i a n  age,  
J u r a s s i c  age and Cretaceous  or  l a t e r  age.  Copper mine ra l s  in the different 
locali t ies a r e  associa ted  with one or  more  of the following: gold, s i lve r ,  
plat inum, molybdenum, iron,  vanadium, tin, lead,  z,inc, antimony, and 
bismuth m i n e r a l s .  

Two magnetite samples  f r o m  deposits  10 m i l e s  wcst  of Kamloops 
collected by the wr i t e r  in 1965 were  found to contain v e r y  l i t t le  copper,  but 
spect rographic  analyses  show a vanadium content of 0.20 and 0.30 p e r  cent 
respectively.  



MINERALOGYANDPETROLOGY 

18. MIGIvlATIZATION IN T H E  CORE O F  A SHUSWAP GNEISS DOME 

P. Blattner 

During a 10-day per iod in  s u m m e r  1965 the migmatite complex,  
forming the deepes t  exposed p a r t  of Thor-Odin gneiss  dome,  was studied in 
detail ,  a s  r ep resen ted  by a n  a r e a  of about 200 square  ya rds .  Within 200 fee t  
the rocks  a r e  overlain by a sequence of most ly  metasedimentary  gneisses ,  
including a conglomerate -like layer  (Reesor ,  1966). 

The complex consis ts  mainly of hornblende bearing 'augen- 
granodiori te -gneissr1  (Reesor )  and,  in the a r e a  studied, broadly concordant 
pegmatoid veins o r  l aye r s  seve ra l  inches in thickness,  and inclusions of 
amphibolite; the original  relat ionship of the l a t t e r  i s  not eas i ly  recognized 
but they may  be f o r m c r  dykes.  In addition mass ive ,  grani t ic  m a t e r i a l  i s  
distr ibuted in dyke -like fashion a'ong late -kinematic shea r  -planes (a lso  
t e r m e d  flexurc zoncs,  or  s t ra in-s l ip  cleavage) of i r r egu la r  spacing.  Many 
of the s h e a r s  a r e  f r ee  froll.1 granit ic ma te r i a l ,  some show a ba re  beginning 
of i t s  development, and there  a r e  transit ions to one occur rence ,  where 
angular p ieces  of wall-rock a r c  incorporated in a three  -foot-wide granit ic 
dyke, forming a n  agmatite . 

O n  the s t ruc tu ra l  projection the normal s  to the s h e a r  -planes 
a r e  sca t t e red  about the n -c i r c l e ,  and the complex can be r ega rded  a s  a 
B - m i g n ~ a t i t e ,  a s  defined by the wri ter  (1965). The s h e a r s  do not necessa r i ly  
follow axial  p lanes  of folds.  

I n  c l a s s i ca l  descr ip t ive  tern-inology the rock:; a r e  m o s t  near ly  
veined gne i s ses  with r e g a r d  to the pegmatoid n la ter ia l ,  and dictyonitesl  with 
r e g a r d  to  the granitoid ma te r i a l .  Agmntiten a r e  of l imited occurrence  a s  
nlentioned. 

In  dealing with the format ion of migmat i tes  a convergence of the 
rock-forming p r o c e s s e s  themselves  (" t rans i t iveness" ,  Smulikowski, 1958) 
m u s t  be considered in addition to the exper imenta l  r e su l t s  on "granite - 
systems". It  i s  important ,  then, to sea rch  f o r  relat ively simple p rocesses  
of migmat i te  gene ? i s  f i r s t ,  which thereaf ter  may  be considered "end- 
m e m b e r s 1 '  of hypothetically m o r e  complex c a s e s  of migmatization.  A n  
example of essent ia l ly  isochemical  "grnnitization" on a rcgional  sca le  h a s  
been given b y  Mehnert  (1953, 1957, 1962, 1963). 

In the p rescn t  case  at tention was paid mainly to the granodior i te-  
gneiss  hos t  rock,  to the pegrr~atoid l aye r s  or veins ,  and to the granit ic 
ma te r i a l ,  emplaced along s h e a r s .  The r e su l t s  of chemical  analyses  s o  far  
have shown that  the forr ra t ion  of the grani t ic  m a t e r i a l  has  probably been an  
isochemical  proce  S S, involving both granodiori tc -gneiss and pegmatoid veins  
in  the i r  previous proportions.  Both Or /Ab  and Ab/An of the pegmatoid veins 
a r e  high with r e spec t  to  granodior i te-gneiss  a s  well a s  the grani t ic  ma te r i a l ,  
suggesting a n  increase  in t empera tu re  between the t ime of format ion of the 
pegmatoid veins and of the grani t ic  ma te r i a l .  However, there  a r e  no signs 
of d a r k  consti tuents being enr iched a t  boundary su r faces  of the veins.  



An unexpected resu l t  has  been the behaviour of Ba /K values. At 
any one of three  locali t ies,  _which a r e  about 100 ya rds  apar t ,  values of the 

F e 0  L weight ra t io  Ba / ( K ~ O -  T )  were found constant, i r respect ively  of whether 

measured  in granodiorite-gneiss,  o r  in pegmatoid veins.  However, a t  two 
places  they a r e  .025 and .028, while a t  the th i rd  locality they a r e  distinctly 
higher,  namely ,042. The uneven distribution of B a  on the 100 ya rd  scale  
could be e i ther  r e l i c  o r  superimposed on the complex, but i t  does not s e e m  
to be di rect ly  re la ted to the migmatite formation.  

Several  of the minera l  assemblages  involved i n  the complex a r e  
now being studied. The g ran t  of a National Resea rch  Council Postdoctora te  
Fellowship i s  gratefully acknowledged. 

'Sederholrnts t e r m  "dictyonitetl h a s  not been used commonly in the English 
language. The t e r m ,  however, i s  of some significance for the descr ip t ion 
of migmat i tes ,  notably since defined and i l lustrated by Holmquist, 1920. 

2 
( -  Fe0) i s  a correct ion for biotite. Biotite can be shown to contain 

3 
relatively little B a  a s  compared to alkali-feldspar . 
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ROCK ANALYSIS BY X-RAY SPECTROlMETRY 

S. Courvil le anrl G. R .  Lachancc 

The feasibil i ty of using the ARL multi-channel  X - r a y  f luorescence  
unit in a dual  capacity i s  being investigated.  Two sepa ra t e  p rocedures  have 
been worked out for: ( a )  the u l t r a - r ap id  analys is  of m o s t  rocks  for  the eight  
consti tuents MgO, A1203, SiO2, K20, CaO, TiO2, MnO and total  F e  a s  Fe203  
with f a i r  accu racy ,  and (b)  the m o r e  accura te  but rapid  de terminat ion  of the 
same  eight  consti tuents in rocks .  The p rocedures  a r e  being a s s e s s e d  for 
p rec i s ion  and accu racy  by compar ing thc X- ray  r e su l t s  with values obtained 
by c l a s s i ca l  chemical  methods.  

F o r  u l t r a - r ap id  analys is ,  a  pellet  i s  p repa red  f r o m  a ! .7 g m  
por t ion  of a rock  to which 0.3 g m  of boric ac id  has  been added ( to  ac t  a s  a 
b inder)  and the mixture  ground for  4 minutes.  The cha rac t e r i s t i c  intensit ies 
for the eight  consti tuents a r e  m e a s u r e d  for 3 one-minute pe r iods  and the 
in tens i t ies  found a r c  converted to concentrat ions with l i t t le  o r  no in t e r -  
e lement  co r rec t ions .  Under n o r m a l  operating condit ions,  tlvo exper ienced 
technicians c a n  analyze approximately 50 r o c k  samples  pe r  day.  

F o r  those samples  requi r ing  g r e a t e r  accu racy ,  pe l le ts  a r e  
p r e p a r e d  in t r ip l ica te  by the l i thium borate-lanthanum oxide fusion method 
and the cha rac t c r i s t i c  intensit ies of the eight  consti tuents a r e  m e a s u r e d  for 
3 three-minute  per iods .  Thc m e a s u r e d  in tens i t ies  a r e  converted to concen- 
t ra t ions  by d i r ec t  compar ison using p r i m a r y  s t anda rds  which a r e  analyzcd 
togcther with the unknowns. It has  becn found preferable  that  the whole 
analys is  be c a r r i e d  out by one per  son. Under no rma l  operating conditions, 
two exper ienced technicians (working on an  "a l te rnate  day schedule")  could 
analyze 3 r o c k  samples  a day. 

20. PElROLOGICAL STUDIES O F  THE THOR -0DIN GNEISS DOME, 
SOUTHERN BRITISH COLUMBIA 

E .  F r o e s e  

An a r e a ,  approximately l 5  oy 24 mi l e s ,  surrounding the Thor  - 
Odin gneiss  dome,  in the Shuswap metamorphic  t e r r a in ,  has  been mapped by 
J . E .  Rceso r  (1965, 1966) and J .M.  Moore. S t ruc tu ra l  s tudies  of the a r e a  by 
J. E.  Kc,esor and an  iiive st igation of metamorphic  zoning by J. M. Moore a r e  
in  p r o g r e s s .  P. B. Bla t tner  i s  examining se lec ted  problems of migmatization.  
The wr i t e r  i s  concerned with fur ther  detai led pe t ro logica l  s tudies .  

S t ruc tura l ly ,  the a r e a  can  be divided into a core  of migmat ized  
gneisse  S ,  surrouncicd by a mantle of me tased imen ta ry  gne i s ses  grading into 
a fr inge of s u p r a c r u s t a l  rocks .  The rocks  of the fr inge zone belong to the 
g reensch i s t  f ac i e s  and lower almandine-amphiboli te fac ies .  Mine ra l  
a s semblages  f r o m  rocks  of the co re  migmat i tes  and of the mantl ing gne i s ses  
a r e  typical  of the s i l l imani te  -almandine -0rthoclase subfacie s  of the 
almandine-amphiboli te fac ies .  The m i n e r a l  assemblage  qua r t z  t plagioclase 
t K-feldspar t biotite t garne t  t s i l l imani te  i s  common in peli t ic  rocks  f r o m  
both s t r u c t u r a l  zones and, therefore ,  th is  assemblage  i s  suitable for studying 



r ' i gu re  1. The composit ion of biotite and garnet  f r o m  the m i n e r a l  
assemblage  quar tz  t K-feldspar + biotite + garne t  + 
s i l l imani te ,  common  in peli t ic  rocks  f r o m  the Thor-Odin 
a r e a ,  southern  B r i t i s h  Columbia. 

possible d i f ferences  in  me tamorph ic  conditions between the two zones.  

