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ABSTRACT

P a l a e o ma g n e t i c  s t u d i e s  o f  l a t e  Pr ecan i b r i an  s e d i m e n t a r y  

and v o l c a n i c  r o cks  f r om A u s t r a l i a  and So u t h e r n  A f r i c a  a r e  

d e s c r i b e d .  The da t a  a r e  o b t a i n e d  m a i n l y  f r om s t r a t i g r a p h i c  

sequences  where a b s o l u t e  i s o t o p i c  age i n f o r m a t i o n  i s  s p a r s e  o r  

a b s e n t ;  however  s t r a t i g r a p h i c  c o n t r o l  e n a b l e s  t h e  c o n s t r u c t i o n  

o f  a r e l a t i v e  p o l a r  c h r o n o l o g y  f r om t h e  ma j o r  c r a t o n i c  u n i t s .

A u s t r a l i a n  p a l a e o m a g n e t i c  da t a  a r e  d e r i v e d  f r om t h e  

A d e l a i d e  1G e o s y n c l i n e 1 , f r om t he  Amadeus,  K i m b e r l e y  and O f f i c e r  

B a s i n s ,  f r om Ki ng I s l a n d  and f r om t h e  Burke  R i v e r  o u t l i e r .

A p p a r e n t  p o l a r  wander  pa t h  (APWP) segments  f o r  t he  v a r i o u s  

s t r u c t u r a l  u n i t s  s u g g e s t  t h a t  t h e  p r e s e n t  d i s t r i b u t i o n  o f  o l d e r  

P r e c a mb r i a n  domai ns may have r e s u l t e d  f r om a l a t e  P r e c a m b r i a n  - 

e a r l y  P a l a e o z o i c  r i f t i n g  e p i s o d e  wh i ch  caused f i s s i o n  o f  a 

c o n t i g u o u s  p r o t o - A u s t r a l i a n  p l a t e  i n t o  a number  o f  s u b p l a t e s .

Such a r i f t i n g  e p i s o d e  i s  c o n s i s t e n t  w i t h  some p r oposed  mode l s  

o f  t h e  s t r u c t u r a l  e v o l u t i o n  o f  A u s t r a l i a  and o f  t h e  A u s t r a l i a n -  

A n t a r c t i c  p i a t f o r m .

A f r i c a n  p a l a e o m a g n e t i c  da t a  are d e r i v e d  f r om t h e  Nama 

and Damara Systems o f  N a m i b i a ,  s t r a t i g r a p h i c  e q u i v a l e n t s  d e p o s i t e d  

on t h e  K a l a h a r i  and Congo c r a t o n s  r e s p e c t i v e l y .  In c o n j u n c t i o n  

w i t h  p r e v i o u s l y  p u b l i s h e d  d a t a ,  t h e  new da t a  s u p p o r t  t h e  v i e w  t h a t  

t he  two c r a t o n s  have m a i n t a i n e d  a p p r o x i m a t e l y  t h e i r  p r e s e n t  

r e l a t i v e  p o s i t i o n s  s i n c e  a t  l e a s t  - 1000 my,  t h a t  no l a r g e  s c a l e  

r e l a t i v e  mo t i o n  has o c c u r r e d  between t h e  two u n i t s ,  and t h a t  t h e  

i n t e r v e n i n g  Damara m o b i l e  b e l t  d i d  no t  r e s u l t  f r om a p l a t e  

c o l l i s i o n  mechani sm.

When compared on a S m i t h - H a l l a m  r e c o n s t r u c t i o n  o f  

Gondwana 1 and , t he  p r oposed  l a t e  P r e c a mb r i a n  APWPs f o r  A f r i c a  and



A u s t r a l i a  a r e  d i s t i n c t l y  d i f f e r e n t  b e f o r e  abou t  - 550 my,  b u t  

f o r m a common pat h  a f t e r  t h i s  t i m e .  P a l a e o ma g n e t i c  and 

g e o l o g i c a l  e v i d e n c e  s u g g e s t  t h a t  A u s t r a l i a ,  I n d i a  and A n t a r c t i c a  

may have c o mp r i s e d  an e a s t  Gondwanal and a s s e mb l a g e ,  c o l l i d i n g  

a t  a b ou t  - 550 my w i t h  a wes t  Gondwanal and assembl age c o n s i s t i n g  

o f  A f r i c a  and p o s s i b l y  South A me r i c a .  Such a c o l l i s i o n  c o u l d  

a c c o u n t  f o r  some,  bu t  n o t  a l l  o f  t h e  l a t e  P r e c a mb r i a n  t o  e a r l y  

P a l a e o z o i c  P a n - A f r i c a n  m o b i l e  b e l t s .

Many o f  t he  s e d i m e n t a r y  sequences s t u d i e d  c o n t a i n  

e x c e l l e n t  exampl es  o f  l a t e  P r e c a mb r i a n  g l a c i o g e n i c  r o c k s .  

P a l a e o l a t i t u d e  i n f o r m a t i o n  o b t a i n e d  f r om t h e s e  u n i t s  s t r o n g l y  

s u g g e s t s  t h a t  t he  n o n s y n c h r o n o u s  c i r c u m p o l a r  model  f o r  t h e  

l a t e  P r e c a mb r i a n  g l a c i a t i o n s  i s  n o t  a p p l i c a b l e .  A sy n c h r o n o u s  

g l o b a l  e v e n t  may be i n d i c a t e d .
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I. With the exception of the substitution of y for n T , all units 
are SI throughout.

2 . Latitudes reckoned positive north; longitudes reckoned positive 
east.
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Chapter 1 
In t r o d u c t i o n

§1.1 Approach to project

Palaeomagnetic studies conducted in the late 1950s 
and early 1960s were a major factor in helping to convince 
earth scientists that relative continental motion had occurred. 
These studies, coupled with the detailed study of magnetic 
lineat ions in the ocean basins, led to the formulation of 
an elegant and widely applied global tectonic theory which 
has met with unqualified success in explaining much of the 
earth's present behaviour and recent history. Endowed with 
uniformitarian dogma, many earth scientists have naturally 
suggested that the tectonic mec hani sms envisaged as operati ve 
in recent times are also responsible for the geological events 
we see recorded in the older Palaeozoic and Pre Cambrian 
domains where marine geophysical and geological studies are 
not applicable.

In recent years, considerable evidence has acc umulated 
primarily in the study of Proterozoic orogenic zones which 
strongly suggests that such an application of uni form itari an 
principles may be incorrect; indeed, as recently as 500 
million years ago, global tectonics may have taken a differe nt 
form compared to modern plate tectonics. A considerable 
amount of debate has been centred around the problem, 
uni form itarianists to the one side, while other workers support 
an evolutionary scheme of global tectonics, with plate 
tectonics being only the most recent form to have been 
developed. A solution to the problem, i.e. discovery of 
different tectonic mechanisms or confirmation of the existence



2 .

o f  p r e s e n t  p l a t e - t y p e  t e c t o n i c s  i n  p r e - M e s o z o i c  t i me s  i s  

i n t i m a t e l y  r e l a t e d  t o  t he  h i s t o r y  o f  c r u s t r a l  m o t i o n s  and 

t h e r e f o r e  can p r o b a b l y  o n l y  be a c c o m p l i s h e d  by t he  d e t a i l e d  

a p p l i c a t i o n  o f  p a l a e o m a g n e t i c  me t hods .

The s t u d y  o f  p a l a e o ma g n e t i s m has t oo under gone  an 

e v o l u t i o n a r y  p r o c e s s .  F i r s t  g e n e r a t i o n  p a l a e o mag n e t i s m 

s o u g h t  t o  c o n v i n c e  t h e  e a r t h  s c i e n c e  communi t y  t h a t  t he  

s t u d y  o f  r emanent  m a g n e t i z a t i o n s  i n  r o c k s  c o u l d  y i e l d  u s e f u l  

i n f o r m a t i o n  c o n c e r n i n g  t h e  h i s t o r y  o f  l a t e r a l  c r u s t a l  

d i s p l a c e m e n t s .  T h i s  phase o f  p a l a e o ma g n e t i s m was c h a r a c t e r i z e d  

by t h e  d i s c r e t e  s t u d y  o f  f a v o u r a b l e  y o u n g e r  r o c k  u n i t s  f r om 

many l o c a l i t i e s ,  c u l m i n a t i n g  i n  t h e  c o n s t r u c t i o n  and 

r e c o n s t r u c t i o n  o f  a p p a r e n t  p o l a r  wander  pa t hs  f o r  t h e  c o n t i n e n t s  

The end r e s u l t  was t h e  c o n f i r m a t i o n  o f  r e l a t i v e  c o n t i n e n t a l  

m o t i o n s  i n p o s t - P a l a e o z o i c  t i m e s .  Wi t h  second g e n e r a t i o n  

p a l a e o ma g n e t i s m came m a g n e t i c  r e v e r s a l  s t r a t i g r a p h y  and t he  

s t u d y  and c o r r e l a t i o n  o f  c o n t i n e n t a l  and o c e a n i c  p o l a r i t y  

sequences  f o r  t h i s  r e c e n t  200 m i l l i o n  y e a r  i n t e r v a l .  N e i t h e r  

o f  t h e s e  s u b s e t s  o f  p a l a e o mag n e t i s m have y e t  been c o m p l e t e d ;  

n e v e r t h e l e s s  p r e s e n t  knowl edge  i n  b o t h  t hese  ar eas  i s  c o mp l e t e  

enough t o  e n a b l e  e a r t h  s c i e n t i s t s  t o  a t t e m p t  more l o c a l i z e d ,  

s e c o n d - o r d e r  p r o b l e ms .

T h i r d  g e n e r a t i o n  p a l a e o m a g n e t i s m ,  t he  d e t a i l e d  s t u d y  

o f  c r u s t a l  d i s p l a c e m e n t s  and b e h a v i o u r  o f  t he  e a r t h ' s  m a g n e t i c  

f i e l d  i n  t h e  e a r l i e r  90% o f  e a r t h  h i s t o r y  i s  i n  i t s  i n f a n c y .  

E x a m i n a t i o n  o f  t he  p a l a e o m a g n e t i c  d a t a  c o m p i l a t i o n s  p r oduced  

by t he  E a r t h  Ph y s i c s  Branch ( O t t a wa )  shows t h a t  as o f  1975,  

r o u g h l y  850 p a l a e o m a g n e t i c  r e s u l t s  wh i c h  meet  minimum 

r e l i a b i l i t y  r e q u i r e m e n t s  are a v a i l a b l e  f o r  t h e  C a r b o n i f e r o u s  

t o  Recent  i n t e r v a l ,  an a v e r ag e  d e n s i t y  o f  abou t  2 . 4  p o l e s / m y .



For the preceding Proterozoic to Devonian interval, only 350 
poles are available which meet the same criteria for reliability, 
a pole density of 0.16 poles/my, depleted by a factor of 15 
with respect to the younger interval. Even in the Cambrian to 
Devonian interval, data are depleted by the factor of 3 
compared to the more recent 250 my period. The present state 
of third generation pal aeomagnetism is therefore not unlike 
the state of first generation pal aeomagnetism 15 to 20 years 
ago, when the first systematic continental displacements were 
discovered.

Understandably, one of the obvious thrusts of 
current pal aeomagnetic research is to extend and clarify the 
palaeomagnetic record back to Proterozoic and Archaean times. 
Probably the most logical procedure for this extension is to 
work backwards from a relatively well known Phanerozoic point.
The accumulation in recent years of Phanerozoic palaeomagnetic 
data of good quality from Australia and Africa provides such 
a starting point. At the initiation of this project, only 
two pal aeomagnetic results were available for Australia in the 
1200-600 my interval. Although the state of the African data 
was better, significant time gaps were also present. In 
both continents, little attention had been given to the 
isolation and interpretation of superimposed secondary 
mag neti zatio ns which could be of potential significance in 
their tectonic history.

The palaeom agnet ic studies described in this thesis 
form the framework of a detailed history of apparent polar 
motions of Australia and Africa in the 900-500 my interval.
The guiding phi losophy was to sample well represented and 
little deformed late Precambrian stratigraphic sequences in
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bo t h  c o n t i n e n t s .  The o b v i o u s  ad v an t ag e  o f  t h i s  scheme i s  

t h a t  a r e l a t i v e  p o l a r  c h r o n o l o g y  can be c o n s t r u c t e d  based 

upon s t r a t i g r a p h i c  r e l a t i o n s h i p s .  An APWP segment  based 

upon such a r e l a t i v e  c h r o n o l o g y  can be c a l i b r a t e d  i f  r o c k s  

s u i t a b l e  f o r  i s o t o p i c  d a t i n g  a r e  p r e s e n t ;  i n  t h e  absence o f  

r a d i o m e t r i c  ages w i t h i n  t h e  s t r a t i g r a p h i c  co l u mn ,  t h e  APWP 

segment  can be compared w i t h  i s o l a t e d  p a l a e o m a g n e t i c  p o l e s  

o f  known age f r om t h e  same s t r u c t u r a l  b l o c k .

By s a mp l i n g  f o l d e d  s t r a t a  and by c o n d u c t i n g  d e t a i l e d  

d e m a g n e t i z a t i o n  e x p e r i m e n t s ,  i t  was hoped t h a t  r e l i a b l e  

i n f o r m a t i o n  co u l d  be o b t a i n e d  r e g a r d i n g  no t  o n l y  t h e  

o r i g i n a l  ( p r i m a r y )  m a g n e t i z a t i o n s ,  bu t  a l s o  t h e  n a t u r e  

and mode o f  o c c u r r e n c e  o f  any s e c o n d a r y  m a g n e t i z a t i o n s  wh i c h  

m i g h t  be p r e s e n t .  Sequences o f  p o l e s  o f  s i m i l a r  age i n  a 

known r e l a t i v e  c h r o n o l o g y  f r om d i f f e r e n t  r e g i o n s  may t hen  be 

compar ed ,  mak i ng j u d g e me n t s  p o s s i b l e  a b ou t  t h e  e x i s t e n c e  o f  

m o t i o n s  between t he  c o n t i n e n t a l  b l o c k s  o r  c r a t o n s  f r om w h i c h  

t he  da t a  are d e r i v e d ,  and u l t i m a t e l y  abou t  t he  mechani sms 

wh i ch  may have caused o r o g e n i c  zones t o  f o r m between t he  

b l o c k s .

Samp l i ng  o f  l a t e  P r e c a mb r i a n  ( A d e l a i d e a n )  r o c k s  

was c o n d u c t e d  i n  s i x  s t r u c t u r a l l y  d i s t i n c t  r e g i o n s  i n  A u s t r a l i a  

( F i g u r e  1 . 1 a )  : t he  A d e l a i d e  ' G e o s y n c l i n e 1 , Amadeus B a s i n ,  

K i m b e r l e y  B a s i n ,  O f f i c e r  B a s i n ,  Burke  R i v e r  I n l i e r  and on 

Ki ng  I s l a n d .  Samples o f  l a t e  P r e c a mb r i a n  r o c k s  o f  s i m i l a r  

age were o b t a i n e d  f r om t h e  Congo and K a l a h a r i  c r a t o n s  o f  

A f r i c a ,  and f r om t he  i n t e r v e n i n g  Damara m o b i l e  b e l t  ( F i g u r e  1 . 1 b ) .  

P a l a e o m a g n e t i c  da t a  f r om t h e  w e l l  documented A d e l a i d e  

1G e o s y n c l i n e 1 were i n t e n d e d  t o  be used as a r e f e r e n c e  p o l e  pa t h  

( C h a p t e r  2 ) ,  w i t h  wh i ch  l a t e  P r e c a mb r i a n  Po l es  f r om e l s e w h e r e



F ig u re  1.1 : Generalized structura l  map of (A) Austra l ia  and (B) A f r ica ,  
a f te r  McElhinny and McWilliams (1977). Stable cratonic areas s t ipp led;  
younger intervening mobile belts label led 1-8: 1) Hal ls Creek-King Leopold 
mobile be l t  (ca. 1.8 by), 2) Ophthalmian mobile be l t  (ca. 1.7 by),
3) Mt. Isa Geosyncline (1.4-1.8 by), 4) Musgrave mobile be l t  (1 .2-1 .4 by),
5) Albany-Fraser mobile be l t  (1.0-1.3 by), 6) Pine Creek Geosyncline 
7) Damara mobile be l t  (0.6-0.45 by), 8) Mozambique mobile be l t  (0.6-0.46 by), 
9) Cape mobile belt  (Permo-Triassic). Age of Austral ian sedimentary basins 
indicated as N (Nul1ag in ian, 2.2-1.8 by), C (Carpentarian, 1 .8-1 .4 by),
A (Adelaidean, (?) 1.4-0.6 by) and P (Phanerozoic, 0.6 by).
Inset: re la t ionship  of Nama and Damara sediments to Damara mobile be l t
and Congo and Kalahari cratons.
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i n  A u s t r a l i a  c o u l d  be compared ( C h a p t e r  3 ) .  Data f r om 

s o u t h e r n  A f r i c a  a re  f i r s t  compared i n t e r n a l l y  ( C h a p t e r  4 ) ,  

t hen  w i t h  t h e  A u s t r a l i a n  and o t h e r  da t a  on a r e c o n s t r u c t i o n  

o f  t he  s u p e r c o n t i n e n t  Gondwanal and ( C h a p t e r  5 ) .

An i m p o r t a n t  a s p e c t  o f  t h i s  s t u d y  o f  l a t e  P r e c a mb r i a n  

s e d i m e n t a r y  sequences i n A u s t r a l i a  and A f r i c a  has been 

d e t e r m i n a t i o n  o f  t h e  p a l a e o l a t i t u d e s  o f  t h e  g l a c i a l  d e p o s i t s  

c o n t a i n e d  i n  many o f  t h e  sequences ( P l a t e s  1 - 7 ,  F i g u r e  1 . 2 ) .  

Ever  s i n c e  t he  o r i g i n a l  s u g g e s t i o n  o f  a sy n c h r o n o u s  g l o b a l  

g l a c i a t i o n  was made ( H a r l a n d ,  1 9 6 4 ) ,  s t r a t i g r a p h e r s  and 

p a l a e o m a g n e t i s t s  have deba t ed  t he  u s e f u l n e s s  o f  such d e p o s i t s  

as i n t r a -  and i n t e r c o n t i n e n t a l  c h r o n o s t r a t i g r a p h i c  ma r ke r  

h o r i z o n s .  As l i t t l e  d i r e c t  p a l a e o m a g n e t i c  d a t a  f r om t he  

g l a c i a l  d e p o s i t s  was a v a i l a b l e  a t  t h e  s t a r t  o f  t he  p r o j e c t ,  

c o n s i d e r a b l e  e f f o r t  was d e v o t e d  t o  t h e  s t u d y  o f  some o f  t h e  

w e l l  exposed and w e l l  document ed l a t e  P r e c a mb r i a n  g l a c i a l  

d e p o s i t s  o f  A u s t r a l i a  and A f r i c a .  A l t h o u g h  p a l a e o l a t i t u d e s  

o f  t h e  t i l l i t e s  and r e l a t e d  s e d i me n t s  become o b v i o u s  as 

t he  d a t a  o f  Ch a p t e r s  2 , 3  and 4 a c c u m u l a t e ,  a d i s c u s s i o n  o f  

t he  i m p l i c a t i o n s  o f  t h e  da t a  t o  t he  v a r i o u s  model s  f o r  t he  

l a t e  P r e c a mbr i a n  g l a c i a t i o n s  wh i ch  have been p r oposed  i s  

d e f e r r e d  u n t i l  Ch a p t e r  5.

§1.2 P a l a e o ma g n e t i c  methods

An o v e r a l l  summary o f  p a l a e o mag n e t i s m and r o c k  

magnet i sm i s  n o t  p r e s e n t e d  h e r e .  A c o mp r e h e n s i v e  d i s c u s s i o n  

o f  p a l a e o ma g n e t i s m and p a l a e o m a g n e t i c  methods can be f ound  

i n t e x t s  by I r v i ng ( 1964)  and M c E l h i n n y  ( 1 9 7 3 ) ,  and o f  r o c k  

magnet i sm i n  t e x t s  by Nagata ( 1961)  and S t a c e y  and B a n n e r j e e  

( 1 9 7 4 ) .  A number  o f  s p e c i f i c  p o i n t s  r e l e v a n t  t o t h e  s t u d i e s



Figure 1.2 : Distribution of proven and possible late Precambrian glacio- 
genic rocks in Australia (above : after Dunn et al.3 1971) and Namibia 
(below : after Kroner and Rankema, 1973). Solid areas indicate surface 
exposures, triangles denote observed glacial pavements, circles with 
slash denote borehole intersections of (?) glaciogenic rocks. Dotted 
lines on Australian map mark probable limits of preserved late Precambrian 
glacial sediments.
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d e s c r i b e d  in C h a p t e r s  2, 3  an d  4 a r e  d i s c u s s e d  b e l o w :

§ 1 . 2 . 1  S a m p l i n g  h i e r a r c h y

In t h i s  w o r k ,  t h e  f o l l o w i n g  n o m e n c l a t u r e  f o r  
c o l l e c t i o n  o f  s a m p l e s  is a p p l i c a b l e :
l o c a l i t y  - a g e o g r a p h i c a l  p o i n t  w h e r e  o n e  o r  m o r e  s i t e s  

in a r o c k  u n i t  w e r e  s a m p l e d .
s i t e t h e  b a s i c  s a m p l i n g  u n i t ;  a t h i c k n e s s  or a r e a l  

e x t e n t  o f  r o c k  f r o m  w h i c h  a n u m b e r  ( u s u a l l y  
3 - 5 )  o f  s a m p l e s  a r e  c o l l e c t e d .  T h e  a v e r a g e d  
d i r e c t i o n  o f  m a g n e t i z a t i o n  o f  t h e s e  s a m p l e s  
d e f i n e s  t h e  site mean direction , an 
i n s t a n t a n e o u s  or 'spot' r e c o r d i n g  o f  t h e  
a n c i e n t  g e o m a g n e t i c  f i e l d .  In t h e  c a s e  of 
s e d i m e n t a r y  r o c k s ,  a n a r r o w  ( ^ 1 - 2  m) 
s t r a t i g r a p h i c  i n t e r v a l  is c o n s i d e r e d  to be a 
s i t e ,  w h i l e  w i t h  v o l c a n i c  a n d  i n t r u s i v e  r o c k s ,  
f l o w s  a n d  d y k e s  a r e  e q u a t e d  w i t h  s i t e s .  S i t e  
m e a n  d i r e c t i o n s  c o l l e c t i v e l y  r e p r e s e n t i n g  a 
m u c h  l o n g e r  t i m e  s p a n  t h a n  t h e  i n d i v i d u a l  s i t e s  
a r e  a v e r a g e d  to f o r m  t h e  o v e r a l l  formation mean 

direction3 in w h i c h  t h e  e f f e c t s  o f  p a l a e o s e c u l a r  
v a r i a t i o n  h a v e  ( h o p e f u l l y )  b e e n  c a n c e l l e d .

s a m p l e an i n d i v i d u a l l y  o r i e n t e d  p i e c e  o f  r o c k ,  u s u a l l y  
a d r i l l  c o r e  or b l o c k  f r o m  w h i c h  a n u m b e r  ( 3 - 5 )  
o f  s p e c i m e n s  a r e  o b t a i n e d .  O r i e n t a t i o n  of 
s a m p l e s  w a s  d o n e  by b o t h  s o l a r  a n d  m a g n e t i c  
c o m p a s s  to e l i m i n a t e  s p u r i o u s  e f f e c t s  d u e  to 
i n t e n s e l y  m a g n e t i z e d  o u t c r o p s ;  r a n d o m  e r r o r s  
in a z i m u t h  a n d  d i p  a r e  e s t i m a t e d  to be +1 °  or
l e s s .
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the basic measurement unit; a 2.53 cm 
diameter x 2.30 cm height (2.20 cm diameter 
x 1.91 cm height for Nama Group specimens) 
cylindrical core slice.

§1.2.2 Magnetic mea sure ments and dem agnetization apparatus

Mea sure ments of remanent mag netizations were 
conducted using one of three commerically available 
mag netometers : a DIGICO slow speed (^7Hz) fluxgate spinner 
m a g neto meter interfaced with a minicomputer, or one of tv/o 
3.8 cm access 2 axis SQUID (Superconducting Quantum Int erfe rence 
Device) m a g neto meter s with either a 6 £ or 3 0 £ liquid helium 
storage dewar (Superconducting Technology, Inc.) interfaced 
to the DIGICO minicomputer. A practical lower intensity 
limit for remanence mea surements was found to be ^ 5 x l O -2mAm 1 
for the fluxgate instrument and 1-2x10 2mAm 1 for the 
cryogenic magnetometer.

Thermal demagnetization experiments were done in 
air in an apparatus described by McElhinny et al. (1971), a 
non -mag netic furnace capable of attaining temperatures in 
excess of 700° surrounded by a 10 coil feedback controlled 
field cancellation system. DC magnetic field levels during 
cooling periods were kept below +2y. Alternating field (AF) 
dem agnetization was done in an instrument modified after 
Evans (1969), a 3-axis specimen tumbler within a large 
coil capable of attaining peak fields of 210 mT. DC field 
cancellation within the AF demagne tizat ion apparatus was kept 
within +10y. Chemical leaching was performed in the same 
fie ld-c o n t r o l l e d  space used for thermal demagnetization. 
Specimens were serrated twice to facilitate more rapid acid
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p e n e t r a t i o n ;  in t he  i n i t i a l  24 hour  l e a c h i n g  p e r i o d ,  H C £ 

c o n c e n t r a t i o n  was kept  a t  6N. Subs equent  l e a c h i n g  was done 

in 12N HC£. Speci mens  were r e p e a t e d l y  r i n s e d  in f r e s h  wa t e r  

dur i ng  a p e r i od  of  about  1 hour  p r i o r  to me a s u r i n g .

T r a n s f e r r a l  of  p a r t i a l l y  de magne t i zed  speci mens  

from t he  p a r t i c u l a r  de ma gne t i z i ng  a p p a r a t u s  to t he  magne t omet e r  

was done us i ng  mu-metal  s h i e l d s  i n s i d e  which DC magne t i c  f i e l d  

c a n c e l l a t i o n  was g e n e r a l l y  b e t t e r  t han  +50y. Speci mens  were 

l oaded in t he  magne t omet e r  i n s i d e  s p e c i a l  He l mhol t z  c o i l  s e t s  

which c a n c e l l e d  t he  ambi ent  ma gne t i c  f i e l d  in t he  speci men 

h a n d l i n g r e g i o n t o w i t h i n + 1 0 0 - 2 5 0 y .

§ 1 . 2 . 3  S t a t i s t i c a l  a n a l y s i s  of  ma g n e t i z a t i o n  d i r e c t i o n s

E r r o r s  in mean m a g n e t i z a t i o n  d i r e c t i o n s  have 

been e s t i m a t e d  by t he  met hods  deve l oped  by F i s h e r  ( 1953) .  An 

e x p l a n a t i o n  of  t he  symbol s  r e l e v a n t  to t he  a n a l y s i s  i s  to be 

found in t he  L i s t  of  A b b r e v i a t i o n s .

The " r andomness  t e s t "  (Wat son,  1956a;  Vi ncenz 

and Brucks haw,  1960) was used as an o b j e c t i v e  c r i t e r i o n  f o r  

r e j e c t i n g  wi de l y  s c a t t e r e d  d i r e c t i o n s  a t  t he  sample or  s i t e  

mean l e v e l .

In Cha p t e r s  2, 3 and 4,  c o n s i d e r a b l e  use i s  made 

of  two s t a t i s t i c a l  me t hods ,  t h e  f o l d  t e s t  (Graham,  1949) and 

t he  compar i son o f  mean d i r e c t i o n s  (Wat son,  1956b) .  The o b j e c t  

of  t he  f o l d  t e s t  i s  t o de t e r mi n e  whe t he r  or  not  a p a r t i c u l a r  

component  ma g n e t i z a t i o n  was a c q u i r e d  b e f o r e  or  a f t e r  f o l d i n g  

of  a rock u n i t  o c c u r r e d  by compar i ng t he  p r e c i s i o n  of  t he  

s t r u c t u r a l l y  c o r r e c t e d  f o r ma t i o n  mean d i r e c t i o n  ( A 1 ) wi t h 

t he  p r e c i s i o n  of  t he  i n  s i t u  f o r ma t i o n  mean d i r e c t i o n  ( A ) .

The v a r i a n c e  r a t i o  k '  /  k ( o r  k/k'  ) f o r  N d i r e c t i o n s  may be
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compared wi t h  F - r a t i o  t a b l e s  wi t h  equal  2 ( N-1)  de g r e e s  of  

f r eedom t o de t e r mi n e  whe t her  a change in p r e c i s i o n  i s  

s t a t i s t i c a l l y  s i g n i f i c a n t  a t  a gi ven p r o b a b i l i t y  l e ve l  

( McEl hi nny,  1964) .  The t e s t  can be used t o i n f e r  when a 

f o r ma t i o n  mean ma g n e t i z a t i o n  d i r e c t i o n  was a c q u i r e d  r e l a t i v e  

to t he  age of  f o l d i n g ,  and i s  a p p l i c a b l e  to bot h p o s i t i v e  

[k'  /k' z 1 . 0 )  and n e g a t i v e  [k'  /k<. 1 . 0)  changes  in p r e c i s i o n .

P o p u l a t i o n s  of  m a g n e t i z a t i o n  d i r e c t i o n s  whose 

mean d i r e c t i o n  and a s s o c i a t e d  c i r c l e s  of  c o n f i d e n c e  a t  a chosen 

p r o b a b i l i t y  l e ve l  do not  o v e r l a p  a r e  s t a t i s t i c a l l y  s i g n i f i c a n t l y  

d i f f e r e n t  a t  t h a t  l e v e l .  P o p u l a t i o n  means wi t h  o v e r l a p p i n g  

c i r c l e s  of  c o n f i d e n c e  may s t i l l  be d i f f e r e n t ,  and t hus  a 

s p e c i a l  method must  be employed to d e t e r mi n e  whe t he r  or  not  

t he  p o p u l a t i o n s  a r e  i ndeed d i f f e r e n t .  The s t a t i s t i c

2 (IN.J-S)  IR.J-R

2 ( s -1 ) K N . - R . )

wher e:  s = number  of  p o p u l a t i o n s  to be t e s t e d

N. = number  of  i n d i v i d u a l  d i r e c t i o n s  in t he  i t h  
p o p u l a t i o n

R.j = v e c t o r  r e s u l t a n t  of  t he  i t h  p o p u l a t i o n

R = v e c t o r  r e s u l t a n t  of  a l l  t he  i n d i v i d u a l
d i r e c t i o n s

may be compared wi t h  F - r a t i o  t a b l e s  wi t h 2 ( s -1)  and 2( EN. - S)  

d e g r e e s  of  f r eedom t o t e s t  whe t he r  t he  p o p u l a t i o n s  a r e  

i d e n t i c a l ,  assumi ng t he  p r e c i s i o n s  of  t he  s p o p u l a t i o n s  a r e  

s t a t i s t i c a l l y  t he  same.  Large  v a l u e s  of  t h i s  s t a t i s t i c  

i n d i c a t e  t h a t  t he  a s s umpt i on  of  an i d e n t i c a l  mean d i r e c t i o n  

f o r  t he  s p o p u l a t i o n s  may be f a l s e .
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§ 1 . 2 . 4  M u l t i c o m p o n e n t  a n a l y s i s

T h e  t o t a l  n a t u r a l  r e m a n e n t  m a g n e t i z a t i o n  ( N R M )  
o f  a r o c k  is c o m m o n l y  a v e c t o r  s u m  of s e v e r a l  c o m p o n e n t  
p a r t s ,  e a c h  p o s s i b l y  d a t i n g  f r o m  a d i f f e r e n t  t i m e  in t h e  
r o c k ' s  h i s t o r y .  C o n s i d e r  as an e x a m p l e  a h y p o t h e t i c a l  
s e d i m e n t a r y  r o c k  w h i c h  o r i g i n a l l y  c o n t a i n e d  o n l y  a d i a g e n e t i c a l l y  
a c q u i r e d  p r i m a r y  CRM. A s u b s e q u e n t  l o w  g r a d e  m e t  a m o r p h i c  e v e n t  
m a y  s u p e r i m p o s e  a s e c o n d a r y  P T R M  c o m p o n e n t  u p o n  t h e  o r i g i n a l  
m a g n e t i z a t i o n ;  m o r e  r e c e n t  l i g h t n i n g  s t r i k e s  m a y  h a v e  
r e s u l t e d  in a s e c o n d a r y  IRM c o m p o n e n t  b e i n g  a d d e d  ( F i g u r e  1 . 3 ) .  
T h e s e  t h r e e  m a g n e t i z a t i o n s  m i g h t  be c o m p l e t e l y  d i f f e r e n t  in 
a g e ,  d i r e c t i o n ,  i n t e n s i t y ,  r o c k  m a g n e t i c  p r o p e r t i e s  and 
i m p o r t a n c e  to a p a l a e o m a g n e t i c  i n v e s t i g a t i o n .  S u c h  a c o l l e c t i o n  
o f  m a g n e t i z a t i o n s  is c a l l e d  a multicomponent system.

In all b u t  t h e  m o s t  r e c e n t  p a l a e o m a g n e t i c  s t u d i e s  
t h e  a n a l y s i s  o f  m u l t i c o m p o n e n t  m a g n e t i z a t i o n  s y s t e m s  ha s  b e e n  
c o m m o n l y  t r e a t e d  r a t h e r  s u p e r f i c i a l l y .  S a m p l e s  a r e  o f t e n  
t r e a t e d  in p r o g r e s s i v e l y  h i g h e r  p e a k  A F ' s  or t e m p e r a t u r e s  in 
an a t t e m p t  to f u l l y  r e m o v e  a n y  l o w  H c o r  T ^  c o m p o n e n t s  a n d  
i s o l a t e  a s i n g l e ,  s t a b l e  m a g n e t i z a t i o n  as i n d i c a t e d  by a 
s t a b l e  d i r e c t i o n a l  e n d p o i n t .  L i t t l e  e m p h a s i s  h as b e e n  p l a c e d  
u p o n  s t u d y  o f  t h e  n a t u r e  o f  t h e  r e m o v e d  m a g n e t i z a t i o n s .  In 
r e c e n t  y e a r s  h o w e v e r ,  t h e  d e t a i l e d  p a l a e o m a g n e t i c  s t u d y  of 
m a i n l y  P r e c a m b r i a n  i g n e o u s ,  s e d i m e n t a r y  a n d  m e t a m o r p h i c  r o c k s  
w i t h  c o m p l e x  t h e r m a l  a n d  t e c t o n i c  h i s t o r i e s  ha s  le d  to 
c o n s i d e r a b l e  d i s c u s s i o n  a b o u t  t h e  m o d e  o f  o c c u r r e n c e ,  i s o l a t i o n ,  
a n d  i n t e r p r e t a t i o n  of m u l t i c o m p o n e n t  s y s t e m s  (e.g. H a r g r a v e s  
a n d  B u r t ,  1 9 6 7 ;  B u c h a n  a n d  D u n l o p ,  1 9 7 6 ;  I r v i n g  a n d  M c G l y n n ,  
1 9 7 6 ;  R o y  a n d  L a p o i n t e ,  1 9 7 6 ;  U e n o  a n d  I r v i n g ,  1 9 7 6 ) .
A t t e n t i o n  w a s  g i v e n  to t h e  o c c u r r e n c e  a n d  i n t e r p r e t a t i o n  of
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F i g u r e  1 . 3  : To i l l u s t r a t e  a m u l t i c o m p o n e n t  m a g n e t i z a t i o n  
sys t em : m a g n e t i z a t i o n  v e c t o r s  J c r m , J pt rm and J i r m combi ne  
t o  f o r m t h e  t o t a l  ob se r ve d  NRM J t o t a l -



mul t i component  m a g n e t i z a t i o n s  in t he  p a l a e o ma g n e t i c  

i n v e s t i g a t i o n s  d e s c r i b e d  h e r e i n ,  l a r g e l y  as a r e s u l t  of  an 

advance  knowl edge of  t he  complex g e o l o g i c a l  h i s t o r y  of  many 

of  t he  r ocks  s t u d i e d .

The o b s e r ve d  remanence  v e c t o r  J can be w r i t t e n

3 = Xi • ( i  = 1 , 2 , 3 ) *  (1)

where t he  a r e  s c a l a r  ma gn i t ude s  of  t he  p r o j e c t i o n  of  t he  

v e c t o r  upon a c a r t e s i a n  c o o r d i n a t e  sys t em ( t h e  magni t udes  

of  t he  commonly used X,Y and Z c o mpone n t s ) ,  and t he  y . a r e  

u n i t  v e c t o r s  in each of  t he  d i r e c t i o n s  of  a c o o r d i n a t e  sys t em 

which i s  f i x e d  wi t h  r e s p e c t  t o a p r e s e n t  g e o g r a p h i c a l  f r ame.

Two a d d i t i o n a l  c o mp l e x i t i e s  in n o t a t i o n  a r e  

i n t r o d u c e d .  The m a g n e t i z a t i o n  v e c t o r  3 f o l l o wi n g  t he  k t h  

d e ma g n e t i z a t i o n  s t e p  i s  denot ed  by

3 U )  = X.(Zc) ' y i (k = 0,1 , 2.  . . n ) (2)

f o r  any of  n s u c c e s s i v e  d e ma g n e t i z a t i o n  s t e p s .  The u n t r e a t e d  

NRM v e c t o r  i s  t hus  J ( 0 ) .  The s u b t r a c t e d  v e c t o r  i s  t he  v e c t o r  

d i f f e r e n c e  bet ween m a g n e t i z a t i o n  v e c t o r s  a f t e r  any two 

d e ma g n e t i z a t i o n  s t e p s  which may somehow change t he  s t a t e  of  t he  

m a g n e t i z a t i o n  v e c t o r  and i s  s i mpl y

AJ(m-n)  = 3(m) - 3 ( n )  (n>m)
_ (3)

= ( X . ( m) - X i ( n ) ) • y i

For a s i n g l e  component  ' s y s t e m 1 , d e ma g n e t i z a t i o n  may pr oduce  

onl y  a change in i n t e n s i t y  of  t he  r emanence v e c t o r  ( F i g u r e  1 . 4a )  

t hus

a3 ( m- n ) = F * J ( 0) (4)
m-n

* Summation implied upon repeated indici es .



TREATMENT

Figure 1.4 : Demagnetization systematics in multico mpone nt 
assemblages. See text for detailed explanation.
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where F^ i s  a s c a l a r  r e l a t e d  t o  t he  c o e r c i v i t y  s p e c t r u m ,  

b l o c k i n g  t e m p e r a t u r e  sp e c t r u m o r  a c i d  l e a c h i n g  r e s i s t a n c e  

sp e c t r u m i n  t h e  case o f  a l t e r n a t i n g  f i e l d ,  t h e r ma l  o r  ch e mi ca l  

d e m a g n e t i z a t i o n ,  r e s p e c t i v e l y .

C o n s i d e r  now a t w o - component  m a g n e t i z a t i o n  sys t em.  

The t o t a l  and component  v e c t o r s  a r e  deno t ed  by s u p e r s c r i p t s  

such t h a t  a f t e r  t h e  k t h  d e m a g n e t i z a t i o n  s t e p

3 b (fc) = 3 a ( / 0  + 3 b (fc) (5)

as i l l u s t r a t e d  i n  2 d i me n s i o n s  i n  F i g u r e  1 . 4 b .  A f t e r  

d e m a g n e t i z a t i o n ,  each component  may have a d i f f e r e n t  i n t e n s i t y  

f r om i t s  p r e v i o u s  v a l u e  such t h a t

3 a ( n )  = F a ’ "3a ( m) and
m‘ n (6)

3 b ( n)  = F b ' 3 a (m)

The i n d i v i d u a l  component s  change i n  i n t e n s i t y  bu t  no t  d i r e c t i o n  

and t he  Fma_nand F^ v a l u e s  are  a n a l o g ou s  t o  Fm_n i n  ( 5 ) .  The 

s u b t r a c t e d  v e c t o r  i n  t he  t wo - c o mp o n e n t  sys t em i s  t hen

AÜ^(m-n)  = A^a ( m-n)  + A3^ ( m- n)

= ( Xa (m) - Xa (n)  ) \i. + ( 7)

( X ^ m )  - X ^ ( n ) ) y i

The s u b t r a c t e d  v e c t o r  A ^ t m - n )  can be c a l c u l a t e d  from the observed 

changes i n  t he  remanence v e c t o r ,  b u t  o b v i o u s l y  no u n i q u e  

s o l u t i o n  o f  ( 7 )  e x i s t s  u n l e s s  one o f  A3a (m-n)  o r  A^ ^ ( m- n )  

i s  z e r o  and t h e  o t h e r  n o n z e r o .  T h i s  i s  t h e  f a m i l i a r  p r ob l em 

o f  n o n - u n i q u e n e s s  i n r e s o l u t i o n  o f  i n d i v i d u a l  component s  

o f  a m u l t i c o m p o n e n t  sys t em : i f  d u r i n g  d e m a g n e t i z a t i o n  more 

t han one component  s u f f e r s  a change i n  i n t e n s i t y ,  a u n i q u e  and 

d i r e c t  r e s o l u t i o n  o f  t h e  component s  c a n no t  be made.  Such a
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c o n d i t i o n  can a r i s e  i n  one o f  s e v e r a l  ways.  The most  commonl y 

e n c o u n t e r e d  s i t u a t i o n  i s  when t he  c o e r c i v i t y  o r  b l o c k i n g  

t e m p e r a t u r e  s p e c t r a  o f  t h e  v a r i o u s  components  o v e r l a p ;  

i n  t he peak AF i n t e n s i t y  o r  t e m p e r a t u r e  r ange o f  t he  o v e r l a p ,  

b o t h  AJ ( m- n)  and AJ (m-n)  a r e  nonzer o  f o r  t he t wo - c o mp o n e n t  

sys t em ( F i g u r e  1 . 4 c ) .  A more t r i v i a l  case wou l d  be when 

b o t h  AJ a (m-n)  and AJ ^ ( m- n )  were z e r o ,  r e f l e c t i n g  ex t r eme  

m a g n e t i c  " h a r d n e s s " ,  o r  r e s i s t a n c e  t o  change o f  bo t h  component s  

when s u b j e c t e d  t o  a p a r t i c u l a r  d e m a g n e t i z a t i o n  met hod.  The 

two component  sys t em can be e x t e n d e d  t o  t he g e n e r a l  case o f  

many components

J t ( k )  = J a (/c) + J b ( k )  + + J z ( k )  ( 8 )

and

AJ ^ ( m- n )  = AJ a (m-n)  + J ^ ( m- n )  + . . .  + AJZ (m-n)  (9)

w i t h  a c o r r e s p o n d i n g  i n c r e a s e  i n  c o m p l e x i t y  o f  i n t e r p r e t a t i o n .  

Onl y  t he two component  sys t em i s  c o n s i d e r e d  here  f o r  s i m p l i c i t y .

Gi ven a known A J ^ ( m - n ) ,  we seek s o l u t i o n s  t o  ( 9 )  

wh i c h  y i e l d  t he  d i r e c t i o n s  ( n o t  n e c e s s a r i l y  i n t e n s i t i e s )  o f  

3 a and 3^ . An i n d i r e c t  method e x i s t s  f o r  o b t a i n i n g  bo t h  

d i r e c t i o n s ,  c a l l e d  t he " r e m a g n e t i z a t i o n  c i r c l e s "  t e c h n i q u e .

The t o t a l  m a g n e t i z a t i o n  v e c t o r  3 ̂  ( )  a t  any t i me  

d u r i n g  d e m a g n e t i z a t i o n  i s  a l i n e a r  c o m b i n a t i o n  o f  two component  

v e c t o r s  3 a (/c) and 3 ^ ( ^ ) .  I f  t he  Hc o r  T^ s p e c t r a  o v e r l a p  

b u t  are n o t  c o i n c i d e n t  as shown i n  F i g u r e  1 .4 d , t he o b s e r v e d  

v e c t o r s  J t ( f c )  and removed v e c t o r s  A J ^ ( m - n ) ,  s i n c e  t h e y  are  

a l s o  l i n e a r  c o m b i n a t i o n s  o f  3 a and 3^ , w i l l  sweep t h r o u g h  a 

p l a n e  wh i ch  c o n t a i n s  bo t h  3 a and 3 ^ .  I f  a second s e t  o f  

v e c t o r s  3 ^ [ k )  i s  a v a i l a b l e  f r om d e m a g n e t i z a t i o n  o f  a second
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sampl e  wi t h  c o e x i s t e n t  J and J D ma g n e t i z a t i o n s  t h e s e  v e c t o r s  

w i l l  a l s o  d e s c r i b e  a p l ane  c o n t a i n i n g  3 a and J*3. The p l a ne s  

w i l l  be c o i n c i d e n t  i f  bot h component s  have e x a c t l y  i d e n t i c a l  

d i r e c t i o n s  in each of  t he  s ampl es .  Small  v a r i a t i o n s  of  t he  

component s  due t o  s e c u l a r  v a r i a t i o n  or  to t e c t o n i c  d i s t u r b a n c e  

w i l l  g i ve  r i s e  however  t o n o n c o i n c i d e n t  p l a n e s .  The 

i n t e r s e c t i o n ( s ) of  t h e s e  p l a n e s  ( o r  t h e i r  r e p r e s e n t a t i o n  on 

a s p h e r e  as g r e a t  c i r c l e s )  may y i e l d  an e s t i m a t e  of  one or  both 

component s  in f a v o u r a b l e  c i r c u ms t a n c e s .  Commonly t he  p l a ne s  

d e s c r i b e d  by t he  i n  s i t u  3^ and s t r u c t u r a l l y  c o r r e c t e d  3^ 

vectors rather  than the uncorrected 3^ are tes ted for in tersection to 

d e t e r mi n e  wh e t h e r  or  not  t he  m a g n e t i z a t i o n s  were a c q u i r e d  b e f o r e  

or  a f t e r  f o l d i n g  in s e d i me n t a t a r y  r o c k s .  Ha l l s  (1976)  has 

d e s c r i b e d  a l e a s t  s q u a r e s  method f o r  e s t i m a t i n g  t he  mean 

d i r e c t i o n s  of  two component s  wi t h o v e r l a p p i n g  Hc or  

s p e c t r a  based  upon t he  r e m a g n e t i z a t i o n  c i r c l e s  t e c h n i q u e .  The 

met hod has p r a c t i c a l  a p p l i c a t i o n  onl y in s i t u a t i o n s  where 

t e c t o n i c  c o n t r o l  i s  good ( t o  e n s u r e  s i g n i f i c a n t  c onver gence )  

and becomes c o mp l i c a t e d  where more t han 2 component s  a r e  p r e s e n t .  

I t  has t he  advan t age  of  be i ng  t he  onl y method of  e s t i m a t i n g  a 

mean d i r e c t i o n  f o r  t he  two component s  where Hc and T^ s p e c t r a  

c o mp l e t e l y  o v e r l a p  and s t a b l e  e n d p o i n t s  a r e  not  a t t a i n e d  by 

t he  3 ^ ( k ) .

F o r t u n a t e l y ,  mu l t i componen t  sys t ems  in many rocks  

have Hc and T^ s p e c t r a  which do not  c o mp l e t e l y  o v e r l a p .  By 

c a r e f u l  and d e t a i l e d  d e ma g n e t i z a t i o n  e x p e r i me n t s ,  i t  i s  o f t e n  

p o s s i b l e  to d i s c o v e r  a r ange  of  AF or  t her mal  t r e a t m e n t  

in which onl y one component  i s  removed wh i l e  t he  r emai n i ng  

component s  a r e  u n a f f e c t e d .  I t  i s  i mp o r t a n t  to not e  t h a t  t he  

compl e t e  absence  of  an o v e r l a p  i s  not  r e q u i r e d  f o r  i f
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A ^ ( m - n )  = AÜa (m-n)  + A^ ^ ( m- n )

w h e r  e

A3a ( m- n)  »  A3 ^ ( m- n )  ( 10)

t hen

A3 ^ ( m- n )  = A J a (m-n)

v a

and t hus  i t  i s  p o s s i b l e  t o  o b t a i n  a p p r o x i m a t e l y  t he  AJ subtracted 

v e c t o r  d i r e c t i o n .  S i t u a t i o n s  l i k e  t h i s  a r e  f r e q u e n t l y  

e n c o u n t e r e d ;  f o r  exampl e  when a v e r y  l a r g e  component  w i t h  a 

r e l a t i v e l y  l ow Hc or  c o e x i s t s  w i t h  a much s m a l l e r  component  

w i t h  an o v e r l a p p i n g  b u t  h i g h e r  H c o r  T b s p e c t r u m ,  as i l l u s t r a t e d  

i n  F i g u r e  1 .4 e . Wh i l e  b o t h  component s  u n d o u b t e d l y  change i n 

i n t e n s i t y  d u r i n g  t h e  i n i t i a l  d e m a g n e t i z a t i o n  s t e p s ,  t he  change 

i n  t he  s m a l l e r  component  i s  i n s i g n i f i c a n t  compared t o  t he  

change i n  t he l a r g e r ,  and ( 10)  i s  i ndeed  r e a s o n a b l e .  The 

a p p r o x i m a t i o n  i s  e s p e c i a l l y  v a l i d  when t he  two components  a re  

o f  p r e -  and p o s t - f o l d i n g  age ,  as any s y s t e m a t i c  b i a s  i n t he  

e s t i m a t e d  s u b t r a c t e d  v e c t o r  d i r e c t i o n  A7a ( m-n)  i s  r e d uc e d .

P r o b a b l y  t he  b e s t  i n d i c a t o r  o f  u n i q u e n e s s  i n 

mul t i component  a n a l y s i s  i s  c o n s i s t e n c y  o f  d i r e c t i o n s  o f  t he  

s u b t r a c t e d  v e c t o r s  t h r o u g h o u t  a p a r t i c u l a r  t r e a t m e n t  r ange .  

Du r i n g  d e m a g n e t i z a t i o n ,  i f  bo t h  component s  o f  a t wo - c o mp o n e n t  

sys t em w i t h  d i f f e r i n g  Hc o r  s p e c t r a  a re  s i m u l t a n e o u s l y  

r e d u c e d ,  t he  s u b t r a c t e d  v e c t o r s  w i l l  d e f i n e  a g r e a t - c i r c l e  

pa t h  i d e n t i c a l  t o  t h a t  g e n e r a t e d  by t he  o b s e r v e d  v e c t o r s .

However  i f  o n l y  one component  i s  be i ng  r emoved,  s u b t r a c t e d  

v e c t o r s  w i l l  be c o n s t a n t  i n  d i r e c t i o n  ( F i g u r e  1 . 4 f ) .  Care 

must  be e x e r c i s e d ,  as i t  i s  p o s s i b l e  t o  c o n s t r u c t  a s p e c i a l  

sys t em i n  wh i c h  t he  s u b t r a c t e d  v e c t o r s  r ema i n  c o n s t a n t  i n  

d i r e c t i o n  b u t  bo t h  component s  a re  be i n g  r e duced  ( F i g u r e  1 . 4 f ) .
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The s i t u a t i o n  a r i s e s  o f  c o u r s e  because t he  s u b t r a c t e d  v e c t o r s  

a r e  l i n e a r  c o m b i n a t i o n s  o f  t he  component  v e c t o r s ,  bu t  r e q u i r e s  

a v e r y  s p e c i a l  a r r a n g e me n t  o f  Hc o r  s p e c t r a  such t h a t

f o r  each and e v e r y  s t e p .  However ,  c o n s i d e r i n g  t h e  wi de  

v a r i a t i o n  i n  Hc and s p e c t r a  g e n e r a l l y  e n c o u n t e r e d  i n  a l a r g e  

sampl e c o l l e c t i o n ,  t he  p r o b a b i l i t i e s  o f  c o n s i s t e n c y  o b t a i n i n g  

such a f a l s e  " u n i q u e "  s o l u t i o n  a re  s m a l l ,  e s p e c i a l l y  when f o l d e d  

r o c k s  are i n v o l v e d  .

d e s c r i b e d  h e r e i n  was c o n d u c t e d  w i t h  t h e s e  c o n d i t i o n s  i n  mi nd .  

I n d i v i d u a l  s u b t r a c t e d  v e c t o r  d i r e c t i o n s  f r om a spec i men wh i ch  

were c o n s i s t e n t  and w e l l  g r ouped  t h r o u g h o u t  a p a r t i c u l a r  

d e m a g n e t i z a t i o n  r ange  were ave r aged  t o  f o r m spec i men mean 

d i r e c t i o n s ;  d e m a g n e t i z a t i o n  i n t e r v a l s  were chosen t o  be 

sma l l  enough t o  f a c i l i t a t e  d e l i n e a t i o n  o f  componen t s .  Specimen 

means were t hen ave r aged  t o  f o r m sampl e mean d i r e c t i o n s  i n  t he  

case where more t han  one spec i men was s u b j e c t e d  t o  p r o g r e s s i v e  

d e m a g n e t i z a t i o n .  Sample mean s u b t r a c t e d  d i r e c t i o n s  were 

s u b s e q u e n t l y  ave r aged  t o  c r e a t e  s i t e  mean s u b t r a c t e d  d i r e c t i o n s ,  

and t he  h i e r a r c h i c a l  sys t em was c o mp l e t e d  by c a l c u l a t i n g  an 

o v e r a l l  mean removed d i r e c t i o n  f r om t he  s i t e  means.  By c a r e f u l l y  

c o mb i n i n g  r e s u l t s  f r om s i t e s  w i t h  d i f f e r i n g  l i t h o l o g i e s  and 

d i f f e r i n g  s t r u c t u r a l  o r i e n t a t i o n s ,  i t  was hoped t h a t  s y s t e m a t i c  

e f f e c t s  p r oduced  by t he  o v e r l a p  o f  Hc o f  s p e c t r a  c o u l d  be 

e l i m i n a t e d .  The i n t e r n a l  c o n s i s t e n c y  o f  many o f  t h e s e  r e s u l t s  

combi ned w i t h  t he  good agr eement  o f  many o f  t he  mean o b s e r v e d  

and s u b t r a c t e d  components t e s t i f i e s  t o  t h e  a p p l i c a b i l i t y  o f  t he

a3 3 (rn- n ) ( I D

The appr oach  t o  a n a l y s i s  o f  d e m a g n e t i z a t i o n  da t a

m e t h o d .



§ 1 . 2 . 5  P r e s e n t a t i o n  of  d e ma g n e t i z a t i o n  da t a

The d i s c u s s i o n  of  mu l t i componen t  a n a l y s i s  of  t he  

p r e v i o u s  s e c t i o n  d e mo n s t r a t e d  t h e  need f o r  c a r e f u l  and d e t a i l e d  

a n a l y s i s  of  d e ma n g e t i z a t i o n  d a t a .  A f a mi l y  of  da t a  ha nd l i ng  

programmes was de ve l oped  dur i ng  t he  cou r s e  of  t h i s  i n v e s t i g a t i o n ,  

some of  which t e s t e d  f o r  s y s t e m a t i c s  in s u b t r a c t e d  and obse r ved  

component s  and o t h e r s  f o r  d i r e c t i o n a l  s t a b i l i t y  of  t he  remanence 

v e c t o r .

The d e ma g n e t i z a t i o n  p l o t s  p r e s e n t e d  a r e  pr oduced 

by p a r t s  of  two such d a t a  a n a l y s i s  r o u t i n e s .  In Cha p t e r s  2, 3 

and 4 c o n v e n t i o n a l  s t e r e o g r a p h i c  p l o t s  wi t h  n o r ma l i z e d  i n t e n s i t y  

cur ves  f o r  t y p i c a l  speci mens  a r e  shown t o g e t h e r  wi t h  o r t hogona l  

v e c t o r  p r o j e c t i o n s .  Each method of  p r e s e n t a t i o n  has p a r t i c u l a r  

a d v a n t a g e s .  The c o n v e n t i o n a l  p l o t s  a l l ow a r a p i d  a s s e s s me n t  

of  d i r e c t i o n a l  be ha v i our  and s t a b i l i t y ,  but  a r e  not  n e a r l y  

as d i a g n o s t i c  as t he  o r t h o g o n a l  p l o t s  in e v a l u a t i n g  t he  n a t u r e  

of  component  v e c t o r s  which may be p r e s e n t  as i l l u s t r a t e d  in 

Fi gur e  1 . 5 .  Used in c o n j u n c t i o n  t he  two

met hods  of  p r e s e n t a t i o n  are  p r o b a b l y  t he  most  u s e f u l  t o o l s  

in mul t i componen t  a n a l y s i s .  An e x p l a n a t i o n  of  t he  i n t r i c a c i e s  

of  met hods  of  p r e s e n t a t i o n  i s  g i ven  in Appendi x B.

§1. 3 R e p r e s e n t a t i o n  of  Pr ecambr i an  Pol e pa t hs

When c o n s i d e r i n g  Ph a n e r o z o i c  p a l a e o ma g n e t i c  d a t a ,  

i t  i s  common to be ab l e  to a s s i g n  r e s u l t s  to a p a r t i c u l a r  

s u b d i v i s i o n  of  a g e o l o g i c a l  p e r i o d  e i t h e r  f rom s t r a t i g r a p h i c  

e v i d e n c e  and f o s s i l  c o n t r o l  o r  f rom r a d i o m e t r i c  d a t i n g .  The 

a c c u mu l a t i o n  of  r e s u l t s  from a s i n g l e  c o n t i n e n t a l  bl ock f o r  

each of  t h e s e  p e r i o d s  e n a b l e s  o v e r a l l  means to be c a l c u l a t e d
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F i g u r e  1 . 5  : A c o mp ar i s o n  o f  a c o n v e n t i o n a l  s t e r e o g r a p h i c  
d e m a g n e t i z a t i o n  p l o t  w i t h  an o r t h o g o n a l  v e c t o r  p l o t .  The 
c o n v e n t i o n a l  p l o t  c l e a r l y  shows s t a b l e  d i r e c t i o n a l  b e h a v i o u r  
i n t he  h i g h e r  d e m a g n e t i z a t i o n  s t e p s ,  however  t h e  o r t h o g o n a l  
p l o t  i l l u s t r a t e s  b e t t e r  t he  n a t u r e  o f  t he  m u l t i c o m p o n e n t  
sys t em.
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by period or subdivision. Whereas there may be some 
internal scatter of the order 10°-15° between results from the 
same period for a par ticular block, the period means themselves 
can be determined with high precision and relatively small 
errors. The resulting pole paths can in many cases be defined 
fairly precisely (McElhinny, 1973). This is not the case in 
Precambrian studies, because one is forced to rely exclusively 
on radiome tric ages; in the 1 0 9 year region, age uncertainties 
are often greater than the length of the Phanerozoic geological 
periods. Thus, it is not possible to average results 
period by period and it is necessary to plot all the data and 
determi ne the general trend as representing the best estimate 
of the apparent polar wander path. The inability to determine 
s e q u e nt ially averaged results amplifies the inherent 
inaccuracies present in individual palaeomagnetic results.
These inaccuracies arise in a number of ways: they may be
ass ocia ted with sampling errors due to minor local tectonics 
or they may be due to lab oratory problems associated with 
isolating and measuring a primary remanence. Also, periods 
of rapid apparent polar motion combined with frequent reversals 
of the earth's magnetic field can lead to difficulty in the 
interpr etati on of already sparse data. The result is that 
Precamb rian apparent polar wander paths are not represented 
by period means as in the Phanerozoic, but must be represented 
by swathes of width 10°-15° arising from the inherent 
ina ccuracies in individual results. The concept of a swathe 
was first suggested by Beck (1970) and introduced by Piper 
et al. (1973).

There are other com plications assoicated with 
Precamb rian palaeom agnet ism which are more serious than in



/

F i g u r e  1 . 6  : Expec t ed  APWPs f o r  d i f f e r i n g  t e c t o n i c  mechani sms 
( a f t e r  P i p e r  e t  a l . 3 1 9 7 3 ) .  A: p l a t e  t e c t o n i c  mo d e l ,
B: f i x e d  p l a t e  mo d e l ,  C: c o m b i n a t i o n  o f  A and B r e p r e s e n t i n g  
open i n g  and c l o s i n g  o f  sma l l  i n t e r c r a t o n i c  oceans .
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P h a n e r o z o i c  s t u d i e s .  The o l d e r  t he  r o c k  f o r m a t i o n ,  t h e  more 

l i k e l y  i t  i s  t o  have been s u b j e c t e d  t o  t h e r ma l  o r  chemi ca l  

o v e r p r i n t i n g  o f  t h e  o r i g i n a l  ( p r i m a r y )  m a g n e t i z a t i o n ,  w i t h  

p o s s i b l e  c o n c o m i t a n t  t e c t o n i c  r e - o r i e n t a t i o n .  L a b o r a t o r y  

s t u d i e s  u s i n g  a v a r i e t y  o f  t e c h n i q u e s  such as a l t e r n a t i n g  

f i e l d  d e m a g n e t i z a t i o n ,  h i g h -  and l o w - t e m p e r a t u r e  t h e r ma l  

d e m a g n e t i z a t i o n ,  and chemi ca l  d e m a g n e t i z a t i o n  c o u p l e d  w i t h  

d e t a i l e d  v e c t o r  a n a l y s i s  o f  t he  v a r i o u s  ma g n e t i c  components  

can r e v e a l  t h e  p r e s e n c e  o f  m a g n e t i z a t i o n s  a c q u i r e d  a t  d i f f e r e n t  

t i me s  un de r  d i f f e r e n t  c o n d i t i o n s  (Roy and P a r k ,  1974;  Buchan 

and Du n l o p ,  1 9 76 ) .  However ,  o n l y  f i e l d  t e s t s  (baked c o n t a c t  

o r  f o l d  t e s t s )  can e s t a b l i s h  t h e  r e l a t i v e  t i m i n g  o f  such 

m u l t i c o m p o n e n t  m a g n e t i z a t i o n s .  A l t e r n a t i v e l y ,  i t  can be 

assumed t h a t  t he  m a g n e t i z a t i o n s  w i t h  t h e  h i g h e r  b l o c k i n g  

t e m p e r a t u r e s  a re  t h e  o l d e s t  i n  any s l o w l y  c o o l e d  r o c k  ( I r v i n g  

e t  a l . , 1 9 7 4 a ) ;  t h i s  i s  s t r i c t l y  t r u e  o n l y  i f  a l l  t he  

m a g n e t i c  component s  a re  o f  t h e r ma l  o r i g i n  (TRM).  T h i s  s i t u a t i o n  

a r i s e s  commonly i n  P r e c a mb r i a n  t e r r a i n s  and i s  due e i t h e r  t o  

s l ow i n i t i a l  c o o l i n g  o r  t o  s u b s e q u e n t  h e a t i n g  d u r i n g  b u r i a l  

and r e g i o n a l  met amor ph i sm and s l ow c o o l i n g  d u r i n g  p o s t - o r o g e n i c  

u p l i f t .  The m a g n e t i z a t i o n s  may be r e l a t e d  t o  r a d i o m e t r i c  ages 

d e t e r m i n e d  by d i f f e r e n t  me t h o d s ,  w h o l e - r o c k  Rb-Sr  ages t o  

t h e  h i g h e r  b l o c k i n g  t e m p e r a t u r e s  and m i n e r a l  K-Ar  ages t o t he  

l o w e r  b l o c k i n g  t e m p e r a t u r e  m a g n e t i z a t i o n s  ( I r v i n g  e t  a l . 3 1974)  

However ,  w i t h o u t  a c l e a r  u n d e r s t a n d i n g  o f  t h e  e v i d e n c e  r e l a t e d  

t o  t he  t i m i n g  o f  t h e  v a r i o u s  m a g n e t i z a t i o n s  wh i ch  may be 

p r e s e n t  i n  a p a r t i c u l a r  r o c k  u n i t ,  an i n t e r p r e t a t i o n  c o u l d  

be c o m p l e t e l y  i n c o r r e c t .

On t h e  a s s u mp t i o n  t h a t  t h e  t i m e - a v e r a g e d  f i e l d  i s  

t h a t  o f  an a x i a l  g e o c e n t r i c  d i p o l e ,  p a l a e o m a g n e t i c  p o l e s  o f
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t h e  same g e n e r a l  age f rom r e g i o n s  t h a t  have n o t  s u f f e r e d  

r e l a t i v e  d i s p l a c e m e n t  s h o u l d  agr ee  w i t h  one a n o t h e r .  Ex t ended  

t o  a t i m e - s e q u e n c e  o f  p o l e s  r e p r e s e n t e d  by an a p p a r e n t  p o l a r  

wander  p a t h  v a r i o u s  s i t u a t i o n s  a r i s e  a c c o r d i n g  t o  t h e  

a p p l i c a b l e  t e c t o n i c  model  f o r  i n t e r c r a t o n i c  o r o g e n e s i s  as 

i l l u s t r a t e d  i n  F i g u r e  1 . 6 .  i n  t h e  d i ag r am we i mag i n e  t h r e e  

c r a t o n i c  b l o c k s  each d e f i n e d  by i t s  s e p a r a t e  a p p a r e n t  p o l a r  

wander  p a t h ,  1,  2 o r  3.  I f  t h e  p l a t e - t e c t o n i c  model  o f  

c o n v e r g e n c e  o f  w i d e l y  s e p a r a t e d  b l o c k s  i s  v a l i d  t o  e x p l a i n  

t h e  o r o g e n i c  b e l t s  t hen F i g u r e  1 . 6a  s h o u l d  d e s c r i b e  t h e  a p p a r e n t  

p o l a r  wander  p a t h s  o f  each o f  t he  b l o c k s .  The t h r e e  p a t h s  

w i l l  d i v e r g e  p r i o r  t o  t h e  t i me  o f  c o l l i s i o n  and a f t e r  

c o n v e r g e n c e  o f  a l l  t h r e e  b l o c k s ,  a u n i f i e d  common pa t h  r e s u l t s  

r e p r e s e n t e d  by t h e  swat he .  G e n e r a l l y  s p e a k i n g ,  t h e  s e p a r a t e  

p a t h s  wou l d  be r e p r e s e n t e d  by a w i d e n i n g  o f  t h e  swat he beyond 

i t s  normal  l i m i t s  c o u p l e d  v n t h  an i n a b i l i t y  t o  c o n t a i n  a l l  t h e  

d a t a  w i t h i n  a s i n g l e  swa t he .  I f  on t h e  o t h e r  hand t h e  

o r o g e n i c  b e l t s  were f ormed by i n t e r n a l  d e f o r m a t i o n  w i t h o u t  

r e l a t i v e  movement ,  t he  da t a  f r om a l l  t h r e e  b l o c k s  can be 

c o n s t r a i n e d  t o  a s i n g l e  common s w a t h e ,  as i l l u s t r a t e d  i n 

F i g u r e  1 . 6 b .  The w i d t h  o f  t h e  swat he i s  l a r g e  enough t o  a l l o w  

l i m i t e d  r e l a t i v e  movement  a n d / o r  t h e  o p e n i n g  and c l o s i n g  

o f  r e l a t i v e l y  sma l l  ( 5 0 0 - 1 0 0 0  km) o c e a n s ,  as i l l u s t r a t e d  i n  

F i g u r e  1 . 6 c .  The " s ma l 1 -movement "  model  i l l u s t r a t e d  i n 

F i g u r e  1 . 6 c ,  t h e r e f o r e  c a n n o t  be d i s t i n g u i s h e d  f r om t he 

s t a t i c  mo d e l ,  F i g u r e  1 . 6 b .



Cha p t e r  2

La t e  P r e c a mb r i a n  Pa l aeomagne t i sm o f  t he  A d e l a i d e  

' G e o s y n c l i n e 1 , South A u s t r a l i a

§2.1 I n t r o d u c t i o n

The A d e l a i d e  1G e o s y n c l i n e 1 c o mp r i s e s  a m a j o r  b e l t  o f  

L a t e  P r e c a mbr i a n  and Cambr i an s e d i me n t s  w i t h  m i n o r  v o l c a n i c s  and 

e x t e n d s  a c r o s s  Sout h A u s t r a l i a  f r om t he  Mount  L o f t y  Ranges t o  

t he  Musgrave B l o c k  ( F i g u r e  2 . 1 ) .  The t e r m A d e l a i d e a n , o r i g i n a l l y  

i n t r o d u c e d  by Dav i d  ( 1922)  and f o r m a l l y  d e f i n e d  by G l a e s s n e r  

( 1 948)  and R a g g a t t  ( 1 950), r e f e r s  t o  t he  t i me  i n t e r v a l  r e c o r d e d  

by t h e  P r e c a mbr i a n  p a r t  o f  t h e  ' G e o s y n c l i n e 1. The s t r a t i g r a p h i c  

s e c t i o n s ,  e s p e c i a l l y  t h o s e  i n  t h e  No r t h  F l i n d e r s  Ranges,  are 

so w e l l  exposed and c o m p l e t e l y  r e p r e s e n t e d  t h a t  o u t c r o p s  i n  t he 

area have a c h i e v e d  w o r l d w i de r e c o g n i t i o n  as s t a n d a r d  r e c o r d s  o f  

A d e l a i d e a n  t i m e .  Some o f  t he  b e s t  known exampl es  o f  La t e  

P r e c a mb r i a n  g l a c i a l  s e d i m e n t a t i o n  ar e  f ou n d  i n  t he  A d e l a i d e  

' G e o s y n c l i n e ' .  For  t h e s e  r e a s o n s ,  a d e t a i l e d  p a l a e o m a g n e t i c  

s t u d y  o f  t h e s e  r o c k s  f o r ms  t h e  c e n t r a l  p a r t  o f  L a t e  P r e c a mbr i a n  

p a l a e o ma g n e t i s m i n  A u s t r a l i a ,  and se r ves  as a b a s i s  f o r  t e s t i n g  

bo t h  i n t e r c o n t i n e n t a l  and i n t r a c o n t i n e n t a l  c o r r e l a t i o n s  o f  

A d e l a i d e a n  s t r a t a .

The A d e l a i d e  ' g e o s y n c l i n e '  s e d i me n t s  were d e p o s i t e d  

i n a downwar p i ng  o r  t r o u g h  o f  a p p r e c i a b l e  s i z e ;  t h e  P r e c a mbr i a n  

p a r t  o f  t he  s t r a t i g r a p h i c  sequence r eaches  a t h i c k n e s s  o f  

15 , 000  m i n  p l a c e s .  Ther e  i s  some q u e s t i o n  as t o  w h e t h e r  t he  

g e o s y n c l i n a l  c o n c e p t  o r i g i n a l l y  i n t r o d u c e d  by S p r i g g  ( 1952)  

has r e l e v a n c e .  R u t l a n d  ( 1973 )  su g ge s t ed  t h a t  t he  A d e l a i d e  

' G e o s y n c l i n e '  was i n f a c t  a f a u l t - b o u n d e d  i n t r a c r a t o n i c  b a s i n
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F i g u r e  2 . 1  : S i m p l i f i e d  g e o l o g i c a l  s k e t c h  o f  South A u s t r a l i a  
shown i ng A d e l a i d e  ' G e o s y n c l i n e 1 and g e o g r a p h i c a l  nan1, es 
used i n t h i s  t h e s i s .  O l d e r  P r o t e r o z o i c  s t r u c t u r e s  a r e  shown 
i n b l a c k ;  A d e l a i d e a n  s t r a t a  a r e  s t i p p l e d ;  Cambr i an s t r a t a  
a r e  c r o s s - h a t c h e d ,  y o u n g e r  r o c k s  u n c o l o u r e d .
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o r  aulacogene, b u t  ha s  m o r e  r e c e n t l y  s t a t e d  t h a t  t h e  a u l a c o g e n e  
c o n c e p t  is n o t  a p p l i c a b l e  ( R u t l a n d  a n d  M u r r e l l ,  1 9 7 6 )  an d  
a d o p t e d  t h e  t e r m  Adelaide Fold Belt. C o n t r o v e r s y  c o n c e r n i n g  
t h e  m e c h a n i c s  of b a s i n  f o r m a t i o n  s t i l l  e x i s t s .  F o r  t h i s  r e a s o n  
t h e  c o m m o n  t e r m  A d e l a i d e  1G e o s y n c l i n e 1 is u s e d  h e r e ,  t h e  q u o t e s  
s i g n i f y i n g  u n c e r t a i n t y  in its u s a g e .

§ 2 . 2  S t r a t i g r a p h y

M a w s o n  a n d  S p r i g g  ( 1 9 5 0 )  a n d  S p r i g g  ( 1 9 5 2 )  o r i g i n a l l y  
d e f i n e d  t h e  c h r o n o s t r a t i g r a p h i c  t e r m i n o l  ogy f o r  A d e l a i d e a n  r o c k s  
In o r d e r  o f  i n c r e a s i n g  a g e  t h e y  a r e  t h e  M a r i n o a n ,  S t u r t i a n ,  
T o r r e n s i a n  a n d  W i l l  o u r a n  S e r i e s .  T h o m s o n  ( 1 9 6 9 )  g r o u p e d  t h e  
A d e l a i d e  ' g e o s y n c l i n e '  r o c k s  i n t o  f o u r  m a j o r  1 i t h o s t r a t i g r a p h i c  
u n i t s ,  t h e  W i l p e n a  G r o u p ,  U m b e r a t a n a  G r o u p ,  B u r r a  G r o u p  a n d  
C a l l a n a  B e d s ,  in o r d e r  of i n c r e a s i n g  a ge. T h e  r e l a t i o n s h i p  
b e t w e e n  l i t h o s t r a t i g r a p h i c  a n d  c h r o n o s t r a t i g r a p h i c  n a m e s  is 
s h o w n  in F i g u r e  2 . 2 .  T h e  f o l l o w i n g  o u t l i n e s  of s t r a t i g r a p h y  
a n d  s t r u c t u r e  of t h e  A d e l a i d e  ' G e o s y n c  1 i n e ' d r a w  f r o m  t h e  
c o m p r e h e n s i v e  r e v i e w s  of T h o m s o n  ( 1 9 6 9 )  a n d  C o a t s  a n d  B l i s s e t t  
( 1 9 7 1  ).

T h e  C a l l a n a  B e d s ,  t h e  o l d e s t  l i t h o s t r a t i g r a p h i c  u n i t  
in A d e l a i d e  S y s t e m ,  l i e  u n c o n f o r m a b l y  u p o n  c r y s t a l l i n e  b a s e m e n t  
r o c k s  of C a r p e n t a r i a n  ( M i d d l e  P r o t e r o z o i c )  a ge. C o a t s  a n d  
B l i s s e t t  ( 1 9 7 1 )  h a v e  d i v i d e d  t h e  s e q u e n c e  i n t o  t w o  p a r t s  
s e p a r a t e d  by an u n e o n f o r m i t y , t h e  U p p e r  a n d  L o w e r  C a l l a n a  B e d s .  
T h e  s t r a t o t y p e  f o r  t h e  L o w e r  C a l l a n a  B e d s  n e a r  M o u n t  P a i n t e r  
c o n s i s t s  m a i n l y  o f  q u a r t z i t e  a n d  d o l o m i t e  w i t h  b a s a l t i c  a n d  
t r a c h y t i c  l a v a s .  A t t e m p t s  to o b t a i n  a s a t i s f a c t o r y  i s o t o p i c  
a g e  f o r  t h e s e  l a v a s  a n d  t h e r e b y  d a t e  t h e  b a s e  of t h e  A d e l a i d e  
S y s t e m  a r e  d i s c u s s e d  in § 2 . 4  a n d  § 2 . 5 .  T h e  U p p e r  C a l l a n a
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Figure 2.2 : S t r a t i g r a p h i c  r e l a t i o n s h i p s  i n  t he  A d e l a i d e  System 
a f t e r  Thomson ( 1 9 6 9 ) .  F i g u r e s  a t  r i g h t  r e f e r  t o  p a l a e o m a g n e t i c  
s t u d i e s  d i s c u s s e d  i n t h i s  c h a p t e r .
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Beds lie with apparent unc onformity and consist of alternating 
sandstones and siltstones at the reference locality in the 
Willouran Ranges.

