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G eneral
Summary
o f  th e
n a tu r e
& Dlm-
t r i b u t l o n
o f
p hoephate  
o o o u rren o ee  
th ro u g h o u t  
th e  w o rld .

The main eo u ro ee  o f  phoephate  i n  th e  

m in e ra l  world a r e  A p a t i te  and P h o e p h o r l te ,  

t h e  fo rm er a  a h lo r ln e  and f l e ^ r m e  b e a r in g  

o r th c p h o e ih a t e  o f  l i r e ,  and th e  l a t t e r  a  

m&aelve o r  e a r th y  v a r i e t y  o f  phoephate  of 

l im e  of v a r i a b l e  coe p o e l t lo n  and w i th  many 

l a p u r l t l e e .  A io e p h o r l te  b e a re  th e  aame 

r e l a t l o n  t o  A p a t i t e  ae l lm e e to n e  doee to  

C a i o i t e .

A f iE l l l t  i a  a  v e ry  oeaaion e e n e t l t u e n t  o f  

a l l  ign eo u e  rooke  in  whioh i t  oeoura  i n  t i n y  

w e l l- fo rm ed  o r y e t a i e .  I t  l e .  n o rm a lly ,  an 

aooeeeo ry  m i n e r a l , u s u a l ly  one o f  t h e  f l r e t  

t o  o r y e t a l i i e e .  The er.al] p e re e n ta g e  o f

p2°6 l n  t h * ^ n a ly e e a  o f  meet igneoue  rook l e  

due e n t i r e l y  t o  a p a t i t e .

O ooM onally  a  c o n s id e r a b le  q u a n t i ty  o f  th e  

m in e ra l  oooura  a a e o o la te d  w ith  pegm atlt  i 

b o d ie s .  The a p a t i t e  l e  p ro b ab ly  o f  prim ary 

o r i g i n .  At K ragero  In  S ou thern  Kriway, 

and i n  th e  P ro v in c e s  o f  Quebec, Ottawa and 

O n ta r io  in  Canada, a p a t i t e  o ccu rs  i n  t h i s  

m anner. The p e g m a t i te  l e  I n t r u s i v e  in

a n c i e n t  . .



v i o l e n t  g n e le e io  r o o k s .  Both the  Borw egter and 

t h e  C ened le r  r e e e e b l e  the  N o r th e rn  T ra n e re e l  d e p c e i t e  

i n  many f e a t u r e s  and w i l l  be d e s c r ib e d  l a t e r  i n  t h i s  

c o n n e c t io n .

In  I n d i a ,  a p a t i t e  i s  abundant i n  Mica 

p e g m a t i te s  n e a r  Kodarma in  Hasanbagh, a l s o  i n  Bombay 

and in  t h e  Manganese s i n e s  o f  M adras. In  a l l  of 

t h e s e  i t  i s  n e g le c te d  a s  a  w as te  p ro d u c t .

In  t h e  t r a c h y t e s  o f  Cabo de G a te ,  r e i n s  and 

dy k es  o f  a p a t i t e  o c c u r  in  much t r e e o i a t e d  ro o k s .

The su r ro u n d in g  ro o k s  too a r e  Im pregnated w ith  

a p a t i t e  r e i n s .  These a re  a t t r i b u t e d  t o  p o s t -  

v o lc a n i c  a c t i o n .

In  A lp in e  t a l c  and c h l o r i t e  s c h i s t s ,  a p a t i t e  

o c c u r s  i n  w ell formed t r a n s p a r e n t  c r y s t a l s  f i l l i n g  

d r u s e s  and c l e f t s .

T h is  i s  due to  l a t e r a l  s e c r e t i o n .

In  t h e  r o lo a n io  b r e c c ia  o f  Monte Gees,a a p a t i t e  

o c c u r s  p a r t l y  a s  an  o r i g i n a l  a ag m a tle  d e p o s i t  a n i  

p a r t l y  as  a r e s u l t  o f  secondary  pn eu esa te ly t lc  

a c t i o n .

I t  i s  ooedBonli a s s o c i a t e d  w ith  m e ta l  i f  e ro u e  

r e i n s .  In  t h e  c a se  o f  p n e v s ta to ly t ie  t i n  d e p o s i t s ,  

a p a t i t e  i s  an a lm os t c o n s t a n t  a s s o c i a t e  of 

o a e e i t e i l t e ,  w o l f r a m i t e ,  m le p io k e l , f l u o r i t e ,  to p az  

and s i n r w a l l l t e .  I t  i s  found w ith  t i n  o re s  i n  

C o rn w a l l .

In  g r a n u l a r ,  p a r t l y  m etam orphosed , l im e s to n e s



i n  th e  ne ighbourhood  o f  m a g n e t i te  and o th e r  i r o n  ore# 

i t  oooure in  email v e in #  at i  p o c k e ts ,  aometimee l a  

g l a r t  c r y s t a l #  e . g .  H eraay , f i n n l a r d ,  Canada, Hew 

Y ork, Hew J e r s e y ,  e t c .

Most metamorphosed l im e s to n e s  c o n ta i n  a  c e r t a i n  

p e rc e n ta g e  o f a p a t i t e  c r y s t a l s ,  e . g .  Lulu  Hop i n  

N o rth e rn  T i a r e r a a l  where th e  cry s t a l e  form i n  p lace#  

a# much a# 1 #  o f th e  ro o k .

The more h e te ro g en e o u s  

p h o s p h o r i te  l a  o f  much g r e a t e r  Im portance  com m ercia lly  

th an  a c tu a l  A p a t i t e ,  because  i t  ooovxe i n  much 

g r e a t e r  q u a n t i t i e s  and  1# more e a s i l y  m ined. To be 

o f  any oom m erjia l v a lu e ,  p h o s p h o r i te  shou ld  c o n ta in  

t r l b a e i c  Calcium IT iosphate. But so much h ig h  

g ra d e  rook l a  a v a i l a b l e ,  t h a t  th e  s ta n d a rd  demanded by 

m a n u fa c tu re r#  and consumer# i s  v e ry  h ig h .

Lower Grade 50 -  60jC T r lb a e ic  a a lo iu n  phosphate

H igher •  60 -  SOjC s e e

A p a t i t e  d i s s o lv e #  w ith  d i f f i c u l t y  m  w a te r ,  and 

i s  u s u a l l y  c o n v e r te d  i n t o  su p e rp h o sp h a te  by t r e a tm e n t  

w i th  weak s u lp h u r i c  a c i d ,  . a f o r e  be ing  s o l d .

Cm3 (P°4> > 2 n*60* e (0e H4 (P04 )2 ^  90A)

Superphospha te  o f  Cemmeroc

CaCcj, f e 20 3 and AlgOg a r e  oesmaon impi r i t i e s .

The l a s t  two a r e  e s p e c i a l l y  d e t r im e n ta l  t o  manu­

f a c t u r i n g  p r o c e s s e s .  R ioephatee  a r e  t h e r e f o r e  

u s u a l l y  s o ld  u n d e r  g u a r a n t s e  o f  n o t  more th a n  o f 

t h e s e  i m p u r i t i e s .

P h o sp h o r i te  . . .



R io e p h o r i te  occur* i n  d i r e r * *  g e o lo g ic a l  

f o r m a t i o n * , i n  a o h lm ta ,  e an d e to n e* , l im e e tc n e * , m a r l* ,  

d e l o r . i t e* and c b e lk * .  Matoeommtlo d e p o e l t* ,  

c o n c r e t io n *  end *p: ing o r  m arine  d e p o e l t*  a re  common. 

The rook may be o f  o rg a n ic  o r in o rg a n ic  o r i g i n .

The p r i n c i p a l  d e p o e l t*  a r e  in  t h e  U n ited  S t a t e * ,  

S o r th  A f r i c a  an d c e r t a i n  P a c i f i c  I e l  an d*.

1 .  The m ost im p o r ta n t  ty p e  forme e x t e n e l r e  bed* 

r e p l a c i n g  l im e s to n e  i n  sed im en ta ry  d e p o s i t s ,  e . g .  <rhe  

U n ited  S ta te *  ( F lo r id a  T ennessee , and W estern  S t a t e * ) ,  

th e  N o rth  A fr ica n  ( A lg e r i a ,  T u n is ,  Morocco and Xgypt, 

t h e  P a l e s t i n e  d e p o s i t s )  and s e . e r a l  m inor o n es .

The U n ite d  S ta te *  produce* 2 /5  o f  th e  w o r ld 's  

s u p p ly ,  b u t  m ost o f  i t  1* used in  th e  c o u n t ry .  In  

F l o r i d a  t h e  d e p o s i t*  a r e  o f  two k in d s ,  (a) ha rd  rook 

p h o sp h a te  of O llgocene  age  i n  huge i r r e g u l a r  m asses 

embedded m  a  m a t r ix  o f  san d  and c l a y .  The whole 

i s  u n d e r l a id  by a  bed o f  l im e s to n e .  The phosphor? t o  

1* g u a ra n te e d  t o  be t r i b a s i c  e a lo l im  p h o sp h a te .

( b ) l a n d  pebb le  ph o sp h a te  o f  P l io c e n e  a g e .  This  i s  

a  c o l l e c t i o n  o f  p h o sp h a t io  p eb b les  embedded in  the  

oame m a t r i x  a s  (a )  and p ro b ab ly  d e r iv e d  from  i t  by 

d e n u d a t io n  and r e - d i s t r i b u t i o n .  The F l o r i d a  d e p o s i t s  

a r e  b e l i e v e d  to  be due to  secondary  e n r ie h m en t .

In  T en n essee ,  brown an d  b l u e  bedded d e p o s i t s  

o c cu r  in  p h o s p h a t io  l im e s to n e  o f  O rdov ic ian  and 

Devonian ag e ,  which a r e  p ro b ab ly  due t o  o r i g i n a l  

s e d im e n ta l  io n .
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In  th e  W estern  S t a t e s ,  im p o r ta n t  d e p o s i t s  o ccu r  

In  IdA hof Utah and Montana l n  l im e s to n e s  of 

C a r b o n i fe ro u s  and P e r r . la r  a g e .  The Idaho 

p h o s p h o r i te  i s  o o l i t i c  and o f t r e s e n d o u s  e x t e n t , 

th ru e a n d e  o f  m i l l i o n s  of to n s  be ing  h e ld  in  r e s e r v e .

The H o r th -A f r lo a n  d e p o s i t s  a r e  next i n  

Im p o r ta n c e .  These o ccu r  in  a  b e l t  running  f r e e  th e  

A t l a n t i c  t o  A s ia  M inor. The l lo r ro o a n , A lg e r ia n  arid 

T u n is ia n  d e p o s i t s  l i e  c h i e f l y  on th e  N orthern  s lo p e s  

o f  t h e  A tla s  M ounta ins , and they  a r e  con tin u ed  

E as tw ard s  i n  C yrena loa  in  some low grade  beds 

w hich l i e  n e a r e r  th a n  any o f  th e  o t h e r s ,  t o  the  s e a ;  

t h e s e  a r e  fo l lo w e d  by th e  E g y p t ia n ,  and  f i n a l l y  the 

P a l e s t i n i a n  d e p o s i t s .

In  s e v e r a l  p a r t s  of t h i s  b e l t  th e  d i f f i c u l t y  o f  

t r a n s p o r t  h a s  mads m in ing  Im p o s s ib le .

In  A lg e r i a  th e  d e p o s i t s  a re  i n  Upper 

C re ta c e o u s  m a r ls  and Eocene l im e s to n e s .  The c h i e f  

w ork ings  a r e  n e a r  T ehees* , where p h o s p h o r i te  occurs  

in  b a e in  shaped d e p o s i t s  composed of f i v e  s e p a ra te  

beds  o f  which th r e e  a re  w o rk ab le .  The th ic k n e s s  of 

th e  beds v a r i e s  from 1 | ’ -  9 ’ . V ast r e s o u rc e s  

e x i s t .

In  T u n is ,  which p r o d u c e s , a f t e r  f i e r i d a ,  th e  

g r e a t e s t  amount o f  ph o sp h a te  in  th e  w orld  (more than  

two m i l l i o n  to n e  in  1 9 1 3 ) ,  t h e  d e p o s i t s  resem ble 

c l o s e l y  th e  A lg e r ia n .  The p h o s p h o r i te  o ccu rs  a s  

e x t e n s iv e  l e n s e s  up to  10* th i c k  i n  m idd le  Eocene 

r o o k s .

At . . .

L -   r
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At 3a»en , th e  c h i e f  m ining  c e n t r e ,  th e  

p h o s p h o r i te  rook a v e ra g e s  60jC t r i h a e i o  o a lo iu n  

p h o s p h a te .

I n  Egypt th e  o h ie f  ooourrenoe  i s  i n  Bafaga 

d i s t r i c t  n e a r  th e  c o a s t  o f  th e  Red Sea. The Beae 

form p a r t  of th e  i n f i l l i n g  o f  a  L a e in -c h a p e i  

d e p r e s s io n  in  o ld e r  r o o k s , the  d e p o s i t s  them selves  

h s in g  o f  Upper C re taceo u s  age. They a re

i n t e r ! s n i n a t e d  w ith  g re y  c la y s  and c h e r t  b ed s .  There 

a re  s e v e r a l  o t h e r  f a i r l y  e x te n s iv e  beds  in  th e  B i le  

V a l l e y .

In  P a l e s t i n e ,  v e ry  e x te n s iv e  d e p o s i t s  a r e  

found  in  t h e  ne ighbourhood  of I s  S a l t ,  e a s t  o f  the  

J o rd a n  V a l l e y .  Here two type* a r e  found

(a )  P la te a u  d e p o s i t s  e x te n s iv e  and t i l l  ok , as  

much as  10 m e t r e s ,  a v e ra g in g  t r i b a s i o  ca lc ium  

p h o sp h a te ;

(b) Rook d e p o s i t s  a v e ra g in g  66% b u t  

c a r r y i n g  up t o  83%,

Minor o c c u r re n c e s  o f  bedded ty p e  a r e  found in  

New Z e a la n d  i n  th e  M il to n  d i s t r i c t ,  and  i n  Germany 

n e a r  N u renburg . T h is  l a t t e r  i s  the  o n ly  source  of 

p h o s p h o r i t e  i n  Germany, a l th o u g h  t h a t  c o u n try  was, 

b e f o r e  th e  w ar, th e  b i g g e s t  m a n u fa c tu re r  and  consumer 

o f  s u p e rp h o sp h a te .

The second  im p o r ta n t  type  i s  c o n n ec ted  w ith  

Guano d e p o s i t s .  In  r e g io n s  o f  heavy r a i n f a l l ,  

p h o ep h a iio  m a t t e r  i s  washed out o f  th e  Guano i n t o  the

u n d e r ly in g  . . .

J



u n d e r ly in g  ro o k s .  Where th e s e  a r e  of o o ra l  

l im e s to n e ,  th e y  a r e  a lm o s t  e n t i r e l y  m etaaom atieed  

i n t o  j h o e p h ' i r i t e .  The main ooourrenoee  a r e : -

Qoean I s l a n d ,  one o f  t h e  G i l b e r t  I s l a n d s  where 

th e  rook i s  of v e ry  h ig h  g u i l t y .  On th e  c e n t r a l  

t a b l e - 1 a n d  th e  p h o e p h a t io  d e p o s i t  i s  50* deep and 

a ^ a ra g e e  8u£ t r i b a s i c  oa io ium  p h o sp h a te .

Mauru I s l a n d . P h o s p h o r i te  oooure I n  s u r f a c e  

d e p o s i t t , s c a t t e r e d  o v e r  th e  whole i n t e r i o r  o f  the  

i s l a n d .  The u n d e r ly in g  rook , h a rd  c o ra l  l im e s to n e ,  

h a s  been  in  p la c e s  much denuded . I t  rem ains 

s ta n d in g  i n  h i g h  p n n a o lee  between Vhloh l i e s  » deep 

l a y e r  o f  p h o s p h o r i te  a v e r a g in g  85-86^. h i e  d e p o s i t  

h o ld s  80-100 m i l l i o n  to n e  in  r e s e r v e .  These v a s t  

s u p p l i e s  have  only  t o  be q u a r r i e d  and t r a n s p o r t e d  i n  

l i g h t e r s  to  s h i p s .

A ssum ption i a l a r t l .  i n  th e  S e y c h e l l e s ,  and 

C h ris tm as  I s l a nd. 190 m i le s  so u th  w est o f  Jav a  

i n  th e  I n d ia n  Ocean, have s i m i l a r  d e p o s i t s ,  

a v e r a g in g  80^.

The t h i r d  ty p e ,  b e d s  b e a r in g  phoephatio  n o d u le s ,  

a t  one t im e  f u r n i s h e d  g r e a t  s u p p l i e s ,  b u t  now J e  o f  

l i t t l e  im p o r ta n c e .  T he-c  wer c h i e f l y  European 

o o o u r re n o e e . In  t h e  U n ited  Kingdom, i n  th e  Upper 

G reensand  a t  Cambridge, t h e r e  i s  a  bed , 8 -12"  t h i c k ,  

o f  da rk  brown n o d u le s  o f  oalclw < p h o sp h a te .  In  

S u f fo lk  a  s i m i l a r  bed 1 2 -1 8 "  th i c k  was mined f o r  some 

t im e .  In  Belgium p h o ep h a tio  n o d u le s  o ccu r  i n  clay, 
and a s  p h o e p h a t io  c h a lk  i n  e re ta o e o u e  and t e r t i a r y

ro o k s .  In  . . .



In  Frt.nor , * tm lla .r  I '"*  g rad e  photphat® 1* fou n d , 

b u t  now i s  on ly  used lo c  .» th e  French  p r a c t i c a l l y

'o n t r o l  t h e  N orth  A f r ic a n  d e p o s i t* .

In  Canad*., i n  Quubeo ar.. ^ v a  Soo*ia , 

o o p r o l i t l o  bed* a re  w orked , and i n  M anitoba and 

A l b e r t a ,  low  g rad e  h a r d  b la o k  phoephate  oooure .

In  I n d i a  n e a r  P o n d ic h e r ry ,  a  bed o f b la o k  

p h o e p h a t io  nodule*  i s  worked i n  C re tac e o u s  r o o k '  

a t  T r ic h ln o p o ly  i n  th e  U n ited  P r o v in c e * , nndu lee  o f  

p h o sp h a te  and  phoephatio  rook  o ccu r  i n  a  b a r d  of 

s h a l e  a t  th e  b a se  >f a  c h e r t  b e d . The l a t t e r  

o c c u r re n c e  i s  o f  h ig h e r  g ra d e  than  i s  usua l i n  t h i s  

ty p e  c f  d e p o s i t ,  c a r r y in g  a s  much a s  75jf t r l b a e l c  

C a lc i  mo Pho a p h a t e .

Small q u a n t i t i e s  o f  h ig h  g rade  phosphate  a re  

o b ta in e d  from  cav es  and some o c ea n ic  i s l a n d s  in  the  

form  o f  guano , b u t  do n o t  e f f e c t  w orld  s u p p l i e s .

O c c a s io n a l ly  G reensands c o n ta in in g  much 

g l a u c o n i t e , a  h y d ra te d  s i l i c a t e  o f  i r o n  and po ta sh  

w i th  a  c e r t a i n  amount o f  p h o ep h a tio  w a te r ,  a r e  used

a s  a  so u rc e  o f  p h o sp h a te .

M assive  alum inium  phosphate  occurs  i n  a p p re ­

c i a b l e  q u a n t i t i e s  on t h e  I s l a n d  o f  Redonla i n  ♦ '*

West I n d i e s , and a t  S a ldanha  Bay, Cap* P ro v in ce .

South A f r i c a  h a s  v e ry  few ph o sp h a te  r e s o u rc e * .  

V as t  t r a c t s  o f  th e  l a n d  are  o f  use  on ly  f o r  

a g r i c u l t u r a l  p u rp o ses  and  th e  d e f i c i e n c y  o f phosphate



i s  t h e r e f o r e  s  e e r io u e  problem .