In  this  m i n e r a l  a s semblage ,  magneti te i s  absent  in many c a s e s ,  
pa r t i cu la r ly  if graphite i s  p re sen t .  The Fe203  content of biotite and garnet  
i s  v e r y  low and c a n  be neglected. In  the p re sence  of quar tz ,  the m i n e r a l s  
K-feldspar + biotite + garne t  + s i l l imani te  m a y  be r e g a r d e d  a s  belonging to  
the s y s t e m  K20 - A l Z 0 3  - F e 0  - MgO, if the content of TiO2, MnO, CaO, and 
Na20 in these  mine ra l s  i s  neglected,  and they m a y  be r ep resen ted  within a 
te t rahedron.  Because  K-fe ldspar  i s  p re sen t  in m o s t  rocks ,  the composit ion 
of biotite can  be projec ted  through K-feldspar onto the A1 203 - F e  0 - MgO 
plane of the te t rahedron.  This  projec t ion  i s  accompl ished by subt rac t ing  
K20 f r o m  AlZO3 (both e x p r e s s e d  a s  molecular  propor t ions) .  F igu re  1 shows 
coexist ing m i n e r a l s  of some  rocks  f r o m  the Thor-Odin  a r e a  plotted on  such 
a d i ag ram.  



It  i s  obvious that biotite and garnet f rom this assemblage show an 
appreciable variation in  composition, reflecting possible differences in 
Ptota~s P ~ 2 ~ *  and T f rom rock to rock. Considerable variation i s  observed, 

even if different specimens come f rom the same outcrop, in which case the 
Ptotal and T mus t  be practically the same,  suggesting that the variation in 
composition i s  largely a reflection of differences in PHZO. Because mineral  

assemblages f rom the core migmatites and from the mantling gneissps 
indicate the same metamorphic grade, it i s  assumed that temperature 
differences werc slight and that variations in mineral  composition again 
indicate mainly differcnce s in  PIYI 0 .  4r. increase in PH 0 would favour the 

2 2 
formation of biotite ( t  sillimanite) at  the expense of garnet (+  K-feldspar), 
both minerals  becoming enriched in iron. It  i s  observed that biotite and 
garnet f rom the core migmatites have a higher i ron content than those f rom 
the mantling gneisses,  indicating a higher PH 0 (see Fig.  1). At present,  

2 
the FeO/FeO + Mg ra t io  of b ~ o t i t e s  f rom other rocks,  having the same 
miner.:l assemblage, is  bring determined, in an attempt to subs antiate the 
o b s ~ r v a t i o n  bascd on a few samplcs only. The observation is ,  of course,  
consistent wit'l the fact that an increase in P favours the melting of 

H 20 
granitic constituents, which is  one possible mechanism of migmatization. 

Reesor ,  J.E. 
1965: The Thor -0din gneiss dome, southern British Columbia; 

Geol. Surv. Can., Paper  65-1, pp. 63-64. 

1966: idem; Geol. Surv. Can., Paper  66-1, pp. 78-80. 

21. TIN-BEARING GARNET AND P Y R O X E N E  FROM SKARN 
IN THE CASSIAR DISTRICT, B. C. 

R. Mulligan and J. L. Jambor 

Coarsely crystall ine brown garnetit.;, found just north of the pass  
at  lat .  59" 17 1/2N, long. 13Oo31W, yielded 1.1 per  cent tin on spectrographic 
analysis.  The garnetite occurs  among crystalline limestone and garnet,  
pyroxene , and ve suvianite skarns  near their contact with granodiorite 
(Watson and Mathews, 1944), but occupies onll- a single smal l  a r e a  and may 
be exotic. Dark pyroxene-rich and garnet-free skarn f rom a boulder a few 
hundred feet south of the pass  contains 0.78 per  cent tin. A green pyroxene- 
r i ch  skarn  contains 0.04 per  cent t in and other vesuvianite -pyroxene -garnet 
skarns  in the a r e a  yielded up to 0.026 per  cent tin. A vesuvianite sample 
contains 0.012 per  cent Be. 

The tin-rich garnetite is  composed of about 65 per  cent in te r -  
locking crysta ls  of deep green garnet up to 25 m m  across  and about 35 p e r  
cent finer brownish-green pyroxene. The garnet is  finely banded in concen- 
t r i c  zones paral le l  to the c rys ta l  outlines, the bands showing distinct but 
variable optical anisotropy. The pyroxene, near  augite in  optical properties,  
i s  mainly in anhedral intersti t ial  masses  and in thin bands along the zone 



boundaries within the garnet  c rys ta l s .  

T i n  distribution in  the CO-existing s k a r n  s i l ica tes  has  been 
studied by e lect ron probe and spectrographic techniques . Analysis of the 
garnet  indicates that i t  i s  virtually a pure stannian andradite end-member  i n  
which the depth of g reen  coloration in  the zones can be cor re la t ed  with t in  
content. 

Watson, K. DeP., and Mathews, W.H. 
1944: The Tuya-Teslin a r e a ,  Northern  Bri t i sh  Columbia; B. C. 

Dept. Mines, Bull. No. 19. 

22. NEGATIVE AEROMAGNETIC ANOMALY ASSOCIATED WITH 
OCCURRENCE O F  HEMOILMENITE IN ANORTHOSITIC GABBRO 

E . R .  Rose 

About 16 mi les  north of the village of Mont Tremblant ,  near  Lac  
Rossi ,  in  the Grenville geological province of Quebec,  a s  r epor ted  by Dr .  
E.H. Gaucher l ,  a negative aeromagnetic anomaly is  associa ted with a body 
of dark ,  weakly magnetic rock,  that is  in p a r t  surrounded by a m a s s  of 
granit ic rock  with which positive magnetic anomalies a r e  associated.  Micro-  
scopic examination of polished thin sections,  by the author,  of samples  
submitted by Dr .  Gaucher , indicates that the da rk  rock  i s  anorthosit ic gabbro 
and the light coloured rock  i s  quar tz  monzonite. Both rock types c a r r y  
accessory  fine -grained, disseminated,  opaque, magnetic i r  on-titanium 
oxides,  mainly hemoilmenite ( i lmenite with exsolved blades of hematite) ,  and 
titanomagnetite (magnetite with more  than 1 pe r  cent titanium in  solid 
solution). The magnetic oxides a r e  more  abundant in the anorthosit ic gabbro 
than in the quartz monzonite , and whereas liemoilmenite predominate S over 
titanomagnetite in the f o r m e r ,  titanomagnetite S over hemoil  - 
menite in the l a t t e r .  

The presence of hemoilmenite and titanomagnetite in rocks  of 
both types suggests ei ther close contemporaneity of the two intrusions o r  
par t ia l  assimilation of one by the other .  The negative anomaly associa ted 
with the gabbroic phase of the intrusions appears  to be re la ted to  the relative 
abundance of hemoilrnenite in this rock, this minera l  intergrowth having 
apparently impar ted a r e v e r s e d  polari ty to the rock. 

I 
Pe r sona l  communication, Dr .  E . H .  Gaucher,  Geophysics Division, 
Geological Survey of Canada, now Geophysicist, SOQEM, Quebec. 



SYSTEMATIC REFERENCE SERIES, 
NATIONAL MINERAL COLLECTION 

H.R. Steacy 

The Systematic Reference Ser i e s  i s  the r e s e a r c h  portion of the 
National Mineral  Collection and is the responsibil i ty of the Geological Survey 
of Canada. A major  reorganization of the Se r i e s  -undertaken i n  the s u m m e r  
of 1965 - was completed in  March, 1966. This involved the re-grouping and 
r e  -indexing of the approximately 7,500 specimens on fi le,  represent ing some 
1,400 minera l  species  and var ie t ies .  Significant p rogress  was a lso  made in 
the acquisit ion of unrepresented species .  The Ser i e s  is  maintained a s  a n  
active working collection that  i s  available to qualified sc ient is ts  in  a l l  f ields 
of r e s e a r c h .  Enquir ies  and applications for the loan of specimen mate r i a l  
should be addressed  to the Curator ,  H.R. Steacy. 



PLEISTOCENE AND QUATERNARY GEOLOGY 

AURIFEROUS TILL IN THE EASTERN TOWNSHIPS, 
SOUTHEASTERN QUEBEC 

B. C. McDonald 

P l a c e r  gold has  s t imula ted  in t e re s t  in the Appalachian region of 
Quebec since 1823 when al luvial  gold was d iscovered  in Beauce County. 
Regional  studies of gold d is t r ibut ion  (Cha lmers ,  1898; McGerr ig le ,  1936) 
have emphasized  gold occur rences  in r ecen t  s t r e a m  alluvium. 

During the cour se  of g lac ia l  geologic field work in the Richmond- 
Sherbrooke a r e a  (McDonald, 1965, 1966) 56 samples  of su r face  t i l l  were  
collected for  heavy-minera l  study (Fig .  1). The samples ,  weighing 50 t o  650 
g r a m s  (approximately 500 cu. c m . ,  o r  30 cu.  in. ) were  taken f r o m  depths of 
1 to 7 f ee t  below the ground surface  in both na tu ra l  and ar t i f ic ia l  exposures .  
The t i l l s  a t  this  depth a r e  leached of carbonate and a r e  oxidized. Disaggre  - 
gation of m o s t  s amples  was facil i tated by soaking them overnight  in 0.01 M 
solution of N a P 0 3 .  After  wet sieving,  heavy mine ra l s  were  sepa ra t ed  f r o m  
the fine sand f r ac t ion  (0.125 to  0.250 m m . )  with b romoform (S.G. = 2.85). 