Burra Group sediments lie with local unc onformity 
upon the Upper Callana Beds. This unit is characterized by 
a basal san dsto ne - c o n g l o m e r a t e  member overlain by an argillite- 
carbonate succession containing columnar stromatolites of the 
groups Tungussia and Baioalia (Preiss 1971 in Walter 1972).
The Burra Group is in turn overlain, unconformably in places, 
by sediments of the Umberatana Group. Three subdivisions of 
the Umberatana Group have been made. The lower Yudnamutana 
Sub-Group commences with a glacial sequence including massive 
tillites with a great variety of erratic boulders and cobbles. 
Arkose and quartzite horizons are common, while in some places 
massive tillites interchange with siltstone shale and 
sandstone. The glacial sequence passes upwards and laterally 
into a thick glacial marine sequence of argillites with 
occasional tillites. In some areas a sedimentary iron formation 
or "ironstone" of near economic quality is found immediately 
above the tillite horizons.

The overlying interglacial Farina Sub-Group comprises 
a thick (up to 3000 m) pile of laminated siltstones and shales.
No tillites have been found in the sequence; however some 
workers have suggested that the regular laminations resemble 
varves. The upper part of the section includes calcareous 
sediments with stromatolites in places. Walter (1972) lists 
six stromatolite groups found in the Umberatana Group : Acaciella, 
Boxonicij Inerzia3 Jurusania3 Kulparia and Linella. In the 
eastern part of the ' G e o s y n c l i n e 1 , the Farina Sub-Group is 
overlain by the Yerelina Sub-Group, a sequence of glacial marine
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s e d i m e n t s  i n c l u d i n g  t i l l i t  e , t i 1 li t i c  s a n d s t o n e  , s a n d s t o n e  a n d  
s i l t s t o n e .  In t h e  w e s t ,  t h e  u p p e r m o s t  p a r t  of t h e  F a r i n a  
S u b - G r o u p  a n d  t h e  Y e r e l i n a  S u b - G r o u p  a r e  r e p r e s e n t e d  by t h e  
W i l l o c h r a  S u b - G r o u p ,  a s h a l l o w e r  w a t e r  n o n g l a c i a l  f a c i e s  of 
r e d  s a n d s t o n e s  a n d  s i l t s t o n e s .

T h e  U m b e r a t a n a  G r o u p  is in t u r n  o v e r l a i n  by t h e  
W i l p e n a  G r o u p ,  a s e q u e n c e  of s h a l e s ,  s i l t s t o n e s ,  l i m e s t o n e s  
a n d  q u a r t z i t e s  w i t h  p r o n o u n c e d  r e d - b e d  a f f i n i t i e s .  T h e  u p p e r  
m e m b e r  o f  t h e  W i l p e n a  G r o u p  c o n t a i n s  an a b u n d a n c e  o f  L a t e  
P r e c a m b r i a n  t r a c e  a n d  b o d y  f o s s i l s ,  i n c l u d i n g  t h e  w e l l  k n o w n  
Ediacara f a u n a  ( G l a e s s n e r  a n d  D a i l y ,  1 9 5 9 ;  G l a e s s n e r ,  1 9 7 1 ) .
T h e  W i l p e n a  G r o u p  p a s s e s  c o n f o r m a b l y  i n t o  t h e  o v e r l y i n g  C a m b r i a n  
s u c c e s s i o n  in m o s t  p l a c e s .

§ 2 . 3  S t r u c t u r e  a n d  t e c t o n i c s

T h e  p r e s e n t  r u g g e d  p h y s i o g r a p h y  of m o s t  of t h e  
A d e l a i d e  ' G e o s y n c l i n e '  is to a l a r g e  d e g r e e  d u e  to T e r t i a r y  
f a u l t i n g  a n d  u p l i f t ,  b u t  t h e  d o m i n a n t  t e c t o n i c  t r e n d s  a r e  
l a r g e l y  a r e s u l t  of s e v e r a l  d r a m a t i c  e v e n t s  w h i c h  o c c u r r e d  in 
e a r l y  P a l e o z o i c  t i m e s .  T h r e e  e v e n t s  a r e  s i g n i f i c a n t  in an 
u n d e r s t a n d i n g  o f  t h e  t e c t o n i c s  of t h e  A d e l a i d e  ' G e o s y n c l i n e ' ,  
a l a t e  P r e c a m b r i a n  - e a r l y  C a m b r i a n  f o l d i n g  e p i s o d e ,  a l a t e r  
p e r i o d  of t r o u g h  s u b s i d e n c e  a n d  r a p i d  s e d i m e n t a t i o n ,  c u l m i n a t i n g  
in a m a j o r  C a m b r o - O r d o v i c i a n  o r o g e n i c  e p i s o d e .

A p e r i o d  of e p e i r o g e n i c  u p l i f t  a n d  g e n t l e  f o l d i n g  
o c c u r r e d  in l a t e  M a r i n o a n  o r  e a r l y  C a m b r i a n  t i m e s ,  a f f e c t i n g  
m a i n l y  t h e  M o u n t  L o f t y  R a n g e s  a n d  Y o r k e  P e n i n s u l a .  T h i s  e v e n t ,  
n a m e d  t h e  D u t t o n i a n  f o l d i n g  ( T h o m s o n ,  1 9 6 9 ) ,  r e s u l t e d  in 
e r o s i o n  o f  W i l p e n a  a n d  U m b e r a t a n a  G r o u p  s e d i m e n t s  as r e c o r d e d  
by an u n c o n f o r m i t y  w h i c h  s e p a r a t e s  l o w e r  A d e l a i d e a n  s e d i m e n t s
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F i g u r e  2 . 3  : S i m p l i f i e d  s t r u c t u r a l  map of  the Ade l a i de  
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c e n t r a l  and southern r e g i o n s .
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f r o m  C a m b r i a n  r o c k s  in t h e  r e g i o n .  F o l l o w i n g  t h e  D u t t o n i a n  
f o l d i n g ,  a c t i v i t y  of m a j o r  s u b m a r i n e  f a u l t s  in t h e  e a s t e r n  
M o u n t  L o f t y  R a n g e s  a n d  K a n g a r o o  I s l a n d  a r e a s  c a u s e d  a r a p i d  
s u b s i d e n c e  of t h e  s e a  f l o o r  a n d  f o r m e d  t h e  K a n m a n t o o  T r o u g h  
( F i g u r e  2 . 3 ) .  C o m p l e m e n t a r y  u p l i f t  to t h e  n o r t h  a n d  w e s t  
p r o v i d e d  s o u r c e  a r e a s  f o r  u p  to 1 8 , 0 0 0  m o f  g r e y w a c k e  a n d  
r e l a t e d  s e d i m e n t  w h i c h  r a p i d l y  f i l l e d  t h e  t r o u g h .

T h e  p r e s e n t  s t r u c t u r e s  of t h e  A d e l a i d e  ' g e o s y n c l i n e '  
a n d  K a n m a n t o o  T r o u g h  r e s u l t  f r o m  a m a j o r  o r o g e n i c  e p i s o d e ,  
t h e  D e l a m e r i a n  O r o g e n y ,  c o m m e n c i n g  in l a t e  C a m b r i a n  t i m e s .
S e v e r a l  o r o g e n i c  p h a s e s  a r e  e v i d e n t  in t h i s  e v e n t ,  w h i c h  
i n v o l v e d  m e t a m o r p h i s m ,  s h e a r i n g  a n d  d e f o r m a t i o n  of t h e  A d e l a i d e a n  
a n d  C a m b r i a n  c o v e r  r o c k s ,  r e a c t i v a t i o n  of b a s e m e n t  c o m p l e x e s  s u c h  
as t h e  W i l l y a m a  a n d  M o u n t  P a i n t e r  b l o c k s ,  a n d  c u l m i n a t e d  in t h e  
e m p l a c e m e n t  of g r a n i t i c  p l u t o n s .  T h e s e  i n t r u s i o n s  f o r m  p a r t  o f  
a g r e a t  m e t a m o r p h i c  a r c  w i t h  a c h a r a c t e r i s t i c  s i g m o i d a l  s h a p e  
e x t e n d i n g  f r o m  K a n g a r o o  I s l a n d  to t h e  W i l l y a m a  b l o c k  ( F i g u r e  2.3). 
T h e  c l o s e  of t h e  o r o g e n y  has b e e n  e s t a b l i s h e d  as e a r l y  O r d o v i c i a n  
by i s o t o p i c  a g e s  f r o m  t h e s e  g r a n i t e s  a n d  f r o m  o v e r p r i n t e d  
( m e t a m o r p h i c )  a g e s  f r o m  A d e l a i d e a n  a n d  o l d e r  r o c k s  ( C o m p s t o n  
et al. , 1 9 6 6  ; W h i t e  et al. , 1 9 6 7 ) .

G r e a t  v a r i a t i o n s  in s t r u c t u r a l  s t y l e  in t h e  A d e l a i d e  
' G e o s y n c l i n e '  a r e  a p p a r e n t .  In t h e  e a s t  a n d  s o u t h ,  e l e v a t e d  
t e m p e r a t u r e s  a n d  r e g i o n a l  s h e a r i n g  r e s u l t e d  in f l o w - f o l d i n g  
a n d  m e d i u m  to h i g h  g r a d e  m e t a m o r p h i s m .  A d e l a i d e a n  s e d i m e n t s  in 
t h e  N o r t h  F l i n d e r s  R a n g e s  w e r e  l e s s  s t r e s s e d  an d  d e f o r m e d  at 
l o w  t e m p e r a t u r e s  i n t o  b r o a d ,  o p e n  f o l d s  w i t h  s o m e  r e a c t i v a t i o n  
of p r e e x i s t i n g  b a s e m e n t  f a u l t s .  D i a p i r i c  b r e c c i a s  c o n t a i n i n g  
r a f t s  of u n d e r l y i n g  s e d i m e n t s  i n t r u d e  t h e  g e n t l e  f o l d s .  O w i n g  
to t h e  n e a r  a b s e n c e  o f  m e t a m o r p h i c  e f f e c t s  in t h e  n o r t h ,
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p a l a e o m a g n e t i c  s a m p l i n g  w a s  c o n f i n e d  to t h i s  r e g i o n .

§ 2 . 4  A g e  o f  t h e  A d e l a i d e  S y s t e m

T h e  t e r m  Adelaidean r e f e r s  to t h e  t i m e  i n t e r v a l  
r e c o r d e d  by d e p o s i t i o n  of t h e  P r e c a m b r i a n  p a r t  o f  t h e  A d e l a i d e  
'G e o s y n c 1 i n e  ' s e d i m e n t s .  By d e f i n i t i o n ,  t h e  y o u n g e r  l i m i t  of 
A d e l a i d e a n  t i m e  is t h e  P r e c a m b r i a n - C a m b r i a n  b o u n d a r y ,  c u r r e n t l y  
r e p r e s e n t e d  in t h e  A d e l a i d e  1G e o s y n c l i n e ' by t h e  s u r f a c e  
s e p a r a t i n g  t h e  u p p e r m o s t  m e m b e r  o f  t h e  W i l p e n a  G r o u p  f r o m  t h e  
l o w e r - m o s t  m e m b e r  of t h e  o v e r l y i n g  H a w k e r  G r o u p .  W h i l e  t h e r e  
h a s  b e e n  c o n t r o v e r s y  a b o u t  t h e  e x a c t  p l a c e m e n t  of t h e  P r e c a m b r i a n  
C a m b r i a n  b o u n d a r y  w i t h i n  t h e  u p p e r  p a r t  of t h e  W i l p e n a  G r o u p ,  
t h e  H a w k e r  G r o u p  is u n d o u b t e d l y  C a m b r i a n  as it c o n t a i n s  a b u n d a n t  
archaeocyathid l i m e s t o n e s ,  t r i l o b i t e s  a n d  b r a c h i o p o d s .  T h e  
y o u n g e r  l i m i t  to A d e l a i d e a n  t i m e  is t h u s  w e l l  e s t a b l i s h e d .

An o l d e r  l i m i t  to A d e l a i d e a n  t i m e  is m u c h  m o r e  
d i f f i c u l t  to a s s e s s .  By d e f i n i t i o n ,  t h e  L o w e r  C a l l a n a  B e d s  a r e  
t h e  o l d e s t  u n i t  in t h e  A d e l a i d e  S y s t e m .  A r e l i a b l e  a g e  f o r  t h e  
W o o l t a n a  V o l c a n i c s ,  o n e  of t h e  m e m b e r s  of t h e  L o w e r  C a l l a n a  
B e d s  a n d  o n e  o f  t h e  f e w  i g n e o u s  u n i t s  in t h e  w h o l e  of t h e  
A d e l a i d e  ' G e o s y n c l i n e ' ,  w o u l d  p r o v i d e  a g o o d  e s t i m a t e  f o r  t h e  
c o m m e n c e m e n t  of A d e l a i d e a n  s e d i m e n t a t i o n .  E f f o r t s  to d a t a  t h e  
v o l c a n i c s  h a v e  m e t  w i t h  o n l y  m i n i m a l  s u c c e s s  d u e  to t h e i r  
a l t e r e d  n a t u r e .  A t  R o o p e n a  a n d  e l s e w h e r e  on E y r e  P e n i n s u l a  
( F i g u r e  2 . 1 ) ,  p e t r o l o g i c a l  1y s i m i l a r  l a v a s  a r e  f o u n d  a n d  h a v e  
b e e n  c o r r e l a t e d  w i t h  t h e  W o o l t a n a  V o l c a n i c s .  T h e  R o o p e n a  
l a v a s  h a v e  b e e n  w e l l  d a t e d  at 1 34 5 +_30 m y  by t h e  R b / S r  i s o c h r o n  
m e t h o d  ( C o m p s t o n  et al . , 1 9 6 6 ) .  A d o p t i n g  t h e  t e n t a t i v e  
W o o l t a n a - R o o p e n a  c o r r e l a t i o n ,  m a n y  w o r k e r s  h a v e  a s s i g n e d  an a g e 
of 1 3 5 0 - 1 4 0 0  m y  to be t h e  b e g i n n i n g  o f  A d e l a i d e a n  t i m e .  F r o m
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d e t a i l e d  R b / S r  s t u d i e s  on t h e  W o o l t a n a  V o l c a n i c s ,  C o m p s t o n  
et al. y ( 1 9 6 6 )  s u g g e s t e d  t h a t  t h e  W o o l t a n a - R o o p e n a  c o r r e l a t i o n  
m i g h t  n o t  be v a l i d  a n d  q u o t e  a p r e f e r r e d  a g e  of "... a p p r o x i m a t e l y  
8 5 0 + 5 0  m y "  as a r e l i a b l e  m i n i m u m  a g e  o f  e x t r u s i o n .  C o o p e r  a n d  
C o m p s t o n  ( 1 9 7 1 )  a n d  C o o p e r  ( 1 9 7 5 )  l e n d  f u r t h e r  s u p p o r t  to a 
y o u n g e r  a g e  f o r  A d e l a i d e a n  s e d i m e n t a t i o n  w i t h  R b / S r  m e a s u r e m e n t s  
of t h e  W o o l t a n a  l a v a s .  C o o p e r  ( 1 9 7 5 )  c o n c l u d e s  t h a t  t h e  C a l l a n a  
b e d s  in t h e  M o u n t  P a i n t e r  a r e a  a r e  "... l e s s  t h a n  9 0 0  ( p o s s i b l y  
8 0 0 )  m y  o l d  ...".

A t  p r e s e n t ,  g e o c h r o n o l o g i c  e v i d e n c e  w o u l d  s e e m  to 
f a v o u r  an a g e  of a p p r o x i m a t e l y  8 5 0  m y  as t h e  o l d e r  l i m i t  of 
A d e l a i d e a n  t i m e .  H o w e v e r ,  r e c e n t  i s o t o p i c  s t u d i e s  h a v e  s u g g e s t e d  
t h a t  t h e  u s e  o f  t h e  R b / S r  i s o c h r o n  t e c h n i q u e  w i t h  b a s a l t i c  r o c k s  
m a y  l e a d  to s e r i o u s  e r r o r  in a g e  d e t e r m i n a t i o n .  B r o o k s  et al., 
( 1 9 7 6 )  an d  D u n c a n  a n d  C o m p s t o n  ( 1 9 7 7 )  h a v e  s h o w n  t h a t  R b / S r  
i s o c h r o n  a g e s  of v o l c a n i c  r o c k s  m a y  n o t  be d i r e c t l y  r e l e v a n t  to 
a g e s  of e x t r u s i o n  a nd e m p l a c e m e n t ,  b u t  r a t h e r  r e f l e c t  Sr 
i s o t o p i c  c o n d i t i o n s  in t h e  s o u r c e  r e g i o n  a t  t h e  t i m e  of p a r t i a l  
m e l t i n g .  T h e s e  a g e s  w o u l d  t h e n  r e f l e c t  t h e  a g e  a t  w h i c h  t h e  
m a n t l e  s o u r c e  r e g i o n  w a s  l a s t  h o m o g e n i z e d ,  if t h e  i s o t o p i c  
c o m p o s i t i o n  o f  t h e  b a s a l t i c  l i q u i d  w a s  t h e  s a m e  as t h a t  of 
t h e  s o u r c e  r e g i o n .  W i t h  t h i s  in m i n d ,  t h e  d a t a  f r o m  t h e  
H a u g h t o n  I n l i e r  m e t a m o r p h i c  r o c k s  ( 8 6 7 + 3 2  m y )  c o u l d  be t h e  b e s t  
i n d i c a t i o n  of an o l d e r  l i m i t  to A d e l a i d e a n  t i m e .  All t h a t  can 
be s a i d  w i t h  c e r t a i n t y  h o w e v e r  is t h a t  t h e  B u r r a  G r o u p  s e d i m e n t s  
a r e  y o u n g e r  t h a n  t h e  m e t a m o r p h i s m  of t h e  H a u g h t o n  I n l i e r  r o c k s .

§ 2 . 5  U - P b  Z i r c o n  s t u d i e s  o f  t h e  W o o l t a n a  V o l c a n i c s

D u e  to t h e  p r o b l e m s  a s s o c i a t e d  w i t h  R b / S r  a n d  K / A r  a g e  
d e t e r m i n a t i o n s  of t h e  W o o l t a n a  V o l c a n i c s ,  a g e  d e t e r m i n a t i o n  by
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t h e  U-Pb z i r c o n  method has been a t t e m p t e d .  The r e s u l t s  t o  

d a t e  a r e  summar i zed h e r e .  P i l o t  m i n e r a l  s e p a r a t i o n  s t u d i e s  

showed t h a t  t he  c o n c e n t r a t i o n  o f  z i r c o n  i n  t he  v o l c a n i c s  was 

e x t r e m e l y  l ow as e x p e c t e d .  F o l l o w i n g  t h e  p i l o t  s t u d y ,  

a p p r o x i m a t e l y  60 kg o f  r o c k  was c r u s h e d  w i t h  v e r y  c a r e f u l  

a t t e n t i o n  pa i d  t o  p o s s i b l e  c o n t a m i n a t i o n  by p r e v i o u s l y  p r ocessed  

m a t e r i a l .  Us i ng  s t a n d a r d  m i n e r a l  s e p a r a t i o n  t e c h n i q u e s  ( W i l f l e y  

T a b l e ,  heavy l i q u i d  c e n t r i f u g e ,  ma g n e t i c  s e p a r a t o r ,  s t a t i c  heavy 

l i q u i d s )  a t o t a l  z i r c o n  y i e l d  o f  a p p r o x i m a t e l y  0 . 2  mg was 

r e a l i z e d .  Two t y p e s  o f  z i r c o n  i n  r o u g h l y  equal  p r o p o r t i o n  were 

p r e s e n t  i n  t h e  f i n a l  c o n c e n t r a t e  : t r a n s p a r e n t ,  e u h e d r a l ,  o f t e n  

broken g r a i n s  w i t h  a c h a r a c t e r i s t i c  p i n k  c a s t ,  and rounded 

t r a n s l u c e n t  g r a i n s  w i t h  a y e l l o w - o r a n g e  s t a i n .  The two 

f r a c t i o n s  were s e p a r a t e d  and p u r i f i e d  by hand p i c k i n g  and 

a n a l y s e d  s e p a r a t e l y .

D i s s o l u t i o n  o f  t h e  two f r a c t i o n s  was done by a method 

m o d i f i e d  a f t e r  Krogh ( 1 9 7 3 ) ,  f o l l o w e d  by s e p a r a t i o n  o f  U and Pb 

i n  a n i o n  exchange c o l u mn s .  I s o t o p i c  a n a l y s e s  were c a r r i e d  ou t  

on a 23 cm 60° s e c t o r  s o l i d  s o u r c e  mass s p e c t r o m e t e r .  Samples 

were l oaded  on t he  s p e c t r o m e t e r  s o u r c e  f i l a m e n t  u s i n g  t he  s i l i c a  

gel  t e c h n i q u e .

C o r r e c t i o n  f o r  b l a n k  Pb c o n c e n t r a t i o n  was e s t i m a t e d  

f r om c u r r e n t  l a b o r a t o r y  b l a n k  l e v e l s  and was assumed t o  be 0 . 4  

pmol  t o t a l .  I s o t o p i c  r a t i o s  o f  b l a n k  Pb as measured f r om d u s t  

t r a p p e d  i n  l a b o r a t o r y  f i l t e r s  were used f o r  c o r r e c t i o n ;  t h e s e  

r a t i o s  are l i s t e d  i n  T a b l e  2 . 1 .  A f t e r  c o r r e c t i o n  f o r  b l a n k  

c o n t a m i n a t i o n ,  a l l  r e m a i n i n g  ^ ^ P b  was assumed t o  be common 

l e a d .  I s o t o p i c  c o m p o s i t i o n  o f  t h e  common Pb component  was 

e s t i m a t e d  f r om Cumming and R i c h a r d s  ( 1 9 7 5 ) .  The f i n a l  r e s u l t s  

are r e l a t i v e l y  i n s e n s i t i v e  t o  common Pb c o m p o s i t i o n a l  changes
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F i g u r e  2 . 4  : U -- F b c o n c o r d i a  p l o t s ,  Wool  t ana  V o l c a n i c s .  R e s u l t s  
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a l o n e  i s  shown be l ow on an expanded s c a l e .  Ax i s  l a b e l s  r e f e r  
t o  i s o t o p i c  r a t i o s .
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in the 1000-500 my range. Chosen isotopic ratios (corresponding 
to ^ 600 my abundances) are listed in Table 2.1 with the final 
results.

Both results (Figure 2.4) are clearly discordant.
There being only 2 analyses, any conclusions are necessarily 
tenuous. Assuming a continuous diffusion model (inspection of 
the concordia plots of Figure 2.4 shows that an episodic loss 
at ^ 500 my is not realistic) the intercept age for the rounded 
fraction is app roxi matel y 1780 my, while the transparent 
euhedral grains have an intercept age of about 625 my. 
Con servative estimates of unc ertainty in the final isotopic 
ratios for the two fractions lead to uncertainties in intercept 
ages of ĵ 2 0 and + 40 my respectively.

An inherited history for the rounded zircons seems 
the best interpretation of the older age. These grains could 
be part of a refractory residue left during remobilization and 
melting of crustal materials at a low level which became 
incorporated as part of a source region for the volcanics. 
A l t e r n a t i v e l y  they might have been picked up from underlying 
basement complexes during upwelling of basalt magma. Basement 
ages in the Mt. Painter area are sparse; two age determinations 
for the Pepegoona Porphyry (Compston et al., 1966) yielded a 
Rb/Sr total-rock age of 1650 my while mi crocline feldspars were 
dated at 1900 my. More recently however, Cooper (1975) reports 
two Rb/Sr ages from a suite of ind istinguishable samples of the 
Pepegoona Porphyry, one 1 309+^129 my and the other 1 035j^62 my. 
Cooper regards the older age as the age of emplacement, while 
the younger may be an updating due to local igneous activity.

The intercept age from the euhedral grains is regarded 
as having more relevance to actual emplacement of the lavas,
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a l t h o u g h  an age of  615-645 my i s  d i f f i c u l t  to a c c e p t  f o r  t he  

b e g i n n i n g  of  Ade l a i dea n  t i me .  However ,  t h e r e  i s  no e v i de nce  

f o r  any maj or  t h e r mo - t e c  t o n i c  event  in t he  r e g i o n  a t  about  

t h i s  t i me ,  t hus  any h y p o t h e s i s  o t h e r  t han pr i mar y  c r y s t a l l i z a t i o n  

and c o o l i n g  i s  d i f f i c u l t  t o  i nvoke  to e x p l a i n  such a young age.  

More work ( i n p r o g r e s s )  needs  t o be done;  i t  would be i n c o r r e c t  

t o p l ac e  more emphas i s  on t h i s  s i n g l e  r e s u l t  t han  i s  j u s t i f i e d .

For t he  p r e s e n t ,  pe r haps  t he  be s t  e s t i m a t e  of  t he  s t a r t  of  

Ade l a i de a n  t i me i s  somewhere between 870 and 625 my. I t  i s  

i n t e r e s t i n g  to no t e  t h a t  t he  p a l a e o ma g n e t i c  e v i de nc e  r e p o r t e d  

in t he  f o l l o wi n g  s e c t i o n s  of  t h i s  c h a p t e r  and in f o l l o wi n g  

c h a p t e r s  does s u g g e s t  a much younger  age f o r  t he  Ade l a i de  

Syst em t han i s  c u r r e n t l y  a c c e p t e d .

§2. 6 Pr e v i ous  p a l a e o ma g n e t i c  work

Br i den (1967)  r e p o r t e d  p a l a e o ma g n e t i c  s t u d i e s  of  

Ade l a i de a n  r ocks  f rom t he  s o u t h e r n  p a r t  of  t he  Ade l a i de  

' G e o s y n c l i n e ' .  In what  was l a r g e l y  a d i s a p p o i n t i n g  s t u d y ,

Br i den found t h a t  many of  t he  sampl es  had r emanence d i r e c t i o n s  

which were e i t h e r  too weak to measur e  a c c u r a t e l y  us i ng 

i n s t r u me n t s  t hen a v a i l a b l e ,  or  too wi de l y  s c a t t e r e d  to be 

me a n i n g f u l .  Ot her  sampl es  e x h i b i t e d  s t a b l e  d i r e c t i o n s  c o n s i s t e n t  

wi t h  a Mesozoi c or  T e r t i a r y  age ;  n e g a t i v e  f o l d  t e s t s  r e i n f o r c e d >  

t h i s  c o n c l u s i o n .  Many of  t he  r e s u l t s  were based upon unc l eaned  

r emanence d i r e c t i o n s  f rom s u r f a c e  sampl es  and bo r e c o r e  m a t e r i a l .

Embleton and Gi dd i ngs  (1974)  s t u d i e d  l a t e s t  Ade l a i dea n  

and Cambrian r ocks  from t he  Nor t h F l i n d e r s  Ranges .  They o b t a i n e d  

s i g n i f i c a n t  r e s u l t s  a f t e r  t her mal  d e ma g n e t i z a t i o n  of  t h r e e  u n i t s ,  

t he  Pound Q u a r t z i t e  (Wi l pena Gr oup) ,  Aroona Dam s ed i ment s  

(Hawker Group)  and Lake Frome Group.  Karner  (1975)  r e p o r t e d  a
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s t u d y  o f  r ed beds o f  t h e  B r a c h i na F o r ma t i o n  (VJi l pena Group)  

sampl ed a t  H a l l e t t  Cove,  s o u t h  o f  A d e l a i d e .  Hi s  r e s u l t s ,  based 

upon t h e r m a l l y  c l e a n e d  remanence d i r e c t i o n s ,  showed t h a t  t he  

m a g n e t i z a t i o n  i n  t h e s e  r o c k s  was most  l i k e l y  a c q u i r e d  b e f o r e  

l a t e  Cambr i an ( D e l a m e r i a n )  f o l d i n g .

A d i s c u s s i o n  o f  t h e s e  r e s u l t s  i n  t h e  c o n t e x t  o f  t h e  

p r e s e n t  work  i s  d e f e r r e d  u n t i l  § 2 . 8 .

§2 . 7  P a l a e o ma g n e t i c  r e s u l t s

§ 2 . 7 . 1  Sampl i ng  and l o c a l i t y  d e t a i l s

S i t e  l o c a l i t i e s  f o r  t h e  u n i t s  sampl ed a r e  shown i n 

F i g u r e  2 . 5 .  Sampl i ng  d e t a i l s  a r e  l i s t e d  i n  Ap p e n d i x  A. Samples 

were c o l l e c t e d  e i t h e r  as o r i e n t e d  b l o c k s  or  f i e l d - d r i l l e d  co r e s  

u s i n g  bo t h  ma g n e t i c  and s o l a r  compass f o r  o r i e n t a t i o n .  In 

most  c a s e s ,  s a mp l i n g  l o c a l i t i e s  were s e l e c t e d  i n  o r d e r  t o  

f a c i l i t a t e  a p p l i c a t i o n  o f  a f o l d  t e s t  (Graham,  1949)  i n  

d e t e r m i n i n g  t he  age o f  m a g n e t i z a t i o n  w i t h  r e s p e c t  t o  Cambr i an 

f o l d i n g .  Th r ee  or  f o u r  c y l i n d r i c a l  spec i mens  25 mm d i a m e t e r  

and 22 mm i n  h e i g h t  were o b t a i n e d  f r om n e a r l y  a l l  t h e  sampl es .  

O r i e n t a t i o n  i n f o r m a t i o n  i n  t h e  f o r m o f  a z i mu t h  and d i p  o f  c o r e s  

and b l o c k  sampl es i s  e s t i m a t e d  t o  be c o r r e c t  t o  w i t h i n  +1° .

§ 2 . 7 . 2  Wool t ana V o l c a n i c s  ( Lower  Cal  1 ana . Beds )

F o l l o w i n g  C r a w f o r d  ( 1 9 6 3 ) ,  t he  Woo l t ana  V o l c a n i c s  

o u t c r o p  i n  an area ab ou t  8 km by 25 km i n  t h e  Mount  P a i n t e r  

d i s t r i c t  and c o mp r i s e  up t o  2500 m o f  l a v a s  and p y r o c l a s t i c s ,  

m a i n l y  s o d i c  t r a c h y t e s  w i t h  m i n o r  a n d e s i t e  and r h y o l i t e  

( F i g u r e  2 . 5 ) .  Mi no r  o c c u r r e n c e s  o f  i n t e r b e d d e d  s e d i me n t s  

s u g g e s t  t h a t  a t  l e a s t  some o f  t h e  f l o w s  were s u b ma r i n e ,  a l t h o u g h



H  YOUNGER COVER 

§ H  CAMBRIAN 

I IADELAIDEAN

------FAULT
------SYNCUNE
.......ANTICLINE

/ WOOLTANA VOLCAN/CS

2  COPLEY QUARTZITE
3  MER/NJ/NA TIL LITE

4 TAPLEY HILL FORMATION
5  ANGEPENA FORMATION
6 YEREL IN A SUBGROUP

7 BRACHiNA FORMATION 
6  BUNYEROO FORMATION 

9  POUND QUARTZITE

F i g u r e  2 . 5  : Sampl i ng  l o c a l i t i e s  i n  t he N o r t h e r n  F l i n d e r s  
Ranges,  w i t h  d e t a i l e d  s t r u c t u r a l  t r e n d s .  Cr osses  d e no t e  
o c c u r r e n c e s  o f  O r d o v i c i a n  g r a n i t e s .
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no p i l l o w  l a v a s  have been f o u n d .  The v o l c a n i c s  o v e r l i e  

r o c k s  o f  p r o b a b l e  l o w e r  P r o t e r o z o i c  age and ar e  d i s c o n f o r m a b l y  

o v e r l a i n  by T o r r e n s i a n  r o c k s  o f  t h e  Bu r r a  Group.

The s t r u c t u r a l  g e o l o g y  o f  t he  Wool t ana  d i s t r i c t  i s  

comp l ex  and no t  y e t  w e l l  u n d e r s t o o d .  No d e t a i l e d  s t r u c t u r a l  

s t u d i e s  have been made t o  d a t e .  The d o mi n a n t  s t r u c t u r e  i n  

t h e  r e g i o n  i s  t h e  Pa r a l a n a  f a u l t  s y s t e m,  a n e t w o r k  o f  r e l a t e d  

t h r u s t ,  wrench and s p l i n t e r  f a u l t s  t r e n d i n g  a p p r o x i m a t e l y  

n o r t h e a s t  - s o u t h w e s t  ( F i g u r e  2 . 5 ) .  F o l d i n g  o f  t h e  v o l c a n i c s  

p o s s i b l y  a s s o c i a t e d  w i t h  c o mp r e s s i o n  on t h e  e a s t  s i d e  o f  t he  

P a r a l a n a  sys t em f u r t h e r  c o m p l i c a t e s  u n d e r s t a n d i n g  o f  t h e  

s t r u c t u r e .

Samp l i ng  was c o n f i n e d  t o  two a r eas  wh i ch  appear ed  t o  

have r e a s o n a b l y  s i m p l e  s t r u c t u r e ,  a t  Woodnamoka Wel l  and a t  

A r k a r o o l a  Creek near  Groan Cr eek  ( F i g u r e  2 . 5 ) .  A t o t a l  o f  72 

sampl es  were t a k e n  a t  24 s i t e s  t h r o u g h  s e v e r a l  r o c k  t y p e s  

i n c l u d i n g  v e s i c u l a r ,  a m y g d a l o i d a l  and e p i d o t i z e d  l a v a s  as w e l l  

as t h e  c h a r a c t e r i s t i c  mas s i v e  p u r p l e - g r e y  t r a c h y t e .  In p l a c e s  

an a c c u r a t e  d e t e r m i n a t i o n  o f  f l o w  o r i e n t a t i o n  was hampered by 

p a u c i t y  o f  v e s i c u l a r  f l o w  t o p s .

P a l a e o ma g n e t i c  r e s u l t s  a r e  summar i zed i n  T a b l e  2 . 2 .  

Exampl es o f  a l t e r n a t i n g  f i e l d  (AF)  and t h e r m a l ,  d e m a g n e t i z a t i o n  

s t u d i e s  a re  shown i n  F i g u r e s  2 . 6  and 2 . 7  r e s p e c t i v e l y .  S t a b l e  

d i r e c t i o n a l  b e h a v i o u r  was su g ge s t ed  by p i l o t  s t e p w i s e  AF 

d e m a g n e t i z a t i o n  t o  200 mT. The h i g h  c o e r c i v e  f o r c e s  e x h i b i t e d  

by some o f  t he  spec i mens  i n d i c a t e d  t h a t  a t  l e a s t  p a r t  o f  t he  

t o t a l  NRM was c a r r i e d  by a m i n e r a l  i n  t h e  h e m a t i t e - i 1me n i t e  

s o l i d  s o l u t i o n  s e r i e s ,  c o n f i r m i n g  t h e  p r esence  o f  ' h e m a t i t e '  

no t ed  by C r a w f o r d  ( 1963)  and by Fander  ( 1963)  i n p e t r o g r a p h i c  

d e s c r i p t i o n .  Subsequent  e x a m i n a t i o n  o f  p o l i s h e d  s e c t i o n s  i n
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WV71/1 WV64/1

1 SO OO 200.1 150.00 TOO. 00
SU0T
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F i g u r e  2 . 6 ( A )  : AF d e m a g n e t i z a t i o n ,  Wool tana V o l c a n i c s .
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WV7 1 / 1  : El 7.01 5 WV 6 4 / 1  : E53.367

F i g u r e  2 . 6 ( B )  : AF  
( c o n t i n u e d ) . d e ma g n e t i z a t i o n  Wool t ana Vo l c a n i c s
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F ig u re  2 .7 ( A )  : Thermal d e m a g n e t i z a t io n ,  Wool tana  V o lc a n ic s .



W V 2 3 -  1 ! El . 653 W V 5 1 -  I : E8.071

WV01-1 : E l . 720 WV39- 2  : E3.190

Figure 2.7(B)  : Thermal demagnetization, Wooltana Volcanics 
( continued).



UPPER LOWER

BOTH

Figure 2 .8  : Frequency analysis o f  cleaned s i te  mean direct ions from 
Wool tana samples. Upper and lower hemispheres of the equal-area 
project ion shown. 'Both' refers to combined upper and (reversed) 
lower hemispheres fo r  s t ru c tu ra l l y  corrected d irect ions.  See tex t  
fo r  de ta i ls .



T A B L E  2 . 2  ( A )

voOltana  VOICANICS : S i t e  mean o l r e c t l o n j  b e f o r e  and  a f t e r  t h e r m a l  dem«g n e 1 11 a 1 1 on

NRM 400* C

S I T E n R 0 l n R 0 I D* I ' MAGNETIZATION

1 3 2 . 932 339 -01 3 2 . 983 315 28 342 -14 WV3

2 3 2 . 8 A 5 326 -12 3 2 . 960 307 2 1 333 - 2 8 WV 3

3 3 2 . 958 328 -67 3 2 . 960 32 A -66 60 -76 wv 1

A 3 2.701 330 -A8 3 2. 992 3 0 A -57 339 -80 wv 1

5 A 3. 963 315 -55 3 2 . 973 312 -56 350 -76 WV 2

6 A 3. 807 165 -68 A 3-783 165 -66 2AA -61 WV2

7 A 3- 726 296 49 A 3-858 302 55 59 6A WV2

8 3 2 . 579 IA5 32 2 1.985 121 A9 92 85 WV 1

9 3 2.871 187 50 2 1 . 9 8 8 1 A6 51 213 77 WVl

10 3 2 . A 3 A 1 A 1 29 3 2 . 909 138 63 170 77 wv 1

11 3 2 . 9 7  A 167 26 3 2.8AA 152 32 179 61 wv 1

12 3 2 . 983 158 16 2 1.987 158 20 175 6 8 WVl

13 2 1.981 165 29 2 1.999 165 2 1 I8A 46 WVl

l 4 2 1.995 5A -71 2 1.980 56 -8A 163 -60 WV2

IS 3 2 . 995 327 83 3 2 . 999 287 85 328 56 WV2

1 6 3 2 . 98A 326 78 3 2 . 979 273 81 321 55 WV2

17 2 1.999 258 -8A 2 1.996 2 A3 -80 176 -58 WV2

18 2 1.276 26 -38 1 - 315 -80 165 -69 WV2

19 2 1. 999 16 -6 3 2 1 . 9A7 195 -81 165 -53 WV2

20 5 A. 807 309 -69 5 A. 920 271 -62 186 “ 65 WV2

2 1 1 - 127 -03 I - 306 -68 319 -71 WV 1

22 S 4 . 540 12 1 -36 5 A . 792 133 -15 132 - 0 8 WV 3

2 3 3 2 . 993 1 6  A 05 3 2 . 994 163 07 167 13 wv 3

2 A 3 2 . 979 : a9 -65 3 2 . 996 2 A -60 86 -87 WVl

T A B L E  2 . 2  ( B )

wooltana V0LCAN1CS : Mean d i r e c t i o n s  a f t e r  t he r ma l  demagne11z a 1 1 on

Bef or e  s t r u c t u r a l c o r r e c t  1 on Af t e r s t r u c t u r a l  c o r r e c t i o n

K A G I I E T  I Z A T  I OH N n R k Dm

pol e
l a t  long dp ,dm R' k ' V V

pol  e
l a t  long dp ,dm

WVl 10 2 4 9-169 10.8 1 AO 50 56S 2I8C 1 A ,2 1 9 . 615 2 3 - A 1 78 73 6 2 s 1 42 E 16,18

WV2 10 29 9-393 1 A. 8 36 87 26S 1 A 3 E 26 , 26 9.222 11.6 358 68 09N 1 38E 2 1 .25

w v  3 A 14 3.787 14. 1 320 15 36n 8 7 E 13.26 3. 796 14.7 333 - 1 2 55N 88 E 13.25



F
ig

u
re

 
2.

9 
: 

C
le

an
ed

 
si

te
 m

ea
n 

m
ag

ne
tiz

at
io

n 
di

re
ct

io
ns

 
fo

r 
th

e 
WV

1 
, 

WV
2 

an
d 

W
V3

 
co

m
po

ne
nt

s;
 

eq
ua

l-
an

gl
e 

pr
oj

ec
ti

on
. 

Op
en

 
(c

lo
se

d)
 

sy
m

bo
ls

 
re

fe
r 

to
 

ne
ga

tiv
e 

(p
o

si
ti

ve
) 

in
cl

in
a

ti
o

n
.



33 .

r e f l e c t e d  l i g h t  i n d i c a t e s  t h a t  t he  magne t i c  mi n e r a l s  a r e  h i g h l y  

o x i d i z e d .  Or i g i n a l  ma g n e t i t e  l a me l l a e  have been a l t e r e d  to 

h e m a t i t e ,  whi l e  t he  i l me n i t e  l a me l l a e  have been a l mos t  

c o mp l e t e l y  r e p l a c e d  by p s e u d o b r o o k i t e  . Ti ny r u t i l e  r ods  a r e  

v i s i b l e .  The v o l c a n i c s  a r e  p r o b a b l y  b e s t  d e s c r i b e d  as c l a s s  5 

o r  h i g h e r  in o x i d a t i o n  s t a t e  (Wi l son and Wat k i ns ,  1967) .  Thermal  

d e ma g n e t i z a t i o n  e x p e r i me n t s  were conduc t ed  on one speci men f rom 

each sample in an a t t e mp t  c o mp l e t e l y  t o d e ma g n e t i z e  t he  high 

c o e r c i v e  f o r c e  h e ma t i t e  mi n e r a l s  and to d e t e c t  whe t he r  or  not  

mu l t i c ompone n t  ma g n e t i z a t i o n s  were p r e s e n t .

Examples of  t her mal  d e ma g n e t i z a t i o n  s t u d i e s  a r e  

i l l u s t r a t e d  in F i g u r e  2 . 7 .  A component  of  m a g n e t i z a t i o n  wi t h  

a s t e e p  n e g a t i v e  i n c l i n a t i o n  i s  removed in t he  20° - 200°  h e a t i n g  

s t e p ,  a f t e r  which t he  ma g n e t i z a t i o n  v e c t o r  r emai ns  d i r e c t i o n a l l y  

s t a b l e  and d e c r e a s e s  in i n t e n s i t y .  Th i s  low b l o c k i n g  t e mp e r a t u r e  

(T^) component  has a mean d i r e c t i o n  352 , - 68  (cxg  ̂ = 13° ,  n = 19 

s i t e s )  and i s  not  s i g n i f i c a n t l y  d i f f e r e n t  f rom t he  REF d i r e c t i o n  

a t  t h e  sampl i ng l o c a l i t y .  The most  p l a u s i b l e  e x p l a n a t i o n  f o r  

t he  low T  ̂ component  i s  t h a t  i t  i s  a VRM a c q u i r e d  in Recent  

t i me s .

Exc l udi ng  t he  ve r y  low T^ component ,  o n l y  a s i n g l e  

m a g n e t i z a t i o n  d i r e c t i o n  was i s o l a t e d  in any one spec i men.  As 

m a g n e t i z a t i o n s  g e n e r a l l y  became d i r e c t i o n a l l y  s t a b l e  in or 

below t he  300° - 400°  r a n g e ,  400° was chosen as a f i n a l  t e mp e r a t u r e  

f o r  bul k t r e a t m e n t  of  t he  r e ma i n i ng  spec i mens  f rom each sampl e .  

Cl eaned s i t e  mean d i r e c t i o n s  a r e  l i s t e d  in Tabl e  2. 2 and 

i l l u s t r a t e d  in F i g u r e s  2. 8 and 2 . 9 .  Al t hough on l y  a s i n g l e  

s t a b l e  ma g n e t i z a t i o n  was i s o l a t e d  a t  each s i t e ,  t he  f r e q u e n c y  

a n a l y s e s  of  d i r e c t i o n s  shown in F i g u r e  2 . 8  s u g g e s t  t h a t  t he  

d i s t r i b u t i o n  of  m a g n e t i z a t i o n  d i r e c t i o n s  i s  not  F i s h e r i a n  both
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b e f o r e  and a f t e r  s t r u c t u r a l  c o r r e c t i o n .

The e l o n g a t e d  d i s t r i b u t i o n  of  u n c o r r e c t e d  d i r e c t i o n s  

( F i g u r e  2 . 8 a )  i s  due to s t r u c t u r a l  c a u s e s .  The maj or  a x i s  

of  t he  d i s t r i b u t i o n  p a t t e r n  i s  p e r p e n d i c u l a r  t o t he  domi nant  

s t r i k e  d i r e c t i o n  and i s  what  would be t he  e x p e c t e d  d i s t r i b u t i o n  

i f  a F i s h e r i a n  p o p u l a t i o n  were s t r u c t u r a l l y  mo d i f i e d  by f o l d i n g  

wi t h  v a r i a b l e  d i p  but  n e a r l y  c o n s t a n t  s t r i k e .  Af t e r  t e c t o n i c  

c o r r e c t i o n ,  a d i f f e r e n t  n o n - F i s h e r i a n  d i s t r i b u t i o n  i s  seen 

( F i g u r e  2 . 8b)  and t h r e e  gr oups  of  s i t e  mean d i r e c t i o n s  a r e  

a p p a r e n t .  These t h r e e  gr oups  have been l a b e l e d  t he  WV1, WV2 

and WV3 m a g n e t i z a t i o n s  in t he  f i g u r e s  and in Tabl e  2 . 2 .  Each 

of  t he  m a g n e t i z a t i o n s  i s  s t a t i s t i c a l l y  d i s t i n c t  a t  t he  95% 

c o n f i d e n c e  l e v e l ,  whe t her  s t r u c t u r a l l y  c o r r e c t e d  or  n o t ,  e . g .  

t he  WVl mean d i r e c t i o n  i s  s i g n i f i c a n t l y  d i f f e r e n t  f rom t he  

WV2 mean d i r e c t i o n  in bot h i t s  c o r r e c t e d  and u n c o r r e c t e d  

p o s i t i o n .  P r e c i s i o n  of  t he  WVl ma g n e t i z a t i o n  i n c r e a s e s  

s i g n i f i c a n t l y  upon s t r u c t u r a l  c o r r e c t i o n  ( k {/ k =2 . 1 7 ,  95% 

s i g n i f i c a n c e  p o i n t  = 2 . 1 6 ) .  Both t he  WV2 and WV3 ma g n e t i z a t i o n  

have n o n s i g n i f i c a n t  changes  in p r e c i s i o n  upon c o r r e c t i o n  (WV2 : 

k ' / k  =0 . 7 8 ,  95% s i g n i f i c a n c e  p o i n t  = 0 . 4 6 ) ;  WV3 : k ' I k  - 1 . 0 4 ,

95% s i g n i f i c a n c e  p o i n t  = 3 . 7 9 ) .

Ther e  a r e  two p o s s i b l e  e x p l a n a t i o n s  f o r  such a 

t r i mo d a l  d i s t r i b u t i o n .  One p o s s i b i l i t y  i s  t h a t  t he  g e o l o g i c a l  

s t r u c t u r e  i s  much more c o mp l i c a t e d  t han was a p p a r e n t  dur i ng  

s u p e r f i c i a l  s t r u c t u r a l  mapping w h i l s t  s a mpl i ng ,  making an 

a c c u r a t e  r e c o n s t r u c t i o n  of  a s i n g l e  p r i mar y  ma g n e t i z a t i o n  

d i f f i c u l t .  The o c c u r r e n c e  of  bot h t he  WVl and WV2 ma g n e t i z a t i o n s  

a t  s i t e s  s e p a r a t e d  by onl y a few me t r e s  and wi t h  a l mos t  c e r t a i n l y  

a common s t r u c t u r a l  o r i e n t a t i o n  [of .  s i t e s  7 and 8) coul d be 

c i t e d  as e v i d e n c e  c o n t r a r y  to t he  p o s s i b i l i t y  o f  such a
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" s t r u c t u r a l l y  i n d u c e d "  m u l t i c o m p o n e n t  sys t em.  An a l t e r n a t i v e  

p o s s i b i l i t y  i s  t h a t  t h e  v a r i o u s  m a g n e t i z a t i o n s  make up a 

t r u e  m u l t i c o m p o n e n t  sys t em and t h a t  t he  WV1-WV3 m a g n e t i z a t i o n s  

were a c q u i r e d  a t  d i f f e r e n t  t i m e s .  Her e ,  t h e  f a c t s  t h a t  o n l y  

one s t a b l e  m a g n e t i z a t i o n  i s  f ound  a t  a p a r t i c u l a r  s i t e  d u r i n g  

d e m a g n e t i z a t i o n  e x p e r i m e n t s  and t h a t  t h e r e  a r e  no c o n s i s t e n t  

p h y s i c a l  d i f f e r e n c e s  ( such  as g r o s s  t e x t u r e  o r  p e t r o l o g y ,  

c o l o u r ,  b u l k  s u s c e p t i b i l i t y  e t c . )  between sampl es wh i ch  c a r r y  

t he  v a r i o u s  component s  a r gue  a g a i n s t  t h i s  p o s s i b i l i t y .

I t  i s  d i f f i c u l t  t o  d e t e r m i n e  c o n c l u s i v e l y  wh e t h e r  

t h e  WV2 and WV3 m a g n e t i z a t i o n s  ar e  p a r t s  o f  a t r u e  mu l t i c o mp o n e n t  

sys t em o r  s i m p l y  r e s u l t  f r om i n a d e q u a t e  s t r u c t u r a l  r e o r i e n t a t i o n .  

As d i s c u s s e d  i n  § 2 . 7 . 4 ,  s i m i l a r  component s  o f  m a g n e t i z a t i o n  have 

been f o u n d  i n  t h e  M e r i n j i n a  T i l l i t e ,  an i m m e d i a t e l y  o v e r l y i n g  

u n i t  i n  t he  Woo l t ana  d i s t r i c t .  The s i m i l a r i t i e s  between 

m a g n e t i z a t i o n s  f r om t h e  two u n i t s  i n  c o n j u n c t i o n  w i t h  t h e i r  

i n t e r p r e t a t i o n  i n  t e r ms  o f  g e o l o g i c a l  e v e n t s  i n  t he  area 

woul d  t end  t o  s u p p o r t  r e a l  r a t h e r  t han  a r t i f i c i a l  mu 11 i component  s. 

F u r t h e r  d i s c u s s i o n  o f  t h e  p r ob l em i s  d e f e r r e d  u n t i l  t h e  r e s u l t s  

o f  § 2 . 7 . 4  have been p r e s e n t e d .  I t  can be s t a t e d  w i t h  some 

c o n f i d e n c e  however  t h a t  t h e  WV1 m a g n e t i z a t i o n  was a c q u i r e d  

b e f o r e  f o l d i n g  o f  t h e  v ö l c a n i c s  o c c u r r e d .  I n i t i a l l y ,  t h i s  

wou l d  s u g g e s t  t h a t  t he  WV1 m a g n e t i z a t i o n  p r e d a t e s  o n l y  t he  

Cambr i an f o l d i n g  e p i s o d e ,  however  C r a w f o r d  ( 1963)  has no t ed  

t h a t  a marked a n g u l a r  u n c o n f o r m i t y  e x i s t s  between t h e  f o l d e d  

v o l c a n i c s  and t h e  o v e r l y i n g  p r e - S t u r t i a n  ( B u r r a  Group)  

s e d i m e n t s .  T h i s  woul d i m p l y  t h a t  t he  WV1 m a g n e t i z a t i o n  was 

p r o b a b l y  a c q u i r e d  i n  W i l l o u r a n  t i me s  and i s  most  l i k e l y  a 

t r u e  p r i m a r y  age a c q u i r e d  d u r i n g  c o o l i n g  a f t e r  e x t r u s i o n .

Combi ned w i t h  t h e  e v i d e n c e  f o r  a p r e - f o l d i n g  age,  t he  p r esence
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of pse ud o b r o o k i t e  as a presumed original high temperature 
oxidation product would suggest that the W V 1 magnetization 
is a primary TRM (Haggerty and Lindsley, 1969).

§2.7.3 C o p l e y /Wortupa Quartzite (Burra Group)

The Burra Group overlies the Upper Callana Beds and 
records a sedimentary cycle which commences with a basal clastic 
unit followed by a c a r b o n a t e - s i 1tstone succession and terminated 
by an association of shallow water clastic sediments. The 
carbonate members (Skillogallee Dolomite and equivalents) 
contain columnar stromatolites of the group Tungussia and Baicalia 
(Preiss, 1971 in Walter, 1972). The basal unit at the stratotype, 
called the Rhynie Sandstone, has equivalents in other areas of 
the Adelaide ' G e o s y n c l i n e 1. Two of these equivalents in the 
North Flinders Ranges were sampled, the Copley Quartzite and 
W o r tupa Quartzite.

The Copley Quartzite was sampled at two localities 
west and northwest of Copley (Figure 2.5) where the structure is 
relatively simple and beds dip steeply to the northeast. Samples 
of the Wortupa Quartzite were taken in the Mount Painter area 
near Lady Buxton Creek (Figure 2.5) where the beds have a shallow 
e as terl y dip. At both localities, the lithology which was 
sampled was predominantly a crossbedded white feldspathic 
quartzite with heavy mineral banding.

Pal aeomagnetic results are summarized in Table 2.3. 
Directions of NRM were highly scattered both before and after 
structural correction. During pilot thermal demagnetization of 
one speciment from each of the 30 samples (examples shown in 
Figure 2.10), a magnetization with a steep negative inclination 
(028,-57, a g 5=17°, n=7 sites) was consist ently removed in the



C Q 1 0 / 1 NO.159 C Q  1| 1 /  1 8 EO. 404

C Q 1 5 / 1

N
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F ig u re  2 .10 (A )  : Thermal demagnetizat ion, Copley Quartz i te .
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F ig u re  2 .10 (B )  : Thermal demagnetization, Copley Quartzi te.
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2 0 ° - 1 5 0 °  h e a t i n g  s t e p .  T h i s  mean d i r e c t i o n  i s  no t  s i g n i f i c a n t l y  

d i f f e r e n t  f r om t he  REF d i r e c t i o n  a t  t he  s a mp l i n g  l o c a l i t i e s  and 

i s  p r o b a b l y  a r e c e n t l y  a c q u i r e d  VRM. S t a b l e  d i r e c t i o n s  were 

g e n e r a l l y  r e a l i z e d  between 250° and 500° , a l t h o u g h  many 

spec i mens  e x h i b i t e d  s t a b l e  d i r e c t i o n s  o n l y  up t o 400° .  Two 

r e m a i n i n g  spec i mens  f r om each sampl e were t r e a t e d  i n  b u l k  a t  

350° f o r  f i n a l  c l e a n i n g .

F i n a l  c l e a n e d  s i t e  mean d i r e c t i o n s  u n c o r r e c t e d  f o r  

bedd i n g  t i l t  are s t i l l  q u i t e  s c a t t e r e d .  Upon maki ng s t r u c t u r a l  

c o r r e c t i o n s ,  a s i g n i f i c a n t  i mpr ovement  i n  p r e c i s i o n  i s  r e a l i z e d  

w i t h  k i n c r e a s i n g  f r om 4 . 4  t o  23.1 { k ' / k = 5 . 2 5 ,  95% s i g n i f i c a n c e  

p o i n t  = 2 . 8 2 ) .  The p o s i t i v e  f o l d  t e x t  t h u s  i n d i c a t e s  t h a t  t he  

s t a b l e  m a g n e t i z a t i o n  o f  t h e  Cop l ey  Q u a r t z i t e  was p r o b a b l y  

a c q u i r e d  b e f o r e  t he  r o c k s  were f o l d e d  i n  Cambr i an t i m e s .

There  i s  a marked a n g u l a r  d i f f e r e n c e  o f  abou t  68° 

between t he  p o l e  p o s i t i o n s  f o r  t he  Cop l ey  Q u a r t z i t e  and t he  

p o l e  f r om t h e  W V1 component  o f  t h e  Wool t ana  V o l c a n i c s  ( F i g u r e  

2 . 2 7 ) .  A p o s s i b l e  e x p l a n a t i o n  o f  t h i s  d i f f e r e n c e  i s  t h a t  t h e r e  

was a s i g n i f i c a n t  t i me  i n t e r v a l  s e p a r a t i n g  m a g n e t i z a t i o n  ages 

o f  t he  two u n i t s .  Coats and B l i s s e t t  ( 1971)  have d e mo n s t r a t e d  

t h a t  a m a j o r  u n c o n f o r m i t y  e x i s t s  between t h e  Lower  and Upper  

C a l l a n a  Beds i n  t h e  N o r t h  F l i n d e r s  a r e a .  The e x a c t  s t r a t i g r a p h i c  

p o s i t i o n  o f  t h i s  u n c o n f o r m i t y  i s  s t i l l  under  s t u d y  (W. P r e i s s ,  

p e r s . comm. )  ; i n  any case i t  l i e s  between t h e  Woo l t ana  V o l c a n i c s  

and t he  Cop l ey  Q u a r t z i t e .  Dependi ng upon e a r l y  A d e l a i d e a n  r a t e s  

o f  a p p a r e n t  p o l a r  m o t i o n ,  t h e  d i s c o r d a n c e  o f  t h e s e  p o l e s  s u g g e s t s  

t h a t  t he  u n c o n f o r m i t y  c o u l d  r e p r e s e n t  q u i t e  a s i g n i f i c a n t  t i me  

b r eak  i n  A d e l a i d e a n  s e d i m e n t a t i o n .  R o t a t i o n a l  mo t i o n  abou t  a 

l o c a l  v e r t i c a l  a x i s  between t i me s  o f  m a g n e t i z a t i o n  c o u l d  a c c o u n t  

f o r  p a r t  o f  t he  d i f f e r e n c e  w i t h o u t  i n v o k i n g  a l a r g e  t i me
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d i f f e r e n c e ,  however  t he  two r e s u l t s  d i f f e r  by over  50° in 

p a l a e o l a t i t u d e , i n d i c a t i v e  of  t r u e  d i s p l a c e me n t  on t he  s p h e r e .

§ 2 . 7 . 4  Me r i n j i n a  T i l l i t e  (Yudnamutana Sub-Group)

Sedi ment s  of  t he  Umberat ana Group o v e r l i e  t he  Bur ra 

Group wi t h  a marked g l a c i a l l y  pr oduced u n c o n f o r m i t y . The group 

c o n t a i n s  two d i s t i n c t  t i l l i t i c  s u c c e s s i o n s  and has r e c e i v e d  

wor l dwi de  r e c o g n i t i o n  as one of  t he  b e s t  p r e s e r v e d  exampl es  

of  l a t e  Pr ecambr i an  g l a c i a t i o n .  The Umberat ana Group has been 

d i v i d e d  i n t o  t h r e e  Sub- Gr oups ,  t he  l ower  Yudnamutana Sub-Group 

c o n t a i n i n g  t he  S t u r t i a n  g l a c i a l s ,  o v e r l a i n  by t he  i n t e r g l a c i a l  

F a r i n a  Sub- Gr oup,  in t u r n  o v e r l a i n  by Mar inoan g l a c i a l  beds of  

t he  Y e r e l i n a  Sub-Group.  At t he  t ype  a r ea  in t he  Mount P a i n t e r  

r e g i o n ,  t he  Yudnamutana Sub-Group has f our  members which 

a t t a i n  a t h i c k n e s s  of  over  5000 m in p l a c e s .  The l owe s t  member,  

t he  F i t t o n  Fo r ma t i o n ,  i s  a mas s i ve  t i l l  i t  e made up of  g r a n i t i c  

d e b r i s  wi t h  some d o l o mi t i c  s i l t s t o n e ,  a r kos e  and q u a r t z i t e .  

Ov e r l y i n g  and i n t e r f i n g e r i n g  wi t h  t he  F i t t o n  Fo r ma t i o n ,  mas s i ve  

t i l l i t e s  of  t he  Bol l  a Bo l l a na  For mat i on  c o n t a i n  a wide v a r i e t y  

of  s t r i a t e d  and p o l i s h e d  e r r a t i c s .  The o v e r l y i n g  Lyndhur s t  

For mat i on  i s  a s equence  of  s ha l l ow mar i ne  s e d i me n t s  wi t h  

r e c u r r e n t  t i l l i t e  h o r i z o n s .  In t he  Wool t ana a r e a ,  a mas s i ve  

t i l l i t e  ho r i z o n  oc cur s  unconf or mabl y  above t he  Wool t ana 

Vo l c a n i c s  j u s t  e a s t  of  t he  P a r a l a n a  f a u l t .  Thi s  t i l l i t e  i s  

c a l l e d  t he  Me r i n j i n a  T i l l i t e  ( Coat s  and P r e i s s ,  in p r e p a r a t i o n )  

and c o n t a i n s  a wide v a r i e t y  of  p o l i s h e d  and f r agme n t e d  e r r a t i c s  

in a q u a r t z i t i c  m a t r i x ,  i r on  r i c h  in p l a c e s .  Pho t ogr a phs  of  

t he  t i l l i t e  a r e  shown in P l a t e s  1 and 2. Samples of  t he  

Me r i n j i n a  T i l l i t e  were t aken  a t  s e v e r a l  l o c a l i t i e s  t hr ough 

n e a r l y  i t s  e n t i r e  t h i c k n e s s  ( F i g u r e  2 . 5 ) .



P l a t e  1 - Me r i n j i n a  T i l l i t e

P l a t e  2 - ( ?)  S t r i a t e d  Pavement  u n d e r l y i n g  Me r i n j i n a  T i l l i t e
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The i n t e r p r e t a t i o n  of  p a l a e o ma g n e t i c  d a t a  f rom t he 

Me r i n j i n a  T i l l i t e  i s  p r o b l e ma t i c .  De t a i l e d  t he r mal  

d e ma g n e t i z a t i o n  s t u d i e s  o f  1 p i l o t  speci men from each of  64 

sampl es  showed t h a t  a complex sys t em of  m a g n e t i z a t i o n s  may be 

p r e s e n t .  Wide v a r i a t i o n  in b l o c k i n g  t e mp e r a t u r e  s p e c t r a  of  

t he  v a r i o u s  component s  p r e s e n t  has made i s o l a t i o n  of  i n d i v i d u a l  

d i r e c t i o n s  d i f f i c u l t ,  as d i s c u s s e d  bel ow.

Examples  of  t y p i c a l  t he r ma l  d e ma g n e t i z a t i o n  e x p e r i me n t s  

a r e  shown in F i gu r e  2 . 12 .  Two component s  of ma g n e t i z a t i o n  

a r e  e v i d e n t  a t  most  s i t e s .  One m a g n e t i z a t i o n  i s  c h a r a c t e r i z e d  

by very s t e e p ,  r e l a t i v e l y  s t a b l e  d i r e c t i o n s  s i m i l a r  t o obs e r ve d  

and s u b t r a c t e d  d i r e c t i o n s  found in o t h e r  Ade l a i de  1 Geosync1 i n e ' 

s e d i me n t s  ( s e e  § 2 . 7 . 2 ,  2 . 7 . 3 ,  2 . 7 . 6 ,  2 . 7 . 7 ) .  A second f r e q u e n t l y  

o bs e r ve d  m a g n e t i z a t i o n  has a s t a b l e  s h a l l o w i n c l i n a t i o n  and 

s o u t h w e s t e r l y  or  n o r t h e a s t e r l y  d e c l i n a t i o n .  A t h i r d  l e s s  

f r e q u e n t l y  o b s e r ve d  component  e x h i b i t s  a s h a l l o w to moder a t e  

n e g a t i v e  ( p o s i t i v e )  i n c l i n a t i o n  and n o r t h we s t  ( s o u t h e a s t )  

d e c 1 i n a t  i o n .

A maj or  pr obl em in i n t e r p r e t a t i o n  i s  caus ed  by t he  

a p p a r e n t  c l o s e  i n t e r r e l a t i o n s h i p  of  t h e s e  t h r e e  m a g n e t i z a t i o n s .  

Upon d e t e r mi n i n g  a r ange  f o r  s t a b l e  d i r e c t i o n a l  b e h a v i o u r  in 

each s ampl e ,  r e ma i n i ng  spec i mens  were he a t ed  in bul k  to t he  

a p p r o p r i a t e  t e m p e r a t u r e .  In some c a s e s ,  a l l  spec i mens  f rom a 

p a r t i c u l a r  sampl e  gave c o n s i s t e n t  d i r e c t i o n s  a f t e r  t r e a t m e n t .

In many o t h e r  s a mp l e s ,  a f t e r  h e a t i n g  to an opt imum t e m p e r a t u r e ,  

sample mean d i r e c t i o n s  were wi de l y  s c a t t e r e d  and e s s e n t i a l l y  

random a t  t he  15% c o n f i d e n c e  l e v e l .  Cl o s e r  i n s p e c t i o n  r e v e a l e d  

t h a t  a l t h o u g h  t he  sampl e  means were r andom,  in many c a s e s  

i n d i v i d u a l  speci men d i r e c t i o n s  coul d  be gr ouped in one of  t he  

t h r e e  t ypes  of  ma g n e t i z a t i o n  obs e r ved  du r i n g  p i l o t  s t u d i e s
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Figure 2 .12(A)  : Thermal demagnet izat ion ,  M e r in j ina  T i l l i t e .
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Figure 2.12(B) : Thermal demagnetizat ion, Mer in j ina  T i l l i t e  
( con t inued) .



Figure 2.13 : Frequency analysis of cleaned specimen magnetization 
directions from Fieri njina Tillite samples : upper hemisphere of 
equal-area projection shown. Directions from lower hemisphere 
have been reversed and plotted on upper hemisphere. See text for 
details.



TABLE 2 . 4  (A)

HER1NJINA T I l l l T E  : S i t e  mean d i r e c t i o n s  a f t e r  t h e r ma l  1 11 a 11 on

MAGNETIZATION

1. 845

1. 908

2. 703

1. 944

2. 944

2. 794

1.901

2.791

1. 939
2. 735

1. 864

3. 869

1.912

2. 719
2. 841

1. 963

1. 989

1. 946

3. 854

1. 924
2. 953

1. 834

2. 724

2 . 720

1. 940

1.911
1. 944

TABLE 2 . 4  (8)

he A I n JINA TI LL I TE : Me*n d i r e c t i o n s  a f t e r  t he r ma l  d e m a g n e t i z a t i o n

Be f o r e s t r u c t u r a l  c o r r e c t i o n A f t e r s t r u c t u r a l c o r r e c t i o n

MAGNETIZATION N n R k D.

pol  e
l a t  l ong dp .dm R' * '  V I * m

po l e
l a t  l ong dp ,dm

MT1 16 32 14.914 13. 8 202 -09 49S 354E 05 , 10 14.915 13.8 199 -21 45S 34 6E 06,11

MT2 16 27 15.087 16.4 147 81 45S 153E 17, 18 14.642 11.0 205 74 56S 11 7E 19,21



Figure 2.14(A) : Cleaned si te mean directions, MT1 and MT2
components; equal angle projection. Open (closed) symbols refer to 
negative (positive) inclination.



MER I N J  I NA MT 4 F / C

F ig u r e  2 .14 (B )  : Cleaned s i te  mean d i rec t ions ,  MT3 and MT4 components;
equal angle project ion. Open (closed) symbols re fer  to negative 
(pos i t ive )  inc l ina t ion .  ___



40.

d e s c r i b e d  a b o v e .  T h i s  i m p l i e s  t h a t  m o r e  t h a n  o n e  c o m p o n e n t  
of m a g n e t i z a t i o n  is p r e s e n t  in an i n d i v i d u a l  s a m p l e .  T h e  
d i f f i c u l t y  s t e m s  f r o m  t h e  f a c t  t h a t  in m u l t i c o m p o n e n t  
s y s t e m s ,  i n d i v i d u a l  c o m p o n e n t s  o f t e n  h a v e  T ^  or H s p e c t r a  
w h i c h  f a c i l i t a t e  s e p a r a t i o n  o f  t h e  c o m p o n e n t s .  In s u c h  
s y s t e m s ,  s p e c i m e n s  f r o m  o n e  s a m p l e  h a v e  g e n e r a l l y  s i m i l a r  
r e s p o n s e s  to d e m a g n e t i z a t i o n  a n d  w i l l  g e n e r a l l y  e x h i b i t  t h e  
s a m e  c o m p o n e n t  at a p a r t i c u l a r  t e m p e r a t u r e  or p e a k  A F  i n t e n s i t y .  
T h e  v a r i o u s  c o m p o n e n t s  c a n  be e x t r a c t e d  u s i n g  a v a r i e t y  of 
v e c t o r  t e c h n i q u e s .  In t h e  M e r i n j i n a  s a m p l e s  h o w e v e r ,  s p e c i m e n s  
f r o m  t h e  s a m e  s a m p l e  t r e a t e d  at a p a r t i c u l a r  o p t i m u m  t e m p e r a t u r e  
h a v e  d i f f e r i n g  m a g n e t i z a t i o n s ,  p o s s i b l y  i m p l y i n g  t h a t  t h e  n a t u r e  
o f  t h e  r e m a n e n c e  c a r r i e r s  a n d / o r  t h e  t h e r m o c h e m i c a l  h i s t o r i e s  
o f  a d j a c e n t  s p e c i m e n s  d i f f e r .  T h i s  l a t t e r  p o s s i b i l i t y  s e e m s  
a l m o s t  i m p o s s i b l e  to s u c c e s s f u l l y  a r g u e ,  in l i g h t  of t h e  
p r o x i m i t y  of a n y  t w o  s p e c i m e n s  c o r e d  f r o m  t h e  s a m e  b l o c k  
s a m p l e .  C o n s i d e r i n g  t h e  p e t r o g r a p h i c  n a t u r e  o f  t h e s e  t i l l i t i c  
s e d i m e n t s  w h i c h  c o n t a i n  an e x t r e m e l y  h e t e r o g e n e o u s  m i x t u r e  
of r o c k  t y p e s  a n d  g r a i n  s i z e s  ( f r o m  a f e w  m e t r e s  to f i n e  r o c k  
f l o u r ,  a l t h o u g h  l a r g e  p e b b l e s  w e r e  a v o i d e d  d u r i n g  c o r i n g )  it 
s e e m s  p l a u s i b l e  t h a t  t h e  p o s s i b i l i t y  of w i d e  v a r i a t i o n s  in 
g r a i n  s i z e  a n d  c o m p o s i t i o n  o f  r e m a n e n c e  c a r r i e r s  c a n n o t  be 
e x c l u d e d .  If t h i s  is i n d e e d  t h e  c a s e ,  i n d i v i d u a l  s p e c i m e n s  
o b t a i n e d  f r o m  t h e  s a m e  s a m p l e  m i g h t  be e x p e c t e d  to r e s p o n d  
d i f f e r e n t l y  to t h e r m a l  a n d  c h e m i c a l  e v e n t s  in t h e  r o c k ' s  
l a t e r  h i s t o r y .

W i t h  t h i s  in m i n d ,  i n d i v i d u a l  s p e c i m e n  d i r e c t i o n s  
h a v e  b e e n  s u b j e c t e d  to f r e q u e n c y  a n a l y s i s  as i l l u s t r a t e d  in 
F i g u r e  2 . 1 3  ( o n l y  1 h e m i s h p e r e  is s h o w n ,  d i r e c t i o n s  on t h e  
o b s c u r e d  h e m i s p h e r e  h a v e  b e e n  r e v e r s e d ) .  It is o b v i o u s  t h a t
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t he  d i s t r i b u t i o n  o f  d i r e c t i o n s  i s  n o n - F i  s h e r i a n  and t h a t  more 

t han  one ma g n e t i c  component  i s  p r e s e n t ,  t o  j u d g e  by t he  

c o n t o u r e d  ' p e a k s '  wh i ch  o c c u r .  However  i t  i s  somewhat  

d i f f i c u l t  t o  d e c i d e  a t  what  l e v e l  g r o u p i n g  o f  d i r e c t i o n s  become 

s i g n i f i c a n t ,  as d i r e c t i o n s  i n t h e  v a r i o u s  g r oups  t end  t o  sp r ead  

i n t o  one a n o t h e r .  The o c c u r r e n c e  o f  t h r e e  or  more d i r e c t i o n s  

i n a g i v e n  a r e a l  s u b d i v i s i o n  ( i n  F i g u r e  2 . 13  t he  h e mi s p h e r e  i s  

d i v i d e d  i n t o  387 equa l  area u n i t s )  i s  used here as a b a s i s  

f o r  d e s c r i b i n g  t h e  r e g i o n s  d e s c r i b e d  be l ow.

As seen i n p i l o t  d e m a g n e t i z a t i o n  s t u d i e s ,  t h r e e  

d o mi n a n t  component s  a re  p r e s e n t .  One i s  c h a r a c t e r i z e d  by 

s o u t h e r l y  t r e n d i n g  d e c l i n a t i o n s  and s t eep  p o s i t i v e  i n c l i n a t i o n s .  

A n o t h e r  component  e x h i b i t s  moder a t e  t o  s h a l l o w  i n c l i n a t i o n  and 

w e s t e r l y  d e c l i n a t i o n .  A l t h o u g h  i t  i s  no t  o b v i o u s  f r om F i g u r e  

2 . 1 3 ,  bo t h  p o l a r i t i e s  o f  t hese  component s  a r e  o b s e r v e d .  The 

t h i r d  component  has s h a l l o w  i n c l i n a t i o n  and NNE-SSW d e c l i n a t i o n ;  

a g a i n  bo t h  p o l a r i t i e s  a re  p r e s e n t .  The d i r e c t i o n s  have been 

c o n t o u r e d  and d i v i d e d  i n t o  r e g i o n s  l a b e l l e d  A-G.  A l t h o u g h  t h e  

d i s t r i b u t i o n s  are  c l e a r l y  n o t  F i s h e r i a n ,  and t end t o  merge 

t o g e t h e r ,  t h e  d i r e c t i o n s  c o n t a i n e d  i n  r e g i o n s  A and C are  

c e r t a i n l y  q u i t e  d i s t i n c t .  D e p a r t u r e  f r om a F i s h e r i a n  

d i s t r i b u t i o n  m i g h t  be e x pec t ed  i f  t h e  h e t e r o g e n e i t y  o f  

remanence c a r r i e r s  s u g ges t ed  above i s  i ndeed  t r u e .  S i m i l a r l y ,  

r e g i o n s  E,  F and G c o l l e c t i v e l y  do n o t  f o r m a F i s h e r i a n  

d i s t r i b u t i o n  bu t  are q u i t e  s e p a r a t e  f r om r e g i o n s  A-D and ar e  

p r o b a b l y  a s e p a r a t e  p o p u l a t i o n  o f  d i r e c t i o n s .