"-h* Saldariha ?^y  d e p o s i t s  a r e  th e  most 

l ~ p o ' t a n t .  They ooour on p a r t s  o f  th e  P e n in s u la  

wti.toh -ere a t  one tim e i s l a n d s  in h a b i t e d  by sea  

b i r d s » Both p h o s p h o r i te  and  a lum inous phospha te  

a r e  fo u n d  h e r e .  The p h o s p h o r i te  oooure on the  

s o u th e r n  s id e  o f  th e  P e n in s u la  and i s  th e  r e s u l t  of 

t h e  p h o s p h a t i s a t i  on of b o u ld e r  b e a r in g  s h e l l  b r e o o ia  

by s o l u t i o n s  from guano ao o u m u la tio n e .  The average  

p e rc e n ta g e  o f  t r i b a e i o  c a lc iu m  phosphate  i s  abou t 

77jC. The d e p o s i t  i t  n o t  v e ry  l a r g e  and i s  a t ten d ed  

by g r e a t  m in in g  d i f f i c u l t i e s ;  f o r  th e s e  re a so n s  i t  

i s  n o t  u sed .

The a lum inous ph o sp h a te  d e p o s i t s  ooour i n  two

p l a c e s , (a )  on H oedjes Bay p e n in s u la ,  and (b) on

Oude P o s t ,  on th e  Sou thern  P e n in s u la .  The fo rm er

i s  due to  t h e  p h o s p h a t i s a t i o n  o f  g r a n i t e  d e b r i s ,  and
a

i n  p a r t  g r a n i t e  i t s e l f ,  from whioh th e  AT na i s  

d e r iv e d .  I t  i s  dark brown in  c o lo u r  and i s  f a i r l y  

e x t e n s i v e .  I t  w i l l  p ro b a b ly  be found to  be 

c o n t in u o u s  a lo n g  th e  whole r a i s e d  beach  a r e a .  The 

h i g h e s t  PgOsC^utent h i t h e r t o  d is c o v e re d  h a s  been 

26, 37^ .  (b )  This  d e p o s i t  i s  much l a r g e r  than  ( a ) .

I t  i s  h a i d e r  and c o n ta i n s  mere q u a r t z , b u t  h a s  a  

h i g h e r  PgO^ c o n te n t  ■ 3 2 .6 3 ^ .  ^ ie  o r i g i n  i s

e s s e n t i a l l y  t h e  same. P h o sp h a t i0 d e p o s i t s  have been

r e p o r te d  . . .



r e p o r t e d  from v&rioue p%rt* n f  t h i s  n o e e t , *nd s a y  

prove  of v a l u e .

O th e r  d e p o s i t h o ccu r  i n  th e  neighbourhood of 

Weenen, where em ail  q u & n ti t l e e  o f  ph&ophate occur 

i n  impure l im e s to n e *  j n t e r e t i a t i f i e d  w ith  K arroc 

s h a l e s .  The PgOg c o n s t i t u t e s  on ly  abou t of 

th e  rook so  t h a t  i t  i s  ofno v a lu e  ex cep t  l o c a l l y .

At L u lu  Kcd i n  t h e  E o r th e r r  I r a n s v a u l ,  a  sm all 

p e r c e n ta g e  o f  a p a t i t e  c r y s t a l s  o ccu rs  i n  

metamorphosed l im e s to n e .

P h o sp h a te  d e p o s i t s  a re  known to  occur a l s o  in  

South West A f r i c a  a t  Cape C ro s s ,  Worth o f  Swakopmund, 

i n  t h e  Kuruman and K enhard t D i s t r i c t s  and  i n  B ird  

I s l a n d ,  Algos. Bay.

Bone o f  t h e s e  i s  im p o r ta n t .
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The l a r g e s t  d e p o s i t  o f  a p a t i t e  k n o w  in  so u th  A frica  

i s  t h e  p r o p e r ty  of t h e  E. A .Phosphate  E x p lo ra t io n  E )n d io a te ,  

l t d .  They own 15 fa rn .s  in  a b e l t  o f  country  runn ing  E-W, 

e a s t  o f  B a n d o l ie r  l o p ,  on th e  P le te r s b u r g - K e e e in a  P a i l  way.

The f a n  a a r e : - 

V lle g en  Bar 2623,
D iep g ez e t 2613,
l a t s o h a p p e 865

K r u i s f o n t e i n 510
Epelonk V a te r 927.
K w a r tfo n te in 135,
Zekoegat 1375,
F o h aap k raa l 2622,
F y p h e r f o n te in  
Kid i l  e f o n t e i n

2619,
176,

K a h iia sh o e k m e .
U ite a o h u t 2616,
D r i e f o n t s l n 16 ,
D uikerehoek 1631 ,
Poepbaoh 1798,
G r o o t f o n te in 17 .

A p a t i t e  h a s  Veen r e p o r t e d  fro& a l l  o f  t h e s e  t u t  on ly  th re e  

have  V eer a c t i v e l y  e x p l o i t e d .

The 3 f  e r r  s r e f e r r e d  t o  a d j o i n  one a n o th e r  and  a re  

rp e lo n k w a te r  (9 2 7 ) ;  P ch aap k raa l (4 5 1 ) ;  and 1 'ah ilsehoek  

(4 3 9 ) .  F p e lo n k w a te r  i s  a b o u t  7 m i le s  f r o a  l e n d o l i e r k o p  

F t a t r o n  i n  an E .K .E . d i r e c t i c n  on th e  l a i n  Road froc  

B a n d o l ie r  Fop to  E l i o , which p a s s e s  t h e  N o rth  boundary o f  

a l l  3 f a i r  p . (see  n a p ) .

The n.oet. p ro m in en t  f e a t u r e  in  th e  d i s t r i c t  1* l a b i l e *  

Fop , on th e  t o p  o f  which th e  beaco n  r a r k in g  th e  J u n c t io n  of 

F o h a a p k ra a l  and l a h i l a e h o e k  i s  p la c e d .  F r o m , th i s  Kopje 

a  very e x t e n s iv e  v iew  of the  c o u n try  f o r  nany m ile s  i n  a l l  

d i r e c t i o n s  i s  ^ V tn in e d .

Looking  n o r th w a rd s  fr<* t h A  k o p je  t h e  c o u n try  

s t r e t c h e s  f l a t  and b a r e .  A few e n a l l  b u t  p rom inent k o p je s
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a re  t h e  only  r e l i e v i n g  f e a t u r e * .  Theee a r e  p ro b ab ly  

g n e i e r i c ,  l i k e  l-ah ilaB kop  i t s e l f .
I

This  f l a t  e t r e t o h  *e ends  about 15 c d le e  to  tlie n o r th  

where t h e  f  o u t pan eb e rg  form, a  pr or i n e r t  range runn ing  E-/W.  

T h is  ran g e  1# th e  esca rp m en t o f  th e  h a rd  V a te ib e ig  

q u a r t z i t e * . The town o f  l o u i e  T r io h a r d t  l i e s  a lm os t due 

n o r th  a t  th e  f o o t  of th e e e  m o u n ta in s . Fee P l a t e  I I  f i g . l .

Towards t h e  Went th e  p l a t e a u  s t r e t c h e s  unbroken b u t 

t h e r e  a r e  more k o p je s  o f  which b a n d o l i e r  Pop i s  one .

In  th e  fi.W. th e  co u n try  b e g in s  to  b reak  up and becomes 

c o re  and d o re  i r r e g u l a r  tow ards  th e  F .E . The h i l l s  and 

v a l l e y s  f o ld  i n t o  one a n o th e r  j *  as f a r  as  the  eye can s e e .  

T h is  f e a t u r e  i s  s o  pronounced th a t  i t  i s  known a s  th e  V a l ley  

o f  th e  Thousand H i l l s .  The K le in  l e t s b a  r i v e r  runs  

f r o r  W-E th ro u g h  th e  r e g i o n ,  and i t s  t r i b u t a r i e s  a r e  

r e s p o n s i b l e  f o r  d i s s e c t i n g  th e  co un try  t o  t h i s  e x t e n t ,  f o r  

on e i t h e r  s i d e ,  fu r ro w s  have  been out from th e  h i l l s  down to  

th e  I .e ta b a  (Fee Tap and f i g s  2 ,  3 and 4 on P l a t e  I I ) .

As m ig h t  be  e x p e c te d  t h e r e  n a t u r a l  d ra in a g e  has  

d e te rm in e d  t h e  to p o g r a p h y , th e  t r e n d  of th e  g e o lo g ic a l  

s t r u c t u r e  h a s  been  r a s k e d , b u t  a  c e r t a i n  para lle l ism of 

c h a in s  o f  h i l l s  i»= s  from K .F .T .  to  E .N .E . i n d i c a t e s  t h a t  

th e  g n e i e e i c  b an d s  run in  t h a t  d i r e c t i o n .  Ju d g in g  from 

t h e i r  s i m i l a r i t y  i n  o u t l i n e  t o  l ia h i la e k o p  th e  lo o s e  b o u ld e rs  

which cap  s e v e r a l  o f  th e  h i g h e s t  p o i n t s  a re  g n e i s s .

E as tw ard s  from Xn+' 1 a*  Pop a l th o u g h  only h i l l y  

co u n try  i s  v i s i b l e ,  th e  a l t i t u d e  d e c r e a s e s  r a p id ly  tow ards  

th e  low c o u n t r y .  G e n e ra l ly  th e  v a l l e y  i s  enveloped  in  

m U t  i n  t h e  r o m i n g  and e v en in g  so t h a t  even th e  h ig h e s t  

arong th e  th o u san d  h i l a  i s  i n v i s i b l e .  I t  i s  p a r t  of the  

m is t  b e l t ,  t h e  h ig h  r a i n f a l l  o f  which i s  r e s p o n s i b l e  f o r  the

v a r i e d  r e l i e f .
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The iA>oaphato d e p o e l t e  I t s  B.B.V. fron, leA h lla 'a  Fop In t h l  

t r a r e i t i c n  zone between th e  p l a t e a u  and]ow o o u n t r l e a .  Thi ■ 

zone l a  i n c r e a e in g  In e l z e .  At p r e s e n t  a  l i n e  drawn F-W 

th ro u g h  M a h l l a 'e  Fop 1* rough ly  th e  w aterahed  a lth o u g h  i t  

doe# r o t  f  onri a  oonsp lououe  r i d g e .  The e treac  •  however 

whioh flow  t o  t h e  mouth a r e  f a r  n o re  ru ee ro u #  and th e  

g r a d i e n t  e t e e p e r  eo t h a t  they  a re  b e g in n in g ,  by head e ro e io n ,  

t c  c a p tu r e  th o s e  whioh now ren d  t h e i r  way i n  sha llow  

d e p r e s s io n #  eo roe#  th e  a ln .oet f l a t  p l a i n  towards th e  n o r th .

The v e g e t a t i o n  1# d e te rm in e d  by th e  amount of w a te r .

The t h o r n  t r e e  1# ocnepiououe everyw here  t u t  along  th e  r i v e r  

oou reee  a  more l u x u r i a n t  ty p e  f l o u r i s h # # .  S c a t te re d  

e u p h o rb ia  t r e e # ,  l a r g e  f lo w e r in g  t r e e #  and numerous c re e p e r#  

i n t r o d u c e  t h a t  v a r i a t i o n  i n  scen e ry  whioh i s  so  la c k in g  i n  th e  

F uah v e ld  f a r t h e r  s o u th .

U n lik e  th e  o ccu rren ce#  o f  eed im en tary  p h o s j l ia te  which 

f u r n i s h  b o  l a r g e  a p e rc e n ta g e  o f  th e  w o r ld '*  supply  c f  

pho#ph*ite and whioh occur in  c o o p e r a t iv e ly  young ro o k s ,  

th e  K .T ran sv aa l  a p a t i t e  occur#  a e a o e la te d  w i th  th e  o ld e s t  

reoka  o f  B .A f r i c a .  Th# d i s t r i b u t i o n  o f  the  rock# and 

th e  d i r e c t i o n  o f  e o h i e t v s i t y  and banding  in  thee, in d ic a te  

th a t  t h e  s t r u c t u r a l  t r e n d  o f t h i #  p a r t  o f  th e  country  1# 

fro e  E .K .B .*  t f .F .F .
South o f  t h . 7o u t j . n i f c . r s , "h io h  t .  t h .  . . o « p 1. n t  i f  

w . t . r t . r g  4U . r t . l t . .  o lo . lH *  t h .  .  . .  t o  t h .  n o r th ,  1 1 «  -

fcxo.d f c . l t  o f  «  .  .  « ' » “ • .  g n ,1 “ -
ro o k .  . h o .  d l f f r . n t  o f  fc«41ns  « " ‘ =f  « • « > « » « .

n r . S . l . H . l l ,  i n  d o .o r l f c in s  t h .  I n  h i .  l « o l r  on Corundu. 

j o  t h .  » .  « d  S . T » n . r » l . . U S * . . ! ,  t h .  ^ w i M l l t J  or .

d i f f e r e n c e

- i*—
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d i f f e r e r o e  in  a g e ,  and t h a t  th e  z.aeeive g r a n i t e  i e  

i n t r u s i v e  i n t o ,  and o o n e e n u e n t ly  younger t> w i,  th e  Landed 

g r e i a o o s e  ro o k a .  All t h e s e  g r a n i t i c  rooks however, e re  

a t  p r e s e n t  c l a s s i f i e d  a .  -O ld e r  G r a n i t e -  f o r r . a t i o r .  Both

th e  e a s s i r e  g r a n i t e  and th e  g n e i s s  in  p l a c e s ,  forn  K opje . • -----   » • 1'U cp •
K sh i la s k o p  and th e  o th e r  . m a i l e r  Kopjes in  the  neighbourhood

of th e  p h o sp h a te  n in e  a re  oorposed of g n e is s  o f  very

d a rk ,  o o a r s e  n a t u r e .  Th is  w i l l  be d e sc r ib e d  l a t e r  in  
%

d e t a i l .  L a rg e  1 1 ohen-oovered  b o u ld e r s ,  q u i te  f r e s h  

i n s i d e ,  cap  th e  K o p je s .  On P l a t e  I I I .  f i g . 3 a photograph 

i s  g iv e n  o f  a g r a n i t e  k o p je  a few m ile s  sou th  of 

B a n d o l ie r  Kcp. In  a p p ea ra n ce  i t  d i f f e r s  v a s t l y  from the 

gnei s a l e  k o p j e s .

South  o f  t h i s  b e l t  which ends i n  the  neighbourhood 

of K a h i l a ' s  Kop, l i e s  a  ro n e  o f  b a s i c  s c h i s t s ,  i n t e r l e a v e d  

w i th  c o a r s e  pegs a t i t i o  v e in s  and o c c a s io n a l  bands of .axd 

g n e i s s .  The s t r i k e  of t h e s e  ro ck s  fo l lo w s  th e  s t r u c t u r a l  

d i r e c t i o n , i . e .  E .N .E . - K .F .K , as does the  banding, in the 

i n d i v i d u a l  l a y e r s .  The d i p  i s  towards th e  North a t  

v a ry in g  a n g l e s .  I t  i s  1 r  t h i s  complex b e l t  th a t  ♦he 

p h o sp h a te  o c c u r s ,  a s s o c i a t e d  w i th  peg m atite  v e i r e .  The 

b e l t  i s  from E - 3 m i le s  w ide , and i s  f l a n k e d  to  the  Fouth 

by g n e i a e lo  f o r m a t i o n .  Nun e rous diabsuie dyken have been 

in t r u d e d  i n t o  th e  r e c k s  a l r e a d y  m entioned and run in  v a r io u s  

i i r e c t i o n s ,  E-W, NI-FW and FE-NW. These a re  v e r j  uniform 

i n  c h a r a c t e r ,  b e in g  f r e s h , f i n e  g r a in e d ,  b lu i s h - g r e y  rooks 

w ith  v e ry  marked J o i n t i r g  , which g iv e s  thee a  s l a t e y  

a p p e a ra n c e .  In  t h e  bed o f  th e  e tre*#  , sou th  o f  th e  main 

p h o sp h a te  o c c u r r e n c e s ,  t h i s  dyke rcok i s  well ex p o sed , fo r  

th e  s t r f a n  c r o s s e s  a  l a r g e  dyke s e v e ra l  l i v e s .  In  a shallow  

t r e n c h  i n  N o .I  w orking a sm all dyke o u ts  a c ro s s  th e  banding

of th e  o th e r  f o r m a t io n s  (See Pi vte I I I  f ig .f i*  - •
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Thena dykes ae & r u l e ,  font; s t r a i g h t  r id g e s ,  t u t  it  

M ahilae  Top v i o i n i t y  none c f  th o se  n o t ic e d  were d o re  than  

a few f e e t  above the  g e n e r a l  le v e l  o f  th e  c o u n t ry .

A ccording to  Dr .A.I. .K a l i  they a re  p ro b ab ly  of Post T ransvaal 

a g e .

The F c h i s t s  were u n f o r tu n a t e ly  only s tu d ie d  in  the  

p h o sp h a te  w o rk in g s .  No o th e r  exposu res  were seen .  In  

t h e s e  l o c a l i t i e s  th ey  r u s t  have been e f f e c t e d  by th e  p egm atite  

i n t r u s i o n .

P e g m a t i te ,  The p e g m a t i te  v e i n s ,  a l th o u g h  very u.uoh 

f r e s h e r  th an  th e  o ld e r  g r a n i t e ,  i n  a l l  p r o b a b i l i t y  r e p re s e n t  

t h e  l a s t  p hase  o f  t h a t  i n t r u s i o n .  T h e ir  d i s t a n c e  from th e  

Pal a b o ra  P lu to n ic  Complex w i t h  whiol t h e  very c o a rse  

p .ioa-oorurduc; b e a r in g  p e g r .a t l t e  i s  a s s o c i a t e d ,  i s  too g re a t  

f o r  a c o n n e c t io n  w i th  i t  t o  be  p r o b a b le .

A p a t i t e  o ccu rs  c h i e f l y  in. i*gr at i t  e as bands o f  

p a s s i v e  a p a t i t e  o r  a s  p e r f e c t  hexagonal c r y s t a l s  embedded in  

a  v M t e  v e ry  pvroue rook which proved to  be c h ie f ly  barium 

s u l p h a t e  and which i t s e l f  o c c u r s  a s  l e n s e s  and v e in s  in  the 

p e g m a t i t e .  Another im p o r ta n t  source  o f  phosphate  i s  +he 

zone o f  mixed r o c k , made up o f  more o r l e s s  equal p ro p o r t io n s  

c f  f e l d s p a r ,  a p a t i t e  and s c h i s t  which u s u a l ly  l i e s  t e t v s e n  

th e  a p a t i t e - b e a r i n g  p e g m a t i te  »nd g re e n  s c h i s to s e  ro ck .

I t  IB n e c e s s a r y  to  g iv e  a  g e n e ra l  ske tch  o f  th e  rocks 

w hich c h a r a c t e r i s e  t h e s e  d e p o s i t s ,  though a d e t a i l e d  

d e s c r i p t i o n  w i l l  be r e s e rv e d  u n t i l  l a t e r .  They 

i  g roups
( l )  Norral graphic,A. P e g m a t i t e :

I .  Porous  hock, 

C. F o h l s t :

( i i )  R iosphatic.

( i )  H o rn b le n d e ,
( i i )  M ica .
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>1) Lif-ILftLJ8L:^ 1 1 15 IB u s u a l ly  a  g ra p h ic  in te rg ro w th  

of P in t  and w ^ t e  f e ld s p a r  w ith  ^ u a r t r .  Apart f re e  

c lo u d in e s s  i n  t h e  ftida ia .r  th e  rock  i s  f a i r l y  f r e s h .  I t  i s

n e v e r  s een  i n  d i r e c t  c o n ta c t  w ith  p h o sp h a te .

( i i )  P l S S i r m ?  pg F r A t i l £ : T h la .  as a r u l e ,  i s  n o t

g r a p h ic  t u t  i s  a  c o a r s e - g r a in e d  a g g re g a te  o f  lark g r e y - t l u e  

q u a r t z  and f e l d s p a r , w hich shows a l t e r a t i o n  in sev e ra l  

r e s p e c t s .  T h is  i s  e v id e n t  c h i e f l y  i n  th e  co lo u r  which 

i n s t e a d  o f  p ink  or w h i te ,  i s  l u f f  o r  n a u v e , sor e t l n e s  deep 

p u r p l e ,  o r  t r i g h t  g reen  on c le a v a g e  f a c e s .  Th is  pegm atite  

i s  a lw ays found n e a r  p h o s p h a te .  I t  i s  s t i l l  a  cce.peot rock , 

d e s p i t e  t h e  a l t e r a t i o n .  Or a n a l y s i s  th e  p resen ce  of 

p h o sp h e te  i s  a l e * . *  fo u n d ,  though n o t  i n  l a r g e  q u a n t i t i e s ,  use 

u s u a l l y  lj£.