Gold and minor  amounts of s i lver  were  p re sen t  in nine samples  
(Fig .  1 ) .  Typically,  the gold i s  p re sen t  a s  angular and ragged,  thin, highly 
contorted f lakes .  The flake s u r f a c e s  a r e  commonly finely grooved.  Although 
gold was r e s t r i c t e d  mainly  to the fine sand f rac t ion ,  g ra ins  a s  l a rge  a s  0.5 
m m .  d i ame te r  were  noted. About 25 pe r  cent  of the g ra ins  were  sl ightly 
ta rn ished,  and the r ema inde r  were  f r e e  of ta rn ish .  The concentrat ion of 
gold, where p re sen t ,  ranged between approximately 5 and 25 g ra ins  p e r  g r a m  
of heavy mine ra l  concent ra te .  F ine  sand heavy mine ra l s  consti tuted between 
0.1 and 2.5 pe r  cent  of the original  t i l l  sample .  Reliable de terminat ion  of 
weight p e r  cent  of gold in the t i l l  would r equ i r e  detai led f ield sampling and 
l a rge  samples .  P r e l i m i n a r y  t e s t s  with a superpanner  fai led to  concentrate 
gold f r o m  the aur i ferous  samples .  

Silver g ra ins  were  p re sen t  in th ree  of the gold-bear ing concen- 
t r a t e s  and were  a l s o  found in lacus t r ine  sandy s i l t  on the Ascot  and Ea ton  
R ive r s .  These  s i l t  deposits  antedate the l a s t  two glac ia l  episodes  and a r e  
co r re l a t ed  with a nonglacial  in terval  during which through -flowing s t r e a m s  
exis ted  in southeas tern  Quebec.  Like the gold, the s i lver  g ra ins  a r e  highly 
contorted and angular but a r e  untarnished.  Identification of the g ra ins  a s  
s i l ve r  i s  based on the i r  dissolution in 1: 1 HN03, the subsequent addition of a 
s a tu ra t ed  BaC 12 solution giving a milky white prec ip i ta te ,  p re sumab ly  AgC 1. 

The  segments  of the Moe and Ascot  R i v e r s  where McGerr ig le  
(1936) r epor t ed  gold in r ecen t  al luvium a r e  those segments  along which the 
t i l l  i s  aur i ferous  (Fig .  1). McGerr  igle did not find gold in  r ecen t  al luvium 
of e i the r  the Coaticook o r  Massawippi R i v e r s .  I t  s e e m s  l ikely that  gold in 
r e c e n t  al luvium is  being washed f r o m  the t i l l  through which the s t r e a m s  flow. 
Angular gold nuggets, although suggesting l i t t le  s t r e a m  t r anspor t ,  need not 
indicate proximi ty  t o  a bedrock source  a s  i n fe r r ed  by seve ra l  w o r k e r s  in the 
pas t .  The nuggets may  have been t r anspor t ed  s e v e r a l  mi l e s  in the g lac ier  
with l i t t le  o r  no rounding. In con t r a s t  with the above re la t ionship  between 
gold in t i l l  and in  overlying al luvium, a t  the well -known p l a c e r s  of Mining 





Brook ( 10 miles  south-southeast  of Mount Megantic), where gold occurs  i n  
the alluvium, no gold has  been found in the surface  till.  

The ult imate source  of the gold i s  unknown, although v e r y  s m a l l  
amounts a r e  a lmos t  ubiquitous in  the pyr i t ic  :ledrock. P y r i t e  cube S ,  der ived 
f r o m  loca l  bedrock, were  collected f r o m  ti l l  along Ascot R ive r ,  3 mi les  
u p s t r e a m  f r o m  i ts  confluence with Moe River .  Assays  showed 0.0034 and 
0.0037 oz.  gold a ton, and 0.015 and 0.025 ox. s i lver  a ton. After dissolution 
of duplicates of each  of these samples  in concentrated HN03,  a smal l ,  black, 
fine -grained res idue  r emained  in  which no gold was visible under a m i c r o -  
scope.  (Assays  were  conducted by the Minera l  Sciences Division of the 
Mines Branch,  Depar tment  of Mines and Technical  Surveys ,  Ottawa; t e s t  
r e p o r t  AC-65 -86). 

Magnetic mine ra l s  (principally magneti te)  a r e  der ived f r o m  rocks  
of the G r e e n  Mountain anticl inorium, especia l ly  the u l t rabas ic  rocks  
(peridoti te,  serpentinite,  pyroxenite (Fig .  I ) ) ,  and f r o m  the nordmarki te  
surrounding Mount M e g a n t ~ c  (Fig.  1). Southeastward dec rease  in concentra-  
t ion of the magnetite in the t i l l  supports abundant evidence f r o m  t i l l  f ab r i c s ,  
s t r ia t ions ,  and other indicators that the l a s t  g lac ier  in the a r e a  flowed f r o m  
nor thwest  to southeast .  Late-glac ia l  lobation around the Stoke Mountains 
probably produced the low values nea r  E a s t  Angus. Relatively high magneti te 
concentrations in t i l l  f r o m  a r e a s  nea r  Mount Megantic and the apparent  
shadow trending southeastward f r o m  the mountain a r e  fu r the r  suppor t  of 
southeastward glacial  t r anspor t  during the l a s t  g lac ia l  episode.  T h e r e  i s  
considerable evidence that  ice flowed f r o m  eas t -nor theas t  during p a r t  of the 
penult imate g lac ia l  episode.  

Figure I .  Principal bedrock sources of magnetic minerals 

and distribution of magnetic fraction and gold in heavy 
minerals of fine sand fraction in surface till. 

Peridotite, serpentinite, pyroxenite outcrop m ......!,:~: ,: Nordmarkite outcrop 

/ Contact between Green Mountain Anticlinorium (to northwest) and Connecticut 
valley - ~ a s ~ e '  Synclinorium (to southeast) 

,+,Py lsopleths showing weight per cent of magnetic fraction in heavy minerals in till 

Depression isopleth 

,// Boundary of orea in which gold is present in till 

5.1 Figure refers to magnetic content; all dots (with or without number) show 
sites checked for gold 



Although the p resen t  study shows a rel iable relat ionship between 
pa t t e rn  of magnetite concentration and di rec t ion of flow in  the l a s t  glaciation, 
i t  has  not been possible to es tabl ish  any relat ionship between concentration of 
magneti te and presence  of gold in t i l ls .  The gold distr ibution m a y  have other 
heavy mine ra l  associa t ions  a s  yet  unknown, o r  m a y  be dependent upon other 
f ac to r s  such a s  reworking of older p l ace r s  by the l a s t  glaciation. The 
discovery  of the or ig in  of the gold will depend upon m o r e  intensive studies 
than those undertaken to date and probably will require  a n  analysis of the 
complete heavy m i n e r a l  suite. 

Cha lmers ,  Rober t  
1898: Repor t  on the surface  geology and aur i ferous  deposits  of 

southeas tern  Quebec; Geol. Surv .  Can. ,  A m .  Rept.  for  1897, 
vol. X, p a r t  J ,  149 pp. 

McDonald, B. C. 
1965: Surf ic ia l  geology s tudies ,  Richmond-Sherbr ooke a r e a ;  in 

Jenness,  S.E. : Repor t  of activit ies:  field, 1964; GeolTSurv.  m., P a p e r  65-1, p. 120. 

1966: Ple is tocene geology s tudies ,  Richmond-Sherbrooke region,  
southeas tern  Quebec; in Jenness ,  S .E .  ; Repor t  of activit ies,  
May to October,  1 9 6 5 ; ~ e o l .  Surv.  Can. ,  P a p e r  66-1, p .  167. 

McGerr ig le ,  H . W .  
1936: Gold placer  deposits  of the E a s t e r n  Townships; Que.  Bureau 

Mines ,  Ann. Rept. fo r  1935, p a r t  E, 65 pp. 

PALYNOLOGICAL STUDIES 

J. T e r a s m a e  

A dri l l ing projec t  a t  Niagara  F a l l s ,  Ontario,  was c a r r i e d  out to 
investigate the h i s to ry  of the buried St. Davids gorge ,  a f o r m e r  Niagara 
R i v e r  valley, and the s t ra t igraphy and chronology of the surf ic ia l  deposits  
filling this valley. 

Palynological  studies of two sediment  c o r e s  f r o m  wes te rn  Lake 
E r i e  were  completed. The obtained pollen r e c o r d ,  supported by radiocarbon 
da tes ,  extends back to la te-glac ia l  t ime and provides a means  for corre la t ion  
of sediment  sequences within the Lake E r i e  basin,  and with pollen d iag rams  
f r o m  the surrounding region.  

A p rc l imina ry  palynological study of 18 bottom sediment  samples  
f r o m  Georgian Bay, Lake Huron, indicated the p resence  of sufficient pollen 
in these  deposits  to pe rmi t  fur ther  studies to be made.  A compar ison of the 
pollen a s semblages  obtained with the vegetation of the surrounding region was 
made and i t  will be helpful in in terpre ta t ion  of the pollen r ecord  f r o m  
sediment  c o r e s  to be taken during future studies in  Georgian Bay. 

Complete c o r e s  of post-glacial  and glac ia l  deposits  in th ree  lakes  
nor th  of Bellevil le,  Ontario,  were  obtained in F e b r u a r y  and March by using a 



dri l l  r ig  on the lake ice. Palynological and sedimentological studies, 
coupled with radiocarbon dating, will be made of these cores  and related to 
the history of the Lake Ontario basin. 

26. A REPORT ON CIRCULAR FEATURES IN ORGANIC TERRAIN 

Lily Usik 

Certa in  c i rcular  t e r r a i n  features discernible on ae r ia l  photo- 
graphs were brought to the attention of the writer by Dr. A. MacLaren, 
while she was working with the Geological Survey of Canada in the Moose 
River Dis t r ic t  of Ontario in the summer of 1965. 