The p r ob l em o f  o b t a i n i n g  mean d i r e c t i o n s  f o r  each o f  

t h e  component s  i s  somewhat  d i f f i c u l t  as t he  methods o u t w a r d l y  

appear  t o  be p u r e l y  s u b j e c t i v e .  As i s  l a t e r  shown h o we v e r ,  t h e  

mean d i r e c t i o n s  o b t a i n e d  do have a m e a n i n g f u l  i n t e r p r e t a t i o n  i n



t e r ms  o f  t h e  t e c t o n i c  and t h e r ma l  h i s t o r y  o f  t h e  area and t hus  

t e n d  t o  j u s t i f y  t h e  means emp l oyed .  There be i n g  no o b v i o u s  

a l t e r n a t i v e  b a s i s  f o r  s u b d i v i s i o n  such as l o c a l i t y ,  

s t r a t i g r a p h i c  p o s i t i o n  o r  g r o ss  p h y s i c a l  a p p e a r a n c e ,  d i r e c t i o n s  

have been g r ouped  on t h e i r  p r o x i m i t y  t o  t h e  t h r e e  most  

f r e q u e n t l y  o b s e r v e d  componen t s .  These t h r e e  components  have 

been l a b e l l e d  MT1 , MT2 and MT3 i n  T a b l e  2 . 4  and F i g u r e  2 . 1 4 .

A l l  spec i mens  f r om a sample wh i c h  e x h i b i t  t h e  same component  

have been g r ouped  t o  f o r m a sampl e mean d i r e c t i o n ;  t h e  sampl e 

means ar e  t hen  used t o  c a l c u l a t e  a s i t e  mean d i r e c t i o n .  S i nce  

some sampl es  show more t han one componen t ,  t h e i r  c o r r e s p o n d i n g  

s i t e s  have more t han  one e n t r y  i n  t he  t a b l e .  A f o u r t h  

m a g n e t i z a t i o n  MT4 has a v e r y  l ow b l o c k i n g  t e m p e r a t u r e  and was 

c a l c u l a t e d  f r om t h e  v e c t o r  d i r e c t i o n s  s u b t r a c t e d  i n  t he  

2 0 ° - 2 0 0 °  and 2 0 0 ° - 3 0 0 °  p i l o t  h e a t i n g  s t e p s .

The mean d i r e c t i o n s  f o r  each o f  t he  MT1-MT3 

component s  a r e  r e a s o n a b l y  w e l l  g rouped  and s i g n i f i c a n t l y  

d i f f e r e n t  f r o m each o t h e r .  The MT3 mean d i r e c t i o n  i s  s i m i l a r  

t o  t h e  WV3 mean d i r e c t i o n  ( F i g u r e  2 . 1 4 ) .  A f o l d  t e s t  on t he  

MT1 m a g n e t i z a t i o n  i s  i n c o n c l u s i v e  as t he  v a l u e s  f o r  t he  

p r e c i s i o n  p a r a m e t e r  k r emai n  c o n s t a n t .  T h i s  i s  most  l i k e l y  

due t o  t h e  s i m i l a r  s t r u c t u r a l  s t y l e  i n  t he  s a mp l i n g  a r e a ,  

w i t h  c o n s i s t e n t  w e s t e r l y  d i p s  r a n g i n g  f r om 12° t o  4 3 ° .  The 

p r e c i s i o n  o f  bo t h  t he  MT2 and MT3 mean d i r e c t i o n s  d e c r e a s e s  

upon mak i ng t h e  s t r u c t u r a l  c o r r e c t i o n s ,  s u g g e s t i n g  t h a t  t h e s e  

component s  a re  o f  a p o s t - f o l d i n g  age.  U n f o r t u n a t e l y ,  t h e  

f o l d  t e s t  i s  n o t  s i g n i f i c a n t  a t  t h e  95% l e v e l  (MT2:  k ' / k = 0 . 6 7 ,  

95% s i g n i f i c a n c e  p o i n t  = 0 . 5 7 ;  MT3: k ' / k = 0 . 7 8 ,  95% s i g n i f i c a n c e  

p o i n t  = 0 . 5 3 ) .  The MT4 m a g n e t i z a t i o n  i s  n o t  s i g n i f i c a n t l y  

d i f f e r e n t  f r om t h e  PEF d i r e c t i o n  a t  t he  s a mp l i n g  s i t e .



Al t hough t he  f o l d  t e s t  on t he  MT1 ma g n e t i z a t i o n  

c a nno t  s upp l y  i n f o r ma t i o n  about  t he  age of  ma g n e t i z a t i o n  

r e l a t i v e  to f o l d i n g ,  t he  pol e  p o s i t i o n  c a l c u l a t e d  from t h i s  

d i r e c t i o n  f a l l s  between pol e  p o s i t i o n s  f o r  t he  o l d e r  Copley 

Q u a r t z i t e  and t he  o v e r l y i n g  Angepena Fo r ma t i o n ,  a p o s i t i o n  

whi ch s u g g e s t s  t h a t  t he  ma g n e t i z a t i o n  i s  o r i g i n a l .  The pol e  

p o s i t i o n  f o r  t he  i mme di a t e l y  o v e r l y i n g  Tap l ey  Hi l l  For mat i on 

i s  p r o b l e ma t i c a l  as i t  i s  d i s p l a c e d  some 10°- 15°  t o  t he  e a s t  

( F i g u r e  2 . 2 7 ) .

The MT3 ma g n e t i z a t i o n  p r o b a b l y  d a t e s  f rom p a s t  

f o l d i n g  t i me s ,  and i t s  pol e  p o s i t i o n  ( F i g u r e  2 . 27)  i s  near  

p o l e s  of  Or dov i c i a n  age from e l s e wh e r e  in A u s t r a l i a .  Mass i ve 

g r a n i t e  p l u t o n s  were empl aced in t he  Mount P a i n t e r  a r e a  

d u r i n g  Or dov i c i a n  t i me s .  Suppor t  f o r  an Or d o v i c i a n  t her mal  

e v e n t  in t he  sampl i ng a r ea  comes from t he  i s o t o p i c  work of  

Compston e t  a l . ( 1966) ,  who r e p o r t e d  Rb/ Sr  r e s u l t s  f rom

sampl es  of  t he  Wool t ana Vo l c a n i c s  which i mme di a t e l y  un d e r l y  

t he  Me r i n j i n a  T i l l i t e  in t he  sampl i ng a r e a ,  and f rom t he  

Ar k a r o o l a  Creek P e g ma t i t e ,  an i n t r u s i v e  o f f s h o o t  p r oba b l y  

r e l a t e d  t o t he  Mudnawatana Gr a n i t e  ( F i g u r e  2 . 5 ) .  Th e i r  

r e s u l t s  s u g g e s t e d  a maj or  i s o t o p i c  r e o r g a n i z a t i o n  a t  about  

465 my in t he  v o l c a n i c s ,  wh i l e  t he  hydr o t he r mal  a c t i v i t y  

r e c o r d e d  by empl acement  of  t he  p e g ma t i t e  was da t e d  a t  460 my.

A s i m i l a r  age i s  i n f e r r e d  f o r  t he  MT3 m a g n e t i z a t i o n ,  which 

coul d  be a CRM or  TRM. I t  i s  i n t e r e s t i n g  t o no t e  t h a t  t he  

MT3 component  has a c o u n t e r p a r t  in t he  u n d e r l y i n g  v o l c a n i c s  

in t he  form of  t he  WV3 m a g n e t i z a t i o n ,  t he  pol e  f rom which f a l l s  

in a s i m i l a r  a r e a .  Both m a g n e t i z a t i o n s  a r e  p r o b a b l y  due to 

t he r mochemi ca l  e f f e c t s  d u r i n g  i gneous  a c t i v i t y  in t he  a r e a .

The MT2 ma g n e t i z a t i o n  i s  q u i t e  s i m i l a r  to
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m a g n e t i z a t i o n s  o b s e r v e d  i n  o t h e r  r o c k s  f r om t he  N o r t h  F l i n d e r s  

( see  § 2 . 7 2 ,  2 . 7 3 ,  2 . 7 6 ,  2 . 77  ) . I f  t h e  m a g n e t i z a t i o n  i s  i ndeed 

o f  p o s t - f o l d i n g  age as su g ge s t ed  by t he  n e g a t i v e  f o l d  t e s t ,  i t  

c o u l d  be r e l a t e d  t o  u p l i f t  and s t a b i l i z a t i o n  o f  t he  r e g i o n  

d u r i n g  e a r l y  T e r t i a r y  t e c t o n i c  movements ( R u t l a n d ,  1973 ) .  

C o n s i d e r i n g  t he  h i g h  b l o c k i n g  t e m p e r a t u r e s  o f  t h e  MT2 component ,  

i t  i s  p r o b a b l y  a CRM and n o t  a l ow t e m p e r a t u r e  PTRM as i n  t he  

Angepena F o r m a t i o n ,  f o r  exampl e .  A g a i n ,  an a na l ogue  t o  t h e  

MT2 component  i s  f ound  i n  t h e  u n d e r l y i n g  Woo l t ana  l a v a s ;  t he  

WV2 component  c o u l d  be o f  T e r t i a r y  o r  l a t e  C r e t a c e o u s  age 

( F i g u r e  2 . 2 7 ) .  The MT4 m a g n e t i z a t i o n  i s  a l mo s t  c e r t a i n l y  a 

VRM a c q u i r e d  i n  Recent  t i m e s .

§ 2 . 7 . 5  T a p l e y  H i l l  Fo r ma t i o n  ( F a r i n a  Sub- Gr oup)

A p e r s i s t a n t  f i n e l y  l a m i n a t e d  s h a l e  u n i t  o c c u r s  

i m m e d i a t e l y  above t h e  S t u r t i a n  g l a c i a l  h o r i z o n s .  O v e r l y i n g  

t h i s  u n i t ,  a t h i c k  sequence o f  s h a l e s ,  s i l t s t o n e s  and 

o c c a s i o n a l  l i m e s t o n e s  c a l l e d  t h e  T a p l e y  H i l l  F o r ma t i o n  f o rms 

t he  l o w e r  p a r t  o f  t h e  F a r i n a  Sub- Gr oup .  These s e d i me n t s  are 

o f  s h a l l o w  ma r i n e  o r i g i n  and t o g e t h e r  w i t h  some o f  t he  

i m m e d i a t e l y  o v e r l y i n g  s e d i me n t s  are  r e f e r r e d  t o  as t he  

" i n t e r g l a c i a l  s e q u e n c e " ,  o c c u r r i n g  between t he  S t u r t i a n  and 

Ma r i n o a n  g l a c i a l  h o r i z o n s .

B r i d e n  ( 1967)  r e p o r t e d  u n c l e a n e d  r e s u l t s  f r om sampl es 

o f  t he  T a p l e y  H i l l  ' s l a t e s '  c o l l e c t e d  n e a r  A d e l a i d e .  Hi s  

r e s u l t s ,  weak and w i d e l y  s c a t t e r e d  NRM d i r e c t i o n s  f r om 10 

s a mp l e s ,  were l a r g e l y  i n c o n c l u s i v e .  One c o m p l i c a t i o n  i n 

B r i d e n ' s  s t u d y  was t h a t  t he  r o c k s  s t u d i e d  had most  l i k e l y  

s u f f e r e d  l ow t o  moder a t e  g r ade  me t amor ph i sm,  and i t  i s  p r o b a b l e  

t h a t  t h e  d i r e c t i o n s  measur ed ,  even i f  c l e a n e d ,  wou l d  have
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Figure 2.15 : Thermal demagnetization, Tapley Hill Formation.



TABLE 2.5

TAPLEY HILL FORMATION : Sample mean directions after thermal
demagnetization, selected samples

Samp 1e N , R D , I D 1 , r

4 1 , - 058,-32 062,-17
6 2,1 .939 055,-30 058,-17
7B 2 ,1.939 055,-30 058,-17

8 2,1 .975 027,-42 040,-48

9 1 , - 053,-01 052 , + 1 3

10 2,1.957 055,-35 062,-09

1 1 3,2.690 004,-27 018,-23

12 2,1.979 351 ,-39 017,-39

27 2 ,1.995 126 , + 66 047 , + 1 3

28 3,2.706 055,-36 069,-10

31 3 ,2.703 029 , + 05 025 , + 07

32 2 ,1.950 061 ,-11 061 , + 13

MEAN : 043,-19 047,-09
(fe = 4.6 ,R=9.621 ) ( A 1=9.2,R'-10.810)

CORRECTED POLE POSITION.: 39S,028E dp,dm=08,15
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reflected not a depositional or diagenetic magnetization, but 
a magnetization acquired during or just after the Cambro- 
Ordovician Del amerian m e t a m o r p h i s m .

Samples of the Tapley Hill Formation were collected 
at a number of sites in the North Flinders Ranges (Figure 2.5). 
The dominant lithologies sampled were dark grey laminated 
shales and siltstones. NRM directions were not significantly 
different from the PEF direction, to judge by the site mean 
directions and associated error circles. Pilot thermal 
dem agne tizat ion studies of 1 specimen from each of the samples 
revealed three types of magnetization. Some pilot specimens 
exhibited weak but stable magneti zatio ns directed along the 
PEF direction with no indication of another magnetic component. 
Others showed no signs of directional stability; magnetizations 
in these specimens became extremely weak at low temperatures, 
with large fluctuations in direction between heating steps.
The remanence vector of the third class of pilot specimens 
(12 total) tended to swing away from the PEF direction and 
reach a mod erat ely stable endpoint in the 300°-450° range, 
with a shallow northeaster 1y trend (Figure 2.15). Remaining 
specimens from these 12 samples were treated in bulk at 350°. 
Cleaned results are listed in Table 2.5.

Upon structural correction, the mean direction (unit 
weight to samples) changes by about 10°, however the increase 
in precision is nearly significant at the 95% level (kx /k=2.00, 
95% significance point e 2.0 2 ) . The pole position calculated 
from the corrected mean direction is near the pole from the 
Ordovician Tum blagooda Sandstone (Embleton and Giddings, 1974). 
While the improvement in precision is mar gina lly short of 
being significant at the 95% level, the fold test strongly



46 .

s u g g e s t s  t h a t  t h e  m a g n e t i z a t i o n  da t es  f r o m p r e - f o l d i n g  t i m e s .

A P r e c a mb r i a n  r a t h e r  t han P a l e o z o i c  age o f  m a g n e t i z a t i o n  i s  

f a v o u r e d .

§ 2 . 7 . 6  Angepena Fo r ma t i o n  ( F a r i n a  Sub- Gr oup)

In t h e  Cop l ey  area t h e  T a p l e y  H i l l  Fo r ma t i o n  

i n t e r t o n g u e s  w i t h ,  and i s  o v e r l a i n  by t h e  Ba l canoona  F o r m a t i o n ,  

a s e r i e s  o f  o o l i t i c  a l g a l  l i m e s t o n e s  p a s s i n g  g r a d u a l l y  upwards  

i n t o  d o l o m i t i c  l a y e r s  w i t h  m i n o r  red s h a l e s  a t  t h e  t o p .  The 

Angepena F o r m a t i o n ,  a g roup o f  r ed and p u r p l e  mi caceons  

s i l t s t o n e s  and s h a l e s ,  i n t e r t o n g u e s  w i t h  t h e  upper  p a r t  o f  t h e  

Ba l c an o o na  F o r ma t i o n  and a l s o  c o n t a i n s  o o l i t e s  and s t r o m a t o l i t e s  

The Angepena F o r ma t i o n  t h e r e f o r e  o c c u p i e s  a s l i g h t l y  h i g h e r  

s t r a t i g r a p h i c  p o s i t i o n  i n  t he  F a r i n a  Sub-Group t han  t he  T a p l e y  

H i l l  F o r m a t i o n .  Samples o f  t he  Angepena F o r ma t i o n  were t a k e n  

a t  one l o c a l i t y ,  a s t e e p  c l i f f  f a c e  e a s t  o f  t h e  main P a r a l a n a  

f a u l t  sys t em j u s t  n o r t h  o f  Ba l canoona  S t a t i o n  ( F i g u r e  2 . 5 ) .

Palaeomagnet  i c r e s u l t s  a re  summar i zed  i n T a b l e  2 . 6 .

The NRM d i r e c t i o n s  are w i d e l y  s c a t t e r e d  w i t h  a g e n e r a l  s h a l l o w  

n o r t h e a s t e r l y  t r e n d .  Upon p r o g r e s s i v e  t h e r ma l  d e m a g n e t i z a t i o n  

( F i g u r e  2 . 1 7 ) ,  m a g n e t i z a t i o n s  become v e r y  weak bu t  s t a b i l i z e  i n 

d i r e c t i o n  i n  t h e  5 0 0 ° - 5 8 0 °  r a n ge .  Cl eaned  d i r e c t i o n s  f o r m a 

r e a s o n a b l y  t i g h t  g r o u p i n g ,  here d e s i g n a t e d  t he  AF1 m a g n e t i z a t i o n  

D u r i n g  t h e r ma l  d e m a g n e t i z a t i o n ,  a component  w i t h  a s o u t h e r l y  

t r e n d i n g  d e c l i n a t i o n  and s t e e p  p o s i t i v e  i n c l i n a t i o n  i s  

c o n s i s t e n t l y  removed i n  t he  3 5 0 ° - 4 0 0 °  and 4 0 0 ° - 4 5 0 °  h e a t i n g  

s t e p s .  T h i s  component  i s  c a l l e d  t h e  AF2 m a g n e t i z a t i o n  and i s  

s i g n i f i c a n t l y  d i f f e r e n t  f r om t he  s t a b l e  d i r e c t i o n  r eached  a t  

h i g h e r  t e m p e r a t u r e s .

As sampl es  were t aken  f r om o n l y  one l o c a l i t y  w i t h  a
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Figure 2.17 : Thermal demagnetization, Angepena Formation.



TABLE 2 .6  (A)

ANGEPENA FORMATION : S i t »  M i n  d i r e c t i o n s  b e f o r e  end a f t e r  t h e rm a l  demagnet 1 t a t  1 on

NRM 540* C

MAGNETIZATION SITE n R 0 I n R 0 I O’ P

1 3 1 .388 087 65 3 2.849 003 48 001 48

2 3 2 .580 026 16 3 2.954 030 39 026 36

AF1 3 3 2.397 010 -01 3 2 .669 024 44 021 42

4 3 2 .389 058 19 3 2 .870 043 28 038 25

5 3 2 .057 012 -11 3 2.661 019 45 017 43

3 2 .939 180 72

3 2.972 180 72 ,

AF2 3 2.975 148 78

2 1.981 189 82

3 2.951 181 75

TABLE 2 .6  (B)

ANGEPENA FORMATION : Mean d i r e c t i o n s  a f t e r  t h e rm a l  d e m a g n e t i z a t i o n ,  obse rved  and s u b t r a c t e d  v e c t o r s

B e fo r e  s t r u c t u r a l  c o r r e c t i o n A f t e r  s t r u c t u r a l  c o r r e c t i o n

po l e p o le

MAGNETIZATION N 0 0 R k l e t 1 ong dp ,dai R' k ' V V 1 a t 1 ong dp ,dai

AF1 5 15 4.887 35 .3 025 41 31 S 346E 10.16 4.887 35 .3 022 39 335 344E 9 ,16

AF2 5 14 4.982 217 183 76 57S 1 37 E 0 9 ,10 4.982 217 157 75 55S 158E 9 .1 0



A N G E P E N A  A F 2  F / C

Figure 2.18 : Cleaned s i te  mean magnetization d i rec t ions ,  AF1 and 
AF2 components; equal-angle project ion. Open (closed) symbols re fer  
to negative (pos i t ive)  in c l in a t io n .
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u n i f o r m  d i p ,  a f o l d  t e s t  c a n no t  be empl oyed t o  t e s t  t he  

r e l a t i v e  ages o f  t h e  AF1 and AF2 m a g n e t i z a t i o n s .  A s i m p l e  and 

s t r a i g h t f o r w a r d  appr oach  wou l d  s u g g e s t  t h a t  t he  AF2 component ,  

w i t h  a l o w e r  b l o c k i n g  t e m p e r a t u r e ,  i s  y o u n g e r  t han t he  AF1 

component .  T h i s  p o s s i b i l i t y  i s  s u p p o r t e d  by t h e  f a c t  t h a t  

p a l a e o m a g n e t i c  p o l e  c a l c u l a t e d  f r om t he  AF1 d i r e c t i o n  i s  q u i t e  

s i m i l a r  t o  p o l e s  f r om o t h e r  A d e l a i d e a n  s e d i me n t s  w i t h  p o s i t i v e  

o r  n e a r - p o s i t i v e  f o l d  t e s t s  ( F i g u r e  2 . 2 7 )  and d i s s i m i l a r  t o  

any p a r t  o f  t he  P h a n e r o z o i c  a p p a r e n t  p o l a r  wander  p a t h .  F u r t h e r ,  

t h e  AF2 p o l e  i s  no t  s i g n i f i c a n t l y  d i f f e r e n t  f r om t h e  mean 

Cr e t a c e o u s  and e a r l y  T e r t i a r y  p o l e s  f o r  A u s t r a l i a  ( S c h m i d t ,

1976 ) .  As t he  main p e r i o d  o f  e p e i r o g e n i c  u p l i f t ,  s t a b i l i z a t i o n  

and d i s s e c t i o n  o f  t he  N o r t h  F l i n d e r s  a r ea  o c c u r r e d  i n  e a r l y  

T e r t i a r y  t i me s  (Thomson,  1969,  Coats and B1 i s  s e t t ,  1 9 7 1 ) ,  i t  

seems f e a s i b l e  t h a t  t he  AF2 m a g n e t i z a t i o n  i s  a l ow t e m p e r a t u r e  

PTRM a c q u i r e d  d u r i n g  o r  j u s t  a f t e r  u p l i f t ,  and t h a t  t h e  AFT 

component  i s  p r o b a b l y  a d i a g e n e t i c  CRM. A l t e r n a t i v e l y ,  i f  bo t h  

m a g n e t i z a t i o n s  are CRM' s,  t h e i r  r e l a t i v e  ages m i g h t  no t  be 

e x p e c t e d  t o  f o l l o w  t h e  b l o c k i n g  t e m p e r a t u r e - a g e  r e l a t i o n s h i p  

s u g g e s t e d .  At  p r e s e n t  an age sequence AF1+AF2 i s  r e g a r d e d  as 

most  l i k e l y  t o  be c o r r e c t .

§ 2 . 7 . 7  B a l p a r a n a  S a n d s t o n e ,  Mount  C u r t i s  T i l l i t e ,  F o r t r e s s
H i l l  F o r ma t i o n  ( Y e r e l i n a  Sub- Gr oup)

The Y e r e l i n a  Sub-Group i s  t he  y o u n g e s t  s u b d i v i s i o n  o f  

t h e  Umberat ana Group.  I t  c o n s i s t s  o f  f o u r  members,  t h e  E l a t i n a  

F o r m a t i o n ,  B a l p a r a n a  Sa n d s t o n e ,  Mount  C u r t i s  T i l l i t e  and 

F o r t r e s s  H i l l  F o r m a t i o n .  Wi t h  t he  e x c e p t i o n  o f  t h e  E l a t i n a  

F o r m a t i o n ,  a l l  o f  t h e s e  u n i t s  were sampl ed i n  d e t a i l  i n  o r d e r  

t o  o b t a i n  a r e l i a b l e  p a l a e o m a g n e t i c  p o l e  p o s i t i o n  f r om t he



Plate 3 - Mount Curtis T i l l ite

Plate 4 - tiliite in Areyonga Formation
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Figure 2 .19  : Thermal demagnetization, Yerelina Sub
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TABLE 2.7 (A)

YIRt LINA SUB-GROUP : S i t «  *<• * n d l r « c t t o n >  b « f o r «  «rid l l u r  t h « r a « l  d«a«  gn« t 11 t t  I on

SITE

NRM 350*
N R 0 I N R 0 1 D1 I'

1 3 1.540 167 37 3 2.708 155 52 167 -04
2 2 1.992 102 38 2 1.987 107 56 142 19
3 3 1.699 159 -42 3 2.763 135 72 163 21
4 3 2.379 085 -65 3 2.929 054 82 166 31
5 3 2.621 024 -12 3 2.944 039 70 154 43
6 3 2.390 215 -02 3 2.974 155 68 169 08
7 3 2.343 185 -43 3 2.968 157 64 168 05
e 3 2.761 053 -47 2 1.891 039 -58 087 -38
9 3 1.421 323 -28 2 1.918 241 60 305 28
0 3 2.746 237 57 3 2.856 239 58 279 26
1 2 1.762 280 -46 (rtndoa)
2 2 1.711 284 -56 (rtndoa)
3 2 l . 739 182 -83 (rtndoa)
4 2 1.296 086 -11 (rtndoa)
5 2 1.955 075 -70 (rtndoa)
6 4 3.413 015 -57 4 3.710 059 58 082 45
7 4 3.956 309 -71 4 3.887 270 81 023 75

TABLE 2.7 (B)
YERELINA SUB-GROUP : Mein directions tfter therail deaignet11t11 on

Before ttructurtl correction After structuril correction

MAGNETIZATION N n R k D. »-
pole

lit long dp ,da R* k  ' V 'a’
pole

ltt long dp ,da

Y 1 12 35 9.181 11.0 169 75 58S 149E 26,26 6.513 2.6 184 33 7 7 S 337E 25,43

Y2 12 42 11.660 32.3 028 -81 4SS 127E 14,15 8.908 3.6 010 -63 74S 293E 34,43



F ig u re  2 .20  : Cleaned s i te  mean magnetization d i rec t ions ,  Y1 and Y2 
components; equal-angle project ion. Open (closed) symbols re fer  to 
negative (pos i t ive )  in c l in a t io n .



4 9 .

p l o t t e d  b e f o r e  and a f t e r  s t r u c t u r a l  c o r r e c t i o n  i n  F i g u r e  2 . 2 0 . 

C l e a r l y  t h e  f o l d  t e s t  i s  n e g a t i v e  f o r  bo t h  t h e  Y1 and Y2 

m a g n e t i z a t i o n s .  The p r e c i s i o n  p a r a m e t e r  k d e c r e a s e s  f r om 

1 1 . 0 ( 3 2 . 3 )  t o  2 . 6 ( 3 . 6 ) f o r  t he  Y1 ( Y 2 ) m a g n e t i z a t i o n  ( Y1 : k ' I k - 0.24 , 

95% s i g n i f i c a n c e  p o i n t  = 0 . 5 0 ;  Y2: A ' / / <  = 0 . 1 1 ,  95% s i g n i f i c a n c e

p o i n t  s O . 5 0 ) .  I t  must  t h e r e f o r e  be assumed t h a t  bo t h  t he  Y1 

and Y2 m a g n e t i z a t i o n s  were a c q u i r e d  a f t e r  f o l d i n g  o f  t he  Y e r e l i n a  

Sub-Group o c c u r r e d .  The p a l a e o m a g n e t i c  p o l e  c a l c u l a t e d  f r om t h e  

u n c o r r e c t e d  Y1 mean d i r e c t i o n  i s  s i m i l a r  t o  t he  AF2 p o l e  and 

a l s o  t o  o t h e r  T e r t i a r y  p o l e s  f r om A u s t r a l i a  ( F i g u r e  2 . 2 7 ) .  An 

e x p l a n a t i o n  f o r  T e r t i a r y  r e m a g n e t i z a t i o n  d u r i n g  o r  a f t e r  u p l i f t  

o f  t he  Y e r e l i n a  Sub-Group s i m i l a r  t o  t h a t  o f  t he  AF2 m a g n e t i z a t i o n  

i n t he  Angepena Fo r ma t i o n  c o u l d  be i n v o k e d ,  e s p e c i a l l y  i n  v i ew 

o f  t he  l ow b l o c k i n g  t e m p e r a t u r e s .

The p o l e  f r om t he  Y2 d i r e c t i o n  i s  no t  s i m i l a r  t o  e a r l y  

T e r t i a r y  or  l a t e  C r e t a c e o u s  p o l e s ,  b u t  i s  more c o n s i s t e n t  w i t h  

a P e r m o - T r i a s s i c  age o f  m a g n e t i z a t i o n  ( F i g u r e  2 . 2 7 ) .  As i t  

has a l o w e r  T b t han t he  Y1 m a g n e t i z a t i o n ,  t h e  s i m i l a r i t y  w i t h  

p o l e s  o l d e r  t han Y1 i s  p u z z l i n g ,  t hough  no t  i n e x p l i c a b l e  i f  

bo t h  Y1 and Y2 are CRM's as d i s c u s s e d  i n  t he  p r e v i o u s  s e c t i o n .

§ 2 . 7 . 8  B r a c h i na  F o r m a t i o n / U l u p a  S i l t s t o n e  ( Wi l p e n a  Group)

G l a c i a l  s e d i m e n t a t i o n  ceased a f t e r  d e p o s i t i o n  o f  t he  

Y e r e l i n a  Sub- Gr oup.  S h a l l o w  w a t e r  c o n t i n e n t a l  s e d i me n t s  o f  t he  

Wi l pena  Group c o n f o r m a b l y  o v e r l i e  t he  Mar i noan  g l a c i a l  s t r a t a .

The uppe r mos t  u n i t  i n  t h e  Wi l pe n a  Gr oup ,  t he  Pound Q u a r t z i t e ,  

i s  i m m e d i a t e l y  o v e r l a i n  by Cambr i an s e d i me n t s  o f  t he  Hawker  

Group.  The Wi l pena  Group t h e r e f o r e  c o n s t i t u t e s  t he  y o u n g e s t  

P r e c a mb r i a n  s t r a t i g r a p h i c  u n i t  i n  t he  A d e l a i d e  ' G e o s y n c l i n e 1. 

Upper  A d e l a i d e a n  s e c t i o n s  f r o m e l s e w h e r e  i n  A u s t r a l i a ,  n o t a b l y
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Figure 2.21 : Thermal demagnetization, Brachina Formation.



TABLE 2 . 8  ( A)

BRACHINA FORMATION : S i t e  mean d i r e c t i o n s  b e f o r e  and a f t e r  t h e r m a l  demagne 1 1z a 1 1 on

SITE

NRM 350*

n R 0 I n R D 1 O' I 1

1 3 2 . 4 5 0 159 - 52 3 2 . 8 2 7 186 - 2 9 163 - 2 3

2 3 2 . 3 3 8 302 - 8 0 2 1.901 229 - 1 8 196 -47

3 3 2 . 3 1 3 112 - 69 3 2 . 6 9 1 205 - 39 158 - 36

4 3 2 . 2 0 3 118 - 5 8 3 2 . 7 4 6 203 - 1 9 178 -27

5 4 7 . 707 756 - 7 8 4 3 . 7 5 9 183 36 0 0 4 57

6 4 2 . 2 8 3 124 -84 ( r a n d o m )

7 4 3 . 3 9 3 332 - 73 ( r a n do m)

8 4 3 . 5 9 2 045 - 3 8 { r a n d o m)

9 4 2 . 3 8 5 115 -81 ( r a n d o m)

10 3 2 . 7 7 2 239 - 2 9 ( r a n d o m )

1 1 3 2 . 6 2 7 313 - 4 9 ( r a n d o m )

12 3 2 . 2 6 8 013 - 17 3 2 . 8 1 2 229 -31 229 -41

13 3 2 . 5 5 5 328 - 4 8 3 2 . 6 5 9 226 - 6 0 203 - 56

14 3 2 . 5 8 1 270 -61 3 2 . 6 8 5 231 - 5 0 214 -47

TABLE 2 . 8  (B)

BRACHINA FORMATION : Mean d i r e c t i o n  a f t e r  t h e r m a l  d e m a g n e t i z a t i o n

B e f o r e  s t r u c t u r a l c o r r e c t  I on A f t e r  s t r u c t u r a l  c o r r e c t i o n

N n R k  • 0 Im m

p o l e
1 a t  l o n g dp , dm R'  k  '  D ' I 'm m

p o l  e
1 a t  l o n g dp ,dm

8 24 6 . 4 5 8  4 . 5  220 -44 22S 357E 2 3 , 3 7 7 . 4 7 7  1 3 . 4  189 -44 33S 328E 12 ,20
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5 0 .

t he  Amadeus Ba s i n ,  have l i t h o l o g i e s  and t r a c e  f o s s i l s  

r ema r ka b l y  s i m i l a r  t o t hos e  of t he Wi l pena Group.

The base of  t he  Wi lpena Group i s  d e f i n e d  in t he  Nor t h 

F l i n d e r s  Ranges by t he  Nuccal ena  For ma t i on ,  a p e r s i s t e n t  pi nk 

d o l o mi t i c  l a y e r  u s e f u l  as a marker  h o r i z o n .  The Br a ch i na  

For mat i on and Ulupa S i l t s t o n e  i mmedi a t e l y  o v e r l i e  t he  Nucca l ena  

For mat i on and a r e  t he  most  wi despaced u n i t s  in t he  Wi l pena Group.  

The Br ach i na  For mat i on i s  de f i ne d  in t he  we s t e r n  p a r t  of  t he  

Nor t h F l i n d e r s  and compr i s e s  a t h i c k  sequence  of  r ed and gr een 

r i p p l e  marked s i l t s t o n e s .  To t he e a s t  t h e  Ulupa S i l t s t o n e  

i s  a l a t e r a l  e q u i v a l e n t  of  t he  Br achi na  For mat i on  c o n s i s t i n g  

of  a t h i c k  monotonous sequence  of  green s i l t s t o n e s .  Samples 

o f  t he  Br a ch i na  For mat i on and Ulupa S i l t s t o n e  ( h e r e a f t e r  

r e f e r r e d  to as Br ach i na  Format i on onl y)  were o b t a i n e d  a t  7 

l o c a l i t i e s  ( F i g u r e  2 . 5 ) .  Pa l aeomagne t i c  r e s u l t s  a r e  l i s t e d  in 

Tabl e  2 . 9 .

NRM d i r e c t i o n s  were s c a t t e r e d  but  g e n e r a l l y  d i r e c t e d  

t owar ds  t he  PEF d i r e c t i o n .  P i l o t  t hermal  d e ma g n e t i z a t i o n  of  

one speci men from each sample showed t h a t  onl y  one s t a b l e  

ma g n e t i z a t i o n  was p r e s e n t  ( Fi gur e  2 . 21)  a t  8 s i t e s ;  t he  

r ema i n i ng  6 s i t e s  e x h i b i t e d  moder a t e l y  s t a b l e  but  wi de l y  

s c a t t e r e d  i n c o n s i s t e n t  d i r e c t i o n s .  Bulk t r e a t m e n t  of  r ema i n i ng  

spec i mens  a t  540° y i e l d e d  s i g n i f i c a n t  s i t e  mean d i r e c t i o n s  a t  

t he  f or mer  8 s i t e s .  At t he  l a t t e r  5 s i t e s  which showed onl y  

moder a t e  s t a b i l i t y ,  s i t e  mean d i r e c t i o n s  were random a t  t he  

95% l e v e l .

The 8 s i g n i f i c a n t  s i t e s  g i ve  a mean u n c o r r e c t e d  

d i r e c t i o n  of  2 2 0 , - 7 4 ,  s t i l l  wi t h marked s c a t t e r .  Upon s t r u c t u r a l  

c o r r e c t i o n  t he  p r e c i s i o n  pa r a me t e r  k i n c r e a s e s  f rom 4 . 5  t o 13 . 4 ,  

s i g n i f i c a n t  a t  t he  95% c o n f i d e n c e  l eve l  [ k ' / k = 2 . 9 8 ,  95%



51 .

s i g n i f i c a n c e  p o i n t  = 2 . 4 2 ) ,  s u g g e s t i n g  t h a t  t he  ma g n e t i z a t i o n  was 

a c q u i r e d  b e f o r e  Cambrian f o l d i n g  o c c u r r e d .  The p a l a e o ma g n e t i c  

pol e  c a l c u l a t e d  from t he  f o r ma t i o n  mean d i r e c t i o n  i s  ne a r  o t h e r  

p o l e s  f rom t he  Ad e l a i d e  1g e o s y n c l i n e 1 and i s  d i s t i n c t l y  removed 

from any p a r t  of  t he  Ph a n e r o z o i c  a p p a r e n t  p o l a r  wander  p a t h ,  

s u p p o r t i n g  t he  h y p o t h e s i s  of  p r i mar y  m a g n e t i z a t i o n .

§ 2 . 7 . 9  Bunyeroo For mat i on (Wi l pena Group)

The ABC Range Q u a r t z i t e  o v e r l i e s  t he  Br a c h ina For mat i on 

in t he  we s t e r n  p a r t  of  t he  Nor t h F l i n d e r s  Ranges .  The Bunyeroo 

f o r ma t i o n  oc cur s  i mme di a t e l y  above t he  ABC Q u a r t z i t e  in t he  wes t  

and j u s t  above t he  Ulupa S i l t s t o n e  in t he  e a s t ,  and i s  made up 

of  a t h i n  s equence  of  dark red and p u r p l e  s h a l e s .  These a r e  

' t y p i c a l ' r e d  be ds ,  and c o n t a i n  sun c r a c k s  and o t h e r  s e d i me n t a r y  

s t r u c t u r e s  i n d i c a t i v e  of  a s h a l l o w wa t e r  to s u b a e r i a l  envi ronment .  

Samples  were t aken  a t  f our  l o c a l i t i e s  d i s t r i b u t e d  about  t he  

s o u t h e r n  p a r t  of  t he  Nor t h F l i n d e r s  ( F i gu r e  2 . 5 ) .  Samples were 

t aken a t  a f i f t h  l o c a l i t y  ( s i t e s  1-3 o mi t t e d  from Tabl e  2 . 9 ) ;  

s u b s e q u e n t  mapping r e v e a l e d  t h a t  t h e s e  sampl es  were in a complex 

s t r u c t u r a l  p o s i t i o n  and were a c t u a l l y  c o n t o r t e d  red s h a l e s  which 

were p a r t  of  t he  o v e r l y i n g  Pound Q u a r t z i t e .

Samples f rom t he  f or mer  4 l o c a l i t i e s  e x h i b i t e d  q u i t e  

s t a b l e  ma g n e t i z a t i o n s  dur i ng  t her mal  d e ma g n e t i z a t i o n  ( F i gu r e  2.23) .  

With i n - s i t e  s c a t t e r  was mi ni mi zed g e n e r a l l y  in t he  540°- 580°  

r a n g e ,  and a t e mp e r a t u r e  of  560° was chosen f o r  f i n a l  bul k 

t r e a t m e n t .  Cl eaned s i t e  mean d i r e c t i o n s  a r e  l i s t e d  in Tabl e  2 . 9  

and p l o t t e d  in Fi gur e  2 . 2 4 .  Ove r a l l  p r e c i s i o n  i n c r e a s e s  mar kedl y  

upon making s t r u c t u r a l  c o r r e c t i o n ,  however  t he  i n c r e a s e  i s  not  

s i g n i f i c a n t  a t  t he  95% c o n f i d e n c e  l e v e l  [ k ' / k = 1 . 6 4 ,  95% 

s i g n i f i c a n c e  p o i n t  =2 . 2 9 ) .  The pol e  p o s i t i o n  c a l c u l a t e d  from



B^ 2 A/ }  BU42/1

BU24/1 s N O . 425 BU42/1 : E 0 . 1 7 6

F ig u re  2.23 : Thermal demagnetization : Bunyeroo Formation



TABLE 2 . 9  (A)

BUNYEROO FORMATION : S i t e  mean d i r e c t i o n s  b e f o r e  and a f t e r  t he r ma l  d e m a g n e t i z a t i o n

SITE

3. 707 1. 938
3 . 570 3. 912
3. 944 3 . 968
3 . 785 3 . 543
3 . 765 3. 986
3. 517 3. 864

2. 9212 . 779
1 . 960 2 . 9 2 6
2 . 296 2. 931

TABLE 2 . 9  (B)

BUNYEROO FORMATION : Mean d i r e c t i o n  a f t e r  t h e r ma l  d e m a g n e t i z a t i o n

Be f o r e  s t r u c t u r a l c o r r e c t i o n A f t e r  s t r u c t u r a l  c o r r e c t i o n

N n . R k  D Im m

po l e
1 a t  l ong dp ,dm

pol  e
R'  k '  Dm1 I ' l a t  l ong dp, dm

9 31 6 . 341 12. 1 254 -12 10S 035E 8 , 1 6 8 . 5 9 6  19 . 8  246 - 40 07S 017E 9 , 14

------------- .------------------------------------------------------------------- ---------
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t h e  s t r u c t u r a l l y  c o r r e c t e d  m e a n  d i r e c t i o n  is d i s t i n c t  f r o m  t h e 
u n d e r l y i n g  u n i t s  ( F i g u r e  2 . 2 7 ) ,  b u t  c l o s e  to s o m e  of t h e  l o w e r  
C a m b r i a n  p o l e s .  T h e  p o l e  d o e s  n o t  l i e  n e a r  a n y  p a r t  o f  t h e  
y o u n g e r  P h a n e r o z o i c  a p p a r e n t  p o l a r  w a n d e r  p a t h .  A l t h o u g h  t h e  
p o s i t i v e  f o l d  t e s t  is n o t  s t a t i s t i c a l l y  s i g n i f i c a n t  a n d  t h e r e f o r e  
d o e s  n o t  d e f i n i t i v e l y  p r o v e  t h a t  t h e  s t a b l e  r e m a n e n c e  of t h e  
B u n y e r o o  F o r m a t i o n  w a s  a c q u i r e d  b e f o r e  f o l d i n g ,  t h e  s t r o n g  
i n c r e a s e  in p r e c i s i o n  c o m b i n e d  w i t h  t h e  i n c o m p a t i b i l i t y  o f  t h e  
p o l e  p o s i t i o n  w i t h  t h e  y o u n g e r  P h a n e r o z o i c  A P W P  a r e  c o n s i s t e n t  
w i t h  an o r i g i n a l  r a t h e r  t h a n  s e c o n d a r y  m a g n e t i z a t i o n .

§ 2 . 7 . 1 0  P o u n d  Q u a r t z i t e  ( W i l p e n a  G r o u p )

T h e  B u n y e r o o  F o r m a t i o n  is o v e r l a i n  by up to 7 0 0 0  m o f 
s e d i m e n t s  w h i c h  f o r m  t h e  u p p e r  p a r t  of t h e  W i l p e n a  G r o u p .  T h e s e  
o v e r l y i n g  s e d i m e n t s  a r e  g r o u p e d  i n t o  t h r e e  u n i t s ,  t h e  W o n o k a  
F o r m a t i o n ,  B i l l y  S p r i n g s  B e d s  a n d  P o u n d  Q u a r t z i t e .  T h e  P o u n d  
Q u a r t z i t e  is r e c o g n i z e d  as t h e  y o u n g e s t  P r e c a m b r i a n  r o c k  u n i t  
in t h e  A d e l a i d e  ' G e o s y n c l i n e ' ,  a n d  is o v e r l a i n  in t h e  N o r t h  
F l i n d e r s  R a n g e s  by t h e  H a w k e r  G r o u p ,  c o n t a i n i n g  a b u n d a n t  L o w e r  
C a m b r i a n  f o s s i l s ,  s u c h  as archaeocyathids, b r a c h i o p o d s  a n d  
t r i l o b i t e s .  T h e  P o u n d  Q u a r t z i t e  c o n t a i n s  t h e  w e l l - k n o w n  Ediaoara 

f a u n a ,  a r i c h  a s s e m b l a g e - o f  b o d y  a n d  t r a c e  f o s s i l s  of w h i c h  at 
l e a s t  34 d i f f e r e n t  v a r i e t i e s  h a v e  b e e n  i d e n t i f i e d .  B o d y  an d  
t r a c e  f o s s i l s  t h o u g h t  to be e l e m e n t s  o f  t h e  s a m e  f a u n a  h a v e  
b e e n  f o u n d  on o t h e r  c o n t i n e n t s  and e l s e w h e r e  in A u s t r a l i a  at 
r o u g h l y  s i m i l a r  s t r a t i g r a p h i c  l e v e l s  ( G l a e s s n e r ,  1 9 7 1 ) .

T h e  P o u n d  Q u a r t z i t e  i n c l u d e s  t w o  m e m b e r s ,  a w h i t e  
m a s s i v e  q u a r t z i t e  ( R a w n s l e y  Q u a r t z i t e ) ,  u n d e r l a i n  by a r e d  
f e l d s p a t h i c  s a n d s t o n e  w i t h  h e a v y  m i n e r a l  b a n d s  ( B o n n e y  S a n d s t o n e ;  
F o r b e s ,  1 9 7 1 ) .  B o t h  m e m b e r s  h a v e  a w i d e  d i s t r i b u t i o n ;  t h e  u p p e r
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Figure  2.25(A)  : Thermal d e m a g n e t i z a t io n ,  Pound Q u a r t z i t e .
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F ig u re  2 .25(B)  : Chemical demagnetization, Pound Quartzi te.



TABLE 2 . 10

POUND QUARTZITE : S i t e  mean d i r e c t i o n s  ( non- r andom s i t e s
onl y)  a f t e r  chemi cal  d e ma g n e t i z a t i o n ;  
in g e o g r a p h i c  c o o r d i n a t e s

SITE N ,R D I

3 1 3 , 2 . 8 4 0 309 -77

4 1 3 , 2 . 7 3 5 028 -79

5 1 3 , 2 . 7 8 6  . on -75

6 1 3 , 2 . 6 5 3 330 -58

7 1 3 , 2 . 9 0 2 325 -54

l 2 5 , 4 . 2 4 5 318 -63

6 2 5 , 4 . 2 8 3 005 -73

7 2 6 , 5 . 402 334 -78

Mean : 8 , 7 . 8 2 5 337 -71

Pol e  p o s i t i o n  : 61S, 166E (dp, dm = 13, 15)

1 s u p p l e me n t a r y  c o l l e c t i o n

2 o r i g i n a l  c o l l e c t i o n



POUND Q T Z I T E  PQ3 F / C

Figure 2.26 : Cleaned s i te  mean magnetization d i rec t ions ,  Pound 
Quartzi te PQ3 component; equal-angle project ion. Open (closed) 
symbols re fer  to negative (pos i t ive)  in c l in a t io n .
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wh i t e  q u a r t z i t e  u n i t  i s  l a r g e l y  r e s p o n s i b l e  f o r  t he  rugged 

t o p o g r a p h y  of  t he  Nor t h F l i n d e r s  Ranges and has been a maj or  

c o n t r i b u t o r  in t h e  p r e s e r v a t i o n  of  u n d e r l y i n g  Ade l a i de a n  s t r a t a .

Embleton and Gi ddi ngs  ( 1 974 ) r e p o r t e d  pa 1a eomagne t i c  

r e s u l t s  f rom 10 sampl es  of  t he  l ower  Bonney Sa nds t one  member.

They c o l l e c t e d  39 sampl es  a t  3 l o c a l i t i e s  in t he  Nor t h F l i n d e r s  

Ranges ( F i g u r e  2 . 5 ) .  Af t e r  p r o g r e s s i v e  t her mal  d e ma g n e t i z a t i o n  

of  9 s p e c i me n s ,  t h r e e  t ype s  of  ma g n e t i z a t i o n  were o b s e r v e d :  

a) d i r e c t i o n s  i n i t i a l l y  c l o s e  t o  t he  PEF d i r e c t i o n  which r emai ned 

e s s e n t i a l l y  unchanged d u r i ng  d e m a g n e t i z a t i o n ,  b) d i r e c t i o n s  

i n i t i a l l y  removed f rom t he  PEF d i r e c t i o n  which were s t a b l e  and 

r emai ned unchanged dur i ng  d e m a g n e t i z a t i o n ,  and c) d i r e c t i o n s  

i n i t i a l l y  c l o s e  to t he  PEF d i r e c t i o n  which under went  s u b s t a n t i a l  

a n g u l a r  changes  a t  low t e m p e r a t u r e s ,  s t a b i l i z i n g  in t he  440° - 630°  

r a nge .  Af t e r  bul k  t her mal  t r e a t m e n t ,  a l l  but  10 sampl es  had 

random mean d i r e c t i o n s  a t  t he  95% c o n f i d e n c e  l e v e l .  A 

r e c a l c u l a t i o n  of  t he  mean d i r e c t i o n s  l i s t e d  in Gi dd i ngs  (1974)  

shows t h a t  t he  s t r u c t u r a l l y  u n c o r r e c t e d  mean d i r e c t i o n  has a 

p r e c i s i o n  of  5 . 0  and not  4 . 7  as l i s t e d .  The d e c r e a s e  in p r e c i s i o n  

upon making t he  s t r u c t u r a l  c o r r e c t i o n  i s  not  s i g n i f i c a n t  a t  t he  

95% l e v e l  ( k ' / k = 0 . 9 4 ,  95% s i g n i f i c a n c e  p o i n t  = 0 . 4 6 ) ,  however  

t he  p r e s e n c e  of  a p o s t - f o l d i n g  ma g n e t i z a t i o n  i s  s u g g e s t e d .

One of  t he  d i f f i c u l t i e s  e n c o u n t e r e d  in t he  o r i g i n a l  

s t udy  was t h a t  of  meas ur i ng  t h e  very weak m a g n e t i z a t i o n s  us i ng  

equi pment  a v a i l a b l e  a t  t he  t i me .  Si nce  t h e n ,  more modern and 

s e n s i t i v e  magne t ome t e r s  had been i n s t a l l e d  in t he  l a b o r a t o r y ,  

hence a s u p p l e me n t a r y  c o l l e c t i o n  of  t he  Pound Q u a r t z i t e  was made.  

Samples  were t aken f rom t h r e e  l o c a l i t i e s  in t he  Nor t h F l i n d e r s  

Ranges ( F i g u r e  2 . 5 ) ;  two of  t h e s e  were where some of  t he  p r e v i o u s  

sampl es  c o l l e c t e d  by Embleton and Gi ddi ngs  (1974)  were o b t a i n e d .



P i l o t  s t u d i e s  o f  2 spec i mens  f r om each o f  24 sampl es 

showed v a r i a b l e  b e h a v i o u r  upon t h e r ma l  d e m a g n e t i z a t i o n  ( F i g u r e  

2 . 2 5 ) .  D i r e c t i o n s  f r om t h e  Wi l pena  sampl es r ema i ned  a l i g n e d  

w i t h  t h e  PEF d i r e c t i o n  up t o  6 7 5 ° ,  whereupon i n t e n s i t i e s  decayed 

r a p i d l y  and random d i r e c t i o n a l  b e h a v i o u r  ensued.  Samples f r om 

t h e  P a r a c h i l n a  and B r a c h i na l o c a l i t i e s  e x h i b i t e d  s t a b l e  

d i r e c t i o n a l  b e h a v i o u r  i n  many c a s e s ,  however  w i t h i n  s i t e  and 

even w i t h i n  sampl e g r o u p i n g  was o f t e n  random at  t h e  95% 

c o n f i d e n c e  l e v e l  and no s y s t e m a t i c  g r o u p i n g  o f  spec i men d i r e c t i o n s  

was o b s e r v e d .  Embl e t on  and G i d d i n g s  ( 1974)  no t ed  s i m i l a r  

p r o b l e ms  w i t h  t h e i r  c o l l e c t i o n .

Chemi ca l  d e m a g n e t i z a t i o n  s t u d i e s  were c o n d u c t e d  on a 

t h i r d  spec i men c u t  f r om each o f  t h e  above 24 sampl es  and f r om 

24 a d d i t i o n a l  spec i mens  o b t a i n e d  f r o m t he  o r i g i n a l  c o l l e c t i o n  

wh i ch  had no t  been t h e r m a l l y  t r e a t e d .  T y p i c a l  r e s u l t s  are 

shown i n  F i g u r e  2 . 2 5 .  D i r e c t i o n s  r e ma i n  r e a s o n a b l y  s t a b l e  

d u r i n g  l e a c h i n g ,  w h i l e  i n t e n s i t i e s  o f  m a g n e t i z a t i o n  decay  t o  

10-15 p e r c e n t  o f  t h e  NRM v a l u e .  I n t e r n a l  i n s p e c t i o n  o f  t e s t  

spec i mens  a f t e r  150 hours  i n t he  a c i d  bat h  showed t h a t  most  

o f  t he  red p i gmen t  o r i g i n a l l y  p r e s e n t  had been d i s s o l v e d  by 

t h i s  t i m e .  A g a i n ,  a l t h o u g h  many spec i mens  had a t t a i n e d  s t a b l e  

d i r e c t i o n a l  c h a r a c t e r i s t i c s ,  s i t e  mean d i r e c t i o n s  were o f t e n  

random.  E i g h t  s i t e s  had non- r andom mean d i r e c t i o n s  and y i e l d e d  

a mean d i r e c t i o n  j u s t  s i g n i f i c a n t l y  d i f f e r e n t  f r om t he  PEF 

d i r e c t i o n  ( T a b l e  2 . 1 0  and F i g u r e  2 . 2 6 ) .  P r e c i s i o n  d e c r e a s e s  

m a r k e d l y  upon maki ng t h e  s t r u c t u r a l  c o r r e c t i o n ;  t h e  n e g a t i v e  

f o l d  t e s t  combi ned w i t h  t he  p r o x i m i t y  o f  t h e  p o l e  p o s i t i o n  t o  

t h e  Cenozo i c  APWP f o r  A u s t r a l i a  ( F i g u r e  2 . 2 7 )  s u g g e s t  a T e r t i a r y  

age o f  m a g n e t i z a t i o n .

I t  was t h e r e f o r e  no t  p o s s i b l e  t o  d u p l i c a t e  o r  augment



t he  r e s u l t  f o r  t h e  Pound Q u a r t z i t e  r e p o r t e d  by Embl e t on and 

G i d d i n g s  ( 1 9 7 4 ) .  T h e i r  p o l e  p o s i t i o n  i s  p r o b l e m a t i c ,  as i t  

l i e s  i n  a p o s i t i o n  wh i ch  does no t  appear  t o  be c o n s i s t e n t  

w i t h  t he  r e s u l t s  f r om t h e  u n d e r l y i n g  s e d i me n t s .

§2 . 8  Summary o f  pa 1a e o ma g n e t i c  r e s u l t s  f r o m t h e  A d e l a i d e  
' G e o s y n c l i n e ' ,  t he  A d e l a i d e a n  P o l a r  T r a c k ,  and t he  
d e f i n i t i o n  o f  A d e l a i d e a n  t i me

Pa 1a e o ma g n e t i c  p o l e s  f r om A d e l a i d e a n  and Cambr i an 

r o c k s  o f  t he  A d e l a i d e  ' G e o s y n c l i n e '  a re  l i s t e d  i n  T a b l e  2 . 1 1 .  

The 12 p o l e s  o f  p o s s i b l e  p r i m a r y  age and 10 p o l e s  o f  p o s s i b l e  

s e c o n d a r y  age have been p l o t t e d  i n  F i g u r e  2 . 2 7 .  The l o w e r  

A d e l a i d e a n  p o l e s  f o r m an APWP segment  o r  " p o l a r  t r a c k "  ( I r v i n g  

and P a r k ,  1972)  wh i ch  f o l l o w s  i n  a l o g i c a l  sequence f r om t h e  

Woo l t ana  V o l c a n i c s  t h r o u g h  t o  t h e  B r a c h i na F o r m a t i o n .  A p a r t  

f r om t h e  a n g u l a r  d i s c o r d a n c e  between t h e  Woo l t ana  V o l c a n i c s  

and t h e  Cop l ey  Q u a r t z i t e ,  no s i g n i f i c a n t  p o l a r  gaps appear  t o  

be p r e s e n t  i n  t h e  l o w e r  and m i d d l e  p a r t s  o f  t he  sequence .  The 

p o l a r  gap s e p a r a t i n g  p o l e s  WV1 and CQ i s  most  l i k e l y  due t o  a 

ma j o r  u n c o n f o r m i t y  w i t h i n  t h e  C a l l a n a  Beds,  as d i s c u s s e d  i n 

§ 2 . 7 . 3 .  The absence o f  s i g n i f i c a n t  p o l a r  gaps i n t h e  CQ+BR 

sequence woul d  i m p l y  t h a t  no ma j o r  t i me  gaps are  p r e s e n t  i n  

t h e  p e r i o d  o f  s e d i m e n t a t i o n  r e c o r d e d  by t he  p o l e s ,  assumi ng 

a r e a s o n a b l y  c o n s t a n t  r a t e  o f  a p p a r e n t  p o l a r  m o t i o n .

The marked a n g u l a r  d i f f e r e n c e  between t h e  p o l e  

p o s i t i o n s  f o r  t he  Woo l t ana  V o l c a n i c s  and t he  Cop l ey  Q u a r t z i t e  

m e r i t s  d i s c u s s i o n  i n  t e r ms  o f  t h e  f o r m a l  d e f i n i t i o n  o f  

A d e l a i d e a n  t i m e .  Mappi ng c o n d u c t e d  t o  da t e  has no t  been a b l e  

t o  e s t a b l i s h  w h e t h e r  o r  n o t  t h e  u n c o n f o r m i t y  between t h e  Upper  

and Lower  C a l l a n a  Beds r e p r e s e n t s  a ma j o r  t i me  b r e a k .  The 

p a l a e o m a g n e t i c  r e s u l t s  d e m o n s t r a t e  t h a t  t he  two m a g n e t i z a t i o n s



TABLE 2.11 (A)

Summary of p«1aeomagne1 1c poles from the Adelaide 1Geosy nc 1 Ine [

Probable Pole
Symbol Rock Unit Magnetization Position dp ,dm Reference

Age

Pos s1 bl e Primary Poles
WV1 Wooltana Volcanic« PC(6 50-850?) 62S 1 42E 16,18 this study
CQ Copley Quartzite PG(<WV1) SOS 345E 07,15 this study
Mil M e r1 n j 1 na T 111 1 te PG(< C Q ) 45S 346E 06,11 this study
TH Tapley Hill Formation PG( <MT1 ) 39S 028E 08,15 this study
AF1 Angepena Formation PG(<TH) 3 3 S 344E 09,16 this study
BRK Brachtna Formation Pfr(-BR7) 46S 3S6E 10,15 Karner (1975)
BRH Brachlna Formation P€■( < AF1) 33S 328E 12,20 this study
BU Bunyeroo Formation P€-( <B R ) 07S 017E 09,14 this study
P Q 11 Pound Quartzite 7PG(<BU) 60S 006E 13,26 Embleton 4 Glddlngs (1974)
AO Aroona Dam sediments a 36S 033E 10,19 Embleton 4 Glddlngs (1974)
LFl Lake Frome Group (lower) 05S 023E 11,19 Embleton 4 Glddlngs (1974)
LFU Lake Frome Group (upper) Gu (<LFL) 40S 02SE 09,19 Embleton 4 Glddlngs (1974)

Possible Secondary Poles
WV3 Wooltana Volcanic« 70 3 6 N 087E 13,26 this study
MT3 Herln j 1 na T 1111te 70 01S 06SE 08,14 this study
PQ3-' Pound Quartz 1te 7 S - D 69S 3 3 5 E 13,25 recalculated from Glddlngs 

( 1 974 )
Y2 Yerellna Sub-Group 7P-t r 45S 1 27 E 14,15 this study
WV2 Wooltana Volcanlcs 7K-T 26S 143E 26,26 this study
MT2 Merlnjlna T 11111e 7K-T 45S 153E 17,18 this study
AF2 Angepena Formation 7K-T 57S 1 37E 09,10 this study
Y 1 Yerellna Sub-Group 7K-T 58S 149E 26,28 this study
MT4 Merlnjlna Tllllte 7T 6BS 139E 09,10 this study
P02 Pound Quartzite 7T 61S 1 66E 13,15 this study

'Structurally corrected
*Struetura11y uncorrected



T a b l e  2 . 1 1  (B)

S u m m a r y  o f  n e w  p a l a e o m a g n e t i c  r e s u l t s  f r o m  t h e  A d e l a i d e  
' G e o s y n c l i n  e 1

S y m b o l R o c k
U n i t I n t e r p r e t a t i o n  ̂

W V 1 W o o l t a n a  V o l c a n i c s p r i m a r y
W V 2 W o o l t a n a  V o l c a n i c s s e c o n d a r y
W V 3 W o o l  t a n a  V o l c a n i c s s e c o n d a r y ,  €--0(?)
CQ C o p l e y  Q u a r t z i t e p r i m a r y
MT1 M e  ri n  j i n  a T i l l i t  e p r i m a r y
M T 2 M e  r i n  j i n  a T i l l i t  e s e c o n d a r y ,  u P z - M z
M T 3 M e  r i n  j i n  a T i l l i t  e s e c o n d a r y ,  -G—  0 ( ? )
M T  4 M e r i n j i n a  T i l l i t e s e c o n d a r y ,  T
TH T a p l e y  H i l l  F o r m a t i o n p r i m a r y  (?)
AF1 A n g e p e n a  F o r m a t i o n p r i m a  ry
A F 2 A n g e p e n a  F o r m a t i o n s e c o n d a r y ,  T
Y 1 Y e r e l i n a  S u b - G r o u  p s e c o n d a r y ,  T
Y 2 Y e r e l i n a  S u b - G r o u p s e c o n d a r y  , u P z (?)
B R M B r a c h i n a  F o r m a t i o n p r i m a r y
BU B u n y e r o o  F o r m a t i o n p r i m a r y
P Q3 P o u n d  Q u a r t z i t e s e c o n d a r y  , T

^ a b b r e v i a t i o n s :  P z ( P a l a e o z o i c ) ,  M z ( M e s o z o i c )
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Figure 2.27(A)  : The Adelaide Track, the late Precambrian APWP segment 
derived from Adelaide 'Geosyncline' rocks. Dashed ovals : 95% polar 
error ellipses dp, dm. Equal-area projection, radius 115°. Swathe 
width 15° at equator. Symbols as in Table 2.11.
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F igure 2 .27(B)  : Secondary poles from Adelaide 'Geosyncline'  rocks, 
plotted with Phanerozoic period mean poles : 01, Miocene, 02: Oligocene, 
03: Eocene, 04: Palaeocene, 05: Cretaceous, 06: Upper Jurass ic ,  07: 
Triassic-Lower Jurass ic ,  08: Upper Carboniferous-Permian, 09: Upper 
Devonian-Lower Carboniferous, 10: Silurian-Lower Devonian (al l  shown 
as t r i ang les ) .  Dashed ovals: 95% error e l l ipse  dp,dm. Equal-area 
project ion,  radius 115°. Symbols as in Table 2.11.



(W V 1 an d  CQ) a r e  o r i g i n a l  a n d  w e r e  p r o b a b l y  a c q u i r e d  in 
p a l a e o l a t i t u d e s  w h i c h  d i f f e r  by o v e r  50°. E v e n  w i t h  r a p i d  
r a t e s  o f  a p p a r e n t  p o l a r  m o t i o n ,  t h i s  l a t i t u d i n a l  d i f f e r e n c e  
c o u l d  r e p r e s e n t  a h i g h l y s i g n i f i c a n t  t i m e  b r e a k .  A t  r a t e s  
o f  ( 1 5 , 1 0 , 5 )  c m  y r   ̂ o f  m o t i o n  r e l a t i v e  to t h e  p o l e ,  t h e  
u n r e c o r d e d  i n t e r v a l  w o u l d  be of t h e  o r d e r  of ( 3 7 , 5 5 , 1 1 0 )  my. 
D e p e n d i n g  u p o n  t h e  a g e  o f  t h e  W o o l t a n a  V o l c a n i c s ,  r e d e f i n i t i o n  
o f  t h e  s t r a t o t y p e  A d e l a i d e  ' S y s t e m '  o r  o f  A d e l a i d e a n  t i m e  m i g h t  
be w a r r a n t e d .  If t h e i r  t r u e  a g e  is in t h e  8 7 0 - 6 2 5  m y  r a n g e ,  t h e  
l o w e r  C a l l a n a  B e d s  m i g h t  be as m u c h  as 2 0 0  m y  o l d e r  t h a n  t h e  
u n c o n f o r m a b l y  o v e r l y i n g  s e q u e n c e .  If an a g e  o l d e r  t h a n  1 0 0 0  
m y  is a c c e p t e d  t h e  p a l a e o m a g n e t i c  d a t a  w o u l d  s u g g e s t  ( t a k i n g  
t h e  a n t i p o l e  o f  W V 1 r a t h e r  t h a n  in its n e a r  A u s t r a l i a  p o s i t i o n )  
t h a t  t h e  m a j o r i t y  o f  A d e l a i d e a n  t i m e  as d e f i n e d  has n o t  b e e n  
r e c o r d e d  by d e p o s i t i o n .  T h i s  p o s s i b i l i t y ,  d i s c u s s e d  by 
C o m p s t o n  et at. ( 1 9 6 6 ) ,  w o u l d  i n d i c a t e  t h a t  a m o r e  r e a s o n a b l e  
d e f i n i t i o n  o f  t h e  A d e l a i d e  ' S y s t e m '  m i g h t  b e g i n  w i t h  t h e  U p p e r  
C a l l a n a  B e d s  or B u r r a  G r o u p .  In v i e w  of t h e  p a l a e o m a g n e t i c  
a n d  i s o t o p i c  d a t a ,  it s e e m s  m o r e  p l a u s i b l e  t h a t  A d e l a i d e a n  
t i m e ,  at l e a s t  f r o m  d e p o s i t i o n  of t h e  U p p e r  C a l l a n a  B e d s  to 
t h e  P r e c a m b r i a n - C a m b r i a n  b o u n d a r y ,  w a s  a c t u a l l y  s h o r t e r  t h a n  
is c o m m o n l y  t h o u g h t .  T h e  p r o b l e m  is d i s u s s e d  in m o r e  d e t a i l  
in C h a p t e r  5 in c o n j u n c t i o n  w i t h  n e w  d a t a  f r o m  A f r i c a  a n d  
e l s e w h e r e  in A u s t r a l i a .

T h e  t w o  p o l e  p o s i t i o n s  f r o m  t h e  B r a c h i n a  F o r m a t i o n  
( K a r n e r ,  1 9 7 5  a n d  t h i s  s t u d y )  a r e  c l e a r l y  d i f f e r e n t .  A g a i n ,  
f o l d  t e s t  e v i d e n c e  s u g g e s t s  t h a t  t h e  m a g n e t i z a t i o n  in b o t h  
c a s e s  is p r o b a b l y  o r i g i n a l .  T h e r e  a r e  t w o  p o s s i b l e  e x p l a n a t i o n s .  
E i t h e r  t h e  a g e s  of m a g n e t i z a t i o n  a r e  d i s t i n c t l y  d i f f e r e n t  for 
t h e  t w o  l o c a l i t i e s ,  or if t h e  a g e s  of m a g n e t i z a t i o n  a r e  s i m i l a r ,



r e l a t i v e  m o t i o n  m a y  h a v e  t a k e n  p l a c e  b e t w e e n  t h e  n o r t h e r n  a nd 
s o u t h e r n  p a r t s  o f  t h e  A d e l a i d e  ' G e o s y n c  1 i ne ' . M a n y  w o r k e r s  
( s e e  e.g. C r a w f o r d  an d  C a m p b e l l ,  1 9 7 3 ;  H a r r i n g t o n  et al , 1 9 7 3 ;  
S c h e i b n e r ,  1 9 7 4 )  h a v e  p o s t u l a t e d  t h a t  t h e  c h a r a c t e r i s t i c  
s i g m o i d a l  s h a p e  o f  t h e  A d e l a i d e  1 G e o s y n c l i n e 1 r e s u l t e d  f r o m  
t e c t o n i c  d e f o r m a t i o n  of an i n i t i a l l y  l i n e a r  or s i m p l e  a c c u r a t e  
s t r u c t u r e .  In t h i s  t y p e  of h y p o t h e s i s ,  t h e  d e f o r m a t i o n  is 
t h o u g h t  to t a k e  t h e  f o r m  o f  b e n d i n g  o f  t h e  s e d i m e n t a r y  b e l t  in 
r e s p o n s e  to d e x t r a l  s h e a r  a n d  c o n c o m i t a n t  d r a g  a l o n g  a m a j o r  
t r a n s f o r m  to t h e  s o u t h  ( C r a w f o r d  a n d  Camp bei 1 , 1 97 3  ) , or to 
s i n i s t r a l  s h e a r  ( H a r r i n g t o n  et al , 1 97 3  ), or to c o m p r e s s i o n  a 1 
f o r c e s  a r i s i n g  f r o m  a s o u t h e a s t e r l y  r o t a t i o n  o f  t h e  G a w l e r  
B l o c k  to t h e  n o r t h w e s t  ( S c h e i b n e r ,  1 9 7 4 ) .  E m b l e t o n  a n d  G i d d i n g s  
( 1 9 7 4 )  d e m o n s t r a t e d  u s i n g  p a l e o m a g n e t i c  d a t a  t h a t  t h e  b e n d  in 
Y o r k e  P e n i n s u l a  d i d  n o t  a r i s e  f r o m  s u c h  t e c t o n i c  b e n d i n g ,  
h o w e v e r  no t e s t s  h a v e  b e e n  m a d e  o f  p o s s i b l e  b e n d i n g  in t h e  
M o u n t  L o f t y - K a n g a r o o  I s l a n d  a r c .  T h e  d i s c o r d a n t  r e s u l t s  f r o m  
t h e  B r a c h i n a  F o r m a t i o n  s a m p l e d  in t h e  N o r t h  F l i n d e r s  R a n g e s  
a n d  s o u t h  of A d e l a i d e  p r o v i d e  t h e  b a s i s  f o r  a s i m p l e  t e s t .

It is o b v i o u s  t h a t  a n y  h y p o t h e s i s  w h i c h  p o s t u l a t e s  a 
s t r a i g h t e n i n g  o u t  o f  t h e  e a s t - w e s t  K a n g a r o o  I s l a n d  t r e n d s  to 
c o i n c i d e  w i t h  t h e  n o r t h - s o u t h  M o u n t  L o f t y  t r e n d s  w o u l d  r e q u i r e  
r o t a t i o n  a b o u t  a l o c a l  E u l e r  p o l e  w h i c h  w o u l d  m o v e  t h e  t w o  p o l e s  
f u r t h e r  a p a r t ,  a n e g a t i v e  r e s u l t .  H o w e v e r ,  S c h e i b n e r  ( 1 9 7 4 )  
has p o s t u l a t e d  t h a t  t h e  A d e l a i d e  ' G e o s y n c l i n e 1 w a s  o r i g i n a l l y  
a n o r t h e a s t - s o u t h w e s t  l i n e a r  s t r u c t u r e  p a r a l l e l  to t h e  p r e s e n t  
D a r l i n g  R i v e r  l i n e a m e n t .  S u b s e q u e n t  d e f o r m a t i o n  o c c u r r e d  w h e n  
t h e  G a w l e r  B l o c k ,  o r i g i n a l l y  f u r t h e r  to t h e  n o r t h ,  s u f f e r e d  an 
a n t i c l o c k w i s e  r o t a t i o n  a b o u t  a n e a r b y  E u l e r  p o l e  to t h e  n o r t h e a s t  
U n f o l d i n g  of t h e  p r e s e n t  s i g m o i d a l  t r e n d s  to f o r m  a l i n e a r
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s t r u c t u r a l  p a t t e r n  r e q u i r e s  t w o  r o t a t i o n s  a b o u t  l o c a l  E u l e r  
p o l e s .  T h e  f i r s t  r o t a t i o n  m o v e s  t h e  t w o  p o l e s  f a r  a p a r t ,  t h e  
s e c o n d ,  a b o u t  a d i f f e r e n t  E u l e r  p o l e  m o v e s  t h e m  t o g e t h e r  a g a i n .  
T e s t s  u s i n g  a v a r i e t y  o f  p o s s i b l e  E u l e r  p o l e s  a n d  a n g u l a r  
d i s p l a c e m e n t s  w e r e  m a d e ,  w i t h  t h e  c o n c l u s i o n  t h a t  a 
s t r a i g h t e n i n g  o f  s t r u c t u r a l  t r e n d s  a c c o r d i n g  to S c h e i b n e r ' s  
h y p o t h e s i s  d o e s  n o t  d e c r e a s e  t h e  a n g u l a r  d i s t a n c e  b e t w e e n  t h e 
t w o  p o l e s  f o r  t h e  B r a c h ina F o r m a t i o n .  In all c a s e s ,  th e  
a n g u l a r  d i f f e r e n c e  w a s  e i t h e r  t h e  s a m e  o r  m a r g i n a l l y  g r e a t e r  
as a r e s u l t  o f  r o t a t i o n .  T h i s  f a c t  is a p r o d u c t  o f  t h e  
p a l a e o l a t i t u d e  d i f f e r e n c e  b e t w e e n  t h e  t w o  p o l e s  ( ^ 1 8 ° ,  w h e n  
c o r r e c t e d  f o r  d i s t a n c e  b e t w e e n  t h e  s a m p l i n g  l o c a l i t i e s )  w h i c h  
c a n n o t  be r e s o l v e d  by r o t a t i o n  a b o u t  l o c a l  v e r t i c a l  a x e s .

W h i l e  an u n f o l d i n g  a n d  s t r a i g h t e n i n g  of t h e  c e n t r a l  
a n d  s o u t h e r n  p a r t  o f  t h e  A d e l a i d e  ' G e o s y n c l i n e '  c a n n o t  be 
r e f u t e d  or a c c e p t e d  on t h e  b a s i s  of t h e  p a l a e o m a g n e t i c  t e s t ,  
it is i n t e r e s t i n g  to n o t e  t h a t  s u c h  u n f o l d i n g  b r i n g s  t h e  B R K  
p o l e  n e a r  t h e  TH p o l e  f r o m  t h e  T a p l e y  H i l l  F o r m a t i o n .  A l t h o u g h  
t h e  B R K  p o l e  is p r o b a b l y  y o u n g e r  t h a n  t h e  TH p o l e ,  t h e  p o l e s  
c a n  be a c c o m m o d a t e d  in a s m a l l  a n t i c l o c k w i s e  b e n d  in t h e  p o l a r  
t r a c k ,  as s h o w n  in F i g u r e  2 . 2 7 .  S u c h  a b e n d  b r i n g s  all t h e  
p o l e s  in a r e a s o n a b l e  o r d e r ,  e s p e c i a l l y  w h e n  it is r e m e m b e r e d  
t h a t  t h e  t w o  f o r m a t i o n s  s t u d i e d  a r e  l i t h o s t r a t i  g r a p h i c  
e q u i v a l e n t s ,  b u t  m a y  n o t  be c h r o n  o s t r a t i g r a p h i c  e q u i v a l e n t s .
U n i t s  in t h e  A d e l a i d e  'G e o  s y n c ) i n e ' a p p e a r  in s o m e  c a s e s  to be 
t i m e  t r a n s g r e s s i v e  w h e n  c o n s i d e r e d  o v e r  l a r g e  d i s t a n c e s .  B e a r i n g  
in m i n d  t h e  4 5 0  km d i s t a n c e  b e t w e e n  t h e  s a m p l i n g  l o c a l i t i e s ,  
s u c h  t r a n s g r e s s i v e  n a t u r e  m a y  c a u s e  d i f f e r e n c e s  b e t w e e n  p o l e s  
f r o m  t h e  n o r t h e r n  a n d  s o u t h e r n  p a r t s  of t h e  A d e l a i d e  ' G e o s y n c l i n e '  
w i t h o u t  i n v o k i n g  r e l a t i v e  m o t i o n .
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A maj or  p o l a r  s h i f t  of  about  50° i s  p r e s e n t  between 

t he  Br a c h ina and Bunyeroo po l e  p o s i t i o n s .  Thi s  d i s c o r d a n c e  

coul d  r e s u l t  f rom a s i g n i f i c a n t  d i f f e r e n c e  in ma g n e t i z a t i o n  

age dur i ng  a p e r i o d  of  r e l a t i v e l y  s low a p p a r e n t  p o l a r  mo t i on ,  

or  f rom a smal l  age d i f f e r e n c e  dur i ng  a p e r i o d  of  r a p i d  p o l a r  

mot i on .  The l a t t e r  p o s s i b i l i t y  i s  f a vour e d  f o r  two r e a s o n s .  