Z t~ E °£ m .z± L < $ -

T h is  i s  a r  e x t r a o r d in a r y  ro c k .  I t  han the 

a p p e a ra n c e  o f  b e in g  ar a g g re g a te  o f  s k e le to n  fe .d e p a r  

c r y s t a l s  which >iad I sen  k a o l i r i s e d .  I t  i s  very  w hite  t u t  

i r o n  '-'xide h a s  t e e n  le p o s i te d  in  the  h o l lo w s  caus ing  th e  

red  and w h i te  g r a n u la i  rock to  t e a r  a  c arked  r e s e n t l a i  oe 

t o  t a u x i t e .  The rock i s ,  a s  m ight l e  ex n eo ted ,  very 

f r i a b l e  and c rum bly . I t  c a r r i e s  l a r g e , w e l l - f o r c e d ,  

h exagona l c r y s t a l s  of A p a t i t e .  On a n a l y s i s  the  rock was 

found t o  be c h i e f ly  t a r i v o  s u lp h a te  w i th  so re  o e lo iu a  

s u l p h a t e .

( I )  A s o f t ,  g r e e n i s h - y e l lo w ,  f r i a b l e  s c h i s t ,  composed 

c h i e f l y  o f  h o r n b le n d e ,  o ccu rs  in  l a r g e  t o d i e s  near phosphate .

( I I )  A Mica f s h i f t  oe .posed  m a in ly  o f  f l a k e s  of 

b l o t l t e  and a l t e r i n g  h o rn b le n d e  o f te n  c a r r i e s  a  l a r g e  

percentage of decor p o s in g  f e ld s p a r  and q u a r tz  g r a i n s ,  In 

d e f i n i t e  l a y e r s .  I t  a d jo in s  m n ra l p e g r a t i t e  and

r e p r e s e n t s  .

■
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r e p r e e e n te  at a l e o r ^ t ' i o n  o f  p o g L a t l t l o  o o n e t i tu e r . te  by 

• o h l e t .  ( i )  and ( I I )  a r e  p ro ta b ly  d i f f e r e n t  B.ainlfeetetion*

“ "  ‘ ro o k .of EOtaBorpMsiT o f  th *
■

*1

'. m*

(1) Mixed Fo o k . Thirt i e  a  B.lxtu»e of p e g s .a t i l t .

a p a t i t e  and e o h l e t  i n  r a i y l n g  p r o p o r t i o n s .  I t  i s  fou»>d in  

e n d le s s  v a r i e t i e s  o f  t e x t u r e  c o lo u r  h a rd n e ss  e t c .  Eonetlnea 

th e  p o rous  rook c o n t r i b u t e s  t o  th e  a g g re g a te .

( l i )  Massive  A p a t i t e .

1
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The c h i e f  o c c u r r e n c e s  a r e or t h e  3 fan ,  e , fpelonVwater 

( 9 ? t ) ;  FchaapVraal  ( 4 5 : ) ;  and Lahi laehoek  (439) ,  which 

p-ere t h e  o n ly  cnea examined. (See P l a t e  I I I  f i g . i . )

The l a r g e s )  wcrking  l a  on the  f a r t  EpelonVaater.  I t  i e  

c a l l e d  S o . I  and i s  on the|F s lo p e  o f  a  k o p je .  This i s  a 

s t a l l  ojper. working  ah out 1 0 ' 0 W deep, w i th  severa l  t r e n c h e s
WWl«.tT

r a d i a t i n g  from i t .  On t h e  S wail  o f  th ee  a  hody o f  m assive 

<il a t  i t  e i s  exposed w i th  p e p a t i t e  f o o t  w a l l  a rd  e c h i s t  

h a n g in g  w a l l .  I t  i e  s e v e r a l  f e e t  t h i c k  and d ip s  s te e p ly  

to  t h e  N o r th .  A v e r t i c a l  s h a f t  33'  deep  has  t e e n  sunk in  

t h i s  open . u a r r y , and a t  i t s  Laee an i r r e g u l a r  50 '0"  d r iv e  

has  t e e n  cv towards  t h e  n o r t h  and a  s c a l i e r  one t o  th e  

Fou th .  f ee P l a t e  IV f i g . l ,  Th.e wall s o f  the shaf t  

a i e  cor posed e n t i r e l y  o f  decce. po s in g  n o r r a l  p e g e a t i t e  

e x c e p t  a t  t h e  t a e e  where  t h e  s o u th e r n  d r iv e  c u te  th rough  a 

t o d y  of s c h i s t . ?he l a + t e i  shews p e r f e c t  s i h e r o i d a l  

w e a t h e r i n g ,  due t o  r e te r .o rph iea -  ty  th e  su rro u rd in g p eg t  a t i» e  

(Fee P i n t s  IV f i g s  ? and 3 ) .

The 5 0 '  N o r th e rn  d r i v e  i s  cu t  c h i e f l y  through s c h i s t  

w i th  t a r d a  o f  p e e r a t i t e  and low grade mixed phoerha te  rock .

F * r i n r e r e  o f  f a i r l y  pu re  a p a t i t e  occur a l s o  i n  the  hornb lende  

s c h i s t .  B er iun  e u l p h n t e  rock occur*  i n  i s o l a t e d  s c s l l  

p a t c h e s  ir. t h e  p e g r a t i  *e t u t  a lways r e a r  to a to d ,  of 

a p a t i t e .  I t  i s  no t  fo*Ad i n  t i g  zones h i r e  a s  i n  l o . I I I w ^ i n )  

At t h e  e rd  o f  t h e  d r i v e  & th ic k  to d .  of mass ive 

a i e t i * e ,  a t o u t  5 ' ,  i s  i n t e r s e c t e d  a r d  a n o th e r  s h a f t  1 5 ' 0

deep
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deep  hne t e a r  nr-ade in  o rd e r  t o  f o l l o w  i t  a t  a  lower l e v e l .

From the  W e e  of  t h i e  eeoond eV>*ft a  d r i v e ,  approxi-u^tely 

48* 0" a lo n g  t h e  s t r i k e ,  h a s  Leen c u t .  A s k e tc h  of h«, 

second s h a f t  i s  g iv e n  to  show o c cu r ren c e  of n.aneive a p a t i t e  

( P l a t e  IV f i g . 4) - -  TV.e g n e i s s  a t  t h e  top  of  the  y d  eh&ft 

i s  i d e n t i c a l  r i t h  t h a t  which fom.e  t h e  swm,it of the  Kopje 

on t h e  6 ] o j e  o f  which  t h e  work ing i s  s i t u a t e d ,  a n d  i s  

s i :  i l  ai a l s o  t o  t h e  g n e i s s  o f  H ah i lao  ?op.  I t  i s  s l i g h t l y  

c o a r s e r  g r a i n e d  and w i th  a much h i g h e r  pe rcen tage  of
Tfrart Hr- ahe»

t i o t i t e .   ̂ fA d e s c r i p t i o n  o f  t h e s e  w i l l  he  g iv en  l a t e r )  —

Thie p h o sp h a te  to d y  i s  p ro b a b ly  Vint which i s  sxposed i n  the 

qua r ry  above .  Although i t  i s  f a r t h e r  N orth  than  would be 

e x p e c t e d  from t h e  d i p  shown a t  t h e  s u r f a c e ,  D i s  v a r i a t i o n  

i n  t h e  d i p  i s  v e ry  c h a r a c t e r i s t i c  o f  a l l  th e  phosphate
m ol Hi#m % ̂

b a n d s ,  t h e  d i p  a f  whieb  i n c r e a s e s  and d e c r e a s e s  most 

i r r e g u l a r l y .  T h i s ,  however ,  i s  t o  be expec ted  i n  d e p o s i t s  

whose d i e t r i b u t i  n i s  de te rc - ined  by pegm at i te  bod ie s  which 

a r e  a lw ays  u n c e r t a i n .  These b ran ch  t h i n  out oi change 

t h e i r  d i r e c t i o n  f r e q u e n t l y .  I n  t h e  workings under  

d i s c u s s i o n  however  th e  p e g m a t i t e  bands m a in ta in  i n  genera l  

a  N o r t h e r l y  d i p .

About 130*0* to  t h e  N o r t h - e a s t  o f  N o . I ,  a n o th e r  

v e r t i c a l  s h a f t  c a l l e d  IA i s  b e in g  sunk,  I t  a  depth  of 112 

f e e t  i t  o u t s  what i s  p ro b a b ly  the  r a i n  a p a t i t e  bed . The 

rooks  im m e d ia te ly  above th e  phos0v»te  a r e  th e  c h a r a c t e r i s t i c  

accompaniments  of  a p a t i t e ,  nan s l y  - 15" phoephat ic  peg m at i te ,  

t h e  f "  c i o n  s c h i s t ,  cor .posed o f  s n a i l  f l a k e s  of v e ry  dark 

brown b i o t i t e ,  t h e n  a  t h m  band of mixed rook ( s c h i s t  

p e g m a t i t e  and w p a t i t e )  fo l low ed  by p ink  and green  masvive 

a p a t i t e  w i th  smal l  i n c l u s i o n s  of  s c h i s t .

Ano ther  s h a f t  ( N o . I l ) ,  h a s  been  sunk 150'  of S o . I .

b u t  t h i s  was not examined. I t  i s  r e p o r t e d  t h a t  i n  t h i s

working .



greea SilK̂ IforrrLler,̂ ,

Wei. $' .. *<*■

r|ei*'/e ' j

I
W . ^ V\

rfdufciorrs m ech,»l"

i\ -G'*pkic peorvwĥ
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working two t o d i e s  of  i h o s p h a t u  rock a t  out S' t> iok a re  c u t .  

The r . e t o r i e l  from a l l  t h e s e  workings  f o r c e  e ev e ra l  l a i t e  

duope. 6cm e v e r y  i r t e r r e t i r g  8i.HCio.erB c f  v a r io u s  rock typee 

were found on t h e s e .

The r e l a t i o f . e h i p  of r a e e iv e  a p a t i t e  t o  the  other 

rooke  l e  w e l l  shown in  the  open work irg  a l w e  Ko.i  Shaf t  (See 

P l a t e  V f i g . l ) .  Here  l a r g e  t o d i e s  o f  n.tteeive p hosphor i te  

a re  s u r ro u n d e d  t y  a  h o r n t l e n d e  e c h ie t  c a r r y i n g  a l i t t l e  

r r i c a ,  i n  which t h e  G o h i e t c e i t y  fo l lowed  th e  o u t l i n e  of the 

phoepha te  t o d ) .  I r rned i f l te ly  1 elow t h i s  y e l l o w i s h  green 

mohiet  i s  a  l a n d  o f  phoephmtio p e g r a t i t e  which passes  i n to  

normal g r a x h i c  p e g r a t i t e  a s h o r t  d i s t a n c e  fror.  the  phosphate  

i n c l u s i o n .  The p e g r a t i t e  in  t u r n  r e  u n d e r l a in  t y  s c h i s t  

.;.'r pr>sed c h i e f l y  o f  ve ry  l a rk  co loured  t i o t i t e  with  a  l a r g e  

p e r c e n t a g e  o f  deoce p o s in g  f e l d s j e r .

Wh,ere p i e c e s  o f  s c h i s t  have t e e n  inc luded  in  the  

ph o sp h a te  t h e ;  have  l e e r  c o n v e r ted  i n t o  l a r g e , p a l e - g r e e n ,  

s i l k y  , h o r n t l e n d e  c r y s t a l s ;  the  b a t e  a l t e r a t i o n  t o  

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

p h o s x h a t i c  p e # a t i t e .  Tone much p i e c e s  were 6* square  and 

formed ax-pareri tly one c r y s t a l ;  t h e r e  i s  no p a r a l l e l  

a r rangem en t  o f  t h e s e  l a r g e  h o r n t l e r .d e  c r y s t a l s .  I t  i s  

s i g n i f i c a n t ,  however ,  t h a t  where s o l u s t  i s  embodied in  

o r d in a r y  p e g m a t i t e  or b o r d e r s  p e g m a t i t e  zones ,  t i o t i t e  

teocm.es ve ry  p ro m in en t .  At th e  n .a rg ins  o f  x jegcati te  t o d i e s  

th e  p r o c e s s  o f  a l t e r a t i o n  from h o rnb lende  to  t i o t i t e  i s  of ten  

r o t i c e s t l e .  The e f f e c t  o f  metaz. orphisL. i s  r o t  so 

com ple te  where  t h e  i n c l u s i o n s  a r c  l a r g e .  In  such oases  

th e  a l t e r a t i o n  i s  s i m i l a r  t u t  l i m i t e d  t o  t h e  m arg in s .  The 

p a l e  g r e e r  h o m t l e r l e  w e a th e r s  t o  b l i g h t  y e l l o w i s h  g reen .

In  one o f  t h e  t r e n c h e s  l e n d in g  out o f  the  q ua r ry ,  lands

of f i b r o u s  barium s u l p h a t e  rock  u n d e r l i e  a m ix ture  of  e o h l s t ,

Wlttl e • •
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w ith  f r e s h  f e l d s p a r  and ec .a l l  p i e c e s  o f  the  s u lp h a t e  rook.

Thie  v e i n  i s  only  a  few f e e t  above a  icase ive a p a t i t e  band.
l|

The p r e s e n c e  o f  va r lum  su lphs . te  rook i s  always i n d i c a t i v e

of th e  p r o x i n l t y  of  a p a t i t e ,  and i n  aany oases^eno loses

a p a t i t e  c r y s t a l s .  In  K o . I ,  t h i s  rock  i s  not as  impor tan t

as  i n  H o . I l l . a  working  f u r t h e r  s o u th ,  where i t  occurs  in
4>aViVe

l a r g e  b o d i e s  and c a r r i  e s  the  b e s t ^ o r y  s t a l e .

A f e a t u r e  o f  t h e  g r a p h ic  pegu .a t i t e  in t h e  r a i n  

e x c a v a t i o n  i s  t h e  *-V d i r e c t i o n  of the  l a y e r s  o f  q u a r t s  and 

f  el 's  p a r ; f o l l o w i n g  th e  b e d d in g  p la n e s .

-X r . I I I . W o r k i n g . P e rh a p s  the^ os t  in t e re s t in g jco o u r re . i c e  i s

on t h e  S o u t h e r n  s lo p e  o f  a h i l l  South o f  the r * i n  workings 

a t  Hos.  I .  l a ,  and I I .  U n s  i s  k r o w r  as  H o . I I I .  'See 

-Sketch K .p  on P l a t e  I I I ) .  I t .  c h i e f  f e a t u r e  i s  a tu n n e l  

a r i v e r  2 4 3 -0 "  I n t o  t h ,  h l l l - l d . .  I t  1 .  7 - 0 "  h igh  . n l  5-0"  

r t d . ,  m d  o u r , , .  , u i t e  o o n . i d . r A l y ,  «o t h a t  d a y - l i g h t  1 .  

ou t  Off t i m o . t  l „ , t i i a t , l y .  T h .  o e o u r i . n o .  h . r .  o f  . r a t l t . ,  

e f r . r .  f r o *  t h e  a l r e a d y  d . . o r l t . d  I n  . e r . r . l  minor 

f . a t u r , . . « o r .  t l m .  w .  . p . n t  In  t h .  . l a m i n a t i o n  o f  t h l .  

working  th a n  on any o t h e r ,  a .  I t .  l e n g t h  mad. » o . . l h l .  a more 

e x t e n e l r .  . t u d y  o f  th e  f e a t u r e ,  e h . r a o t . r l . I d e a l l y

acooapany lng  h a t h  e r y . t a l  and . . . . . I T .
m r n . d l a t . l y  . l o r e  t h .  tu n n e l  a  t r . n e h  h a .  h m n  dug. and

from t h .  . a l l .  o f  t h l .  i t  a .  a t  one .  . f l d . n t  t h a t  the

p ^ a t l t .  and  t h .  . . . d e l a t e !  p h o . p h r t .  r e e k ,  h . h . r e d

. r r . t l e . u y  I n  t h l .  a r e a .  The > * .  u n d u l a t e ,  e a r .  In

t h l e k n e a a .  and  a re  I n  ^  "  %

At t h e  head  o f  t h l e  t r . n e h ,  I . e .  ** r t '"‘ , t i 1 ,  * P

: ; : : r  r  r r g ;  j
u n d u l a t i n g  p s g r a t i t e  i n  t h .  s«vr.e t r e n c h ,  a re  f a i l u r e s ,  an
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* rough diagrujBi made t o  a n n o ta t e  th e p h o to g r a p h , i s  t h e r e f o r e  

t h e  on ly  reoord*^

Tv e o r d e r  of  the  o o n ta o t  rooke i s  t h a t  which i s

b e l i e v e d  to  he o o n e t a n t  ivj a l l  d e p o s i t s ,  so i t  i s

rep ro d u ced  i n  P l a t e  VI f i g . l .  i n  the  d r i v e  i t s e l f  an

a t t e r i p t  was made to  fo l l o w  t h e  o rd e r  o f  rocks  from the  mouth

t o  t h e  e n d , n o t i n g  t h e i r  d i m e n s i o n s , w i th  * view t o

d e t e r m i n i n g  t o  what e x t e n t  th e  r e l a t i o n s  o f  a s s o c i a t e d  rooke

a r e  c o n s t a n t . At v a r i o u s  placer,  c r o s s  s e c t i o n s  were

m easu red ,  and s k e t c h e d , an t n o t e s  made on the  l o n g i t u d i n a l

d i s t r i b u t i o n  o f  t h e  r o o k s .  These a r e  g iv e n  below. The

nc + ea m  t h e  l a t t e r  would have been o f  r ore  u?e had a

o o n e t a n t  U r j o t i o n  been m a in t a in e d  i n  c u t t i n g  the  d r i v e .

Vhere n o t  o t h e r w i s e  s t a t e d ,  t h e  s a r e  c o n d i t i o n s , though

n a t u r a l l y  w i t h  d i f f e r e n t  d im e n s io n s ,  p r e v a i l e d  on b o th  w a l l s

o f  t h e  d r i v e .  The measurements  a re  n o t  c la imed t o  be

a b s o l u t e l y  a c c u r a t e , b ecau se  t h e  l i g h t  was too  poor  t o

d i s t i n g u i s h  a c t u a l  m a rg ins  but the  e x i s t e n c e  of type  rook i s

d e f i n i t e .  3 1 - 3 4 * # e s t  Wall I s o l a t e d  b o u l d e r s  o f  ox id i sed

p e g m a t i t e  i n  s o f t  y e l l o w i s h  g r e e n  l o h i e t  which d ip  K a t  very

s h a l l o w  a n g l e s  0 1 - 9 4'  E a s t  W al l .  O rd in a ry  pegm at i te  w i th  a

few l e n s e s  o f  bar ium s u l p h a t e  rook in  which  no a p a t i t e
£*« PUIe yi '̂<3 %

c r y s t a l s  were  s e e n . 94* -  126*. tfree  Fd-g . - XI-11-. In the

s u l p h a t e  rock  very  l a r g e  Mpati te  c ry s t a l e ( H e x a g o n a l  prisma

t e r m i n a t e d  by p y r a m id s ) ,  o o o u r . The t h i c k e s t  one seen nas

6* i n  d i a m e t e r , and t h e  l o n g e s t  one fo l lo w ed  was f ' S *  ard

s t i l l  c o n t in u e d  i n t o  t h e  w a l l .  Owing to  t h e  easy basa l

p a r t i n g  i t  was i m p o s s i b l e  to g e t  more t h a n  a r ev inoheso f

t h e  c r y s t a l  w i t h o u t  b i e a k i h g  i t .  Thei e i s  no doubt t h a t

c r y s t a l s  o f  a much l a r g e r  dime;is*cntw* 11 be foun.l| if they *ie 

s o u g h t . The 2*8* c r y s t a l  was seen in  t h e  Eas t  wal l  a t  1 2 7 ' .

I t  was on ly  1^"  in  d i a m e t e r .
1 4 0 ' .  . . .



132.' • Her« s u l p h a t e  rock c a r r y i n g  a p a t i t e  c r y s t a l s ,  occur*

i n  1 enema up  to  18"  wide and up to  4 '  long .  I t  l i e e  le tween  

bandm o f  e o h i a t .