Examination of other ae r ia l  photographs revealed that the 
features  also occurred elsewhere in the a r e a  a s  well a s  in other a r e a s  of 
nor thern Ontario. Stereoscopic examination indicated that the rings were 
features of organic t e r r a i n  and that fo rm and tone differences in vegetal 
cover gave r i s e  to the ringed appearance. 

The predominant t r e e s  of the dark a r e a s  a r e  black spruce 
(Picea mariana (Du Roi) K. Koch) whereas those of the light zones a r e  
t E a - i x  laricina (Mill .)  B.S.P.). These observations relate to the 
w r i t e r l s  ex-nce and considerations developed elsewhere (Radforth and 
Usik, 1964; Usik, in p r e s s ) .  The r ings  a r e  located within the Precambr ian  
Shield in a region of basic and ultrabasic Archean rocks (Stockwell, 1957) 
where an  ae r  omagnetic survey has revealed numerous and extensive 
anomalie S. 

Recently biogeochemical methods of investigating plant and soil 
relationships have been introduced and use l ' .  . . a group of natural phenomena; . . . increased content of metals in the ash of land plants above ore deposits; 
biogenic accumulation of metals in the humus layer of soil and changes in the 
ra t ios  of these metals ;  and the res t r ic t ion of biocoenoses to the zones of 
mineralization and the variability of vegetation (endemic forms)  under the 
influence of the elevated contents of ore elements in  the environment" 
(Malyuga, 1964). 

When these observations and factors  a r e  considered with the high 
ion mobility conferred by humic and fulvic acids found in  abundance in peat, 
i t  would s e e m  logical to suggest that the rings may provide visual evidence 
of the existence of localized ionic diffusion phenomena. It  i s  reasonable 
speculation that these phenomena might be manifestations of what Malyuga 
has termed 'dispersion halos1 (Malyuga, 1964). 

Secondarily it is proposed that investigation also be made of the 
possibility of biogenesis of the rings.  

In the course of summer survey the wri ter  had noted circular 
islands, entirely constituted of vegetation occurring in ponds within organic 
terra in .  They varied f rom 5 to 200 feet in diameter and supported a black 
spruce -ericoid-moss community. 



The circular  f o r m  of the islands possibly der ives  f rom the mode 
of growth of plants of cer ta in  species which characteristically appear a t  the 
island edges and colonize peripherally. 

There  i s  evidence to support the view that eventually islands and 
pond margins  may merge in the occurrence of distinct patches of vegetation 
(islands) each outlined by a conspicuous r i m  of plants within a r e a s  with a 
relative excess  of f ree  water suggestively reminiscent of the pond i n  which 
the islands developed. 

Malyuga, D. P. 
1964: Biogeochemical methods of prospecting. Authorized t rans la -  

tion f r o m  Russian; Consultants Bureau, New York, p. 5. 

Radforth, N. W., and Usik, L. 
1964: Airphoto interpretation applied to a study of t r ee  growth on 

bogs. P roc .  9th Muskeg Res. Conf., Tech. Mem. 81, 
Ottawa, 1964. 

Stockwell, C.H. (ed.) 
1957: Geology and economic minerals  of Canada; Geol. Surv. Can., 

Econ. Geol. Ser.  No. 1, 1957. 

Usik, L. 
(in press) :  Percentage of latewood and rate of growth of black spruce of 

organic and mineral  soil s i tes ;  P roc .  l lth Muskeg Res.  
Conf. ; (in p r e s s )  Ottawa, 1965. - 



STATISTICAL ANALYSIS 

27. ANALYSIS OF MULTIVARIATE SERIES B Y  MARKOV SCHEMES 

F.P. Agterberg 

Multivariate observations in a se r ies  may be re la ted to each 
other by a transit ion matrix.  In this way, systematic variations of the 
multivariate system with distance o r  time can be described. F r o m  the 
transit ion matrix,  a t rend factor may be extracted which denotes the l inear 
combination of the var ia tes  which shows 'most '  trend. 

The method has been applied to a se t  of 77 samples f rom Home 
Swan Hills 4-28-67-  10, an  oil well which penetrates the l imestones of the 
Swan Hills reef of west-central  Alberta (Fig.  1). These samples have been 
collected and chemically analyzed by E. M. Camer on. 

The f i r s t  t rend factor of Figure  1 has the following equation: 
t 'lx = 1.42Si - .49A1 - .49Ti + .11Fe - .OOMg - .24Mn + .42Sr + .OOBa. 
It represents  the l inear combination of the eight elements which shows mos t  
trend. A second trend factor t i x  can be computed when the effect of t i x  i s  
eliminated. The following table shows the computed coefficients by which the 

Figure  1. Home Swan 
Hills 4-28-67-10. 
F i r s t  two trend factors;  
both the individual 
t ;X -values and a five - 
point moving average 
line a r e  shown. 
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individual elements describe the variation patterns of Figure 1. 

These resul ts  indicate that, to a f i r s t  approximation, the f i r s t  trend factor 
represen t s  the variation of the group Si, Al, and Ti ,  whereas the variation 
pattern of the group F e ,  Mg, and Mn is  described by the second trend factor. 
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COMPUTER PROGRAM FOR PROCESSING 

SUBSURFACE STRATIGRAPHIC DATA 

C.F.  Burk,  J r .  

A computer p rogram i s  being developed to a s s i s t  individual 
subsurface s t r a t ig raphers  in  process ing and analyzing some of their  quantita- 
tive s t ra t igraphic  data. The main  functions include: a )  calculating subsea  
elevations,  b) calculating isopachous values,  c)  geographical  sort ing of 
control  points, d) machine plotting of data,  e )  t rend-surface  analysis,  and 
f)  printing of comprehensive data tables fo r  appendices to published repor t s .  

Input to  the p r o g r a m  consis ts  of three  ca rds ,  a "location" c a r d  
(including latitude-longitude, legal  survey location), "basic well history" 
c a r d  (including well name,  elevation, total  depth, date completed and 
schedule of wells r e fe rence ) ,  and a "tops" c a r d  (including log tops and 
qualifying remarks ) .  

Output compr i ses  two ca rds ,  a "subsea tops" ca rd  and an 
"isopachll card.  These  a r e  fur ther  processed for functions d), e ) ,  and f). 
All five ca rds ,  when in terpre ted,  can be used by the s t ra t igrapher  in  h is  
manual file S.  

The p r o g r a m  i s  being tested by utilizing data on the Dunvegan 
Format ion  of the west -centra l  Alber ta  region, taken f r o m  7 3  1 wells and 10 
outcrops.  Up to s ix  "tops1'  a r e  picked for each control  point, f r o m  which up 
to  s i x  "subsea tops" and up to seven isopachous values pe r  control  point a r e  
calculated. 



STRATIGRAPHY, PALAEONTOLOGY, COAL RESEARCH 

STUDIES ON CARBONIFEROUS PALYNOLOGY 

M.S. B a r s s  

The miospore studies of the various Carboniferous formations 
in the Atlantic Provinces have been continued. As this work progresses  it i s  
becoming more and more  evident that excellent zoning of these formations 
can be achieved by means of foss i l  spores .  

The typical spore  assemblages present  in  the Carboniferous and 
Lower P e r m i a n  successions of both eas te rn  and northwestern Canada will be 
i l lustrated in a forthcoming contribution to the Geological Survey of Canada 
s e r i e s ,  "Illustrations of Canadian Fossi ls" .  In this publication, which is  
approaching completion, the micr oflora of fifteen distinct subdivisions will 
be i l lustrated in about forty plates with approximately 850 photomicrographs. 

A study of several  samples f r o m  a section on Tatonduck River ,  
Yukon, revealed the g r e a t  value of foss i l  spores  in determining the age and 
the origin of a redeposited sedimentary sequence. Due to the smal l  size of 
plant spores  they can withstand transportation in fossil ized fo rm without any 
grea t  deterioration, which is  normally not the case with megafossils. The 
samples examined contain not only Lower Permian  spores ,  signifying a 
corresponding age, but also perfectly preserved Visean spores ,  indicating 
that these sediments were originally formed during Upper Missis sippian 
t ime,  and redeposited during the Lower Permian.  A joint paper with E. W.  
Bamber i s  being prepared on this interesting mater ia l .  

PETROGRAPHIC EXAMINATION O F  COKING COALS 
FROM MICHEL, BRITISH COLUMBIA 

A.R. Cameron and S.K. Babu 

A s e r i e s  of samples representing the upper 46 feet of a 56 foot 
thick low volatile s e a m  in the Michel a r e a  were collected during the field 
season of 1965. This se r ies ,  along with the two column samples  of this 
seam previously studied, constitute the mater ia l  upon which a repor t  on the 
petrography of this seam is  to be prepared. The new samples represent  the 
l a te ra l  extension of 17 of the 22  petrographic zones s e t  up a s  a resu l t  of the 
data on the two original columns. 

Reflectance and macera l  data were determined on each of the new 
samples and these data were used to calculate coke stabilities for each zone. 
In summary  the data suggest that a 10 to 12 foot thick section in the upper 
thi rd  of the seam has  the most  favourable coking character is t ics .  Two 
thinner sections in  the lower half of the seam also have favourable petro- 
graphic character is t ics  for coking. The data f r o m  the three se t s  of samples  
also suggest that in general  the petrographic zones can be t raced over a 
distance of two mile S .  

Fluidity and swelling character is t ics  of each zone a s  well a s  
chemical analysis have been determined by the Mines Branch. Determination 



of the microli thotype composit ion of each zone r e m a i n s  to  be completed and 
a n  a t tempt  will  be made to  r e l a t e  the data  f r o m  this type of analys is  to 
information f r o m  the chemical  and physical  t e s t s .  Dr .  Babu, who was 
associa ted  with this projec t ,  has  since r e tu rned  to India. 

3 1. PALAEOECOLOGICAL AND ENVIRONMENTAL STUDIES 
O F  THE MINT0 COALFIELD, N.B. 