F i r s t l y ,  t he  s e d i me n t a r y  sequence  a ppe a r s  t o be c onf or ma bl e  

in t he  Br a c h i na - Bunye r oo  d e p o s i t i o n a l  i n t e r v a l ,  and a maximum 

of  onl y  750 m of  s edi ment  s e p a r a t e s  t he  two u n i t s .  Se c ond l y ,  

t he  m a g n e t i z a t i o n s  of  both u n i t s  a ppea r  t o be o r i g i n a l ,  a l t h o u g h  

i t  can r e a l l y  onl y  be s a i d  t h a t  t he  m a g n e t i z a t i o n s  a r e  o l d e r  

t han Upper Cambr i an.  I t  i s  i mp o r t a n t  t o not e  t h a t  a l t h o u g h  

r a p i d  a p p a r e n t  p o l a r  mot i on i s  i mp l i e d ,  in t h i s  case  marked 

d i s p l a c e me n t  of  t he  c o n t i n e n t  may not  have caused t he  p o l a r  

s h i f t .  As t he  two r e s u l t s  d i f f e r  by onl y 4° in i n c l i n a t i o n  

( n o t  s t a t i s t i c a l l y  d i f f e r e n t )  a 50° a n t i c l o c k  wi se  r o t a t i o n  of  

a t  l e a s t  t he  Nor t h F l i n d e r s  Ranges about  a l oc a l  Eu l e r  pol e  

coul d  a c c oun t  f o r  t he  s h i f t .  Minimal  t r a n s l a t i o n a l  mot i on 

of  t he  c o n t i n e n t a l  l i t h o s p h e r e  r e l a t i v e  to t he  mant l e  i s  

r  e q u i r e d .

The pol e  from t he  Pound Q u a r t z i t e  and t he  t h r e e  

Cambrian r e s u l t s  from the Nor t h F l i n d e r s  Ranges a r e  d i f f i c u l t  

t o  i n c o r p o r a t e  i n t o  t he  p o l a r  t r a c k  wi t h o u t  o v e r l y  c o n t o r t e d  

p a t h s .  The p o l a r  s h i f t  between t he  BU and BF po l e s  may 

r e c o r d  t he  o n s e t  of  a p e r i od  of  r a p i d  p o l a r  mot i on which may 

r e s u l t  in wi de l y  s e p a r a t e d  pol e  p o s i t i o n s  in t he  l a t e s t  

Pr e ca mbr i a n  and e a r l y  P a l a e o z o i c .  F u r t h e r  d i s c u s s i o n  r e g a r d i n g  

p o s s i b l e  l a r g e  p o l a r  s h i f t s  dur i ng  t h e s e  t i mes  i s  r e s e r v e d  

u n t i l  Cha p t e r s  3 and 5,  when d a t a  from e l s e wh e r e  in A u s t r a l i a

and o t h e r  Gondwana c o n t i n e n t s  a r e  s y n t h e s i z e d  wi t h t he  A u s t r a l i a n  

d a t a .
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C h a p t e r  3
A d e l a i d e a n  P a l a e o m a g n e t i s m  E x c l u s i v e  of 

t h e  A d e l a i d e  ' G e o s y n c l i n e 1

§ 3.1 I n t r o d u c t i o n

A d e l a i d e a n  s e d i m e n t s  o c c u r  in a r e a s  t h r o u g h o u t  
A u s t r a l i a  e x c l u s i v e  of t h e  A d e l a i d e  ' G e o s y n c l i n e '  ( F i g u r e  3 . 1 ) .  
C o r r e l a t i o n  o f  t h e s e  s t r a t a  w i t h  t h e  s t r a t o t y p e  A d e l a i d e a n  
s e c t i o n s  has b e e n  t h e  s u b j e c t  of m u c h  s t u d y  a n d  d e b a t e  (of. D u n n  
et al. , 1 9 7 1 ) .  Pa 1 a e o m a g n e t i c  s t u d y  o f  s o m e  o f  t h e  A d e l a i d e a n  
a n d  C a m b r i a n  r o c k s  f r o m  s o m e  o f  t h e s e  a r e a s  w a s  a t t e m p t e d ,  
p r i m a r i l y  to c o m p l e m e n t  t h e  s t u d y  o f  A d e l a i d e  ' G e o s y n c l i n e '  
s t r a t a  d e s c r i b e d  in t h e  p r e v i o u s  c h a p t e r .  T h e  r e s u l t s  h a v e  
p o t e n t i a l  r e l e v a n c e  to

1) t e s t i n g  p r o p o s e d  c o r r e l a t i o n s  of A d e l a i d e a n  s t r a t a ,
2) t e s t i n g  p o s s i b l e  l a t e r a l  d i s p l a c e m e n t s  b e t w e e n  th e  

v a r i o u s  P r e c a m b r i a n  c r u s t a l  n u c l e i ! ,  an d
3) o b t a i n i n g  a d d i t i o n a l  p a l a e o l a t i t u d e  i n f o r m a t i o n  

f r o m  A u s t r a l i a n  l a t e  P r e c a m b r i a n  g l a c i a l  d e p o s i t s  
o u t s i d e  t h e  A d e l a i d e  ' G e o s y n c l i n e ' .
In t h i s  c h a p t e r ,  p a l a e o m a g n e t i c  r e s u l t s  f r o m  

A d e l a i d e a n  a n d  C a m b r i a n  r o c k s  o f  t h e  A m a d e u s ,  K i m b e r l e y  a n d  
O f f i c e r  B a s i n s ,  f r o m  n o r t h w e s t  Q u e e n s l a n d  a n d  f r o m  K i n g  I s l a n d ,  
T a s m a n i a  a r e  d e s c r i b e d .  S a m p l i n g  d e t a i l s  a r e  as o u t l i n e d  in 
§ 2 . 7 . 1 ;  l o c a l i t y  d e t a i l s  a r e  g i v e n  in A p p e n d i x  A.

§ 3 . 2  A m a d e u s  B a s i n

§ 3 . 2 . 1  S t r a t i g r a p h y ,  s t r u c t u r e  a n d  t e c t o n i c  h i s t o r y

T h e  A m a d e u s  B a s i n  is an e l o n g a t e  i n t r a c r a t o n i c
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depression (or aulacogene) containing over 9000 m of Precambrian 
and Palaeozoic sediments (see Wells et al. , 1970 for detailed 
descriptions). The Adelaidean part of the Amadeus Basin 
sediments were unc onfo rmabl y deposited upon older metamorphic 
and igneous rocks and are con form ably overlain by f o s s i 1 iferous 
Cambrian strata. The age range of Adelaidean sedimentation in 
the Amadeus Basin is therefore bracketed by the Precambrian- 
Cambrian boundary as a you nger limit, and by the age of last 
m e t amor phism and intrusion of the underlying Arunta and 
Musgrave Complexes as an older limit. Current estimates of 
these ages general ly restricts the cover rocks of the Amadeus 
Basin to being younger than about 1100-1200 my.

The Adelaidean sedimentary sequence commences with 
the Heavitree Quartzite, a massive resistant quartzitic unit 
which u n c o nfo rmabl y lies upon the met amorphosed basement complex. 
The Bitter Springs Formation conformably overlies the Heavitree 
Quartzite and comprises a thick sequence of calcareous and 
arenaceous rocks. The calcareous parts of the Bitter Springs 
Formation contain a wide variety of columnar stromatolites as 
described in detail by Walter (1972); interbedded chert 
lenses preserve some of the earliest known algal microbiotas 
(Schopf, 1968). The Heavitree Quartzite and Bitter Springs 
Formation have been correlated with the Copley Quartzite and 
Skillogallee Dolomite of the Adelaide 1 G e o s y n c l i n e 1 by Wells 
et al. (1970) on a lithological basis. Glaessner et al. (1969) 
and Walter (1972) utilize stromatolite occurrences to reinforce 
the lithological correlation. Although extensive sampling has 
been conducted, no pa 1aeomagnetic data are available to date 
for either the Bitter Springs Formation or the Heavitree 
Quartzite.
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The Areyonga Formation dis conformably overlies the 
Bitter Springs Formation. It has a varied lithology, but 
consists pre dominantly of a bou lder -cong lomer ate association 
which has been interpreted as being of glacial origin, overlain 
by greywackes and sandstones with some algal dolomites. Prichard 
and Quinlan (1962) have suggested that the Areyonga Formation 
is the product of a marine glacial environment, which has led 
to correlation with the Sturtian tillites of the Adelaide 
1Geosyn c l i n e '.

S t r a t i g r a p h i ca 11y above the Areyonga Formation is a 
thick (over 2100 m) sequence of sandstones, siltstones, shales 
and carbonates called the Pertatataka Formation. Five members 
of the Pertatataka Formation are recognized in the eastern 
Amadeus Basin (Wells et al. , 1967): the Julie, Waldo Pedlar,
Olympic, Limbla and Ringwood Members, in order of increasing 
age. Siltstone is the dominant lithology in all the members, 
which are conformable with the possible exception of the 
Olympic and Limbla Members, which are probably separated by 
a disconformity. The occurrence of a possible second horizon 
of glacial sediments in the Olympic Member has led to the 
suggestion that this unit be correlated with the Marinoan 
tillites of the Adelaide G e o s y n c l i n e 1. Both the Julie and 
Ringwood Member contain algal stromatolites.

The Pertatataka Formation is overlain, uncon formably 
in places, by Precambrian and Cambrian sediments of the Pertaoorta 
Group. The P r e c a m b rian- Cambr ian boundary is thought to lie 
within the Arumbera Sandstone (and equivalents), one of the 
lowest members of the Group.

The first-order structure of the basin is a reasona bly 
simple synclinal downwarping with an east-west axial trend. On
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a s m a l l e r  s c a l e ,  m u c h  m o r e  c o m p l e x  s t r u c t u r e s  s u c h  as n a p p e s  
a n d  d d c o l l e m e n t  s t r u c t u r e s  h a v e  b e e n  p r o d u c e d ,  l a r g e l y  as a 
r e s u l t  o f  l a t e  P a l a e o z o i c  o r o g e n e s i s .  L o c a l  u n c o n f o r m i t i e s  
b e t w e e n  v a r i o u s  u n i t s  p r o b a b l y  r e s u l t  f r o m  d i a s t r o p h i c  
m o v e m e n t s  d u r i n g  s e d i m e n t a t i o n  in t h e  b a s i n .  S i x  e v e n t s  a r e  
r e c o g n i z e d ;  t h e  m o s t  r e c e n t  of t h e s e  has t h e  m o s t  i m p o r t a n c e  
to t h e  p r e s e n t  s t u d y .  T w o  r e g i o n a l  t e c t o n i c  e v e n t s  a r e  
s i g n i f i c a n t  in t h e  l a t e  P r e c a m b r i a n  h i s t o r y  of t h e  B a s i n .  T h e s e  
a r e  t h e  s o - c a l l e d  A r e y o n g a  a n d  S o u t h s  R a n g e  M o v e m e n t s ,  w h i c h  
p r o d u c e d  u n c o n f o r m i t i e s  b e t w e e n  t h e  Bitter Springs a n d  A r e y o n g a  
F o r m a t i o n s  a n d  b e t w e e n  t h e  A r e y o n g a  a n d  P e r t a t a t a k a  F o r m a t i o n s  
r e s p e c t i v e l y .  T h e  P r e c a m b r i a n  to C a m b r i a n  P e t e r m a n n s  R a n g e s  
O r o g e n y  a f f e c t e d  m a i n l y  t h e  s o u t h w e s t e r n  p a r t  of t h e  B a s i n  a n d  
p r o d u c e d  d e f o r m a t i o n  a n d  l o w  to m o d e r a t e  g r a d e  m e t a m o r p h i s m  in 
t h e  a r e a .  T w o  P a l a e o z o i c  d i a s t r o p h i c  m o v e m e n t s  c a u s e d  
i n t e r r u p t i o n s  in s e d i m e n t a t i o n ,  t h e  R o d i n g a n  M o v e m e n t  a n d  t h e  
P e r t n j a r a  M o v e m e n t .

T h e  A l i c e  S p r i n g s  O r o g e n y  r e s u l t e d  in t h e  f o r m a t i o n  
o f  t h e  c o m p l e x  n a p p e  a n d  d d c o l l e m e n t  s t r u c t u r e s  f o u n d  on t h e  
n o r t h e r n  m a r g i n  o f  t h e  B a s i n  a n d  w a s  a c c o m p a n i e d  by m y  1 on i tiza t i on, 
s h e a r i n g  a n d  o v e r  t h r u s t i n g . In s o m e  p l a c e s  at l e a s t  m o d e r a t e  
r e - h e a t i n g  o c c u r r e d .  R e s e t  K / A r  m i n e r a l  a g e s  f r o m  t h e  A r u n t a  
B l o c k  to t h e  n o r t h  r a n g e  in a g e  f r o m  3 6 7  to 4 2 0  m y. As is l a t e r  
d i s c u s s e d ,  t h e  A l i c e  S p r i n g s  O r o g e n y  m a y  h a v e  r e s u l t e d  in p a r t i a l  
a n d / o r  t o t a l  r e m a g n e t i z a t i o n  o f  s o m e  o f  t h e  u n i t s  s t u d i e d .

§ 3 . 2 . 2  P r e v i o u s  p a l a e o m a g n e t i c  w o r k

E m b l e t o n  ( 1 9 7 2 a ,  b a n d  p e r s o n a l  c o m m u n i c a t i o n )  has 
r e p o r t e d  p a l a e o m a g n e t i c  r e s u l t s  f r o m  t h e  A r u m b e r a  S a n d s t o n e ,
H u g h  R i v e r  S h a l e ,  P a c o o t a  S a n d s t o n e ,  S t a i r w a y  S a n d s t o n e  a n d



64.

Mereenie Sandstone. Although the Pre cambrian-Cambrian 
boundary may lie within the Arumbera Sandstone, the other 
results are from Palaeozoic sediments. Kirschvink (in 
preparation) has studied in detail the Arumbera Sandstone, 
overlying Todd River Dolomite and immediately underlying Julie 
Member of the Pertatataka Formation.

Discussion and interpretation of these results and 
of new results from the Amadeus Basin is deferred until §3.2.5.

§3.2.3 Areyonga Formation

At the type section at Ellery Creek (Figure 3.3), 
the Areyonga Formation has two members. The lower member is a 
tillitic unit with pebble and boulder tillite with tillitic 
sandstone, which unc onfo rmabl y overlies the Bitter Springs 
Formation. Most of the erratics are rounded (Plate 4), but 
some are facetted and striated. The upper member consists of 
a resistant current bedded quartz greywacke. Due to the fact 
that much of the matrix material of the lower member was 
highly weathered, only the upper greywacke member was sampled 
through about 170 m of section. Samples of a similar greywacke 
within the Areyonga Formation were taken near Limbla, east of 
Alice Springs.

NRM directions from most of the sites were scattered 
but roughly streaked from the PEF direction towards a 
s o u t hea sterl y direction. Upon thermal dem agne tization, samples 
from the lower part of the Ellery Creek Section exhibited 
directional stability after heating to temperatures of 300° 
and above. During the early heating steps, a magnetization with 
a m o d erat ely steep negative inclination and northerly 
dec lination was removed (Figure 3.4). The mean direction of
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F igure  3.4 : Thermal demagnetization : Areyonga Formation.
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t h i s  low ma g n e t i z a t i o n  i s  not  s i g n i f i c a n t l y  d i f f e r e n t  f rom 

t he  PEF d i r e c t i o n  a t  t he  sampl i ng  s i t e  and i s  p r oba b l y  a VRM 

a c q u i r e d  in Recent  t i me s .  The sampl es  c o l l e c t e d  from t he 

e a s t e r n  p a r t  of  t he  Amadeus Bas i n r es ponded s i m i l a r l y  to 

t her mal  t r e a t m e n t ,  a t t a i n i n g  d i r e c t i o n a l  s t a b i l i t y  in t he  

300° - 450°  r ange .  Af t e r  bul k t her mal  t r e a t m e n t ,  t h e s e  sampl es  

d e f i n e  t he  AY1 ma g n e t i z a t i o n  ( F i g u r e  3 . 5  and Tabl e  3 . 1 ) .  

Di s p e r s i o n  of  t he  AY1 ma g n e t i z a t i o n  d e c r e a s e s  s i g n i f i c a n t l y  

upon s t r u c t u r a l  c o r r e c t i o n ,  i n d i c a t i n g  t h a t  t he  s t a b l e  remanence 

was a c q u i r e d  b e f o r e  f o l d i n g  o c c u r r e d  [ k ' / k = 4 . 3 1 ,  95% s i g n i f i c a n c e  

p o i n t  s 2 . 5 9 ) .  However ,  as t he  main e p i s o d e  of  f o l d i n g  o c c u r r e d  

in l a t e  S i l u r i a n  or  Devonian t i m e s ,  a l l  t h a t  can be s t a t e d  wi t h 

c o n f i d e n c e  i s  t h a t  t he  AY1 ma g n e t i z a t i o n  i s  p r oba b l y  pr e - Devoni an  

in age.

Samples f rom t he  upper  p a r t  of  t he  sampled s e c t i o n  

a t  E l l e r y  Creek had g e n e r a l l y  a more v a r i e d  and c o mp l i c a t e d  

t he r mal  d e ma g n e t i z a t i o n  b e ha v i ou r  t han di d t h o s e  f rom t he  l ower  

p a r t  of  t he  s e c t i o n  d e s c r i b e d  above.  No s y s t e ma t i c  d i r e c t i o n a l  

b e h a v i o u r  was o bs e r ve d  bet ween t h e s e  sampl es  dur i ng  t her mal  

d e ma g n e t i z a t i o n .  Chemical  d e ma g n e t i z a t i o n  e x p e r i me n t s  were 

conduc t ed  on t h e s e  sampl es  in a t t e mp t  to o b t a i n  a meani ngf ul  

ma g n e t i z a t i o n  d i r e c t i o n  f rom t he  upper  p a r t  of  t he  s e c t i o n .

Dur ing ac i d  l e a c h i n g ,  13 sampl es  f rom 4 s i t e s  had ma g n e t i z a t i o n  

v e c t o r s  which appea r e d  to c onve r ge  a f t e r  560h upon a n o r t h e r l y  

and s h a l l o w n e g a t i v e  d i r e c t i o n  (AY2) b e f o r e  s t r u c t u r a l  c o r r e c t i o n  

( F i g u r e  3 . 5 ,  3 . 6 ) .  As t he  AY2 sampl es  were from one l o c a l i t y  

o n l y ,  t h e r e  i s  a ve r y  s l i g h t  i n c r e a s e  in p r e c i s i o n  upon 

s t r u c t u r a l  c o r r e c t i o n .

To j udge  by i t s  pol e  p o s i t i o n  ( Tabl e  3.1 and Fi gur e  

3 . 34)  t he  s t r u c t u r a l l y  c o r r e c t e d  AY1 ma g n e t i z a t i o n  coul d  be
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TABIC 3.1 (A)

AREYONGA FORMATION : Sit« mean direction» before and aft«r thermal and chemical demagnetization

SITE N
FIRM
R 0 I N

After demagnetization 
R D 1 O' r TREATMENT MAGNETIZATION

1 3 2.987 114 -56 3 2.995 129 -29 054 -25 450*C AY 1
2 3 2.991 104 -54 3 2.993 129 -30 053 • 24 450*C AY 1
3 3 2.945 111 -57 3 2.986 130 -29 054 •26 450*C AY1
4 3 2.960 111 -74 3 2.996 134 -29 052 -29 450* C AY 1
5 4 3.747 071 -58 3 2.988 133 -32 049 -26 450*C AY1
6 4 3.163 023 -45 3 2.675 000 -16 337 83 560 h AY2
7 4 3.069 084 -74 3 2.712 351 • 35 341 63 560 h AY2

0 5 2.701 305 -32 4 3.227 359 • 06 228 84 560 h AY2
9 S 4.438 005 38 3 2.932 003 16 183 64 560 h AY2
10 6 3.748 014 -40
11 S 4.037 305 -53 4 3.363 010 -31 359 •34 400*C AY1
12 5 1.807 356 33 4 3.695 017 -39 006 -35 400* C AY 1

T/3U 3. T (B)

AREYONGA FORMATION : Mean directions after thermal demagnetization

Before structural correction After structural correction

MAGNETIZATION N n R It >m
pole

lat long dp ,dm R y V pole
lat long dp .dm

AY 1 7 23 5.297 3.5 109 -43 05S 255E 29.47 6.603 15. 1 040 -30 52S 041 E 10.18
AY 2 4 13 3.787 14.1 359 -10 71 S 310E 13,26 3.789 14 .2 277 85 22S 122E 50.50

.•25*



F igu re  3 .6  : Cleaned s i te  mean magnetization d i rec t ions ,  Areyonga AY1 
and AY2 components; equal-angle pro ject ion. Open (closed) symbols 
re fe r  to negative (pos i t ive)  in c l in a t io n .
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s e c onda r y  and a bou t  S i l u r i a n  in age.  A l t e r n a t i v e l y ,  i t  coul d 

be a pr i mar y  ma g n e t i z a t i o n  of  Pr ecambr i an  age ,  as d i s c u s s e d  

in § 3 . 2 . 5 .  The AY2 component  has a l a r g e  p o l a r  e r r o r  and 

a s s o c i a t e d  u n c e r t a i n t y  in i t s  pol e  p o s i t i o n .  By compar i son 

wi t h  t he  l a t e  Pa 1a e o z o i c - Me s o z o i c  APWP f o r  A u s t r a l i a ,  t he  

s t r u c t u r a l l y  u n c o r r e c t e d  AY2 pol e  coul d be of  Devonian age.

I f  t h i s  i s  i ndeed t r u e ,  t he  AY2 ma g n e t i z a t i o n  mi ght  be be s t  

i n t e r p r e t e d  as a t he r mal  or  chemi ca l  o v e r p r i n t  a c q u i r e d  dur i ng  

or  j u s t  a f t e r  t he  Al i c e  Spr i ngs  Orogeny.  The o v e r l y i n g  

P e r t a t a t a k a  For mat i on  and Arumbera Sands t one  e x h i b i t  p r o b a b l e  

o v e r p r i n t e d  m a g n e t i z a t i o n s  of  p o s s i b l y  a s i m i l a r  o r i g i n ,  

a l t h o u g h  some of  t h e s e  o v e r p r i n t  d i r e c t i o n s  a r e  somewhat  

s c a t t e r e d .  A l t e r n a t i v e l y ,  t he  AY2 ma g n e t i z a t i o n  coul d be of  

ve r y  r e c e n t  age .  In i t s  s t r u c t u r a l l y  c o r r e c t e d  p o s i t i o n ,  t he  

pol e  p o s i t i o n  c a l c u l a t e d  f rom t he  AY2 ma g n e t i z a t i o n  does not  

l i e  n e a r  any p a r t  of  t he  p o s t - S i l u r i a n  APWP, nor  does i t  l i e  

ne a r  any o t h e r  l a t e  Pr e ca mbr i a n  of  e a r l y  P a l a e o z o i c  p o l e s .

§ 3 . 2 . 4  Ringwood Member,  P e r t a t a t a k a  Format i on

In t he  e a s t e r n  p a r t  of  t he  Amadeus Basi n t he  l owermos t  

member of  t he  P e r t a t a t a k a  For mat i on  i s  c a l l e d  t he  Ringwood 

Member,  domi na t ed by a l g a l  d o l o mi t e ,  l i me s t o n e  and s i l t s t o n e .  

Samples  of  t he  Ringwood Member were t ake n  in t he  Limbla Sy n c l i n e  

n e a r  Limbla H.S.  and e q u i v a l e n t  s t r a t a  were sampled s o u t h e a s t  

of  Ringwood H.S.  ( F i g u r e  3 . 3 ) .  At t he  Limbla l o c a l i t y ,  mass i ve  

( M m d i a me t e r )  co l umnar  s t r o m a t o l i t e s  were p r e s e n t  in t he  

s e c t i o n  and sampl es  were t aken  above ,  be l ow,  and o c c a s i o n a l l y  

w i t h i n  t he  a l g a l  s t r u c t u r e s .  Grey s i l t s t o n e s  and l a mi n a t e d  

f r a g me n t a l  d o l o mi t e s  or  l i me s t o n e s  were a l s o  sampl es  t h r ough  

a bou t  40 m of  s t r a t i g r a p h i c  s e c t i o n .



PT 1 P/1 PT25/1

3 .00  40 .00
T C E N T  « 1 0 ’

2 0 .0 0  4 0 .00
T C E N T  « 1 0 ’

PT44/1

2 0 .0 0  40 .00
T C E N T  « 1 0 *

Figure 3.7(A) : Thermal demagnetization, Pertatataka Formation.



PT 1 2 / 1 •  NO. 260 PT 2 1 /  1 : NO. 220

P T 4 4 / 1  •• E 0 . 5 2 5

Figure  3. 7(B)  : Thermal demagnetization, Pertatataka Formation 
(continued).



TABLE 3.2 (A)

PERTAT AT AKA FORMATION (RINGWOOO MEMBER) : S i t *  mean d i r e c t i o n «  befo re  *nd a f t er  thermal 
- ..........  demagnet iza tion

MAGNETIZATION SITE N R 0 1 O' r T'C

NRM: 1 2 1.979 230 • 38
2 3 2.981 033 -67
3 3 2.977 034 • 72
4 2 1.996 028 -68
S 3 2.610 077 -59
6 3 7.770 005 -49
7 3 2.973 333 •66
8 3 2.142 324 -47
9 3 2.969 359 -66

10 3 2.967 358 •64
11 3 2.976 341 -70
12 3 2.949 347 -50
13 3 2.779 314 -67
14 3 2.977 353 -49
IS 3 2.882 317 -59
16 3 1.689 090 -05
17 3 1.576 032 •29

AFTER THERMAL CLEANING
PR1 : 2 3 2.908 168 07 166 10 450

3 3 2.843 173 -08 173 -04 450
4 2 1.912 173 01 172 OS 450
S 2 1.929 158 -04 158 14 450
9 2 1.963 135 07 134 20 500

11 4 3.627 159 -02 159 16 450
16 3 2.806 152 23 154 -13 450
17 3 2.934 020 -45 020 OS 450

PR2 : 6 3 2.928 253 80 29C 75 400
7 3 2.977 183 69 204 79 400
C 2 1.975 170 47 165 58 400
9 2 1.990 176 49 181 59 400

10 2 1.999 208 29 218 38 400
11 2 1.953 191 71 238 78 400
12 2 1.993 206 62 243 68 400
13 2 1.995 202 74 276 76 400
14 3 2.863 279 49 292 37 400
15 2 1.962 200 50 156 42 400

PR3: 1 2 1.969 272 55 283 62 250-425
(s u b t ra c te d  from 2 3 2.951 214 66 200 75 300-450

PR1 vec to rs ) 3 3 2.969 238 68 238 77 250-450
4 2 1.963 231 62 228 72 250-425

TABLE 3.2 (B)

PE RT AT AT AKA FORMATION : Mean d i r e c t i o n «  a f t e r  thermal demagnet ization

Before « t r u c tu r a l  c o r r e c t io n  A f t e r  s t r u c tu r a l  c o r re c t io n

MAGNETIZATION N n R k °m »m

pole
l a t  long dp ,dm R k V V

pole
l a t  long dp .dm

PK1 8 22 7.392 11.5 163 10 655 272E 09,17 7.495 13.9 165 06 65S 278E 08.15

PR2 10 23 9.277 12.5 203 62 63S 097E 17,22 8.927 8.4 218 71 48S 104 E 27,31

P R 3 4 10 3.925 40.3 241 65 3 7 S 087E 19,23 3.923 39.2 244 74 33S 103E 24 ,27

PR2+PR3 14 33 12.796 10.8 204 67 58S 1 05E 17,21 12.820 11.0 225 72 44S 103E 19.22
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67 .

NRM vectors were generally directed towards the PEF 
direction with moderate ( 1.0 mAm"^) intensities. Upon thermal 
d e m agne tizat ion of 1 specimen from each sample, a component 
with a steep negative inclination which made up an average 70% 
of total NRM intensity was removed from most specimens in the 
20°-200° step (Figure 3.7). This removed component is 
probably a recently acquired VRM and its mean direction is not 
s i g n ifi cantl y different from the PEF direction at the 95% 
confidence level. Directional stability was attained in most 
specimens in the 400°-500° range, although extremely weak 
mag neti zatio n intensities were encountered at these temperatures 
(^10~^ mAm ^ )

Bulk treatment of the remaining specimens from 
each sample was done at temperatures of 400°-500°, according to 
the stability exhibited by the pilot specimen in this range.
A n o n -Fisherian distribution of cleaned site mean directions 
was apparent, suggesting the presence of more than one component 
of magnetization. One com ponent, denoted PR1, was observed at 
8 sites and is characterized by shallow negative directions 
with a southeasterly declination. The second component, called 
P R 2 , was seen at 10 sites and has a much more steeply inclined 
positive direction, with a southwesterly declination.
Inspection of vectors removed during thermal demagnetization of 
specimens from 4 PR1 sites showed that a similar component 
with a steep positive inclination was con sist ently removed in 
the 250°-450° heating range; this removed component is called 
the PR3 magnetization. The mean PR3 and PR2 mag neti zatio ns 
are not significantly different at the 95% confidence level.
The vectors substracted from the PR2 sites are essentially 
identical to the observed PR2 vectors and no signs of a second
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m a g n e t i z a t i o n  are seen ( F i g u r e  3 . 7 ) .  Assumi ng a s i m p l e  h i gh  

T ^ - o l d e r  m a g n e t i z a t i o n  age r e l a t i o n s h i p  f o r  t h e  v a r i o u s  

component s  p r e s e n t ,  t h i s  wou l d  s u g g e s t  t h a t  t he  p r e - e x i s t i n g  

PR1 m a g n e t i z a t i o n s  i n  many o f  t h e  s i t e s  have been p a r t i a l l y  

( i n  t h e  case o f  t h e  PR1 s i t e s )  o r  t o t a l l y  ( i n  t h e  case o f  t h e  

PR2 s i t e s )  o v e r p r i n t e d  by t h e  PR2 d i r e c t i o n .  C o r r o b o r a t i v e  

e v i d e n c e  f o r  t h i s  c o n c l u s i o n  comes f r om a p o s i t i v e  f o l d  t e s t  

on t h e  PR1 component  and a n e g a t i v e  f o l d  t e s t  on t h e  PR2 and 

PR3 co mp on e n t s ,  a l t h o u g h  u n f o r t u n a t e l y  none are  s i g n i f i c a n t  

a t  t h e  95% c o n f i d e n c e  l e v e l  as t a b u l a t e d  be l ow:

M a g n e t i z a t i o n k ' / k 95% s i g n i f i c a n c e  p o i n t

PR1 1 .21 2 . 43

PR2 0 . 67 0 . 46

PR3 0 . 97 0 . 26

Ther e  i s  t h e r e f o r e  t h e  s u g g e s t i o n  t h a t  t h e  PR1

m a g n e t i z a t i o n  may p r e d a t e  t h e  P a l a e o z o i c  f o l d i n g  w h i l e  t he  PR2 

and PR3 m a g n e t i z a t i o n s  may pos t da t e  t h e  f o l d i n g .  As d i s c u s s e d  

i n  t h e  n e x t  s e c t i o n ,  t he  p o l e  p o s i t i o n  c a l c u l a t e d  f r om t h e  PR1 

d i r e c t i o n  i s  c o n s i s t e n t  w i t h  a p r i m a r y  P r e c a mbr i a n  age.  The 

PR2 and PR3 component s  a r e  p r o b a b l y  o v e r p r i n t s  a c q u i r e d  d u r i n g  

o r  j u s t  a f t e r  t he  A l i c e  S p r i n g s  Or ogeny .

§ 3 . 2 . 5  Summary o f  l a t e  P r e c a mb r i a n  and P a l a e o z o i c
Pa l ae o ma gn e t i sm f r o m t h e  Amadeus B a s i n :  t he  
Amadeus P o l a r  T r ac  k

A l l  a v a i l a b l e  P r e c a mb r i a n  and P a l a e o z o i c  pa 1a e oma g n e t i c  

d a t a  f r om t h e  Amadeus Bas i n  a r e  c o mp i l e d  i n T a b l e  3 . 3  and p l o t t e d  

i n  F i g u r e  3 . 9 .

Po l es  PR1 t h r o u g h  t o  MS ( e x c l u d i n g  AR1) f o r m a



TADLE 1.3 (A)

Summary of pa 1aeomagne11 c polos frow tht AmadouS^Cas1n

Symbo1 Rock Unit
Probable
Magnetlietlon
Age

Pole
Position dp ,dm Reference

Possible Prlmiry Poles
AVI Areyonga Formation P M ? ) 52S 041 E 10,18 this study
PR1 Pertatataka Formation, 

Rlngwood Member
>PRJ(PO) 65S 276E 08,15 this study

PRJ Pertatataka Formation, 
Julie Member ; t . 
Arumbera Sandstone

>AR2(P€) 44S 342E 08,14 K 1rschvlnk (1n prep . )

AR1 Arumbera Sandstone <PRJ(Ot) 09N 325E 28,30 Embleton ( 1 972a)
AR2 Arumbera Sandstone, Upper >TAE(€-l) 47S 337E 03,05 Klrschvlnk (In prep. )
TAE Todd River dolomite, Allua 

1 Enlnta Sandstone
>HS(tt) 44S 342E . 05,08 K1rschvlnk (1n prep. )

MS Hugh River Shale >PS(frl-«m) 11N 037 E 05,09 Embleton (1972a)
PS Pacoota Sandstone >S S(€ii) 06S 033E 07,13 Embleton (pers. comm.)
SS Stairway Sandstone >MS (On) 02S 051E 05,10 Embleton (1972b)
MS Mereenle Sandstone S-0 41$ 041 E 06,11 Embleton (1972b)

Possible Secondary Poles
AY 1 Areyonga Formation 52S 041E 10,18 this study
AY 2 Areyonga Formation 71 S 310E 13,26 this study
PP2 Pertatataka Formation,

Rlnowood Member (observed) 63S 097E 17,22 this study

P R 3 Pertatataka Formation, 
Rlngwood Member (subt.)

37S 087E 19,23 this study

PRS Pertataka Formation
Julie Member A Todd River 
dolomlte (sub t . )

60S 068E 05,07 K1 rschvlnk (In p re p .)

AR 3 Arumbera Sandstone 80S 278E 10,17 recalculated from
Embleton 0972a)



Tab le  3 .3  (B)

Summary o f  new pa laeomagne t i c  r e s u l t s  f rom the  Amadeus Basin

Symbol Rock
U n i t I n t e r p r e t a t i o n ^

AY 1 Areyonga Format i on secondary  (?)  , £Pz
AY2 Areyonga Fo rmat i on seconda ry ,  I Pz

PR1 P e r t a t a t a k a  Forma t i on  
Ringwood Member

p r im a ry

PR2 P e r t a t a t a k a  F o rm a t i o n ,  
Ringwood Member

seconda ry ,  £Pz

PR3 P e r t a t a t a k a  F o rm a t i o n ,  
Ringwood Member

seconda ry ,  £Pz

^ a g e a b b r e v i a t i o n s  as in Tab le  2.11 (b)
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TRACK

•P R l

240 E 8 0  E

F ig u re  3.9(A)  : The Amadeus Track ,  the l a t e  Precambrian APWP segment 
der ived  from Amadeus Basin rocks.  Symbols as in  Table 3 .3 ;  d e t a i l s  
o f  p r o je c t i o n  and APWP as in  Figure 2 .27(A) .



O E 60 E

Figure 3.9(B) : Secondary poles from Amadeus Basin rocks, plotted 
with Phanerozoic period mean poles. Symbols as in Table 3.3; details 
of projection, APWP and period mean poles as in Figure 2.27(B).
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r e a s o n a b l y  c o n s i s t e n t  A P W P  or p o l a r  t r a c k ,  e x t e n d i n g  f r o m  
l a t e  P r e c a m b r i a n  ( m i d d l e  A d e l a i d e a n )  to S i l u r o - D e v o n i a n  t i m e s .  
T h e  e x a c t  n a t u r e  o f  t h e  c o n n e c t i o n  b e t w e e n  t h e  e a r l y  a n d  l a t e  
P a l a e o z o i c  A P W  p a t h s  is n o t  y e t  c l e a r ,  b u t  m a y  f o l l o w  a l o n g  
t h e  l i n e s  s u g g e s t e d  in F i g u r e  3 .9. A c o r r e c t  i n t e r p r e t a t i o n  
is c o m p l i c a t e d  by (1) t h e  p o s s i b l e  p r e s e n c e  o f  m i d d l e  P a l a e o z o i c  
o v e r p r i n t i n g  d u r i n g  t h e  A l i c e  S p r i n g s  O r o g e n y ,  (2) t h e  
p o s s i b i l i t y  t h a t  t h e  l a t e  P a l a e o z o i c  A P W P  m a y  d o u b l e  b a c k  u p o n  
i t s e l f ,  i n t e r s e c t i n g  at e a r l y  A d e l a i d e a n  a n d  S i l u r o - D e v o n i a n  
t i m e s ,  a n d  (3) u n c e r t a i n t y  in m a g n e t i z a t i o n  a g e s  f o r  s o m e  of 
t h e  r o c k  u n i t s  f o r  w h i c h  p a l a e o m a g n e t i c  i n f o r m a t i o n  is a v a i l a b l e  
T h e s e  p r o b l e m s  a r e  d i s u c s s e d  b e l o w  in r e l a t i o n  to t h e  p o l e s  
w h i c h  f o r m  t h e  A m a d e u s  P o l a r  T r a c k ,  in o r d e r  o f  d e c r e a s i n g  age.

T o  j u d g e  by t h e  s i g n i f i c a n t  p o s i t i v e  f o l d  t e s t ,  
p o l e  AY1 f r o m  t h e  A r e y o n g a  F o r m a t i o n  is p r o b a b l y  o f  p r e - f o l d i n g  
a g e ,  b u t  as d i s c u s s e d  a b o v e ,  t h e  f o l d i n g  p r o b a b l y  o c c u r r e d  
o n l y  in p r e - D e v o n i a n  t i m e s .  If t h e  S i l u r o - D e v o n i a n  s e g m e n t  
o f  t h e  P a l a e o z o i c  A P W P  p a s s e s  t h r o u g h  t h i s  g e n e r a l  a r e a ,  as 
i n d e e d  it m i g h t  c o n s i d e r i n g  t h e  o v e r p r i n t  d i r e c t i o n s  o b t a i n e d  
f r o m  o v e r l y i n g  s t r a t a  a n d  t h e  p a u c i t y  o f  S i l u r i a n  d a t a  f r o m  
e l s e w h e r e  in A u s t r a l i a ,  an e a r l y  or m i d d l e  P a l a e o z o i c  a g e  o f  
m a g n e t i z a t i o n  c a n n o t  be d i s c o u n t e d .  A l t e r n a t i v e l y ,  it is 
p o s s i b l e  t h a t  t h e  AY1 p o l e  is o f  e a r l y  A d e l a i d e a n  a g e  a n d  
d e f i n e s  t h e  o l d e r  e n d p o i n t  of t h e  A m a d e u s  P o l a r  T r a c k .  A 
p a l a e o m a g n e t i c  r e s u l t  f r o m  t h e  u n d e r l y i n g  B i t t e r  S p r i n g s  
F o r m a t i o n  o f  H e a v i t r e e  Q u a r t z i t e  m i g h t  be a b l e  to c o n f i r m  a 
p r i m a r y  or s e c o n d a r y  m a g n e t i z a t i o n  a g e  f o r  t h e  AY1 p o l e .

P o l e s  PR1 , PRJ , A R 2 , T A E ,  H S ,  PS, SS a n d  M S  f o r m  a 
s e q u e n c e  of p o l e s  w h i c h  ca n  be c o n n e c t e d  in a l o g i c a l  
s t r a t i g r a p h i c a  1 1 y b a s e d  s e q u e n c e  to f o r m  t h e  A m a d e u s  P o l a r  T r a c k
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The d i s c r e p a n c y  between t he  AR1 and AR2 po l e s  from t he  

Arumbera Sands t one  me r i t s  d i s c u s s i o n  as t he  a n g u l a r  d i s t a n c e  

between t he  two pr esumabl y con t e mpor a neous  po l e s  exceeds  50°.

In t he  e a r l i e r  of t he  two s t u d i e s ,  Embl et on (1972a)  sampled 

a t  one l o c a l i t y  ( E l l e r y  Cr eek ,  where u n d e r l y i n g  sampl es  of  

t he  Areyonga For mat i on were t aken  in t he  p r e s e n t  s t u d y )  and 

t h u s  coul d not  employ a f o l d  t e s t  t o t he  c l e a n e d  d i r e c t i o n s  

of  r emanence .  A t o t a l  of  16 sampl es  d e f i n e d  t he  f i n a l  mean 

d i r e c t i o n ,  which had a l a r g e  a s s o c i a t e d  u n c e r t a i n t y .  Pa r t  of  

t he  high d i s p e r s i o n  may be a t t r i b u t a b l e  t o  d i f f i c u l t y  in 

meas ur i ng  weak ma g n e t i z a t i o n s  us i ng  magne t ome t e r s  t hen  a v a i l a b l e .  

Ki r s c h v i n k  ( i n  p r e p a r a t i o n )  c o l l e c t e d  many more sampl es  a t  

s e v e r a l  l o c a l i t i e s  wi t h d i f f e r i n g  s t r u c t u r a l  o r i e n t a t i o n s ,  and 

a l t h o u g h  weak m a g n e t i z a t i o n s  were e n c o u n t e r e d ,  newly a v a i l a b l e  

more s e n s i t i v e  magne t omet e r s  made r e l i a b l e  low l e ve l  measurements 

p o s s i b l e .  I t  i s  t h e r e f o r e  p r o b a b l e  t h a t  t h e  more r e c e n t  r e s u l t  

i s  t he  more r e l i a b l e ,  but  a p r ope r  e x p l a n a t i o n  of  t he  d i r e c t i o n s  

measur ed by Embleton (1972a)  must  be s ough t .

Two p o s s i b i l i t i e s  a r e  a p p a r e n t ;  bot h r e q u i r e  t h a t  t he  

ma g n e t i z a t i o n  from which t he  AR1 pol e  i s  d e r i v e d  i s  of  s e conda r y  

o r i g i n .  Co n s i d e r i n g  t he  r e l a t i v e l y  s i mpl e  s t r u c t u r a l  s t y l e  

in t he  a r e a ,  maj or  r e l a t i v e  t e c t o n i c  movements can be r u l e d  

ou t .  The f i r s t  p o s s i b i l i t y  i s  t h a t  t he  AR1 pol e  r e p r e s e n t s  

a ma g n e t i z a t i o n  a c q u i r e d  in ve r y  l a t e  Pr ecambr i an  or  e a r l y  

Cambrian t i me s ,  but  l a t e r  t han t he  (?)  p r i mar y  AR2 po l e .  The 

AR1 pol e  would in t h i s  case  be i n c o r p o r a t e d  in t he  l a t e  

Pr e ca mbr i a n- Cambr i an  p a r t  of  t he  Amadeus Po l a r  Tr ack .  Al t hough 

i t  i s  s i g n i f i c a n t l y  d i s p l a c e d  from o t h e r  r e s u l t s  from t he  

Amadeus Ba s i n ,  t h e  p r o x i mi t y  of  t he  AR1 pol e  and t he  APV pol e  

f rom t he  Ant r i m P l a t e a u  Vo l c a n i c s  coul d  be c i t e d  as e v i d e n c e  in



f a v o u r  o f  t h i s  p o s s i b i l i t y .  A l t e r n a t i v e l y ,  a r e c a l c u l a t i o n  

o f  t h e  s t r u c t u r a l l y  u n c o r r e c t e d  mean d i r e c t i o n  f r om t h e  da t a  o f  

Embl e t on  ( 1972a)  y i e l d s  a p o l e  p o s i t i o n  (AR3) a t  60°S,  330°E 

( dp ,dm=10° , 16° ) , wh i ch  i s  n o t  s i g n i f i c a n t l y  d i f f e r e n t  f r om t he  

AY2 p o l e  and s i m i l a r  t o  o t h e r  (?)  s e c o n d a r y  po l e s  f r o m t he  

Amadeus B a s i n .  The u n c o r r e c t e d  AR3 p o l e  c o u l d  t h e r e f o r e  be 

i n c o r p o r a t e d  i n  t he  P a l a e o z o i c  p a r t  o f  t he  Amadeus P o l a r  T r a c k  

and wou l d  i m p l y  t h a t  t he  sampl es c o l l e c t e d  by Embl e t on  had been 

c o m p l e t e l y  r e m a g n e t i z e d ,  p r o b a b l y  d u r i n g  t h e  A l i c e  S p r i n g s  

Or ogeny .  K i r s c h v i n k  no t e d  s i m i l a r  o v e r p r i n t i n g  s y s t e m a t i c s  i n 

h i s  c o l l e c t i o n ,  w i t h  some sampl es be i ng  c o m p l e t e l y  o v e r p r i n t e d ,  

w h i l e  o t h e r s  had o n l y  p a r t i a l  o v e r p r i n t s  wh i ch  were removed 

a f t e r  h i g h  t e m p e r a t u r e  t h e r ma l  t r e a t m e n t .  I t  i s  p o s s i b l e  t h a t  

a f t e r  t r e a t m e n t  i n  h i g h e r  t e m p e r a t u r e s ,  Embl e t on  m i g h t  have 

d i s c o v e r e d  a second component  o f  m a g n e t i z a t i o n ,  bu t  weak 

m a g n e t i z a t i o n  i n t e n s i t i e s  p r o b a b l y  p r e v e n t e d  t h i s .  A l t h o u g h  i t  

i s  i m p o s s i b l e  a t  p r e s e n t  t o  d e f i n i t i v e l y  choose between t he  

two p o s s i b i l i t i e s ,  t h e  l a t t e r  i s  f a v o u r e d  as i t  r e q u i r e s  a 

mi ni mum o f  APWP e x t e n s i o n  t o  i n c o r p o r a t e  t h e  AR3 p o l e ,  and 

because t he  u n c o r r e c t e d  m a g n e t i z a t i o n  i s  e s s e n t i a l l y  i d e n t i c a l  

t o  t h e  AY2 m a g n e t i z a t i o n  o b s e r v e d  i n  s e d i me n t s  s t r a t i  g r a p h i c a l l y  

s e v e r a l  hundr ed me t r e s  be l ow.

L i k e  t h e  o r i g i n a l  r e s u l t  f o r  t he  Arumbera S a n d s t o n e ,  

a f o l d  t e s t  c a n n o t  be a p p l i e d  t o  t h e  d i r e c t i o n s  f r om wh i ch  

p o l e s  HS, PS, SS and MS are  d e r i v e d .  U n l i k e  t h e  o r i g i n a l  

Arumbera r e s u l t  ho we ve r ,  no s u p p l e m e n t a r y  d a t a  a r e  a v a i l a b l e  

f o r  t h e s e  u n i t s  and t h e r e f o r e  t h e s e  p o l e s  d e s c r i b e  t he  bes t  

c u r r e n t l y  a v a i l a b l e  e s t i m a t e  f o r  t he  e a r l y  P a l a e o z o i c  p a r t  o f  

t h e  Amadeus T r a c k .  However ,  t h e s e  p o l e s  a r e  q u i t e  d i s t i n c t  

f r o m y o u n g e r  P h a n e r o z o i c  p o l e s  i n bo t h  s t r u c t u r a l l y  c o r r e c t e d
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a n d  u n c o r r e c t e d  p o s i t i o n s ,  s u g g e s t i n g  a p r i m a r y  m a g n e t i z a t i o n .  
As is l a t e r  d e m o n s t r a t e d ,  p o l e s  f r o m  e l s e w h e r e  in A u s t r a l i a  of 
s i m i l a r  a g e  a r e  in r e a s o n a b l e  a g r e e m e n t  w i t h  t h i s  s e g m e n t  of 
t h e  A m a d e u s  P o l a r  T r a c k .

T h e  y o u n g e r  e n d p o i n t  of t h e  p o l a r  t r a c k  is l o o s e l y  
d e f i n e d  by a n u m b e r  of p o l e s  w h i c h  a r e  m o s t  p r o b a b l y  of 
s e c o n d a r y  o r i g i n .  T h e  o n l y  (?) p r i m a r y  r e s u l t  is t h e  S i l u r o -  
D e v o n i a n  M e r e e n i e  S a n d s t o n e  ( E m b l e t o n ,  1 9 7 2 b )  w h i c h  a l s o  ha s  a 
s o m e w h a t  u n c e r t a i n  m a g n e t i z a t i o n  a g e ,  d u e  to t h e  a b s e n c e  o f  a 
f o l d  t e s t .  O t h e r  p o s s i b l e  s e c o n d a r y  p o l e s  a r e  AY1 a n d  A Y 2  f r o m  
t h e  A r e y o n g a  F o r m a t i o n ,  P R 2  a n d  P R 3  f r o m  t h e  R i n g w o o d  M e m b e r  
o f  t h e  P e r t a t a t a k a  F o r m a t i o n ,  P J S  f r o m  t h e  J u l i e  M e m b e r  o f  the 
P e r t a t a t a k a  F o r m a t i o n  a n d  A R 3 , t h e  s t r u c t u r a l l y  u n c o r r e c t e d  
r e s u l t  r e c a l c u l a t e d  f r o m  t h e  A r u m b e r a  S a n d s t o n e .  T h e  m i d d l e  
a n d  l a t e  P h a n e r o z o i c  A P W P  f o r  A u s t r a l i a  ( S c h m i d t ,  1 9 7 6 )  is 
p l o t t e d  in F i g u r e  3 . 9  f o r  c o m p a r i s o n ,  b e g i n n i n g  w i t h  t h e  
a v a i l a b l e  D e v o n i a n  p o l e s  a n d  c o n t i n u i n g  t h r o u g h  t h e  M e s o z o i c  
a n d  C e n o z o i c .  It c a n  be s e e n  t h a t  a c o n t i n u o u s  A P W P  s e g m e n t  
c a n  be c o n s t r u c t e d  w h i c h  j o i n s  t h e  A m a d e u s  P o l a r  T r a c k  w i t h  
t h e  y o u n g e r  P h a n e r o z o i c  A P W P .

§ 3 . 3  K i m b e r l e y  B a s i n

§ 3 . 3 . 1  S t r a t i g r a p h y  a n d  t e c t o n i c  h i s t o r y

W e l l  e x p o s e d  a n d  e s s e n t i a l l y  u n d e f o r m e d  A d e l a i d e a n  
s t r a t a  o u t c r o p  in t h r e e  r e g i o n s  in t h e  K i m b e r l e y  B a s i n  ( F i g u r e  
3 . 1 0 ) .  T w o  e p i s o d e s  of g l a c i a t i o n  a r e  r e c o r d e d  in t h e  
s t r a t i g r a p h i c  c o l u m n s ,  r e f e r r e d  to as t h e  M o o n l i g h t  V a l l e y  a n d  
E g a n  g l a c i a t i o n s  ( D o w  an d  G e m ü t s ,  1 9 6 9 ) .  V a r i o u s  e f f o r t s  to 
c o r r e l a t e  t h e s e  g l a c i a l  h o r i z o n s  w i t h  t h e  S t u r t  i an a n d  M a r i n o a n
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g l a c i a l s  and wi t h  o t h e r  g l a c i a l  h o r i z o n s  e l s e wh e r e  have been 

made.  The v i r t u a l  absence  of  metamorph ism in some of  t h e s e  

r ocks  has a l l owed g e o c h r o n o 1og i ca  1 s t u d i e s  to be made on some 

s e d i me n t s ,  y i e l d i n g  t he  b e s t  d i r e c t  i s o t o p i c  age i n f o r ma t i o n  

on Ad e l a i d e a n  r ocks  p r e s e n t l y  a v a i l a b l e  ( Bo f i n g e r ,  1967) .

Only t he  l ower  g l a c i a l  sequence  i s  p r e s e n t  in t he  

Mount  House a r e a  ( F i g u r e s  3 . 1 0 ,  3 . 11)  and i s  d e s i g n a t e d  t he  

Mount House Group.  At i t s  base i s  t he  Walsh T i l l i t e ,  a t i l l i t i c  

u n i t  wi t h  a l a mi n a t e d  d o l o mi t i c  cap which unconf or mabl y  o v e r l i e s  

C a r p e n t a r i a n  (Mi ddl e P r o t e r o z o i c )  s e d i me n t s  of  t he  Ki mber l ey 

Group.  Conf or mabl y above t he  Walsh T i l l i t e  ( i n o r d e r )  a r e  t he  

T r a i n e  Fo r ma t i o n ,  Thr osse l l  Sha l e  and Es t aughs  For ma t i on .  At 

l e a s t  13 g l a c i a t e d  pavement s  have been r e p o r t e d  a t  or  nea r  t he  

base  of  t he  Mount House Group.  Bo f i n g e r  (1967)  r e p o r t e d  a 

Rb/ Sr  i s o c h r o n  age of  669+85*my f o r  sampl es  of  t he  T h r o s s e l l  

Sha l e .

The most  compl e t e  Ade l a i dea n  s e c t i o n  in t he  Ki mber l ey 

Bas i n i s  found in t he  Mount Ramsay a r e a  where (?)  Ade l a i dea n  

s e d i me n t s  of  t he  Gl i dden Group unconf or mabl y  o v e r l i e  t he  

Ki mber l ey  Group but  u n d e r l i e  t he  l ower  g l a c i a l  s u c c e s s i o n  

( F i g u r e s  3 . 1 0 ,  3 . 1 1 ) .  The o v e r l y i n g  Kuni andi  Group begi ns  wi t h 

t he  La ndr i gan  T i l l i t e ,  o v e r l a i n  in t u r n  by t he  S t e i n  For ma t i on ,  

Wi r a r a  For mat i on and Mount Ber t r am Sa n d s t o n e .  The upper  

g l a c i a l  s u c c e s s i o n  unconf or mabl y  o v e r l i e s  t he  Kuniandi  Group 

and i s  c a l l e d  t he  Loui sa  Downs Group.  I t  c o n s i s t s  of  a basa l  

Egan T i l l i t e  ( t ype  d e f i n i t i o n  f o r  t he  Egan g l a c i a t i o n )  f o l l owe d  

by t h e  Yurabi  Fo r ma t i o n ,  McAl ly S h a l e ,  Tean For mat i on and 

Lubbock For ma t i on .

* recalculat ed using X=l.42x10 ^  yr~^ for ^Rb  decay.
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I n t h e  East  K i m b e r l e y  a r e a ,  t h e  Due r d i n  Group i s  a 

c o r r e l a t i v e  o f  t h e  Ku n i a n d i  Group ( F i g u r e  3 . 1 1 )  and c o n t a i n s  

t he  t y p e  area f o r  t h e  M o o n l i g h t  V a l l e y  g l a c i a t i o n .  The Du e r d i n  

Group i s  o v e r l a i n  by t he  A l b e r t  Edward Gr oup ,  a c o r r e l a t i v e  o f  

t he  L o u i s a  Downs Group.

B o f i n g e r  ( 1967)  r e p o r t e d  model  c o mp o s i t e  ages f o r  two 

c o r r e l a t i v e  u n i t s  s e p a r a t e d  by t h e  H a l l s  Creek M o b i l e  one,  t he  

M c A l l y - T i m p e r l e y  Sha l es  a t  6 5 1+4 3 * my and t he  L a n d r i g a n / F a r g o o  

T i l l i t e s  a t  723+30*my.  Both t he  L o u i s a  Downs Group and A l b e r t  

Edward Group are  u n c o n f o r m a b l y  o v e r l a i n  by t h i c k  b a s a l t  f l o w s  

o f  t h e  A n t r i m  P l a t e a u  V o l c a n i c s .  The v o l c a n i c s  a r e  t h o u g h t  

t o  be l a t e s t  P r e c a mb r i a n  o r  e a r l y  Cambr i an i n  age,  and are 

di  s c o n f o r m a b l y  o v e r l a i n  by f o s s i 1 i f e r o u s  m i d d l e  Cambr i an 

s e d i m e n t s .  Depend i ng  upon t h e  r e l i a b i l i t y  o f  t he  Rb / Sr  s h a l e  

i s o c h r o n s ,  t h e  g l a c i a l  s u c c e s s i o n s  woul d  appear  t o  be b r a c k e t e d  

i n  age by t he  700 my ages a t  t h e  base and by t h e  P r e c a m b r i a n -  

Cambr i an boun d a r y  a t  t h e  t o p .

No d i r e c t  c o r r e l a t i o n s  ar e  p o s s i b l e  between t he  

t h r e e  o u t l y i n g  e x p o s u r e s  o f  A d e l a i d e a n  s t r a t a ,  and a l l  

c o r r e l a t i o n s  between them have n e c c e s s a r i l y  been somewhat  

t e n t a t i v e .  The dashed l i n e s  i n  F i g u r e  3.11 r e p r e s e n t  

a l t e r n a t i v e  c o r r e l a t i o n s . '

The A d e l a i d e a n  d e p o s i t s  o f  t h e  K i m b e r l e y  Bas i n  have 

r ema i n e d  e s s e n t i a l l y  unde f o r med and unmet amorphosed s i n c e  

d e p o s i t i o n .  L o c a l i z e d  d e f o r m a t i o n  d i d  f o r m t i g h t  t o  open 

u p r i g h t  and o v e r t u r n e d  f o l d s  i n  t h e  we s t .  The s o u t h e r n m o s t  

o u t c r o p s  o f  t h e  Walsh T i l l i t e  have s u f f e r e d  i n t e n s e  d e f o r m a t i o n  

wh i ch  p r o b a b l y  o c c u r r e d  a t  abou t  600 my ( B e n n e t t  and G e l l a t l y ,  

1970)  when ma j o r  d i a s t r o p h i c  movements o c c u r r e d  i n  t he Ki ng 

L e o p o l d  M o b i l e  Zo n e .
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§ 3 . 3 . 2  P r e v i o u s  p a l a e o m a g n e t i c  work

Th r e e  p a l a e o m a g n e t i c  s t u d i e s  have been r e p o r t e d  

f r om r o c k s  i n  t h e  g e n e r a l  a r e a .  M c E l h i n n y  and Luck ( 1970)  

s t u d i e d  t h e  P r e c a m b r i a n - C a m b r i a n  A n t r i m  P l a t e a u  V o l c a n i c s .

Luck (1970) r e p o r t e d  p a l a e o m a g n e t i c  r e s u l t s  f r om t he  Cambr i an 

Hudson F o r m a t i o n  t o  t h e  e a s t .  M c E l h i n n y  and Evans ( 1975)  

d e s c r i b e d  a p a l a e o m a g n e t i c  s t u d y  o f  t he  1800+25 my Har t  

D o l e r i t e ,  wh i c h  u n d e r l i e s  many o f  t h e  y o u n g e r  Pr e c a mbr i a n  s t r a t a  

i n t he  K i m b e r l e y  r e g i o n .

§ 3 . 3 . 3  Mount  House Group ( l o w e r  g l a c i a l  s u c c e s s i o n )

Thr ee  members o f  t h e  Mount  House Group were sampl ed 

i n  t he  West  K i m b e r l e y  r e g i o n  ( F i g u r e  3 . 1 0 ) .  Samples were t a k e n  

f r om t h e  Wal sh T i l l i t e  a t  4 l o c a l i t i e s ;  t i l l i t e  as w e l l  as 

d o l o m i t e  and d o l o m i t i c  s i l t s t o n e  was c o l l e c t e d .  The m a t r i x  

o f  t h e  t i l l i t e  had a we a t he r e d  appea r ance  s u g g e s t i v e  o f  r e c e n t  

g r ound  w a t e r  a c t i v i t y  t h r o u g h  t h e  u n i t .  Grey s h a l e s  and 

s i l t s t o n e s  o f  t h e  T h r o s s e l l  Sha l e  were t a k e n  a t  3 l o c a l i t i e s  i n  

t he a r e a .  Mass i ve  p u r p l e  f e r r u g i n o u s  s a n d s t o n e s  o f  t h e  Es t aughs  

F o r m a t i o n  were sampl ed a t  Mount  House,  where t h e y  f o r m a 

r e s i s t a n t  cap t o  t h e  l o w e r  g l a c i a l  sequence and t end  t o  d o mi n a t e  

t he  l o c a l  p h y s i o g r a p h y . A l l  t h e  A d e l a i d e a n  s t r a t a  i n  t h e  ar ea  

are e s s e n t i a l l y  f l a t - l y i n g .

Walsh T i l l i t e

NRM v e c t o r s  f r om t h e  Walsh T i l l i t e  sampl es were 

s c a t t e r e d  b u t  d i r e c t e d  t owar d  t h e  PEF d i r e c t i o n  w i t h  moder a t e  

i n t e n s i t i e s  ( 1 - 1 0  mAirT^). Upon p i l o t  t h e r ma l  d e m a g n e t i z a t i o n ,  

i n t e n s i t y  o f  t he  d o l o m i t i c  sampl es  had decayed g e n e r a l l y  t o  l e s s



76.

than 95% of their NRM value by the 2 0 0 o -300° heating step, 
whereupon directi onall y unstable behaviour ensued. No stable 
endpoints were observed. The tillite specimens remained very 
stable in intensity and direction up to about 650°, after 
which a cha racteristic 's q u a r e - s h o u l d e r e d 1 decay in intensity 
was observed. Directions before and during this decay were 
e s s enti ally unchanged and their mean direction not significantly 
different from the PEF direction, confirming the suspicion that 
these sediments might have been completely remagnetized in 
Recent times.

Chemical d e m agne tizat ion was subsequently attempted 
on the tillite specimens. The intensity of the remanence vector 
decayed quite significantly with only minimal leaching, probably 
due to the porous nature of the samples. The change in intensity 
was accompanied by directional changes in most samples, however 
directions tended to move erratic ally and never converged upon 
a stable, systematic endpoint. No magneti zatio ns thought to be 
primary in origin were observed in any of the samples.

Throssell Shale

NRM directions were scattered but again like the 
underlying Walsh Tillite not significantly different from the 
PEF direction at the sampling site. During pilot thermal 
dem agne tization of one specimen from each sample, unstable 
directional behaviour was observed from most of the collection.
A low T b component similar in direction to the PEF direction 
was removed in the 20°-200° and 200°-300° heating steps, after 
which directional instability of the remaining weak vector 
ensued. No systematic stable endpoints were observed during 
dem agnetization.



Estaughs Formation

Of the entire Mount House Group collection, only the 
samples from the Estaughs Formation had NRM dir ections which 
were significantly different from the PEF direction at the 
sampling locality (Table 3.4). Upon thermal dem agnetization, 
remanence vectors converge upon a direction with a southeasterly 
declination and moderately steep negative inclination (Figure 
3.12, 3.13), and stabilize in the 580°-610° range. After bulk 
thermal cleaning of the remaining part of the collection at 
590°, a marked decrease in dispersion over the NRM mean 
direction was realized (one site with a random mean direction 
has been eliminated).

As the beds are flat lying, no fold test was possible. 
The pole position calculated from the thermally cleaned mean 
direction lies in the general region of other late Precambrian 
poles from elsewhere in Australia (figure 3.34). Its antipole 
does not lie near any part of the younger Phanerozoic APWP.
Apart from this indirect evidence, the age of mag netization 
remains uncertain.

§3.3.4 Louisa Downs Group (upper glacial sequence)

Four members of the Louisa Downs Group were samples 
in the Mount Ramsay area (Figure 3.10, 3.11). The Egan Tillite 
was collected at the stratotype and is characterized by a very 
soft ferruginous matrix containing pre dominantly angular 
dolomite clasts of highly variable size. The tillite is overlain 
by a dolomitic cap. Immediately overlying ripple marked 
quartzitic and feldspathic sandstones of the Yurabi Formation 
were sampled at three localities. Siltstones, shales and
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F ig u re  3 .12  : Thermal demagnetization, Estaughs Formation.
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Figure  3.13 : Cleaned s i te  mean magnetization d i rec t ions ,  Estaughs
Formation; equal-angle pro ject ion. Open symbols denote negative 
in c l in a t io n .
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sandstones of the Lubbock and Tean Formations were sampled at 
strati gra phic ally higher levels in the section (Figure 3.11).

Egan Formation

Samples of the Egan Tillite had scattered NRM
directions with generally east trending declinations and
shallow to moderate negative inclinations. Upon thermal
dem agnetization, a component averaging 75% of the total NRM
intensity was removed from most specimens in the 20°-200°
heating step, accompanied by a large directional change (Figure
3.14). The directions of the removed component were widely
scattered with a mean direction 11 7 , -1 4 (n= 1 3 ,f?= 9.31 8 ). After
removal of this low component, magneti zatio n directions
were weak, but reached a stable endpoint with a steeply inclined
northerly trend in the 300°-580° range (Figure 3.15). The mean
direction of the samples with stable endpoints is 002,-61(n=ll,
/?= 1 0.293) , which is not sig nificantly different from the local
PEF direction. As the samples were taken from two localities
with a similar structural orientation, overall precision of
both these mean directions remains essenti ally constant upon
structural correction and a fold test cannot be employed.
Without a fold test, it is probably more correct to assume that
the stable high T ̂  component is of recent origin, probably a
CRM aquired during gro u n d w a t e r  percolation through the matrix
of the tillite. One puzzling aspect is that the pole position
calculated from the low T, subtracted vector direction lies atb
23N ,051E which could be a Cambrian or Ordovician magnetization 
(Figure 3.34). This would require that the simple T^ age 
relationship invoked in earlier sections be reversed, i.e. 
that the low T ̂  component is older. An alt ernative to this



P l a t e  5 - Egan T i l l i t e

P l a t e  6 - Co t t o n s  Br e c c i a
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F ig u re  3 .14  : Thermal demagnetizat ion, Egan Formation



TABLE 3 . 5

EGAN T I LL I TE  : Low T, s u b t r a c t e d  v e c t o r s_________________________ b______

SAMPLE Dm I m

01 122 + 26
02 128 -57
05 122 -15
06 071 -45
08 134 -02
09 093 + 38
10 101 -65
11 080 -41
12 146 + 15
13 134 -05
14 1 03 -31
15 1 39 + 2 5

Mean : 117

(n = 12 ,R = 9.318, f e  = 4 . 1)

-14

Pol e : 2 3 N , 0 5 1 E ( d p , dm=13 ,25)



EGAN SUBT F / C

F igu re  3.15 : Sample means, low T, removed component, Egan Formation
equal-angle p ro je c t io n .  Open (closed) symbols re fe r  to negative 
(p o s i t i v e )  i n c l i n a t i o n .
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p u z z l i n g  bu t  n o t  i m p o s s i b l e  c o n c l u s i o n  m i g h t  be t h a t  t he  l ow 

T ^ m a g n e t i z a t i o n  i s  a s p u r i o u s  shock i nduced  component  a c q u i r e d  

d u r i n g  b l a s t i n g  o f  t h e  r oad c u t t i n g s  where t h e  sampl es were 

t a k e n .

Y u r a b i  F o r ma t i o n

Most  o f  t he  mean NRM d i r e c t i o n s  o f  sampl es f r om t h e  

Y u r a b i  F o r ma t i o n  were a l i g n e d  v e r y  n e a r l y  w i t h  t h e  PEF d i r e c t i o n ,  

a l t h o u g h  some sampl es  d i d  have p o s i t i v e  i n c l i n a t i o n s .  D e t a i l e d  

p i l o t  t h e r ma l  d e m a g n e t i z a t i o n  i n  13 s t e p s  t o  580° showed t h a t  

v e r y  h i gh  m a g n e t i z a t i o n s  were p r e s e n t  i n  abou t  h a l f  o f  t he  

p i l o t  spec i mens .  These spec i mens  e x h i b i t e d  v e r y  s t a b l e  

d i r e c t i o n a l  b e h a v i o u r ,  r e a c h i n g  s t a b l e  e n d p o i n t s  i n  t h e  6 5 0 ° - 6 7 0 °  

r ange  i n  most  c a s e s .  The r e m a i n i n g  spec i mens  had r e l a t i v e l y  

l ow T^ m a g n e t i z a t i o n s  wh i ch  n e v e r  a t t a i n e d  d i r e c t i o n a l  s t a b i l i t y .  

VJhi le d i r e c t i o n a l l y  s t a b l e ,  t h e  h i g h  T ^ m a g n e t i z a t i o n s  were 

d i s p e r s e d  and no s y s t e m a t i c  g r o u p i n g  o f  c l e a n e d  d i r e c t i o n s ,  

o r  s u b t r a c t e d  v e c t o r s  was seen ,  a o a r t  f r om PEF d i r e c t i o n s .

Lubbock  F o r ma t i o n

L i k e  t he  Yurabi -  F o r m a t i o n ,  sample mean NRM d i r e c t i o n s  

o f  t h e  Lubbock  F o r ma t i o n  were s c a t t e r e d  bu t  no t  s i g n i f i c a n t l y  

d i f f e r e n t  f r om t h e  PEF d i r e c t i o n .  Upon t h e r ma l  d e m a g n e t i z a t i o n ,  

a l a r g e  PEF component  was removed f r om most  p i l o t  spec i mens  

and i n  f i n a l  a n a l y s i s  9 sampl es  f r om 3 s i t e s  r eached s t a b l e  

e n d p o i n t s  i n  t h e  4 0 0 ° - 6 0 0 °  r ange ( F i g u r e  3 . 1 6 ) .  Cl eaned mean 

d i r e c t i o n s  f o r  t h e s e  t h r e e  s i t e s  a r e  l i s t e d  i n  T a b l e  3 . 6 .  

D i s p e r s i o n  i s  r educed  upon mak i ng  s t r u c t u r a l  c o r r e c t i o n s ,  

a l t h o u g h  t he  i mpr ovement  i s  n o t  s i g n i f i c a n t  a t  t h e  95% l e v e l
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F ig u re  3.16(A) : Thermal demagnetization, Lubbock Formation, Tean 
Formation and Ranford Formation.
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Figure  3.16(B) : Thermal demagnetization, Lubbock Formation, Tean 
Formation and Ranford Formation (continued).



TABLE 3.6

LUBBOCK FORMATION : S i t e  mean d i r e c t i o n s  a f t e r  t hermal
d e m a g n e t i z a t i o n  (580°- 650°)

SITE N ,R D , I D ' , I 1

1 3 , 2 . 6 4 5 185, -  04 185, -  04
2 3 , 2 . 6 5 5 196,+ 19 197 ,- 02
4 3 , 2 . 9 4 8 178,+ 18 178,+ 08

Me a n : 186 , + n 187 , + 01
( R = 2 . 9 2 5 , a g5= 2 4 ° ) ( R=2. 9 5 9 , a g5=18°)

Pole  p o s i t i o n : 75S ,332E 71S ,328E
d p , d m= 1 3 ,2 5 d p , d m = 09,18

TEAN FORMATION : Sample mean d i r e c t i o n s  a f t e r  t hermal
d e m a g n e t i z a t i o n  ( 400° - 600° )

SAMPLE D,I D 1 , I '

1 1 83 , + 69 147 , + 38
2 213 , + 53 175 , + 38
3 199 , + 64 1 58,+ 39
4 179 , + 58 153 ,+28
5 170,+ 37 175 , + 37
6 180 , + 45 184 , + 37
8 181 , + 49 186 , + 40

Mean : 185 , + 54 168,+ 38
( R= 6.819 , a95 = l l ° ) (R = 6 . 8 4 6 , a 95 = 10°)

Pol e  p o s i t i o n : 7 4 S J 1 2 E 79 S , 202E
d p , dm=11,15 dp , dm= 07 ,12



TABLE 3 . 6  ( c o n t i n u e d )

RANFORD FORMATION : Sa mpl e  mean d i r e c t i o n s  a f t e r  t h e r m a l
d e fib gn e t  i z a t  i o n ( 6 5 0 ° )

SAMPLE D, I D ' , I '

7 201 , + 30 202 , + 36
8 199 , +36 200 , + 42
9 249 , + 1 4 250 ,+ 1 6

10 205 , + 32 207 , + 37
1 1 201 , + 22 202 , + 27
12 192 , + 25 192 , + 31

Me an : 208 , + 28 209 , + 33
( R = 5 . 6 8 8 , a g 5 = 1 7 ° ) ( R = 5 . 6 8 8 , a 9 5 = 1 7 ° )

P o l e  p o s i t i o n : 63S , 036E 62S , 043 E
d p , d m = l 0 , 1 9 dp , d m = l 1 , 20
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{ k ' / k = 1 . 8 4 ,  95% s i g n i f i c a n c e  p o i n t  = 5 . 0 5 ) .  The p o l e  p o s i t i o n  

f r om t h e  s t r u c t u r a l l y  c o r r e c t e d  mean d i r e c t i o n  l i e s  between 

t he  PR1 p o l e  p o s i t i o n  f r om t he  P e r t a t a t a k a  F o r ma t i o n  and t he  

AR2 p o l e  f r om t h e  Arumbera Sands t one  ( F i g u r e  3 . 3 4 ) .  I f  t h e  

c o r r e l a t i o n  o f  g l a c i a l  s u c c e s s i o n s  between t he  Amadeus and 

K i m b e r l e y  B a s i n s  i s  c o r r e c t ,  t he  p o s i t i o n  o f  t h e  Lubbock  

Fo r ma t i o n  p o l e  combi ned w i t h  t h e  i n c r e a s e  i n p r e c i s i o n  upon 

u n f o l d i n g  o f  t h e  beds s u g g e s t s  an o r i g i n a l  P r e c a mb r i a n  age 

o f  m a g n e t i z a t i o n .

Tean Fo r ma t i o n

NRM d i r e c t i o n s  f r om sampl es o f  t he  Tean F o r ma t i o n  

were w e l l  g r ouped  and r e v e r s e d  w i t h  r e s p e c t  t o  t h e  PEF d i r e c t i o n .  