1 7 V - 2 0 9 ' .  A v e r y  l a r g e  l e n s  of  bariurr. au lphp te  rook i s  

v i s i b l e  on t ^ e E a e t  W a l l . i t  i s  probably  a ve in  which has  

n o t  been f o l l o w e d  d i r e c t l y ,  and so ap p ea rs  to t h i n  out on t h e  

f o o t - w a l l  a t  170 '  and i n  r o o f  a t  2 0 9 ' .  (See P l a t e  VI f i g . 3 )

225 '  (Bee P l a t e  VI f i g . 4 ) ,  This  s e c t i o n  i s  t y p i c a l  o f  the
»u'

c o n d i t i o n s  which p r e v a i l  frorc a l l ' t o  23 0 ' where a t h i c k  

phospha te  band i s  v i s i b l e  in  t h e  f o e t w a l l  3 ' 6" and on the  

harming w a l l  4 ' 5 * .  At f i r s t  t h e se  were though t  t o  be 

i d e n t i c a l .  A c l o s e r  ex am ina t ion  however  r e v e a l e d  t h i n n e r  

ou tc rops  o f  e i c . i l a r  rook on e i t h e r  w a l l  so t h a t  a  c o r e  normal 

e x p l a n a t i o n  eemuB to  be t h a t  t h e  west wall  and f o o t  wall 

o u tc ro p s  r e p r e s e n t  one v e i n  a n d  the  h a n g in g  and e a s t  wall  

a n o t h e r . The p o s i t i o n  o f  t h e s e  f o u r  ou tc rops  i s  not always 

c o n s t a n t  f o r  a f t in .e s  two o f  theni merge i n t o  one a n o th e r  

( o f .  P l a t e  VI f i g . 4 wtJ R -at -e VTI f i g . l . )  The phoephat io  

band i s  s o l i d  a p a t i t e  i n  p l a c e s  and  bar ium su lp h a t e  rook 

b e a r i n g  a p a t i t e  c r y s t a l s  a t  o t h e r s . %uite f r e q u e n t l y  ve ins  

of  t h e  c r y s t a l  b e a r i n g  rock  t r a v e r s e  th e  r a s e iv e  a p a t i t e .

230 '  -  237 '  . A c r o s s  ou t  h a s  been made which ex tends  f o r  

s e v e r a l  y a r d s  on e i t h e r  s i d e  o f  t h e r a i n  triv# but doer 

c u t  thd iphosphate  v e i n s . See P l a t e  ITI f i g . 2.

237 '  -  2 40' IHbooI o u r  ad p e g m a t i t e  p a s s e s  i n t o  ncrmal g raph ic  

p ink  and w M te  p e g m a t i t e .  % e  d r i v e  bends eas tw ards  and so 

l o s e s  t h e  p h o s p h a te  v e in  which c o n t in u e s  i n  th e  west wt.ll

(See P l a t e  VTI f i g . * . )

The s t r i k e  o f  t h i s  phospha te  v e in  i s  a p p a r e n t ly  S-H 

and t h e  d i p  somet imes v e r t i c a l  and son.e+lmee s t e e p l y  eas tw a rd s .  

The o t h e r  s e c t i o n s  drawn a l l  seei. to  bear  out t h i s

s t e e p  e a s tw a r d  t i l t  o f  th e  p h e sp h a te  v e i n s  i n  t h e i a t t e r

p o r t i o n  ••*



p o r t i o n  o f  d r i v e ,  and t h e  on ly  e x p l a n a t i o n  po ea ih le  i s  t h y ,  

i n  H o . I l l  work ing  th e  p h o e p h a te ,  I n s t e a d  of  t e i n ^ i n  th ic k  

hede f o l l o w i n g  t h e  p e e u d o - o t r a t i f i o a t i c n , due to  p le a s u re  

l i n e # ,  of t h e  c o u n t r y  r o c k s , l a  i n  a v e i n  running i r r e g u l a r l y  

a o rcee  t h e  e o h i s t o e l t y , m a i n t a i n i n g  no c o n e la te n c y  of  

t h i c k n e s s  o r  o f  d i r e c t i o n  save  i n  a  g e n e r a l  way H.

They i re  t h e r e f o r e  o f  a  d i f f e r e n t  type  from th e  th ic k  

heda a t  No .I work ing and w i l l  p ro b a b ly  >e found t o  be moat 

e r r a t i c  i n  t h e i r  manner o f  o c cu r ren c e  and in  the  t h i  ok nee a 

and q u a l i t y  m a i n t a i n e d .  Veins  of  t h i s  n a tu r e  i n  Canada and 

Norway o f t e n  d i e  out s u d d e n ly .

J u e t  n o r t h  of  N o . I l l ,  a  few trenoheajhave been out 

from E-W, and i n  t h e s e  t h e  eac.e c o n d i t i o n s  p r e v a i l e d . The 

phospha te  bands  were no t  fo l l o w e d  out a lo n g  the  s t r i k e  a s  

might  h ave  been  e x p e c te d  from an E-V s t r i k e ,  bu t  were out 

a c r c e s  and  s ee n  t.j  be d i p p i n g  B. Tine U c n a z i t e  b e a r in g  ve in  

j u s t  W o f  N o . I l l ,  which w i l l  be  r e f e r r e d  t o  l a t e r ,  was 

fo l lo w e d  Northwa-da  f o r  s e v e r a l  y a r d s  a lo n g  th e  s t r i k e .  I r

s e v e r a l  r e j e c t s ,  however ,  t h e  phosphate  o ccu r rences  of! t h e se  

two h i l l s  d i f f e r ,  and t h i s  d i f f e r e n c e  i n  th e  i anner  of 

i n j e c t i o n  a t  No.I  an 1 N o . I l l  nay p c e a i b l y  account f o r  them.

TiJNCHEE WEFT OF NO . I I I , .

I n  t h e  v i c i n i t y  o f  N o . I l l  d r i v e  t h e r e  a r e  ^ u i t e  a

number of  s h a l l o w  s u r f a c e  w o rk in g s ;  a l l  were examined but

only t h r e e  d e s e r v e  s p e c i a l  m en t ion  (se^ P l a t e  V I I ) .  The

f i r s t  i s  a emai l  c i r c u l a r  h o l lo w  about  6 ' deep and 10 ’ to  12*

i n  d i a m e t e r ,  which  has  been e x ca v a ted  where a  pocket  of

barium s u l p h a t e  rook o u tc r o p p e d .  In  t h i s  loose  m a t e r i a l

numerous a p a t i t e  c r y s t a l s  a r e  embedded. ^See P l a t e  XIII

f i g . 3 ) .  The c r y s t a l s  a re  ve ry  v a r i e d  i n  s i r e ,  c o lo u r  - red ,  
g re e n  and  w h i t e  b e in g  f o u n d  -  and even i n  shape .  Aj th  ugh

a l l  a r e  h e  cagonal p r i s m s ,  they have been s u b j e c t e d  to

p r e s s u r e  . . .



p r e e e u r e  which ha s  e f f e c t e d  them in  d i f f e r e n t  way*, > 

f e a t u r e  of  a l l  t h e  a p a t i t e  c r y s t a l e  i #  t h e  i n c l u s i o n  of 

numerous l o n g ,  t h i n ,  y e l l o w i s h  n e e d le s  which were i d e n t i f i e d  

a s  m o n a z i t e .  The c r y s t a l s  w i l l  be d e o c r i t e d  m  d e t a i l  l a t e r .  

There i s  no a r ran g em en t  of  t h e s e  long  a p a t i t e  c r y s t a l s  m  any 

p a r t i c u l a r  d i r e c t i o n  f o r  they  lay  1 r i z o n t a l l y ,  o b l iq u e ly  or 

v e r t i c a l l y  i n  a  m eet  i r r e g u l a r  way. I t  i s  c u r io u s  t h a t  the  

a p a t i t e  p r i s m s  shou ld  a l l  e x h i b i t  s i g n s o f  p r e s s u r e ,  seme 

t w i n r e d ,  o t h e r s  t w i s t e d ,  many broken  and then  r e j o i n e d ,  

wh i ls t ,  t h e  rook i n  which th e y  l i e  i s  so s o f t  and porous .  I t  

i s  o bv ious  t h a t  t h e  p o r o s i t y  must have been subsequen t  t o  the  

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

The second w ork ing ,  to  which s p e c i a l  a t t e n t i o n  was p a id ,  

i s  a  t r e n c h  o f  v a r y i n g  d e p t h s  which has  seen dug i n  an 8 .W-K.B 

d i r e c t i o n  j u s t  K.w, o f  N o . I l l , and o f f e r s  a  good c r o s s  

s e c t i o n  f o r  com par ison  (Fee P l a t e  V I I ).

1 - 1 0 * i s  normal p e g m a t i t e  d i p p i n g  £  a t  45° .

1 0 - 1 5 '  i s  s o f t  g r e e n i s h  s c h i s t .

1 5 - 2 5 '  i s  t h e  ear e s c h i s t  w i th  s e v e r a l  q u a r t z  s t r i n g e r s ,  

abou t  2 " wide l y i n g  p a r a l l e l  t o  th e  j u n c t i o n  o f  p egm at i te  

and s c h i s t .

2 5 - 3 0 ' .  He-e an abnormal  l e n s e  of  m ass iv e  a p a t i t e  l i e s  

h o r i z o n t a l l y  be tween  l a n d s  o f  p e g m a t i t e .  The pegm at i te  

above and be low  g r a d e s  i n t o  th e  p h o e p h a t io  pegm at i te  

which s u r r o u n d s  t h e  l e n s e  o f  a p a t i t e .  The l a t t e r  i s  

t r a v e r s e d  by email  s t r i n g e r s  o r  bands  o f  s c h i s t  and 

p h o s f f i a t i o  p e g m a t i t e .

301-40 '  i s  s o f t  s c h i s t  which ,  n e a r  t h e  J u n o U - n  w i th  the  

p h o e p h a t i o  rock i r  e lude*  s e v e r a l  b o d ie s  o f  mass ive a p a t i t e .

The s c h i s t  i s  f a r  more micaceous  than  t h a t  i n  the  west  of 

the t r e n c h .  I t  c o n t a i n s  much dark b i o t l t e  and I n c lu d e s

s e v e r a l  b an d s  of p h o e p h a t i o  p e g m a t i t e .

40*-45 '  i s  mixed r o c k ,  ( s c h i s t ,  a p a t i t e  and f e l d s p a r )

u n d e r l a in  . . .
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u n d e r l a i n  t y  a  wedge of p in k ie h  a p a t i t e .

■tg1 - 5 3 ' i e  e c h i e t  w i th  in o l  ue ione of phoepha t io  p e g m a t i t e .

5 0 ' -  53*. Here hands  o f  p egm at i te  and  e o h i e t  d i p  westwards.

S t r i n g e r s  of m ass ive  a p a t i t e  run i n t o  t h e  s o h ie t  a t  the  
c o n t a c t .  Th is  s jneo l ina l  s t r u c t u r e  mai' he due t o  o r i g i n a l  

u n d u l a t i o n  o r  t o  the  s u r f a c e  c o l l a p s e  o f  the  s c h i s t  body 

which row l i e s  be tween t h e  two a p a t i t e  arms.

5 3 1 - 5 8 '  S c h i s t  w i th  i n t e r t e d d e d  ba r  j  a o f  pegmat i te  s t i l l  dipfwy 

V.

5 3 ^ -6 3 '  Here a  s n a i l  body of  n a ee iv y  a p a t i t e  i e  embedded in  

p h o e p h a t i o  i i egm at i te  which g r a d u a l l y  g iv e s  p la ce  t o  g r a p h ic  

p e g m a t i t e

6 3 * - 8 5 '  i s  s o f t  s o h i e t .  w i l l  b e  s e e n t h at  The bedding

h e r e  i e  ve ry  i r r e g u l a r .

The 3rd  w o rk in g i s  much s m a l l e r  b u t  of e p e o i a l i n t e r e s t .

In  a  an a l l  e x c a v a t i o n  a b o u t  3'  deep ,  30 y a rd s  west of Ho .I I  I ,  

a narrow peg; i t i t e  dyke abou t  £ '  wide i s  exposed (See P l a t e  

VII  f i g .  5 ) .  I t  c u te  th ro u g h  g r e e n i a h  s c h i s t  an 1 i s  

b o rd e re d  by a  t h i n  l a y e r  o f  m ass ive  a p a t i t e .  Throughout 

t h i s  p e g m a t i t e  body, g r a i n s  o f  dark  b rownish  red  m onazi te  

a r e  s c a t t e r e d ,  sometimes i r r e g u l a r l y ,  sometimes in  bands .

The l a t t e r  a r e  a s s o c i a t e d  w ith  a p a t i t e  and s e v e r a l  p i e c e s  

were n o t i c e d  where an i r r e g u l a r  f r a g n e r t  o f  a p a t i t e  was 

su r rounded  by a dense  a g g r e g a t e  o f  m o n a z i te  g r a i n s  (Fee 

P l a t e  YVI).  At t h e  one s i d e  o f  t h e  p e g m a t i t e ,  a t  i t s  

J u n c t i o n  w i th  p h o s p h a te ,  was a  t h i n  zone 1* wide of 

a p p a r e n t l y  a lmost  s o l i d  m o n a z i t e .  The a s s o c i a t i o n  o f  m onazi te  

and a p a t i t e  seemed c o n s t a n t .  This dyke was d ip p in g  E at a  

f a i r l y  h i g h  a n g l e ,  and i f  c o n t in u o u s  would have  passed below 

th e  tu n n e l  o f  H o . I I I .  On t h e  t u r f a o e ,  th e  only 

i n d i c a t i o n s  o f  th e  s t r i k e  of t h e  band w»s i n  a  N.E. 

d i r e c t i o n .  The d i r e c t i o n s  based on th e  occur rence  o f  

l o o s e  m o n a z i te  t e a r i n g  b o u l d e r s  and i s  n o t  a b s o l u t e l y  r e l i a b l e .



The m o n az i te  g r a in #  v a ry  in  s i z e  f r a n  p i e c e #  5 mme i n  

d i a m e t e r  t o  much l e e #  th a n  a  p inehead .  The g r q ln #  ehow 

c l e a v a g e  “but no outward c r y s t a l l i n e  form can be d i s t i n g u i s h e d .  

I t  seems a  jjeoul i a r i t y  o f  m onaz i te  to  occur  in  t h i s  form f o r  

E .S .D ena  r e f e r s  to  o c c u r r e n c e s  i n  s e v e r a l  p l a c e s  ae  i n  

"masses  o r  r o l l e d  g r a i n s " .  m  enc lo sed  p i e c e s  of a p a t i t e  

which show no c r y s t a l  form,  sm al l  s c a t t e r e d  g r o in s  of 

m o n az i te  o c c u r e e *  a s  well  a s  t h e  long  n eed le s  which abound *n 

c r y s t a l s  e l s e w h e r s .  There i s  ve ry  l i t t l e  f e l d s p a r  

i n  t h e  p e g m a t i t e  i n  which m onaz i te  o c c u r s .  k'oet o f  what 

t h e r e  i s ,  i s  s t a l ^ i d  g re e n  l i k e  t h a t  a t  Mo.I ,  a  c h a r a c t e r i s t i c  

o f  w e a th e red  p h o s p h a t io  p e ^ a t i t e e .  The q u a r tz  i s  a  ve ry  

dark g r e y i s h - b l u e .

One o t h e r  o c c u r re n c e  was n o t e d .  This  i s  i n  the  bed of  

e  emai l  s t r e a m ,  s o u th  e a s t  o f  t h e  o th e r  w o r k in g s , on the  farm. 

K a h i l a s  HoeV. I t  i s  exposed in  a  s h o r t  tu n n e l  out northwards  

f o r  3 0 ' .  At i t s  mouth impure p hospha te  a s s o c i a t e d  with  

a  number o f  s econda ry  m i n e r a l s ,  e s p e c i a l l y  a  c o a t i n g  of 

e p i d o t e ,  o c c u r s . The a l t e r a t i o n  and decom pos i t ion  a r e

a c c e l e r a t e d  p robab ly  by t h e  p ro x im i ty  of  th e  d e p o s i t  t o  the  

r i v e r ;  A emai l  s t ream  t r i c k l e s  a .dong th e  f l o o r  of the 

d r i v e .  F u r t h e r  i n ,  good m a ss iv e  phosphate  i n  foie, of 

s u g a r  a p a t i t e  i s  fo u n d .  Th is  c o n s i s t s  of^nua.>erof  t i n y  

g l a s s y  g reen  a p a t i t e  c r y s t a l s  fo rming a  g r a n u l a r  a g g re g a te .

I t  o ccu rs  commonly i n  Norwegian and Canadian d e p o s i t s .

On t h e  o p p o s i t e  bank of t h e  r i v e r  i s  a  t r e n c h  in  which

some of t h e  b e s t  examples o f  mixed rook were found .  S o f t ,

g r e e n  h o r n b le n d e  s c h i s t ,  a p a t i t e ,  and pegm at i te  i n  unifont.
a99re9 ahe

p a r t i c l e s  make up a  v e ry  f i n e  g r a i n e d  eilwed.-leek.  Laes ive  

a p a t i t e  and o r d l n a - y  p e g m a t i t e  a re  a l s o  exposed i n  t h i s  

t r e n c h .  The p h o s p h a t io  pegm at i te  body d i p s  West and i s  

im m e d ia te ly  o v e r l a i n  by h a r d ,  f r e s h  l o o k i n g  g n e i s s  s i m i l a r



t o  *- wHioh ooourred  a t  t h e  top  o f  the  2nd s h a f t  ir. F o . I ^ k n y  

Ah out t h r e e  y a r l e  to  theEawt 1 n t h e  l e d  o f  th e  a t  re ait-, a 

l a r g e  J o i n t  t l o o k  eh owe th e  a c tu a l  in t r i .  e iv e  c o n t a c t  of 

p eg iu a t i t e  w i th  g n e i e e .  Here pegr a t i t e  c o n t a i n i n g  i r r e g u l a r  

p i e c e s  of a p a t i t e  a p p e a r s  to  t e  enc losed  i n  g n e i e e .  These 

a r e  p ro b a b ly  j u s t  s e c t i o n s  o f  tongues  o f  peg n .a t l t e .  The 

t r e n c h  and t u n n e l  have  t h e r e f o r e  b o th  been made a long a 

narrow dyke -  3 y a r d s  wide,  - o f  a p a t i t s  b e a r in g  pegm at i te  

i n t r u d e d  i n  a  g e n e r a l  K o r th e r ly  d i r e c t i o n  and w i th  a 

W e s te r ly  d ip  i n t o  h a r d  g n e i s s .  For i t s  w id th  t h e  pegm at i te  

was e x t r a o r d i n a r i l y  r i c h  i n  p h o s p h a te ,  p o s s i b l e  because  the  

l a t t e r  i s  only found i n  t h e  vi  s i n l t y  o f  b a s i c  rook.

In  t h i s  o c cu r ren ce  t h e r e  a re  none of t h e  t i n  ok bands  o f  

s o f t  g r e e n i s h  s c h i s t  which i n v a r i a b l y  accompany a p a t i t e  in  

t h e  o t h e r  w o rk in g s .  The ndxed rooks  however abound wi th  

t h i s  c o n s t i t u e n t  though on ly  i n  sm al l  p a r t i c l e s .  The only  

s o u rc e  of  t h i s  h o rn b le n d e  l i e s  in  t h e  g n e iee  which 

f l a n k s  t h e  p e g m a t i t e  and i t  i s  sug g es ted  t h a t  what has  been 

d e s c r i b e d  h i t h e r t o  as s o f t  g r e e n i s h  s c h i s t  i s  the  r e s u l t  of 

t h e  metaiLcrphism produced i n  g n e i s s  by t h e  i n t r u s i o n  of a 

bod. of  p e r  ' i t s .  Where t h e  p e g m a t i t e  v e in  i s  narrow the

a l t e r a t i o n  n a t u r a l l y  n o t  so e x t e n s i v e .

Anoth r i v e r  b o u l d e r  a t  t h e  mouth o f  t h e  tu n n e l  h  isy

a t  t h e  J u n o t i o .  f g n e i s s  and p e g m a t i t e s  zone about  2 '  wide 

composed of  a l t e r . . a t e  bands  of t h e  two ro o k s .  Some 

d i s t a n c e  down s t r e w n ,  j u s t  below D o . I l l . t h e  rocky bed o f  

t h e  stream shows a  s i m i l a r  i n t r u s i v e  c o n t a c t .