P. A. Hacquebard 

This  study was undertaken to  in t e rp re t  the nature and extent of 
the or ig inal  coal  swamp f r o m  coal  petrological ,  palynological and sedimen-  
tological data.  The purpose i s  t o  outline blocks of good quality mineable coal  
in the a r e a s  present ly  under  exploitation and to  evaluate the possibil i t ies of 
finding additional r e s e r v e s  on the Minto s e a m .  

Another objective, in the r e a l m  of fundamental  r e s e a r c h ,  i s  to 
examine the relat ionship betwcen the petrographic composit ion of the coal  
and the geological and environmental  conditions that controlled the specific 
type of bas in  in which the Minto s e a m  was laid down. 

F r o m  the information acquired  to date it i s  apparent  that the 
p r e s e n t  boundary of the Minto coalfield coincides with the original  m a r g i n  of 
the coal  swamp, except  in  the southwest co rne r  where the t rue  boundary has  
not yet  been established.  This  m a y  be r ega rded  a s  a unique fea ture ,  because 
in  a l l  other coalfields of the Mari t ime Prov inces  the p resen t  boundary i s  due 
to e ros ion  o r  to s t ruc tu ra l  dislocations.  

The petrographic composit ion of the Minto coal  s e a m  i s  s u r p r i s -  
ingly var iable  . In a maximum s e a m  thickness of only 3 fee t ,  t he re  a r e  no 
11: s s  than eleven success ive  intervals of different pe t rographic  composition. 
Th i s  points to frequent changes in  the ecological  conditions of the swamp, 
due to pronounced changes in the level  of the groundwater.  The effect th is  
had on the type of vegetation has  yet  to be determined f r o m  the palynological 
examinations.  

A s  r e g a r d s  the type of basin and i t s  origin,  m o r e  data on the 
c las t ic  sediments  a r e  r equ i red  before i t  can be adequately in terpre ted .  

3 2. THE VALUE O F  FOSSIL SPORES IN EVALUATING 
THE REMAINING RESERVES O F  THE PICTOU COALFIELD, N. S. 

P .A .  Hacquebard and M.S. B a r s s  

Continuous mining has  been c a r r i e d  out in the Pictou coalfield 
since 18 18, and the m o r e  readi ly  access ib le  coal  r e s e r v e s  a r e  nearing 
depletion. I n  view of this  and the fact  that  there  ex i s t s  a continuing and 
increas ing demand fo r  coal  in  the a r e a ,  the Nova Scotia Department of Mines 
r eques ted  a geological outline on the remaining coal  r e  s e r v e s  of this  f ield.  



In the Pictou field there a re  three separate coal mining dis t r ic ts ,  
of which the most  eas te r ly  one is stratigraphically the youngest. The 
relationship between the other two dis t r ic ts  has been a mat ter  of much 
conjecture. Ei ther  the coals of both dis t r ic ts  a r e  equivalent and brought to 
their present  position by thrust-faulting, o r  they a r e  stratigraphically 
separated, with the one underlying the other a t  depth. 

In an  attempt to solve this important correlation problem, 
detailed spore studies were ca r r ied  out on seven coal seams of the two 
dis t r ic ts  involved. The resu l t  shows that not only the spore histograms of the 
seams  a r e  different, but a lso that they belong to two separate stratigraphic 
zones. Those of the Westville dis t r ic t  can be correlated with the 
Lonchopteris zone of the Morien Ser ies  of the Sydney coalfield. The 
Stellarton or Albion coals on the other hand, contain the spore assemblage 
that is typical of the overlying Linopteris obliqua zone of that se r ies .  

The authors a r e  therefore of the opinion that there is good 
evidence to support the view that there may exis t  a substantial r ese rve  of 
Westville coal underneath the Stellarton dis t r ic t ,  a t  a depth of between 2,000 
and 3,500 feet. I t  i s  an engineering problem to determine the feasibility of 
extracting coal at  this depth and of finding access  to the rese rve  a rea ,  which 
l ies  downdip f rom old workings. 

33.  STRUCTURAL PROBLEMS IN RELATION TO COAL MINING 
AT SPRINGHILL, N. S. 

P. A. Hacquebard and J. R. Donaldson 

In view of the increasing demand for  coal for industrial and power 
consumption, the remaining rese rves  in the Springhill a r e a  have obtained a 
new significance. The r e s e r v e s  lie in the disturbed northern flank of a n  
anticline, which may have its origin a s  a diapiric s t ructure .  High angle 
normal faults, predominantly of the hinge and s c i s s o r s  type, occur in the 
a r e a  where active mining is  presently in progress .  One of these faults 
completely cuts off the underground workings and a geological understanding 
of the nature of the dislocations was essential  to advise on continued mining 
operations. A detailed underground geological survey was ca r r ied  out by the 
authors upon request  of the Nova Scotia Department of Mines. The survey 
has  resulted in the compilation of a contour plan at  a scale of 1 inch equals 
100 feet with contour intervals of 10 feet. The plan shows the position and 
displacement of several  faults and their projection into the virgin coal area .  
This plan is  by no means final, but requ i res  revision a s  data become 
available f rom the advancing under ground workings. 

It  should be noted when mining a coal s e a m  in a disturbed a rea ,  
that faults of even minor displacement can seriously cur ta i l  operations. 
Geologic mapping of the s t ructure  with very close control is  therefore 
required.  



34. STUDIES O F  THE MOUNT HEAD FORMATION (MISSISSIPPIAN), 
ALBERTA ROCKY MOUNTAINS AND FOOTHILLS 

R. W .  Macqueen 

A s  a p a r t  of continuing studie S of the Miss iss ippian of the Rocky 
Mountains and Foothil ls  of Alber ta ,  the Mount He ad  F or  mat ion (Rundle Group) 
h a s  been studied in  deta i l  between Bla i rmore  and the North  Saskatchewan 
Rive r  . 

Subdivision of the format ion into Wileman, Bar i l ,  Sa l t e r ,  Loomis ,  
Mars ton,  and Carnarvon Members  (ascending o r d e r )  a s  es tabl ished by 
Douglas in the Mount Head m a p - a r e a  (see  Douglas, 1958) i s  eas i ly  accomp-  
l i shed in  the southern Foothil ls  and f i r s t  range of the Rocky Mountains 
between Bla i rmore  and the Lake Minnewanka a r e a .  Impor tant  fac ies  changes 
occur  westward; these a r e  summar ized  in  a genera l ized northwest-southeast  
s t ra t igraphic  c r o s s  -section (Fig.  1). Of par t icular  in t e res t  i s  the westward 
disappearance  of the lower m e m b e r s  of the type Mount Head Format ion  
through fac ies  change to Living stone Format ion  lithologies, and the thicken- 
ing and fac ies  change of mos t  of the type Mars ton Carnarvon in terval  in  
ranges  west  of the type sections ( i . e .  Misty, Opal, Kananaskis,  Rundle, and 
Fa i rho lme  Range S ) .  A new name will be proposed for  th is  interval .  North 
of the Lake Minnewanka a r e a  the individual m e m b e r s  lose  the i r  identity a s  
the format ion changes facies to predominantly pale greyish-orange weathering 
m i c r o c r  ystalline dolomite s with minor interbedded l ime s tones .  

Lime stones of the format ion a r e  subdivided into skele ta l  and 
non-skeletal  types.  Skeletal  pa r t i c l e s  include det r i tus  of echinoderms,  
br yozoans, brachiopods,  mol luscs ,  and ca lcareous  algae,  and whole 
foraminifera ,  calcisphere S ,  and echinoid spines .  Non-skeletal  pa r t i c l e s  
include ooids,  pellets ,  i n t r ac la s t s ,  and compound g ra ins .  Some calcareni tes  
have l ime-mud (mic r i t e )  ma t r ix ,  whereas  o thers  a r e  cemented by s p a r r y  
ca lc i te .  Quar tz  of s i l t  and clay s i ze ,  illitic c lays ,  pyr i te ,  and kerogen 
(insoluble organic m a t t e r )  a l so  occur a s  m a t r i x  consti tuents.  Skeletal  and 
oolitic l imestones  dominate the B a r i l  and Loomis Members ;  pelle ted 
mic r i t i c  l ime stones dominate the Carnarvon Member .  

Two m a i n  types of dolomite a r e  recognized.  The mos t  important  
cha rac te r i s t i c s  of the f i r s t  type a re :  1 )  association with evaporite mine ra l s ,  
o r  evidence of such associa t ion in the f o r m  of solution b recc ias  o r  
pseudomorphs a f t e r  e a r l i e r  evapor i tes ,  2)  local  associa t ion with crinkly,  
a lgal -mat  type lamination, and with oncolites or  "algal  b i scu i t s t t ,  3) light 
colour,  especia l ly  pale yellowish-orange o r  greyish  -orange,  indicating low 
organic  content, 4) absence or  r a r i t y  of inver tebra te  foss i l s ,  considered to 
be a p r i m a r y  fea ture ,  5) moderate ly  uniform c rys ta l  s ize ,  with average  
range f r o m  under .005 m m  to  about . l  mm (.030-.050 m m  mos t  common),  
6) associa t ion with strand-line f ea tu res  such a s  flat-pebble or  edgewise 
conglomerates ,  mud-cracks ,  and r a i n  ( ? )  pr in ts ,  7)  associa t ion with mic r i t i c  
l ime  stones,  including local  ve r t i ca l  (and probably l a t e ra l )  gradation to 
mic r i t i c  l imestones ,  8) predominance of qua r t z  s i l t  and l ight-coloured illitic 
c lays  in insoluble r e s idues ,  9) Ca:Mg ra t ios  close to 1:l (by X- ray  analys is ) ,  
10) f requent  occurrence  a s  units  of well-developed l i thological  cycles.  This  
type of dolomite i s  considered to be a product of penecontemporaneous 
dolomitization p r o c e s s e s  analogous to those operating a t  p resen t  within the 
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supra t idal  carbonate -flat environment  i n  the P e r s i a n  Gulf, Bahamas,  and 
island of Bonaire.  This  va r i e ty  of dolomite i s  m o s t  abundant i n  the Wileman, 
Sal ter ,  and Mar s ton Member  S. 