Thermal  d e m a g n e t i z a t i o n  s t u d i e s  showed t h a t  o f  t he  8 sampl es 

c o l l e c t e d ,  7 had d i r e c t i o n a l l y  s t a b l e  m a g n e t i z a t i o n s  i n  t he  

2 0 0 ° - 5 8 0 °  h e a t i n g  r a n ge .  A f t e r  h e a t i n g  above 580° t h e  o n s e t  

o f  d i r e c t i o n a l  i n s t a b i l i t y  was marked by a shar p  d e c r e a s e  i n 

i n t e n s i t y  ( F i g u r e  3 . 1 6 ) .  D i r e c t i o n a l  s c a t t e r  between t he  7 

s t a b l e  sampl es  i s  r educed  a f t e r  mak i ng s t r u c t u r a l  c o r r e c t i o n s ,  

bu t  t he  i n c r e a s e  i n p r e c i s i o n  i s  no t  s i g n i f i c a n t  a t  t he  95% 

l e v e l  [ k x / k = 1 . 1 8 ,  95% s i g n i f i c a n c e  p o i n t  = 2 . 5 8 ) .  The p o l e  

p o s i t i o n  c a l c u l a t e d  f r om t he s t r u c t u r a l l y  u n c o r r e c t e d  mean 

d i r e c t i o n  i s  v e r y  near  t he  mean Upper  De v o n i a n - L o we r
>

C a r b o n i f e r o u s  and T e r t i a r y  p o l e s  f o r  A u s t r a l i a  ( S c h m i d t ,  1 9 7 6 ) ,  

w h i l e  t he  p o l e  f r om t he  c o r r e c t e d  d i r e c t i o n  i s  d i s p l a c e d  abou t  

30° e a s t w a r d s  f r om t h a t  o f  t h e  u n d e r l y i n g  Lubbock F o r m a t i o n .

A s e c o n d a r y  r a t h e r  t han  p r i m a r y  P r e c a mb r i a n  age o f  m a g n e t i z a t i o n

i s  f a v o u r e d .



§ 3 . 3 . 5  D u e r d i n  Group ( l o w e r  g l a c i a l  s u c c e s s i o n ) :  Ran f o r d
F o r ma t i o n

One f o r m a t i o n  i n  t he  Due r d i n  Group was sampl ed e a s t  

o f  t h e  H a l l s  Creek  M o b i l e  Zone,  t h e  Ran f o r d  F o r m a t i o n .  Samples 

o f  r ed and brown s h a l e s  were t a ke n  a t  t w o ' 1 o c a l i t i e s  i n  t he  

M o o n l i g h t  V a l l e y .  The Johnny Cake Sha l e  Member o f  t h e  Ran f o r d  

F o r ma t i o n  has been da t ed  a t  671+44*my u s i n g  t h e  w h o l e - r o c k  Rb/ Sr  

i s o c h r o n  method ( B o f i n g e r ,  1967 ) .

NRM d i r e c t i o n s  f r om one s a mp l i n g  l o c a l i t y  were 

c h a r a c t e r i z e d  by s t r e a k e d  s h a l l o w  s o u t h w e s t e r l y  d i r e c t i o n s ;  

sampl es f r om t h e  second l o c a l i t y  had NRM d i r e c t i o n s  w i t h  

n o r t h e r l y  d e c l i n a t i o n s  and s t e e p  n e g a t i v e  i n c l i n a t i o n s .  D u r i n g  

t h e r ma l  d e m a g n e t i z a t i o n ,  t he  f o r m e r  g r oup  o f  sampl es u n de r we n t  

s y s t e m a t i c  d i r e c t i o n a l  changes i n  t h e  2 0 ° - 2 0 0 °  and 2 0 0 ° - 3 0 0 °  

s t e p s  as a PEF component  was r emoved,  s t a b i l i z i n g  a t  t h e  400° 

and h i g h e r  h e a t i n g  s t e p s  ( F i g u r e  3 . 1 6 ) .  Samples f r o m t he  

l a t t e r  g roup g e n e r a l l y  r ema i ned  s t a b l e  up t o  t h e  650° h e a t i n g  

bu t  were c o l l e c t i v e l y  n e v e r  s i g n i f i c a n t l y  d i f f e r e n t  f r om t he  

PEF d i r e c t i o n .

The s i x  sampl es f r om t h e  f i r s t  l o c a l i t y  wh i ch  were 

d i f f e r e n t  f r om t h e  PEF d i r e c t i o n  are  r e a s o n a b l y  w e l l  g r ouped  

( T a b l e  3 . 6  and F i g u r e  3 . 1 7 ) .  No f o l d  t e s t  was p o s s i b l e .  The 

p o l e  p o s i t i o n s  c a l c u l a t e d  f r om bo t h  t h e  u n c o r r e c t e d  and 

c o r r e c t e d  mean d i r e c t i o n s  are  p r o b a b l y  n o t  d i f f e r e n t  f r o m t he  

mean Upper  S i l u r i a n - L o w e r  Devon i an  o r  M i d d l e  De v o n i a n - L o we r  

C a r b o n i f e r o u s  p o l e s  f r om A u s t r a l i a  ( S c h m i d t ,  1976;  F i g u r e  

3 . 3 4 ) .  At  hough t h e  age o f  m a g n e t i z a t i o n  c o u l d  be P r e c a mb r i a n  

(RF i s  s i m i l a r  t o  o t h e r  l a t e  P r e c a mb r i a n  p o l e s ) ,  i n t he  absence 

o f  e v i d e n c e  t o  t he  c o n t r a r y ,  a s e c o n d a r y  P a l a e o z o i c  age o f  

m a g n e t i z a t i o n  i s  f a v o u r e d  as t h e  more p r u d e n t  a s s u m p t i o n .
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§3. 4  O f f i c e r  B a s i n :  Chambers B l u f f  V o l c a n i c s ,  T a b l e  H i l l
V o 1 c a n i c s

A d e l a i d e a n  s t r a t a  o u t c r o p  i n  t he  O f f i c e r  Bas i n  o f  

c e n t r a l  and w e s t e r n  Sout h A u s t r a l i a  and s o u t h e a s t e r n  West ern  

A u s t r a l i a  ( F i g u r e  3 . 1 ) .  L i t t l e  i s  known i n  d e t a i l  o f  t he  

s t r a t i g r a p h y  and s t r u c t u r e  i n  t h i s  r e g i o n ,  l a r g e l y  as a 

r e s u l t  o f  i n c o m p l e t e  mappi ng due t o  p oor  e x p os u r e  and 

i n a c c e s s i b i l i t y .  Two i s o l a t e d  i gn e o u s  u n i t s  f r om t h e  O f f i c e r  

Bas i n  were s e l e c t e d  f o r  p a l a e o m a g n e t i c  s t u d y ,  w i t h  t h e  hope 

t h a t  p o l e  p o s i t i o n s  combi ned w i t h  a v a i l a b l e  and p o t e n t i a l  

i s o t o p i c  age d a t a  m i g h t  h e l p  t o  ' c a l i b r a t e '  t he  l a t e  Pr ecambr i an  

p o l a r  t r a c k s  f o r  A u s t r a l i a  d e r i v e d  f r om o t h e r  s t r a t i g r a p h i c  

s e c t i o n s  wh i ch  a r e  d e v o i d  o f  i gn e o u s  r o c k s .  No p r e v i o u s  

p a l a e o m a g n e t i c  s t u d i e s  have been r e p o r t e d  f r om t he  O f f i c e r  

Basin.

§ 3 . 4 . 1  Chambers B l u f f  V o l c a n i c s

At  Chambers B l u f f  i n  t he  I n d u l k a n a  Ranges,  a (?)  

S t u r t i a n  t i l l i t e  i s  o v e r l a i n ,  p o s s i b l y  c o n f o r m a b l y ,  by b a s a l t  

and me l a p h y r e  ( F i g u r e  3 . 1 8 ;  Thomson,  1969 ) .  The A d e l a i d e a n  

sequence d i p s  t o  t h e  s o u t h e a s t  and u n c o n f o r m a b l y  u n d e r l i e s  

s h a l l o w l y  d i p p i n g  O r d o v i c i a n  s e d i m e n t s .  Samples o f  t he  

v o l c a n i c s  ( c a l l e d  h e r e i n  t he  Chambers B l u f f  V o l c a n i c s  f o r  want  

o f  an o f f i c i a l  name) were t a k e n  a t  11 s i t e s  t h r o u g h  a t h i c k n e s s  

o f  0 . 5  km o f  f 1o ws .

S i t e  mean NRM d i r e c t i o n s  were w i d e l y  s c a t t e r e d  w i t h  

n e g a t i v e  i n c l i n a t i o n s .  P i l o t  AF d e m a g n e t i z a t i o n  s t u d i e s  

( F i g u r e  3 . 1 9 )  s u g g e s t e d  t h a t ,  l i k e  t h e  Woo l t ana  V o l c a n i c s  

( § 2 . 7 . 2 ) ,  at  l e a s t  p a r t  o f  t h e  t o t a l  NRM was c a r r i e d  by h i gh

c o e r c i v e  f o r c e  m i n e r a l s  o f  t h e  h e m a t i t e - i 1 m e n i t e  s o l i d  s o l u t i o n



GEOLOGY o f the CHAMBERS BLUFF area, S.A.

Sampling area

1— 1 8

ADEL A !D EAN

0  Cover
Ordovician
slates
Chambers B lu ff vole. 
Sturtian ? equivalents 
older pC basement

Figure 3 .18 : Geological sketch of the Chambers B lu f f  area, Indulkana 
Ranges, South Austra l ia ,  showing outcrop area of  Chambers B lu f f  
Volcanics. Map centred approximately upon 133°09'E, 27°00'S.



series. Inspection of polished sections of the volcanics in 
reflected light confirmed a moderate to high oxidation state 
for the lavas, with magnetite having been altered to hematite 
and ilmenite lamellae partially replaced by pseudobrookite.
The original lamellar structure is almost completely obscured 
in some examples. Thermal dem agnetization studies were 
conducted in attempt to demagnetize fully the high coercive 
force minerals, and to discover whether multico mpone nt 
mag netizations might be present.

Three general types of directional behaviour were 
observed during thermal demagnetization:

(1) Magnetizations initially with southwest (northeast) 
trending declinations and shallow to moderate 
negative (positive) inclinations which remained 
directionally stable during stepwise heating,

(2) Magneti zatio ns with directional stability similar 
to (1) above, however declinations were northwest 
(southeast) trending with shallow to moderate 
negative (positive) inclinations, and

(3) Magnetizations with directions initially similar
to (2) above, which upon progressive demagnetization 
sys tematically swing to the south, becoming aligned 
with directions like (1) above, reaching directional 
stability in the 300°-400° range. During the 
directional swing, a mag netization similar in 
direction to (1) above was removed.
The observed stable mag netizations of (1) and (2) 

above and the subtracted component of (3) have been respectively 
designated the WP1, WP2 and WP3 mag neti zatio ns in Table 3.7 
and in Figure 3.2.1. An F-ratio test (Table 3.7) indicates
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F igure  3.20(B) : Thermal demagnetizat ion, Chambers B lu f f  Volcanics 
( con t inued) .



TABLE 3.7 (*)

CHAMBERS BLUFF yOLCANICS : Slti eean dlfictlo» before «nd after thermal demagnetization

Before structural correction After structural correction
MAGNETIZATION SITE N R 0 I O' I* T*C

NRM 1 4 2.S16 059 •77
2 3 2.893 013 -32
3 3 2.914 288 -23
4 3 1.189 343 •61
5 3 1.512 180 • 11
6 4 2.930 339 -33
7 3 2.416 266 -S3
8 3 1.785 156 •51
9 3 2.452 267 -72
10 3 2.260 302 •61
11 3 1.996 084 •24

UP 1 2 3 2.978 023 20 037 31 600
3 1 • 227 -27 242 -25 600
4 2 1.982 196 -35 221 -47 500
5 2 1.917 213 -19 225 -25 500
6 2 1.905 212 •20 225 -27 500
7 3 2.982 209 •39 236 -44 500
8 2 1.955 190 -53 238 •63 500
9 2 1.888 195 -47 233 -56 500
10 1 - 190 •25 207 -41 500

UP2 1 2 1.929 253 -69 291 -48 500
3 2 1.916 292 -18 293 09 500
4 1 - 155 29 153 00 500
5 1 - 130 23 131 -07 500
8 1 - 162 21 161 -07 500
10 2 1.876 290 -43 298 -16 500
11 2 1.821 291 •42 298 -15 500

MP3 1 1 . 265 -63 291 -40 300-450
(subtracted 2 1 . 350 -57 339 -29 300-450
directions fro* .
HP 1 vectors) 1 - 296 -22 298 05 300-400

6 1 * 283 -20 285 04 300-450
7 3 2.992 331 -30 330 00 300-400
8 1 - 336 -63 329 -33 300-450
9 3 2.877 328 -49 326 -19 300-450

TABLE 3.7 (B) 
CHAMBERS BLUFF VOLCANICS Mean directions before and after structural correction

Before structural correction After structural correction

MAGNETIZATION N n R k
pole

let long dp ,dm R k V V
pole

lat long dp.de

WP1 9 18 8.678 24.9 205 -32 39S 345E 07,12 8.678 24.9 227 -40 23S 360E 08,13
UP2 7 11 6.296 8.5 307 -37 41N 039E 15,26 6.287 8.4 310 -08 37N 060E 11,22
HP3 7 11 6.302 8.6 311 -47 47N 030E 18,28 6.299 8.6 314 -17 43N 057E 12,23
WP2+WP3 14 22 12.553 9.0 309 -42 44N 035E 11 ,17 12.541 8.9 312 -13 40N 0S8E 07,14

TABLE 3.7 (C)

CHAMBERS BLUFF VOLCANICS : F-rat1o test; WP2 and MP3 magnetizations

N R, R2 R F2 ,24 Significance point 
(95«)

14 6.302 6.296 12.553 0.39 3.40



00 c .
S- o  
CU • < -  

-Q 4-5
E O • 
rtJ 0) C  

-C -r-5 O  
O  O  -r- 

S- 4-5 
*' Q . <T3

00 c
C  CD *r—
O  f— I—

• r  cn U  
4-5 E  C  
CJ f0  •!— 
CU I

•I— ra cu 
■O 3  >  

c r - r -  
C  (1) 4-5 
O  v -

•i— • « oo 
4-5 00 O 
rO 4-5 Q- 
N  E  — -  

• r -  CL)
4-> E  CU 
CL) O  >  
E  Q - t -  
OO E  4-> 
fö O  I t  
E  O  DO 

CU
E  OO E  
rO CL 
(U 3  O  
E +-> 

■ a
CL) CZ S—
4—> res a>
• r -  M—
OO oo cu

CL E
- a  3  
CU 00 
E  "  I—  
fU r— o  
CU CL X )

o  3  f ,
oo oo 
CJ

E  "O 
r~H rt5 CU 
OO CJ 00 

. r -  O 
NO O  r -  

>  CJ 
Q) '

S t  «=
0 ) 3  CU

V r -  a
Pl  CQ O



84.

that the (observed) WP2 and (subtracted) WP3 mean directions 
are not signifi cantl y different at the 95% confidence level. 
Therefore two mag neti zatio ns are present, and a particular 
sample may exhibit either the W P 1 magnetization, the W P 2 
magnetization or both. The WP1 component has a higher T^ 
than the W P 2 component in samples which exhibit both 
magnetizations.

Unlike the Pertatataka Formation (§3.2.4), an 
assessment of the relative ages of the WP1 and WP2 (+WP3) 
components cannot be based on a fold test, as the volcanics 
only outcrop in one locality with a nearly constant structural 
orientation. Again invoking the simple T^-age relationship, 
the WP2 (+WP3) component is possibly the younger. This simple 
picture accords with the pole positions calculated from the 
two mean directions, as the W P 1 pole is near other Adelaidean 
poles, while the VJP2 (+WP3) poles are similar to Cambrian 
and Ordovician poles from elsewhere in Australia (Figure 3.34). 
Further discussion con cerning the relative ages of the two 
components is deferred until §3.7. No isotopic age information 
is available for the Chambers Bluff Volcanics, however samples 
have been collected for U-Pb zircon studies, and a result may 
be forthcoming.

§3.4.2 Table Hill Volcanics

Outcrops of altered basaltic rocks with petrological 
affinities occur at widely scattered localities around the 
western part of the Officer Basin of South Australia and 
Western Australia (Figure 3.22). Peers (1969) ori ginally 
interpreted the separate outcrops as con temporaneous and 
comagmatic and discussed discordant K/Ar ages from the
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v o l c a n i c s  w h i c h  s u g g e s t e d  an O r d o v i c i a n  a g e  o f  e x t r u s i o n .  
S u b s e q u e n t  g e o l o g i c a l  m a p p i n g  a n d  s e i s m i c  s t u d i e s  h a v e  g i v e n  
s u p p o r t  to P e e r s '  o r i g i n a l  c o n c l u s i o n  o f  c o n t e m p o r e n e i t y  
( L o w r y  et aZ., 1 9 7 2  ), a n d  i n d i c a t e  t h a t  a c o n t i n u o u s  w i d e s p r e a d  
s u b s u r f a c e  o c c u r r e n c e  o f  t h e  b a s a l t s  m a y  be p r e s e n t .  J a c k s o n  
(in C o m p s t o n ,  1 9 7 4 )  has r e c o m m e n d e d  t h e  n a m e  Table Hill 
Volcanics f o r  th e  b a s a l t s .

A l t h o u g h  t h e i r  e x a c t  s t r a t i g r a p h i c  p o s i t i o n  is 
u n c e r t a i n ,  t h e  f o l l o w i n g  i n d i r e c t  i n f o r m a t i o n  ( s u m m a r i z e d  f r o m  
C o m p s t o n ,  1 9 7 4 )  is a v a i l a b l e :

(1) T h e  T a b l e  H ill V o l c a n i c s  a r e  y o u n g e r  t h a n  t h e  
T o w n s e n d  Q u a r t z i t e ,  w h i c h  u n c o n f o r m a b l y  o v e r l i e s  
t h e  T a b l e  V o l c a n i c s  d a t e d  at 1 0 6 0 + 1 1 0  m y  ( C o m p s t o n  
a n d  N e s b i t t ,  1 9 6 7 ) .

(2) T h e  T a b l e  Hil l  V o l c a n i c s  a r e  p r o b a b l y  e q u i v a l e n t  
to t h e  K u l y o n g  V o l c a n i c s  ( L o w r y  et al., 1 9 7 2 )  a n d  
t h e r e f o r e  s t r a t i g r a p h i ca 1 1 y a b o v e  t h e  P u n k e r r i  
S a n d s t o n e .  M a j o r  ( 1 9 6 8 )  d e s c r i b e d  a p o s s i b l e  
E d i a c a r a  f a u n a  t r a c e  f o s s i l  in t h e  P u n k e r r i  
S a n d s t o n e  w h i c h  w a s  s u b s e q u e n t l y  c o n f i r m e d  as Rangea 
( G l a e s s n e r ,  1 9 7 1 ) .

(3) T h e  v o l c a n i c s  u n c o n f o r m a b l y  o v e r l i e  p r o b a b l e  
P r e c a m b r i a n  g l a c i a l  b e d s  a n d  a r e  in t u r n  u n c o n f o r m a b l y  
o v e r l a i n  by P e r m i a n  g l a c i a l  s t r a t a .

A m o d e l  R b / S r  a g e  o f  a b o u t  1 1 0 0  m y  h a s  b e e n  c a l c u l a t e d  f o r  t h e
v o l c a n i c s  ( B o f i n g e r ;  in J a c k s o n ,  1 9 6 6 ) ,  h o w e v e r  t h e  a b o v e
e v i d e n c e  w o u l d  s u g g e s t  a l a t e  P r e c a m b r i a n  or e a r l y  P a l a e o z o i c
a g e  of e x t r u s i o n .  In a m o r e  r e c e n t  s t u d y ,  C o m p s t o n  ( 1 9 7 4 )

87 86s u g g e s t e d  t h a t  t h e  i n i t i a l  S r /  Sr r a t i o  u s e d  in t h e  m o d e l  
c a l c u l a t i o n  m i g h t  be t o o  l o w ,  a n d  in c o n j u n c t i o n  w i t h  n e w  R b / S r



TABLE 3 . 8

TABLE HILL VOLCANICS : C a l c u l a t i o n  o f  mean i n c l i n a t i o n  by
method o f  Br i den  and Ward (1960)

S amp 1 e Depth
( m )

H i l
( 20mT) e i Sin 6 ^ C o s  0 .

1 7 20.0 70.0 0.9397 0. 3420

4 21 6.1 83.9 0.9943 0.1063

5 22 10.6 79.4 0.9829 0.1840

6 30 19.2 70.8 0.9444 0.3289

7 35 15.5 74.5 0.9636 0.2672

8 41 17.3 72.7 0.9548 0. 2974

9 49 4.5 85.5 0.9969 0.0785

10 60 24.9 65.1 0.9070 0.4210

12 45 9.0 81 .0 0.9877 0.1564

C = 1  Z N A Cos 0 .j = 0.2424

S = 1 7
W Z Sin 0 ^ = 0 . 9  6 3 5

A = t i  ( c 2 + s 2 r hr 1 -

0 = t an ’- 1 ( ! )  .  
c

7 5 . 9

I = 14.8°  k = 77,  dp s 3°

A r i t h m e t i c  mean : (^- Z | I . | = 14 . 1 ° )



TABLE H ILL  VOLCANICS

N  50

NRM 5 10 20 30 40

PEAK AF, mTESLA

Figu re  3.23 : AF demagnetization, Table H i l l  Volcanics. Individual 
specimen inc l ina t ions  plo tted versus peak a l te rnat ing f i e l d .



8 6 .

a n a l y s e s  r eached  t h e  c o n c l u s i o n  t h a t  " . . .  t h e  Rb/ Sr  d a t a  are  

bes t  i n t e r p r e t e d  as s i g n i f y i n g  an o r i g i n a l  e x t r u s i o n  o f  t he 

b a s a l t s  a t  5 7 5 + 40 my . . . 11.

A l t h o u g h  i t  was n o t  p o s s i b l e  t o  d i r e c t l y  sample t he 

v o l c a n i c s ,  co r e  sampl es f r om t h e  Yowal ga No. 2 bore were 

a v a i l a b l e .  Twe l ve  sampl es were c u t  f r om v e r t i c a l l y  d r i l l e d  

b o r e c o r e  m a t e r i a l  t aken  a t  d e p t h s  r a n g i n g  f r om 7 t o 60 m 

t h r o u g h  a number  o f  f l o w s .  The f l o w s  a r e  f l a t  l y i n g  a t  t he  

d r i l l i n g  s i t e  ( M. J .  J a c k s o n ,  p e r s .  comm.)  and t h e r e f o r e  no 

t e c t o n i c  c o r r e c t i o n  i s  a p p l i e d  t o  t h e  i n c l i n a t i o n  r e s u l t s .

P r o g r e s s i v e  AF d e m a g n e t i z a t i o n  s t u d i e s  showed t h a t  

9 o f  t h e  12 sampl es had m a g n e t i c a l l y  ' s o f t '  bu t  s t a b l e  

remanence v e c t o r s ;  d i s p e r s i o n  i n  i n c l i n a t i o n  was m i n i m i z e d  

a f t e r  t he  20 mT d e m a g n e t i z a t i o n  s t e p  ( F i g u r e  3 . 2 3 ) .  I n s p e c t i o n  

o f  p o l i s h e d  s e c t i o n s  i n  r e f l e c t e d  l i g h t  showed t h a t  much o f  

t h e  o r i g i n a l  l a m e l l a r  m a g n e t i t e - i l m e n i t e  s t r u c t u r e  was s t i l l  

p r e s e n t ,  a l t h o u g h  some h i g h  t e m p e r a t u r e  o x i d a t i o n  had t aken  

p l a c e .  The b a s a l t s  are  p r o b a b l y  b e s t  d e s c r i b e d  as C l a s s  3 

i n  o x i d a t i o n  s t a t e  ( Wi l s o n  and W a t k i n s ,  1967 ) .

F o l l o w i n g  t he  p r o c e d u r e  f o r  e s t i m a t i o n  o f  mean 

i n c l i n a t i o n  i n  a z i m u t h a l l y  u n o r i e n t e d  b o r e c o r e  sampl es o u t l i n e d  

by B r i d e n  and Ward ( 1 9 6 0 ) ,  a mean v a l u e  o f  1 4 . 8 °  was c a l c u l a t e d  

f o r  t h e  T a b l e  H i l l  V o l c a n i c s  s a m p l e s ( T a b l e  3 . 8 ) .  The 

i n c l i n a t i o n s  ar e  w e l l  g r o u p e d ;  t h e  u n c e r t a i n t y  i n  mean 

i n c l i n a t i o n  g i v e s  r i s e  t o  a ' p o l a r '  e r r o r  dp o f  3 ° .  The 

l o c u s  o f  p o l e s  d e s c r i b e d  by t h e  mean i n c l i n a t i o n  i n t e r s e c t s  

t he  Amadeus P o l a r  T r a c k  a t  a p p r o x i m a t e l y  t h e  AR2 Arumbera 

Sands t one  p o s i t i o n  ( P r e c a m b r i a n - C a m b r i a n  b o u n d a r y ,  F i g u r e  3 . 3 4 ) .  

In c o n j u n c t i o n  w i t h  t he  s t r a t i g r a p h i c  and f o s s i l  e v i d e n c e ,  and 

w i t h  t he  new Rb/ Sr  age i n f o r m a t i o n ,  t he  r e s u l t s  a re  v e r y
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Figure 3.24 : Geological sketch of  King Island, Tasmania, showing 
outcrops of King Island Volcanics and dykes, and Cottons Breccia. 
Sampling s ites indicated CB (Cottons Breccia). KV (King Is. Volcanics), 
KD (King Is. Dykes). After Jago (1974b).
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s e d i me n t s  between t h e  b r e c c i a  and t h e  v o l c a n i c s ,  however  

Solomon ( 1969)  and Jago (1974b) c o n s i d e r  t h e  l a v a s  t o  be Lower  

Cambr i an on t h e  b a s i s  o f  a c o r r e l a t i o n  w i t h  p e t r o l o g i c a l l y  

s i m i l a r  v o l c a n i c s  on t h e  wes t  c o a s t  o f  Tasmani a wh i ch  u n d e r l i e  

M i d d l e  Cambr i an s e d i m e n t s .  The age o f  t h e  base o f  t he  v o l c a n i c  

s e c t i o n  i n  m a i n l a n d  Tasmani a  i s  unknown howeve r ,  and c o u l d  be 

l a t e  P r e c a m b r i a n .  A l a t e  P r e c a mb r i a n  age f o r  t h e  C o t t o n s  

B r e c c i a  i s  t h u s  s u g g e s t e d .

Samples f r om t h e  C o t t o n s  B r e c c i a  (? t i l l i t e  and 

s i l t s t o n e s ) ,  t h e  o v e r l y i n g  v o l c a n i c s  ( h e r e i n  i n f o r m a l l y  c a l l e d  

t h e  Ki ng I s l a n d  V o l c a n i c s )  and a s s o c i a t e d  dykes  were c o l l e c t e d  

a t  a number  o f  l o c a l i t i e s  ( F i g u r e  3 . 2 4 ) .  Schmi d t  ( 1976)  

c o l l e c t e d  sampl es  f r om dykes  on Ki ng I s l a n d  o r i g i n a l l y  t h o u g h t  

t o  be Mesozo i c  i n  age ;  i t  was l a t e r  d i s c o v e r e d  t h a t  t h e s e  were 

i n  f a c t  a s s o c i a t e d  w i t h  t h e  ( ? )  Cambr i an V o l c a n i c s .  These da t a  

a re  i n c l u d e d  w i t h  t he  da t a  f r om t h e  Ki ng I s l a n d  V o l c a n i c s .

§ 3 . 5 . 1  C o t t o n s  B r e c c i a

NRM d i r e c t i o n s  f r o m sampl es o f  t h e  C o t t o n s  B r e c c i a  

were somewhat  s c a t t e r e d  bu t  had d o m i n a n t l y  s t e e p  n e g a t i v e  

i n c l i n a t i o n s  w i t h  n o r t h w e s t  t r e n d i n g  d e c l i n a t i o n s ,  much l i k e  

t h e  c l e a n e d  d i r e c t i o n s  f r om t h e  o v e r l y i n g  v o l c a n i c  u n i t .  A 

s e c o n d ,  s m a l l e r  g r oup  o f  NRM d i r e c t i o n s  was c h a r a c t e r i z e d  by 

s h a l l o w ,  s o u t h w e s t e r l y  t r e n d i n g  remanence v e c t o r s .  C o n s i d e r i n g  

t h e  l o c a l l y  c l e a v e d  n a t u r e  o f  t h e  b r e c c i a ,  t h e r ma l  o v e r p r i n t i n g  

seemed a d i s t i n c t  p o s s i b i l i t y ,  and d e t a i l e d  t h e r ma l  

d e m a g n e t i z a t i o n  s t u d i e s  were c o n d u c t e d  on p i l o t  spec i mens  f r om 

each sampl e .

Thr ee  t y p e s  o f  d i r e c t i o n a l  b e h a v i o u r  were o b s e r v e d

d u r i n g  t h e r ma l  d e m a g n e t i z a t i o n ,  s i m i l a r  t o  t h e  P e r t a t a t a k a
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Figure  3 . 25( A)  : Thermal demagnetization, Cottons Breccia.
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F igure  3.25(B)  : Thermal demagnetization, Cottons Breccia (continued).



TABLE 3.9 (A)

COTTONS BRECCIA : Sit« aean dlrtctloni before «nd tftir 5QO*C theraal deaagn«11»at Ion

Before structurtl correction Afttr itructurtl correction

MAGNETIZATION SITE N R 0 I O' I' T* C

NRM l 3 2.736 316 21
2 3 2.963 294 -77
3 3 2.938 316 -76
4 3 2.990 013 -79
S 3 2.943 030 -78
6 2 1.995 015 -86
7 3 2.991 283 61
8 3 2.733 208 -13
9 3 2.877 253 -55
10 3 2.146 244 • 06
11 3 2.359 226 -21
12 3 2.887 226 -53
13 3 2.797 303 • 61
14 3 2.495 311 -46
IS 3 2.899 300 -70

CB1 8 3 2.917 210 -04 215 -07
9 2 1.975 203 •23 221 •29
10 2 1.876 224 06 217 06
11 2 1.946 241 08 232 12
13 2 1.902 355 •04 178 -14
15 1 - 2C8 -07 214 •08

CB2 2 3 2.907 261 -77 287 -13
3 3 2.941 304 -71 292 -14
4 3 2.992 360 •82 293 -31
5 3 2.950 015 •84 292 -33
6 2 1.996 050 -87 298 •38
7 3 2.997 270 62 159 60
9 1 - 284 -36 289 -01
10 1 - 262 55 197 62
11 1 - 176 -56 281 •61
12 2 1.996 203 -50 268 -46
13 1 - 245 -62 270 -34
14 2 1.909 140 *7,4 278 -68
15 2 1.974 133 61 308 -14

CB3 8 1 . 206 -50 255 -36 20-300
(dlrections 9 2 1.958 258 -66 287 -36 20-300
subtracted froa 
CB1 vectors) 10 1 - 168 -45 218 •65 20-300

11 1 * 240 -20 253 -06 20-300
12 1 251 -37 272 -09 20-300
13 2 1.989 332 -54 311 •23 20-300

COTTONS BRECCIA : Mein directions before end after structural correction

Before structural correction After structural correction

MAGNETIZATION N n R k
pol«

let long dp,da R k “a' •a'
pol e

let long
-----r
dp ,da

CB1 6 12 5.541 10.9 210 -03 40S 005E 11 .21 , 5.601 12.5 213 -07 37S 007E 10,20
CB2 13 27 11.562 8.3 242 -84 34N 337E 30,30 11.530 8.2 294 -39 32N 051 E 11,18
C83 6 8 5.023 5.1 237 -55 02N 007E 33,47 5.156 5.9 272 -32 13N 042E 19,34
CB2+CB3 19 35 16.141 6.3 238 -76 23N 348E 25,27 16.484 7.2 287 -37 25N 047E 09,16

TABLE 3.9 (C)
COTTONS BRECCIA : F-r«t1o test; CB2 end CB3 aagne111«11 on*

N R. R? r F2 .36 Significance point 
(95X)

19 11.562 5.156 16.484 1.74 3.26
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F o r ma t i o n  ( § 3 . 2 . 4 )  and Chambers B l u f f  V o l c a n i c s  ( § 3 . 4 . 1 ) .  In 

t he  f i r s t  t y p e  ( F i g u r e  3 . 2 5 ) ,  i n i t i a l l y  s h a l l o w  s o u t h w e s t e r l y  

( n o r t h e a s t e r l y ) d i r e c t i o n s  r ema i ned  v e r y  s t e a d y  i n d i r e c t i o n  

d u r i n g  t h e  d e m a g n e t i z a t i o n  p r o c e s s ,  g e n e r a l l y  becomi ng 

d i r e c t i o n a l l y  u n s t a b l e  a f t e r  t h e  660° o r  665° h e a t i n g  s t e p .

The second and more common t y p e  o f  b e h a v i o u r  was c h a r a c t e r i z e d  

by s t a b l e  remanence v e c t o r s  wh i ch  r ema i ned  a l i g n e d  w i t h  t he  

n o r t h w e s t  t r e n d i n g  s t e e p  n e g a t i v e  NRM d i r e c t i o n  d u r i n g  

d e m a g n e t i z a t i o n .  A t h i r d  c l a s s  o f  sampl es e x h i b i t e d  s y s t e m a t i c  

changes i n  d i r e c t i o n  upon d e m a g n e t i z a t i o n ,  w i t h  t h e  remanence 

v e c t o r  s w i n g i n g  away f r om t h e  s t e e p l y  i n c l i n e d  n o r t h w e s t  

d i r e c t i o n  t o  become d i r e c t i o n a l l y  s t a b l e  and a l i g n e d  w i t h  t he  

more s h a l l o w  s o u t h w e s t e r l y  d i r e c t i o n .  Du r i n g  t he  d e ma g n e t i z a t i o n  

p r o c e s s  a m a g n e t i z a t i o n  w i t h  a s t e e p  n ega t i ve  i n c l i n a t i o n  and 

n o r t h w e s t  t r e n d i n g  d e c l i n a t i o n  was c o n s i s t e n t l y  removed f r om 

t h e  t h i r d  c l a s s  o f  sampl es i n  t he  2 0 ° - 2 0 0 °  and 2 0 0 ° - 3 0 0 °  h e a t i n g  

s t e p s .  These t h r e e  m a g n e t i z a t i o n s  ar e  summar i zed i n  T a b l e  3 . 9 .  

The f i r s t  two m a g n e t i z a t i o n s  have been l a b e l e d  t he  CB1 and CB2 

component s  r e s p e c t i v e l y .

The p o l e  p o s i t i o n  c a l c u l a t e d  f r om t h e  CB1 mean 

d i r e c t i o n  i s  s i m i l a r  t o  o t h e r  l a t e  P r e c a mb r i a n  g l a c i a l  p o l e s  

f r o m t h e  A d e l a i d e  ' G e o s y n c l i n e 1 , and t h e  CB2 and CB3 p o l e s  

are n o t  i n c o n s i s t e n t  w i t h  a Cambr i an age ( F i g u r e  3 . 3 4 ) .

However  t he  pa 1a e o p o s i t i o n  o f  Ki ng I s l a n d  i s  somewhat  u n c e r t a i n  

i n  t he c o n t e x t  o f  p o s s i b l e  megashears  a l o n g  t he  s o u t h e r n  c o a s t  

o f  A u s t r a l i a  as d i s c u s s e d  i n  § 2 . 8 .  F u r t h e r  d i s c u s s i o n  i s  

r e s e r v e d  u n t i l  l a t e r  i n  t h i s  c h a p t e r .

§ 3 . 5 . 2  Ki ng I s l a n d  V o l c a n i c s

NRM d i r e c t i o n s  f r o m t he  ( ?)  Cambr i an Ki ng I s l a n d



CV 02 / 1 CV11/ I

F igure  3.27 : AF demagnetization, King Island Volcanics.



TABU 3.10 (A)

KING ISLAND VOLCANICS ANO OYKES i Site and dyke naan dlractlom before and aftar AF deaagnt1 11 a1 1 on

NAM Aftar Af deaagnetlilt1on

MAGNETIZATION SITE N A 0 I N A 0 1 O' I * AF at.

1 2.915 347 • 56 3 2.874 366 -63 314 -15 20
2 2.796 001 •80 3 2.836 336 -81 295 -21 20
3 2.929 046 -82 3 2.969 068 • 86 292 -31 15-25
4 2.916 228 -82 I 2.989 203 -78 276 -25 16

KV (flows) S 3.491 341 •69 2 1.967 329 -74 299 -16 10-35
6 1.845 342 -72 (randoa)
7 3.681 315 -81 3 2.881 003 -67 326 -32 35
B 2.754 321 •61 2 1.964 239 • 80 292 -20 35
9 1.723 253 13 (randoa)

1* 3 2.976 049 -73 299 -44 20
2* 4 3.787 021 -75 302 -35 20

KO (dykes) 3* (no data avallabla) 2 1.907 031 -77 301 -37 20
4* 6 4.839 029 -70 309 -37 20

i
TABLE 3.10 (B)

KING ISLAND VOLCANICS ANO DYKES : Naan directions aftar AF daaagnatliatlon

Bafora structural correction Aftar structural correction

UNIT N n A A 0. ‘a
pol a

lat long dp ,da A k Db ’ 'a'
pole

lat long dp,da

Flows 7 19 6.800 30.0 339 -81 56N 335E 21 ,22
1 V

6.760 25.0 299 -23 30N 064E 07.13

Dykes 4 14 3.991 331.0 033 -74 61N 290E 08,09 3.988 242.0 303 •38 39N 0S7E 04,07

data fro* Schnidt (1976)



TABLE 3.11

COTTONS BRECCIA and KING ISLAND VOLCANICS : F - r a t i o  t e s t s  
bet ween v o l c a n i c s  and o v e r p r i n t e d  b r e c c i a

MAGNETIZATION
COMPONENTS

N Ri r2 R F2 ,N-2 SIGNIFICANCE 
POINT ( 9 5 % )

KV-CB2 20 6 . 7 6 0 11 . 530 18 . 125 1 .74 3 . 26

KV-CB3 1 3 6 . 7 6 0 5 . 156 11. 629 2.91 3 . 40

KV- ( CB2+CB3) 26 6 . 760 16 . 484 23 . 027 1 .89 3 . 19



Figure 3.28 : Cleaned s i t e  mean magnetization di rect ions ,  King Island
Volcanics and dykes; equal angle project ion.  Open symbols refer  to 
negative incl inat ion.
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V o l c a n i c s  were r e a s o n a b l y  w e l l  g r ouped  and v e r y  near  t he  PEF 

d i r e c t i o n .  Du r i n g  p r o g r e s s i v e  AF d e m a g n e t i z a t i o n  a l a r g e  PEF 

component  w i t h  a l ow c o e r c i v e  f o r c e  was r emoved,  and p i l o t  

spec i mens  g e n e r a l l y  a t t a i n e d  d i r e c t i o n a l  s t a b i l i t y  i n  t he  

15-35 mT r ange  ( F i g u r e  3 . 2 7 ) .  I n s p e c t i o n  o f  p o l i s h e d  s e c t i o n s  

i n r e f l e c t e d  l i g h t  shows t h a t  t h e  v i s i b l e  ma g n e t i c  g r a i n s  a re  

d o m i n a n t l y  o f  a v e r y  l ow o x i d a t i o n  s t a t e ,  w i t h  sma l l  w e l l -  

p r e s e r v e d  s k e l e t a l  t i t a n o m a g n e t i t e  g r a i n s  p r e d o m i n a t i n g ,  

a l t h o u g h  some o f  t he  l a r g e r  e u h e d r a l  g r a i n s  appear  t o  be 

p a r t i a l l y  a l t e r e d  t o  t i t a n o m a g h e m i t e . The c l e a n e d  s i t e  mean 

d i r e c t i o n s  ( F i g u r e  3 . 2 8  and T a b l e  3 . 1 0 )  are w e l l  g r ouped  and 

s i g n i f i c a n t l y  d i f f e r e n t  f r om t h e  PEF d i r e c t i o n  a t  t h e  95% 

l e v e l .  Compar i son  o f  t he  mean d i r e c t i o n s  o f  t he  v o l c a n i c s  

and t h e  dykes  s t u d i e d  by Schmi d t  ( 1976)  i s  n o t  d i r e c t l y  

p o s s i b l e  by an F - r a t i o  t e s t .  However ,  t he  d i s t a n c e  between 

t h e  KV and KD mean d i r e c t i o n s  exceeds by 0 . 5 °  t h e  squar e  r o o t  

o f  t h e  sum o f  t h e  v a r i a n c e s  ( a ^ + a ^ ) ^ , s u g g e s t i n g  t h a t  t he  

two mean d i r e c t i o n s  are j u s t  d i f f e r e n t .  An F - r a t i o  t e s t  

( T a b l e  3 . 1 1 )  i n d i c a t e s  t h a t  t h e  mean d i r e c t i o n s  f r om t he  

v o l c a n i c s  and t he  o v e r p r i n t  mean d i r e c t i o n  f r om t he  u n d e r l y i n g  

s e d i me n t s  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t .  T h i s  s u g g e s t s  t h a t  

h e a t i n g  o f  t h e  u n d e r l y i n g  s e d i me n t s  d u r i n g  empl acement  and 

c o o l i n g  o f  t h e  l a v a s  p r o b a b l y  r e s u l t e d  i n  l ow g r ade  m e t a mo r p h i s m* 

and c o n c o m i t a n t  r e m a g n e t i z a t i o n .  The p o l e  p o s i t i o n s  f o r  bo t h  

t h e  v o l c a n i c s  and t he  dykes a r e  c o n s i s t e n t  w i t h  a Cambr i an age 

o f  m a g n e t i z a t i o n  as d i s c u s s e d  i n  § 3 . 7 .

§3 . 6  N o r t h w e s t  Qu e e n s l a n d :  Mount  B i r n i e  Beds,  D e v o n c o u r t
L i me s t o n e

The l a t e  P r e c a mb r i a n  Mount  B i r n i e  Beds o u t c r o p  i n  t he



139.5° 140°
r 2 0 .5 °

Cloncurry*

BURKE RIVER 
OUTLIERmß

J i i i *

5 0 m

0  caver
€  si It  stones, limestones 
M t.B irnie  Beds 
p €  basement

Sandstone,

siltstone

Red 8  green 
shale

Red sandstone 

Dolomite

Tillite

Older p €  basement

Figu re  3.29 : Geological sketch of the area of outcrop of the
Mt. B irn ie Beds, Queensland (a f te r  de Keyser, 1972).



Duchess area ( F i g u r e  3 . 2 9 ) ,  and l i e  w i t h  a n g u l a r  u n c o n f o r m i t y  

upon f o l d e d  and met amorphosed P r o t e r o z o i c  r o c k s  (de Ke y s e r ,  

1 9 6 9 ) .  They a r e  o v e r l a i n  by f o s s i 1 i f e r o u s  Cambr i an s t r a t a .

The basal  member o f  t he  Mount  B i r n i e  Beds i s  a g l a c i a l  u n i t  

c a l l e d  t he  L i t t l e  Burke  T i l l i t e ,  a b o u l d e r  c l a y  c o n t a i n i n g  

an u n s o r t e d  h e t e r o g e n e o u s  assembl age  o f  e r r a t i c  c l a s t s  se t  

i n  a f e r r u g i n o u s  s i l t y  m a t r i x  ( P l a t e  7 ) .  The c l a s t s ,  wh i ch  

ar e  h i g h l y  p o l i s h e d  and o f t e n  f a c e t t e d ,  r ange i n  s i z e  f r om 

sand p a r t i c l e s  t o  1 . 5  m i n  d i a m e t e r .  De Keyser  c i t e s  e v i d e n c e  

w h i c h  he f e e l s  c o n f i r m s  a g l a c i a l  o r i g i n  f o r  t h i s  l o w e r  member 

o f  t h e  Mount  B i r n i e  Beds.  The L i t t l e  Burke T i l l i t e  i s  

i m m e d i a t e l y  o v e r l a i n  by a red d o l o m i t i c  l a y e r  f o l l o w e d  by a 

mi caceous  and f e r r u g i n o u s  red s a n d s t o n e  ( F i g u r e  3 . 2 9 ) .  Samples 

were t aken  f r om t h r e e  u n i t s  t h r o u g h  ab ou t  40 m o f  s e c t i o n .  

Samples were a l s o  t a k e n  f r om t h e  Cambr i an D e v o n c o u r t  L i me s t o n e  

wh i c h  o v e r l i e s  t he  Mount  B i r n i e  Beds bu t  i s  s e p a r a t e d  f r om them 

by a c o n s i d e r a b l e  t h i c k n e s s  o f  i n t e r v e n i n g  s e d i me n t .

NRM d i r e c t i o n s  o f  t h e  L i t t l e  Burke T i l l i t e  were 

w i d e l y  s c a t t e r e d  and were random a t  t h e  95% c o n f i d e n c e  l e v e l .  

D e t a i l e d  AF and t h e r ma l  d e m a g n e t i z a t i o n  s t u d i e s  f a i l e d  t o  

i s o l a t e  a c o n s i s t e n t  d i r e c t i o n  o f  m a g n e t i z a t i o n .  A l t h o u g h  

many spec i mens  e x h i b i t e d '  d i r e c t i o n a 11y s t a b l e  m a g n e t i z a t i o n s  

d u r i n g  d e m a g n e t i z a t i o n ,  w i t h i n - s a m p l e  a n d / o r  w i t h i n - s i t e  

s c a t t e r  was a l ways  t o o  g r e a t  t o  be m e a n i n g f u l .  Chemi ca l  

d e m a g n e t i z a t i o n  was n o t  a t t e m p t e d  due t o  t h e  f r i a b l e  n a t u r e  

o f  t h e  r o c k  and t h e  p r e s e n c e  o f  a c o n s i d e r a b l e  p r o p o r t i o n  o f  

c a l c a r e o u s  m a t e r i a l  b i n d i n g  t he  t i l l i t e  t o g e t h e r .

The i m m e d i a t e l y  o v e r l y i n g  red d o l o m i t e s  r esponded 

w e l l  t o  t h e r ma l  d e m a g n e t i z a t i o n  and i n i t i a l l y  e x h i b i t e d  a 

h i g h l y  s t a b l e  m a g n e t i z a t i o n  o f  p r o b a b l e  r e c e n t  o r i g i n  a t  l ow



Plate 7 - t i l l i t e  in  Mount B i rn ie  Beds



QDO1/I QD19/1

20-00 40.00
T CENT -  10*

Q D O 1 / 1
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QD 1 9 / 1  : NO.225

Figu re  Z.30 : Thermal demagnetizat ion, Mt. B i rn ie  dolomite .



M T .  B I R N I E  F / C D E V O N C O U R T  L S T  F / C

D E V O N C O U R T  1 S T  B / CM T .  B I R N I E  B / C

Figure 3.31 : Cleaned s i te  mean magnetization d i rec t ions ,  Mt. B irn ie
dolomite; equal-angle pro ject ion. Open symbols re fer  to negative 
in c l i n a t i o n .

Figure 3.33 : Cleaned s i te  mean magnetization d i rec t ions ,  Devoncourt 
Limestone; equal-angle pro ject ion. Open symbols re fer  to negative 
in c l i n a t io n .



DL 16/1 DL 18/1

>00 «0.00 
T CENT -1 0 '

30.00 <0.00
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F ig u r e  3 .32  : Thermal demagnetization, Devoncourt Limestone.
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to mode r a t e  t e m p e r a t u r e s .  At h i g h e r  t e mp e r a t u r e s  a s y s t e ma t i c  

s h i f t  t owar ds  a s o u t h e r l y  more s h a l l o w n e g a t i v e  d i r e c t i o n  

o c c u r r e d  ( F i g u r e  3 . 3 0 ) .  High t e mp e r a t u r e  d i r e c t i o n a l  s t a b i l i t y  

was g e n e r a l l y  a t t a i n e d  in t he  660° - 665°  r ange .  Cl eaned mean 

d i r e c t i o n s  from t he  5 S i t e s  wi t h  non- random gr oup i ng  i n c r e a s e s  

in p r e c i s i o n  upon making s t r u c t u r a l  c o r r e c t i o n s ,  a l t h o u g h  t he  

i mprovement  i s  not  s i g n i f i c a n t  a t  t he  95% l e v e l  { k ' / k = 1 . 5 3 ,  95% 

s i g n i f i c a n c e  p o i n t  = 3 . 1 8 ) .  Al t hough t he  age of  f o l d i n g  i s  not  

known,  t he  pol e  p o s i t i o n  c a l c u l a t e d  from t he  c o r r e c t e d  mean 

d i r e c t i o n  i s  q u i t e  removed from t he  Ph a ne r oz o i c  APWP f or  

A u s t r a l i a ,  s u g g e s t i n g  an o r i g i n a l  age of  ma g n e t i z a t i o n .

Probl ems s i m i l a r  to t h o s e  e n c o u n t e r e d  wi t h  t he  

L i t t l e  Burke T i l l i t e  d e s c r i b e d  above made d e t e r m i n a t i o n  of  a 

r e l i a b l e  d i r e c t i o n  from t he  r ed mi caceous  s a n d s t o n e  u n i t  

i mp o s s i b l e .  Al t hough many spec i mens  had d i r e c t i o n a l l y  s t a b l e  

m a g n e t i z a t i o n s ,  t he  onl y  c o n s i s t e n t  non- random d i r e c t i o n  

o b s e r v e d  was not  s i g n i f i c a n t l y  d i f f e r e n t  from t he  PEF d i r e c t i o n .

Samples of  t he  Devoncour t  Li mes t one  had well grouped 

weak NRM's wi t h n o r t h  t r e n d i n g  n e g a t i v e  i n c l i n a t i o n s .  The mean 

NRM d i r e c t i o n  i s  s i g n i f i c a n t l y  d i f f e r e n t  from t he  PEF d i r e c t i o n  

but  coul d  p o s s i b l y  be a T e r t i a r y  d i r e c t i o n .  Dur ing t her mal  

d e ma g n e t i z a t i o n ,  sampl es  became too weak to a c c u r a t e l y  measur e  

on t he  c r y o g e n i c  magne t omet e r  a f t e r  h e a t i n g  t o 400° .  The 

s t e e p  n e g a t i v e  d i r e c t i o n  p e r s i s t e d  up t o t h i s  p o i n t  ( F i gu r e  

3 . 3 2 ) ,  but  t he  d i s p e r s i o n  of  t he  c l e a n e d  d i r e c t i o n s  i s  much 

g r e a t e r  t han t h a t  of  t he  NRM d i r e c t i o n s .  S t r u c t u r a l  c o r r e c t i o n  

i n c r e a s e s  t he  d i s p e r s i o n ,  a l t h o u g h  t he  change i s  smal l  due to 

t h e  s h a l l o w beddi ng d i p s .  The s t r u c t u r a l l y  u n c o r r e c t e d  NRM 

and t h e r m a l l y  c l e ane d  mean d i r e c t i o n s  y i e l d  po l e s  which a r e  both 

s i m i l a r  t o Mesozoic and T e r t i a r y  po l e s  f rom A u s t r a l i a  ( F i g u r e  3.34).
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§3. 7  Summary o f  l a t e  P r e c a mb r i a n  p a l a e o ma g n e t i s m o f
A u s t r a l i a  : A d e l a i d e a n  c o r r e l a t i o n  and t e c t o n i c  
i m p l i c a t i o n s

La t e  P r e c a mb r i a n  pa 1a e o ma g n e t i c  da t a  f r om A u s t r a l i a  

e x c l u s i v e  o f  t h e  A d e l a i d e  1 G e o s y n c l i n e  ' and Amadeus Ba s i n  are 

l i s t e d  i n  Ta b l e  3 . 1 4 .  The da t a  f r om Ta b l es  3 . 3  and 3 . 1 4  are  

p l o t t e d  i n  F i g u r e  3 . 3 4 ,  and f o r m a m o d e r a t e l y  c o n s i s t e n t  APVJP 

segment  f r om t h e  PR1 p o l e  (Ri ngwood Member ,  P e r t a t a t a k a  

F o r m a t i o n )  t h r o u g h  Cambr i an and O r d o v i c i a n  p o l e s  t o  t he  De v o n i an .  

However ,  a number  o f  p o l e s  appear  t o  be s e r i o u s l y  o u t  o f  

s e q ue n c e ,  f o r  exampl e  t he  Lubbock F o r ma t i o n  and C o t t o n s  B r e c c i a  

( ? )  p r i m a r y  p o l e s  (LF and CB1 r e s p e c t i v e l y ) .  T h i s  a p p a r e n t  

i n c o n s i s t e n c y  becomes much worse when p o l e s  f r om t he  A d e l a i d e  

' G e o s y n c l i n e '  are added ( F i g u r e  3 . 35  : open symbol s  f r om 

A d e l a i d e  ' G e o s y n c l i n e ' ) .  Cl ose i n s p e c t i o n  o f  F i g u r e  3 . 35  

r e v e a l s  t h a t  a l l  t h e  p o l e s  f r om t h e  A d e l a i d e  ' G e o s y n c l i n e '  

and f r om Ki ng I s l a n d  t end  t o  be s y s t e m a t i c a l l y  d i s p l a c e d  w i t h  

r e s p e c t  t o  p o l e s  o f  ( ?)  s i m i l a r  age f r om e l s e w h e r e  i n  A u s t r a l i a .  

The sense o f  t he  d i s p l a c e m e n t  i s  such t h a t  A d e l a i d e  ' G e o s y n c l i n e '  

p o l e s  t end  t o  l i e  i n  a p p a r e n t l y  y o u n g e r  p o s i t i o n s  when r e f e r r e d  

t o  t h e i r  p r o b a b l e  t i me  e q u i v a l e n t s  f r om t h e  Amadeus and 

K i m b e r l e y  B a s i n s .  For  e x a mp l e ,  t h e  MT1 p o l e  f r om t h e  S t u r t i a n  

M e r i n j i n a  T i l l i t e  i s  v e r y  near  and n o t  s i g n i f i c a n t l y  d i f f e r e n t  

f r om p o l e s  f r om t h e  (?)  P r e c a mb r i a n - C a mb r i a n  Arumbera Sands t one  

(AR2,  PRJ,  TAE) .  S i m i l a r  s y s t e m a t i c  d i s p l a c e m e n t s  are 

p o s s i b l y  p r e s e n t  i n  t he  l a t e  Cambr i an and e a r l y  O r d o v i c i a n  

segment  o f  F i g u r e  3 . 3 5 ,  where ( ? )  Lower  Cambr i an p o l e s  KD, KV ,

CB2 and CB3 and (?)  O r d o v i c i a n  o v e r p r i n t  p o l e s  WV3 and MT3 

a p pe a r  t o  be d i f f e r e n t  f r om t h e i r  p r o b a b l e  c o u n t e r p a r t s  f r o m 

t h e  r e s t  o f  A u s t r a l i a .



TABLE 3 . 1 4  ( A )

l e t «  P r e c e m b r l e n  ( A d e l s i d e e n )  And lower P e l e e o i o l c  p • 1e e o m e g n l t I c p o le s ,  «»e lud ing  Ad« 1 «t d «  ' G t o t y n c 1 I n « 1 «nd Aaedeul  

B e i t n  poles

Symbol Rock U n it
Probeble  
M e g n e t l is t  Ion 
Age

Pole
P o s i t io n dp ,da Reference

P o s s i b l e  Pr1m*ry Pol«S

I F Lubbock F o ra e t lo n IRC 71 S 328E 0 9 ,18 t h is  study
EF Esteughs F o ra e t lo n 1PCN 23$ 280E 17,21 t h is  study
TB Y 1 lgern  'B ’ dykes 7750 ay 20$ 2 82 E 22,31 Biddings (1974)
MB 0 Mount B l r n l e  do lomite 4P ( 41$ 306E 08,13 t h i s  study
CB1 Cottons B r e e d « I P « > K 0 , K V ) 37$ 007 E 10,20 t h is  study
WP1 Chembers B l u f f  V o lcen lcs I P ( 23$ 360E 08,13 t h i s  Study
TH* Teble H i l l  V o lcen lcs  ( « In c ) 575MO ■ • • n 1ncl 15* 03 t h i s  study
AV Antr im P le teeu  Vo lcen lcs 4 P ( - ( 09$ 340E 17,21 McEIhlnny i  luck  (1970 )
HF Hudson Fo ra e t lo n (4 IBM 019E 10,16 Luck ( 1972 )
KO King Is le n d  Dykes 7 ( 4 -a 39N 0S7E 04,07 t h i s  study
KV King Is len d  V o lcen lcs 7 ( 4 -a 30N 064E 07,13 t h is  study
TS Tuablegoode Sendstone 0 30$ 031 E 0 9 ,10 Eable ton 6 Biddings ( 1974 )

P o s s i b l e Secondery Poles

UP2 Cheabers B l u f f  Vo lcen lcs  (obs) 7(4 41N 039E I S . 26 t h is  study
HP 3 Chembers B l u f f  V o lcen lcs  ( s u b t ) 7(4 47N 030E 18.28 t h is  study
EG Egen T l l l l t e  ( s u b t ) 7 ( 23N 0S1E 13,25 t h i s  study
CB2 Cottons B r e e d s  (obs) 7 ( 4 -a 34N 3 3 7 E 30 ,30 t h is  study
CB3 Cottons B r e e d s  (s u b t ) 7 ( 4 -a 02N 007E 33,47 t h i s  study
RF Renford F o rae t lon 7S-D 63 S 036E 10,19 t h is  study
TF Teen F o ra e t lo n 7T 74$ 112E 11 ,15 t h is  study
OL Devoncourt  Limestone 7T 64$ 171E 15,19 t h i s  study



Tabl e  3 . 14 (B)

Summary of  new Ade l a i dea n  p a l a e o ma g n e t i c  r e s u l t s  f rom 
A u s t r a l i a ,  e x c l u s i v e  of  t he  Ad e l a i d e  ' Ge o s y n c l i n e '  and 
Amadeus Bas i n

Symbol I n t e r p r e t a t i o n ^

EF Es t aughs  For mat i on pr i mar y
RF Ranford For mat i on s e c o n d a r y , £-m Pz
EG Egan For mat i on s e c o n d a r y , e — o  ( ?)
TF Tean For mat i on s e c o n d a r y , T
LF Lubbock For mat i on pr i mar y  (?)
MB D Mount B i r n i e  do l omi t e pr i mar y
DL Devoncour t  Li mes t one s e c o n d a r y , T
WP1 Chambers B l u f f  Vo l c a n i c s pr i mar y
WP2 Chambers B l u f f  Vo l c a n i c s s e c onda r y  , &(?)
WP3 Chambers B l u f f  Vo l c a n i c s s e c o n d a r y , e - ( ? )

TH + Tabl e  Hi l l  Vo l c a n i c s pr i mar y
CB1 Cot t ons  Br e c c i a pr ima ry
CB2 Cot t ons  Br e c c i a s e conda r y  , £r

CB3 Cot t ons  Br e c c i a s e c onda r y  , Or

KV King I s l a n d  Vo l c a n i c s pr i mar y
KD King I s l a n d  Dykes pr i mar y

1age a b b r e v i a t i o n s  as in Tab l e  2.11 (b)
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There  a r e  b a s i c a l l y  two p o s s i b l e  e x p l a n a t i o n s  f o r  

t h e s e  a p p a r e n t  d i s p l a c e m e n t s .  E i t h e r  (1) t he  ages  of  

ma g n e t i z a t i o n  of  t he  Ade l a i de  ' Ge o s y n c l i n e '  s e d i me n t s  a r e  

s y s t e m a t i c a l l y  younge r  t han t h e i r  s t r a t i g r a p h i c  " e q u i v a l e n t s "  

in t he  Amadeus and Ki mber l ey Bas i ns  and e l s e wh e r e ,  or  (2) t he  

ages  of  m a g n e t i z a t i o n  a r e  e s s e n t i a l l y  t he  same and t he  

d i s c o r d a n c e  r e s u l t s  from a l a t e r  r e l a t i v e  t e c t o n i c  movement .

Pr oba b l y  t he  most  c o n c l u s i v e  e v i d e n c e  which t e n d s  to 

r e f u t e  t he  f i r s t  p o s s i b i l i t y  i s  t he  a p p a r e n t  d i s c o r d a n t  

p o s i t i o n s  of  t he  P r e c a mb r i a n - Cambrian b o u n d a r i e s  in t he  Amadeus 

and Ad e l a i d e  Tr a c k s .  The P r e c a mb r i a n - Cambrian boundary in t he  

Ad e l a i d e  Track p r o b a b l y  l i e s  in t he  r e g i o n  of  p o l e s  BU and LFL, 

wh i l e  in t he  Amadeus Tr ack t he  Pr e ca mbr i a n- Cambr i an  boundar y 

i s  t h o u g h t  to l i e  wi t h i n  t he  Arumbera Sa n d s t o n e ;  y e t  t h e s e  

p o l e s  a r e  s e p a r a t e d  by an a n g u l a r  d i s t a n c e  of  a t  l e a s t  40° .  

Al t hough t h i s  boundar y i s  a l mos t  c e r t a i n l y  not  a wor l dwi de  

u n i v e r s a l  t i me e q u i v a l e n t ,  i t  i s  h i g h l y  u n l i k e l y  t h a t  t he  

f o s s i 1i f e r o u s  p a r t s  of  t he  Amadeus Bas i n sequence  ( f o r  example 

t he  a v c h a e o c y a t h i d  b e a r i n g  Todd Ri ver  Dol omi t e ,  i n c l u d e d  i n pol e  

TAE) a r e  t he  t i me e q u i v a l e n t s  of  t he  S t u r t i a n  and Mar i noan 

s e d i me n t s  in t he  Ade l a i de  ' G e o s y n c l i n e 1 which a r e  s e p a r a t e d  

f rom s i m i l a r  a v c h a e o c y a t h i d ,  l i me s t o n e s  by t hous a nds  of  me t r e s  

of  i n t e r v e n i n g  s e d i me n t s ,  as t he  a p p a r e n t  p o s i t i o n s  of  t he  

p a l a e o ma g n e t i c  po l e s  in Fi gur e  3 . 35 would s u g g e s t .  S i mi l a r  

a r gument s  coul d  be based upon t he  d i s c o r d a n c e  between t he  

po l e s  f rom g l a c i a l  h o r i z o n s ,  but  such a compar i s on  would 

c o n s t i t u t e  c i r c u l a r  r e a s o n i n g ,  as t he  s y n c h r o n e i t y  of  t h e s e  

g l a c i a l  d e p o s i t s  i s  in q u e s t i o n .  I t  i s  i n s t r u c t i v e  however  

to n o t e  t h a t  even i f  t he  g l a c i a l  d e p o s i t s  a r e  n o n - s y n c h r o n o u s ,  

t he  d i s p l a c e me n t  of  po l e s  f rom t he  Ade l a i de  ' Ge o s y n c l i n e '
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F ig u re  3.34 : Proposed Adelaidean and early Palaeozoic APWP segment 
derived from rocks outside the Adelaide 'Geosyncline1. Projection 
and APWP details as in Figure 2.27 or 3.9. Symbols as in Table 3.14 
and 3.3. JF : Jinduckin Formation (Luck, 1972). Dotted line : 
locus of poles generated from inclination value obtained from Table 
H ill Volcanics; positive inclination used. Open triangles : 
Phanerozoic means as in Figure 2.27(B) and 3.9(B).
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F ig u r e  3 .35  : Adelaidean and Cambro-Ordovician data o f  Figure 3.34 
(s o l id  symbols) p lo t ted  with  Adelaidean and Cambro-Ordovician data 
from the Adelaide 'Geosyncl ine'  (open symbols). Adelaide 'Geosyncline'  
symbols as in Table 2.11.
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Figure 3.36 : Data of Figure 3.35 plotted after rotation of subplates 
1, 2 and 3 according to the hypothesis of Harrington e t  a l .  (1973); 
such a rotation improves the agreement between Adelaidean and early 
Palaeozoic poles from the three units.
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and Amadeus Basin would r e pre s ent  a t ime span of  about  

9 0 ( 4 5 , 3 0 )  my between g l a c i a t i o n s  in t he s e  areas at  an apparent  

pol ar  motion rate  of  5 ( 1 0 , 1 5 )  cm yr~^ . Such a gap,  whi l e  

indeed not i m p o s s i b l e ,  seems u n l i k e l y  in two r eg i ons  s eparat ed  

by only 600-700 km.

Considering p o s s i b i l i t y  (2) above,  Harrington e t  a l . 

(1973)  have sugges t ed  t hat  in the e ar l y  P a l a e o z o i c ,  an o r i g i n a l l y  

i n t a c t  Aus t r a l i an  ' p l a t e '  broke i nt o  a number of  s u b - p l a t e s ,  

and t hat  t he s e  s u bp l a t e s  rotat ed apart  about Euler po l e s  in 

the Eucla and O f f i c e r  Basins  ( s ee  i n s e t  of  Figure 3 . 3 6 ) .  Such 

a r o t a t i o n  appears to r e s o l v e  the di s cordance  of  the l a t e  

Precambrian pal aeomagnet i c  data as shown in Figure 3 . 3 6 .  Af t er  

a 38° a n t i c l o c k w i s e  r o t a t i o n  of  the block (3)  c ont a i n i ng  the  

Adel ai de  ' Geo sync 1 i n e ' and King I s land sampling s i t e s  about a 

pole  at 32S , 1 26E there  i s  a marked improvement both in the  

grouping and r e l a t i v e  p o s i t i o n s  of  Adelaidean and Cambro- 

Ordovician p o l e s .  The (?)  750 my Yi lgarn ' B' dykes pol e  and 

the Tumblagooda Sandstone pol e  have been r o t a t e d  32° c l oc kwi s e  

about an Euler pol e  at 29S,125E.  Although the data do not have 

a regul ar  d i s t r i b u t i o n ,  the improvement in p r e c i s i o n  can be 

t e s t e d  by means of  an F - r a t i o  t e s t

k'  / k* 95%
s i g n i f i c a n c e  poi nt

All Adelaidean po l e s 1 . 51 = 1 .72
( N = 17 )

Adelaidean pol es  exc l udi ng  WP1 1 .70 = 1 .75
(N = l 6)

* Ratio of mean pole precision before (k ') and after ( A )  rotation.

Although the improvement i s  not qu i t e  s i g n i f i c a n t  at
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t h e  9 5 %  l e v e l ,  t h e r e  is n e v e r t h e l e s s  t h e  s t r o n g  s u g g e s t i o n  t h a t  
a t e c t o n i c  r o t a t i o n  m a y  e x p l a i n  t h e  s y s t e m a t i c  d i f f e r e n c e s  in 
t h e  A d e l a i d e a n  a n d  e a r l y  P a l a e o z o i c  d a t a .  O n e  of t h e  o b v i o u s  
i m p l i c a t i o n s  of t h e  m o d e l  is t h a t  s u c h  f r a g m e n t a t i o n  w o u l d  be 
e x p e c t e d  to p r o d u c e  t e n s i o n a l  f e a t u r e s  s u c h  as g r a b e n  s t r u c t u r e s  
a n d  m a j o r  v o l c a n i s m .  T h e  o l d e r  g e o l o g y  of t h e  a r e a s  w h e r e  
e v i d e n c e  of s u c h  r i f t s  m i g h t  be f o u n d  is n o t  w e l l  e n o u g h  k n o w n  
to m a k e  a d e f i n i t i v e  j u d g e m e n t ,  as t h e  o l d e r  r o c k s  a r e  o v e r l a i n  
b y  t h i c k  M e s o z o i c  a n d  C e n o z o i c  b a s i n  d e p o s i t s .  A l t h o u g h  s o m e  
d e f i n i t e  g r a v i t y  p a t t e r n s  a r e  a p p a r e n t  w h i c h  d e l i n e a t e  t h e  
c r a t o n i c  m a r g i n s ,  d e e p  s t r u c t u r e  in t h e  p o s s i b l e  r i f t  a r e a s  is 
p r o b a b l y  m a s k e d  by t h e s e  t h i c k  y o u n g e r  d e p o s i t s .  It is w o r t h  
n o t i n g  h o w e v e r  t h a t  r e c e n t  m a g n e t i c  v a r i o m e t e r  a r r a y  s t u d i e s  
in t h e  e a s t e r n  A m a d e u s  B a s i n  - S i m p s o n  D e s e r t  a r e a  a n d  in t h e  
N o r t h e r n  F l i n d e r s  a r e a  h a v e  s u g g e s t e d  t h e  p r e s e n c e  o f  a r e g i o n  
of a n o m a l o u s l y  h i g h  e l e c t r i c a l  c o n d u c t i v i t y  w h i c h  c o u l d  p o s s i b l y  
r e f l e c t  a r i f t  s t r u c t u r e .  S i m i l a r  c o n d u c t i v i t y  a n o m a l i e s  a r e  
o b s e r v e d  in y o u n g e r  r i f t e d  a r e a s  s u c h  as t h e  R h i n e  g r a b e n  a n d  
e a s t  A f r i c a n  r i f t  s y s t e m .  It is i m p o r t a n t  to e m p h a s i z e  t h a t  t h e  
i m p r o v e d  a g r e e m e n t  o f  p a l a e o m a g n e t i c  d a t a  by m e a n s  of t h e  s i m p l e  
r o t a t i o n  o u t l i n e d  a b o v e  d o e s  n o t  c o n s t i t u t e  d e f i n i t i v e  p r o o f  
of t h e  c o n t i n e n t a l  f i s s i o n  h y p o t h e s i s  o f  H a r r i n g t o n  et at, ( 1 9 7 3 )  
as o t h e r  h y p o t h e s e s  c o u l d  be i n v o k e d  to c r e a t e  e q u a l l y  f a v o u r a b l e  
r e a r r a n g e m e n t s  of t h e  A d e l a i d e a n  p o l e s ,  s u c h  as a s i m p l e  r o t a t i o n  
o f  t h e  A d e l a i d e  ' G e o s y n c l i n e '  d a t a  a b o u t  a l o c a l  v e r t i c a l  a x i s .  
H o w e v e r  t h e  h y p o t h e s i s  of H a r r i n g t o n  et al. ( 1 9 7 3 )  h a s  t h e
a d v a n t a g e  t h a t  t h e  r e a r r a n g e m e n t  o f  b o t h  t h e  A d e l a i d e  ' G e o s y n c l i n e '  
and K i n g  I s l a n d  d a t a  c a n  be a c c o m m o d a t e d  w i t h  a s i n g l e  m o v e m e n t  
i r r e s p e c t i v e  o f  t h e  p o s i t i o n  of K i n g  I s l a n d  as d i s c u s s e d  b e l o w ,  
w i t h o u t  t h e  n e c c e s s i t y  of t w o  s e p a r a t e  s p e c i a l  m o v e m e n t s  to



e x p l a i n  each body o f  d a t a .

C r a w f o r d  and Campbel l  ( 1973)  s u g ge s t ed  t h a t  a 300 km 

d e x t r a l  s t r i k e - s l i p  movement  o c c u r r e d  between a m a i n l a n d  

A u s t r a l i a  s t r u c t u r a l  b l o c k  and a b l o c k  t o  t h e  so u t h  c o n t a i n i n g  

Tasmani a  and Ki ng I s l a n d .  Th i s  megashear  was t o  have t a k e n  p l a c e  

a l o n g  a f r a c t u r e  zone p a r a l l e l  t o  t h e  p r e s e n t  so u t h  c o a s t  o f  

A u s t r a l i a  i n  e a r l y  O r d o v i c i a n  t i m e s .  D a i l y  e t  a l . ( 1973)  

r e j e c t e d  t h i s  h y p o t h e s i s  on g e o l o g i c a l  g r o u n d s ,  and as d i s c u s s e d  

i n  § 2 . 8  Embl e t on  and G i d d i n g s  ( 1974)  showed t h a t  t he  bend a t  t he  

f o o t  o f  Yorke P e n i n s u l a  was p r o b a b l y  o r i g i n a l  and was no t  due to 

such d e x t r a l  movement  as s u g ge s t ed  by Cr a wf o r d  and Ca mp b e l l .  

S u b s e q u e n t l y  H a r r i n g t o n  e t  a l .  ( 1973 )  s u g g e s t e d  t h a t  s i n i s t r a l  

r a t h e r  t han  d e x t r a l  movement  had t a k e n  p l a c e  a l ong  s i m i l a r  

f r a c t u r e  l i n e s ,  t h i s  t i me  w i t h  a d i s p l a c e m e n t  o f  ove r  1000 km.

The r e l a t i v e  a r r a n g e me n t  o f  p a l a e o m a g n e t i c  p o l e s  and E u l e r  p o l e s  

f o r  e i t h e r  t he  d e x t r a l  o r  s i n i s t r a l  movement  p r e c l u d e  a 

p a l a e o m a g n e t i c  t e s t .  The d i s p l a c e m e n t  o f  Tasmani a and Ki ng 

I s l a n d  a c c o r d i n g  t o  e i t h e r  o f  t h e s e  h y p o t h e s e s  does no t  change 

t h e  p a l a e o m a g n e t i c  p o l e  p o s i t i o n s  enough t o  w a r r a n t  s p e c u l a t i o n .  

However ,  r e g a r d l e s s  o f  t he  p o s s i b l e  t r a n s l a t i o n a l  movements 

a l o n g  s o u t h e r n  f r a c t u r e  z o n e s ,  t h i s  s o u t h e r n  b l o c k  appea r s  t o  

have moved w i t h  t h e  A d e l a i d e  ' G e o s y n c l i n e '  b l o c k  t o  p r o du c e  t he  

40° a n g u l a r  d i s c o r d a n c e  i n  A d e l a i d e a n  and Cambr i an da t a  d i s c u s s e d  

a b o v e .

A f u r t h e r  c o n s i d e r a t i o n  i n  any such h y p o t h e t i c a l  

r o t a t i o n  i s  t h a t  t h e  r e l a t i v e  ag r eement s  o f  o l d e r  P r e c a mb r i a n  

( l o w e r  P r o t e r o z o i c  and Ar ch e an )  p a l a e o m a g n e t i c  da t a  f r om t h e  

r o t a t e d  b l o c k s  must  be assessed b e f o r e  and a f t e r  t h e  r o t a t i o n .

In t h i s  case t he  d a t a  a r e  so s p a r s e  t h a t  ag a i n  a d e f i n i t e  

j u d g e me n t  i s  i m p o s s i b l e .  I n some t i me  spans such as 1600- 1400 my
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t h e  p r o p o s e d  r o t a t i o n s  b r i n g  p o l e s  i n t o  m a r g i n a l l y  b e t t e r  
a g r e e m e n t ,  w h e r e a s  in t h e  1 8 0 0 - 1 7 0 0  m y  r a n g e ,  p o l e s  a r e  m o v e d  
a p a r t  s l i g h t l y .  In t h e  2 5 0 0 - 2 3 0 0  m y  r a n g e  t h e  d a t a  c o m e  f r o m  o n e  
o f  t h e  r o t a t e d  b l o c k s  a n d  t h e r e f o r e  no j u d g e m e n t  c a n  be m a d e .