The i n j e c t i o n  of  such numerous and  long  apophyses 

i n t o  t h e  c o u n t ry  rook i n d i c a t e s  g r e a t  l i q u i d i t y  o r  * h igh  

power o f  f u s i o n  on t h e  p a r t  o f  t h e  p e g m a t i te  magna.

The o t h e r  workings  on M ahi lashoek * r e  n o t  examined,

b u t  were r e p o r t e d  t o  be J u s t  s h a l lo w  t r e n c h e s  e x h i b i t i n g

no new f e a t u r e s .
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p e g u a t i t k .

The roraia l  p e g r . a t i t e  g e n e r a l l y  e x h l h l t e  two v a r i e t i e s  of 

f e l d s p a r ,  pal e p i  nk and w h i t e .  The fova.er occurs  i n  l a r g e  

i r r e g u l a r  c e s s e s  soB.etin.es a s  nuoh a s  4"-6* square  i n  which 

q u a r t z  and a l i t t l e  muscov i te  a r e  i n c l u d e d .  The ^ u a r tz  

i n c l u s i o n s  t e c  cue l a r g e r  and i o r e  numerous towards  t h e  margins 

o f  t '  e f e l d s p a r  i n d i v i d u a l s .  Between t h e s e  c r y s t a l s  of pinV 

f e l d s p a r  i s  a g r a p h i c  i n t e r g r o w t h  of whi te  f e l d s p a r  and tv a r t z .  

The s t r u c t u r e  o f  t h e  i n t e r g r o w t h  v a r i e s , 3 pho tographs  a re  

g i v e n .
P l , t e  V I I I  f i g . l  Showing p a r a l l e l  wavy i n t e r g r o w t h .  

f i g . R  showing email  s t r a i g h t  p a r a l l e l  q u a r t z

i n c l u s i o n s  o f t e n  w i th  a  smal l  hook at  one end.

T i g . 3 eh '  *ng r a d i a l  i n t e r g r o w t h .

O f ten  l a r g e  r a s s e s  o f  p e g m a t i te  a r e  composed o f  r a t h e r  

f i n e  g r a i n e d  g r a n u l a r  w n i t e  f e l d s p a r  and q u a r t z .

The d e m a r c a t io n  Between p ink  and whi te  f e l d s p a r  i s  

sometimes ve ry  d i s t i n c t  hu t  a t  o t h e r  t im es  the  p ink  appears  

t o  shade  o f f  i n t o  w h i t e ;  where th e  d em arca t io n  i s  d i s t i n c t

th e  p ink  i s  o f  e a r l i e r  c r y s t a l l i s a t i o n .

T h a t  ha s  heen  c a l l e d  p h o s p h - t i c  p e g m a t i t e ,  more fror. 

i t s  % *so o ia t io n  w i th  a p a t i t e  Bodies  than  from the  

p e r c e n t a g e  of  p hospha te  c o n t a i n e d ,  i s  f a r  mere impure 

t h e n  t h e  n o n . e !  p e g a . U t .  u n i  1.  e h « M t . r t . e d  o h l . f l j  U  

t - le d i i o e l e u i s t i o n  of  f e l d e t e r .  Th. p . g r * U t .  1 .

Both c o a r s e  and even g r a i n e d .

The q u a r t r  1 .  a l . v «  r . r y  derV U u l . h  g r . y  a r d  the

f e l d s p a r  an,' eh« le  of p u rp le  t r o w r  or  g re e n  t u t  s l ~ y e

s h n ^ n g  e ig n e  o f  d e o n e p o e l t t o n .  Th. U n . .  u . u a l l ,

show up a .  W h i t .  o rsoVe.  T h l .  p e g r a t l t .  1 .  no t a  d i f f e r e n t

ty p e  from t h e  no r r .a l  t u t  e . r e l y  an a l t e r a t i o n  o f  t h e  l a t t e r
f o r  . . e
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f o r  i n  cany hand Bpeoicene t h e  change f r e e  f r e s h  pinV and

w h i te  f e l d s p a r  to  t h e  dark  d i s c o l o u r e d  v a r i e t y  i s  e v id e n t ,  
q
nc e t in .e s  i n  q u i t e  f r e s h  l o c k i n g  f e l d s p a r  sm al l  s t a i n e d  zones

o n c u r .

One^specimen i s  e rvtss of q u a r t z  w i th  a much s m a l l e r  

p e r c e n t a g e  o f  ziauvieh f e l d s p a r  and w i th  o c c a s io n a l  smal l  

g l a s s y  mauve c r y s t a l s  o f  s p i n e l  J u t t i n g  out from *he s u r f a c e .

I t  h a s  s e v e r a l  r o s e t t e s  o f  h o rn b le n d e  c r y s t a l s  which a re  

p ro b a b ly  f r a g m e n ts  Ino l i - i ed  s c h i s t .

I n  s e v e r a l  p i e c e s  o f  p h o e p h a t i c  peg m at i te  p icked  up 

f r e e  t h e  durr-p, t h e  f e l d s p a r  c r y s t a l s  were o l i v e  g reen  i n  

c o l o u r .  These specimens were always f u l l  o f  f o r e i g n  

m a t t e r ,  p i e c e s  o f  a p a t i t e ,  c r y s t a l s  of h o rn b le n d e ,  

micaceous  s c h i s t  i n c l u s i o n s ,  a  g r e a t  deal  of e p id o te  b o th  on the  

f a c e s  of  hand  specimens  and i n  t h e  c l e a v a g e  o ra k k s ,  a few 

s p i n e l ,  e t c .  Th is  g reen  f e l d s p a r  was n o t  seen i n  the 

work ings  though  t h e  b ro w n ish  mauve c o l o u r i n g  was p l e n t i f u l  

t h e r e  The g re e n  c o l o u r a t i o n  i s  p robab ly  only fo^nd n .  th. .oe 

p i e c e s  o f  pho .phm tic  pegr a t i t e  which h n v .  been exposed to  the

w ea th e r  f o r  some t im e .

» n o t h . / « p . o l » . n  i .  » l . r g e  p l . o .  o f  U i o o . t  e o l l l ,

p e n r l y , p i *  . n d  w h i t e  f . l d . p . r .  The c o l o u r .  . h ~ l .  1 * 0  

o n .  . p o t h e r  f o r  t h e r e  i .  *  e v id en c e  o f  . e p , r . t .  c r y . t . 1 . .

8,  t i l  l r o l u . 1on .  o f  q u e r t r  occu r  th ro u g h o u t  t h e  f e l d . p o r  or? 

round . t o u t  each o f  them .n d  I n  co n n ec t in g  . t r l n g . r .  between 

them ere  d e p o . l t ,  o f  e p i d o t e .  There  e r .  . . v . r a l  

•  peclmene I l k .  t h l e .  on .  o r  two w i th  , u l t .  « t h i c k  o n e , lo g  

0f  e p i d o t e .  I n  e e v . r t i  o f  t h e  f . l d . p a r  a . . , e .  

h row n leh  p . r p l . ^ r .  The; . h e d .  o f f  g r W u e l l y  i n t o  t h .

p e e r l j r  w h i t e  v a r i e t y .  B r t i l  f l t i t e y  I n o l u . l o n .  o f  hornb lende

. 1 t a  b i c t i t e  a l e c  o c c u r .
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a f _ t n e

T>i■? f e l d a t & r a . Four pee of  f e l d s p a r  have l e e n

e n t io n e d  i n  which t h e  o h ie f  d i f f e r e n c e  i e  c o lo u r .

(1) A pinV f e l d s p a r  fron:. norn.el p e g m a t i t e .

(2) A w h i te  f e l d s p a r  from normal p e g m a t i t e .

(? )  D isco lou red  f e l d s p a r  from p i .oephat ic  pegm at i te  

( p u r p l e , trfwm and g r e e n ) .

( 4 ) l a r g e  b o d ie s  o f  p e a r l y  f e l d s p a r .

In  d i s c u s s i n g  th e  c o lo u r  of  f e l d s p a r  i n  h i s  took  

On Fock V i n e r a l e ,  J . * . l a d i n g s  sayu vhat co lour  i s  always 

4v.e t o  i n c l u s i o n s ,  f r e q u e n t l y  i n d i s t i r r u i s h a b l e  

r i o r o s o o p i o a l l y ,  which a c t  a s  p ig m e n t s . I t  i s  well  Vnr wn 

t h a t  o p a c i t y  i s  due t o  numerous i n c l u s i o n s .  " T ^ i t e  f e l d s p a r s  

r a y  be  of any co m p o s i t io n  b u t  t h e  more f r e q u e n t  ones a re  

a l t - i t e .  Y e l lo w ish  p in k i s h  and red  t i n t s  come from i r o n  

o x id e s  i n  most o a s e s .  Pink f e l d s p a r s  a r e  ve ry  f r e q u e n t l y  

p o t a s h  f e l d s p a r s  b u t  may be a l t i t e .  Green co lo u rs  i n  

some c a s e s  e r i s e  from i n c l u s i o n s  of  f e r r o u s  s i l i c a t e s  such a# 

c h l o r i t e ,  i n  o t h e r  c a s e s  t h e i r  sou rce  i s  not d e f i n i t e l y  known. 

Dark ; rey  c o lo u r s  ^ rep ro d u ced  by innu» .e rab le  I n c l u s i o n s  f  

l a r v  c o lo u r e d  m i n e r a l s  i n  i i n u t e  p a r t i c l e s .  TVese a re  

e s p e c i a l l y  cm, .on  i n  more c a l c i c  f e l d s p a r s  b u t  a l s o  occur  

i n  some h i g h l y  a l k a l i n e  v a r i e t i e s  such a s  the  soda 

r i o r o o l i n e  o f  F r e d r i c k s v a f r .

Tue o p t i c a l  e x a m i n a t io n  of  ♦he v a r i o u s  ty p e s  of 

f e l d s p a r  was p r a c t i c a l l y  u s e l e s s  f o r  a l l  of thw .  we » so 

crowded w i t h  i n c l u s i o n s  t h a t  th e y  were opaque even i n  t h a i  

t h i r  s e c t i o n s .  Of the  few f a i r l y  t r a n s p a r e n t  t r a i n s  which 

were found i n  the  powder o f  a l l  f o u r  ty p es  no t  one showed 

tw in n in g  l a r e l l s e .  The Powder i ^ ^ s e d  i n  l i q u i d  w i th  

R . I .  of 1 . 5a "  which a c c o r d in g  t o  t h e  ♦ ab le  g i v e r  by Id d in g s

on page. 210 i s  h i g h e r  th a n  t h e  A- v a lu e  of s o s t  pc taeh

f e l d s p s i s .



f e l d s p a r s . I n  each cnee  however 1.5PT? we-e far i n t e m - e d i a t e

vt-lve  f o r  c o s t  o f  t h e  g r a i n s .  This  » cu ld  Xe t h e  ce.ee i n  an> 

o r t h o o l a s e  w i th  numerous i n c l u s i o n s .

Ir. o r d i n a r y  1 igh i  V  e p ink  c o l o u r a t i o n  of  ( l ) ^ u i t e  

e v i d e n t  - M i s t  "he  t h i c k e r  g r a i n s  appea r  pink under cjSt-eed 

r i  col  c . The k a o l i n i a  it i  on, i ? such  r* r e ,  r e  a p p a r e n t ly  

toe  f a r  advanced t o  s l l o r  t h e  t r a .  s r . i s e i r s  o f  l i g h t .  The 

w h i t e  v a r i e t y  (a )  i e  very c loud ,  it'd grey 11 h r  own! eh in 

c o l o u r .
T'-.e d i s c o l o u r e d  f e l d s p a r  (3) al though  the g r a i n s  a re  

c loudy  i s  no t  >16 opq^ue a s  t h e  f i r s t  twc ,whic  t i s  r e t  in

aooordar  ce w i th  the  c t t w a r d  .pp»Ai^r c e .

( 4 ) pe too  decor posed to  exarrine t  i c i o s c  opic t .a ly  •

Toth  i n  t h e  w ork ings  and it: hand specimens t h e  

p r o x im i ty  o f  d i s c o l o u r e d  f e l d s p a r  t o  a p a t i t e  i s  veyry narked  

go t h a t  i t  seemed n a t u r a l  t o  a t t i i t u t e  t h e  d i f f e r e n c e s  

be tween normal end d i s o o l c u r e d  f e l d s p a r s  t o  4>e e f f e c t ,  

p i t l e i  p r i m a r i l y  c r  s e c o n d a r i l y ,  of t h e  p h c ep h a t io  n .m ei .O e .  

To c o r r o b o r a t e  t h i s  Kr.Weol l  was a sked  t o  nake a n a ly s e *  of 

U )  as  p u re  a s  p o s s i b l e  » p ie c e  o f  p ink  f e l d s p a r  from normal 

- egr a t i t e  a rd  i \  )  ab o u t  1 0  g r a i n s  o f  d i s c o l o u r e d  p ie ce *  of 

f e l d s p a r ,  ob t  a i r e d  by s e l e c t  i n n  f r e e  t h e  rougX c r u s h i n g  of a  

p i e c e  o f  p h c s p h a t io  peg, a t i t e .  The r e s u l t s  p rove  t h a t  t h e  

c h a r g e s  a r e  n o t  due d i r e c t l y  t o  any ad m ix tu ie  of  phosphate  

b u t  o t h e r w i s e  a r e  t o s t  i n d e c i s i v e .  They a re  however  g i^ e n  

be low w i th  a few a n a l y s e s  of f e l d s p u r  which i s  used 

cor r e r c i a l l y  i n  v a r i o u s  p a r t s  of  the  w c r l a .

(a )  T - e o i e t i o a l  oon.p. o f  pure  c r t h o o i a s e .

(b) Pink o r th o c i r . s e  free, r ^ n d c l i t r  Fop, a n a l y s t  I t .

T e n l l .
lh  r . r . d ? 1 D isco lo u red  f e l d s p a r  from I > r d o l i e r  " c p ,  a n a ly s t

Id) A n . l y . l .  of  » r l o t k l  . m H «  o f  da rk  rad o i o r U i r a

f  mri . .  •



fron. Timnten&o Court} Oi * aa i o .

( e ) A lV i te  f ion  V i l l  eneuve I ' i n e ,  V i l l e r e u v e  Township, 

O t ta w a , Count} ^ u e t e c .

( f ) O i t ’.oo laee  from, 0 ' I i r i e n  L in e ,  Trt-t Por t ]  ur-d 

Township,  Ottawa Court} ^ u e t e o .

( l) (e )  a rd  I f )  were n r a l ;  sed V} I?.L .T u rn e r  of  the 

H i r e s  Branch o f  t h e  Department of H ines  in  1S14 t£nd pub l i shed  

L} Hufh F .de  Fchr.ici K.E. i n  h r s  c.ei o i r  on f e l d s p a r  i n  

Canada.

r—'
a b 0 d e f

61 Op 64.7 63 .8 60.8 64.44 65.65 65.07

1 9 .4 19 .7 23 .6 1 7 .6 3 21.65 18 .20

F* r ° 3 .8 .8 0.%4 0 .4 6 0 .0 8

Te 0 0 .0 3 0 .0 3 0 .06

kg 0 .4 .3 0.02 0 .18 0.02

Ca 0 .9 4 .6 0 .40 1.20 0 .72

Kaj- 0 4.65 5 .75 3.31 9.87 2 .8 3

X? 0 1 6 .9 8.95 1 .7 13 .39 1 .08 13 .46

Hr- 0 .25 .45 0.12 0 .08 0.10

Ti Or- .05 el t r a c e t r a c e

Kn 0 t r a d e t r a c e

Bn 0

BaC 0.02 t r a c e t r a c e

n i l n i lCOp

Pc °5 eft .1 .1

Loee on .6 1 .2
l e n i t i o n

T o t a l 100.00 100.20 99.7 100.10 100.20 100.54

r e cor p o s i t i o n  of  UH i s  ro» at norm a l . The numbers of 

i m p u r i t i e s  a r e  e v i d e n t  and t h e  Xj; 0 ^  low while  ♦he



7Mr> 0 i s  o o rz e rp o n d in g l )  h i g h .  f.o)  ̂ however i s  much rebaei  

i n  c o c i t o s i t i o r  to  o l i g o c l a e e  snAeeine than o r t h c o l a e e  having 

low e i l l o a ,  h i g h  A1£0 3 , h ig h  CaO and 0 ,  and low r^O

c o n t e n t s .

The o t h e r  m i n e r a l s  of th e  pegm at i te*  a r e : -  

C u a r t z . A c h a r a c t e r i s t i c  of t h e  q u a r t z  i s  th e  i n c l u s i o n  

of  minu te  t l a c k  n e e d le s  onl> v i s i b l e  with  the  h i g h e s t  power. 

These e r e  p r n t a h l y  r u t  l i e .  Quar tz  i s  g e n e r a l 1) g r a n u l a r  

n e a r  t h e  J u n c t i o n  w i th  o t h e r  m i n e r a l s .  Th is  i s  p robab ly  

due  t o  p r e s s u r e .  h o r n b l e n d e . I j g j i t g  and CJll f i i i l l .  a r * 

o o r r o n ly  i n c lu d e d  where p e g m a t i t e  i s  r e a r  t o  s c h i s t .

1' u s d o v i t e  i v  r o t  o f t e n  n o t i c e d ,  f f c n  oxides  bo th  red anu

b l a c k  a re  f a i r l y  comr.on.

F m i r e l . Fr a i l  c r y s t a l s  o f  a  mauve v a r i e t y  a r e  occas iona l ly  t e en
— .  . .  . ____ -  4 4 r\ ■  Vl 4 fl> tVliM

m i n e r a l  occurs  i s  » f e a t u r e  o f  i n t e r e s t .  I t  i s  a t t r i b u t e d  

t.h* decce ixiei t i o n  of a  l ime b e a r i n g  f e l d s p a r .
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TVis rook i s  i n  every  way e t n o i a a l  and o o n e t l t u t e .  one 

of  tlie s.obt i n t e r « B t i n g  f e a t u r e *  of  the  d e c e i t .  i t  

oocura  In  l a r g e  ^ u a r t i t i . e  In  v.A?ey p o c k e t ,  or l e n s e s  always 

a s s o c i a t e d  O le ee ly  w i th  a p a t i t e .  I t  o c n s i e t s  of  an 

a g g r e g a te  o f  w h i t e  c r y s t a l s  which a r e  row Diore or  l e s s  

s k e l e t o n s  and nre r e p r e s e n t e d  by s s a l l  p l a t e s  i n t e r . e o t i n g  

at. r i g h t  a n g l e s .

Fed I r o n  Vx*de has  t e e n  impregnated  th roughou t  the  

rock  i n  th e  i n t e r s t i c e s  of  the  cry n t a l s  and in  th e  f r e tw ork  

i t e e l f . See P l a t e  IT f i g . l *  When a  l a r g e  t l o o k  o f  t h i s  

rock i s  broken t h e  i n s i d e  i s  soc .e t i a es  of  a  areas  co lour  a id  

i s  r .ore ooc p a c t  and v e ined  w i th  t i n y  quar t z  s t r i n g e r s .

A» he* a l r e a d y  been n .en t io red  the  roe* p e r f e c t , and 

i n  f a c t  th e  only  wel l  fonried c r y s t a l s ,  occur s c a t t e r e d  

th ro u g h  p o c k e t s  end l e n s e s  o f  t h i s  porous rook. On P l a t e  

T i l l  f i g . 3 ,  a  p h o t o g r a i h  i s  g iven  of  2 a p a t l t o  c r y s t a l s  

embedded i n  b a r i t e .  The i r r e g u l a r  f r a o t u r *  o f  the  c r y s t a l *  

masks t h e i r  hexagonal o u t l i n e s .  The i n c l u s i o n s  a l th o u g h  

u s u a l l y  i n  c r y s t a l s  a r e  sonietle.ee ^ u i t e  i r r e g u l a r  f r a g r e n t s .