The mos t  important  cha rac te r i s t i c s  of the second type of 
dolomite are :  1) i t  occur s  a s  a replacement  of l imestone,  with a l l  gradations 
p resen t  f r o m  sca t t e red  euhedral  rhombs in l ime stones to porous,  suc ros ic  
dolomite with r e l i c t  skele ta l  g ra ins  o r  vugs represent ing leached skele ta l  
g ra ins  ( l a t e ra l  and ve r t i ca l  gradations to m o r e  o r  l e s s  dolomitized l ime stones 
occur) ,  2) c r y s t a l  s ize  i s  var iable ,  ranging on the average  f r o m  .050 to .5 
m m ,  3) insoluble res idue  content is consistent  i n  amount and type with 
associa ted  l imestones ,  4) si l icif ied or  dolomite - replaced inver tebra te  foss i l s  
a r e  commonly abundant, 5) this  type of dolomite tends to be deficient in Mg, 
6) such sedimentary  feature S a s  mud-cr acks , fine lamination, edgewise 
conglomerates ,  e tc .  a r e  absent.  Dolomite with these cha rac te r i s t i c s  is 
in terpre ted  to have formed af ter  bur ia l  (subsequent o r  secondary  dolomite of 
many author S ) .  

Within the Mount Head Format ion  some bedded dolomites a r e  
known which a r e  not eas i ly  ass igned to e i ther  of the foregoing groups.  These  
consti tute a th i rd  re la t ive ly  minor  group which may  have originated by 
diagenetic modification (e.g.  recrys ta l l iza t ion)  of previously fo rmed  
dolomites ,  or  by e ros ion  and redeposit ion of lithified dolomites.  

Shales containing qua r t z ,  illite , chlori te,  and varying amounts of 
calcite or  dolomite a r e  locally important ,  especia l ly  in  m o r e  wester ly  
sections . 

Three  types of sedimentary  cycles a r e  present .  Megacycles a r e  
a l ternat ions  of dist inct  lithological types over s e v e r a l  in tervals  up to seve ra l  
hundred fee t  i n  th ickness .  Mount Head Format ion  member  -pai rs  Wileman- 
Bar i l ,  Sal ter  -Loomis ,  and Mar s ton-Carnarvon f o r m  three  megacycles .  
Shor t  cycles  a r e  a l ternat ions  of four (mos t  common) to a s  many a s  seven 
dist inct  lithological types over eight-  to fourteen-foot intervals.  Excel lent  
example S occur in the Mar ston and Carnarvon Members .  Microcycle S a r e  
a l ternat ions  of lithologic types of s e v e r a l  mi l l ime t res  to  s e v e r a l  cen t ime t res  
in thickness.  Examples  occur in the wes te rn  equivalent of the Mar s ton-  
Carna rvon  interval .  All  cycle S a r e  r e l a t ed  to change S in water circulation 
and depth re la t ive  to  wave base .  

Many exposures  of the Mount Head Format ion,  especia l ly  west  of 
the f i r s t  range of the Rocky Mountains, a r e  r ichly  fossil iferous.  About 230 
collections have been studied by E .  W .  Bamber  of the Geological  Survey.  
T e n  species  of rugose co ra l s  (including four l i thostrotionid species)  and one 
specie S of brachiopod appear  to have shor t  ve r t i ca l  range S and widespread 
distr ibution.  These  suppor t  corre la t ions  outlined above, which were 
independently es tabl ished on s t ra t igraphic  and lithological grounds.  

The Mount Head Format ion  is  of Meramec  age;  the Osage - 
Meramec  boundary occurs  within the underlying Livingstone Format ion.  

Study of the carbonate l i thofacies and their  l a t e r a l  and ve r t i ca l  
distr ibution p e r m i t s  delineation of lithofacies belts  that  a r e  roughly pa ra l l e l  
t o  p resen t  s t ruc tu ra l  s t r ike ,  and close compar ison with modern  carbonate 
sediment  environments.  The success ion and posit ion of the lithofacie s belts  



r e c o r d s  fluctuations of the s t rand- l ine  over a broad epi-continental  shelf 
throughout deposition of thc format ion.  

A genera l ized fac ies  -belt sequence f r o m  e a s t  to west  passes  f r o m  
a )  microcrys ta l l ine  penecontemporaneous dolomite (supra- t ida l  carbonate 
f l a t s )  through b) pelleted mic r i t i c  l imestones  and fine -grained skele ta l  sands  
(t idal  f la ts  and shallow lagoons) to c)  oolitic and skele ta l  ca lcareni tcs  (open 
s e a  sub-tidal  a r e a  of complex b a r s ,  shoals ,  and del tas) ,  d)  pelmatozoan and 
bryozoan calcareni tes ,  in p a r t  dolomite - replaced (pelmatozoan and bryozoan 
banks),  and e )  mic r i t i c  l imestones  with f ine- and medium-grained skeletal  
de t r i tus  and ter r igenous  c las t ics  (offshore a rea ) .  

This  pa t t e rn  i s  perhaps  bes t  developed within the Sal ter  Member  
and i t s  t ime -equivalent in the Livingstone Format ion  in wes ternmost  
local i t ies ,  but  i t  s e e m s  to apply in gene ra l  to any given t ime ( a s  delineated 
by foss i l s )  i n  the sequence.  

During sedimentation of the upper p a r t  of the Mount Head 
Format ion  the re  appea r s  to have been a wes te r ly  b a r r i e r  (probably b a r s  and 
shoals ;  p resen t  position in the Rourgeau th rus t  block) which defined broad, 
shallow, stagnant l-agoons to the e a s t  in which the pyr i t e -  and kerogen-  
bearing skele ta l  l ime stone S of the second, third,  and fourth r anges  
accumulated.  

Douglas, R .  J. W .  
1958: Mount Head m a p - a r e a ,  Alber ta ;  Geol.  Surv.  Can. ,  Mem.  291, 

241 pp. 

MISSISSIPPIAN SUBSURFACE GEOLOGY IN 
THE PEMBINA AREA, ALBERTA 

H . L .  Martin 

Miss iss ippian rocks  in the Pembina  m a p - a r e a  a r e  m o r e  than 
1,000 fee t  thick in the west  but disappear eas tward  mainly because of e ros ion  
in La te  Palaeozoic ,  T r  iass ic ,  J u r a s s i c ,  and Cretaceous  t imes .  Thus 
progress ively  older Miss iss ippian format ions  underlie the sub -Me sozoic 
unconformity f r o m  west  to  eas t .  Hydrocarbons a r e  t rapped in porous 
carbonate rocks  a t  the e ros iona l  edges  of the producing format ions  in the 
Brazeau Rive r ,  Minnehik-Buck Lake,  and Wilson C r e e k  gas  f ields.  

Miss iss ippian rocks  disconformably over l ie  Late  Devonian 
l imestones ;  in ascending o rde r  they comprise  the Exshaw, Banff, Pekisko,  
Shunda, and Turner  Valley Format ions .  The black radioactive Exshaw shale 
i s  over la in  by the Banff which consis ts  of three  units: lower si l ty and 
argi l laceous  l imestone,  medial  bioclastic l imestone,  and upper si l ty unit. 
Res is tant ,  l ight-coloured bioclastic l ime stones and dolomite S of the Pekisko 
f o r m  a low palaeotopographic r idge  that  s epa ra te s  the relat ively r e c e  s S ive 
Banff and Shunda Format ions .  Dolomitized Pekisko cr inoidal  l imestones  
with vuggy and in tercrys ta l l ine  poros i ty  f o r m  the r e s e r v o i r  rock  of the 
Minnehik-Buck Lake Fie ld .  Two facies  a r e  recognized within the Shunda 
Format ion:  a n  e a s t e r n  b recc ia  facie S ,  and a wes te rn  anhydrit ic carbonate 



f a c i e s .  The  u p p e r m o s t  Mi s s i s s i pp i an  beds ,  the po rous  do lomi t e s  of the 
E lk ton  M e m b e r  of the T u r n e r  Val ley  F o r m a t i o n ,  f o r m  the r e s e r v o i r  r o c k  of 
the B r a z e a u  R ive r  F i e ld .  

36. NOTES ON PENNSYLVANIAN AMMONOIDS FROM 
NORTHERN E L L E S M E R E  ISLAND 

W.W. Nas s i chuk  

Pennsy lvan i an  ammono ids  f r o m  n o r t h e r n  E l l e s m e r e  I s l and  in  the 
Canad i an  A r c t i c  Arch ipe l ago  have been  sy s t ema t i ca l l y  dc s c r  ibed and  th i s  
s tudy i s  being p r e p a r e d  fo r  publ ica t ion .  Twenty  -one s p e c i e s ,  twelve of which 
a r e  new a r e  a s s i g n e d  to  s even t een  g e n e r a ,  t h r e e  of which a r e  new. A l l  a r e  
f r o m  a n  unnamed  f o r m a t i o n  in  the vicini ty of H a r e  F i o r d  and  a r e  a s s o c i a t e d  
with l oca l  b iohe rma l  comp lexes .  The H a r e  F i o r d  gonia t i t es  show r e m a r k a b l e  
a f f in i t i es  with f o r m s  s o m e  t h r e e  thousand  m i l e s  to  the south in the Mid -  
continent  Region  of the United S t a t e s .  P a r t i c u l a r l y ,  the o c c u r r e n c e  of 
Wins lowoce ra s  c a n  be u t i l i zed  fo r  a  p r e c i s e  c o r r e l a t i o n  of t he se  s t r a t a  with 
the Winslow F o r m a t i o n  of A r k a n s a s .  The  g e n e r a l  a s p e c t  of the I I a r e  F i o r d  
ammono id  fauna  ind ica tes  a n  Atokan age  a s  defined in Nor th  A m e r i c a .  