If t h e  r o t a t e d  a r r a n g e m e n t s  of p o l e s  o f  F i g u r e  3 . 3 6  
is t e n t a t i v e l y  a d o p t e d ,  it is s u r p r i s i n g  t h a t  t h e  A d e l a i d e a n  
p o l e s  f o r m  s u c h  a t i g h t  g r o u p .  T h e  p r o b l e m  b a s i c a l l y  c e n t r e s  
a r o u n d  t h e  a c t u a l  t i m e  i n t e r v a l  r e c o r d e d  by A d e l a i d e a n  
s e d i m e n t a t i o n .  If t h e  b a s e  o f  t h e  A d e l a i d e  S y s t e m  is t a k e n  to 
be t h e  c o m m o n l y  a c c e p t e d  a g e  of 1 4 0 0 - 1 3 0 0  m y ,  t h e  a v e r a g e  r a t e  
o f  a p p a r e n t  p o l a r  m o t i o n  d e f i n e d  by t h e  p r o p o s e d  p a t h  is l o w ,  
o f  t h e  o r d e r  1 . 0 - 1 . 5  c m  y r ~  . M o t i o n  as s l o w  as t h i s  m i g h t  be 
d i f f i c u l t  to a c c e p t  c o n s i d e r i n g  t h a t  t h e  i m m e d i a t e l y  a d j o i n i n g  
C a m b r o - O r d o v i c i a n  s e g m e n t  o f  t h e  p a t h  a p p e a r s  to i n d i c a t e  m o r e  
r a p i d  r a t e s  ( ^ 8 - 9  c m  y r  ^), r e q u i r i n g  a v e r y  a b r u p t  i n c r e a s e  
in A P W  r a t e  at a p p r o x i m a t e l y  t h e  P r o t e r o z o i c - P h a n e r o z o i  c 
b o u n d a r y .  F u r t h e r ,  A P W  r a t e s  f r o m  o t h e r  r e a s o n a b l y  w e l l  
d o c u m e n t e d  c o n t i n e n t s  i n d i c a t e  s i g n i f i c a n t l y  h i g h e r  r a t e s  of  
at l e a s t  t h e  o r d e r  6 - 1 0  c m  y r ~ ^  ( A f r i c a :  C h a p t e r  4; N o r t h  
A m e r i c a :  M c W i l l i a m s  a n d  D u n l o p  ( 1 9 7 5 ,  1 9 7 7 ) ,  M o r r i s  a n d  R o y ,  
1 9 7 7 ) .  A t  t h e  o t h e r  e x t r e m e ,  t h e  ca. 6 2 5  m y  ag e  s u g g e s t e d  f o r  
t h e  W o o l t a n a  V o l c a n i c s  ( § 2 . 5 )  l e a d s  to p r o b a b l y  u n a c c e p t a b l e  
r a t e s  o f  1 6 - 2 0  c m  y r ” ^. A f u r t h e r  c o m p l i c a t i o n  in a c c e p t i n g  
s u c h  a y o u n g  ag e  is t h a t  t h e  R b / S r  s h a l e  i s o c h r o n s  m u s t  be 
d i s c o u n t e d ,  as m u s t  t h e  a d m i t t e d l y  v e r y  a p p r o x i m a t e  7 5 0  m y  a g e  
f o r  t h e  Y i l g a r n  YB d y k e s .  S i m i l a r  d i s c o n t i n u i t i e s  in A P W  r a t e  
m u s t  be p r o p o s e d  as w e l l ,  t h i s  t i m e  a d e c r e a s e  r a t h e r  t h a n  an 
i n c r e a s e .  A l t h o u g h  t h e  1 6 - 2 0  cm y r   ̂ r a t e s  o u t w a r d l y  a p p e a r  to 
be m u c h  t oo  h i g h ,  it m u s t  be r e m e m b e r e d  t h a t  t h e  r e l a t i v e  
a r r a n g e m e n t  of p o l e s  a n d  c r a t o n s  a l l o w s  f o r  v e r y  r a p i d  a p p a r e n t



9 9 .

p o l a r  mot i on wi t h  onl y  minimal  a c t u a l  mot i on of  t he  l i t h o s p h e r e  

r e l a t i v e  t o t he  ma n t l e .

The i n t e r m e d i a t e  900-800 my age f o r  t he  base  of  t he  

Ade l a i de  Syst em l e a d s  to p o s s i b l y  more a c c e p t a b l e  a ve r a ge  APW 

r a t e s  of  4-5 cm yr  \  Co n s i d e r i n g  a l l  t he  a v a i l a b l e  

pa 1aeomagne t i c  and g e o c h r o n o l o g i c  e v i d e n c e ,  a c c e p t a n c e  of  t h i s  

age g e n e r a t e s  f ewer  i n c o n s i s t e n c i e s  and r e q u i r e s  f ewer  

q u e s t i o n a b l e  a s s umpt i ons  t han do t he  a l t e r n a t i v e s  and i t  i s  

t h e r e f o r e  t e n t a t i v e l y  a d o p t e d .  The pr obl em i s  d i s c u s s e d  in 

more d e t a i l  in Chapt e r  5 wi t h  r e s p e c t  to l a t e  Pr ecambr i an  and 

P a l a e o z o i c  pa 1aeomagne t i c  d a t a  f rom A f r i c a ,  I n d i a ,  South 

Amer i ca and A n t a r c t i c a .
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C h a p t e r  4

L a t e  P r e c a mb r i a n  Pa l aeomagne t i sm i n  So u t h e r n  A f r i c a  :

The Nama, Mul den and Nos i b  Groups and Tsumeb Subgroup

o f  Nami b i a

§4.1 I n t r o d u c t i o n

T h i s  C h a p t e r  d e s c r i b e s  t h e  r e s u l t s  t o  d a t e  o f  a 

c o n t i n u i n g  p r o j e c t  on t h e  p a l a e o ma g n e t i s m o f  l a t e  P r e c a mb r i a n  

rocks from southern A fr ic a  conducted j o i n t l y  w ith  A. Kroner, Johannes Gutenberg 

U n i v e r s i t ä t ,  Mai nz FRG. Samp l i ng  was c o n d u c t e d  by K r o n e r  w i t h  

G . J . B .  Germs ( G e o l o g i c a l  Su r vey  o f  N a m i b i a ,  Wi ndhoek)  and 

A.B.  Rei d ( D e p a r t me n t  o f  P h y s i c s ,  U n i v e r s i t y  o f  R h o d e s i a ,  

S a l i s b u r y ) .  Sample p r e p a r a t i o n ,  pa 1a e o ma g n e t i c  measur ement s  

and i n t e r p r e t a t i o n  are  t he  s o l e  r e s p o n s i b i l i t y  o f  t h e  a u t h o r .

As i n  t he  s t u d y  o f  l a t e  P r e c a mb r i a n  p a l a e o m a g n e t i  sm 

i n  A u s t r a l i a ,  t h i s  s t u d y  has a t w o f o l d  a p p r o a c h .  One aim i s  t o 

t e s t  p a l a e o m a g n e t i c a l  1y t h e  s t r u c t u r a l  i n t e g r i t y  o f  t he  two 

c r a t o n i c  u n i t s  wh i ch  d o mi n a t e  t h e  P r e c a mb r i a n  s h i e l d  a r e as  o f  

s o u t h e r n  A f r i c a ,  t h e  Congo and K a l a h a r i  c r a t o n s  ( F i g u r e  4 . 1 ) .

The two a r e  s e p a r a t e d  by a p r o m i n e n t  and w e l l  document ed zone 

o f  c r u s t a l  m o b i l i t y  ( t h e  P a n - A f r i c a n  Damara M o b i l e  B e l t )  wh i ch  

has been v a r i o u s l y  i n t e r p r e t e d  as be i ng  a r e s u l t  o f  c r a t o n i c  

c o l l i s i o n  and s u t u r i n g  o r  as a r e s u l t  o f  i n  s i t u  e n s i a l i c  

p r o c e s s e s .  By o b t a i n i n g  p a l a e o m a g n e t i c  r e s u l t s  f r o m t i me  

e q u i v a l e n t  f o r m a t i o n s  on bo t h  s i d e s  o f  t he  m o b i l e  b e l t ,  i t  i s  

p o s s i b l e  t o  t e s t  f o r  t h e  absence or  p r e s e n c e  o f  l a r g e  r e l a t i v e  

l i t h o s p h e r i c  d i s p l a c e m e n t s  and t h e r e b y  t e s t  a p o s s i b l e  c o l l i s i o n a l  

model  f o r  t h e  b e l t .

A second e q u a l l y  i m p o r t a n t  aim o f  t he  p r o j e c t  i s  t o  

o b t a i n  more i n f o r m a t i o n  c o n c e r n i n g  t h e  d e p o s i t i o n a l  p a l a e o l a t i t u d e s
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o f  l a t e  P r e c a mb r i a n  g l a c i a l  d e p o s i t s  i n  s o u t h e r n  A f r i c a  and 

p o s s i b l y  t o  r e l a t e  t h e s e  da t a  t o  t h o s e  f r om o t h e r  l a t e  

P r e c a mb r i a n  g l a c i a l  d e p o s i t s .  As o u t l i n e d  i n  C h a p t e r  1,  two 

g e n e r a l  model s  f o r  l a t e  P r e c a mb r i a n  g l a c i a t i o n s  are  p r e v a l e n t ,  

s y n c h r o n o u s  and n o n s y n c h r o n o u s  e v e n t s .  I t  i s  hoped t h a t  a 

b r o a d e r  base i n  t e r ms  o f  s p a t i a l  d i s t r i b u t i o n  o f  t h e  

p a l a e o m a g n e t i c  s a m p l i n g  s i t e s  f o r  t h e s e  d a t a  w i l l  a i d  i n  

d i s c o v e r i n g  t he  t r u e  n a t u r e  o f  t h e s e  d e p o s i t s  and t he  p r o c e s s e s  

wh i c h  f o rmed them.

§4 . 2  Nam a Group

§ 4 . 2 . 1  S t r a t i g r a p h y  and age

Nama Group s e d i me n t s  c o v e r  much o f  t h e  o l d e r  

P r e c a mb r i a n  comp l exes  o f  s o u t h e r n  Nami b i a  and a d j a c e n t  p a r t s  

o f  t he  Cape P r o v i n c e  o f  South A f r i c a .  O r i g i n a l l y  s u b d i v i d e d  

by Range (1912)  i n t o  f o u r  u n i t s ,  t h e  Nama Group has more 

r e c e n t l y  been s u b d i v i d e d  i n t o  t h r e e  u n i t s  : t h e  K u i b i s  Su b g r o u p ,  

Sc h war z r a n d  Subgroup and F i s h  R i v e r  Subgroup (Germs,  1972 and 

i n  p r e p a r a t i o n ) .  The K u i b i s  Subgroup uncon f o r m a b l y  o v e r l i e s  

a basement  compl ex  c o n s i s t i n g  o f  o l d e r  s e d i m e n t a r y  and metamorphi c  

r o c k s  o f  t h e  T s u mi s ,  Numees,  S i n c l a i r  and Aubor ous  F o r m a t i o n s  

and t h e  Ga r i e p  Group ( F i g u r e  4 . 2 ) .  Three  u n i t s  c o mp r i s e  t h e  

K u i b i s  Su b g r o u p ,  t h e  basa l  Dabi s  F o r m a t i o n ,  o v e r l a i n  by t he  

S c h w a r z k a l k  F o r m a t i o n  and t he  U r i k o s  Member ( F i g u r e  4 . 4 ) .  Two 

d i s t i n c t  c l a s t i c  c a r b o n a t e  s e d i m e n t a r y  c y c l e s  a re  a p p a r e n t ,  

however  t h e  c o mp l e t e  K u i b i s  Subgroup i s  no t  e v e r y wh e r e  p r e s e n t  

due t o  t e c t o n i c  s e d i m e n t a t i o n  c o n t r o l .  E x c e l l e n t  exampl es  o f  

P r e c a mb r i a n  t r a c e  and m a c r o f o s s i l s  a re  p r e s e n t ,  i n c l u d i n g  

P t e r i d i n i u r r i j  N a m a l i a E r n i e t t a s C l o u d i n a  as w e l l  as c o l u mn a r
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F ig u r e  4 .3  : Location of Nama Group s ites in southern Namibia.
Prefixes : F (Fish River Subgroup), S (Schwarzrand Subgroup), K (Kuibis 
Subgroup), H (Kuibis Subgroup), I (Schwarzrand Subgroup). Thus 
FONFC, SB=NSB, IA=GIA, HE=GHE etc.
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F ig u r e  4 .4  : Stratigraphic distr ibution of Nama Group s ites, symbol 
as in Figure 4.3.
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s t r o m a t o l i t e s .
T h e  S c h w a r z r a n d  S u b g r o u p  c o n f o r m a b l y  o v e r l i e s  t h e  

K u i b i s  S u b g r o u p  a n d  c o n s i s t s  of f o u r  f o r m a t i o n s ,  t h e  N u d a u s  
F o r m a t i o n ,  N a s e p  F o r m a t i o n ,  T o t e m  F o r m a t i o n  a n d  N o m t s a s  
F o r m a t i o n  in o r d e r  o f  d e c r e a s i n g  a g e  ( F i g u r e  4 . 4 ) .  A g a i n ,  n o t  
all m e m b e r s  a r e  e v e r y w h e r e  p r e s e n t  d u e  to p a l a e o t o p o g r a p h i c  a n d  
t e c t o n i c  c o n t r o l  o f  s e d i m e n t a t i o n .  A t  l e a s t  t h r e e  u n c o n f o r m i t i e s  
a p p e a r  to be p r e s e n t  in t h e  S c h w a r z r a n d  S u b g r o u p ,  w i t h i n  t h e  
N u d a u s  F o r m a t i o n ,  b e t w e e n  t h e  T o t e m  a n d  N a s e p  F o r m a t i o n s ,  a nd  
b e t w e e n  t h e  T o t e m  a n d  N o m t s a s  F o r m a t i o n  ( G e r m s ,  1 9 7 2 ) .  It ha s  
b e e n  s u g g e s t e d  ( K r o n e r  a n d  G e r m s ,  1 9 7 1 ;  K r o n e r  a n d  R a n k a m a ,
1 9 7 3 )  t h a t  t h e  u n c o n f o r m i t y  w i t h i n  t h e  N u d a u s  F o r m a t i o n  is a 
r e s u l t  of g l a c i a l  a c t i o n ,  as it is o v e r l a i n  by a p o s s i b l e  t i l l i t e .  
A n o t h e r  u n c o n f o r m i t y  r e s u l t i n g  f r o m  an e p i s o d e  o f  g l a c i a t i o n  m a y  
be r e c o r d e d  b e t w e e n  t h e  N o m t s a s  a n d  T o t e m  F o r m a t i o n s  ( G e r m s ,  1972). 
B o d y  f o s s i l s  (Rangea3 Pteridinium  ̂ Pavamedusium3 Nasepia>

Cloudina, Cyclomedusa) ar e  f o u n d  in t h e  l o w e r  p a r t s  o f  t h e  
S u b g r o u p ,  as a r e  c o l u m n a r  s t r o m a t o l i t e s  (Conophyton (?),
Gymnosolen (?), Acadiella (?), Kulparia (?)).

T h e  F i s h  R i v e r  S u b g r o u p  is s e p a r a t e d  f r o m  t h e  u n d e r l y i n g  
S c h w a r z r a n d  S u b g r o u p  by a m a j o r  u n c o n f o r m i t y ,  a n d  c o n s i s t s  of  
l i t h o l o g i e s  v e r y  d i f f e r e n t ’f r o m  t h e  u n d e r l y i n g  f o r m a t i o n s .  T h e  
o l d e r  K u i b i s  a n d  S c h w a r z r a n d  S u b g r o u p s  c o n t a i n  t h i c k  s h a l e  a n d  
l i m e s t o n e  s e q u e n c e s ;  in c o n t r a s t ,  t h e  F i s h  R i v e r  S u b g r o u p  
c o n s i s t s  m a i n l y  of c r o s s b e d d e d  s a n d s t o n e s  w i t h  i n t e r c a l a t e d  
s h a l e  l e n s e s .  L i m e s t o n e s  a r e  a b s e n t .  T h e  F i s h  R i v e r  S u b g r o u p  
is d i v i d e d  i n t o  t h e  b a s a l  R o t t e r d a m  F o r m a t i o n  o v e r l a i n  by th e 
B r e c k h o r n  a n d  N a b a b i s  F o r m a t i o n s .  No b o d y  f o s s i l s  h a v e  b e e n  
f o u n d .  S e d i m e n t a r y  f e a t u r e s  p o s s i b l y  i n d i c a t i v e  of c o l d  c l i m a t e  
h a v e  b e e n  d e s c r i b e d  by Hä lb ich ( 1 9 6 4 ) .  K a r r o o  ( U p p e r  P a l a e o z o i c )
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s e d i m e n t s  o v e r l i e  t h e  F i s h  R i v e r  S u b g r o u p  w i t h  p r o m i n e n t  

u n c o n f o r m i t y .
T h e  p r e c i s e  a g e  o f  t h e  N a m a  G r o u p  is u n c e r t a i n  

a l t h o u g h  c o n s i d e r a b l e  i n d i r e c t  e v i d e n c e  is a v a i l a b l e  w h i c h  

c o n t r a i n s  t h e  a g e  o f  t h e  N a m a  w i t h i n  n o t  u n r e a s o n a b l e  l i m i t s .
I n  s o u t h e r n  N a m i b i a ,  t h e  K u i b i s  S u b g r o u p  l i e s  u n c o n f o r m a b l y  

u p o n  a n  o l d e r  P r e c a m b r i a n  s e q u e n c e  c o n t a i n i n g  a c i d  v o l c a n i c s  

d a t e d  a t  6 9 0 + 3 2 *  m y .  T o  t h e  e a s t ,  t h e  N a m a  G r o u p  is i n t r u d e d  

b y  g r a n i t i c  r o c k s  o f  t h e  B r e m e n  C o m p l e x  d a t e d  a t  5 1 3 *  m y .  
P r e l i m i n a r y  R b / S r  r e s u l t s  f r o m  K u i b i s  S u b g r o u p  s h a l e s  i n d i c a t e  

a d i a g e n e t i c  a g e  in t h e  6 2 0 * - 6 3 0 *  m y  r a n g e  ( K r o n e r ,  p e r s .  c o m m . ) .  
G e r m s  ( 1 9 7 4 )  a s s i g n e d  a n  a g e  o f  7 0 0 - 6 0 0  m y  t o  t h e  N a m a  G r o u p  

a s  t h e  K u i b i s  S u b g r o u p  c o n t a i n s  Ediacava- t y p e  f o s s i l s .  T h e  
u p p e r  F i s h  R i v e r  S u b g r o u p  c o n t a i n s  a n  o c c u r r e n c e  o f  t h e  t r a c e  

f o s s i l  Phycodes Pedum a n d  m a y  t h e r e f o r e  b e  l o w e r m o s t  C a m b r i a n  
in part.

§ 4 . 2 . 2  T e c t o n i c  h i s t o r y

T h e  N a m a  G r o u p  s e d i m e n t s  w e r e  d e p o s i t e d  o n  a s t a b l e  

c o n t i n e n t a l  p l a t f o r m  ( t h e  N a u k l u f t  s h e l f )  a n d  h a v e  s u f f e r e d  o n l y  

v e r y  l o c a l i z e d  d e f o r m a t i o n  a n d  m e t a m o r p h i s m  d u r i n g  P a n - A f r i c a n  

t e c t o n i s m .  T h e  b e d s  a r e  p r e d o m i n a n t l y  f l a t  l y i n g  o r  a r e  
s l i g h t l y  f o l d e d  i n t o  b r o a d  s y n c l i n o r i a  a n d  m o n o c l i n o r i a  w i t h  
d i p s  g e n e r a l l y  l e s s  t h a n  1 0 ° .  P e r i p h e r a l  t o  t h e  P a n - A f r i c a n  

m o b i l e  b e l t s ,  N a m a  s e d i m e n t s  h a v e  b e e n  i n t e n s e l y  f o l d e d  a n d  
m e t a m o r p h o s e d .  P a l a e o m a g n e t i c  s a m p l i n g  w a s  c o n f i n e d  t o  u n d e f o r m e d  

a n d  u n m e t a m o r p h o s e d  r e g i o n s  o n l y .

* ^ R b  d e c a y  c o n s t a n t  1 . 4 2 x 1 0  ^ y r   ̂ used.
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§4.2.3 Previous palaeomagnetic work

Piper (1975b) reported pole positions from red 
san dstones at 9 sites in the Fish River Subgroup. His results 
were based upon site mean directions calculated after high-field 
(^100 mT) AF demagnetization. The cleaned sample mean 
directions were scattered and appeared to define a streaked 
dis tribution from a PEF direction to an east-so uthea st steep 
negative direction (Figure 13 of Piper, 1975b). No thermal 
d e m a g n e tizat ion was attempted. Despite the facts that the 
mean formation direction was not significantly different from 
the PEF direction and that no fold test was employed, Piper 
implied that the dispersed dir ections are primary and record a 
period of rapid apparent polar motion suggested by McElhin ny 
et al. ( 1 974 ). As is shown in the next section, several 
components of mag neti zatio n may be present in the Fish River 
Subgroup which have been isolated by thermal dem agne tization, 
suggesting that Piper's original conclusions may have been 
incorrect.

No other palaeomagnetic results from Nama Group 
sediments have been published to date.

§4.2.4 Pal aeom agnet ic results

Nama Group samples of widely varying lithology were 
collected at 47 sites through southern Namibia (Figure 4.2).
Four samples were taken at each site. Seven formations in the 
three Subgroups were sampled, giving a good overall stratigraphic 
distrib ution of the sites (Figure 4.3). Sampling locality 
details are given in Appendix A. The orientation used for 
collection of all the samples from southern Africa reported
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he r e  i s  s i m i l a r  t o  t h a t  used i n  c o l l e c t i o n  o f  t h e  A u s t r a l i a n  

s a mp l e s ,  t h e  a c c u r a c y  o f  o r i e n t a t i o n  ( a z i m u t h  and d i p )  i s  

e s t i m a t e d  t o  be + } ° , as f o r  t h e  A u s t r a l i a n  samp l es .

F i s h  R i v e r  Subgroup

S i t e  mean NRM d i r e c t i o n s  f r om t he  Ro t t e r d a m and Nabab i s  

F o r m a t i o n s  were l o o s e l y  g r ouped and n o t  s i g n i f i c a n t l y  d i f f e r e n t  

f r o m  t h e  PEF d i r e c t i o n  a t  t he  s a mp l i n g  s i t e .  P i l o t  t h e r ma l  

d e m a g n e t i z a t i o n  r e v e a l e d  s e v e r a l  c h a r a c t e r i s t i c  m a g n e t i z a t i o n  

t y p e s  i n  t h e  F i s h  R i v e r  Subgroup samp l es .  Some p i l o t  spec i mens  

had d i r e c t i o n s  wh i c h  r emai ned  a l i g n e d  w i t h  t h e  PEF d i r e c t i o n  

d u r i n g  most  o f  t h e  16 d e m a g n e t i z a t i o n  s t e p s ,  w i t h  t h e  o n s e t  o f  

d i r e c t i o n a l  i n s t a b i l i t y  o c c u r r i n g  i n  t he  6 6 0 ° - 6 7 0 °  r a n g e .  O t h e r  

spec i mens  u n d e r we n t  s y s t e m a t i c  d i r e c t i o n a l  changes d u r i n g  t h e  

l o w e r  t e m p e r a t u r e  d e m a g n e t i z a t i o n  s t e p s ,  g e n e r a l l y  r e a c h i n g  

s t a b l e  e n d p o i n t s  i n  t h e  4 5 0 ° - 6 3 0 °  r a n g e .  Two g e n e r a l  g r oups  

o f  s t a b l e  e n d p o i n t s  d i f f e r e n t  f r om PEF d i r e c t i o n s  were seen 

i n  t h e  F i s h  R i v e r  Subgr oup ;  t h e s e  have been l a b e l l e d  t h e  N 2 and 

N3 m a g n e t i z a t i o n s  i n  T a b l e  4.1 and F i g u r e  4 . 5  and 4 . 6 .  A f t e r  

b u l k  t h e r ma l  d e m a g n e t i z a t i o n  o f  r e m a i n i n g  s p e c i me n s ,  each 

s i t e  d i s p l a y e d  o n l y  one o f  t h e s e  m a g n e t i z a t i o n s .  The N2 

component  was o b s e r v e d  i n  15 sampl es a t  4 s i t e s  and i s  

c h a r a c t e r i z e d  by an e a s t e r l y  d e c l i n a t i o n  and a s h a l l o w  t o  

moder a t e  p o s i t i v e  i n c l i n a t i o n .  The N3 m a g n e t i z a t i o n  was obser ved  

a t  4 d i f f e r e n t  s i t e s  and had a s o u t h - s o u t h e a s t  d e c l i n a t i o n  

w i t h  a s t e e p  n e g a t i v e  i n c l i n a t i o n .  No c o n s i s t e n t  s u b t r a c t e d  

d i r e c t i o n s  o t h e r  t han PEF v e c t o r s  were o b s e r v e d  d u r i n g  

d e m a g n e t i z a t i o n ,  s u g g e s t i n g  t h a t  e i t h e r  t h e  N2 o r  N3 m a g n e t i z a t i o n s  

( b u t  no t  b o t h )  a r e  p r e s e n t  i n  any p a r t i c u l a r  s amp l e ,  a l t h o u g h  

o v e r l a p p i n g  T^ s p e c t r a  may have c o m p l i c a t e d  t h e  a n a l y s i s .  A



NFCd/2 NFG3/1

20.00 40.00
T CENT * 1 0 '

20.00 40 00 40.00 40.00
T CENT « 1 0 '

NFC4/2 :

20.00 40.00
T CENT « 1 0 '

NFG3 / 1 s n o . 1 1 6

F igu re  4 .5  : Thermal demagnetization, Fish River Subgroup.



TABLE 4.1

HAMA GROUP : S i t e  mean d i r e c t i o n s

(A)  FISH RIVER SUBGROUP : S i t e  mean d i r e c t i o n s  b e f o r e  and a f t e r  th e rm a l  d e m a g n e t i z a t i o n

NR* A f t e r  th e rm a l d e m a g n e t i z a t i o n

FORMATION SITE N R 0 I N R 0 I T *C D* 1 ’ MAGNETIZATION

NFA 4 2.125 003 -01 3 2 .924 321 67 500 331 70 N3
ROTTERDAM NFB 4 3.464 354 -68 ( random)
FORMATION NFC 4 3.333 067 -47 4 3.891 087 35 350 086 39 N2

NFO 4 3.832 338 -59 4 3 .989 348 -53 500 346 •51 PEF

NFE 4 3.091 009 -75 4 3 .674 256 -41 550 255 -39 N2
NFF 4 3.967 060 -87 4 3.991 162 -61 500 161 -62 N3

NABABIS NFG 4 3.700 295 -54 4 3 .892 095 -72 640 094 -76 N3
FORMATION NFH 4 3.846 306 -75 4 3 .894 277 -18 500 277 -19 N2

NFI 4 3.974 079 -43 4 3.991 105 -14 600 105 -15 7
NFK 4 3.423 353 -43 3 2 .836 139 -73 630 141 -77 N3
NFL 4 3.634 359 -44 3 2 .949 035 48 500 089 25 N2

(B)  SCHHARZRAND SUBGROUP : S i t e  mean d i r e c t i o n s  b e f o r e  and a f t e r  t h e re ia l d e m a g n e t i z a t i o n

NRM A f t e r  t h e rm a l d e m a g n e t i z a t i o n

FORMATION SITE N R D I N R 0 I T *C O' I * MAGNETIZATION

NSA 4 2.996 178 45 ( random)
NSC 4 3.965 019 -05 4 3 .836 016 17 360 017 11 N1
NSO 4 2.022 076 53 ( random)

NOMTSAS NSH 4 2 .503 067 -14 4 3.550 179 -12 320 181 -09 N1
FORMATION NS P 4 3.253 049 -08 4 3.799 051 -01 360 050 01 N1

G I 0 4 3.712 214 -69 4 3.968 239 -20 320 236 -22 N1
GIE 4 3.973 082 -48 4 3 .976 085 -47 500 085 -47 N3

NSM 4 3.993 169 41 4 3.997 171 46 450 171 46 N1
TOTEM NSN 4 3.783 168 -70 4 3.841 126 -62 360 114 -57 N3
FORMATION NSO 4 3.695 337 -47 4 3.954 023 -03 360 023 02 N1

NSS 4 3.929 315 -71 ( random)
NSV 4 3.755 249 -82 3 2 .792 193 -12 360 193 -07 N1

NSG 4 3.720 343 -52 3 2 .989 045 -23 500 041 -30
1

' H I

NSL 4 3.979 001 -31 4 3.991 356 -47 cd* 354 -49 PEF
NSO 4 3.824 009 -70 4 3.808 023 -05 360 019 -03 N1

NASEP NSR 4 3 .899 325 -58 ( random)
FORMATION NSU 4 3.947 337 -70 4 3 .868 194 -12 360 193 -11 N1

NSY 4 3.682 198 03 2 1.969 153 -28 cd* 151 32 N1
GIB 4 3.879 341 -65 4 3.919 285 -71 500 293 -68 ?
GIC 4 3.859 087 -54 4 3 .799 024 -28 320 025 -23 N1

N SB 4 3.699 014 00 4 3.781 005 -34 360 002 -34 N1
NSE 4 3.318 282 -33 4 3.757 282 -18 400 282 -18 7
NSF 4 3.345 346 -62 4 3 .585 039 -53 400 037 -54 PEF

ÜUDAUS NSI 4 2 .180 106 -61 ( random)
FORMATION NSK 4 2.979 082 42 4 3 .655 027 16 450 031 22 N 1

NST 4 3.921 009 -63 4 3.832 023 -17 360 023 -10 N1
NSH 4 3.974 002 -56 4 3.939 002 -52 cd* 012 -53 PEF
NSX 4 3 .770 021 -47 4 3.994 008 -32 450 006 -28 N1
G IA 4 3.794 214 -01 4 3.897 241 21 320 241 21 N1

(C) KU1BIS SUBGROUP : S i t e  mean d i r e c t i o n s  b e f o r e  and a f t e r  th e rm a l  d e m a g n e t i z a t i o n

NRM A f t e r  th e rm a l d e m a g n e t i z a t i o n

FORMATION SITE N R D I N R 0 I T C O’ I * MAGNETIZATION

N K A 4 3.577 008 39 3 2 .812  021 -42 400 024 -45 N 1
GHA 4 3.993 176 -04 4 3 .992  174 -06 500 175 13 N1
GHB .4 2.943 313 -09 ( ran dom )

DABIS GHC 4 3.984 349 54 ( random)
FORMATION GMO 4 3.125 315 25 ( random)

GHE 4 3.932 1 66 -26 ( ra ndom)
GHF 4 3.343 200 -02 4 3.381  200 01 500 200 01 N1



TABLE «.1

NAHA GROUP : Mean d i r e c t i o n s  and p« 1 aeomagnet l  c po l es  a f t e r  t h t r m l  and chemi ca l  d > » i )  n« 11 n  t1 on

Be f o r e  s t r u c t u r a l  c o r r e c t i o n A f t e r  i t r u c t u r e l  c o r r e c t i o n

po l e pol  e
MAGNETIZATION FORMATION N n R k Dm l e t l ong dp .dm R k V V l e t l ong dp .dm

N1 NOMTSAS 4 16 3. 618 7. 8 031 13 4 55 244E 18. 36 3. 669 9.1 031 12 46S 245E 17, 33
N1 TOTEM 3 11 2. 667 6 . 0 011 -12 67S 226E 29, 56 2. 682 6 . 3 o n -12 675 226E 28, 55
m NASEP 5 17 4 . 300 5.7 017 -04 60S 234E 18, 35 4 . 460 7.4 015 -17 67S 239E 16,31
tn NUDAUS S 20 4. 506 8.1 025 - 19 61S 257E 15, 30 4. 422 6 . 9 025 -16 605 2 54 E 17,32
rn DAB IS 3 11 2. 733 7. 5 191 12 67S 226E 25, 49 2.781 9.1 192 20 70S 234E 24, 45

u n i t  w e i g h t s i t e s : 20 75 17. 318 7.1 020 -07 60S 241 E 07, 13 17. 510 7 . 6 020 -11 61 S 243E 06,1 3
u n i t  w e i g h t f o r m a t i o n s : S 75 4. 863 29. 2 019 -07 615 239E 07, 14 4. 854 27. 4 019 -11 62S 241 E 08 , 15

N2 ROTTERDAM 1 4 - . 087 35 06N 269E . - . 086 39 06N 266E •

N2 NAB AB IS 3 11 2. 746 7 . 9 253 - 39 04S 260E 33, 56 2 . 940 33. 3 268 - 28 05N 27 3E 13, 24
N2 :
u n i t  w e i g h t s i t e s : 4 15 3.731 11. 2 077 38 01S 263E 20, 34 3. 926 40 . 5 087 31 05N 271 E 09 , 16
u n i t  w e i g h t f o r m a t i o n s  : 2 15 1. 989 93. 4 080 37 01N 265E - 1.991 106.2 087 33 05N 270E -

N 3 ROTTERDAM 1 3 - • - 321 67 07N 353E - - - 331 70 06N 001E -

N 3 NABABIS 3 11 2. 943 35. 3 137 -71 00N 355E 32, 37 2. 947 37. 9 140 -74 02S 359E 33, 36

N3 NOMTSAS 1 4 - - 085 -47 16S 311 E - - - 085 -47 16S 311 E -

N3 TOTEM 1 4 * - 126 - 62 05N 341 E - - - 114 -57 01N 331 E -

M3 1 FISH RIVER 4 20 3.954 65. 5 102 -53 20S 317E 11, 16 3. 954 65 . 5 099 - 60 27S 321 E 12, 16
FORMATION

u n i t  w e i g h t s 1t e s *  : e 22 5. 796 24 . 6 122 -67 02S 344E 19, 23 5. 579 11. 9 108 - 73 14 S 347E 32, 36
u n i t  w e i g h t s i t e s 3 : 10 42 9. 655 26.1 112 -61 03S 334E 11, 15 9 . 646 25 . 4 110 -65 07S 337E 13 , 16
u n i t  w e i g h t forma 11 o n s ^ : 4 22 3. 875 24.1 116 -64 03S 339E 24, 30 3.  &48 19. 8 114 -64 04S 338E 27, 34
u n i t  w e i g h t f o r m a t i o n s 3 : 5 42 4 . 855 27 . 5 113 -62 03S 335E 18, 23 4 . 840 2 5 . 0 110 -64 06S 336E 20, 25

' n 3 dat a f rom Tab l e  4 . 2 .

‘ e x c l u d i n g P i p e r ' s  d a t a .
i n c l u d i n g P i p e r ' s  da t a .

*PEF dat a f rom Tab l e  4 . 2

NAHA GROUP : Mean d i r e c t i o n s  and pa l ae o ma g n e t l c  po l es

Be f o r e  s t r u c t u r a l c o r r e c t i o n A f t e r s t r u c t u r a l c o r r e c t i o n

MAGNETIZATION N n R k °m ! m

po l e
l e t  l ong dp ,dm R k V V

po l e
l a t  l ong dp .dm

PEF 4 16 3.911 33. 8 005 -53 82S 347E 15, 22 3. 913 34. 5 006 -53 81 S 343E 15,22
PEF4

PEF: u n i t

4 19 3. 894 28. 4 007 -49 83S 318E 15, 23 3. 894 28. 4 359 -42 88S 1 75E 13,21

w e i g h t  s i t e s 3 8 35 7.801 35. 2 007 -51 82S 329E 09, 13 7. 764 29 . 6 002 -48 87S 343E 09, 13



TABLE 4.2

FISH RIVER SUBGROUP: Data
to

o f  P ip e r  ( 1 975) , AF 
100 mT, no t  c o r r e c t e d

de m ag n e t i z a t i o n  
f o r  bedding

SITE n D I a9 5 MAGNETIZATIONm m

94 5 002 -16 07 ?

95 5 008 -54 24 PE F

96 6 037 -52 1 2 PE F

97 5 350 -37 21 PE F

98 4 101 -51 24 N3

99 6 091 -52 13 N3

100 3 002 -49 33 PE F

101 6 091 -56 38 N 3

102 4 1 25 -51 20 N 3
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d i r e c t  c o mp a r i s o n  o f  t h e  r e l a t i v e  T ̂  ' s o f  t h e  N2 and N3 

m a g n e t i z a t i o n s  was t h e r e f o r e  n o t  p o s s i b l e .  However ,  a f o l d  

t e s t  i n d i c a t e s  t h a t  t h e  N2 component  was p r o b a b l y  a c q u i r e d  

b e f o r e  f o l d i n g  o f  t he  F i s h  R i v e r  Subgroup o c c u r r e d  ( p r o b a b l y  

i n  a P a n - A f r i c a n  e v e n t  ca .  500- 550  my ) ,  w h i l e  t h e  N3 

m a g n e t i z a t i o n  m i g h t  have been a c q u i r e d  e i t h e r  b e f o r e  o r  a f t e r  

f o l d i n g :

M a g n e t i z a t i o n k ' f k 95%
s i g n i f i c a n c e  p o i n t

N2 

N 3

3 . 62  

1 .05

3 . 79

3 . 79

A m a g n e t i z a t i o n  age sequence N2+N3 i s  f a v o u r e d .

AF d e m a g n e t i z a t i o n  e x p e r i m e n t s  c o n d u c t e d  on a number  

o f  p i l o t  spec i mens  showed t h a t  h i g h  c o e r c i v e  f o r c e s  a r e  e x h i b i t e d  

by t h e  m i n e r a l  g r a i n s  c a r r y i n g  t h e  PEF and N3 m a g n e t i z a t i o n s ,  

and t h a t  t h e r ma l  d e m a g n e t i z a t i o n  was a much more s u i t a b l e  t o o l  

f o r  i s o l a t i n g  t h e  v a r i o u s  componen t s .  Wi t h  t h i s  i n  m i n d ,  a 

r e e x a m i n a t i o n  o f  t h e  p a l a e o m a g n e t i c  d a t a  f r om t h e  F i s h  R i v e r  

Subgroup p r e s e n t e d  i n  P i p e r  ( 1975b)  s u g g e s t s  t h a t  t h e  a p p a r e n t l y  

s t r e a k e d  d i s t r i b u t i o n  o f  sampl e and s i t e  mean d i r e c t i o n s  may be 

due t o  i n c o m p l e t e  r emoval  o f  a PEF component  c o e x i s t i n g  w i t h  an 

N 3 - t y p e  component  i n  some s i t e s .  The non-PEF e n d p o i n t  o f  

t h e  d i s t r i b u t i o n  o f  P i p e r ' s  d a t a  i s  v e r y  s i m i l a r  i ndeed  t o  t h e  

N3 d i r e c t i o n  f r om t h e  F i s h  R i v e r  Sbugroup d e s c r i b e d  above.  By 

r e j e c t i n g  4 s i t e s  ( 9 5 , 9 6 , 9 7  and 100)  whose mean d i r e c t i o n s  are  

no t  s i g n i f i c a n t l y  d i f f e r e n t  f r om t h e  PEF d i r e c t i o n  and a f i f t h  

w i t h  an i n d e t e r m i n a t e  mean d i r e c t i o n  ( 9 4 ) ,  t h e  r e m a i n i n g  4 

s i t e s  d e f i n e  a mean d i r e c t i o n  s i m i l a r  t o  bu t  s i g n i f i c a n t l y
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d i f f e r e n t  f r o m  t h e  N3 m e a n  d i r e c t i o n :

M a g n e t i z a t i o n N R D m Im

N 3
( F i s h  R i v e r S u b g r o u p )

4 3 . 9 4 1 1 3 9 - 7 0

P i p e r
( F i s h  R i v e r S u b g r o u p )

4 3 . 9 5 4 1 0 2 - 5 3

c o m b i n e d 8 7 . 7 3 3 1 1 5 - 6 3

F 2 , 1 2  = 9 -31 9 5 %  s i g n i f i c a n c e  p o i n t  = 3 . 8 9

A s s i m i l a r m a g n e t i z a t i o n s  a r e  f o u n d in t h e  u n d e r l y i n g

S c h w a r z  r a n d S u b g r o u p , it s e e m s p o s s i b l e  t h a t t h e s e s o u t h e a s t e r ! y

a n d  s t e e p  n e g a t i v e  d i r e c t i o n s  m a y  be t h e  r e s u l t  o f  a p o s t -  

d i a g e n e t i c  o v e r p r i n t i n g  o f  p r e e x i s t i n g  (?) p r i m a r y  m a g n e t i z a t i o n s  

in t h e  N a m a  G r o u p .  If t h i s  is i n d e e d  t h e  c a s e ,  t h e  p a l a e o m a g n e t i c  

r e s u l t s  p r e s e n t e d  in P i p e r  ( 1 9 7 5 b )  p r o b a b l y  h a v e  m o r e  r e l e v a n c e  

t o  s e c o n d a r y  o v e r p r i n t i n g  t h a n  t o  an o r i g i n a l  p r i m a r y  

m a g n e t i z a t i o n .

T h e  N F I  s i t e  m e a n  d i r e c t i o n  is s o m e w h a t  p r o b l e m a t i c ,  

as it is d i s t i n c t  f r o m  b o t h  t h e  N2 a n d  N 3  m e a n  d i r e c t i o n s .  As 

t h i s  d i r e c t i o n  l i e s  n e a r  t h e  g r e a t  c i r c l e  s e g m e n t  c o n n e c t i n g  

t h e  N 2  a n d  N 3  d i r e c t i o n s ,  t h e r e  a r e  t w o  p r o b a b l e  i n t e r p r e t a t i o n s .  

E i t h e r  it r e p r e s e n t s  a n i n t e r m e d i a t e  m a g n e t i z a t i o n  a c q u i r e d  in 

t h e  t i m e  i n t e r v a l  b e t w e e n  t i m e s  o f  a c q u i s i t i o n  o f  t h e  N2 a n d  N 3  

c o m p o n e n t s ,  o r c o e x i s t i n g  N2  a n d  N 3  m a g n e t i z a t i o n s  a r e  p r e s e n t  

in t h e  N F I  s a m p l e s  a n d  h a v e  n o t  b e e n  s e p a r a t e d  d u r i n g  

d e m a g n e t i z a t i o n .  U n f o r t u n a t e l y ,  h i g h  t e m p e r a t u r e  i n s t a b i l i t y  

p r o b l e m s  p r e v e n t e d  m o r e  d e t a i l e d  i n v e s t i g a t i o n .  H o w e v e r ,  

c o n s i d e r i n g  t h e  e x c e p t i o n a l l y  s t a b l e  d i r e c t i o n a l  b e h a v i o u r  at  

l o w e r  t e m p e r a t u r e s  ( < 6 5 0 ° )  a n d  t h e  t i g h t  g r o u p i n g  o f  t h e  s i t e  

m e a n  d i r e c t i o n ,  t h e  f o r m e r  i n t e r p r e t a t i o n  is f a v o u r e d  a n d  t h e  N F I
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s i t e  mean p o l e  i s  c o n s i d e r e d  t o  be a VGP i n t e r m e d i a t e  i n  age 

between M2 and N3.

Sch war z r a n d  and K u i b i s  Subgroup

S i t e  mean NRM d i r e c t i o n s  f r om t h e  5 f o r m a t i o n s  sampl ed 

i n  t he  Sch war z r a n d  and K u i b i s  Subgroups were w i d e l y  s c a t t e r e d ,  

a g a i n  w i t h  a PEF t r e n d .  L i k e  t he  F i sh  R i v e r  Subgroup s i t e s ,  

v a r i a b l e  b e h a v i o u r  d u r i n g  t h e r ma l  and ch e mi ca l  d e m a g n e t i z a t i o n  

was no t e d  ( F i g u r e  4 . 6 ) .  Three s i t e s  e x h i b i t e d  v e r y  s t a b l e  

PEF m a g n e t i z a t i o n s ,  w h i l e  two o t h e r s  r eached  s t a b l e  e n d p o i n t s  

v e r y  s i m i l a r  t o  t he N3 mean d i r e c t i o n  d e s c r i b e d  above.  These 

l a t t e r  s i t e s  have been g r ouped  w i t h  t he  F i sh  R i v e r  Subgroup 

N3 s i t e s  t o  f o r m t h e  N3 mean d i r e c t i o n  i n  T a b l e  4 . 1 .  I n two 

s i t e s  ( H S E j G I B ) ,  w e l l  g r ouped  c l e a n e d  mean d i r e c t i o n s  were 

o b s e r v e d  wh i c h  d i d  n o t  seem t o  be r e l a t e d  t o  any o f  t h e  o t h e r  

o b s e r v e d  m a g n e t i z a t i o n s .  These mean d i r e c t i o n s  have n o t  been 

i n c l u d e d  i n  any o f  t h e  mean m a g n e t i z a t i o n  d i r e c t i o n s .

In t h e  m a j o r i t y  o f  s i t e s ,  a s i g n i f i c a n t  PEF component  

was removed i n  t he i n i t i a l  h e a t i n g  s t e p s ,  w i t h  remanence 

v e c t o r s  s t a b i l i z i n g  t o  a c o n s i s t e n t  s h a l l o w  n o r t h - n o r t h e a s t  

( s o u t h - s o u t h w e s t )  d i r e c t i o n ,  g e n e r a l l y  i n  t h e  3 5 0 ° - 5 0 0 °  range 

( F i g u r e  4 . 6 ) .  Th i s  s t a b l e  c h a r a c t e r i s t i c  s h a l l o w  m a g n e t i z a t i o n  

has been d e s i g n a t e d  t he  N1 componen t ,  and was o b s e r v e d  i n  75 

sampl es f r om 20 s i t e s  i n  5 f o r m a t i o n s  ( T a b l e  4 . 1 ,  F i g u r e  4 . 7 ) .  

An F - r a t i o  t e s t  i n d i c a t e s  t h a t  t he  5 f o r m a t i o n  mean d i r e c t i o n s  

are n o t  s i g n i f i c a n t l y  d i f f e r e n t :

S N R ZR. Z Ni - Ri F

5 20 17 . 510 17 . 824  2 . 176  0.541
(95% s i g n i f i c a n c e

p o i n t  = 2 . 2 7 )



NSP4 / 2 N S T 2 / 2

20 00 40.00
T C E N T  « 1 0 '

>.oo «oToo 
T C E N T  - 1 0 '

20.00 40.00
T C E N T  • 1  O '

NSK3/ 2 NSN4/2

so .oo »0. oo20.00 40.00
T C E N T  « 1 0 *

60.00 To. 00

20.00 40.00
T C E N T  « 1 0 ’

20.00 40.00 SoToO *0 .00
T C E N T  « 1 0 '

F ig u re  4 . 7 ( A )  : Thermal demagnetization, Schwarzrand Subgroup.



NSN4/2 : E0 .069 NSK3/2 : n o . 076

NSP4/2 : e o .118 NST2/2 s NO.357

F ig u re  4.7(B)  : Thermal demagnetization, Schwarzrand Subgroup (continued).
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The 5 f o r m a t i o n  mean d i r e c t i o n s  and 20 s i t e  mean d i r e c t i o n s  have
$

been g r ouped  t o  d e f i n e  t he  N1 mean d i r e c t i o n  i n  T a b l e  4 . 1 .

Upon t e c t o n i c  c o r r e c t i o n ,  o v e r a l l  p r e c i s i o n  o f  t h e  N1 

m a g n e t i z a t i o n  i n c r e a s e s  s l i g h t l y  when u n i t  w e i g h t  i s  g i v e n  t o  

s i t e  mean d i r e c t i o n s  and d e c r eases  s l i g h t l y  when u n i t  w e i g h t  

i s  g i v e n  t o  f o r m a t i o n  mean d i r e c t i o n s :

M a g n e t i z a t i o n k ' / k
9 5%

s i g n i f i c a n c e  p o i n t

N1 : ( s i t e s )

N1 : ( f o r m a t i o n s )

1 . 07

0 . 9 4

1 . 56 

3 . 45

N e i t h e r  o f  t h e  changes are s i g n i f i c a n t  a t  t h e  95% l e v e l ,  due t o  

t he  n e a r l y  f l a t  l y i n g  n a t u r e  o f  t h e  beds .  As t he  f o l d  t e s t  i s  

i n c o n c l u s i v e ,  t h e  o n l y  e v i d e n c e  wh i c h  can be c i t e d  i n  s u p p o r t  

o f  a p r i m a r y  m a g n e t i z a t i o n  age i s  t h a t  t h e  p o l e  p o s i t i o n  

c a l c u l a t e d  f r om t h e  N1 mean d i r e c t i o n  i s  m a r k e d l y  d i s t i n c t  

f r om most  o f  t he  y o u n g e r  P h a n e r o z o i c  APWP, a l t h o u g h  i t  i s  

a d m i t t e d l y  i n  t he  g e n e r a l  v i c i n i t y  o f ,  bu t  removed f r o m ,  Cambro-  

O r d o v i c i a n  p o l e s .  The N1 p o l e  i s  n e a r  p o l e s  f r om pre-Nama 

f o r m a t i o n s  whose ages are j u s t  o l d e r  t han t he  ages o b t a i n e d  f r om 

t he  basa l  Nama s e d i me n t s  . ( F i g u r e  4 . 1 8 ) .

I n t e r p r e t a t i o n  o f  t he  Nama r e s u l t s  i n  t he  f r a me wo r k  

o f  o t h e r  A f r i c a n  l a t e  P r e c a mb r i a n  p o l e s  i s  d e f e r r e d  u n t i l  § 4 . 4 .

§4 . 3  Damara Super g r oup

§ 4 . 3 . 1  S t r a t i g r a p h y  and age

M a r t i n  ( 1965)  and K r o n e r  ( 1 9 7 1 ,  1977b)  have s u g ge s t ed  

t h a t  t he  Damara Super g r oup  o f  c e n t r a l  and n o r t h e r n  Nami b i a  i s  

t he  s t r a t i g r a p h i c  e q u i v a l e n t  o f  t h e  Nama and Ga r i e p  Groups to
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t h e  s o u t h .  A l t h o u g h  d i f f e r e n t  f a c i e s  are a p p a r e n t ,  t he  

d i f f e r e n c e s  between t h e  two are  a t t r i b u t a b l e  t o  d i f f e r i n g  

d e p o s i t i o n a l  e n v i r o n m e n t s ,  t he  Nama and Ga r i e p  s e d i me n t s  

h a v i n g  been d e p o s i t e d  i n  a s h e l f  e n v i r o n m e n t ,  w h i l e  t he  

Damara Supe r g r o u p  was d e p o s i t e d  i n  a g e o s y n c l i n a l  e n v i r o n m e n t  

( t h e  Nos i b - Damar a  G e o s y n c l i n e  o f  M a r t i n ,  1 9 65 ) .  No d i r e c t  

c o n t a c t  between t h e  Damara and Nama/ Gar i ep  e x i s t s ,  and t h e  

v a r i o u s  c o r r e l a t i o n s  made between them have been n e c e s s a r i l y  

i n d i r e c t  and t he  s u b j e c t  o f  much d e b a t e .

The Damara Su p e r g r o u p  r e s t s  u n c o n f o r m a b l y  on o l d e r  

P r e c a mb r i a n  s e d i me n t s  and i n t r u s i v e s ,  and i s  d i v i d e d  i n t o  f o u r  

ma j o r  u n i t s  s e p a r a t e d  by u n c o n f o r m i t i e s  ( F i g u r e  4 . 2 )  : t h e  

basa l  Nos i b  Gr oup ,  f o l l o w e d  by t he  Ugab/Abenab Su bgr oup ,  t h e  

Khomas/Tsumeb Subgroup and t e r m i n a t e d  by t h e  Mul den Gr oup .  

Sed i men t s  o f  p o s s i b l e  g l a c i a l  o r i g i n  are f ound  i n  t h e  l o w e r  

p a r t  o f  t h e  Khomas/Tsumeb Subgroup ( t h e  Chuos T i l l i t e )  and 

i n  t he up pe r  p a r t  o f  t h e  Nos i b  Group ( t h e  B l a u b e k e r  and 

V a r i a n t o  F o r m a t i o n s ) .

The Mul den Group i s  t h o u g h t  t o  be an e q u i v a l e n t  o f  

t he  uppe r  Nama Group ( F i s h  R i v e r  S u b g r o u p ) ;  p r e l i m i n a r y  

Rb/ Sr  ages f r om Mul den Group s h a l e s  i n d i c a t e  a d e p o s i t i o n a l  

age o f  abou t  570- 590  my ( K r o n e r ,  p e r s .  comm. ) .  The Chuos 

T i l l i t e  a t  t h e  base o f  t he  Khomas/Tsumeb Subgroup i s  

c o r r e l a t e d  w i t h  t he  Numees T i l l i t e  o f  t he  Ga r i e p  Gr oup ,  wh i ch  

o v e r l i e s  f e l s i t e  l a v a s  w i t h  Rb/ Sr  ages o f  709+28*my (de V i l l i e r s ,  

1 969 ) and 706+12*my ( A l s o p p ,  i n  K r o n e r ,  1 977b) .  U n d e r l y i n g  

t he f e l s i t e s ,  t he  S t i n k f o n t e i n  F o r ma t i o n  u n c o n f o r m a b l y  o v e r l i e s

* ^ Rb  decay constant 1.42x10 ^ y r ^  .
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a c r y s t a l l i n e  basement  c o mp l e x ,  and i s  i n t r u d e d  by g r a n i t e s  

d a t e d  a t  810+35 my (Pb-Pb z i r c o n  age,  A l s o p ,  i n  K r o n e r ,  1 9 7 7 b ) .  

On t he  n o r t h e r n  s i d e  o f  t h e  Damara M o b i l e  B e l t ,  t he  Nos i b  

Group i s  c o r r e l a t e d  w i t h  t h e  S t i n k f o n t e i n  and Kapok F o r ma t i o n s  

and i s  i n t r u d e d  by a s y e n i t e  w i t h  a p r o v i s i o n a l  minimum age o f  

760 my (Pb-Pb z i r c o n  age,  K r o n e r  and B u r g e r  i n  K r o n e r ,  1 9 7 7 b ) .  

The age o f  t he  Damara Su p e r g r o u p  wou l d  t hus  appear  t o  be 

b r a c k e t e d  between abou t  600 my and t h e  age o f  t he  basement  

compl ex  upon wh i c h  i t  r e s t s ,  c u r r e n t l y  t h o u g h t  t o  be ab ou t  

950 - 1050  my.

§ 4 . 3 . 2  T e c t o n i c  h i s t o r y

The Damara Sup e r g r o u p  s e d i me n t s  were p r o b a b l y  

d e p o s i t e d  i n  a s u b s i d i n g  t r o u g h  o f  a p p r e c i a b l e  s i z e ,  and are 

d i v i d e d  i n t o  a eugeo-  and m i o g e o s y n c 1 i n a l  f a c i e s .  To a l a r g e  

d e g r e e ,  basement  t o p o g r a p h y  i s  r e s p o n s i b l e  f o r  d e p o s i t i o n a l  

c o n t r o l .  However ,  u n c o n f o r m i t i e s  between t he  v a r i o u s  g r oups  

may r e f l e c t  as w e l l  phases o f  P a n - A f r i c a n  t e c t o n i s m .  C l i f f o r d  

( 1967)  has d e mo n s t r a t e d  t h a t  a t  l e a s t  two phases are 

r e c o g n i z a b l e  d u r i n g  P a n - A f r i c a n  o r o g e n e s i s  i n  s o u t h e r n  A f r i c a ,  

t he  Katangan { c a .  660- 610  my) and Damaran { c a .  550- 450  my) 

e p i s o d e s .  Both phases are  s i g n i f i c a n t  i n  an u n d e r s t a n d i n g  o f  

m u l t i c o m p o n e n t  m a g n e t i z a t i o n s  i n  Damara Supe r g r o u p  r o c k s .

The Nos i b - Damar a  G e o s y n c l i n e  was de f o r med  and 

met amorphosed d u r i n g  t h e  Kat angan e p i s o d e  b e f o r e  d e p o s i t i o n  o f  

t he  uppe r  p a r t  o f  t he  Damara S u p e r g r o u p .  L a t e r ,  t h e  e n t i r e  

Su p e r g r o u p  was a f f e c t e d  by t h e  Damaran e p i s o d e .  T h i s  p o l y p h a s e  

t e c t o n i s m  and met amorph i sm had h i g h l y  v a r i a b l e  e f f e c t s  upon 

Damara Super g r oup  r o c k s ,  r a n g i n g  f r o m open f o l d i n g  w i t h  l i t t l e  

o r  no v i s i b l e  me t a mo r ph i c  e f f e c t s ,  t o  compl ex  t i g h t  f o l d i n g
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w i t h  medium t o  h i g h  g r ade  met amor ph i sm.  A l t h o u g h  p a l a e o m a g n e t i c  

s a mp l i n g  was c o n f i n e d  t o  a r eas  w i t h  m i n i ma l  v i s i b l e  me t a mo r p h i c  

e f f e c t s ,  t h e  pa 1a e o ma g n e t i c  r e s u l t s  c l e a r l y  r e f l e c t  P a n - A f r i c a n  

t h e r m a l  e v e n t s ,  as d e m o n s t r a t e d  i n  t h e  n e x t  s e c t i o n s .

§ 4 . 3 . 3  Mul den Group

Samples o f  t h e  Mul den Group were c o l l e c t e d  a t  8 s i t e s  

i n  n o r t h e r n  Na mi b i a  d i s p e r s e d  t h r o u g h  a t h i c k n e s s  o f  s e v e r a l  

hundr ed  m e t r e s .  The domi n a n t  l i t h o l o g y  sampl ed was a t h i c k l y  

bedded and f i n e l y  l a m i n a t e d  maroon t o  g r e y  s i l t s t o n e .  A l t h o u g h  

no me t a mo r p h i c  e f f e c t s  were o u t w a r d l y  v i s i b l e ,  t h e  d e v e l o p me n t  

o f  m i n o r  c h l o r i t e  f l a k e s  seen i n  t h i n  s e c t i o n  s u g g e s t e d  t h a t  

some sampl es  may have s u f f e r e d  a v e r y  l ow g r ade  ( l o w  p r e s s u r e ,  

2 5 0 ° - 3 5 0 ° )  me t amor ph i sm.  T h i s  p o s s i b l e  h e a t i n g  i s  r e f l e c t e d  i n 

t he  Rb/ Sr  da t a  f r om Mul den Group s h a l e s  and p r o b a b l y  o c c u r r e d  

a t  526+15*my ( K r o n e r ,  p e r s .  comm. ) .

NRM d i r e c t i o n s  were q u i t e  s c a t t e r e d ,  b u t  a t r e n d  o f  

s h a l l o w  w e s t e r l y  ( e a s t e r l y )  d i r e c t i o n s  was a p p a r e n t .  D u r i n g  

p i l o t  t h e r ma l  d e m a g n e t i z a t i o n ,  remanence v e c t o r s  a t  6 s i t e s  

c o n v e r g e d  upon a common s h a l l o w  w e s t e r l y  ( e a s t e r l y )  d i r e c t i o n  

a t  t e m p e r a t u r e s  o f  5 7 0 ° - 6 2 0 ° ,  c o n f i r m i n g  t he  t r e n d  ob se r ve d  

i n  t h e  NRM d i r e c t i o n s  ( F i g u r e  4 . 9 ) .  A f t e r  b u l k  t h e r ma l  

t r e a t m e n t ,  a s i g n i f i c a n t  i mpr ovement  i n  p r e c i s i o n  o v e r  t h e  NRM 

d i r e c t i o n s  was r e a l i z e d  a t  t h e s e  s i t e s ,  wh i ch  d e f i n e  t he  DM 

m a g n e t i z a t i o n  ( T a b l e  4 . 3 ) .  P r e c i s i o n  o f  t h e  DM m a g n e t i z a t i o n  

i mpr oves  m a r k e d l y  upon s t r u c t u r a l  c o r r e c t i o n ,  a l t h o u g h  t he  

i mpr o v e me n t  i s  n o t  s i g n i f i c a n t  a t  t h e  95% c o n f i d e n c e  l e v e l

* ^ R b  decay constant 1.42x10 ^ y r " \



DMD3/1

20.00 «0.00 
T C E M T  • 1 0 * S U 8 T

DMD3/1

DMF2/1

DMF2/1 : E0 . 64 7

F ig u r e  4 .9  : Thermal demagnetization, Mulden Group.



TABLE 4 .3  (A)

MULOEII GROUP : S i t «  w a n  d l r t c t l o m  b « f o r «  and « f t « r  t h e rm a l demagn « 11la11 on

NRH A f t e r  t h e rm a l d e m a g n e t l z « t l o n

SITE N R 0 I N R D I T *C D* 1 * MAGNETIZATION

DMA 4 3.994 086 -70 4 3.971 093 -55 580 107 -41 N3

DMB 4 3.865 317 -64 4 3.845 286 -34 580 275 -38 DM

DMC 4 3.998 280 -01 4 3.989 275 -11 580 262 -28 DM

DM0 4 3.557 149 17 4 3.604 125 05 580 124 23 DM

OME 4 3 .9Z I 236 16 4 3.963 270 -11 620 267 -34 DM

DMF 4 3.689 076 -05 4 3.893 076 03 620 074 33 DM

DMG 4 3.844 135 15 4 3.838 129 14 620 126 36 DM

DMH 4 3.983 163 -30 4 3.984 241 -61 620 21 3 -31 7

TABLE 4 .3  (B)

MULDEN GROUP : Mean d i r e c t i o n  and p a la e o m a g n e t1c p o le  a f t e r  t h e rm a l  d e m a g n e t lz a t t o n  ( S i t e *  DHB-DMG)

B e fo r e  s t r u c t u r a l c o r r e c t i o n Af  t e r s t r u c t u r a l c o r r e c t i o n

N n R D Im m

p o le
1 a t  l o n g dp ,dm R V

p o le

l a t  long dp ,dm

DM 6 24 5 .600  12 .5  283 -14 15N 283E 10 ,20 5.715 17.6 278 -34 13N 270E 11,19
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( k l / k - 1 . 4 1 ,  95% s i g n i f i c a n c e  p o i n t  = 2 . 9 8 ) .  Al t hough t he  

v e c t o r s  s u b s t r a c t e d  dur i ng  t he  e a r l y  d e ma g n e t i z a t i o n  s t e p s  

were g e n e r a l l y  wel l  grouped w i t h i n  each s i t e ,  t he  mean s i t e  

s u b t r a c t e d  v e c t o r s  were wi de l y  s c a t t e r e d  and random a t  t h e  95% 

c o n f i d e n c e  l e v e l .  No s y s t e ma t i c  o v e r p r i n t  d i r e c t i o n  coul d  be 

i s o l  a t  e d .

Ma g n e t i z a t i o n  v e c t o r s  a t  two o t h e r  s i t e s  (DMA and DMH) 

r ea che d  s t a b l e  e n d p o i n t s  du r i n g  p i l o t  d e ma g n e t i z a t i o n ,  however  

t h e s e  d i r e c t i o n s  were wi de l y  d i s p l a c e d  from t he  DM d i r e c t i o n  

and from each o t h e r .  Af t e r  bul k t her mal  t r e a t m e n t ,  s i t e  DMA 

had a mean d i r e c t i o n  ( 0 9 3 , - 5 5 )  ve r y  much l i k e  t he  N3 (?)  

s e c o n d a r y  component  o bs e r ve d  in t he  Nama s e d i me n t s .  The VGP 

c a l c u l a t e d  from t he  c l e a n e d  DMA s i t e  mean d i r e c t i o n  i s  

e s s e n t i a l l y  i d e n t i c a l  t o t he  N3 po l e  ( F i g u r e  4 . 1 8 ) .  As i s  

d i s c u s s e d  l a t e r  in t h i s  c h a p t e r ,  a wi de s p r e a d  e a r l y  Cambrian 

or  l a t e  Pr e ca mbr i a n  t he r mal  e v e n t  may have pr oduced t he  

N3- t ype  o v e r p r i n t i n g .  The DMA mean d i r e c t i o n  i s  t e n t a t i v e l y  

gr ouped wi t h t he  o t h e r  N3 ma g n e t i z a t i o n  d i r e c t i o n s .

The c l e a n e d  DMH s i t e  mean d i r e c t i o n  i s  u n l i k e  any 

m a g n e t i z a t i o n  ob s e r v e d  in Damara or  Nama r o c k s ,  and i s  a l s o  

u n l i k e  a younge r  Ph a n e r o z o i c  m a g n e t i z a t i o n .  No e x p l a n a t i o n  

i s  o b v i o u s ,  and t he  d i r e c t i o n  r emai ns  p r o b l e ma t i c .

§ 4 . 3 . 4  Tsumeb Subgroup : Chuos Fo r ma t i o n ,  Mai eberg For mat i on

Mass i ve  i r on  r i c h  m i x t i t e s  and g l a c i a l  mar i ne  s e d i me n t s  

of  t he  Chuos For mat i on  and Mai eberg For mat i on o u t c r o p  in c e n t r a l  

and n o r t h e r n  Namibia ( Kr oner  and Rankama,  1973) .  T y p i c a l l y  

t he  b o u l d e r  beds c o n s i s t  of  a wide v a r i e t y  of  s t r i a t e d  and 

f a c e t t e d  c l a s t s  r ang i ng  in s i z e  from g r i t  to 2. 5 m in d i a m e t e r ,  

s e t  in an a r g i l l a c e o u s  ma t r i x .  Some l a mi na t e d  s h a l e  bands a r e



DC A 2/1 DCE1/1

DCB3/2 DCH4/2

F ig u re  4 . 11(A)  : Thermal and AF demagnetization, Chuos Formation (Tsumeb 
Subgroup).



DC A 2 / I : N 1.390 DCE1/1 : N24.726

N

DCB3/2 : N8.247 DCH4/2 • E64.627

Figure 4.11(B) : Thermal and AF demagnetization, Chuos Formation 
(Tsumeb Subgroup, continued).



D T A 1 /  1 a f

DT A 1 /  1 « N3 .51 8

D T A 1 / A

1.00 4b . 0«
T CENT «10'

DTA1/4 *

F igu re  4.12 : Thermal and AF demagnetization, Maieberg Limestone 
(Tsumeb Subgroup).
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p r e s e n t ;  i n  p l a c e s  t he  m i x t i t e s  are  o v e r l a i n  by c a l c i c  

s e d i m e n t s .  No s t r i a t e d  pavements  have been f ound  u n d e r l y i n g  

t h e  Chuos F o r m a t i o n .  In many a r e a s ,  t h e  m i x t i t e s  and 

a s s o c i a t e d  s e d i me n t s  have been s t r o n g l y  me t amor phosed ,  

so much so t h a t  t h e  r ock  has been d e s c r i b e d  as a " p e b b l y  

s c h i s t " .

Samples o f  t h e  Chuos m i x t i t e  and o f  an o v e r l y i n g  

g r i t t y  l i m e s t o n e  o f  t h e  Ma i e b e r g  F o r ma t i o n  were t a k e n  a t  8 

s i t e s  i n  n o r t h e r n  Nami b i a  ( F i g u r e  4 . 1 ) .  The r o c k s  have a 

d e f i n i t e  c l e a v a g e  a l t h o u g h  t he  me t a mo r p h i c  g rade appear s  to 

be l ow.  The age o f  met amor ph i sm o f  t he  Chuos F o r ma t i o n  i n  

t h e  s a mp l i n g  r e g i o n  appear s  t o  be a p p r o x i m a t e l y  640- 630  my 

( K r o n e r ,  u n p u b l i s h e d  r e s u l t s ) .

P i l o t  AF and t h e r ma l  d e m a g n e t i z a t i o n  r e v e a l e d  

s e v e r a l  d i s t i n c t l y  d i f f e r e n t  m a g n e t i z a t i o n s  ( F i g u r e  4 . 1 2 ) .  

D u r i n g  AF d e m a g n e t i z a t i o n ,  t h e  Chuos spec i mens  e x h i b i t e d  

s t a b l e  n o r t h w e s t  t r e n d i n g  d i r e c t i o n s  w i t h  n e g a t i v e  i n c l i n a t i o n s  

i n  t h e  15-50  mT range a f t e r  ( i n  some cases )  removal  o f  a 

s i g n i f i c a n t  l ow Hc component .  The Ma i e b e r g  l i m e s t o n e  sampl es 

a l s o  showed s i m i l a r  e n d p o i n t s  d u r i n g  AF d e m a g n e t i z a t i o n ,  

however  e x a m i n a t i o n  o f  o r t h o g o n a l  v e c t o r  p l o t s  ( F i g u r e  4 . 1 2 )  

showed c l e a r l y  t h a t  a second m a g n e t i z a t i o n  w i t h  a h i g h e r  Hc 

i s  p r e s e n t .  Upon t h e r ma l  d e m a g n e t i z a t i o n ,  t h i s  h i gh  Hc 

component  i s  seen t o  have a v e r y  l ow T^ and i s  c o m p l e t e l y  

removed i n  t he  i n i t i a l  h e a t i n g  s t e p s .  A f t e r  r emoval  o f  t he  

l ow T^ c omponen t ,  t he  m a g n e t i z a t i o n  v e c t o r  i s  seen t o  conver ge  

upon t h e  o r i g i n .  In t h e  Chuos sampl es  however  t he  T^ o f  bo t h  

component s  are s i m i l a r  and r e s o l u t i o n  o f  bo t h  component s  i s  

d i f f i c u l t .  Thr ee  m a g n e t i z a t i o n s  have been i d e n t i f i e d  and have 

been l a b e l l e d  t h e  DC1 , DC2 and DC3 component s  ( T a b l e  4 . 4 ) :



TABLE 4 .4  (A)

JULIOS y i L ^IT^ t MA)EBERG FORMATION ; S i t e  me«n d i r e c t i o n «  b » f o r «  and a f t e r  the rm«)  and AE demagne t l  I 1 11 on

A f t e r  d e m a g n e t i z a t i o n

MAGNETIZATION SITE N R D I N R D 1 AF , 
T*C

O’ 1 * RANGE; 
AF .T' C

OCA 4 3. 55? 31? -77 3 2.927 305 33 420* 316 42

0C1
OCB 4 3.951 335 -05 4 3. 989 323 26 400* 333 30
DTA 4 3. 1?4 193 -17 4 3 . 923 188 -14 400* 198 -18
DTB 4 3. 988 360 -83 4 3 . 938 141 -64 500 ' 202 -32

DCC 4 3. 813 315 -21 2 1. 988 337 -36 25 323 -34
OCD 4 3. 88? ?50 -8? 2 1.995 064 -60 100 061 -76

DC? DCE 4 3. 544 141 -39 2 1. 999 311 -53 125 283 -27
DCF 4 3. 919 118 47 4 3. 757 109 59 560 ' 113 33
DCG 4 3.991 110 -69 4 3. 959 313 -71 560 ' 261 -36
DCH 4 3. 976 095 -79 4 3 . 830 193 -83 560’ 229 -26

DC3 OCA 2 1 .947 359 -63 325 -63 10-35 mT
( s u b t r a c t e d DCB 2 1 .988 349 -35 336 -36 10-35 mT
d t r ec  11 on s f rom DTA 2 1. 970 336 -57 322 -36 200- 400 ' C
DC1 v e c t o r s ) DTB 2 1. 999 328 -83 243 -35 200 - 400 ' C

TABLE 4 . 4  (B)

CHUOS T1LLITE,  MA1EBERG FORMATION :

MAGNETIZATION N 0 R k Dm »■
pol e

l a t  long dp ,dm R k V V
po l e

l a t  long dp ,dm

DC 1 4 15 2. 869 2.7 331 07 54S 1 39E 36.71 3 . 620 7 . 9 354 34 52S 185E 23 , 40
DC 2 6 18 5.412 8 . 5 327 -69 48S 044 E 35,41 4. 957 4 . 8 280 -46 17S 080E 28,44
DC 3 4 8 3 . 816 16.3 344 -60 64S 042E 27 , 35 3 . 488 5 . 9 307 -49 4 1 S 080E 36, 55

DC2+DC3 10 26 9 . 180 11. 0 335 -65 55S 044E 20 , 25 8 . 338 5.4 291 -48 27S 080E 19,30
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P C I : T h i s  s h a l l o w  n o r t h w e s t e r l y  ( s o u t h e a s t e r l y )

component  was d i r e c t l y  o b s e r v e d  i n  15 sampl es a t  f o u r  

s i t e s  and o n l y  a f t e r  t h e r ma l  d e m a g n e t i z a t i o n .  In t he  

case o f  t h e  Chuos F o r ma t i o n  s i t e s  (DCA,DCB) s i g n i f i c a n t  

( ? )  s e c o n d a r y  m a g n e t i z a t i o n s  were p r e s e n t  wh i ch  had 

s i m i l a r  Hc b u t  l ow compared t o  t h e  ( ? )  p r i m a r y  

m a g n e t i z a t i o n ,  r e n d e r i n g  i s o l a t i o n  by AF d e m a g n e t i z a t i o n  

d i f f i c u l t  b u t  n o t  i m p o s s i b l e .  Du r i n g  t h e r ma l  

d e m a g n e t i z a t i o n ,  t h e s e  s e c o n d a r y  component s  were 

c o m p l e t e l y  removed and d i r e c t i o n s  co n v e r g e d  upon t he  DC1 

d i r e c t i o n .  B l o c k i n g  t e m p e r a t u r e s  o f  t h e  DC1 m a g n e t i z a t i o n  

were g e n e r a l l y  i n  t he  5 0 0 ° - 5 7 0 °  r a n ge .  A h i gh  degr ee  o f  

s c a t t e r  i s  a p p a r e n t  i n  t h e  u n c o r r e c t e d  f i n a l  mean 

d i r e c t i o n ,  wh i ch  i s  e s s e n t i a l l y  random a t  t h e  95% 

c o n f i d e n c e  l e v e l .  Upon s t r u c t u r a l  c o r r e c t i o n ,  a v e r y  

p r o no u n c ed  i n c r e a s e  i n  p r e c i s i o n  i s  r e a l i z e d  [ k ' / k = 2 . 9 3 ,

95% s i g n i f i c a n c e  p o i n t  - 3 . 7 9 ) .  A l t h o u g h  no t  s i g n i f i c a n t  

a t  t he  95% c o n f i d e n c e  l e v e l ,  t he  i n c r e a s e  i n  p r e c i s i o n  

i s  i n  f a c t  s i g n i f i c a n t  i f  s a mp l e s ,  r a t h e r  t han  s i t e s  are  

g i v e n  u n i t  w e i g h t i n g  i n  t h e  mean d i r e c t i o n ,  s u g g e s t i n g  

t h a t  t h e  DC1 m a g n e t i z a t i o n  was a c q u i r e d  b e f o r e  t he  (?)  

Kat angan f o l d i n g  and met amor ph i sm.

DC2: The m a j o r i t y  o f  sampl es (6 s i t e s )  e x h i b i t e d  t h i s

m a g n e t i z a t i o n ,  w h e t h e r  d u r i n g  AF or  t h e r ma l  d e m a g n e t i z a t i o n  

The DC2 component  i s  c h a r a c t e r i z e d  by a n o r t h w e s t e r l y  

( s o u t h e a s t e r l y )  s t e e p  n e g a t i v e  ( p o s i t i v e )  m a g n e t i z a t i o n  

v e c t o r  and g e n e r a l l y  has a h i g h  Flc and T b ' s i n  t he  5 7 0° - 5 8 0  

r a n ge .  The s i t e s  d i r e c t l y  e x h i b i t i n g  t h i s  component  are 

r e a s o n a b l y  w e l l  g r o u p e d ;  p r e c i s i o n  o f  t he  DC2 component  

d e c r e a s e s  upon s t r u c t u r a l  c o r r e c t i o n ,  a l t h o u g h  a g a i n  t he
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change i s  n o t  s i g n i f i c a n t  ( k * / k = 0 . 5 6 ,  95% s i g n i f i c a n c e  

p o i n t  = 0 . 3 4 ) .