The rook i s  v e ry  s o f t  and was thought  a t  f i r s t  t o  be 

a  k a o l l n i s e d  a g g r e g a t e  o f  f e l d s p a r  c ry s ta l*  in  which the  

c l e a v a g e  o r a c l e  ha  1 t e e n  f i l l e d  w i th  see.* f o r e i g n  m a t t e r  and
* «H

then  t h e  b u lk  o f  t h e  c r y s t a l s  d i s s o l v e d  o r  decos,posed ,

t o  . . .
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t o  e o f t  powdery V a o i i r .  q u a r t z  however f e r a e  a  very

ec .an  p e ro e n t« £ e  c f  t h e  rook »nd »n aggrega te  o f  a c a l l  

, e ] d a p a r  e r y s t a l e ,  no t ^n te ig row n with  q u a r t z ,  l a  unknown 

on t h e  d e p o e l t a .  This  and th e  f a c t  t h a t  a p a t i t e  occurs  

nowhere e l s e  w i t h o u t  a c e r t a i n  an-cont o f  f o r r o  n.agneeian 

■xteax  m i n e r a l ; c o n t r a d i c t  t h e  theory  of  a l t e r a t i o n  of 

p e g m a t i t e .  A epeoime.n of  t h e  rook «rat> . a n t  t h e r e f o r e  to  t h e  

CoTerrw.er.t l a b o r a t o r i e s  t o  be  ana lysed  w i th  the  r e s u l t  t h a t  

i t s  i d e n t i t y  was e s t a b l i s h e d  a s  b a r i t e  o r  a t  l e a s t  93 . 2^

Ba 60^. The fo l l o w i n g  was t h e  a n a l y s i s :

i

Loss  on i g n i t i o n 1 .6 5

3a 604 9 3 . S

Ca eo4 2 .7

Ca P04 1 . 3

PiQji, Te#,0 , ,  and
* 2 8 3 Traces

98 .8 5 .

The p o r o s i t y  o f  t h e  rock makesjlt mu oh l i g h t e r  than s o l i d  

b a r i t e  would be .  The q u a n t i t i e s  I n  which i t  occu rs  admits  

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

p h o sp h a te  m in in g .

On P l a t e  IT  f i g s .  P and 3 , r i o r o p h o to g r a h h s  of  a  

t h i n  s e c t i o n  of  t h i s  b a r i t e  a r e  g i v e n .  The rool was 

b o i l e d  i n  Canada b a l s a s  f o r  some t i n e  to  r e n d e r  i t  s t a b l e  

enough to  o u t  b u t  even w i th  t h i s  p r e c a u t i o n  nany o f  the  

email  p l a t e s  were b r o k e r .  The few r e t a i n i n g  however, 

s e r v e  t o  chow t h e  i n t e r s e c t i o n  o f  t h e s e  p l a t e s  at r i g h t  . 

a n g l e s .

The eubeta r .ee  i s  ^ u i t e  e a r th y  and opaque and hence 

a p p e a r s  dark  by t r a n s m i t t e d  l i g h t ,  w h i l s t  t h e  spaces between

t h e  c r y s t a l e  and th e  t h i n  p l a t e s  w i t h i n  the  c r y s t a l #  a r e  

l i g h t .  The i r o n  oxide f i l l i n g i s  da rk .  The second

phctcrrap^h i s  with r e f l e c t e d  l i g b t  end the  b a r i t e  i«  i t s

n a t u r a l  . .
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r a t u r a l  c o l o u r .  The I n a n i t y  of  t h e  i n t e r s e c t i n g  p l a t e e  i e  

c o r e  e v i d e n t  i n  t h i s ,  f i g . 3,  then  i n  f i g . 2 .

A er • !  1 out o r  op of  t a r i t e  wae v i b i t e d  a c . l le  or two 

eou th  o f  i*ny Vnown phoephete  o c o u r r e n o e . The rooke in  

U r e c t  c e n t  n o t  w ith  i t  were n o t  v i b i h l e  owing t o  the dense 

v e g e t a t i o n  t u t  t h e  n e ig h b o u r in g  rooks were o f  t h e  eau # ty p e s ,  

g n e le e  and  pegrr i t i t e  a s  e l se w h e re .  The oiineral  wue p ore 

r a e e i v e  and r e c o g n i s a b l e  by i t s  s p e c i f i c  g r a v i t y .  Kr 

s p e c i a l  a t t e n t i o n  was p a id  t o  i t  as a t  th e  t i s e #t h e  

c o n n e c t io n  o f  t a i i t e  w i th  p hoepha t l c  » i n e r s l e  war n o t  

s u s p e c t e d .

The o r i g i n  of  t h i s  c i n e r a l  w i l l  be d i s c u s s e d  in  

c o n n e c t i o n  w i th  t h e  g e n e s i s  o f  t h e  d e p r o l t e .
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Under thim head ing  t h e r e  I s  only  one ty p e  of 

rook whloh , however ,  e*hlb« t^ e  i n  d i f f e r e n t  l o c a l i t i e s  

v a r i o u s  m o d i f i c a t i o n s .  I t  i s  t h e  f r i a b l e  m a t e r i a l  

whloh h a s  been  r e f e r r e d  t o  so o f t e n  a s  s o f t  

y e l l o w i s h  g reen  e o h l o t .  I t  i s  e s s e n t i a l l y  a  f i n e  

g r a i n e d  a g g r e g a t e  of h o rn b le n d e  c r y s t a l s  i n  v a r io u s  

s t a g e s  o f  d e o c o p o s i t i o n  and a l t e r a t i o n ,  and  i s  so 

s o f t  t h a t  i t  orumbles  on s l i g h t  p r e s s u r e .

The e o h l e t o e l t y  i s  most evident,  i n  b lo c k s  whloh 

have  been  in c l u d e d  i n  p e g m a t i t e .  These o o n ta ln  a  

c e r t a i n  amount of q u a r t s  and f e l d s p a r  Whloh mixed w i th  

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

and whloh oooursff t  smal l  c r y s t a l s  and g r a i n s  i n  bands 

p a r a l l e l  t o  t h e  edges  of t h e  s o h i e t  body i n  which they  

a r e  i n c l u d e d .  Bee P l a t e  I I I  f i g . 2 . ,  pl a t e  IV, f i g s .

2 and 3,  P l a t e  V f ' . g . l ,  P l a t e  VI f i g . l .

W ea ther ing  i s  de te rm ined  by th e  same f a c t o r ,  e . g .  

The s p h e r o i d a l  w e a th e r in g  o f  the  b lock  in c lu d e d  i n  

p e g m a t i t e  a t  t h e  bottom of t h e  s h a f t  i n  Ho.I working.

In  a d d i t i o n  to  t h e  m in e r a l s  d e r iv e d  from the  

p e g m a t i t e ,  b i o t l t e  oooure i n  v a r y i n g  q u a n t i t i e s  in  

t h e  h o rn b le n d e  of  whloh i t  i s  an a l t e r a t i o n  p roduc t .

I n  p l a c e s  t h e  p s r o e n t s g e  of  b l o l i t e , a  dark brown 

v a r i e t y ,  i s  so h igh  t h a t  t h e  rook can more a c c u r a t e l y  

be termed a  mioa s c h i s t .  The f l a k e s  of  da rk  mica 

Im par t  a  s p e c k le d  n a t u r e  t o  th e  rook .  6+ a in s  of 

m s o k  i r o n  ox ide  oonur  on t h e  l a r g e r  ho rnb lende

c r y s t a l s  . . .

-----------



oryetale and add to the mottled e ffe c t  of the 
aggregate.

According to the amount of exposure undergone^ 

the oolour of the soh iet ie  green or yellow , eh11 at 

the degree of a lteration  of hornblende to bioM te  

eeame to be determined very largely  by the admlkbre 

of pegmatite. In some plaoee where sohiet and 

pegniatlte are adjoining b lo t ite  forme an actual oaeing

In the neighbourhood of apatite  however, 

b lo t i t e  ie  rare. The email Inclueione of eohlet and 

the eohlet bordering eo often eaeooiated with 

phoephate bodlee are invariably hornblende only.

The change may be attrib uted  to the addition of 

e i l lo a .

In the open working lo .I  a moot etriking  

m odification of the ox Unary eohlet oooure. I t  ie  

r ea lly  a porphyrltlo hornblende pegmatite. Bee 

P late  J  f lg e  1 and 2, which ooneiete of very large  

phenooryetS of dark, greenieh-black hornblende In a 

so ft  yellow leh green matrix The matrix ie  elm ilar 

to  the eoft eohlet deeorlbed above, but owe a i ta  

epeokled nature more to the presence of epeoke of 

dark hornblende l ik e  the phenooryete, than to b lo t ite .  

quarts and feldspar Inclusions are common.

The hornblende phenooryete are ecentimes 2" in 

diameter and 7* long. They have no paralle l 

arrangement but l i e  in a l l  d irection s. Many are

intergrown . . .
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i n t e r g r o w n  o r  b r a n c h in g .  Severa l  o f  the  o r y s t a l e  

showed, a long  c le a v a g e  p la n es  and  f r a c t u r e s  the  

b e g in n in g  of  a l t e r a t i o n  t o  b l o t l t e .

Apart  from t h e i r  p r i s m a t i c  h a b i t  no c r y s t a l  

o u t l i n e s  a r e  v i s i b l e  and f r a c t u r e  i s  de termined more 

by t h e i r  f i b r o u s  n a t u r e  th a n  by c leav ag e  p l a n e s .

The m in e ra l  was examined i n  powder form under 

t h e  m ic roscope .  Thick p i e c e s  a r e  b rownish-green ,  

t h i n n e r  p i e c e s  b l u i s h - g r e e n  and t h e  t h i n n e s t  s e c t i o n s  

m arked ly  p l e o a h r o io  from y e l l o w i s h  to  dark  g reen .  

C leavage  p l a n e s  i n t e r s e c t i n g  a t  120° a r e  ve ry  

d i s t i n c t .  I n  p r i s m a t i c  s e c t i o n s  t h e  e x t i n c t i o n  

a n g l e s  a r e  sm al l  v a r y in g  from 12° -  17° .  The 

a x i a l  a n g l e  too  i s  s m a l l •

I n  s e v e r a l  -vteee  t h e  i n c l u s i o n s  of s c h i s t  i n  

a p a t i t e  a r e  l a r g e  c r y s t a l s  o f  h o rnb lende ,  which a r e  

p a l e  g r e e n  i n  c o lo u r  and have  a  s i l k y  l u s t r e .  In  

t h e  s c h i s t  to o ,  t h e s e  l a r g e  p a l e  g reen  s i l k y  

c r y s t a l s  o c c u r r e d  sometimes i n s t e a d  uf  t h e  dark  

v a r i e t y , and a s  h a s  a l r e a d y  been s t a t e d  t h e  bulk 

o f  t h e  s o f t  s c h i s t  i s  composed o f  g r a in s  o f  p a le  

g reen  h o r n b l e n d e .  The c l e a v a g e  p lanes  a r e  f a r  more 

p rom inen t  than  i n  t h e  d a r k  h o rn b le n d e ,  so t h a t  the  

m in e ra l  s p l i t s  on p r e s s u r e  i n t o  smooth faced  p r i a n a .

M ic r o sc o p ic a lx y  t h i r  p i e c e s  a re  f i b r o u s ,  a lmos t  

opaque and v e r y  much decomposed s o  t h a t  the  

i n t e r f e r e n c e  c o l o u r s  a r e  f l e c k e d .  O p t ica l  t e s t s

could . . •
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c o u ld  n o t  be  male beoauee of  t h e  o p a c i t y ,  In  f a c t  

I f  on ly  mioroeooplo  p leoee  haa been a v a i l a b l e ,  t h e  

o h e r a o t e r  o f  th e  m in e ra l  would have been moat 

u n c e r t a i n .

There  l a  l i t t l e  doubt t h a t  t h t  pr»»enoe or 

abeenoe  of exoeee *11 l o a  h ae  been th e  c o n t r o l l i n g  

f a c t o r  i n  a l t e r i n g  th e e e  h o rnb lende  phenoorye te  to  

b i o t i t e  In  one i n a t a n o e  and t o  a  p a l e  g reen  

deoom poei t Ion  p ro d u c t  i s  t h e  o t h e r .

A e t r a n g e  m o d i f i c a t i o n  of t h e  o rd in a ry  hornb lende  

p e g m a t i t e  oooure  i n  a  hand apeoimen bu t  wae no t  eeen 

i n  th e  w ork inge .  I n  t h i s  t h e  ho rnb lende  

p h e n o o ry e te  a r e  embedded i n  what l e  e e e e n t l a l l y  a  

b l o l i t e  e o h i e t .  The preeenoe  o f  a l a r g e  q u a n t i t y  

o f  p e g m a t i t e  i n o lu e io n e  i n  t h e  rook e x p ia i n e  the  

a l t e r a t i o n  o f  the  h o rn b le n d e  of t h e  m a t r i x  t o  b l o l i t e  

b u t  not t h e  c o n d i t i o n  of  the  phenoorye te .  I t  l e  

j u s t  p o e e i b l e  however t h a t  an o p t i c a l  examinat ion  

m ig h t  ehow t h a t  a  a i m i l a r  change i e  i n  p ro g reae  a long

c lea v a g e  p l a n e e .
Another  v a r i a t i o n  l e  e x h i b i t e d  by two epeoimene.

Bach of  t h e e e  hae on one a ide  a  coaree  i n t e rg ro w th  

o f  emai l  k m f l a t  t a b u l a r ^ h o m b l e e d e  o rye t a l e  w i th  

t h e  o r d i n a r y  p a l e r  m a t r i x .  Out of  t h i s  t h e  l a r g e  

p h e n o o ry e te  have a p p a r e n t l y  grown upwarde.

The l a r g e  o r y e t a l e  o f  ho rnb lende  in c lu d ed  in  

a p a t i t e  must  have  r e o r y e t a l l i e e d  frcm i r r e g u l a r  

I M I U I O M  of  . O h l . t .  i t  t .  p r o f b l .

t h a t  . . .



t h a t  a l l  t h e  h o rn b le n d e  phenooryetw' a r e  

eontempoi&r.soue with  t h e  I n t m e i o n  of p e g m at i te  and 

a r e  t h e  r e s u l t  o f  t h e  o o n ta o t  metamorphlem produced 

by t h e  l a t t e r .  The a l t e r a t i o n  to  b l o l l t e  l e  

p ro b a b ly  of t h e  »ame age  though a  email  p e rcen tag e  

o f  I t  may be due t o  normal w e a th e r in g .



These may bit m ix tu r e s  of  o i l  t h r e e  t y p e s ,

p e g m a t i t e ,  a p a t i t e  and e o h i e t ,  or o f  any two o f  them 

i n  equa l  or unequal, p r o p o r t i o n s .  They may be 

g r a n u l a r ,  or in tergmwn,  s c h i s t o s e  o r  m a s s iv e , i n  f a c t  

t h e y  p r e s e n t  a lm oe t  unending v a r i e t y .  More 

a t t e n t i o n  w i l l  be  p i d  t o  them than  t o  th e  o th e r  rookn, 

>»oaut e they  r e p r e e u n t , on a  smal l  seal  e , th e  

r e l a t i o n s h i p s  of the type  rooks  to  one a n o t h e r ,  and 

w i l l  t h e r e f o r e  throw some l i g h t  on t h e  meohanios o f  

t h e  i n t r u s i o n  and  th% metamorphism produoed th e re b y .

Under "pegm at i t e*  mention has  be#n made of 

sir a l l  eoM s t  i n c l u s i o n s  i n  o the rw ise  pure p e g n a t l t e ,  

and numbers of  spec imens o ccu r  which a m  e i t h e r  an 

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

o r  c o n s i s t  of s m a l l  b o d i e s  of  one g r a d 'n g  i n t o  

f a i r l y  pure  p a tc h e s  o f  the  o t h e r •

The specimens  nunbered C.5 .  be long t o  Hr.A.Hall 

who was k in d  enough to l e n d  me a  few m ic roscop ic  

s l i d e s  which he had h a t  o u t .  The numbers a r e  those

used  i n  h i s  c l a s s i f i c a t i o n .

7aQ 05 (o f  phocphate  rook of low

g r i d s  from H o . I I  s h a f t ) ,  has  no v i s i b l e  a p a u i t e  i n  

t h e  hand specimen.  This must be  t  cause t h e  

g e n e r a l  g re e n  c o lo u r  makes th e  g re e n  a p a t i t e  

l n e o n . p t r o e u . .  Th . reek  . p p . w .  to  1.  n « . n ,  t i l  

h o m b l . n d . ;  t e t ' n  d»rk W u l . l t  e r . . n  mnl p t i .  - U k j  

g r . . n  i n  f t  o r . . .  B e . .  . e f t . r  d . e - p . . l t l c  p r e d u e t .

probably
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p ro b a b ly  ch lo r ite , i s  mixed with the o th e r  m in e ra l .  

M icroscopically most of the e lid e  ie  ch lorite . The 

hornblende gradee into i t e  flaky dec <*poeiti on product 

in  most oases through fibrous stages. 8n*ll patches 

of serpentine also  occur. There ie  much hornblende w ith  

d is t in c t  120° cleavage, pleoohroio from pale 

yellow ish  brown to dark brownish green. The 

ex tin ctio n  angle i s  em ail, averaging about 10°, In 

the particu lar section  examined only one variety of 

hornblende i s  v is ib le .   ̂Cloudy patches of opaque grey  

feldspar are scattered th roughout

Despite the degree of decomposition nftoh they 

e x h ib it , they stand out well and do not merge at the 

edges in to  the green ground mess. Numerous grains 

of ap atite  of various el see occur. The larger pieces 

have irregu lar cracks running through them, and show in  

places along th ese , s l ig h t  cloudiness. On the ehole, 

however, a p a tite  ie  very fresh  by ocmpariewt with the 

other constituents of the rock. Besides the larger

feldspar bodies mentioned, numerous grains of 

orthoclass occur, e sp ec ia lly  in  the in te r s tic e s  of 

hornblende cry sta ls . A few frayed out patches of what 

appear to have been b io l l t e  are a lso  present. See 

Plate XI f i g . 3.
?26 C5 i s  another in  which the apatite

i s  not noticeab le to  the naked eye but on examination

in  th in  sect!or  i t  proved to be a mixture of three

m inerals, a ig ite  and feldspar in  about equal

t v s n t l t l . .  I t h  IMS th . 1 .  not -
decomposed . . •
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decomposed as in  other s l id e s , some of the larger 

tod ies haring quite large central areas of fresh  
orthoolaee.

The ap atite  stands out w e ll , and the bigger

Pieces have monazlte Inclusions. The atyglte haa>

▼ery mark? re llw f, and i s  colourless or vary faint 

g r e y is h  yellow . I t  i s  non-pleoohrolc. Kxtlnotice

angles are very con sisten tly  30° to 34°, a*dU has a 

b ia x ia l p o s itiv e  interference figure^. See Plate 

f i g •2 .

A speolmon showing pinkish feldspar spotted with 

green s c h is t ,  must of the p ieces about in  d im eter, 

i s  seen on P late XIV f i g . 2. The hornblende i s

speckled b lack , chewing that weathering i s  not quite 

complete.

Another specimen in which the proportions of 

sc h is t  and pegmatite are reversed con sists o f  

hornblende mainly speckled with quarts. The 

hornblende in  th is  i s  far lee s  a lte r e d , and shows the 

fibrous arrangement ch aracter istic  of th is dark type. 

(Bee T ig .l P late XIV.) In some pieces of mixed 

pegmatite t  e sc h ist  i s  represented by cry sta ls  of 

varying dimensions, of the pale green hornblende, 

aoocsopanled by p ra ctica lly  no granular m aterial.

tiohiet and ap atite  are never found without a 

certa in  amount of pegmatitlo matter, the la t te r ,  

however, may be very much in the minority. In one 

hand specimen a large i ysta l of apatite was seen 

embedded in  sc h is t  with a small admixture of fin e  

grained pegmatite and a p a tite . Another large lump
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a p a t i t e  had i n t e r p e n e t r a t i n g  h o m b le n ie  or: s t a l e  

1"  or mo/e i n  l e n g t h ,  th e  on ly  i n d i c a t i o n  of 

p e g m a t i te  was t h a t  ono or two g r a in s  o f  f e l s p a r  were 

embedded in  th e  h o rn b le n d e .  In  s e v e r a l  g ra n u la r  mixed 

ro o k ,  t h e  p ink  o r  w h ite  f e l d s p a r  element was almost 

a b s e n t , th e  rooke be ing  a  m ix tu re  of g reen  a p a t i t e  and 

g re e n  e o h i e t .