The  morphologica l ly  unique g e n u s ,  Chr  i s t i o c e r a s  (Nas s i chuk  and  
F u r n i s h ,  1965) was  r e c o v e r e d  f r o m  one of the H a r e  F i o r d  b i o h e r m s .  On  the 
b a s i s  of i t s  mode  of ontogenet ic  deve lopment ,  C h r i s t i o c e r a s  i s  cons ide r ed  t o  
be a n  offshoot f r o m  a r ap i d ly  evolving s c h i s t o c e r a t i d  s t ock .  

Ano the r  new g e n u s ,  found d i r ec t l y  a s s o c i a t e d  with C h r i s t i o c e r a s  
i s  be ing  s tud ied  and  p r e p a r e d  f o r  individual  publicat ion.  T h i s  genus ,  
a s s i g n e d  to  the Homoce ra t i dae ,  exhib i t s  a  morphologic  c h a r a c t e r  p r ev ious ly  
u n r e c o r d e d  for  a m m o n o i d s .  P r i m a r y  d e p o s i t s ,  h e l i c a l  i n  g r o s s  a s p e c t ,  
f o r m e d  on the su r f acc  of the penul t imate  whor l  in the d o r s o l a t e r a l  po r t i on  of 
the  body c h a m b e r  and  c lo sed  the umbi l icus  dur ing  ado l e scence .  Another  
impor t an t  f e a t u r e  of t h i s  new homoce ra t i d  i s  the exce l lence  of p r e s e r v a t i o n  
t ha t  p e r m i t s  c o m m e n t  on a n  a p p a r e n t  homologous r e l a t i onsh ip  be tween  
p a r t i c u l a r  s h e l l  l a y e r s  of f o s s i l  and  l iving cepha lopods .  

Kas s i chuk ,  W . W . ,  a n d  F u r n i s h ,  W. M. 
1965: Chr  i s t i o c e r a s ,  A new P e n n s  y lvanian  Ammonoid  f r o m  the 

Canad i an  Arc t i c ;  J. P a l . ,  vo l .  39, No. 4 ,  pp. 724-728.  

DEVONIAN STRATIGRAPHY O F  NORTHEAST 
BRITISH COLUMBIA 

G .  C .  T a y l o r  and  W. S.  MacKenzie  

T h i s  r e p o r t  i s  b a s e d  on f ie ld  work  by the s en io r  au thor  dur ing  the 
s u m m e r s  of 1960-61 and  1963-65,  and  by MacKenzie du r ing  the s u m m e r  of 
1965. Some 27 Devonian  s ec t i ons ,  supp l emen ted  b y  n u m e r o u s  ou t c rop  
obse rva t i ons  w e r e  s tud ied  within the a r e a  of Ope ra t i on  L i a r d  ( T a y l o r ,  1966). 
F i v e  fo rma t ions  of Devonian  age  w e r e  r ecogn i zed .  New n a m e s ,  with the 



exception of Muncho-McConnell ( r e s t r i c t ed )  and Besa  River ,  a r e  to be 
proposed for  these format ions .  

S t r a t a  of E a r l y  Devonian age a r e  subdivided into two format ions .  
The e a r l i e r  Muncho-McConnell Format ion ,  a sequence of fine crys ta l l ine  
dolomite and argi l laceous  dolomite disconformably ove r l i e s  Si lur ian  rocks .  
The Muncho-McConnell i s  recognized throughout the a r e a .  The formation 
r anges  in thickness f r o m  165 fee t  in the e a s t  t o  1,160 fee t  in the northwest .  
F o s s i l  r ecovery  f r o m  the Muncho-McConnell has  been s p a r s e ,  but f ish 
r e m a i n s  collected a t  Long Mountain and north of Keily Creek  have been dated 
a s  E a r l y  Devonian by R .  Thors te insson.  A new formation,  comprising 
90-401 fee t  of yellow-brown weathering sandstone,  dolomitic sandstone,  and 
argi l laceous  dolomite,  conformably over l ies  the Muncho-McConnell 
Format ion .  I t  approximates  the lower member  of Laudon and Chronic ' s  
(1949, p. 192) Rampar t s  Format ion  of the a r e a ,  and is  a dist inctive 
s t ra t igraphic  m a r k e r  within the Devonian success ion.  Th i s  format ion has  
been recognized and desc r ibed  f r o m  nea r  the Sikanni Chief R ive r ,  nor th-  
wards  to the Br i t i sh  Columbia-Yukon boundary where i t  plunges under 
younger Devonian covering format ions .  Although no foss i l s  have been 
recovered  f r o m  these s t r a t a ,  the s t ra t igraphic  re la t ionships  indicate a n  
E a r l y  Devonian age .  

Middle Devonian s t r a t a  unconformably overl ie the E a r l y  Devonian 
format ions .  The middle Devonian success ion is  subdivided into three  
format ions ,  the lower two of which a r e  composed of carbonate rocks .  The 
e a r l i e s t  for mation is  a sequence of dolomite,  dolomite b recc ia s  , argi l laceous  
dolomite and minor  l imestone.  The thickness of the format ion r anges  f r o m  
459 fee t  in the southeast  t o  1,935 fee t  in the northwest .  F o s s i l  control  i s  
s p a r s e ,  but a collection low in the success ion h a s  been  dated a s  Eifelian by 
A. W.  Nor r i s .  Overlying the dolomites,  locally disconformably,  i s  a 
success ion  of argi l laceous  l imestones .  This  format ion ranges  in thickness 
f r o m  712 fee t  in the e a s t  to 1,200 fee t  in the west .  The top of the formation 
i s  diachronous.  Rich faunas f r o m  the top of the format ion have indicated a n  
e a r l y  Middle Devonian (Givetian) age f r o m  the nor the rn  exposures ,  but, a 
la te  Middle Devonian age f r o m  the southern  exposures .  Conformably ove r -  
lying the l imestones  i s  the B e s a  River  Format ion .  I t  i s  composed ent i re ly  
of black shale.  The B e s a  River  r anges  in  thickness f r o m  1,000 fee t  in the 
west  to not l e s s  than 3,000 fee t  in the eas t .  Spa r se  faunas of Middle and 
La te  Devonian, and in the westernmost  exposures ,  Miss iss ippian age ,  have 
been recovered.  Both top and bottom contacts a r e  diachronous.  
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Figure 1 .  S t r u c t u r e  con tour  m a p  on top  of the  Baldonnel  F o r m a t i o n . ( P r o c t e r  38) 



TRIASSIC BALDONNEL FORMATION IN THE 
JEDNEY -LAPRISE CREEK AREA, 

NORTHEASTERN BRITISH COLUMBIA 

R.M.  P r o c t e r  

In  conjunction with a regional  subsurface s t ra t igraphic  study of 
the T r i a s s i c  of no r theas te rn  Br i t i sh  Columbia, which is  in prepara t ion for 
publication, the distr ibution and petrology of the Baldonnel Format ion  have 
been the subject  of detailed study. This  format ion i s  the major  natura l  gas 
r e s e r v o i r  in the Beg, Jedney, Bubbles, and Lapr i se  Creek  fields ( see  F ig .  1) .  

The Baldonnel Format ion  consis ts  of light brown and brownish- 
g rey  microcrys ta l l ine  to fine -crystal l ine dolomite which i s  s i l ty  and che r ty  
in  p a r t .  The lower boundary of the formation appea r s  gradational  with the 
underlying Char l ie  Lake Format ion.  Locally,  a n  interfingering relat ionship 
of Baldonnel dolomites and Char l ie  Lake evapor i tes  makes  identification of 
the boundary a r b i t r a r y .  F o r  purposes  of this  study the boundary has been 
placed a t  the top of a thin but extensive si l tstone which underlie S the 
dolomites.  Locally,  minor  anhydrite beds occur above the si l tstone and have 
been included in the Baldonnel Format ion.  The upper boundary of the 
Baldonnel Format ion  i s  the eros ional  contact  with overlying J u r a s s i c  or  
Cretaceous  s t r a t a ,  except in southwe s t e rnmos t  wells  where i t  i s  conformably 
overlain by a thin remnant  of beds tentatively a s  signed to the Pa rdone t  
Format ion .  As  shown on the isopach map (Fig .  2 )  the Baldonnel Format ion  
has  i t s  g rea te s t  thickness of about 275 fee t  in the wes te rn  p a r t  of the a r e a  
and has  been thinned by  e ros ion  to a z e r o  edge nea r  the north and e a s t  edges  
of the a r e a .  

Severe  e ros ion  a t  the end of the T r i a s s i c  and J u r a s s i c  produced 
a n  i r r e g u l a r  pa t t e rn  of channels on the upper surface  of the Baldonnel 
Format ion  (Fig .  2). This  pa t t e rn  was subsequently complicated by Laramide  
folding with a pronounced nor thwester ly  t rend (Fig .  1) .  A s e r i e s  of ant i -  
c l ines ,  which f o r m s  the t r aps  for natura l  gas in the a r e a ,  extends eas tward  
f r o m  the Foothil ls  to the E a s t  Lapr i se  Creek  Fie ld .  Entrapment  of hydro-  
carbons ,  although p r i m a r i l y  controlled by s t ruc tu re ,  i s  l imited by the 
distr ibution of porous Baldonnel dolomite S .  

In  o rde r  to investigate the magnitude of pos t -Tr i a s s i c  channel- 
ling, and the relat ionship of poros i ty  development to e i the r  s t ruc tu re  o r  
p r i m a r y  carbonate texture ,  an  informal  three  -fold subdivision of the 
Baldonnel Format ion  has  been made.  The three  m e m b e r s  a r e  defined l a rge ly  
by thei r  gamma- ray  log cha rac te r i s t i c s  ( see  inse t ,  F ig .  2), and each  
consis ts  of dolomite. The lower m e m b e r c o n s i s t s  of v e r y  fine-crystall ine 
dolomite,  containing r a r e  r e l i c t s  of skele ta l  ma te r i a l ,  and includes minor  
anhydrite.  The middle m e m b e r  i s  light brown, v e r y  fine - to fine -crystal l ine 
dolomite,  and is s i l ty  and argi l laceous  in the upper pa r t .  The upper member  
consis ts  of light to medium brown, fine - to medium-crys ta l l ine  dolomite 
which apparently has  replaced a bioclastic l imestone.  Breccia t ion is  
common throughout the formation.  Vuggy poros i ty ,  observed in  a l l  m e m b e r s ,  
r e su l t s  p r imar i ly  f r o m  remova l  of skele ta l  ma te r i a l .  