DC3: Th i s  i s  t h e  component  removed f r om t h e  DC1 s i t e s

i n  t h e  e a r l y  ( l o w  peak AF and T) d e m a g n e t i z a t i o n  s t e p s .

In t h e  Chuos s i t e s ,  t h e  DC3 m a g n e t i z a t i o n  has a s l i g h t l y  

l o w e r  Hc t han t h e  DC1 m a g n e t i z a t i o n  and i s  p r e f e r e n t i a l l y  

removed f r om some spec i mens  i n  t h e  10-35 mT r a n g e .  The 

DC3 component  i n  t he  Ma i ebe r g  s i t e s  has a much h i g h e r  Hc 

b u t  l o w e r  T^ t han DC1 and i s  removed i n  t h e  2 0 0 ° - 4 0 0 °  

h e a t i n g  s t e p s .  The DC3 component  a l s o  s u f f e r s  a marked 

d e c r e a s e  i n  p r e c i s i o n  upon s t r u c t u r a l  c o r r e c t i o n  

[ k ' / k = 0 . 36,  95% s i g n i f i c a n c e  p o i n t  s 0 . 2 6 ) .

A comp ar i s o n  o f  t he  DC2 and DC3 mean d i r e c t i o n s  by an F - r a t i o  

t e s t  i n d i c a t e s  t h a t  t h e y  are no t  s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e  

9 5 % l e v e l :

N Ri r2 R F2 , 2 ( N - l  )
9 5%

s i g n i f i c a n c e
p o i n t

10 5 . 4112 3 . 816 9 . 180 0 . 5 0 3 . 5 5

A f o l d  t e s t  on t h e  combi ned DC2 and DC3 m a g n e t i z a t i o n s

i s  n e g a t i v e  and v e r y  n e a r l y  s i g n i f i c a n t  a t  t he  95% c o n f i d e n c e  

l e v e l  [ k ' / k = 0 . 4 9 ,  95% s i g n i f i c a n c e  p o i n t  = 0 . 4 5 ) ,  s t r o n g l y  

s u g g e s t i n g  t h a t  t he  DC2 and DC3 m a g n e t i z a t i o n s  were a c q u i r e d  a f t e r  

f o l d i n g  o c c u r r e d .

§ 4 . 3 . 5  Nos i b  Group : B l a u b e k e r  F o r ma t i o n

The B l a u b e k e r  F o r m a t i o n  i s  one o f  t he  uppe r mo s t  u n i t s  

i n  t h e  Nos i b  Group and o u t c r o p s  a l o n g  t he  s o u t h e r n  ma r g i n  o f  

t he  Nos i b - Damar a  G e o s y n c l i n e  ( F i g u r e  4 . 1 ) .  I t  u n c o n f o r m a b l y
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F igu re  4.14 : Thermal demagnetization, Blaubeker Formation (Nosib Group).
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o v e r l i e s  l o w e r  Nos i b  Group r o c k s  and i s  i n  t u r n  u n c o n f o r m a b l y  

o v e r l a i n  by Nama Group s e d i me n t s  ( F i g u r e  4 . 2 ) .  K r o n e r  and 

Rankama ( 1973)  c i t e  e v i d e n c e  i n s u p p o r t  o f  a g l a c i o g e n i c  o r i g i n  

f o r  p a r t s  o f  t he  B l a u b e k e r  F o r m a t i o n .  K r o n e r  ( 1 9 77 b )  has 

c o r r e l a t e d  t h e  B l a u b e k e r  Fo r ma t i o n  w i t h  t he  S t i n k f o n t e i n  and 

Kapok ( ? )  g l a c i a l  beds i n  t he  l o w e r  G a r i e p  Gr oup.

Samples o f  r ed q u a r t z i t e s  f r om t h e  l o w e r  B l a u b e k e r  

F o r ma t i o n  were c o l l e c t e d  a t  8 s i t e s  i n  c e n t r a l  Nami b i a  ( F i g u r e  

4 . 1 ) .  A l ow g r a de  met amorph i sm i s  a p p a r e n t  i n  t h e  r o c k s ,  

wh i ch  show s i g n s  o f  i n c i p i e n t  c l e a v a g e .  The met amor ph i sm c o u l d  

be a r e s u l t  o f  e i t h e r  t he  Katangan or  Damaran e p i s o d e  o f  t h e  

P a n - A f r i c a n  o r o g e n y .  R a d i o m e t r i c  ages i n  t h e  i mmed i a t e  a r ea  

have a s i m p l e  mean v a l u e  484+34 ( + l s . d .  : R b / S r ,  K / Ar  and U/Pb

ages o f  C l i f f o r d ,  1967; B u r g e r  and C o e r t z e ,  1973;  K r o n e r  and 

Ha wk e s wo r t h ,  1 9 7 7 ) ,  s u g g e s t i n g  t h a t  t h e  Damaran e p i s o d e  m i g h t  

have been t h e  mos t  r e c e n t  s i g n i f i c a n t  h e a t i n g  e v e n t .

NRM s i t e  mean d i r e c t i o n s  were l o o s e l y  g r ouped  w i t h  a 

n o r t h e r l y ,  s h a l l o w  n e g a t i v e  t r e n d .  D u r i n g  t h e r ma l  

d e m a g n e t i z a t i o n ,  spec i mens  f r om most  s i t e s  e x h i b i t e d  r a t h e r  

p o o r  d i r e c t i o n a l  s t a b i l i t y ,  bu t  a t  h i gh  t e m p e r a t u r e s  t ended  to 

g r oup  a r ound  a d i r e c t i o n  w i t h  a s h a l l o w  t o  mod e r a t e  p o s i t i v e  

( n e g a t i v e )  i n c l i n a t i o n  and n o r t h e r l y  ( s o u t h e r l y )  d e c l i n a t i o n .  

A p a r t  f r o m PEF component s  s u b t r a c t e d  d u r i n g  d e m a g n e t i z a t i o n ,  

t h i s  was t he  o n l y  c o n s i s t e n t l y  o b s e r v e d  m a g n e t i z a t i o n .  

T e mp e r a t u r e s  f o r  b u l k  t h e r ma l  t r e a t m e n t  o f  r e m a i n i n g  spec i mens  

were chosen by e x a m i n a t i o n  o f  s t a b i l i t y  r anges  o f  i n d i v i d u a l  

p i l o t  s p e c i me n s ;  t h e s e  r anged  f r om 500° t o  650° .  The f i n a l  

c l e a n e d  d i r e c t i o n  ( a f t e r  o m i s s i o n  o f  one random s i t e  mean 

d i r e c t i o n )  has a r a t h e r  l ow p r e c i s i o n .  Upon s t r u c t u r a l  

c o r r e c t i o n  h o we v e r ,  t h e  a l r e a d y  l ow p r e c i s i o n  m a r k e d l y  d e c r e a s e s ,
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s u g g e s t i n g  a p o s t  f o l d i n g  m a g n e t i z a t i o n  age.  As d i s c u s s e d  i n  

§ 4 . 4 ,  t h e  p o l e  p o s i t i o n  c a l c u l a t e d  f r om t h e  u n c o r r e c t e d  mean 

d i r e c t i o n  f r om t h e  B l a u b e k e r  F o r m a t i o n  i s  near  o t h e r  Cambro-  

O r d o v i c i a n  p o l e s ,  wh i ch  s u g g e s t s  t h a t  m a g n e t i z a t i o n  age o f  

485 my m i g h t  p o s s i b l y  be c o r r e c t .  A l t e r n a t i v e l y ,  t h e  p o s t  

f o l d i n g  m a g n e t i z a t i o n  o f  t h e  B l a u b e k e r  F o r ma t i o n  c o u l d  da t e  

f r om Katangan t i m e s ,  as t he  NB p o l e  p o s i t i o n  i s  no t  u n l i k e  

650- 630  my p o l e s  ( F i g u r e  4 . 1 8 ) .

§ 4 . 3 . 6  Nos i b  Group - l o w e r  q u a r t z i t e s ,  s a n d s t o n e s

Q u a r t z i t e s  and s a n d s t o n e s  o f  t h e  l o w e r  Nos i b  Group 

were c o l l e c t e d  a t  seven s i t e s  i n  n o r t h e r n  Nami b i a  ( F i g u r e  4 , 1 ) .  

These sampl es  a r e  p r o b a b l e  s t r a t i g r a p h i c  e q u i v a l e n t s  o f  t he  

Chel a Group o f  s o u t h e r n  Ango l a  and are t h o u g h t  t o  have been 

d e p o s i t e d  a p p r o x i m a t e l y  i n  t he  900- 1000  my r a n g e .  I t  was 

o r i g i n a l l y  hoped t h a t  a c o mp ar i s o n  o f  p a l a e o m a g n e t i c  r e s u l t s  

f r om No s i b  r o c k s  o f  t he  n o r t h e r n  ( t h e s e  samp l es )  and s o u t h e r n  

( B l a u b e k e r )  p a r t s  o f  t he  Nos i b - Damar a  G e o s y n c l i n e  woul d 

f a c i l i t a t e  a t e s t  o f  p l a t e  c o l l i s i o n  i n  t h e  Damara M o b i l e  B e l t  

u s i n g  d i r e c t  s t r a t i g r a p h i c  e q u i v a l e n t s  i n  t he  Damara Super g r oup  

As d e s c r i b e d  i n  t h e  p r e v i o u s  s e c t i o n ,  t h e  B l a u b e k e r  r e s u l t s  

appear  t o  be o f  a p o s t  f o l d i n g  age,  and t hus  t h e  d i r e c t  t e s t  

was n o t  p o s s i b l e .  I n d i r e c t  t e s t s  are s t i l l  p o s s i b l e ,  and t he  

p r o b l e m i s  d i s c u s s e d  i n  more d e t a i l  i n  §4 . 4 .

As w i t h  t h e  o t h e r  Damara Su p e r g r o u p  r o c k s  o f  c e n t r a l  

and n o r t h e r n  N a m i b i a ,  t h e r e  e x i s t s  t h e  p o s s i b i l i t y  t h a t  t h e s e  

r o c k s  have been s u b j e c t e d  t o  l ow g r ade  met amor ph i sm.  I n t h i s  

c a s e ,  a l t h o u g h  t h e  q u a r t z i t e s  and s a n d s t o n e s  show no o u t wa r d  

me t a mo r ph i c  e f f e c t s ,  t h e  p a l a e o m a g n e t i c  r e s u l t s  s u g g e s t  

( p o s s i b l y  m u l t i p l e )  l ow t e m p e r a t u r e  me t a mo r p h i c  o v e r p r i n t i n g .
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Figure 4.16(A) : Thermal demagnetization, Nosib Group Quartzites
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Figure 4.16(B) : Thermal demagnetization, Nosib Group Quartzi tes (continued).



TABU A . 6 (A)

NOS IB GROUP : S i t #  m#»n d i r e c t i o n s  b e f o r e  end e f t f r  t her mal  demagne 11 I  a 11 on

NRM A f t e r t he r ma l d e m a g n e t ! z a t I o n

MAGNETIZATION SITE N R D I N R S 1 T * C O' 1 T RANGE,

• c

ONA S 4.691 047 25 5 4. 868 330 43 500 337 43

ONB 4 3. 947 263 07 4 3. 743 324 34 500 327 35

DNC 4 3.96S 100 01 4 3. 969 320 39 500 307 44

NQ 1 OND 4 3.661 328 03 4 3.972 293 22 500 289 27

ONE 4 3. 984 293 -04 4 3.961 264 30 350 289 52

ONF 4 3. 983 136 -58 4 3.981 137 -53 500 201 -24

ONG 4 3. 975 306 18 4 3. 928 318 18 500 320 32

ON A 5 4. 833 006 29 009 25 300-450

DNB 4 3. 857 019 33 021 29 300-450

NQ2 DNC 4 3. 735 017 10 016 25 300-500

( s u b s t r a c t e d OND 3 2. 966 359 41 001 52 200-500

d i r e c t i o n s  f rom ONE 4 3.971 342 50 005 27 200-350

NQ1 v e c t o r s ) ONG 4 3. 985 352 51 009 59 300-450

TABLE 4 . 6  (B)

N0S1B GROUP : Mean d i r e c t i o n s and pa 1aeomaqne11c p o l es  a f t e r  t he r ma l  d e m a g n e t i z a t i o n

Be f o r e s t r u c t u r a l c o r r e c t i o n A f t e r s t r u c t u r a l c o r r e c t i o n

MAGNETIZATION N n R Dm »■

po l e
l a t  l ong dp ,dm R °m * V

po l e
l a t  l ong dp ,dm

no l 6 25 5. 597 12. 4 308 33 27N 317E 13, 23 5.761 20. 9 312 40 28N 323E 11, 18

HQ2 6 24 5. 727 18.3 004 36 52S 200E 11, 19 5. 799 24. 9 on 36 51S 211 E 09 . 16

NQ2* DN F 7 28 6.557 13. 5 359 40 49S 193E 12,21 6. 770 26.1 012 35 51S 213E 08, 14

NQ3 3 13 2. 705 6 . 8 104 -05 13N 291 E 26, 52 2. 826 11.5 103 -12 ION 294E 20, 39

NQ3* - 13 11.473 7. 9 102 -07 ION 2 92E 08, 16 11. 925 11 .2 102 -13 09N 295E 0 7 , 13

* u n i t  w e i g h t  t o samples



Figure 17 : Cleaned s i te  mean magnetization d i rec t ions ,  Nosib Group 
Quartzi tes NQ1 and NQ2 components; equal-angle pro ject ion. Open (closed) 
symbols re fer  to negative (pos i t ive)  in c l in a t io n .
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The NRM s i t e  mean d i r e c t i o n s  are  s c a t t e r e d  bu t  have 

a r o u g h l y  d e f i n e d  e a s t - w e s t  t r e n d .  In t h e  i n i t i a l  2 0 ° - 2 0 0 °  

t h e r m a l  d e m a g n e t i z a t i o n  s t e p ,  a l a r g e  component  ( t h e  NQ3 

componen t )  w i t h  a v e r y  s h a l l o w  i n c l i n a t i o n  and e a s t e r l y  

( w e s t e r l y )  d e c l i n a t i o n  was removed f r om 13 sampl es a t  3 s i t e s .

In t h e  h i g h e r  3 0 0 ° - 4 5 0 °  r a n g e ,  an i n t e r m e d i a t e  m a g n e t i z a t i o n  

w i t h  a n o r t h e r l y  d e c l i n a t i o n  and moder a t e  p o s i t i v e  i n c l i n a t i o n  

was c o n s i s t e n t l y  removed f r om t h e  m a j o r i t y  o f  t h e  samp l es .  

T w e n t y - f o u r  sampl es  f r om 6 s i t e s  e x h i b i t e d  t h i s  s u b t r a c t e d  

v e c t o r ,  c a l l e d  her e  t he  NQ2 component .  Mean d i r e c t i o n s  f r o m 

t h e s e  same 6 s i t e s  became d i r e c t i o n a l l y  s t a b l e  a t  somewhat  

h i g h e r  t e m p e r a t u r e s ,  c o n v e r g i n g  t o  a n o r t h e a s t e r l y  d i r e c t i o n  

w i t h  a mo d e r a t e  p o s i t i v e  i n c l i n a t i o n .  T h i s  f i n a l  h i g h  T b 

m a g n e t i z a t i o n  i s  c a l l e d  t h e  NQ1 component .  R e s o l u t i o n  o f  t he  

v a r i o u s  component s  by AF d e m a g n e t i z a t i o n  was no t  p o s s i b l e  due 

t o  o v e r l a p p i n g  Hc s p e c t r a  a l t h o u g h  i n  many cases  i t  was p o s s i b l e  

t o  i s o l a t e  t he  f i n a l  h i g h  T ̂  NQ1 m a g n e t i z a t i o n .  The r e m a i n i n g  

s i t e  (DNF) e x h i b i t e d  a v e r y  s t a b l e  m a g n e t i z a t i o n  wh i ch  was 

q u i t e  d i f f e r e n t  i n  d i r e c t i o n  t o  t he  NQ1 m a g n e t i z a t i o n ,  b u t  was 

r e v e r s e d  w i t h  r e s p e c t  t o  t h e  NQ2 m a g n e t i z a t i o n .

The p r e c i s i o n  o f  each o f  t h e  NQ1 , NQ2 and NQ3 

m a g n e t i z a t i o n s  m a r k e d l y  i n c r e a s e s  upon s t r u c t u r a l  c o r r e c t i o n ,  

t hough  none o f  t h e  i mpr ovement s  a r e  s i g n i f i c a n t  a t  t he  95% 

c o n f i d e n c e  l e v e l :

M a g n e t i z a t i o n k ' / k
95%

s i g n i f i c a n c e  p o i n t

NQ1 1 .69 2 . 98
NQ2 1 .36 2 . 9 8
NQ2+DNF 1 .93 2 . 69
N Q 3 ( s i t  e s ) 1 .69 6 . 39
N Q 3 ( s a m p l e s ) 1 .42 1 .98
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There i s  t h e r e f o r e  t he  s u g g e s t i o n  t h a t  each of  t he  

m a g n e t i z a t i o n s  was a c q u i r e d  b e f o r e  f o l d i n g  of  t he  r ocks  o c c u r r e d .  

However ,  t he  f o l d  t e s t  i n f o r ma t i o n  c annot  be employed to i n f e r  

t he  r e l a t i v e  age s e que nc e .  Assuming aga i n  t he  s i mpl e  b l o c k i n g  

t e m p e r a t u r e - a g e  model  (which i s  p r o b a b l y  q u i t e  r e a l i s t i c  in t he  

c a s e  of  p u r e l y  t he r mal  e f f e c t s  in a pol ymet amor phi c  t e r r a n e ) ,  

t he  p r e f e r r e d  m a g n e t i z a t i o n  sequence  in o r d e r  of  d e c r e a s i n g  age 

would be NQ1 ,+NQ2-*NQ3. As d i s c u s s e d  in t he  next  s e c t i o n  t h i s  

s i mpl e  p i c t u r e  f i t s  t he  a v a i l a b l e  da t a  q u i t e  we l l .

§4. 4 Summary and t e c t o n i c  i mp 1 i c a t i o n s  of  t he  l a t e  Pr e ca mbr i a n  
pa l a e oma gne t i s m of  Af r i c a

Al l  p u b l i s h e d  p a l a e o ma g n e t i c  r e s u l t s  f rom Af r i c a  in 

a p p r o x i ma t e l y  t he  1100 my t o Or d o v i c i a n  i n t e r v a l  a r e  l i s t e d  in 

Tabl e  4 . 7  and p l o t t e d  in t h r e e  p a r t s  in F i gu r e  4 . 1 8 .  R e s u l t s  

f rom t he  Congo c r a t o n  a r e  p l o t t e d  as open c i r c l e s ,  c l o s e d  

c i r c l e s  a r e  p o l e s  f rom t he  Ka l a ha r i  c r a t o n .  So l i d  t r i a n g l e s  

r e p r e s e n t  po l e s  f rom n o r t h e r n  Af r i c a  ( mai nl y  f rom Morocco but  

one r e s u l t ,  SR, i s  f rom Sudan) .  A c r o s s  r e p r e s e n t s  t he  onl y  

r e s u l t  a v a i l a b l e  f rom Ar abi a  in t h i s  i n t e r v a l .  The pol e  f rom 

t he  Ntonya r i n g  s t r u c t u r e  i s  p l o t t e d  as a di amond;  t he  s ampl i ng 

s i t e  f o r  t h i s  pol e  l i e s  in t he  P a n - Af r i c a n  Mozambique b e l t  

and t hus  cannot  be d e f i n i t i v e l y  a s s i g n e d  to e i t h e r  t he  Congo 

or  Ka l a ha r i  c r a t o n s .  A s i n g l e  a p p a r e n t  p o l a r  wander  pa t h can 

be c o n s t r u c t e d  which i n c o r p o r a t e s  a l l  of  t he  a v a i l a b l e  

p a l a e o ma g n e t i c  r e s u l t s  in t h i s  i n t e r v a l ,  i r r e s p e c t i v e  of  t he  

c r a t o n  from which t he  da t a  a r e  d e r i v e d ,  w i t h o u t  v i o l a t i n g  any 

of  t he  age c o n s t r a i n t s ,  as d i s c u s s e d  below:

1100-700 my - Pa l a e o ma g n e t i c  d a t a  in t h i s  i n t e r v a l  come f rom t he

Congo and Ka l aha r i  c r a t o n s  on l y .  Thi s  APUP segment  i s
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e s s e n t i a l l y  i d e n t i c a l  t o  t h a t  p r e s e n t e d  i n  M c E l h i n n y  and 

M c W i l l i a m s  ( 1977 )  e x c e p t  t h a t  t h e  p o l a r i t y  w i t h  r e s p e c t  t o  

C a m b r o - O r d o v i c i a n  d a t a  has been r e v e r s e d .  A t  ab ou t  1050 my 

t h e r e  i s  good ag r eement  between K a l a h a r i  p o l e s  AU and OK and 

Congo p o l e s  CG, NQ1 and KS. A mi ni mum age o f  930 my i s  

s u g g e s t e d  f o r  t h e  K i s i i  l a v a s  ( KS) , however  t he  m a g n e t i z a t i o n  

age i s  somewhat  u n c e r t a i n .  More r e c e n t  4 0 A r  /  3 9 A r  d a t i n g  o f  

t h e  K i s i i  l a v a s  has i n d i c a t e d  an age o f  abou t  1200 my ( C h a r l t o n ,  

1 9 7 3 ) ,  t h u s  p o l e  KS c o u l d  be p a r t  o f  an o l d e r  APWP segment .

Wi t h  or  w i t h o u t  p o l e  KS, pa 1a e o ma g n e t i c  r e s u l t s  on bo t h  s i d e s  

o f  t h e  Damara M o b i l e  B e l t  a re  i n  agr eement  a t  ab ou t  1050 - 1000  my.

Somewhat  l a t e r  a t  ab ou t  900 my,  t h e  p o l e  f r om t h e  

K l e i n  Karas dykes ( KK) i n  t h e  K a l a h a r i  c r a t o n  i s  i n  r e a s o n a b l y  

good ag r eement  w i t h  Congo c r a t o n  p o l e s  o f  a s i m i l a r  age f r om 

t h e  Bukoban Sys t em,  a l t h o u g h  t h e  KK e r r o r  e l l i p s e  i s  r a t h e r  

l a r g e .  The y o u n g e r  p o l e  pa t h  i s  d e f i n e d  o n l y  by r e s u l t s  f r om 

t he  Congo c r a t o n  t o  abou t  700 my.

8 00- 600  my - The f i r s t  phase ( t h e  Kat angan e p i s o d e )  o f  t he  

P a n - A f r i c a n  o r o g e n y  o c c u r s  i n  t h i s  i n t e r v a l .  A more c o m p l i c a t e d  

APWP t han  t h a t  o f  Mc E l h i n n y  and M c Wi l l i a ms  (1977)  i s  r e q u i r e d  

t o  f i t  t he  da t a  i n  t h e  c o r r e c t  o r d e r .  The c o m p l i c a t i o n  a r i s e s  

f r om t h e  s i m i l a r i t y  o f  t he  650- 630  my APWP segment  w i t h  t h e  

C a mb r o - O r d o v i c i a n  segmen t ,  and f r om d i f f i c u l t y  i n  d e c i d i n g  

w h e t h e r  t h e  v a r i o u s  o v e r p r i n t  component s  r e s u l t  f r om t h e  

Katangan e p i s o d e  (and t h u s  s h o u l d  be i n c o r p o r a t e d  i n  t h i s  

segment )  o r  t h e  Damaran e p i s o d e  (and t h e r e f o r e  s h o u l d  be 

i n c o r p o r a t e d  i n  t h e  600 my - O r d o v i c i a n  s e g me n t ) .

At  a b ou t  7 50 - 650  my,  p o l e  p o s i t i o n s  f r om t h e  Mbozi  

compl ex  and Lower  B u a n j i  Group o f  t h e  Congo c r a t o n  (MBZ and 

LBG) a r e  i n  agr eement  w i t h  t h e  K a l a h a r i  PND p o l e  f r om t h e



TABLE 4 . 7  (A)

A f r i c a n  Pa 1a e owa gne 1 1c P o l « » ,  a n . 1 1 0 0 - 6 0 0  my

Symbol Rock U n i t
P ro b a b le
M a g n e t i z a t i o n
Age

Po le
P o s i t i o n dp ,dm Re fe rence

PUD P o t t  M a te rb e rg  d o l e r l t e t 1 I1S 65$ 231E 0 4 ,0 8 H c E lh ln n y  (1966 )

UDL Umkondo d o l e r l t e t  end l e v e l 1140 63$ 207E 0 4 ,0 8 Jone t  end H c E lh ln n y  ( 1966 )

AU A u borou t  F o rm e t lo n <1250 435 174E 0 7 ,13 P i p e r  (1975b )

KIS K1t 11 S e r l e t 7960 06S 168E 12,16 Brock  , t  a t .  (1972 )
OK O 'o k le p  I n t r u i l v e t 1070*20 16$ 1661 13,19 P i p e r ,  (1975b )
CG Chele  Group 1050-1 100 30$ 154E 13,20 Re id ( I n  K r f i n e r ,  1976)
NQ1 N o t l b  Group 28S 143E 11 .18 t h i s  s tu d y

BS Bukobe S e nd t tone <1200,>1000 40$ 137E 11 .21 P i p e r  (1972 )

AS A b e rc o rn  S e n d t to n e *9 4 0 *4 0 49$ 120E 0 8 ,16 P i p e r  (1975a )
IG lk o r o n g o  Group 35$ 084E 19 ,27 P i p e r  ( 1975a)
KK K l e i n  K e re t  dykes 878*41 20S 114E 18,35 P i p e r  (1975b )

KF K lg o n e ro  F l e g t >GL 12$ 093E 2 2 ,35 P i p e r  (1972 )

HO Hbele  d o l e r l t e t < AS 09N 100E 13,22 P i p e r  (1975a )

HS H e l e g e r e t l  S e n d t to n e >6L ,<BS 07N 112 E 13 ,26 P i p e r  ( 1972 )

BO Bukoben d o l e r l t e t 8 0 6 * 3 0 , <BS 118 101E 12 ,22 P i p e r  (1972 )

GL Gegwe l e v e t 8 1 3 * 3 0 , <BS,HS,KF 298 103E 0 8 ,14 P i p e r  (1972 )

HR Henyovu re d b e d t < 8 1 3 * 3 0 , <BS,HS,KF 248 USE 20,40 P i p e r  ( 1972 )

MBZ Mbozl complex 743*30 728 068E 0 9 ,19 P i p e r  (1975a )

LBG Lower BuenJI  Group 878 263E 0 5 ,09 P i p e r  (1975a )

PHO Pre-Neme d yke t 653*70 858 228E 21 .30 P i p e r  (1975b )

0C1 Chuos/He 1ebe rg  F o r m e t l o n 528 005E 2 3 ,40 t h i s  s tu d y
NTR Htonye Ring S t r u c t u r e 630*24 278 345E 01 .02 B r id e n  (1968)

KB N s t l b  G roup ,  B le u b e k e r  
F o rm e t lo n

<Nqi 608 024E 16,33 t h i s  s tu d y

NQ2 N o t l b  Group < HQ 1 518 033E 0 8 ,14 t h i s  s tu d y
N1 Lower  Neme Group 630 -640 628 061E 0 6 ,13 t h i s  s tu d y
SR S e be lo ke  Ring S t r u c t u r e <540 838 339E 0 8 ,1 5 B r id e n  (1973 )
DC2.3 C h u o s /H e le b e rg  F o r m e t l o n <DC1 558 224E 2 0 ,25 t h i s  s tu d y
ouv O u rz a z a te  V o l c e n l c t 578*15 308 237E 17* H a i lw ood  (1972 )
AT Amouslek T u f f t 7 « l 418 250E 10* H a ilw ood  (1972 )
N2 Upper Name Group P c / « . <81 058 271E 0 9 ,16 t h i s  s tu d y
OH Hulden Group 590-570 138 270E 11 .19 t h i s  s tu d y

NQ3 N o t l b  Group <HQ1 09N 29SE 07 ,13 t h i s  s tu d y
N3 Kama Group <N2 ,N1 07S 337E 13,16 t h i s  s tu d y

SJ S l j a r l r a  Group P c /« 028 3S2E 2 6 ,30 Reid ( 1968 )
KLH K l l p h e u v a l  F o rm a t io n Pc /« 168 316E 0 3 ,0 5 C ree r  (1973)
HI Hook I n t r u i l v e t 500*17 148 336E 29,43 Brock  (1967)

JRB J o r d a n ia n  re d b e d t « ( 7 « - 0 ) 378 323E 0 7 ,1 0 Burek (1969)

HL Horoccan  l a v a t 7€m 538 034E - H e ls le y  (1965 )

T U T a t t l l l  t e d lm e n t t G-0 538 026E - I l e e n a  (1971 )

HHS H a t1 - H e t t a u d  t e d l m e n t t « - 0 538 026E 0 5 ,06 Bucur  (1971 )

TH T ab le  H o u n ta ln  S e r i e s 0 50N 349E 0 3 ,05 Graham and Ha le s  (1961 )

AAR A n t i - A t l a s  r o cks 532*18 478 042E 09,11 Da ly  and Pozz l (1977 )

DP D o o rn p o o r t  F o rm a t io n 7550-500 22N 045E 0 7 ,1 0 P i p e r  (1975b)

* A g j  c i r c l e  o n l y



T a b l e  4 . 7  (B)

S u m m a r y  o f  n e w  l a t e  P r e c a m b r i a n  r e s u l t s  f r o m  s o u t h e r n  A f r i c a

S y m b o l R o c k
U n i t I n t e r p r e t a t i o n

NQ1 N o s i b  G r o u p p r i m a r y
DC 1 C h u o s / M a i e b e r g  F o r m a t i o n p r i m a r y
N B N o s i b  G r o u p ,  B l a u b e k e r s e c o n d a r y , K a t a n g a n
N Q 2 N o s i b  G r o u p s e c o n d a r y , K a t a n g a n
N 1 L o w e r  N a m a  G r o u p p r i m a r y
DC 2 C h u o s / M a i e b e r g  F o r m a t i o n s e c o n d a r y , Pc-G-
DC 3 C h u o s / M a i e b e r g  F o r m a t i o n s e c o n d a r y , Pc-G-
N2 U p p e r  N a m a  G r o u p p r i m a r y
DM M u l d e n  G r o u p p r i m a r y
N Q 3 N o s i b  G r o u p s e c o n d a r y , D a m a r a n
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Figure 4.18(A) : Proposed APWP segment for southern Africa, 1.1-0.7 by. 
Projection and APWP details as in Figure 2.27 or 3.9. Symbols as in 
Table 4.7. Open circles : Congo craton, closed circles : Kalahari 
craton, triangles : northern Africa.
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F igu re  4.18(B) : Continuation of 4.18(A) for the 0.8-0.6 by in terval.
Diamond: pole from Ntonya Ring Structure, Mozambique be lt.
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Figure 4.18(C) : Continuation of 4.18(B) for the 0.6 by - Ordovician
i n t e rv a l .
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Pre-Nama d yke s .  The SR p o l e  f r om t h e  Saba l oka  r i n g  s t r u c t u r e  

can a l s o  be i n c o r p o r a t e d  i n t o  t he  p o l e  pa t h  a t  t h i s  p o i n t ,  

a l t h o u g h  i t s  age o f  m a g n e t i z a t i o n  i s  i n  q u e s t i o n  and i s  o n l y  

known t o  be g r e a t e r  t han abou t  540 my ( q u o t ed  by Al mond,  1967)  

b u t  l e s s  t han basement  ages o f  a b o u t  900 my ( B r i d e n ,  1973 ) .

A g a i n ,  i f  t he  d o u b t a b l e  SR p o l e  i s  no t  i n c l u d e d  f r om t he  APWP 

a t  t h i s  p o i n t ,  t h e  ag r eement  between t h e  Congo and K a l a h a r i  

c r a t o n s  i s  u n a f f e c t e d .

A t i g h t  a n t i c l o c k w i s e  l o o p  i n  t h e  p o l e  pa t h  i s  

r e q u i r e d  t o  i n c o r p o r a t e  t h e  n e x t  5 p o l e s  i n  a p o s s i b l y  c o r r e c t  

sequence .  Po l es  NTR, DC1 and N1 p r o b a b l y  r e p r e s e n t  p r i m a r y  

m a g n e t i z a t i o n s  w i t h  e s t i m a t e d  ages o f  630^ 2 4 ,  (?)  640- 630  and 

63 0 - 6 2 0  my r e s p e c t i v e l y .  Po l es  NQ2 and NB p r o b a b l y  r e p r e s e n t  

m a g n e t i z a t i o n s  a c q u i r e d  a f t e r  e i t h e r  t h e  Kat angan o r  Damaran 

e p i s o d e s ,  however  t h e  p o s i t i v e  f o l d  t e s t  on t he  NQ2 component  

wou l d  t end  t o  s u g g e s t  a Kat angan { c a .  660- 610  my) age.  One 

p r o b l e m here i s  t h e  p r o x i m i t y  o f  t h e s e  p o l e s  t o  t h e  Cambro-  

O r d o v i c i a n  APWP. As an a l t e r n a t i v e ,  p o l e s  NTR t h r o u g h  NQ2 

(and p o s s i b l y  N l )  m i g h t  da t e  f r o m t he  Damaran e p i s o d e  and 

t h u s  m i g h t  n o t  be i n c o r p o r a t e d  i n  t h e  800- 600  my APWP. The 

f o l d  t e s t  on NQ2 and t he  f a c t  t h a t  ( ?)  Damaran o v e r p r i n t s  appear  

t o  be c l u s t e r e d  a r ound  a much d i f f e r e n t  segment  o f  t h e  600 my - 

O r d o v i c i a n  APWP t e n d  t o  r e f u t e  t h i s  a r g u me n t .

The su g ge s t ed  p o l e  p a t h  passes t h r o u g h  t h e s e  (?)

Kat angan s e c o n d a r y  p o l e s  f r o m bo t h  c r a t o n s ,  and c r o s s e s  back 

o v e r  i t s e l f .  The Saba l oka  SR p o l e  c o u l d  p o s s i b l y  be i n c o r p o r a t e d  

i n  t h i s  s e c t i o n  o f  t he  APWP, c o n s i d e r i n g  i t s  l o o s e  age c o n s t r a i n t s .  

600 my - Or do v i c i a n - A f t e r  c o m p l e t i n g  t h e  ca .  650 my l o o p ,  t he  

p r oposed  APWP passes t h r o u g h  t h e  p r o b a b l e  s e c o n d a r y  o v e r p r i n t  

p o l e s  DC2 and DC3, c o n t i n u i n g  t h r o u g h  t o  p o l e s  DM and N2 f r om
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e i t h e r  s i d e  o f  t h e  Damara M o b i l e  B e l t .  A l s o  i n c o r p o r a t e d  i n t o  

t h i s  APWP segment  a r e  t h e  p o l e s  f r om t h e  Ou r z a z a t e  V o l c a n i c s  

and Amous l ek  T u f f s  o f  Mor occo .  The Ou r z a z a t e  V o l c a n i c s  have 

r e c e n t l y  been d a t e d  a t  578+15 my ( J u e r y  e t  a l . 1 9 7 4 ) ;  t he  

Mul den Group p o l e  DM p r e d a t e s  a 526+15 my (Damaran)  e v e n t  and 

has a p r o b a b l e  age o f  abou t  590- 570  my. The pa t h  t hen  passes 

t h r o u g h  a number  o f  p r i m a r y  and s e c o n d a r y  p o l e s  p o s s i b l y  

a t t r i b u t a b l e  t o  t h e  Damaran e p i s o d e ,  t u r n i n g  n o r t h w a r d s  i n  a 

c l o c k w i s e  l oo p  s i m i l a r  t o  t h a t  p r oposed  by M c E l h i n n y  e t  a l .

( 1 9 7 4 ) ,  e n d i n g  i n  t h e  O r d o v i c i a n .  A VGP f r om one s i t e  (NTN) 

e x c l u d e d  f r om t he  Nt onya  r i n g  s t r u c t u r e  r e s u l t  l i e s  q u i t e  near  

t h e  p r oposed  p a t h .  In t he  o r i g i n a l  r e s u l t ,  B r i d e n  ( 1967)  

c o n c l u d e d  t h a t  t he  mean d i r e c t i o n  ( r e p r e s e n t e d  by p o l e  NTR) was 

p r i m a r y  i n  age and p o s t - m e t a m o r p h i c , i . e .  p o s t - K a t a n g a n . The 

d i s c o r d a n t  s i t e  c o u l d  p o s s i b l y  r e f l e c t  a y o u n g e r  ( ?)  Damaran 

r e - h e a t i n g ,  r a t h e r  t h a n  a s t r u c t u r a l  p r ob l em as o r i g i n a l l y  

s u g g e s t e d .

I t  i s  i m p o r t a n t  t o  emphas i ze  t h a t  a l t h o u g h  a p r e - 6 0 0  my 

age i s  f a v o u r e d  f o r  t h e  o v e r p r i n t  component s  i n t h e  l o o p  o f  t he  

800- 600  my APWP, i t  i s  p o s s i b l e  t h a t  t h e s e  p o l e s  c o u l d  p o s s i b l y  

r e p r e s e n t  a Damaran,  r a t h e r  t han  Kat angan r e h e a t i n g .  In t h i s  

c a s e ,  t he  ea.  650 - 630  my l o o p  wou l d  d i s a p p e a r  ( l e a v i n g  PND and 

N1 i n  an i n c o n s i s t e n t  r e l a t i v e  p o s i t i o n )  and t h e s e  p o l e s  woul d 

be i n c o r p o r a t e d  i n  an a l t e r n a t i v e  f o r m o f  t he  C a m b r o - O r d o v i c i a n  

segment  o f  t h e  APWP as i l l u s t r a t e d  i n  F i g u r e  4 . 1 9 .  The p r o x i m i t y  

o f  t h e  650- 630  my and l o w e r  P a l a e o z o i c  p o l e s  makes a d e f i n i t i v e  

i n t e r p r e t a t i o n  d i f f i c u l t ,  however  t h e  p a l a e o m a g n e t i c  and 

g e o c h r o n o l o g i c  e v i d e n c e  woul d t end  t o  f a v o u r  t he  a r r a n g e me n t  o f  

F i g u r e  4 . 1 8 .  The C a m b r o - O r d o v i c i a n  APWP i n  e i t h e r  case c o n n e c t s  

w i t h  t he  yo u ng e r  P h a n e r o z o i c  p o l e  pa t h  as r e p r e s e n t e d  by t he  open
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Figure 4.19 : Possible a l te rna t ive  to 4.18 (B & C); such an arrangement 
might be possible i f  some overpr ints are Damaran rather than Katangan 
(see tex t  fo r  d e ta i l s ) .
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t r i a n g l e s  o f  F i g u r e  4 . 1 8  and 4 . 1 9 .

The Damara M o b i l e  B e l t  - an e n s i a l i c  or  c o l l i s i o n a l  f e a t u r e ?

As d i s c u s s e d  above ,  a s i n g l e  APWP can be c o n s t r u c t e d  

wh i ch  i n c o r p o r a t e d  t he  p a l a e o m a g n e t i c  da t a  a v a i l a b l e  f r om t h e  

Congo and K a l a h a r i  c r a t o n s .  Po l es  f r om bo t h  s t r u c t u r a l  u n i t s  

a r e  i n  q u i t e  r e a s o n a b l e  ag r eement  a t  oa . 1050,  900,  650- 630  

and 600- 500  my,  a t i me  span wh i ch  encompasses bo t h  t h e  Kat angan 

and Damaran phases o f  P a n - A f r i c a n  o r o g e n e s i s  i n  s o u t h e r n  A f r i c a .

Mc E l h i n n y  and M c Wi l l i a ms  ( 1977)  p o i n t  o u t  t h a t  i f  

t he  Damara M o b i l e  B e l t  were a r e s u l t  o f  t e c t o n i c  p r o c e s s e s  

l i k e  t h o s e  p r e s e n t l y  o p e r a t i v e  on a g l o b a l  s c a l e  ( c r a t o n i c  

d i s p l a c e m e n t  w i t h  s u b s e q u e n t  c o l l i s i o n  and s u t u r i n g ) ,  APWPs 

f o r  each c r a t o n  wou l d  be e x p e c t e d  t o  be d i s s i m i l a r  bu t  c o n v e r g e n t  

up u n t i l  t h e  t i m e  o f  c o l l i s i o n ,  a f t e r  wh i ch  a common pa t h  woul d  

be a p p a r e n t .  T h i s  i s  c l e a r l y  n o t  t h e  case w i t h  r e s p e c t  t o  t h e  

A f r i c a n  p a l a e o m a g n e t i c  d a t a .  The o b v i o u s  c o n c l u s i o n  i s  t h a t  

t h e  Congo and K a l a h a r i  c r a t o n s  have m a i n t a i n e d  a p p r o x i m a t e l y  

t h e i r  p r e s e n t  r e l a t i v e  p o s i t i o n s  s i n c e  a t  l e a s t  1100 my. T h i s  

i m p l i e s  t h a t  t h e  Damara M o b i l e  B e l t  d i d  n o t  r e s u l t  f r om 

c r a t o n i c  c o l l i s i o n  f o l l o w i n g  l a r g e  s c a l e  d i s p l a c e m e n t .  However ,  

t h e  g e o m e t r i c  a r r a n g e me n t s  o f  p a l a e o m a g n e t i c  p o l e s  and p o s s i b l e  

c r a t o n i c  d i s p l a c e m e n t  ( E u l e r )  p o l e s  does n o t  p r e c l u d e  t h e  

c r e a t i o n  and d e s t r u c t i o n  o f  sma l l  i n t e r c r a t o n i c  oceans w i t h  

c o n c o m i t a n t  f o r m a t i o n  o f  s u t u r e - l i k e  s t r u c t u r e s .  T h i s  woul d be 

a much more r e s t r i c t e d  t e c t o n i c  f o r m compared t o  modern p l a t e  

t e c t o n i c s .  A d i r e c t  u n i f o r m i t a r i a n  a p p l i c a t i o n  o f  p l a t e  

t e c t o n i c s  t o  t h e  Damara M o b i l e  B e l t  i s  n o t  s u p p o r t e d  by t he  

p a l a e o m a g n e t i c  d a t a .
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C h a p t e r  5

La t e  P r e c a mb r i a n  pal  aeoni agnet i  sm o f  A u s t r a l i a  

and A f r i c a  : some i m p l i c a t i o n s

§5.1 On t he  e x i s t e n c e  o f  Gondwanal and i n  t he  La t e  P r e c a mb r i a n

Upon a d o p t i n g  a Mesozo i c  r e c o n s t r u c t i o n  ( such as 

t h a t  o f  Smi t h  and H a l l a m ,  1970)  t he  good agr eement  o f  m i d d l e  

and l a t e  P a l a e o z o i c  t o  Mesozo i c  p a l a e o m a g n e t i c  da t a  f r om 

A u s t r a l i a ,  A f r i c a ,  South A m e r i c a ,  I n d i a ,  A n t a r c t i c a  and 

Madagascar  ( o f .  M c E l h i n n y ,  1973)  has d e m o n s t r a t e d  t h a t  t he  

s u p e r c o n t i n e n t  Gondwanal and e x i s t e d  as a u n i t  f r om a t  l e a s t  

e a r l y  P a l a e o z o i c  t i me s  up u n t i l  i t s  d i s p e r s a l  i n  Mesozo i c  t i m e s .  

A common a p p a r e n t  p o l a r  wander  pa t h  can be c o n s t r u c t e d  i n  t h i s  

i n t e r v a l  f o r  a l l  t he  Gondwana c o n t i n e n t s  u t i l i z i n g  one o r  

a n o t h e r  o f  t he p o s s i b l e  r e c o n s t r u c t i o n s  a v a i l a b l e .  Each o f  

t h e  r e c o n s t r u c t i o n s  has a p a r t i c u l a r  p a l a e o g e o g r a p h i c a l  o r  

g e o l o g i c a l  a d v a n t a g e ;  a d o p t i o n  o f  a p a r t i c u l a r  r e c o n s t r u c t i o n  

g e n e r a l l y  r e s u l t s  i n  m i n o r  r e l a t i v e  a d j u s t m e n t s  o f  t he  

c o n t i n e n t s  and p a l a e o m a g n e t i c  p o l e s ,  b u t  t he g r oss  c o n f i g u r a t i o n  

o f  t he  s u p e r c o n t i n e n t  r ema i ns  unchanged.  The b r eakup  o f  

Gondwanal and i n  t he  l a t e r  Mesozo i c  i s  marked by t he  d i v e r g e n c e  

o f  APW pa t h s  f o r  each c o n t i n e n t  f r om a c o i n c i d e n t  pa t h  r e l a t i v e  

t o  a chosen r e c o n s t r u c t i o n .  Subsequen t  p l a t e  mo t i o n  and s e a 

f l o o r  s p r e a d i n g  has r e s u l t e d  i n  t he  p r e s e n t  d i s t r i b u t i o n  o f  t he  

c o n t i n e n t s .

Wh i l e  t he  e x i s t e n c e  and d i s p e r s a l  o f  Gondwanal and 

i n  one o r  a n o t h e r  o f  i t s  p o s s i b l e  P h a n e r o z o i c  r e c o n s t r u c t i o n s  

now appear s  t o  be beyond r e a s o n a b l e  d o u b t ,  i t s  o l d e r  h i s t o r y  

and t h a t  o f  o t h e r  c o n t i n e n t a l  r e c o n s t r u c t i o n s  has been t he  

s u b j e c t  o f  c o n s i d e r a b l e  d e b a t e .  The c o n c e p t  i n  q u e s t i o n  i s  t he
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r e l e v a n c e  to t he  e a r t h ' s  o l d e r  h i s t o r y  of  p l a t e  t e c t o n i c s  and 

c o n t i n e n t a l  d r i f t ,  mechani sms which f o r  a l mos t  c e r t a i n l y  t he  

l a s t  200 my have been r e s p o n s i b l e  f o r  t he  r e l a t i v e  d i s p l a c e m e n t ,  

c r e a t i o n ,  d e s t r u c t i o n  and m o d i f i c a t i o n  of  t he  e a r t h ' s  

l i t h o s p h e r e .  F u n d a me n t a l l y ,  t he  de ba t e  c e n t r e s  about  t he  

uni f o r m i t a r i a n  a p p l i c a t i o n  o f  p l a t e  t e c t o n i c s  to e x p l a i n  o l d e r  

g e o l o g i c  f e a t u r e s  w i t h i n  t he  p r e s e n t  c o n t i n e n t s .  As o u t l i n e d  

in Cha p t e r  1,  e s s e n t i a l l y  two d i a m e t r i c a l l y  opposed s c h o o l s  of  

t h o u g h t  p r e v a i l .  The u n i f o r m i t a r i a n  school  p r opos e s  t h a t  

p l a t e  t e c t o n i c s  has been t he  domi nant  t e c t o n i c  mechani sm on 

t he  e a r t h ' s  s u r f a c e  s i n c e  a t  l e a s t  Archaean t i me s ,  and t h a t  

g e o l o g i c  s t r u c t u r e s  such as mobi l e  ( o r o g e n i c )  b e l t s  bet ween 

and wi t h i n  p r e s e n t  day c r a t o n i c  a s s embl ages  ( c o n t i n e n t s )  a r e  

a d i r e c t  r e s u l t  of  t h e s e  mechani sms .  The o t h e r  s c h o o l ,  

' d y n a m i c ' ,  f o r  want  of  a b e t t e r  name,  p r opos e s  t h a t  t e c t o n i c  

mechani sms have g r a d u a l l y  e v o l v e d  t h r ough  g e o l o g i c  t i me ,  and 

t h a t  p r e s e n t  day p l a t e  t e c t o n i c s  may be onl y t he  most  r e c e n t  

t e c t o n i c  form t o have been d e v e l o p e d .  The d y n a mi c i s t s  would 

s u g g e s t  t h a t  t he  o l d e r  o r o g e n i c  domains bet ween c r a t o n s  were 

p o s s i b l y  formed i n  s i t u  and r e s u l t e d  from very d i f f e r e n t  

and not  wel l  u n d e r s t o o d  mechani sms .

I t  was t he  s t udy  of  p a l a eomagne t i s m which p r ov i de d  

c o n c l u s i v e  e v i d e n c e  of  r e l a t i v e  c o n t i n e n t a l  d i s p l a c e me n t  in 

t he  P h a n e r o z o i c ,  l e a d i n g  to t he  now wi de l y  a c c e p t e d  t h e o r i e s  

of  c o n t i n e n t a l  d r i f t  and p l a t e  t e c t o n i c s .  S i m i l a r l y ,  

pal  aeomagnet i sm w i l l  a l mos t  c e r t a i n l y  s uppl y  s o l u t i o n s  to t he  

pr obl em of  d e c i p h e r i n g  Pr e ca mbr i a n  g l oba l  t e c t o n i c  r e g i me s .

At p r e s e n t ,  good q u a l i t y  Pr e ca mbr i a n  p a l a e o ma g n e t i c  da t a  from 

most  c o n t i n e n t s  a r e  not  so numerous so as to make a b s o l u t e l y  

c o n f i d e n t  j udgment  about  t he  h i s t o r y  and p o s s i b l e  e v o l u t i o n  of
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c r u s t a l  d i s p l a c e me n t s  p o s s i b l e .  The p a l a e o ma g n e t i c  s t u d i e s  

d e s c r i b e d  in Cha p t e r s  2 , 3  and 4 in c o n j u n c t i o n  wi t h  p r e v i o u s l y  

p u b l i s h e d  da t a  a l l ow a number of  d e f i n i t i v e  s t a t e me n t s  

c o n c e r n i n g  t he  e x i s t e n c e  of  Gondwanaland in l a t e  Pr ecambr i an  

t i me s .  These s t a t e m e n t s ,  o u t l i n e d  below,  have d i r e c t  r e l e v a n c e  

t o onl y t he  c o n t i n e n t s  which made up Gondwanal and,  bu t  t he  

g e n e r a l  t e c t o n i c  p i c t u r e  has a more g l oba l  c o n t e x t .

Any i n t e r p r e t a t i o n  of  y o u n g e r  Pr ecambr i an  t e c t o n i c  

mechani sms based  upon p a l a e o ma g n e t i c  da t a  must  i n e v i t a b l y  be 

a t wo - s t a g e  p r o c e s s .  In t he  f i r s t  s t a g e ,  p a l a e o ma g n e t i c  

r e s u l t s  from each of  t he  o l d e r  c r a t o n i c  n u c l e i i  which make up 

each c o n t i n e n t  must  be c a r e f u l l y  compared t o d i s c o v e r  whe t he r  

or  no t  r e l a t i v e  movements bet ween c r a t o n s  have t aken  p l a c e .

I f  no s i g n i f i c a n t  movements have o c c u r r e d  or  i f  any movements 

whi ch oc cur  can be compensa t ed f o r ,  t he  second s t a g e  may be 

c o n s i d e r e d ,  in which t he  APVJP swat hes  f rom each c r a t o n i c  

a s s e mbl a ge  may be compared to t e s t  wh e t h e r  or  not  r e l a t i v e  

c o n t i n e n t a l  movements have o c c u r r e d .  The second s t a g e  i s  of  

c o u r s e  e x a c t l y  ana l ogous  to t he pa 1a eomagne t i c  s t udy  of  

P h a n e r o z o i c  p l a t e  t e c t o n i c s .

A number  of  wor ke r s  have r e c e n t l y  d i s c u s s e d  t he  

pr obl em of  t he  s t r u c t u r a l  i n t e g r i t y  of  Gondwanaland as i n t e r p r e t e d  

by p a l a e o ma g n e t i c  d a t a .  P i p e r  e t  a l .  (1973)  d i s c u s s e d  

p a l a e o ma g n e t i c  r e s u l t s  f rom t he  3 Af r i c a n  c r a t o n s ,  s u g g e s t i n g  

t h a t  t h e s e  u n i t s  had ma i n t a i n e d  a p p r o x i ma t e l y  t h e i r  p r e s e n t  

r e l a t i v e  p o s i t i o n  s i n c e  about  2. 2 by.  By compar i son wi t h  s p a r s e  

d a t a  from Sout h Amer i ca ,  t h e s e  a u t h o r s  p r oposed  t h a t  Af r i c a  

and South Amer i ca had r emai ned t o g e t h e r  as a s i n g l e  c o n t i n e n t a l  

mass u n t i l  t h e i r  Mesozoi c b r ea kup .  A f u r t h e r  s u g g e s t i o n  based 

upon p a l a e o ma g n e t i c  da t a  was t h a t  Nor t h Amer i ca may have been
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j o i n e d  to t he A f r i c a - S o u t h  Amer i ca c o n t i n e n t a l  assemblage u n t i l  

about  1.0 b y .

McEl h i nny  et al. (1974)  and McEl h i nny  and Embleton 

(1976)  d i scu ssed  A u s t r a l i a n  pa l aeomagne t i c  data i n  t he 

2500-400 my i n t e r v a l  and sugges t ed t h a t  Precambr i an and 

Pa l a e o z o i c  o r o g e n i c  b e l t s  w i t h i n  t h a t  c o n t i n e n t  d i d  not  r e s u l t  

f r om l a r g e  s c a l e  d i s p l a c e m e n t / c o l l i s i o n  mechanisms.  By 

compar i son w i t h  pa l aeomagne t i c  data f rom A f r i c a ,  South Amer i ca ,  

I n d i a  and A n t a r c t i c a ,  t hese au t ho r s  proposed a common 

Gondwanaland APWP s i nc e  at  l e a s t  750 my. I m p l i c i t  i n  such a 

common path was an in situ , r a t h e r  than c o l l i s i o n a l ,  o r i g i n  f o r  

t he wi desp r ead  ca. 500 my P a n - A f r i c a n  o r o g e n i c  b e l t s .

P i p e r  ( 1 9 7 6 ) ,  r e i n f o r c i n g  e a r l i e r  work ( P i p e r  et al. 

1974) ,  s u b s e q u e n t l y  sugges t ed t h a t  Precambr i an data f rom a l l  

c o n t i n e n t s  cou l d  be accommodated i n  a s i n g l e  APWP and proposed 

t h a t  t he b u l k  o f  t he Precambr i an c r a t o n i c  n u c l e i i  were assembled 

i n  a s i n g l e  s u p e r c o n t i n e n t  f rom at  l e a s t  2.0 by ( 2 . 7  by f o r  

Nor t h  Amer i ca and A f r i c a )  t o l a t e  Precambr i an t i me s .  Tak i ng  

the d i a m e t r i c a l l y  opposed v i ew,  Burke et al . (1976)  ana l ysed  

Precambr i an pa l aeomagne t i c  data and c o n s t r u c t e d  w i d e l y  

d i v e r g e n t  APW paths f o r  ' s u t u r e '  bounded c r a t o n i c  assembl ages.

They i n f e r  t h a t  t he data accord e q u a l l y  w i t h  a model  o f  l a r g e  

s c a l e  r e l a t i v e  movement  and c o l l i s i o n  or  w i t h  a f i x i s t ,  in situ 

model  o f  o r o g e n e s i s .  The oppos i ng views o f  P i pe r  (1976)  and 

o f  Burke et al . (1976)  h i g h l i g h t  the pr obl em o f  i n t e r p r e t i n g  

Precambr i an pal  aeomagnet  i sm : us i ng  ( p o t e n t i a l l y )  the same 

bank o f  pa l aeomagne t i c  d a t a ,  t he  r e s p e c t i v e  au t ho r s  reached 

c o m p l e t e l y  d i f f e r e n t  c o n c l u s i o n s .

The s t u d i e s  o u t l i n e d  i n Chapters  2 , 3  and 4 s i g n i f i c a n t l y  

i n c r e a s e  t he amount  o f  l a t e  Precambr i an pa l aeo mag ne t i c  i n f o r m a t i o n
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a v a i l a b l e  f r om Gondwana 1 and , w a r r a n t i n g  a r e - e x a m i n a t i o n  o f  

t h e  p r o b l e m o f  i t s  o l d e r  h i s t o r y .  A u s t r a l i a n  da t a  are 

summar i zed  i n  T a b l e s  2 . 1 1 ,  3 . 3  and 3 . 14  and A f r i c a n  da t a  i n  

T a b l e  4 . 7 .  Sparse  da t a  f r om I n d i a ,  A n t a r c t i c a  and South 

Ame r i c a  a re  l i s t e d  i n  T a b l e  5.1 and p l o t t e d  i n  F i g u r e  5.1 w i t h  

t h e  A f r i c a n  and A u s t r a l i a n  da t a  on a m o d i f i e d  S m i t h - H a l l a m  

r e c o n s t r u c t i o n .

The p r o po s e d  r i f t i n g  o f  a p r o t o - A u s t r a l i a n  p l a t e  

i n t o  3 s m a l l e r  s u b p l a t e s  ( § 3 . 5 )  must  be c o n s i d e r e d  when mak i ng  

a re c o n s t r u c t i o n  o f  Gondwanal and on t he  b a s i s  o f  p r e s e n t  

c o n t i n e n t a l  m o r p h o l o g y .  Wh i l e  t he  y o u n g e r  P a l a e o z o i c  and 

Me s o z o i c  p a l a e o m a g n e t i c  da t a  agree w e l l  on a S m i t h - H a l l a m  

r e c o n s t r u c t i o n  , i f  s u b p l a t e s  1 , 2  and 3 o f  F i g u r e  3 . 3 6  are 

r o t a t e d  back t o g e t h e r  as s u g g e s t e d ,  t h e  r e l a t i v e  p o s i t i o n s  o f  

A u s t r a l i a  and A n t a r c t i c a  on a f i t  o f  Gondwanal and mus t  be 

a l t e r e d .  Two p o s s i b i l i t i e s  are  a p p a r e n t  i f  such a r o t a t i o n  i s  

a d o p t e d .  The w e s t e r n  s u b p l a t e  ( 1 )  c o u l d  be r o t a t e d  t o  t he  

c e n t r a l  s u b p l a t e  ( 2 )  and t he  two t o g e t h e r  t hen  r o t a t e d  i n  a 

c l o c k w i s e  f a s h i o n  t o  t he  s o u t h e a s t e r n  b l o c k ,  w i t h  t h e  A u s t r a l i a  - 

A n t a r c t i c a  f i t  based upon t he  match between s u b p l a t e  ( 3 )  and 

t he  A n t a r c t i c  c o n t i n e n t a l  o u t l i n e .  A l t e r n a t i v e l y ,  t h e  

w e s t e r n  s u b p l a t e  ( 1 )  can be r e g a r d e d  as f i x e d  w i t h  r e s p e c t  

t o  A n t a r c t i c a  and s u b p l a t e s  ( 2 )  and ( 3 )  r o t a t e d  a n t i c l o c k w i s e  

t o  f i t  w i t h  s u b p l a t e  ( 1 ) .  The l a t t e r  p o s s i b i l i t y  appea r s  to 

be more f a v o u r a b l e ,  as t he  s c a t t e r  between l a t e  Cambr i an and 

e a r l y  O r d o v i c i a n  p a l a e o m a g n e t i c  da t a  f r om A u s t r a l i a  and t h e  

r e m a i n d e r  o f  Gondwanal and i s  m a r k e d l y  r educed  i n  t h i s  

r e c o n s t r u c t i o n .  As d i s c u s s e d  b e l o w ,  such a p r e - 5 0 0 - 4 5 0  my 

r e c o n s t r u c t i o n  i s  i n  a c c o r d  w i t h  t h e  p r oposed  P r e c a m b r i a n /  

P a l a e o z o i c  e v o l u t i o n  o f  A u s t r a l i a  and A n t a r c t i c a  s u g g e s t e d
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A U S T R A L IA  t T IN D IA  a 

A N T A R C T IC A

F ig u re  5.1 : Late Precambrian APWP for  the Gondwana continents. Inset 
shows generalized trend fo r  eastern and western assemblages. Dashed 
ovals enclose area of common path fo r  east and west Gondwanaland. 
Reconstruction of Smith and Hallam (1970) modified to include the 
subplate model discussed in Chapter 3. Equal-area pro ject ion,  radius 
115°. Symbols fo r  India, Antarct ica and South America l i s te d  in 
Table 5.1; African symbols as in Figure 4.18; Austral ian symbols 
as in Figure 3.36. Swathe width 15° at equator.



s o l e l y  on g e o l o g i c a l  gr ounds  and has p r o b a b l e  s i g n i f i c a n c e  

to t he  t e c t o n i c  h i s t o r y  of  Gondwanaland as a whol e .

I r r e s p e c t i v e  of  t he  A u s t r a l i a n  r e c o n s t r u c t i o n  used 

( unchanged S mi t h - Ha l 1 am, r o t a t e d  to s u b p l a t e  1,  or  to s u b p l a t e  

3,  t he  l a t e  Pr ecambr i an  APW pa t hs  of  Af r i c a  and A u s t r a l i a  a r e  

d i s t i n c t l y  d i f f e r e n t ,  c onve r g i ng  to form a s i n g l e  pa t h in 

( p r o b a b l y )  e a r l y  Cambrian t i mes  ( F i g u r e  5 . 1 ) .  The few I nd i an  

Pr ecambr i an  and e a r l y  Cambrian da t a  t end to s u g g e s t  t h a t  I nd i a  

and A u s t r a l i a  mi ght  have moved as a u n i t  s i n c e  a t  l e a s t  ^750 my 

however  no d e f i n i t i v e  c o n c l u s i o n s  can be made about  t he  l a t e  

Pr ecambr i an  p a l a e o p o s i t  i ons  of  South Amer i ca and A n t a r c t i c a .

The c o n v e r g e n t  pol e  pa t hs  s t r o n g l y  s u g g e s t  t h a t  Af r i c a  and 

A u s t r a l i a  ( + I n d i a ? )  were s e p a r a t e  e n t i t i e s  in t he  l a t e  

P r e c a mb r i a n ,  and t h a t  Gondwanaland as r e p r e s e n t e d  by Smi t h- Ha l l  

or  c l o s e l y  r e l a t e d  r e c o n s t r u c t i o n s  di d not  exi . s t  b e f o r e  about  

550 my. Thi s  c o n c l u s i o n  i s  in d i r e c t  o p p o s i t i o n  to t he  conce p t  

of  an i n t a c t  Gondwanaland in t he  l a t e  Pr ecambr i an  s u g g e s t e d  

by McElhinny e t  a l . ( 1 9 7 4 ) ,  McEl hi nny and Embleton (1976)  and 

P i p e r  ( 1976) .  I t  i s  i n s t r u c t i v e  t o r e c a l l  t h a t  onl y  3 

p a l a e o ma g n e t i c  r e s u l t s  were a v a i l a b l e  f o r  A u s t r a l i a  in t he  

1000 my - Cambrian i n t e r v a l  a t  t he  t i me t h e s e  e a r l i e r  

c o n c l u s i o n s  were r e a c h e d ,  and as d i s c u s s e d  in Chapt e r  2,  two of  

t h e s e  t h r e e  p r o b a b l y  do not  r e f l e c t  an o r i g i n a l  p r i mar y  

m a g n e t i z a t i o n .

The o b s e r v a t i o n  of  c o n v e r g e n t  pol e  pa t hs  d i s c u s s e d  

above has r e l e v a n c e  to t he  o r i g i n  of  t he  550-450 my Pa n - Af r i c a n  

o r o g e n i c  b e l t s  ( F i g u r e  5 . 2 ) .  I f  s e p a r a t e  e a s t e r n  and we s t e r n  

Gondwana b l oc ks  ( r e p r e s e n t e d  by Aus t r a 1 i a - 1ndi a  (?)  and Af r i c a  

in p a r t ,  r e s p e c t i v e l y )  di d i ndeed  c o l l i d e  in e a r l y  Cambrian 

t i me s ,  some of  t h e s e  b e l t s  may have d i r e c t l y  r e s u l t e d  from



PAN AFRICAN MOBILE BELTS

F ig u re  5 .2  : Pan-African mobile belts (s t ipp led) a f te r  McElhinny (1973)* 
isotopic ages range from 650 my to 450 my.



collisional (pi ate-tectonic) type mechanisms similar to those 
sug gest ed by Hurley (1972) or Burke and Dewey (1972). However, 
the p a l a e o m a g n e t i c  studies described in Chapter 4, in conjunction 
with published data, suggest that at least one of the Pan-African 
belts (the Damara mobile belt) did not originate from plate 
collision but probably from an in situ ensialic mec hani sm 
(Shackleton, 1969, 1973; Kroner, 1977a). This apparent 
con tradiction illustrates both the palaeomagnetic (mentioned 
above) and geological dilemma which has faced earth scientists 
att empting to interpret Precambrian tectonic mechanisms : in 
the case of some orogenic zones, evidence can be cited 
which strongly supports a collisional origin, while in others, 
ensiali c oro genesis is seen as dominant. Commonly an ensialic 
(or collisional) mec hani sm is indicated for a particular mobile 
belt or belts and an author then proceeds with a uniformitarian, 
inductive approach, concluding that all mobile belts of this 
age are therefore of ensialic (or collisional) origin. The 
int erpr etations presented in this work imply that str aigh tforward 
inductive reasoning may not be correct in assessing the earth's 
tectonic history.

The apparent paradox can be resolved by speculatively 
allowing both ensialic and collisional orogenesis to occur 
simulta neous ly, but at different places, during at least late 
Pro ter o z o i c  times. As sum marized by Hargraves (1976), the

j

earth's thermal history has been complicated, but a pattern 
of decreasing thermal flux is apparent. The dominant form of 
global tectonics at a given time might be expected to change 
in response to such heat flux changes, leading to an evolution 
of tectonic mechanisms. Archaean tectonics may therefore have 
been dominantly of a more mobile form, reflecting the relatively
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h i gh  heat  f l u x  and e l e v a t e d  c r u s t a l  t e m p e r a t u r e s ,  w h i l e  l ower  

t e mp e r a t u r e  Phaner ozo i c  t e c t o n i c s  was and c o n t i n u e s  to be 

domi nat ed by much more r i g i d  p l a t e  t e c t o n i c s .  The i n t e r v e n i n g  

P r o t e r o z o i c  eon may have been t he t r a n s i t i o n a l  p e r i o d  between 

d u c t i l e  and b r i t t l e  c r u s t a l  b e h a v i o u r ,  w i t h  the p a r t i c u l a r  

mode dependent  t o f i r s t  o r d e r  upon t e mp e r a t u r e  and s t r a i n  r a t e .

F i n a l l y ,  i t  i s  i n s t r u c t i v e  to c o n s i d e r  t he model  o f  

e v o l u t i o n  o f  t he  A u s t r a l i a n - A n t a r c t i c  p l a t f o r m  ( Ve e v e r s ,  1976;  

Veevers and Mc E l h i n n y ,  1976) i n  l i g h t  o f  t he o b s e r v a t i o n  o f  

c o n v e r g e n t  po l e  paths f o r  A f r i c a  and A u s t r a l i a .  These au t ho r s  

have adopted a m o d i f i e d  v e r s i o n  o f  t he H a r r i n g t o n  e t  a l . (1973)  

mode l ,  whi ch p o s t u l a t e s  a ma j o r  Cambr o- Or dov i c i an  s i n i s t r a l  

s t r i k e s l i p  movement  a l ong a f r a c t u r e  zone to t he south o f  

A u s t r a l i a .  Such movement i m p l i e s  a r e l a t i v e  movement o f  t he 

A u s t r a l i a n  and A n t a r c t i c  p l a t e s  as i l l u s t r a t e d  in F i g u r e  5 . 3 .  

The mechanisms whi ch produced t h i s  movement may have a l so  

caused t he f i s s i o n  o f  a p r o t o - A u s t r a l i a n  p l a t e  i n t o  3 s u b p l a t e s  

as suggest ed by pa l aeomagne t i c  data i n Chapt er  3,  w i t h  ma j o r  

a t t e n d a n t  v o l can i sm in the r i f t e d  zones.  Va r i ous  a u t h o r s  

have suggest ed t h a t  t he ca.  600-550 my v o l c a n i c  ep i sodes  

( i n c l u d i n g  the A n t r i m ,  Tab l e  Hi l l  and (?) Chambers B l u f f  v o l c a n i c s )  

are a t t r i b u t a b l e  to r i f t i n g  whi ch s u b s e q u e n t l y  produced t he 

younger  bas i ns  whi ch s e p a r a t e  s u b p l a t e s  ( H a r r i s ,  1973;  Laws 

and Kraus ,  1974) .  A l t hou gh  Veevers (1976)  and Veevers and 

McEl h i nny  (1976)  argued t h a t  t hese event s  may have oc c u r r e d  

w i t h i n  the f ramework  o f  an i n t a c t  Gondwanaland,  t he 

pa l a e o ma g n e t i c a l  1y suggest ed p l a t e  convergence i s  e n t i r e l y  

c o n s i s t e n t  w i t h  the h y p o t h e s i s ;  i ndeed t he e x i s t e n c e  o f  p l a t e  

t e c t o n i c  mechanisms at  about  t h i s  t i me would tend t o  make 

t he model  even more t e n a b l e .



ADELAIDE A N , pre - 600my ORDOVICIAN- early DEVONIAN

F ig u re  5.3 : Clockwise ro ta t ion  of Antarct ica with respect to Austra l ia 
as suggested by Veevers (1976) and Veevers and McElhinny (1976). The 
mechanisms causing such a movement may have also resulted in the r i f t i n g  
and fragmentation of a proto-Austra l ian shield.
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To s u mmar i z e ,  t h e  p a l a e o m a g n e t i c  r e s u l t s  d e s c r i b e d  

i n  Cha p t e r s  2 , 3  and 4 t o g e t h e r  w i t h  p u b l i s h e d  da t a  s u g g e s t  

t h a t  Gondwanal and d i d  n o t  e x i s t  b e f o r e  abou t  550 my ago,  and 

t h a t  some o f  t h e  550- 450  my P a n - A f r i c a n  o r o g e n i c  domai ns 

may have r e s u l t e d  f r om p l a t e  c o n v e r g e n c e  and c o l l i s i o n .  The 

good ag r eement  o f  p a l a e o m a g n e t i c  da t a  f r om t h e  Congo and 

K a l a h a r i  c r a t o n s  o f  s o u t h e r n  A f r i c a  i n d i c a t e s  however  t h a t  

t h e  Damara m o b i l e  b e l t  d i d  n o t  d i r e c t l y  r e s u l t  f r om p l a t e  

c o l l i s i o n  and i t  i s  t h e r e f o r e  c l e a r  t h a t  n o t  a l l  o f  t he  Pan-  

A f r i c a n  b e l t s  are o f  p l a t e  t e c t o n i c  o r i g i n .  Many o f  t he  

P r e c a mb r i a n  and e a r l y  P a l a e o z o i c  t e c t o n i c  and t h e r ma l  e v e n t s  

can pe r haps  be d i r e c t l y  o r  i n d i r e c t l y  r e l a t e d  to t h e  e a r l y  

Cambr i an f o r m a t i o n  o f  Gondwana l and ,  d u r i n g  wh i ch  t i me  bo t h  

p l a t e  t e c t o n i c  and e n s i a l i c  o r o g e n e s i s  may have o c c u r r e d .

Such a " h y b r i d "  t e c t o n i c  f o r m may be t h e  b e s t  e x p l a n a t i o n  f o r  

t he  a p p a r e n t  g e o l o g i c a l  and p a l a e o m a g n e t i c  par adox  wh i c h  

r e s u l t s  f r om u n i f o r m  a c c e p t a n c e  o f  o n l y  one o f  t h e  mechani sms 

a t  any one p o i n t  i n t h e  e a r t h ' s  e a r l i e r  h i s t o r y .

§5 . 2  P a l a e o l a t i t u d e  o f  l a t e  P r e c a mb r i a n  g l a c i a l  d e p o s i t s

H a r l a n d  (1964)  o r i g i n a l l y  advanced a h y p o t h e s i s  o f  

a g l o b a l l y  s y n c h r o n o u s  l a t e  P r e c a mb r i a n  r e f r i g e r a t i o n  t o  

e x p l a i n  t h e  w i d e s p r e a d  o c c u r r e n c e  o f  g l a c i a l  d e p o s i t s  

u n d e r l y i n g  Cambr i an s e d i me n t s  i n  many c o n t i n e n t s .  T h i s  e v e n t  

was t o  have been s eve r e  enough t o  have been r e s p o n s i b l e  f o r  

s i m u l t a n e o u s  d e p o s i t i o n  o f  g l a c i a l  and g l a c i a l l y  r e l a t e d  

s e d i me n t s  f r om p o l a r  t o e q u a t o r i a l  p a l a e o l a t i t u d e s , as 

compared t o  t h e  more l a t i t u d i n a l l y  r e s t r i c t e d  P h a n e r o z o i c  

g l a c i a t i o n s .  The o b v i o u s  p o t e n t i a l  o f  d e p o s i t s  so p r oduced  

as i n t r a -  and i n t e r c o n t i n e n t a l  c h r o n o s t r a t i g r a p h i c  ma r k e r
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h o r i z o n s  has prompt ed a g r e a t  deal  of  s t udy  and d e b a t e ,  t he  

s a l i e n t  p o i n t s  of  which a r e  r ev i ewed h e r e .

At t he  f undament a l  l e v e l ,  two oppos i ng  v i e wp o i n t s  

e x i s t .  On one s i d e  t h e r e  i s  t he  b e l i e f  t h a t  t he  ' t i l l i t e s 1 

and r e l a t e d  s e d i me n t s  a r e  i ndeed of  g l a c i a l  o r i g i n  ( e . g .  

Ha r l a n d ,  1964;  Young,  1 9 7 6 a , b ;  Kroner  and Rankama,  1973;  

Deynoux and Tr o mp e t t e ,  1976) .  The oppos i ng  m i n o r i t y  view 

( Scher mer hor n  1974,  1975,  1976) ho l ds  t h a t  t he  ' t i l l i t e s *  

were not  d i r e c t l y  formed by g l a c i a l  a c t i o n ,  but  r e s u l t e d  

from t e c t o n i c  or  s e c onda r y  g l a c i a l  mechani sms .  The p r o l i f i c  

t e r mi n o l o g y  a r i s i n g  from t h i s  d e b a t e  has been r ev i e wed  by 

Kr oner  and Rankama (1973)  and by Jago (1974a) .  I t  i s  not  

i n t e n d e d  to e n t e r  t he  f undament a l  a rgument  e xc e p t  to s t a t e  

t h a t  t he  bul k of  t he  e v i d e n c e  c e r t a i n l y  f a v o u r s  a g l a c i a l  

o r i g i n .