P eg m ati te  and A p a t i te  a re  o f  oouree the  

commonest c o m b in a t io n ,  o f  whioh th e  in o lu e io n s  of 

a p a t i t e  su rrounded  by m onaaite  i n  p eg m ati te  a re  a 

phase  o f  P l a t e  XVI f i g s .  1 and 2 .

Hot q u i t e  so pure  a  m ix tu re  i s  seen  i n  a  co a rse  

in te r g r o w th  of p e g m a t i te  and a p a t i t e ,  (see  P la te  XII 

f i g . l ) .  There a re  sm all in c lu s io n s  o f  s c h i s t  b u t  

.h*ee a r e  s u b e id i a r y .  In  a lm os t every  in s ta n c e  t h e r e  

i s  a  t h i n  acne of q u a r t s  around each a p a t i t e  in o lu e lo n ,  

and t h e  pink  f e l d s p a r  a d jo in in g  i t  beoomee a  dark 

b row nish  red  which marks th e  c o n ta c t  very  w e l l .  The 

y e l lo w is h  s o f t  m a t e r i a l  speck led  th ro u g h  th e  c e n t r a l  

I n c l u s i o n  o f  g re e n  a p a t i t e  i s  due to  th e  in c lu s io n  of 

sm a l l  q u a n t i t i e s  o f  s c h i s t .  The p o l i s h e d  fa c e  of t h i s  

rook i s  q u i t e  o rn a m e n ta l♦ Two s l i d e s  w*»re made, (a) 

o f  t h e  in te rg ro w th  o f  a p a t i t e  and p e g m a t i te ,  (b) o f  the  

p o r t i o n  of a p a t i t e  in c lu d in g  e o h ie t .

(a )  T h is  i s  an i n t i m a t e  m ix tu re  o f f e l d s p a r ,  

a p a t i t e  and q u a r t s .  The q u a r t s  o ccu rs  i n  l a r g e  

b o d i e s ,  and in  sm a l l  i s o l a t e d  g r a i n s ,  i t  i s  ve ry  

f r e s h .  O r th o o la e e  and a p a t i t e ,  i n  l a r g e  and sm all 

p i e c e s ,  occupy th e  r e s t  of th e  s l i d e .  The f e l d s p a r

i s  . • *



i s  p ink  and i s  a lm o s t  e n t i r e l y  decomposed, a  few c l e a r  

p a tc h e s  on ly  rem ain . The f p a t l t e  i s  very  much 

c ra c k e d .  Most o f  i t  i s  i n  l a r g e  p ie c e s ,  fcul a  sm all 

p e rc e n ta g e  i s  s c a t t e r e d  in  g r a in s  th ro u g h o u t th s  

o r th o o l a e e .  The only o th e r  m in e ra ls  a re  a  few f l a k e s  

o f  red  i r o n  o x id e ,  and around some of th e  a p a t i t e  

c r y s t a l s  a  t h i n  m arg in  of fe rro m ag n es lan  m in e r a l ,  too  

sm all  t o  h e  d e te rm in e d ,  h u t  p rohah ly  h o rn b len d e . (See 

P l a t e  XII f i g . 2 . )

(h ) i s  composed o f an a g g re g a te  of a p a t i t e  

g r a i n s  o f  d i f f e r e n t  o r i e n t a t i o n ,  as in d ic a te d  by the  

d i r e c t i o n  o f  th e  m inu te  m onazite  n e ed le s  a s  w ell a s  

by th e  e x t i n c t i o n  . ( c f  P l a t e  XVIII f i g . l ,  and the  

d e s c r i p t i o n  o f  i t  g iv e n  under s l i d e ,  722 C5.) In  

a d d i t i o n  t o  th e s e  t i n y  n e e d le s ,  most of which under 

low power have  no t h i c k n e s s ,  t h e r e  a r e  s e v e ra l  l a r g e r  

p ie c e s  o f  y e llow  m o n az i te  (about i m i n  d iam e te r  

under 26 m a g n i f i c a t i o n ) .  Apart from m onazite  

i n c l u s i o n s ,  the  a p a t i t e  i s  cloudy along  a l l  f r a c t u r e s  

and h a s  n o t  th e  f r e s h n e s s  so c h a r a c t e r i s t i c  o f  i t  

e l s e w h e re .  The c e n t r e  of th e  e l i d e  i s  occupied by 

an  a g g re g a te  o f  g r e e n i s h  g re y ,m o s t ly  opaque 

fe r ro m a g n e s la n  m in e r a l ,  f i b r o u s ,  and c o n ta in in g  some 

v e ry  f i n e l y  powdered red  o x id e .  Th is  m inera l  

e x te n d s  a lo n g  sane o f  th e  c r a c k ,  in  th e  a p a t i t e .  I t  

i s  re g a rd e d  a s  b e in g  in c lu d ed  s c h i s t  very  much a l t e r e d .  

At one end of th e  e l i d e  i s  a  l a r g e  p iece  o f  q u a r tz  of 

o b v io u s ly  l a t e r  c r y s t a l l i s a t i o n  th a n  th e  a p a t i t e .

f i n a l l y  . . .







F i n a l l y  t h e r e  a r e  th e  p ro p e r  •nd.xed rook*" In  

wMoh a l l  3 c o n s t i t u e n t *  a r e  ap p aren t  a t  a  g lan o e . 

f l g . l  on P l a t*  X III  ehow* one of th e s e .  The 

specim en was n o t p o l i s h e d ,  a s  th e  s o f t  hornb lende  

c r y s t a l s  p ro b a b ly  would have  been d e s t ro y e d .  The 

draw ing was made from a f a i r l y  l e v e l  f r a c t u r e .  I t  

s h o re  p ink  f e l d s p a r ,  a l i t t l e  q u a r tz  and  g reen  

a p a t i t e  and s c h i s t .  The l a s t  nai ed e n te r s  to  a  f a r  

g r e a t e r  e x te n t  in  t h i s  specimen than  in  th o s e  

h i t h e r t o  d e s c r ib e d .  The a p a t i t e  has  numerous 

i n c l u s i o n s  o f  h o rn b le n d e  and a  l i t t l e  b i o l i t e .  The 

most s t r i k i n g  f e a t u r e , how ever, i s  th e  p resen ce  of 

l a r g e  s i l k y  h o rn b len d e  c r y s t a l s  a t  th e  c o n ta c t  of 

f e l d s p a r  and a p a t i t e ,  th e  two such  c r y s t a l s  shown 

i n  th e  i ra w in g  h a re  banding  in  d i f f e r e n t  d i r e c t io n s ,  

showing t h a t  th e  c r y s t a l s  h a r e  no r a d i a l  arrangem ent

w ith  r e f e r e n c e  to  th e  a p a t i t e .

f̂ f p in e n  723 CP i n  th e  hand specimen ap p ea rs  to

be an i r r e g u l a r  m ix tu re  o f  g reen  a p a t i t e ,  a  few 

f a i r l y  l a r g e  a a g l t e  c r y s t a l s ,  and a  f in e - g r a in e d  

g r e e n i s h  s u b s ta n c e ,  s c a t t e r e d  in c l u s i o n s  and t in y  

r e i n s  o f  p e g m a t i te  -  p ink  f l e d s p a r  and q u a r t s  o c cu r .

M ic r o s c o p ic a l ly  i t  i s  a  c o a r se  in te rg ro w th  of 

a p a t i t e  w i th  fe rro -m ag n sg an  m in e r a l s .  In  th e  a) ds 

a p a t i t e  o c cu p ie s  more th an  f  sq u a re .  I t  i *  not 

one s i n g l e  c r y s t a l ,  b u t  an in te rg ro w th  of s m a l le r  

p i e c e ,  w i th  no c r y s t a l  o u t l i n e s .  Each p i s o .  in c lu d e ,  

numerous n e e d le s  o f  m o n as i t*  a rranged  in  d e f i n i t e  

o r d e r .  Borne f rag m e n ts  ehow lo n g  p a r a l l e l  n e e d le s ,  

o th e r s  j u s t  th e  emergence o f  th e  tops  of n e e d le s ;

th e se  . . «
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t h e s e  l e t t e r  e e o t i o r e  a re  e i t h e r  b eee l  o r  a p p r o t in a te

▼ erj '  o lo ee l  y  t o  b a e e l  (See P l a t e  m i l  f l g . l . ) rfhe

arrangem ent l a  t h e r e f o r e  th e  eaee  a s  t h a t  I n  th e
a

l a r g e  and p e r f e c t  A p a t i t e  c r y s t a l s  where the  long  

axee  of a o n a l i t e  I n c lu s io n s  a re  p a r a l l e l  to  prla-B 

f a c e s  (eee P l a t e  7VI1I f i g . 2 . )

The 7erro-magne*.an m in e ra l  i s  a lm ost c o l o u r l e s s ,  

n o n -p le o o h ro lo  A u g lte .  E x t in c t i o n  a n g le s  vary  from 

4 0 -5 0 ° ,  t h e  c leav ag e  I s  p a r a l l e l  In  p r is m a t ic  p ieces  

and shows 90* i n t e r s e c t i o n  i n  c r o s s  s e c t i o n s .

A l t e r a t i o n  to  c h l o r i t e  a long  c lea v a g e  c ra ck s  i s  

n o t i c e a b l e  w ith  a  h ig h  power o b j e c t i v e .

Much decomposed p in k is h  f e l d s p a r  occurs  th roughout 

t h e  a u g l t e  and a t  t h e  m arg in ,  b u t  n o t  a c t u a l l y  in  

a p a t i t e .

S h a l l  p a tc h e s  o f  e p id o te  and g r a i n s  o f  m ag n e t i te  

a r e  seen  o c c a s i o n a l l y .  Ho q u a r t s  occurs in  th e  

s e c t i o n .

725 C5 in  th e  hand specimen i s  v e ry  l i k e  723 05. 

I r  a t h i n  s e c t i o n  th e  whole e l i d e  i s  4  very  p a le  g re e n ­

i s h  g r e y , a lm os t ool our l e e s .  I t  c o n s i s t s  of a  l a r g e  

amount o f  v e ry  s l i g h t l y  p le o o h ro lo  a u g l t e  w ith  

p a r a l l e l  c le a v a g e  c l a c k s .  E x t in c t io n  i*  o b l iq u e .

The a n g le s  d iv e rg e  v e ry  l i t t l e  from 34°. The 

m in e ra l  g iv e s  a  b i a x i a l  p o s i t i v e  i n t e r f e r e n c e  f i g u r e .  

L i r g e  p o t io n s  of i t  e x t i n g u i s h  a t  t h e  ea,, e t im e , a s  a 

r e s u i t ,  p ro b a b ly ,  of p o i k i l i t i e  in te rg ro w th .  All 

t>» show .  o . r t a l n  m o w  o f  d . o < - i » . l t l o n ,  t u t

n o t  ^ o n g  d W f l . l t .  p l . n . . .  * fo *  I t f g u L r  o l . «

» p . t l t .  - I ' .  * , »  - 1 "  " , e ”  "
much . . .
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■uoh f e l d e p e r  which i»  g rey  arid opaque, and in  

i s o l a t e d  p ie c e s .  Email p a tch e s  o f y e l lo w ish  

e p id o te  and epecks o f  i r o n  oxide o c cu r .

g l i d e  I?.'1 C5 showed th e  oea e e s s e n t i a l  c h a r a c te r s  

nam ely, a p a t i t e  w ith  a  few very  s n a i l  i n c lu s io n s  of 

m o n a z i te , decomposing f e l d s p a r ,  a u g i te  w ith  

c h i l o r i t i s e d  c lea v a g e  p l a n e s ,  g r a in s  of n . e g r e t i t e ,  e t c .  

(Pee P l a t e  71 f i g . l . )

Another specimen r . i c io e o o p io a l ly  i s  a f i n e  

g ra in e d  a g g re g a te  of b r i g h t  pink f e l d s p a r ,  q u a r tz  and 

h o rn b le n d e .

The l a t t e r  eh owe a l t e r a t i o n  fro? dark b lu i s h  

g reen  to  th e  p a le  y e l lo w is h  decom position  p rc d u o t .

In  one p a r t  t h e r e  i s  a  t h i n  c o a t in g  of e p id o te .

S l i d e . Th is  specimen d i f f e r s  free, th o se  

a l r e a d y  d e s c r ib e d  in  h av ing  q u a n t i t i e s  o f  q u a r tz  which 

o c cu rs  b o th  in  l a r g e  p ie c e s  and i n  a  f in e  g r a n u la r  

a g g re g a te  around  many o f  th e  o th e r  m i n e r a l s , and in  

I r r e g u l a r  i n t e r s t i c e s .

The q u a r tz  w ith  l a r g e  naeeee  of q u i te  opaque, 

i n t e n s e l y  decomposed f e l d s p a r  t a k e s  up th e  bulk  of 

th e  s l i d e .

The f e l d s p a r  which a p p ea rs  so pink in  th e  hand 

specimen only shows pink  in  p a tc h e s ,  most of eh ioh  

a d jo in  h o rn b le n d e  b o d ie s .  This may , however, be 

a c c i d e n t a l .

Bext i n  abundance i s  a dark green  hornb lende  

u n l ik e  t h a t  in  th e  o th e r  rooks . I t  i s  p le o c h ro lc  

f r e e  y e l l o w i s h  g reen  t o  b lu i s h  g re e n ,  11

i s  f i b r o u s .  Thflte i s  e g re e n is h  b la c k ,  * * * &

su b stan ce  . . .



e u te t a n c e  w ith  apeokl»d f» ie n c c  in  th e  D i d d l e  of

which f i b r e *  of th e  f r o e h c r  greon hornb lende  moretime# 

o c c u r .  I t  i o  J u s t  p . e a i b l e  tha t  t h i e  i e  a u g i t e ,  in  

t h e  p roceea  o f  a l t e r i n g  to  h o rn b le n d e .  Or i t  cay be 

an o ld e r  g e n e r a t io n  of h o rn b len d e .  There i e  l i t t l e  

doubt t h a t  th e  f r e e h  g reen  h o rnb lende  i e  secondary .

A p a t i te  ccoure  in  en.all frag&rente, b u t  ie  q u i te  

e u b e i d i a r y .  Dec onpeeing b i o t i t e ,  g ra in *  of e p id o te ,  

and epechs of r a g n e t i t e  a i e  a d d i t i o n a l  m in e ra l* .

h e r e r a l  specimen* appee.r to  be poroue m ixture*  

o f  h o rn b le n d e  e o h i e t ,  g r a n u la r  and o ry e ta l  a p a t i t e ,

and th e  eel a i m  e u lp h a te  rook . The l a e t  occur:* 

eo tte tia .ee  in  r o e e t t e e  o f  r a d i a t i n g  f i b r e * ,  which a re  

o f t e n  rooe co lo u red  and resem ble n a t r o l i t e .  At 

o th e i  t im e*  i t  ha* th e  more ty p i c a l  e t r u o t u r e ,  

e u g g e e t iv e  o f  i t *  rep lacem ent o f  f e l d s p a r .  In  cane 

o f  th e s e  specimen* a  l a r g e  tody  o f q u a r to  was 

embedded, a  th in g  of r a r e  o c c u r re n c e .

Specimen 723 C5 i *  an abnore.al one.

A v e in  o f  p e g c * U te  about I "  wide 1* in t iu d e d ,  

i n t o  a a l x t u r e  of l a r g e  p iece*  of a p a t i t e  w ith  

h o r n t l e i  4#se P l a t e  X IH  *&# 8

The p e g m a t i te  ha* numerous c a v i t i e s  ( fee  P la te  

X II I  f i g . 2 . ) .  T h is  i n t r u s i v e  v e in  1* an evidence 

t h a t  th e  p e g r a t i t i o  magma co n tin u ed  to  in t r u d e  a f t e r  

th e  fo im a t lo n  of t h e  phoephAtio bodies. ' '

T h is  i n  th e  onl) specimen in which th e

uaitUm

c r y s t a l  l i s a t i  or,

o b v io u s ly  l a t e r  than  t h a t  o f  a p a t i t e ,  

t h i s  l a s t  i n j e c t i o n  wa* a small or* a

5 o f th e  noimal peg m atite  c o n s t i t u e n t s  i s  

r than  t h a t  o f  a p e i t l t e .  In  a l l  p r o b a b i l i ty  

i t i o n  wav a small or* and of s h o r t  d u ra t io n



Mr.Weall o f  tkeGoverrment Cherloea 

L a lo r a .  c r l e e  ir.ade a n * l j  eee of  £ •peole.are  of 

mixed rook a ,  th o se  d e - o r i t e d  a s  726 G5 and 727 06. 

These s i e  g iven  t e l e #  ms they i n d i c a t e  the  p ro p o r t io n s  

o f  p e g m a t i te ,  s c h i s t  and a p a t i t e  p r e s e n t .

A l& Y B IB  OF MXED fcOCKF.

726 C .5 . 727 C .5 .

M o is tu re 0 .4 0 .6 .

L ose  on i g n i t i o n 1 .0 .85

S .O .g  • • • 49.4 33.6

T i t a r i a 0 .1 0 .1

Alumina . . . 10 .96 1 .25

F e r ro u s  Oxide 3 .16 3.15

F e r r i c  * .45 .93

MnO, . . . t r a c e t r a c e

Lime . . . 1 6 .7 3 2 . .

M sgnesia 6 JOB 7.36

Bodiusi Oxide . e 3 .25 1 .35

P o ta s s i iA  Oxide 2 .3 0 .4

p2°5 5 .6 1 7 .0

C °2 0 .1 0 .06

F U 0 . 3 . 0 .7

C7 • . .  • t r a c e .1
i oo 10 o  K
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4UAP.TZ G/  hKKT bOCK.

At t h e  to p  of th e  t re n o h  in  whioh th e  mion&zite 

rock wet ex p o se d , end s c e t t e i e d  ore i tVe su rfe o e  in  i t s  

i i o i n l t y , were lo o se  t o v l d e r e  of a g a rn e t q u a r t t  xock. 

They v a r i e d  i n  s i z e  fro*. £ f e e t  i r  d in a e te y  tc  tu e h  

S L a l l e r .  These ro ck s  h*.d n o t  'been found anywhere 

i r  p ln c e .  The ro c k , how ever, d e se rv e s  b ore than 

r .e re  r e n t  ion s in c e  i t  r e c u r r e d  so c lo se  to  th e  n o n a z i t e ,  

and was n o t  seen  e l s e w h e r e , and because i t  may abed 

roee  l i g h t  on th e  changes to  which th e  p e g r a t i t e  was 

s u b j e c t .

I r  a  hand s p e c I r e n  the  rock  b e a r s  a  c lose  

r e e e r b l a r c e  t o  t h e  q u a r tz  n o n a z i t e  ro c k .  I t  o o n s ie tn  

o f  a  ground mass o f  t h e  ease  dark b l u i s h  grey q u a r tz  

which c h a r a c t e r i z e d  t^ e  K o n a s i t#  rock  with s n a i l  

g r a n u l a r  c r y s t a l s  of g a r n e t  o f  a  brownish red c o lo u r ,  

b u t  o f  a  l i g h t e r  shade and c o re  g la s s y  then  e ^ n a z i t e .  

These a r e  u n ifo rm ly  s c a t t e r e d  th roughou t th e  rock end 

n o t  c o n c e n t r a te d  in  dense  s t r i n g e r s  a s  th e  n o n a z i te  

g r a i n s  a r e  i r  th e  neighbourhood o f a p a t i t e  i n c lu s io n s .

A photograph  of a  h a rd  s i e c iB e r  iS g iven  on 

P l a t e  TV f i g . r .

Another d i f f e r e n c e  l i e s  in  th e  absence  o f  f e ld s p a r  

and a p a t i t e  in c lu s io n * .  The E.G. treasured in  a  l a r g e  

p ie c e  o f  ro c k ,  ec  as to  x l n i a i e *  th e  e r r o r ,  was 2 .8 ? ? .