Figure 2 .  Isopach map of the Baldonnel Formation showing 
subcrop distribution of m e m b e r s .  ( P r o c t e r  38) 



LOWER TRIASSIC "TAR SANDS" O F  NORTHWESTERN 
MELVILLE ISLAND, ARCTIC ARCHIPELAGO 

( f 5 F - F  

H . P .  Tre t t in  / 

Bitumen deposits  d iscovered in 1962 in the Bjorne Format ion  of 
Melville Island a r e  the f i r s t  r epor t ed  major  showing of pet ro leum in the 
Arc t i c  Is lands  ( Jenness ,  1963; Sproule e t  a l .  1963, 1964; Sproule and Lloyd, 
1963; Tre t t in  and Hills ,  1965). Th i s  i s 7  s u m m a r y  of a t e r m i n a l  r e p o r t  on 
a coordinated investigation, involving s t ruc tu ra l  field mapping, sediment-  
ology, chemis t ry ,  and isotope determinations (Tre t t in  and Hi l l s ,  in 
prepara t ion) .  The analyses  of the bituminous specimens  were  made,  under 
the supervis ion of D. S .  Montgomery,  mainly in the labora tor ies  of the Mines 
Branch.  

On nor thwestern  Melville Island,  the Bjorne Format ion  r e s t s  
unconformably on Ordovician to Pennsylvanian s t r a t a ,  and disconformably on 
P e r m i a n  beds ,  and is  over la in  disconformably by Lower and Middle Ju rass i c  
format ions .  The e a r l y  J u r a s s i c  e ros ion  surface  on the top of the Bjorne 
Format ion  probably has  a rel ief  of s e v e r a l  hundred feet .  The Bjorne 
Format ion  dips gently nor theas t ,  into the Sverdrup Basin ,  and i t s  ove ra l l  
homoclinal  s t ruc tu re  i s  broken by minor faul ts .  

The Bjorne Format ion  is the Lower T r i a s s i c  marg ina l  fac ies  of 
the Sverdrup Basin  (Toze r ,  196 1, 1963). On nor thwestern  Me1viIJ.e Island,  
the isopachs of three  subunits ,  based on 140 sect ions ,  t rend genera l ly  
pa ra l l e l  with the regional s t r ike ,  and indicate that  the Lower T r i a s s i c  s e r i e s ,  
which in the cent ra l  p a r t s  of the bas in  at tains th icknesses  up to 4,000 feet ,  
wedges out l e s s  than two miles  southeast  of the outcrop belt and mos t  " tar  
sands" - a  typical  sett ing fo r  heavy pet ro leums.  The p r i sma t i c  depositional 
geomet ry  i s  modified by minor  nor ther ly  to  nor theas ter ly  plunging sediment - 
a r y  troughs,  probably r e l a t ed  to negative segments  of a differential ly sinking 
basement ,  f r ac tu red  along nor ther ly  str iking su r faces .  These  troughs were  
impor tant  for the localization of the pet ro leum.  

In  the a r e a  studied, the Bjorne Format ion  consis ts  mainly of 
qua r t z -che r t  sandstone S - multicycle deposits  with a n  impoverished z i r con-  
tourmaline heavy mine ra l  suite - and l e s s e r  proportions of pebble to boulder 
conglomerate ,  and si l ty clay, composed of kaolinite and illite with minor  
chlor i te.  Red-beds occur a t  s e v e r a l  levels .  

Three  m e m b e r s  and s e v e r a l  subunits have been distinguished, 
mainly on the bas i s  of the proportion of interbedded clay,  which appea r s  to 
be independent f r o m  l a t e r a l  var ia t ions  in  the grade  of the conglomerates.  

The lower member  includes extensive units  of si l ty clay, 
l imonit ic bog i r o n  deposits ,  and beach sands ,  and probably r ep resen t s  a non- 
mar ine  pa ra l i c  environment.  Concentric l i thofacies,  and radiating palaeo- 
c u r r e n t  determinations indicate that  the middle and upper m e m b e r s  were  
la id  down on the flood plain of a prograding,  fan-shaped delta.  I t  i s  
concluded f r o m  pet rographic  and palaeontological evidence that  the delta 
received sediments  f r o m  the Ordovician to P e r m i a n ,  mainly Middle and 
Upper Devonian format ions  of we s t e r n  Melville Island.  



Although i t  i s  well known that de l tas  a r e  a favourable habitat  fo r  
pet ro leum,  and although the ass ignment  of many r e s e r v o i r  sands  to this 
environment  i s  probably c o r r e c t ,  this i s  one of the few c a s e s  where the 
exis tence  of a n  ancient de l ta  can  be demonst ra ted  by palaeocurrent  d i rec t ions  
radiating sys temat ica l ly  within a sec to r  of about 157 degrees .  This  con- 
clusion is  based on 667 determinations of fo rese t  dip azimuths and scoop 
axes  made a t  58 s ta t ions .  Corre la t ion  between the two fea tures  used i s  
sa t i s fac tory ,  but the scoop axes ,  having a n  overa l l  s t andard  deviation of 27 
degrees  a r e  m o r e  significant than the fo rese t  dips with their  s tandard  
deviation of about 32  degrees .  The average  l imi t s  of confidence of the local  
means  a r e  plus o r  minus  17 d e g r e e s .  

Asphalt ic o i l  occur s  in four ma jo r  and two minor deposits  or  
groups of deposits  s ca t t e red  over a na r row for ty-mile  belt. A p rec i se  
e s t ima te  of r e s e r v e s  would r equ i re  dri l l ing;  however,  the o rde r  of magnitude 
of the deposi ts ,  and their  economic significance can now be appra ised.  
Outcrop mapping, some forty sec t ions ,  and twenty-two bitumen analyses  
suggest  that between 50 and 100 mill ion b a r r e l s  a r e  p resen t  with only 30 
mill ion b a r r e l s  o r  l e s s  in concentrations of 6 pe r  cent by weight o r  m o r e ,  
which is  the p resen t  lower economic l imi t  for  the process ing of the Athabasca 
sands .  Clear ly ,  then, the p resen t  r e s e r v e s  would not suppor t  a mining 
opera t ion of Athabasca type, but, considered a s  a n  exhumed oil  field, they 
a r e  encouraging fo r  exploration.  

A problem of par t icular  in teres t  in connection with "tar  sands" 
i s  whether the high specific gravity and viscosity of the pet ro leum in them is  
original  or  the r e su l t  of a l tera t ion.  The API gravity of the bitumen in  the 
surf ic ia l  s amples  collected is  generally l e s s  than 7 ", but the high oxygen 
content of this  m a t e r i a l  (up to 8 pe r  cent 0 2 ) ,  and the fac t  that corre la t ion  
between oxygen and specific gravity i s  good, and between sulphur and 
specific gravity poor,  indicates tha t  the surf ic ia l  oil  has  polymerized upon 
exposure  to the a tmosphere .  

Good corre la t ion  between nickel  and sulphur,  on the other hand, 
suggests  that  the concentration of these two e lements  has not been changed. 
Oi l s  f r o m  Western  Canada with the same  sulphur concentrations (3.02 to 0.88 
pe r  cent)  and nickel content (20 to 5 ppm) range in gravity f r o m  about 1 9 "  to 
31" API, with a mean  near  26" API,  i . e .  a r e  heavy pet ro leums produced 
f r o m  conventional wells .  

The sulphur and nickel  content, and in fe r red  or ig inal  gravi ty  of 
the o i l  dec rease  regionally f r o m  northwest  to  southeast ,  and locally f r o m  the 
base to the top of the deposi ts .  The regional var ia t ion  may  be r e l a t ed  to 
differences in  the distance of migra t ion,  source  ma te r i a l ,  o r  depth of bur ia l ,  
and the local  ve r t i ca l  var ia t ions  to a n  upward dec rease  in the or ig inal  gas  
c ontent. 

The percentages  of total carbon, and aliphatic carbon a toms in 
the surf ic ia l  m a t e r i a l  a r e  s i m i l a r  to those in the Athabasca bitumen. 

The oil occur s  mainly in highly porous sands  and sandstones,  
which a r e  only par t ly  sa tura ted ,  and a l s o  i n  conglomerates .  I t  i s  concen- 
t ra ted:  1) invariably in the upper p a r t  of the format ion beneath the d iscon-  
formably  overlying, r a t h e r  impermeable  Ju rass i c  s t r a t a ;  2) commonly near  



the depositional l imi t  of the formation; 3) commonly in basement  controlled 
sedimentary  troughs.  Regionally, i t  occur s  within an  inclined wedge of 
arenaceous  s t r a t a ,  nea r  i t s  upturned edge.  On the blunt end of the wedge, 
the fluviatile sandstones and conglomerates  probably grade  to pa ra l i c  and 
mar ine  argi l laceous  s t r a t a ,  which a r e  the most  obvious potential source ,  
although the possibil i ty that fluids f r o m  other shales  of the Sverdrup Basin 
were  channelled, down-dip, into the Bjorne Format ion ,  cannot be d i smissed .  
Migration mus t  have taken place in Middle J u r a s s i c  o r  l a t e r  t ime, probably 
under the influence of heavy sedimentary  loading. 

Derivation of the oil f r o m  clays interbedded with the r e s e r v o i r  
beds in the present  outcrop belt i s  precluded by the low organic content and 
oxidizing environment of deposition of the argil laceous s t r a t a .  Evidence for 
a der ivat ion f r o m  the Palaeozoic  s t r a t a  underlying the " tar  sands" by upward 
migra t ion through f r a c t u r e s  has  not been seen.  
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