Having a c c e p t e d  l a t e  Pr ecambr i an  g l a c i a t i o n  as a 

p r o b a b l e  r e a l i t y ,  op i n i o n  i s  aga i n  d i v i d e d  r e g a r d i n g  t he  

mode of  o c c u r r e n c e  of  t h e s e  wi de s p r e a d  d e p o s i t s .  In t he  

o r i g i n a l  h y p o t h e s i s ,  Har l and  (1964)  c i t e d  p a l a e o ma g n e t i c  

e v i d e n c e  which s u g g e s t e d  a ve r y  low ( a v e r a g e  <10°)  d e p o s i t i o n a l  

p a l a e o l a t i t u d e  f o r  l a t e  Pr ecambr i an  g l a c i a l  d e p o s i t s  f rom 

S c a n d i n a v i a  and Gr e e n l a n d ,  i n f e r r i n g  t h a t  i ce  caps  e x i s t e d  

from hi gh down to ve r y  low l a t i t u d e s .  Thi s  view was adopt ed 

by Dunn e t  a l . ( 1 9 7 1 ) ,  who pr oposed  t h a t  t he  g l a c i a l  h o r i z o n s

be used as c h r o n o s t r a t i g r a p h i c  r e f e r e n c e  ma r k e r s .  Robe r t s  

(1976)  s u g g e s t e d  t h a t  such a synchr onous  g l oba l  e ven t  was 

p o s s i b l y  t r i g g e r e d  by a l o c k i n g  up of  C0  ̂ in d o l o mi t e s  which 

s t r a t i  g r a p h i c a l l y  p r ecede  g l a c i a l  s e d i me n t s  in some l o c a l i t i e s .

Crawford and Dai l y  (1971)  r e j e c t e d  t he  c o n c e p t  of  a 

s ynchr onous  g l oba l  e v e n t ,  a l t e r n a t i v e l y  s u g g e s t i n g  t h a t  t he
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l a t e  Precambr i an g l a c i a t i o n ,  l i k e  t he O r d o v i c i a n ,  Permian and 

P l e i s t o c e n e  e v e n t s ,  was e s s e n t i a l l y  a h i gh l a t i t u d e  c i r c u m p o l a r  

f e a t u r e .  The r e l a t i v e l y  smal l  p o l a r  area ensures t h a t  a smal l  

p r o p o r t i o n  o f  t he  s u r f a c e  i s  g l a c i a t e d ;  c o n t i n e n t s  would then 

be g l a c i a t e d  a t  d i f f e r e n t  t i mes  as t hey  d r i f t  i n t o  h i g h e r  

l a t i t u d e s .  As an a l t e r n a t i v e  to synchronous g l o b a l  and 

non synchronous c i r c u m p o l a r  g l a c i a t i o n ,  W i l l i a m s  ( 1 974,  1 975 ) 

has suggest ed t h a t  t he  o b l i q u i t y  o f  t he e a r t h ' s  e c l i p t i c  was 

much h i g h e r  (between a p p r o x i m a t e l y  5 4 ° - 12 6° )  d u r i n g  t he  l a t e  

Precambr i an g l a c i a t i o n ;  as a r e s u l t ,  c l i m a t i c  z o n a t i o n  would 

be r ev e r s e d  and g l a c i a l  s e d i m e n t a t i o n  would occur  o n l y  i n low 

to  moderate p a l a e o l a t i t u d e s .  In t h i s  model ,  n o n s y n c h r o n e i t y  

i s  t a c i t l y  assumed and c o n t i n e n t s  would be g l a c i a t e d  as t hey  

d r i f t  t h r oug h  t he  l ow,  r a t h e r  than hi gh p a l a e o l a t i t u d e  zone.

A synchronous g l a c i a t i o n  cou l d  be i nvoked i n t he  s p e c i a l  case 

where a l l  t he  c o n t i n e n t s  whi ch c o n t a i n  l a t e  Precambr i an t i l l i t e s  

were ar ranged i n l ow p a l a e o l a t i t u d e s .  In such a case ,  i t  

m i g h t  be d i f f i c u l t  t o  t e l l  t he  d i f f e r e n c e  between a ' dynami c  

o b l i q u i t y '  g l a c i a t i o n  and a synchronous g l o b a l  g l a c i a t i o n .

The pa l aeomagnet i c  consequences o f  t he t h r e e  models 

are v a s t l y  d i f f e r e n t  when c o n s i d e r e d  on a g l o b a l  s c a l e ,  as 

i l l u s t r a t e d  in F i g u r e  5 . 4 .  The synchronous g l o b a l  model  

would p r e d i c t  t h a t  pa l aeomagne t i c  data f rom g l a c i a l  d e p o s i t s  

on a l l  c o n t i n e n t s  would be d i s t r i b u t e d  t h r o u g h o u t  t he e n t i r e  

i n c l i n a t i o n  spec t r um,  and t h a t  c o i n c i d e n t  po l e  p o s i t i o n s  would 

be observed p r ov i de d  t h a t  t he  c o r r e c t  r e l a t i v e  p a l a e o g e o g r a p h i c a l  

r e c o n s t r u c t i o n  was known ( f o r  example a Gondwana o r  Pangaea 

r e c o n s t r u c t i o n ) .  The nonsynchronous c i r c u m p o l a r  model  would 

p r e d i c t  o n l y  hi gh i n c l i n a t i o n s  f rom t he g l a c i a l  d e p o s i t s ,  as 

i n t h i s  mode, c o n t i n e n t s  would be g l a c i a t e d  o n l y  i n  h i gh
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l a t i t u d e s .  Pole p o s i t i o n s  f rom d i f f e r e n t  c o n t i n e n t s  on a known 

r e c o n s t r u c t i o n  would be d i s s i m i l a r ,  r e f l e c t i n g  t he  d i f f e r i n g  

d e p o s i t i o n a l  ages.  The dynamic o b l i q u i t y  model  i s  i n v e r s e l y  

anal ogous to t he nonsynchronous c i r c u m p o l a r  model  i n  t h a t  t he 

r e v e r s e d  c l i m a t i c  z o n a t i o n  would p r e d i c t  o b s e r v a t i o n  o f  o n l y  

l ow to moderate i n c l i n a t i o n s  f rom the g l a c i a l  d e p o s i t s .  Aga i n ,  

po l e  p o s i t i o n s  would be d i s s i m i l a r ,  excep t  i n t he s p e c i a l  

case ment i oned above.

Much o f  t he  pa l aeomagne t i c  s p e c u l a t i o n  r e g a r d i n g  the 

t h r e e  models has been c e n t r e d  not  around p a l a e o l a t i t u d e  

i n f o r m a t i o n  d i r e c t l y  o b t a i n e d  f rom the g l a c i a l  d e p o s i t s  

t h e ms e l v e s ,  but  i n d i r e c t l y  i n f e r r e d  f rom v a r i o u s  proposed APW 

pa t hs .  P i pe r  (1973)  c o n s t r u c t e d  an APWP f o r  t he  900-500 my 

i n t e r v a l  whi ch suggest ed t h a t  A f r i c a  l a y  i n l ow p a l a e o l a t i t u d e s  

d u r i n g  a presumabl y  synchronous g l a c i a t i o n .  A l a t e r  a n a l y s i s  

by McEl h i nny  e t  a l . (1974)  r e s u l t e d  i n t he o p p o s i t e  c o n c l u s i o n ,  

t h a t  t he  APWP f o r  an i n t a c t  Gondwanaland r a p i d l y  passed ove r  

t he s u p e r c o n t i n e n t  d u r i n g  t he  i n t e r v a l  o f  g l a c i a t i o n ,  w i t h  

t i l l i t e s  d e p o s i t e d  n o ns y nc h r on ous l y  i n h i gh l a t i t u d e s  o n l y .

U n t i l  t he p r e s e n t  s t u d y ,  d i r e c t  pa l aeomagnet i c  s t u d i e s  

o f  l a t e  Precambr i an g l a c i a l  and r e l a t e d  sed i ments  were few.  

Har l and (1964)  suppor t ed  h i s  o r i g i n a l  h y p o t h e s i s  on low 

i n c l i n a t i o n s  f rom t i l l i t e s  f rom Norway and Greenl and ( Har l and  

and Bi dgood,  1959;  Bidgood and Ha r l a n d ,  1961) .  In r e t r o s p e c t ,  

H a r l a n d ' s  c o n c l u s i o n  appears t o  be r a t h e r  q u e s t i o n a b l y  f ounded ,  

c o n s i d e r i n g  t he  r e l i a b i l i t y  o f  t hese pa l aeomagnet i c  o b s e r v a t i o n s ,  

made b e f o r e  magne t i c  c l e a n i n g  t e c h n i q u e s  were r o u t i n e  p r ocedur e .  

T a r l i n g  (1974)  r e p o r t e d  l ow (<10° )  appar en t  p a l a e o l a t i t u d e s  

f rom l a t e  Precambr i an t i l l i t e s  f rom S c o t l a n d ,  and a l so  

demons t r a t ed  t he q u e s t i o n a b l e  r e l i a b i l i t y  o f  t he o r i g i n a l
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r e s u l t s  quot ed  by Har l and ( 1964) .  T a r l i n g ' s  r e s u l t  was in 

doubt  a l s o ,  as t he  sampl es  were t aken  from r e g i o n s  which 

had s u f f e r e d  low g r a de  met amorphi sm d ur i ng  a Ca l e don i a n  

o r o g e n i c  e v e n t .  However ,  Abouzakhm and T a r l i n g  (1975)  

showed in a s u b s e q u e n t  s t udy  t h a t  t he  h e a t i n g  di d not  a f f e c t  

t he  p r i mar y  remanence of  t h e s e  r o c k s ,  and t h a t  t he  o r i g i n a l  

c o n c l u s i o n  of  a low d e p o s i t i o n a l  p a l a e o l a t i t u d e  was s t i l l  

v a l i d .  Re c e n t l y  Mor r i s  (1977)  r e p o r t e d  a s t udy  of  t he  

g l a c i o g e n i c  upper  Ra p i t an  Group f rom t he  Nor t hwes t  T e r r i t o r i e s  

of  Canada;  d e t a i l e d  a n a l y s i s  r e v e a l e d  t h r e e  component s  of  

m a g n e t i z a t i o n ,  two of  which were r e g a r d e d  as bei ng p o s s i b l y  

of  l a t e  Pr ecambr i an  age.  Knowledge of  t he  r e l a t i v e  age of  

t h e s e  two component s  was c r i t i c a l  t o t h e  d e t e r m i n a t i o n  of  

d e p o s i t i o n a l  p a l a e o l a t i t u d e  of  t h e s e  r o c k s ;  t her mal  and 

chemi cal  d e ma g n e t i z a t i o n  e x p e r i me n t s  s u g g e s t e d  t h a t  t he  

p r i mar y  ( d e p o s i t i o n a l )  m a g n e t i z a t i o n  was a c q u i r e d  in low ( ^14°)  

p a l a e o l a t i t u d e s .

The p a l a e o ma g n e t i c  s t u d i e s  d e s c r i b e d  in Ch a p t e r s  2, 3 

and 4 s i m i l a r l y  i n d i c a t e  low p a l a e o l a t i t u d e s  l a t e  Pr ecambr i an  

g l a c i a l  s e quenc es  in A u s t r a l i a  and in s o u t h e r n  A f r i c a .

To g e t h e r  wi t h  t he  Nor t h Amer i can ,  European and Gr eenl and d a t a ,  

a domi nant  p i c t u r e  of  low l a t i t u d e  g l a c i a t i o n  emer ges ,  

e f f e c t i v e l y  e l i m i n a t i n g  t he  nonsynchr onous  c i r c u mp o l a r  model .  

Bef or e  making any f u r t h e r  c o n c l u s i o n s ,  i t  i s  i mp o r t a n t  to 

c o n s i d e r  aga i n  t he  p r e d i c t i o n s  i m p l i c i t  in each of  t h e  r ema i n i ng  

p o s s i b i l i t i e s  wi t h  r e s p e c t  to t he  d i s t r i b u t i o n  of  t he  sampl i ng 

s i t e s .

Taken a t  f a c e  v a l u e ,  t he  da t a  coul d  s u p p o r t  a low 

l a t i t u d e  onl y  g l a c i a t i o n  (i.e. t he  dynamic o b l i q u i t y  mode l ) .  

A l t e r n a t i v e l y ,  t he  da t a  coul d  be t ake n  to r e p r e s e n t  a non- random
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sampl i ng  o f  a broad spect rum o f  d e p o s i t i o n a l  p a l a e o l a t i t u d e s  

r e s u l t i n g  f rom a synchronous g l o b a l  eve n t .  Whi l e  t h i s  

p o s s i b i l i t y  may i n i t i a l l y  seem r emot e ,  i t  must  be remembered 

t h a t  t he  p r o b a b i l i t y  o f  r andoml y  s e l e c t i n g  an a r b i t r a r y  p o i n t  

on t he e a r t h ' s  s u r f a c e  whose l a t i t u d e  i s  6 0 ° ( 4 5 ° )  or  g r e a t e r  

i s  0 . 1 3 ( 0 . 2 9 ) .  A t h i r d  p o s s i b l e  e x p l a n a t i o n  i s  t h a t  e i t h e r  

synchronous g l o b a l  or  dynamic o b l i q u i t y  ( i t  would be ve r y  

d i f f i c u l t  to t e l l  wh i ch)  g l a c i a t i o n  oc c u r r e d  d u r i n g  a t i me  

when a l l  t he g l a c i a t e d  c o n t i n e n t s  were l y i n g  i n  l ow 

p a l a e o l a t i t u d e s . Th i s  i s  a c t u a l l y  an e x t e n s i o n  o f  t he  p r e v i o u s  

non- random sampl i ng  ar gument ;  t h i s  t i me t he sampl i ng would 

be r egar ded as u n i f o r m  but  no t  t he d i s t r i b u t i o n  o f  c o n t i n e n t s .  

Co n s i d e r i n g  t he p o s s i b l e  n o n - e x i s t e n c e  o f  Gondwanaland i n  the 

l a t e  Precambr i an as d i s c u s s e d  i n  §5 . 1 ,  such a s p e c i a l  

d i s t r i b u t i o n  i s  i ndeed p o s s i b l e .  A synchronous g l a c i a t i o n  i s  

i m p l i e d  i n t h i s  and the p r e v i o u s l y  d i scussed  p o s s i b i l i t y .

In devel opment  o f  t he dynamic o b l i q u i t y  model  o f  

g l a c i a t i o n ,  W i l l i a m s  (1975)  c i t e s  a number o f  g e o l o g i c a l  

arguments whi ch he f e e l s  s u p p o r t  t he concept  o f  pronounced 

c l i m a t i c  s e a s o n a l i t y  and t hus  a much h i g h e r  o b l i q u i t y  o f  t he 

e a r t h ' s  e c l i p t i c  i n t he l a t e  Precambr i an compared to the 

p r e s e n t  v a l u e .  The arguments are g e n e r a l l y  based upon 

a p p a r e n t l y  p a r a d o x i c a l  c o e x i s t i n g  war m/ co l d  p a l a e o c l i m a t o l o g i c a l  

i n d i c a t o r s  i n t he g l a c i a l  h o r i z o n s ;  f o r  example e v a p o r i t e s ,  

d o l o m i t e s ,  s t r o m a t o l i t e s  and i r o n  f o r m a t i o n s  found i n  i n t i m a t e  

a s s o c i a t i o n  above and w i t h  l a t e  Precambr i an g l a c i a l  sed i men t s .  

These c u r i o u s  a s s o c i a t i o n s  have a l so  been c i t e d  i n an a t t e m p t  

to r e f u t e  a g l a c i a l  o r i g i n  a l t o g e t h e r  ( e . g .  Scher mer hor n ,  1974,  

1976) .  As d i scussed  i n the f o l l o w i n g  p a r a g r a p h s ,  few o f  t he 

f e a t u r e s  n e c e s s a r i l y  s u p p o r t  t he concept  o f  an i n c r e a s e d
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o b l i q u i t y ,  a n d  m o s t  c a n  be e x p l a i n e d  at l e a s t  as c o n v i n c i n g l y  
w i t h o u t  i n v o k i n g  d r a m a t i c  c h a n g e s  in t h e  d y n a m i c s  o f  the 
e a r t h ' s  r o t a t i o n  a n d  o r b i t .
Evaporites: C o n s i d e r  a l a r g e ,  e x t e n s i v e l y  g l a c i a t e d  c o n t i n e n t
in l o w  p a l a e o l a t i t u d e s .  U p o n  d e g l a c i a t i o n ,  l a n d  a r e a s  b e l o w  
s e a  l e v e l  w i l l  be c o v e r e d  by s e a  w a t e r .  B e i n g  a m u c h  s l o w e r  
p r o c e s s  t h a n  d e g l a c i a t i o n ,  i s o s t a t i c  r e b o u n d  a n d  u p l i f t  w i l l  
s l o w l y  a n d  g r a d u a l l y  l o w e r  s e a  l e v e l  r e l a t i v e  to t h e  l a n d .  As 
t h e  s e a s  r e c e d e ,  s e a  w a t e r  m a y  b e c o m e  t r a p p e d  in r e l a t i v e l y  
s h a l l o w  i n l a n d  b a s i n s ,  at t h e  b o t t o m  o f  w h i c h  m o r a i n e - t y p e  
d e p o s i t s  m i g h t  h a v e  b e e n  d e p o s i t e d .  P r o v i d e d  t h a t  n e t  
e v a p o r a t i v e  c o n d i t i o n s  p r e v a i l  in t h e  b a s i n ,  e v a p o r i t e s  m i g h t  
be p r e c i p i t a t e d  o u t  o f  t h e  m o r e  c o n c e n t r a t e d  a n d  l a y e r e d  b r i n e  
s o l u t i o n  at a t i m e  w h e n  c o n c e n t r a t i o n  a n d  t e m p e r a t u r e  
c o n d i t i o n s  p e r m i t  ( S l o s s ,  1 9 6 9 ;  S c h m a l z ,  1 9 6 9 ) .  In t h i s  
m a n n e r ,  t h e  c o m m o n l y  r e p o r t e d  a s s o c i a t i o n  of t i l l i t e s  a n d  
e v a p o r i t e s  c o u l d  be c r e a t e d .

It is f u n d a m e n t a l  to n o t e  h o w e v e r  t h a t  s u c h  f e a t u r e s  
a r e  n o t  n e c e s s a r i l y  i n d i c a t i v e  o f  a w a r m  c l i m a t e .  F o r  e x a m p l e ,  
D o r t  a n d  D o r t  ( 1 9 7 0 )  r e v i e w  r e c e n t  e v a p o r i t e s  in A n t a r c t i c a  
f o r m e d  by t h e  p r o c e s s  o u t l i n e d  a b o v e .  F e r r a r  ( 1 9 0 5 )  n o t e d  
w e l l  f o r m e d  s o d i u m  s u l f a t e  d e p o s i t s  up to 45 cm t h i c k  a m o n g  
A n t a r c t i c  m o r a i n e s  d u r i n g  S c o t t ' s  f i r s t  e x p e d i t i o n ,  t e r m i n g  
t h e  o c c u r r e n c e s  " f r e a k s  o f  n a t u r e " .  W e l l m a n  a n d  W i l s o n  ( 1 9 6 3 )  
o b s e r v e d  l o n g  w i n d r o w s  o f  a c c u m u l a t e d  s a l t s  l y i n g  d i r e c t l y  on 
s e a  i c e  a n d  e s t i m a t e d  t h a t  as m u c h  as 1 0 6 t o n s  of t h i s  s a l t  
m i g h t  a c c u m u l a t e  on t h e  ice o f  M c M u r d o  S o u n d  e a c h  y e a r .  T h e  
o c c u r r e n c e  o f  e v a p o r i t e s  n e e d  n o t  n e c e s s a r i l y  be u n q u e s t i o n a b l y  
a s s u m e d  to r e f l e c t  w a r m  c l i m a t e .
Stromatolites : A g a i n  t h e  A n t a r c t i c  a n a l o g y  s e r v e s  to s h o w
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t h a t  t he  o c c u r r e n c e  of  s t r o m a t o l i t e s  does not  n e c e s s a r i l y  

r e f l e c t  warm c o n d i t i o n s .  The b l u e - g r e e n  a l g a e  which form 

s t r o m a t o l i t e s  a r e  known to e x i s t  in A n t a r c t i c a ,  and b e n t h o n i c  

a l g a l  mat s  occur  in L. Bonney ( 7 7 ° S) .  Al t hough i t  i s  no t  y e t  

c l e a r ,  a l l  t he  a v a i l a b l e  e v i d e n c e  s u g g e s t s  t h a t  c a r b o n a t e  

s t r o m a t o l i t e s  a r e  formi ng in t he  l a ke  ( Wa l t e r ,  p e r s .  comm.) .

At f i r s t  g l a n c e ,  t h e  o c c u r r e n c e  of  hi gh c o n c e n t r a t i o n s  of  

d i s s o l v e d  s a l t s  in t he  c o n f i n e d  b a s i n s  mi ght  be e x p e c t e d  

to be t o x i c  to a l g a l  l i f e ,  however  Weand e t  a l . (1976)  and 

Brock (1977)  have p o i n t e d  out  t h a t  b e s i d e s  t h e i r  ex t r eme 

t e mp e r a t u r e  a d a p t a b i l i t y  ( 0 ° - 7 0 ° ) ,  cyanophyt e s  and e u c a r y o t e s  

can e x i s t  under  t he  e x t r e me l y  i n h o s p i t a b l e  pH and s a l i n i t y  

c o n d i t i o n s  which would be p r e s e n t .

S e d i m e n t a r y  i r o n  f o r m a t i o n : Wi l l i ams  (1975)  a dop t s  t he  view

t h a t  t he  hi gh c o n c e n t r a t i o n  of  i r on  in l a t e  Pr ecambr i an  

t i l l i t e s  and r e l a t e d  i r on  f o r ma t i o n s  was d e r i v e d  f rom l a t e r i t i c  

we a t h e r i n g  and t h e i r  p r e s e n c e  t h e r e f o r e  i n d i c a t e s  warm c l i m a t e .  

Young ( 1976a)  has s u c c i n c t l y  summar i zed t he  s t a t u s  of  t he  

t h e o r y  of  s e d i me n t a r y  i r on  f o r ma t i o n  g e n e s i s :  " I r on  f o r ma t i o n s

have been t he  s u b j e c t  of  many pa pe r s  and have been i n t e r p r e t e d  

as p r o d u c t s  of  a l mos t  eve r y  c o n c e i v a b l e  d e p o s i t i o n a l  

e n v i r o n me n t " .  Cold c l i ma t e  a l t e r n a t i v e s  t o p r o d u c t i o n  of  an 

i r o n - r i c h  r e g o l i t h  in a warm c l i ma t e  mi ght  be an i n c r e a s e d  

s e a wa t e r  i r on  c o n t e n t  due e i t h e r  to l ower  a t mo s p h e r i c  02 c o n t e n t  

( Cl oud ,  1973) or  t o f r e e z i n g  of  s e a wa t e r  (Young,  1976a) .  As 

in t he  case  of  e v a p o r i t e s ,  t he  p r e s e n c e  of  i r o n - e n r i c h e d  

s e d i me n t s  i s  not  n e c e s s a r i l y  a r e l i a b l e  i n d i c a t o r  of  warm 

c l i ma t e .

L am in a e  i n  g l a c i a l l y  r e l a t e d  s e d i m e n t s  3 c r y o t u r b a t i o n  s t r u c t u r e s :

Laminae ( o f t e n  i n t e r p r e t e d  as v a r v e s )  a r e  commonly o bs e r ve d
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in late Precambrian glacial sequences and probably reflect 
seasonal changes in depositional conditions. Some glacial 
sequences also exhibit cryoturbation (freeze/thaw) structures 
which suggest seasonality. Consider again a glaciated continent 
in low pal aeol atitu des during a synchronous global event. The 
laminae and cryoturbation features would in fact be predicted; 
low latitude regions would be expected to have dramatic 
response to seasonal changes, not because of changes in local 
insolation, but in direct response to shifts in the small near- 
equatorial regions of warmer climate from one hemisphere to the 
other. The evidence for seasonality cited by Williams (1975) 
as supporting a higher obliquity could therefore equally 
support a synchronous global glaciation.
Dolomite in the glacial environment: The coexistence of
dolomites with tillites remains problematic. Some dolomites 
could form by the method outlined above for evaporite deposition, 
i .e . concentration of dissolved Ca and Mg to a precipitation 
point in a layered, closed basin, or alternatively by the 
locking up of great quantities of fresh water in continental 
ice sheets. However, the consensus regarding dolomite formation 
is that temperatures greater than 20° are required; the 
presence of glacial dropstones within dolomites would seem to 
be contradictory. Kroner's (1977) observation that in Africa 
(and Australia), carbonates generally postdate rather than 
predate glacial rocks might again be what would be expected 
during and just after a global event in low latitudes with the 
earth's obliquity at its present value. Consider once more 
the glaciated continent at low latitudes. Following deglaciation, 
an overall warming could result in carbonate deposition in the 
lower latitudes, conformably above the glacial sediments.
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Dropstones in t he  o v e r l y i n g  ca r bona t es  cou l d  r e f l e c t  a r e t u r n  

to g l a c i a l  c o n d i t i o n s ,  a l t h o u g h  t h i s  i s  c e r t a i n l y  q u e s t i o n a b l e .

The purpose o f  t he p r eced i ng  paragraphs  has been to 

suggest  t h a t  a ma j o r  change i n o b l i q u i t y  o f  t he  e a r t h ' s  e c l i p t i c  

i s  no t  necessar y  t o  e x p l a i n  many o f  t he g e o l o g i c a l  f e a t u r e s  

and p a l a e o l a t i t u d e  o f  l a t e  Pre Cambr ian g l a c i a l  sed i men t s .  The 

h y p o t h e s i s  o f  a synchronous  g l o b a l  g l a c i a t i o n  s i m i l a r  to t h a t  

f i r s t  suggest ed by Har l and (1964)  i s  v i ewed as e q u a l l y  t e n a b l e .

At t h i s  s t a g e ,  t he d e c i s i o n  between t he two p o s s i b l e  mechanisms 

r e s t s  f u n d a m e n t a l l y  upon whi ch ' s p e c i a l '  c o n d i t i o n  i s  r egar ded  

as l ess  a c c e p t a b l e :  changi ng o b l i q u i t y  or  a l a t e  Precambr i an

e q u a t o r i a l  a r r angement  o f  t he  c o n t i n e n t s  f o r  whi ch pa l aeomagne t i c  

data are a v a i l a b l e .  A l t hou gh  the probl em i s  not  d i scussed  h e r e ,  

a ma j o r  change i n o b l i q u i t y  does r e q u i r e  s e r i o u s  dynamic 

c o n s i d e r a t i o n s  c e n t r e d  around mechanisms o f  c o n s e r v a t i o n  and 

t r a n s f e r r a l  o f  a n g u l a r  momentum. Co n s i d e r i n g  t he f a c t  t h a t  

Gondwanaland may no t  have e x i s t e d  i n the l a t e  Pr ecambr i an ,  

t he l a t t e r  p o s s i b i l i t y  o f  a synchronous g l o b a l  g l a c i a t i o n  

appears to be t he b e t t e r  c h o i c e .
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APPENDIX A 

SITE LOCATIONS

ROCK UNIT SITE(S) LATITUDE(S) LONGITUDE U)

Wooltana Volcanic 1-20 30 22.1 139 26.7
21-24 30 19.4 139 27.7

Copley Quartzite 1 30 35.7 138 20.8
2 30 18.0 139 26.4
3-7 30 26.9 138 12.7

Merinjina Tillite 1,2,18-21 30 18.4 139 24.3
3,4 30 27.2 139 23.8
5-11 30 21.8 139 25.3

Tapley Hill Formation
12-17 
4,6,7 B

30 21.2 139 25.1

(samples ) 8-12 30 20.9 139 24.0
27 30 27.0 139 23.3

28,31,32 30 39.5 138 30.1
Angepena Formation 1-5 30 32.0 139 18.9
Yerelina Subgroup 1-5 30 06.1 139 09.6

6,7 30 06.5 139 10.4
8-10 30 13.1 139 11.3
11-17 30 14.3 138 54.6

Brachina Formation 1-4 30 44.0 138 25.0
5,6 30 32.2 138 46.8
7,8 30 32.7 138 36.7
9,10 30 07.6 138 31. 3
11,12 30 51.5 139 16.5
13,14 30 51. 5 139 15.7

Bunyeroo Formation 4-6 31 20.1 138 35.0
7-9 30 51.7 139 12.6
10,11 31 26.4 138 32 . 9

12 31 33.1 138 38.4
Pound Quartzite 3-5 31 20.0 138 33.0

6,7 31 31.6 138 35.1
Areyonga Formation 1-10 23 46.9 133 03.8

11,12 23 50.2 135 15.8
Pertatataka Formation 1-4 23 50.3 135 16.1

5-15 23 52.9 135 20.7
16 24 02.9 135 05.8
17 24 03.6 135 06.1

Estaughs Formation 1-6 17 06.0 125 38.1
Egan Formation 

(samples)
1-15 18 43.9 126 38.8



156

ROCK UNIT QTTF, 0  LATITUDE(S) LONGITUDE (E)  
1 D M D M

Lubbock F o r m a t i o n 1 18 44. 1 126 40 . 7
2 18 46. 8 126 52. 0
4 18 36. 6 126 53. 6

Tean F o r m a t i o n 1-4 18 44 . 1 126 46 . 3
( s a m p l e s ) 5 - 8 18 46. 8 126 52. 0

Ra n f o r d F o r m a t i o n 7 - 12 17 o r\D 7 128 28. 9
( s a m p l e s )

Mt B i r n i e  D o l o m i t e 1-6 21 16. 3 139 56. 3

D e v o n c o u r t  L i m e s t o n e 1-4 21 20. 9 140 00. 7
5 21 22. 3 140 02. 2

C o t t o n s B r e c c i a 1-6 40 00. 2 144 09. 8
7- 12 40 02 . 0 144 09. 1

13- 15 40 00. 9 144 09. 4

C o t t o n s V o 1 c a n i c s 1-6 40 00. 2 144 09. 8
7- 9 40 00. 9 144 09. 4

Nama Gr oup :
F i s h R i v e r  Su b g r o u p N FA 24 49. 9 17 00. 4

NFB 24 49. 6 17 02. 1
NFC 25 18. 2 16 54. 5
NFD 26 47. 7 17 24. 3
NFE 26 46. 9 17 33. 0
NFF 26 46. 9 17 33. 6
NFG 26 45 0 17 40 0
NFH 26 45 4 17 41 4
NFI 26 45 7 17 43 2
NFK 26 47 5 17 47 0
NFL 26 44 7 17 45 4

Nama Gr oup :
S c h w a r z r a n d  S u b g r o u p NS A 24 50 7 16 48 .6

NSB 24 49 1 16 33 1
NSC 25 18 9 16 52 . 8
NSD 25 18 9 16 52 9
NSE 26 04 0 17 01 5
NS F 26 29 6 17 13 .6
NSG 26 29 .3 17 13 6
NSH 26 29 1 17 15 2
NS I 26 42 . 9 17 14 . 4
NS K 26 45 . 4 17 14 . 1
NS L 26 46 . 5 17 15 . 8
NSM 26 47 . 3 17 17 . 5
NSN 26 51 . 2 17 20 . 9
NSO 26 51 . 5 17 20 . 8
NS P 26 48 . 3 17 23 . 8
NSQ 27 24 . 3 17 56 . 8
NS R 27 24 . 3 17 56 . 9
NS S 27 25 . 7 17 57 . 0
NST 27 27 . 5 17 55 . 4
NS U 27 30 . 8 17 49 . 6
NS V 27 30 . 7 17 49 . 5
NSW 27 08 . 0 18 12 . 1
NS X 27 08 . 5 18 10 . 5
NS Y 27 10 . 9 18 37 . 5
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ROCK UNITS S I TE( S )  LAdTITUDE(^ LONGITUDE
D

Nama Gr oup :
Kuibis S u b g r o u p NKA 26 5 8 . 0 18

Damara S u p e r g r o u p :
Mul den Group DMA , B , C 19 1 3 . 7 15

DMD, E , F 19 1 6 . 4 14
DMG 19 1 5 . 9 14
DMH 19 2 0 . 0 15

Damara S u p e r g r o u p :
Chuos  F o r m a t i o n DCA, B , C 18 4 0 . 0 14

DCD 18 3 9 . 5 14
DC E 18 2 9 . 8 13
DCF 18 0 7 . 7 13
DCG 19 0 5 . 9 14
DCH 19 0 5 . 1 14

Damara S u p e r g r o u p :
Tsumeb S u b g r o u p DTA 18 0 7 . 7 13

DTB 19 0 5 . 1 14

Damara S u p e r g r o u p :
Nos i b  Group Q u a r t z i t e s DNA , B , C 17 2 5 . 1 14

DND 17 2 5 . 1 14
DNE 19 0 2 . 1 14
DN F 19 0 9 . 5 14

No s i b  Gr oup :
B l a u b e k e r  F o r m a t i o n NBA , B , C 23 5 4 . 0 16

NBD 23 5 5 . 0 16
NBE , F , G 23 5 4 . 0 16

NBH 23 5 4 . 3 16

(E)
M

4 5 . 1

0 5 . 5
5 7 . 5
5 7 . 6  
0 1 . 3

0 0 . 7
0 1 . 3
5 5 . 0  
5 2 . 8
3 1 . 0  
3 0 . 5

5 2 . 8
3 0 . 5

1 8 . 5
1 8 . 5  
2 2 . 1 
3 2 . 4

2 9 . 0  
2 8 . 3
2 9 . 0  
29.  1
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APPENDIX B

An e x p l a n a t i o n  of  t he  two sys t ems  employed in 

p r e s e n t i n g  d e ma g n e t i z a t i o n  da t a  f o r  t h e r ma l ,  a l t e r n a t i n g  f i e l d  

and chemi cal  d e ma g n e t i z a t i o n  e x p e r i me n t s .  Ref er  to § 1 . 2 . 4  f o r

m a g n e t i z a t i o n  v e c t o r  n o t a t i o n ,  

a r e  a lways  p l o t t e d  wi t h r e s p e c t  

d e ma g n e t i z a t i o n  p l o t s .

B. l  S t e r e o g r a p h i c  p r o j e c t i o n s

B R 2 1 / 2 A —0
o

2 0 . 0 0  4 0 . 00
T C E N T  * 1 0

6 0 . 0 0

T C E N T

Ma g n e t i z a t i o n  v e c t o r  d i r e c t i o n s  

to p r e s e n t  h o r i z o n t a l  in

and nor ma l i z e d  i n t e n s i t y  p l o t s .



K E Y

iby

1. S p e c i m e n  i d e n t i f i c a t i o n .
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d e m a g n e t i z a t i o n ,  c h e m i c a l  r e s i s t a n c e  s p e c t r u m  v a l u e s  
( A J / A t ) ^  a r e  p l o t t e d .

3. D e m a g n e t i z a t i o n  t r e a t m e n t  : t e m p e r a t u r e  ( ° C ) , p e a k  AF 
i n t e n s i t y  ( m T e s l a ) ,  t i m e  in a c i d  b a t h  ( h o u r s ) .

4. N o r m a l i z e d  i n t e n s i t y  : v a l u e s  o f  t h e  r a t i o  |3 ( A ) |/ | J ( 0 ) | 
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6. E q u a l  a n g l e  ( s t e r e o g r a p h i c )  p r o j e c t i o n  o f  o b s e r v e d  v e c t o r  
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C o n v e n t i o n s  as in (5) a b o v e .  I n i t i a l  N R M  d i r e c t i o n  J ( 0 )  
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v e c t o r  on t he  v e r t i c a l  p l a n e ;  l o w e r  case l e t t e r s  above r e f e r  t o  

t he  h o r i z o n t a l  p l a n e .

The number  i m m e d i a t e l y  f o l l o w i n g  t h e  p l a n e  i d e n t i f i c a t i o n  

l e t t e r  i s  a s c a l i n g  f a c t o r .  When m u l t i p l i e d  by 4 . 0  t h i s  f a c t o r  

e x p r e s s e s  t h e  t o t a l  l e n g t h  o f  e i t h e r  o f  t h e  axes i n  mAm  ̂ ; t h u s  

a s c a l i n g  f a c t o r  o f  0 . 05  i n d i c a t e s  t h a t  t h e  f u l l  a x i s  l e n g t h  

r e p r e s e n t s  a m a g n e t i z a t i o n  i n t e n s i t y  o f  0 . 2  mAm "* .

3.  V e r t i c a l  a x i s  f o r  v e r t i c a l  p l a n e  p r o j e c t i o n ;  n o r t h - s o u t h  

a x i s  f o r  h o r i z o n t a l  p l a n e  p r o j e c t i o n .

4.  E a s t - w e s t  a x i s  f o r  h o r i z o n t a l  p l a n e  p r o j e c t i o n ;  n o r t h - s o u t h  

( e a s t - w e s t )  a x i s  f o r  n o r t h - s o u t h  ( e a s t - w e s t )  v e r t i c a l  p l a n e  

p r o j e c t i o n .
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5. P r o j e c t i o n  of  e n d p o i n t  of  m a g n e t i z a t i o n  v e c t o r  upon t h e  
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6.  P r o j e c t i o n  of  e n d p o i n t  of  ma g n e t i z a t i o n  v e c t o r  upon t he  
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Endpoi n t  of  i n i t i a l  NRM v e c t o r  i n d i c a t e d  by N.
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A BSTRACT

M cE lhinny, M.W. and McW illiams, M.O., 1977. P recam brian  geodynam ics — a palaeom ag- 
netic  view. In : M.W. M cE lhinny (ed ito r) , T he Past D istribu tion  o f C on tinen ts. T ec to 
nophysics, 40 : 137—159.

T he prob lem  o f  th e  origin o f th e  m ajo r P recam brian  orogenic belts p resen tly  located  
w ith in  co n tin en ts  is exam ined using palaeom agnetic  da ta  fo r A frica, A ustralia and N orth  
A m erica. F o r th e  period  23 0 0 —1900 m .y. da ta  from  the  W est A frican and Kaapvaal era- 
to n s fo rm  a co h eren t set w ith  poles o f  sim ilar age from  each c ra to n  falling consisten tly  on a 
com bined  ap p aren t po lar w ander p a th  con stru c ted  fo r th is tim e interval. F o r th e  interval 
1100—700 m .y. da ta  from  th e  K alahari and Congo cra tons likewise form  a co h eren t set. 
The consistency  o f  th e  data  strongly  suggests th a t these cra to n s w ere n o t previously 
w idely separated  and  then  converged to  form  th e  Pan A frican and o lder o rogenic belts  o f 
A frica. New iso top ic  in fo rm ation  drastica lly  alters th e  shape o f  th e  A frican apparen t 
po lar w ander p a th  in th e  tim e interval 1250—1050 m .y. T he evidence fo r a P recam brian  
su p erco n tin en t based on th e  m atch ing  o f  th is section  o f th e  p a th  w ith  th e  Logan L oop  
o f  N orth  A m erica is no longer tenable .

D ata from  A ustralia  fo r th e  tim e-in terval 2500—1100 m .y. also form  a co h eren t set 
irrespective o f  the  c ra to n  from  w hich th ey  w ere derived. This consistency  again suggests 
th a t th e  O ph thalm ian , M usgrave and A lbany—F razer belts did n o t arise from  th e  conver- 
gency o f  w idely separated  cratons. The extensive da ta  from  N o rth  A m erica likew ise form  
a co h eren t set in th e  tim e-in terval 2 6 0 0 —1400 m .y. using da ta  from  th e  Superior, C hur
chill, N ain, B ear and Slave Provinces and from  th e  B ear-T ooth  up lift o f  W yom ing and 
M ontana. T he H udsonian o rogeny  can n o t th ere fo re  be th e  resu lt o f  plate  convergence in 
agreem ent w ith  th a t  found  fo r th e  belts  on  o th e r con tinen ts . R esu lts from  th e  Grenville 
Province are show n to  have been derived during a period  o f  post-orogenic u p lift and coo l
ing and can be re la ted  to  th e rm o ch ro n s deduced  from  K—Ar dating  o f  G renville rocks. 
T he ap p aren t po lar w ander p a th  in th e  interval 1100—700 m .y. derived from  these results 
show s an ex tension  o f  th e  Logan L oop  in to  a G renville Loop. In d ep en d en t confirm a tion  
o f th is ex tension  is seen in prelim inary  results rep o rted  from  th e  G rand C anyon sequence.

Palaeom agnetic data  p reclude p la te -tec ton ic  m odels involving th e  convergence o f p revi
ously w idely separated  cra to n s to  exp lain  all o f  the  P recam brian  orogenic belts exam ined. 
U ncerta in ties and in heren t e rro rs associated w ith  th e  da ta  do n o t, how ever, exclude m o d 
els involving th e  opening and  closing o f small (5 0 0 —1000 km ) in te rc ra to n ic  oceans. The 
requ irem en t, how ever, is th a t these oceans m ust alw ays open  and  close so as to  re tu rn  th e  
cra tons to  th e ir sam e relative positions. P recam brian  te c to n ic  m echanism s th u s can n o t 
have been th e  sam e as p resen t-day  p la te  tec ton ics . P late tec to n ics  as seen in th e  Phaner-
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ozoic m ay th ere fo re  have evolved gradually  from  a m ore prim itive form  opera ting  during 
the Precam brian.

IN TRO D U C TIO N

Twenty years have passed since it was first seriously argued from palaeo- 
magnetic data that the apparent polar wander paths for various continents 
differed in a systematic way (Runcorn, 1956; Irving, 1956) and that conti
nental drift must have occurred at least during the Phanerozoic. Ten years 
passed before the theory of plate tectonics emerged as the geotectonic 
framework within which these horizontal displacements of the earth’s crust 
could so readily be fitted (McKenzie and Parker, 1967; Morgan, 1968; Le 
Pichon, 1968). The general geological consequences have since been enumer
ated (Dewey and Bird, 1970a,b) and the theory has been widely and success
fully applied to the interpretation of Phanerozoic orogenic belts such as the 
Appalachian—Caledonian belts (Dewey, 1969) and the Uralides (Hamilton, 
1970). The introduction of the now widely used magnetic and thermal clean
ing techniques (As and Zijderveld, 1958; Irving et al., 1961) to palaeomag- 
netic studies led to the rapid accumulation of data of good quality from 
many different parts of the world. These results have demonstrated that the 
geological interpretation of Phanerozoic orogenic belts in terms of plate- 
tectonic theory is essentially correct (McElhinny, 1973).

In spite of the successful application of plate-tectonic theory to Phanero
zoic geology there has been a widespread feeling among those who study Pre
cambrian geology that the nature of geological activity has changed during 
the earth’s history (e.g. Sutton and Watson, 1974). For example, much con
troversy has centred about the older orogenic domains of Africa, which have 
been variously interpreted as having been formed either by internal deforma
tion (ensialic belts; Clifford, 1968) or as marking the sites of continental col
lision in a plate-tectonic model (Burke and Dewey, 1972). The earliest appar
ent polar wander paths for North America (Du Bois, 1962) and Africa 
(McElhinny et al., 1968) both showed that relative motion between present 
continental blocks and the pole occurred throughout the Precambrian at 
least as far back as 2700 million years ago. In the past decade therefore, 
much activity has been concentrated on determining the pattern of these 
paths in relation to the distribution of ancient orogenic belts. Even so, the 
number of Precambrian palaeomagnetic results covering the 2700—600 m.y. 
interval is only about 200 compared with about 1500 for the past 600 m.y. 
(Briden, 1976).

The state of the art in Precambrian palaeomagnetism is thus not unlike 
that of 20 years ago with respect to Phanerozoic studies, when the first sys
tematic differences between apparent polar wander paths could be seen. Just 
as those first Phanerozoic paths provided fundamental evidence relating to 
tectonics in the last 600 m.y., so too are the new Precambrian paths provid-
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ing clues as to the nature of Precambrian tectonics. In this paper, we review 
palaeomagnetic results from the Precambrian of Africa, Australia and North 
America insofar as they relate to the origin of some of the major orogenic 
belts in those continents.

REPRESENTATION OF PRECAMBRIAN POLE PATHS

When considering Phanerozoic palaeomagnetic data, it is common to be 
able to assign results to a particular subdivision of a geological period either 
from stratigraphic evidence and fossil control or from radiometric dating. 
The accumulation of results from a single continental block for each of these 
periods enables overall means to be calculated period by period or subdivi
sion. Whereas there may be some internal scatter of the order 10—15° 
between results from the same period for a particular block, the period 
means themselves can be determined with high precision and relatively small 
errors. The resulting pole paths can in many cases be defined fairly precisely 
(McElhinny, 1973). This is not the case in Precambrian studies, because one 
is forced to rely exclusively on radiometric ages; in the 109 year region, age 
uncertainties are often greater than the length of the Phanerozoic geological 
periods. Thus, it is not possible to average results period by period and it is 
necessary to plot all the data and determine the general trend (Spall, 1971) 
as representing the best estimate of the apparent polar wander path. The 
inability to determine sequentially averaged results amplifies the inherent 
inaccuracies present in individual palaeomagnetic results. These inaccuracies 
arise in a number of ways, they may be associated with sampling errors due 
to minor local tectonics or they may be due to laboratory problems associ
ated with isolating and measuring a primary remanence. Also, periods of 
rapid apparent polar motion combined with frequent reversals of the earth’s 
magnetic field can lead to difficulty in the interpretation of already sparse 
data. The result is that Precambrian apparent polar wander paths are not 
represented by period means as in the Phanerozoic, but must be represented 
by swathes of width 10—15° arising from the inherent inaccuracies in individ
ual results. The concept of a swathe was first suggested by Beck (1970) and 
introduced by Piper et al. (1973).

There are other complications associated with Precambrian palaeomagne- 
tism which are more serious than in Phanerozoic studies. The older the rock 
formation, the more likely it is to have been subjected to thermal or chemi
cal overprinting of the original (primary) magnetization, with possible con
comitant tectonic re-orientation. Laboratory studies using a variety of tech
niques such as alternating field demagnetization, high- and low-temperature 
thermal demagnetization, and chemical demagnetization coupled with 
detailed vector analysis of the various magnetic components (multicompo
nent analysis) can reveal the presence of magnetizations acquired at different 
times under different conditions (Roy and Park, 1974; Buchan and Dunlop, 
1976). However, only field tests (baked contact or fold tests) can establish
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the relative timing of such multicomponent magnetizations. Alternatively, it 
can be assumed that the magnetizations with the higher blocking tempera
tures are the oldest in any slowly cooled rock (Irving et ah, 1974a); this is 
strictly true only if all the magnetic components are of thermal origin 
(TRM). This situation arises commonly in Precambrian terrains and is due 
either to slow initial cooling or to subsequent heating during burial and 
regional metamorphism and slow cooling during post-orogenic uplift. The 
magnetizations may be related to radiometric ages determined by different 
methods, whole-rock Rb—Sr ages to the higher blocking temperatures and 
mineral K—Ar ages to the lower blocking temperature magnetizations (Irving 
et al., 1974a). The uninitiated must tread warily in attempting to interpret 
Precambrian palaeomagnetic data; without a clear understanding of the evi
dence related to the timing of the various magnetizations which may be pres
ent in a particular rock unit, an interpretation could be completely incorrect.

On the assumption that the time-averaged field is that of an axial geocen
tric dipole, palaeomagnetic poles of the same general age from regions that 
have not suffered relative displacement should agree with one another. Ex
tended to a time-sequence of poles represented by an apparent polar wander 
path, various situations arise according to the applicable tectonic model for 
intercratonic orogenesis as illustrated in Fig. 1. In the diagram we imagine

Fig. 1. Expected apparent polar wander paths for differing tectonic mechanisms (after 
Piper et al., 1973). A. Plate-tectonic model. B. Fixed plate model. C. Combination of A 
and B representing opening and closing of small intercratonic oceans.
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three eratonic blocks each defined by its separate apparent polar wander 
path 1, 2 or 3. If the plate-tectonic model of convergence of widely sepa
rated blocks is valid to explain the orogenic belts then Fig. 1A should 
describe the apparent polar wander paths of each of the blocks. The three 
paths will diverge prior to the time of collision and after convergence of all 
three blocks, a unified common path results represented by the swathe. Gen
erally speaking, the separate paths would be represented by a widening of 
the swathe beyond its normal limits coupled with an inability to contain all 
the data within a single swathe. If on the other hand the orogenic belts were 
formed by internal deformation without relative movement, the data from 
all three blocks can be constrained to a single common swathe, as illustrated 
in Fig. IB. The width of the swathe is large enough to allow limited relative 
movement and/or the opening and closing of relatively small (500—1000 
km) oceans, as illustrated in Fig. 1C. However, such openings and closings 
must be such that the blocks always return to their original relative posi
tions, as we shall illustrate in the following sections. The “small-movement” 
model illustrated in Fig. 1C therefore cannot be distinguished from the static 
model, Fig. IB.

AFRICA

The first palaeomagnetic results from the Precambrian of Africa suggested 
there might have been little apparent polar wander for long periods of the 
Precambrian (Gough et al., 1964). As subsequent data accumulated, it soon 
became apparent that the Precambrian polar wander path was similar in 
length and rates of polar movement to Phanerozoic paths (McElhinny et al., 
1968; Piper et al., 1973). Although the African data are spread in age from 
about 2700 m.y. through to latest Precambrian, there is a concentration of 
results in the time ranges 2300—1900 and 1100—650 m.y., with sparse data 
in the intervening period. The distribution of sampling localities with respect 
to the African cratons in these two intervals is illustrated in Fig. 2.

2300—1900 m.y.: the older orogenic belts o f Africa

In the older time interval (Fig. 2A) the data are derived largely from the 
West African and Kaapvaal cratons with only a single result from the Congo 
craton. To avoid repetition, the details of the individual results will not be 
given but readers may refer to Appendix I in Piper (1976). The apparent 
polar wander path derived from these data is illustrated in Fig. 3, after Piper 
et al. (1973). For this interval it is possible to construct an apparent polar 
wander path in the form of a swathe which contains all the data irrespective 
of craton, without violating any of the age constraints upon magnetization 
times. These data support the single continent model (Fig. IB), and indicate 
that intervening orogenic belts created since 1900 m.y. could not have 
involved major relative movements.
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Congo'

!> W. African

Kaapvaal 0Rb

Fig. 2. Palaeom agnetic sam pling localities fo r A frican P recam brian  (details in sum m ary by 
P iper, 1976). A. 2300—1900 m .y .: A A  = A ngola an o rth o site , A D  = A fto u t do lerite , AG = 
A fto u t gabbro , BC  = Bushveld com plex , ICD = Ivory C oast do lerites, LI  = Losberg in tru 
sion, L V  = L ow er V en tersdo rp  lavas, OD = O buasi do lerite , OG = O buasi g reenstone 
b o d y , ORL  = O range R iver lavas, SI  = S y n tec to n ic  igneous rocks, TI  = T arkw aian in tru 
sions, TL = T ransvaal lavas, UV  = U pper V en tersdo rp  lavas, VS  = V redefo rt ring co m 
plex. B, 1100—700 m .y .: A F  = A uborous fo rm ation , A S  = A bercorn  sandstone, BD = Bu- 
koban  do lerites, BS  = B ukoban  sandstone , CG = Chela group , IG = Iko rongo  group, KF = 
K igonero flags, KK  = K lein K aras dykes, LB = L ow er Buanji series, MD = M bala d o le r
ites, MR  = M anyovu redbeds, MS = M alagarasi sandstone, MZ  = M bozi com plex, NQ  = 
N osib G roup  quartz ites, OK = O ’O kiep intrusives, PND = Pre-Nam a dykes, PWD = Post- 
W aterberg do lerites, UDL = com b ined  U m kondo  do lerites and lavas.

1100—650 m.y.: The Pan-African events

For the younger time interval 1100—650 m.y., results are confined to the 
Congo and Kalahari cratons (Fig. 2B). These results are also listed in Piper 
(1976), but we include new results from the Chela Group of Southern 
Angola (data of Reid quoted in Kroner, 1975) and unpublished results from 
the Nosib Group of northern Southwest Africa, a correlative of the Chela 
Group. This correlation is evident in the palaeomagnetic data (Fig. 4) and 
confirms the previously suspected age of ca. 1050 m.y. These data, com
bined with new age data for the Sinclair Group of South-West Africa, drasti
cally alter the interpretation of the apparent polar wander path in the time 
range 1250—1100 m.y. The Barby Formation lavas have been dated at 
1265 ± 15 m.y. (Rb—Sr whole-rock isochron; A. Kroner, personal communi
cation, 1976). The overlying Guperas lavas are intruded by a granitic body 
yielding U—Pb zircon ages of 1250 m.y. (data of Burger, quoted in Kroner, 
1975). These results therefore predate those of the Umkondo dolerites and 
lavas (1140 m.y.) and post-Waterberg diabases (1115 m.y.), and thus do not
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■  KAAPVAAL

Fig. 3. Apparent polar wander path for African cratons (stippled), 2300—1900 m.y. 
Swathe width 15° at equator, approximate path ages in m.y. Symbols as in Fig. 2A.

lie on the apparent polar wander path in Fig. 4. This indicates that the pole 
path for Africa does not form a loop matching the North American Logan 
loop, as Piper et al. (1973) and Piper (1976) have proposed. Further support 
comes from recent U—Pb zircon ages for the O’Okiep intrusions of southern 
South-West Africa (1070 ± 20 m.y.; Stumpfl et al., 1976) previously thought 
to be similar in age to the Guperas and Barby results in the path proposed by 
Piper et al. (1973) and Piper (1976). The Auborus Formation in the upper 
part of the Sinclair Group lies unconformably on the 1250 m.y. granite 
intruding the Guperas lavas. Its pole (AF in Fig. 4) falls on the path at a 
point corresponding to an age of slightly less than 1100 m.y. The apparent 
polar wander path of Fig. 4 can be drawn irrespective of the craton from
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▼ CONGO 
■  KALAHARI

Fig. 4. A pparen t po lar w ander p a th  fo r A frican cra tons (s tipp led ), 1100—700 m .y. Solid 
sym bols are poles, open  sym bols an tipo les , m ixed  p o la rity  ind icated  by partia lly  solid 
sym bols. A ssignm ent o f no rm al and reversed p o la rity  aw aits co n n ec tio n  to  Phanerozoic  
APWP. Pan-A frican m obile be lts  ind ica ted  by dashed lines. Sw athe w id th  15° a t eq ua to r, 
app rox im ate  path  ages in m .y . Sym bols as in Fig. 2B.

which the data were derived. Once again the model of no large-scale relative 
movements between the two cratons is given support; the intervening 
Damara belt cannot be explained in plate-tectonic terms, except in a con
strained model.

A U STR A LIA

A simplified structural map of Australia showing the main Precambrian 
structural features is shown in Fig. 5. Sampling localities of palaeomagnetic 
studies are indicated and a review of the palaeomagnetic results is given else-
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PINE CREEK GEOSYNCLINE

^  ARUNTA  
+  CRATON (1.h .8)

MT.ISA GEOSYNCLINE 
(MOBILE BELT)

(1.4 - 1.8 )
DEUS BASIN 
(FOLD BELT)

TASMAN

OROGENI C
O F F I C E R

BASIN V

1 g a w l e r V

------ S z itc  R AT ON
S(V4-18

ZONEYl i G  A R N  
CR AT ON

+  (27-3.1) +

Fig. 5. S im plified s tru c tu re  m ap o f  A ustralia. B asem ent ages given in 109 years. Age o f 
sed im en tary  basins ind ica ted  as N  (N ullaginian, 22 0 0 —1800 m .y .), C (C arpentarian , 
18 0 0 —1400 m .y .), A  (A delaidean , 1400—600 m .y .), P (Phanerozo ic , < 6 0 0  m .y .). 
Sam pling sites for palaeom agnetic  poles are ind ica ted  from  M cE lhinny and E m bleton  
(1976 ). E R V  = E d ith  R iver volcanics, G = Giles com plex , GA, GB = G aw ler dykes A + B 
groups, HD = H art do lerite , IA = M t. Isa dykes, group  A , IB = Lake View d o le rite , IM 
= Iron  M onarch deposit, IP = Iron  Prince deposit, KA  = K oo lyanobb ing  “ A ” deposit, KD 
= K oo lyanobbing  D ow d’s Hill deposit, LC = L unch  C reek lopo lith , MG = Mt. G olds
w orthy  deposit, ML  = M oraw a lavas, MN = M t. N ew m an deposit, RD  = R avensthorpe 
dykes, TP = Mt. T om  Price deposit, WD = W idgiem ooltha dykes, YA,  YC, YD, YE, Y F = 
Yilgarn dykes group A, C, D, E, F. Solid sym bols den o te  p rim ary  m agnetiza tion ; open 
sym bols deno te  secondary  m agnetizations.

where (McElhinny and Embleton, 1976). For a discussion of orogenic evolu
tion in Australia readers are referred to Rutland (1976). The data are not so 
numerous as from Africa but even so it is again possible to draw a single 
common apparent polar wander path through all the data from 2500 to
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1100 m.y. without violating age constraints (see caption Fig. 6 for discussion 
of pole YA).

2400—1 700 m.y.: The Ophthalmian belt

Data for this interval come from the Yilgarn and Pilbara cratons, with a 
single result from the Kimberley block. As this latter result is of the same age

60”

Fig. 6. A pparen t po lar w ander p a th  fo r A ustralian  cra tons 2500—1200 m .y ., a fter 
M cE lhinny and E m b le to n  (1 9 7 6 ). Sym bols as ind icated  in Fig. 5. MG1 , 2, 3, are m u lti
com ponen ts from  th e M t. G o ldsw orthy  deposit w here MG3 > MG l > MG2  in age. IMN and 
IMP are the  negative and positive m agnetiza tions respectively  from  th e  Iron  M onarch 
deposit. B oth  pole and an tipo le  are p lo tted  for th e  YA  dykes due to  equivocal R b —Sr 
data. Sw athe w id th  15° a t eq u a to r; ap p rox im ate  p a th  ages in m .y.
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as the King Leopold mobile belt, its position can yield no information about 
the origin of that belt, but serves to verify the ages of similar poles from the 
Pilbara and Yilgarn. As can be seen, the apparent polar wandör path deduced 
for each craton in this interval is identical within the previously described 
uncertainties. A single common path is constructed and large-scale relative 
motions are ruled out. Secondary magnetization KA falls on the path pre
determined from primary magnetizations.

1700—1200 m.y.: The Albany—Frazer and Musgrave belts

Data for this younger interval come from the Yilgarn, Gawler and Mt. Isa 
blocks, with a single result from within the Musgrave mobile belt and a single 
(secondary) magnetization from the Pilbara. The good general agreement of 
data in the 1700 m.y. range indicate that the component cratonic blocks 
could not have been widely divergent before formation of the intervening 
Musgrave belt. Similarly, the agreement of poles in the 1700—1500 m.y. 
range demonstrates that the younger Albany—Frazer mobile belt was not the 
result of large-scale horizontal displacement.

NORTH AMERICA

We shall consider here the palaeomagnetic data for individual cratons in 
the interval 2600—1400 m.y. and discuss also the data from a single younger 
unit, the Grenville Province. The former is a discussion of intercratonic 
movements as in the previous sections; the latter considers the history of an 
orogenic belt itself, as interpreted from the palaeomagnetic data.

2600—1400 m.y.: The Hudsonian orogeny

An extensive review of palaeomagnetic data from the Precambrian of the 
Laurentian shield has recently been given by Irving and McGlynn (1976). 
More recently, new results from the Huronian have been presented by Roy 
and Lapointe (1976). These last authors provide a list of data in the time 
interval 2600—1400 m.y. The data are separated into those established as 
primary magnetization associated with the relevant isotopic age and those 
established as secondary magnetization but whose age is not defined except 
within broad limits. Figure 7 shows the main structural provinces of the 
Laurentian shield and gives the sampling localities of the palaeomagnetic 
data. Primary magnetization is indicated by an age and solid symbol, second
ary magnetization by an open symbol and letter code.

The apparent polar wander path is defined from the primary magnetiza
tion and a single path can be drawn through the data irrespective of struc
tural unit throughout the entire 2600—1400 m.y. interval, as shown in Fig. 
8. Of particular interest is the excellent agreement of poles from the Supe
rior, Slave and Nain provinces at ca. 2100 m.y. Each of these structural units
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borders a Hudsonian belt so that if agreement between poles is maintained 
before and after the Hudsonian event it seems impossible that large-scale dis
placements were involved in their formation. Furthermore, th'e polar wander 
path predicts that all secondary magnetization palaeomagnetic poles should 
conform with it at positions corresponding to an age younger than the pri
mary magnetization. This should occur irrespective of sampling location. 
Examination of Fig. 8 shows this to be the case. Therefore, the fixed conti
nent model again prevails indicating that the Hudsonian orogeny must have 
occurred from internal deformation and not from large-scale horizontal dis
placement and plate collision.

1100—700 m.y.: The Grenville orogeny

Palaeomagnetic data from the younger 1000—700 m.y. interval come lar
gely from within the Grenville Province, the type area for the ca. 1000 m.y. 
Grenville orogeny. These data form a discordant group removed from data of 
roughly similar age from elsewhere in North America. Interpretations of

Fig. 7. S im plified  s tru c tu ra l m ap o f  th e  N orth  A m erican p a rt o f  th e  L au ren tian  shield. 
Sam pling localities fo r poles in th e  range 27 0 0 —1400 m .y . are ind icated  from  those listed 
by R oy and L apo in te  (1976 ). Solid sym bols w ith  ages are p rim ary  m agnetizations, 
open  sym bols w ith  ages are secondary  m agnetizations. 2 6 9 0  = M atachew an dykes, 2 6 0 0  = 
C hibougam au greenstone be lt, 2 5 0 0  = S tillw ater C om plex, > 2288  = C olem an m em ber 
G ow ganda F o rm atio n , 2288 = F irs tb o o k  m em ber G ow ganda F o rm a tio n , 2 1 6 0  = O tto  
S tock , 2211 = Big Spruce C om plex , 2 1 0 0  = M ugford B asalt, 2 1 5 0  = N ipissing diabase, 
G ow ganda F o rm atio n , 22 8 8  = F irs tb ro o k  m em ber G ow ganda F o rm a tio n , 2 1 6 0  = O tto  
S tock , 2 1 1 1 =  Big Spruce C om plex, 2 1 0 0  = M ugford B asalt, 2 1 5 0  = N ipissing diabase, 
2 0 6 0  = W ind R iver dykes, 20 5 0  = O tish G abbro , 2093 = Ind in  dykes, 2 0 0 0  = G unflin t 
F o rm atio n  , 1900 = M olson dykes, 1893 = Spanish R iver C om plex, 18 73 = K ahocella 
F o rm atio n , 1830  = D ubaw n t G roup , 1835  = M artin F o rm atio n , 1800 = F lin  F lon  B m ag
n e tiza tio n , 1800? = Cape Sm ith  B asalts (F u jiw ara and  Schw arz, 1975 ), 1 750 = S tark  F o r
m atio n , 1750 = E t-th en  G roup , 1700 = Sparrow  dykes, 1650 = N onacho  G roup , 1622 = 
Melville Daly Bay m etam orph ics, 1500 = W estern C hannel diabase, 1475 = C roker Island 
C om plex, 1400  = M ichikam au A n orthosite . N  — G ow ganda secondary , S  = Big Spruce 
secondary , X  = X  dykes, DG = D ogrib dykes, F  = F lin -F lon  secondary , D A , E  = Nipissing 
secondary , K S = K ahocella secondary . Inset. Palaeom agnetic sam pling sites w ith in  the 
Grenville Province. D etails o f  palaeom agnetic  resu lts listed  in Irving e t al. (1 9 7 4 b ) and 
B uchan and D unlop  (1 9 7 6 ). C on tou rs  are b io tite  K —A r “ th e rm o ch ro n s” , a fte r H arper 
(1967 ); da ta  in m .y . A L  = A llard Lake an o rth o site , CH = C hibougam au CH com ponen t, 
Cl = C ro teau  igneous rocks, F X  = F ro n ten ac  axis dykes, GA = G renville ano rthosites , GD  
= G renville dykes, HB = H alibu rton  intrusives, IH = Ind ian  H ead an o rth o site , MG = Magne- 
taw an m etased im en ts, ML = M ichael gabbro , MM = M ealy M t. an o rth o site , M R  = M orin 
an o rth o site , O T  = O ttaw a intrusive rocks, S I  = Seal L ake igneous rocks, SG  = Shabogam o 
gabbro , SM  = S teel M t. an o rth o site , TG = T u d o r gabbro , T H  = T h an e t intrusives, WF = 
W ilberforce p y ro x en ite , WS = W hitestone an o rth o site . Sm all d o ts  den o te  areal e x te n t o f 
GD sites. Poles TG  and S M  are th e  only  tw o  resu lts w hich do n o t fit th e  m odel ou tlined  
in th e  te x t ;  these are p lo tte d  as open  sym bols. G eochronological evidence suggests th a t 
SM  m ay have a younger age o f  415 m .y . (L eech e t al., 196 3 ), w hile TG  m ay also be 
younger a t 670  m .y . (H ayatsu  and Palm er, 1975).
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120•

>2 2 8 8 ,

18 0 0?

•  SUPERIOR 
■  CHURCHILL
▲ BEAR TOOTH UPLIFT 
▼ S L A V E
♦  n a i n  

X  BE A R

Fig. 8. Apparent polar wander path for North American cratons, 2700—1400 m.y. Sym
bols and sampling localities are as indicated in Fig. 7. Swathe width 15° at equator.

these discordant poles (the only convincing example of systematically discor
dant data known in the Precambrian of North America) have led to tectonic 
models based upon continental collision as well as models based upon inter
nal (ensialic) mechanisms. Details of these respective models will not be pre
sented here, the reader is referred to Irving et al. (1972, 1974b) and Buchan 
and Dunlop (1976) for examples of collisional interpretations. Non-colli- 
sional interpretations of these data can be found in Roy and Fahrig (1973), 
Fahrig et al. (1974) and McWilliams and Dunlop (1975, 1977).

It is widely accepted that the Grenville Front itself is not the site of a
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collisional suture (e.g. Irving et al., 1972; Wynne-Edwards, 1972) Any suture 
zone if it exists must lie within the Grenville Province itself. Palaeomag- 
netic results from the northern Grenville (McWilliams and Dunlop, 1974, 
1975; Ueno et al., 1975) limit the position of a hypothetical suture to within 
an 85-km zone adjacent to the Front in the western Grenville Province. No 
geological evidence for a suture is found in this zone, although as Dewey 
(1976, and this volume) rightly points out, such evidence may be difficult if 
not impossible to find.

The manner in which the remanent magnetization in rocks is gradually 
lost during the heating accompanying burial and metamorphism, and how it 
is replaced by a new remanence during uplift and cooling has been investi
gated both theoretically and experimentally by Pullaiah et al. (1975). These 
studies suggest that very little, if any, remanence can survive upper green- 
schist facies metamorphism. The age of the remanence in high-grade meta- 
morphic rocks will fall in the range between the Rb—Sr whole-rock isochron 
and K—Ar biotite ages. Harper (1967) first suggested that the distribution of 
K—Ar ages from the Grenville Province formed a series of equal-age “thermo- 
chrons” parallel to and progressively younger with distance away from the 
Grenville Front (see inset of Fig. 7). This distribution strongly suggests a his
tory of post-orogenic uplift and cooling progressing eastwards away from the 
Front. It is most likely therefore that the magnetizations measured in Gren
ville rocks were acquired during this post-orogenic uplift following the Gren
ville orogeny. Both geologic (Wynne-Edwards, 1972; Stockwell et al., 1970) 
and radiometric (Grant, 1964; Wanless et al., 1970) evidence show that the 
Grenville orogeny affected the Superior Province to the north and thus 
occurred whilst the Grenville was in approximately its present position. All 
of these observations then strongly suggest that the palaeomagnetism of 
Grenville rocks cannot describe the pre-orogenic drift history of the Gren
ville Province.

The above arguments show that the discordant poles observed from the 
Grenville Province must be related to post-orogenic uplift and cooling and 
thus the thermochron distribution proposed by Harper (1967). The poles 
will refer to a time sequence between about 1100 m.y. and 800 m.y. which 
post-dates the Logan Loop of Robertson and Fahrig (1971). The palaeomag- 
netic poles have been averaged (Table I) in zones represented by the thermo- 
chrons as shown in the inset of Fig. 7. The results define a time sequence 
which extends the Logan Loop into a Grenville polar loop (McWilliams and 
Dunlop, 1975, 1977) as shown in Fig. 9. The poles SR and SN are derived 
from secondary magnetizations possibly acquired during late-stage thermal 
events in the order suggested by Buchan and Dunlop (1976). That the Logan 
Loop should be extended southwards towards Australia is confirmed by pre
liminary palaeomagnetic results from the Grand Canyon sequence (Elston 
and Gromme, 1974). Unfortunately, there exist no corroborative data for 
the interval 850—700 m.y. from elsewhere in North America to confirm the 
remainder of the loop.
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Franklin'

3 0 ° SB O O

6 0 ° S

Fig. 9. G renville ap p aren t po lar w ander p a th , 1000—700 m .y. T h erm och ron  zone poles 
A —G, SR  and SN  listed in T able  I; solid sym bols rep resen t norm al po la rity , open  sym bols 
reversed. M ixed p o la rity  ind ica ted  by  partia lly  filled sym bols. Squares are poles from  o u t
side Grenville Province: F rank lin  diabase (Fahrig  et al., 1971) and G rand C anyon rocks 
(E lston  and  G rom m e, 1974 ), in stra tig raphic  o rd e r (see te x t) . U nderside o f  p a th  is shaded, 
tops ide  cu t away to  show  A, B and u p p er N ankow eap . Sw athe w id th  15° a t equato r, 
ap p rox im ate  p a th  ages in m .y . A clockw ise loop  a t app rox im ate ly  700 m .y . (Irving and 
M cG lynn, 1976) is also possible, in  ad d itio n  to  th e  800  m .y . loop.

The interpretation of the palaeomagnetic data in terms of Harper’s (1967) 
thermochrons effectively invalidates both the collision (Irving et al., 1972, 
1974b; Buchan and Dunlop, 1976) and non-collision models (Roy and 
Fahrig, 1973; Fahrig et al., 1974) proposed to fit the data On the model pre
sented here, the exposed Grenville has maintained its present relative position 
to the remaining Precambrian shield before, during and after the Grenville 
orogeny. However, a plate-tectonic mechanism for the orogeny itself is not 
precluded, such as Burke and Dewey (1973) have suggested. In their inter-
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pretation, the Grenville Province is a reactivated (Superior Province) terrain 
resulting from subduction and plate collision along a zone to the southeast 
(now covered or lost in the Appalachian orogen). Since the Grenville palaeo- 
magnetic poles date from post-orogenic times, they have no bearing on such 
an interpretation.

DISCUSSION

It is well known (e.g. McElhinny, 1973) that the palaeomagnetic conse
quences of large-scale horizontal displacements as predicted by plate-tectonic 
theory are highly variable. This variability arises from the possible geometri
cal relationships between Euler rotation poles and successive palaeomagnetic 
poles in any given crustal block. In the simplest case maximum apparent 
polar motion occurs when the rotation pole and palaeomagnetic pole are 
orthogonal; conversely, no apparent polar motion will be observed when the 
two poles are coincident. Large apparent polar motion need not to be the 
result of large actual displacement. If the rotation pole is situated in or near 
the block under consideration, small rotations can give rise to large apparent 
polar motion if the position of the palaeomagnetic poles is favourable. We 
should then expect that during Precambrian time, if a plate-tectonic regime 
were operative, an entire spectrum of such geometrical arrangements would 
occur, manifesting themselves in a wide variety of palaeomagnetic signatures 
in distinct crustal units. Specifically, if the orogenic belts presently sepa
rating the cratons owe their origin to continent-continent collision on plate- 
tectonic theory, then it must be assumed that many of the cratons presently 
adjacent to one another were originally widely separated. Allowing for rever
sals of the earth’s magnetic field this would mean that the poles for pre-colli
sion times could be situated virtually anywhere over an entire hemisphere, 
the precise positions being determined only by the geometry of the plate- 
tectonic situation involved.

In the previous sections we have presented results from three continents 
that illustrate the continuity of apparent polar wander paths through six oro
genies. The probabilities that in all six cases the pre-orogenic poles from adja
cent cratons would all be in agreement (to 10° or 20°) and that a plate-tec
tonic regime involving continent—continent collision was operating are 
exceedingly small. The expected wide spectrum of possible polar distribu
tions is not seen. We have previously noted that the inherent errors in the 
pole paths, as represented by the swathe of width 15°, does not preclude 
the creation and destruction of small oceans. However, it must be stressed 
again that these are very special oceans that open and close again so as to 
return the adjacent cratons to their same relative positions. Whereas this is 
certainly a form of plate motion that is possible on plate-tectonic theory it is 
not one that is predicted except in very special circumstances. It must 
be assumed that the motions of continents/cratons are constrained only by
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the presence of other continents/cratons and their relation to plate bound
aries.

Attempts have been made (Burke et al., 1976) to show that the apparent 
polar wander paths from different cratons are indeed widely different in the 
Precambrian. With the amount of palaeomagnetic data currently available 
from Precambrian rocks it is a relatively simple exercise to demonstrate the 
apparent divergences between the data from separate cratons when viewed 
separately. This arises because the data are incomplete and the comparison 
of two or more incomplete data sets will inevitably lead to apparent differen
ces whatever hypothesis is valid. The observation of the existence of differ
ences merely confirms the inadequacy of the data and says nothing about 
the validity or otherwise of the hypothesis being tested. The problem is 
basically to compare two data sets each having associated statistical errors 
and uncertainties and one needs to answer the question: are they the same or 
are they different? When using formal statistical comparisons the approach is 
always to use the null hypothesis. That is one does not test that two quanti
ties are different but what the probabilities are that they are the same. If 
the probability is low that they are the same, the hypothesis of sameness can 
be rejected and one asserts that the quantities are different. This is essen
tially the technique that we have followed in analyzing Precambrian appar
ent polar wander paths in this paper. We find that these paths may be 
constructed irrespective of the presence of intervening orogenic belts 
between cratons. Although this conclusion is difficult to sustain in formal 
statistical terms, nevertheless it suggests that large-scale motions to explain 
these belts are unlikely. The approach used by Burke et al. (1976) is invalid 
because it fails to take into account the nature of the data being analyzed.

Although we find that the relative motion between Precambrian cratons 
over the time span 2500—700 m.y. has been small for presently adjoining 
cratons, it is clear that relative motion between these cratons and the pole 
was similar to that observed during the Phanerozoic. This suggests that there 
were continental units moving over the surface of the earth in Precambrian 
times. Orogenic belts did not arise from the formation and destruction of 
large oceans and resulting continent—continent collision but arose from 
internal deformation. It seems possible that plate tectonics has matured 
through the earth’s history. Possibly there were initially only two or three 
continental blocks so that the probabilities of collision were small. At the 
same time rifting may have occurred within continents resulting in the for
mation of aulacogens which then closed again to produce many of the oro
genic belts seen today. In any case, palaeomagnetic data strongly suggest that 
Precambrian tectonic mechanisms were not the same as present-day plate- 
tectonic mechanisms.
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