I f  th e  r i n e r a l s ,  o th e r  th a r  q f a r t z  and gal ne t  a re  

d i s r e g a r d e d ,  which can be done w ithou t g r e a t  

in a c c u r a c y ,  f o r  t h e i r  p e rc e n ta g e  i s  obv ious ly  very

seal 1 . .
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a j r a l l ,  t h e  p r o p o r t io n  of q u a r tz  t o  g e m e t  o en t #  

rct^rh 1) e e t l r a t e 4 i  Thle wee done by o ruehing  eone 

o f  t h e  rock f i n e l y ;  th e  powdered n a t e r i a l  weighed 

11 .3 8 5  g rr  e .  This  wa»i shaken i n  a  m ix tu re  of 

Broe.ofoiHi and tu ip e n t ie * . ,  6 .0 .  2 .6 7 5 ,  t o  e f f e c t  a 

rough e e p a r a t i o n .  That which sank weighed 2 .67  g r» e .  

and th e  f l o a t i n g  r a t e  r i a l  6 .7  grins. T ne re fo re  

G arn e t : q u a r tz  : :  1 :3 .2 5  by w eight o r ,  ro u g h ly ,  

i  c f  th e  rook i s  g a r n e t .  Tlie 6 .0 .  o f  th e  g a rn e t  

was th en  d e t e r r i n e d  by means o f  a  weighing b o t t l e  and 

found t o  be 4 .1  irtiloh would mean th a t  i t  was 

Almardine 3 .0  -  4 .2  o r  F p e e e a r t l t e  4 .0  -  4 .3 .  I t  

was n o t  found p o s s ib le  t o  make a  f u l l  q u a n t i t a t i v e  

a n a l y s i s  o f  th e  m i n e r a l , bu t a  q u a l i t a t i v e  t e s t  

r e v e a le d  i t  t o  be a  s i l l  o a te  o f  a l u a l n i v e ,  f e r r i c  

i r o n ,  a  l i t t l e  LagneeiuE , and a  t r a c e  t f  o a lo lu * ,  b u t  

no m anganese. I t  i s  t h e r e f o r e  n e a r e r  to  a l r a r d l n e  

wn any o th e r  r a r i e t y ,  whioh was to  have been 

> peo tod  from i t s  ooou *noe i n  so  h ig h ly  s i l i c e o u s  a 

ro o k .  Tl’e p re sen ce  o f  rn ly  a  t r a c e  of Calcium i s  

s i g n i f i c a n t  as  i t  o b v ia te s  th e  p o s s i b i l i t y  of the 

a b s o r p t io n  by th e  Magma of any q u a n t i ty  o f  l im e s to n e .  

P ro f  .ESh and in  d i s c u s s in g  th e  s y e n i t e s  o f  Eekuk uni land  

c o n s id e r s  t h e  p re sen ce  o f  m e la n l t e ,  C a . r lo h  g a r n e t , 

a s  one o f  th e  s t r o n g e s t  p ro o f s  o f  h i s  th eo ry  t h a t  

th e  a l k a l i n i t y  o f  th e  s y e n i t e s  i s  due t o  th e  

a b e o r p t io n  by th e  igneous  rook o f  a  l a r g e  b lock  of 

D olos .lte  d u r in g  i t s  i n t r u s i o n .

OH ess
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On th e  o th e r  h a r d ,  H .d .Ppeuce In  h ie  nen.oir 

on Rxoephate i n  Canada, eaye t h a t  a lm ln d i te  and 

h e e e o n i t e  have been  found ae nooleted w ith  a p a t i t e  in  

Quebec. Both th e  v a r i e t i e e  a r e  ccmmion in  th e  

g n e ie e e e  o f  th e  d i e t  r i o t  and a re  c o o a e io n a l ly  met 

w i th  in  o r y e t a l l i n e  l im ee to n e  near  i n t r u e i v e  

c o n ta c t e  o f  p e g m a t i te .  E p e B ea r t l te  cooure 

p l e n t i f u l l y  in  th e  f e ld e p e r  and m ica o f  V il len eu v e  

V ine and uw arowite in  W akefie ld  a e e o e la te d  w ith 

A p a t i t e ,  to u  nr a l i n e  and  pyroxene .

Only one e l i d e  w&e made, a# th e  rook ehowed in  

a hand specimen s i  oh u n i fo r m i ty .  A photograph of 

i h i e  l e  a t t a c h e d .  P l a t e  XV f l g . l .

QUARTZ GAFUJRT ROCK (MICROSCOPICALLY.)

The Q uartz  l a  f a i r l y  f r e a h ,  b u t  w ith  

e e r p e n t in e  f i l l i n g  a  few i r r e g u l a r  c r a c k s .  I t  

o ccu rs  in  l a r g e  p i e c e s , ex cep t  a t  i t s  c o n ta c t  w ith  

g a m e t e  where i t  re  a i r o j i .  .n v a r l a b ly  g r a n u la r .

The G arnet#  ehow no c r y s t a l l i n e  o u t l i n e s ,  b u t

a r e  more or l e e s  c i r c u l a r .

S c a t t e r e d  th ro u g h  th e  q u a r tz  a re  i r r e g u l a r  

b o d ie s  o f  g a r n e t , h o rn b le n d e  and p l a g io e l a e e .  The 

g a r n e t  u s u a l l y  o ccu p ies  th e  c e n t r e  of such b o d ie s ,  

b u t  even t h e r e  i t  i s  f r a g m e n ta l .  Hornblende forms, 

i n  m ost o a s e s ,  a  m arg in a l rim and p a tch es  of i t  

o ccu r  i n  t h e  m id d le .  A ll th e  h o rnb lende  in  any 

p a r t i c u l a r  u n i t  l e  i n  o p t i c a l  c o n t i n u i t y .  The

remainder . . .



r e t . e i n d t r  o f  th e  epeoe i e  p l a g i o c l a . . ,  m i  fc0Xe 0r 

l e e e  decomposed.

The t i H M l  i e  y u i t e  noz&al i r  a p i w a n e e ,  having 

v e ry  h ig h  r e l i e f  and t r a v e r s e d  l y  n w ero v e  i r r e g u l a r  

o ra o k e .  I t  i e  q u i t e  l e o t r o p i e .  (Brogger e t a t e e  t h a t  

g a m e t e  fo m e d  d i r e c t l y  free , an igneove ra g n a ,  a .  well 

a e  th o ee  Produced by th e  elow prooeeeee  o f  r e g io n a l  

B etaao rph lem  a r e  " l e o t r o p i e " ,  w h ile  thoee produced 

by h o t  e o lu t io n e  o r  b j  c o n ta c t  m eteaorph iea  o f te n  

chow an a jp ia ren t  a n i s o t r o p i c  c h a r a c t e r .  In  a  t a b l e  

he g iv e s  Alrr.andite and  Pyrope ae th e  only c n e e , 

i n v a r i a b l y  l e o t r o p i e ,  g a m e t e  a r e  known t o  a l t e r  t o  

f e l s p a r  and h o rn b le n d e ,  bu t t h i s  i e  a p p a ren t ly  r a r e .  

I n c l u s i o n s  of r a r l t e .  in  v a ry in g  s ix e s  a re  common 

i n  th e  g a rn e t  and 1 t e  de*ce ipoe lt l  on p ro d u c ts .  Moat 

o f  them show a l t e r a t i o n  t o  m a g n e t i t e and f l a k e s  of 

C r y s t a l s  of v e ry  h ig h  R . I ,  p robab ly  

o c cu r .  They a i e  c o lo u r l e s s  o r  w i th  a

v e ry  f a i n t  p in k is h  t i n g e  and a re  b i a x i a l  and 

n e g a t iv e  in  c h a r a c t e r .  The g a r n e t s  co n ta in  

s m a l l e r  c r y s t a l s  o f  th e  same m in e ra l .  The Hornblende 

i s  th e  same a s  t h a t  i n  th e  g n e i s s , p leo d h ro io  from 

p a l e  y e l lo w is h  grevu; - -  r e d d i s h  brown, w ith  no 

d i s t i n c t  c le a v a g e  and a  n o t  ve ry  d i s t i n c t  b i a x i a l  

n e g a t iv e  i n t e r f e r e n c e  f i g u r e .

I  can f in d  no r e f e r e n c e  in  any of the

d e s c r i p t i o n s  o f  g a r n e t  rooks from t h i s  v i c i n i t y  to

one which re se t  b l e s  t h i s  specimen. Most o f  them
d

a r e  g a r n e t  g n e is s  rooks  n t h  much f e l s p a r  and not a

predominating . . .
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p reJom iuB ting  p«ro*nt*%# j f  quart* .. The f e r r e -  

roagneeian m in e ra l  to o ,  o o n e t l t u t e e  a  l a r g e  p ro p o r t io n  

of th e  rooke which a r e  dark o o lcu red  In  coneeqvence.

In  d le o u ee ln g  th e  p e o t a t l t e  D r.H all eaye th a t  

th »  g a r n e t  i n  t h i e  fo rm a tio n  i e  r a r e ,  bu t 

n o tw i th e ta n d ln g  t h i s ,  t h i e  p a r t i c u l a r  q u a r tz  g a rn e t  

rook ap p ea rs  t o  be r a t h e r  a  phase o f  p e je .a t l t e  than 

of g n e i s s .

O ther specim ens o f  q u a r tz  g n e ie so ae  g a rn e t  

rooks  were found l a t e r  w ith  a  muoh h ig h e r  p e rcen tag e  

o f  fe r rc m a g n ee ia n  m i n e r a l , b u t  w ith  q u a r tz  s t i l l  

p re d o m in a t in g .  I t  i s  b e l ie v e d  th a t  t h e  I n t r u s i v e  

p e g m a t i te  embodied sore  o f th e  g a r n e t  g n e i s s  rook, 

and  t h a t  th e  g a r n e t s  b e in g  most r e s i s t a n t ,  wexs 

s c a t t e r e d  u n a l t e r e d  th ro u g h o u t th e  s i l i c e o u s  

m.agr.a.

I f  D r.B roggex’ e th e o ry  I s  aooep ted  as 

o o r r e o t ,  t h e  I s o t r o p i c  a lm ard ln e  could n o t  liave been 

produced by c o n ta c t  metam crphlee, and th e r e f o r e  I t s  

t r a n s f e r e n c e  u n a l t e r e d ,  from th e  g n e i s s  must be 

I n f e r r e d .

U n fo r tu n a te ly  H r .F a l l  i n  r e f e r r i n g  to  th e  

g a r n e t  g n e i s s  rook makes no m ention  o f  th e  v a r i e ty  

of g a r n e t .

The zone o f  h o rn b len d e  around them may be a  

rem nant o f  t h a t  i n  th e  o r i g i n a l  g n e i s s ,  b u t  I t s  

o p t i c a l  c o n t i n u i t y  s u g g e s ts  t h a t  I t  l a  an 

a l t e r a t i o n  p ro d u c t  of th e  g a r n e t .  The l a r g e  q u a r tz  

g a r n e t  b o u ld e r s  b e lo n g  t h e r e f o r e  to  b o th  ty p e s ,  th e

garn ets  . . .
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g a m e t e  and t h e i r  a s s o c i a t e d  m in e ra ls  t e i n g  o f 

g r e a t e r  a g e .  -he te m p e ra tu re  o f  the  pegm a t i t e  

c o n ta in ! tv  „o many a l n e r a l i e e r e .  would n o t  have been 

n e a r ly  a s  h ig h  a s  t h a t  g e n e r a l ly  a s s o c i a t e d  w ith  

m o lten  magma.
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Th. g n e l . e i o  r o o k ,  which m»Jre up so la rg e  a  

p e ro e n ta g o  o f  th e  coun try  ro o k s ,  and whioh f lan k

th e  p e g n -a t i te  s c h i s t  b e l t ,  bo th  to  t h .  n o r th  and

s o u t h ,  ooour a l s o  in  th e  b e l t  J U e lf .  Two

e p eo in e n e  o f t h i s  rock were s p e c i a l l y  n o tic e d  (a)

a  p i e c e  o f  th e  rock which b u i ld s  l a h i i a e  Fop, and

(b) G n e iss  whioh a  j j c i n s  p e g r a t i t e  a t  th e  top  of

th e  second s h a f t  i n  So . I .  (See F i g . 4, p l a t e  !▼).

The*, rooks a r e  bo th  le n a rk a b ly  f r e e h  in  

b o th  hand specim ens and in  t h i n  s e c t i o n s ,  whioh i s  

s u r p r i s i n g  c o n s id e r in g  t h e i r  enormous age and the  

e x p o su re  to  w hich they  have been s u b je c te d .  L arge , 

l i c h e n - c o v e r e d  b o u ld e r s  which cap th e  h i l l s  and which 

m ust h*ve b ra v e d  th e  a g e n ts  of w eathe ring  f o r  a g es ,  

r e v e a l  y u l t e  f r e s h  i n t e r i o r s  when a  f l a k e  i s  

s t r u c k  o f f  by a  hammer. The d i f f e r e n c e  e x h ib i te d  

by t h e  two specim ens i s  p robab ly  due to  th e  

metaa orphiam  produced by th e  i n t r u s i o n  o f s i l i c e o u s  

p e g m a t i te  i n t o  ( h ) .  Both lo o k s , however, a re  more 

b a s i c  i n  c h a r a c t e r  th an  a c id ,  by f a r  t h '  g r e a t e r  

b u lk  o f  them b e in g  f e r r c e a g n e e i a r .

(a )  In  a  hand specimen i t  i s  a  more or l e s s  

even g r a in e d  g r a n u la r  r o c k . The c r y s t a l s  a re  much 

s m a l l e r  th a n  th o s e  o f  (b ) .  I t  i s  predom inantly  dark  

c o lo u re d  , b u t  c o n ta i n s  an a p p re c ia b le  p e rcen tag e  o f  

l i g h t  m a t e r i a l . Gneieeoee badding i s  no t a p p a re n t .

In  a  m ic ro s c o p ic  s l i d e  th e  l i g h t  m ineral i s  only 

s l i g h t l y  dec<*iposed, and i s  a p p a re n t ly  r \ l  p l a g i c c l a s e .

T o t  e # s
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f o r ,  w i th  th e  e x c e p t io n  o f  one of two email p ieoee  i t  

shows tw in n in g  under c ro s se d  n io o l s .  In most 

i n s t a n c e s  t h i s  i s  a cco rd in g  to  t o t h  th e  A l t l t e  ar-l 

P e n c i l  law s and th e  l a r e l l a e  th e r e f o r e  i n t e r s e c t .  

The i s s e l l a e  r e n e r a l l y  ajre f i r e ,  i n  a  few p ie c e s  they 

a r e  b r o a d e r .  The o c c a s io n a l  p ie c e s  which showed 

no tw in n in g  a r e  p robab ly  q u a r t s ,  b u t  th e  pe rcen tage  

m ust t e  v e ry  sc a l l .  The p la g io o la s e  makes up about 

l / 3  o f  th e  s l i d e .  Another t h i r d  i s  occupied by 

f r e s h ,  g re e n  h o rn b le n d e  p le o c h ro ic  fros* y e l lo w ish -  

g re e n  to  y e l lo w .  The e x t i n c t i o n  an g le s  a re  sm all 

and v e r y ,  e . g .  8 ° ,  1 2° , 1 1 ° ,  1 3 ° ,  19°.

^ ^ na l  p ie c e s  show c leav ag e  p lanes  

i n t e r s e c t i n g  a t  a n g le s  o f  1%0?. There i s  much 

a lm o s t  c o l o u r l e s s  a u g l t e  w i th  f a i r l y  h igh  r e l i e f ,  

w i th  i n t e r s e c t i n g  c le a v a g e s  a t  90? , h igh  e x t in c t io n  

a n g le s  and b r i g h t  i n t e r f e r e n c e  c o lo u r s .

T here  i s  a l s o  a  s l i g h t l y  p in k ish  m inera l 

w i th  h i g h e r  r e l i e f  and I r r e g u l a r  c ra ck s  running 

a c r o s s  i t .  Th is  h a s  grey  i n t e r f e r e n c e  c o lo u r s ,  and 

where c le a v a g e  i s  v i s i b l e ,  e x t i n c t i o n  i s  s t r a i g h t .

I t  i s  s l i g h t l i  p le o c h r o ic  and g iv e s  b i a x i a l  n eg a tiv e  

i n t e r f e r e n c e  f i g u r e s .  Th is  i s  a lm ost c e r t a i n l y

h y p e r e th e n e .

O cca s io n a l  p ie c e s ,  w ith  th e  same p in k ish  t in g e  

and w i th  h ig h  r e l i e f ,  have b r i g h t  b lu e  01 ye llow  

i n t e r f e r e n c e  c o lo u r s  and may be o l i v i n e .  Mo 

c o n c lu s iv e  i n t e r f e r e n c e  f i g u r e s  can be found.

I n  p l a c e s ,  f l a k e s  o f  c h l o r i t e  a p p ea r ,  bu t on



th a  whole t h e  ferro&agnemi&n m in e ra le  a re  very 

f r e e h ,  though  hyf» r . t h - n e  i e  trow n lah  along o ra c le .

O ra in e  o f  b la ck  I ro n  oxide a re  f a i r l y  

a b u n d a n t .  A pho tograph  of p a r t  o f  t h l e  e l id e  l e  

g iv e n  i n  F i g . 3 . p l a t e  XV, enowlng a l l  fo«;r m in e ra l» 

d e e o r lb e d .  The h ig h e r  r e l i e f  of th e  p lnk ieh  

m in e ra l  i e  e v id e n t .

(b) The no a t  p rom inen t f e a t u r e  i e  a m inera l in  

l a r g e  p ie o e e ,  win oh i e  in t e n e e l )  p leo o h ro io  from

Teddifth brown t o  pa le  y e l lo w ish  g reen , or from 

e i t h e r  to  a a p -g re e n .  The c leav ag e  f o r  the  moat p a r t  

i e  an I r r e g u l a r  n e tw o rk ,  b u t  u s u a l ly  one s e r i e s  o f  

c r a c k a  p redoe ,Inatea  and to  th s e e  e x t i n c t i o n  i e  

p a r a l l e l .  The i n t e r f e r e n c e  f i g u r e s  a re  very 

I n d e t e r m i n a t e ,  b u t  ece-e of th o se  from which r e s u l t s  

were o b ta in e d  were n e g a t i v e .  I t  may be hyperathene 

o r  e l s e  l a  an i n t e r n e d i a t e  pyroxene. Meet of I t  

haa h ig h  i n t e r f e r e n c e  c o lo u r s .

There I s  a g r e a t  d e a l  o f  f r e e h  very 

p le o o h ro io  b i o t l t c .  Most o f  th e  f l a k e s  a r e  t e n t  

and c an y  show wavy e x t i n c t i o n .  Black o h r c e l t e  occurs 

I n  q u a n t i t i e s ,  sometimes in  a lm ost g rap h ic  in te rg ro w th  

w i th  h y p e r e th f n e .  Q u ite  a numter o f  b lack  g ra in s  

shade  o f f  i n t r  a b r i g h t  g reen  on t h in  edges. This 

l a  p ro b a b ly  th e  g reen  chroce  ochre h a lo  r e f e r r e d  to  in  

some t e x t  l o o k s ,  though, i t  e x h i b i t s  no marked 

p le o o h ro le m . I t  i s  n o t  m e t a l l i c  by r e f l e c t e d  l i g h t .

Every h e re  and th e r e  an a lm ost c i r c u l a r  zone 

o f s p e c k le d  q u a r t z ,  p l a g io o la e e ,  b l o l l t e  and I ron

oxide . .  *
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oxiam o o c u te .  In  aev e ra l  p ie c e s  of p la g io e la e e  

t h e r e  were c h l o r i t i c e d  zones ; th e s e  do not appear 

i n  t h e  f e r ro n a g n e s ia r .  n l n e r a l .  In  th e  U o t l t e ,  

sir.ai] c o l o u r l e s s  g r a i n s  of a n . ln e ra l  w ith  h igh  

r e l i e f  and  v e ry  t r i g h t  in t e r f e r e n c e  co lo u rs  o ccu r ,  

t h e s e  a r e  p ro b ab ly  z i r c o n s ,  th e  customary dark 

h a lo  i s  o n ly  o c c a s io n a l l y  p r e s e n t .

Small p ie c e s  o f  a b r i g h t  b lu e  m inera l ocour. 

They a r e  p ie o c h r o ic  to  a p a l e r  b lu e  and anisotropic; 

p ro b a b ly  corundum.

A pho tog raph  o f  t h i s  s l i d e  i s  appended (F ig .

4 p l a t e  XV) b u t  th e  m in e ra ls  a re  too  dark  f o r  any 

market! c o n t r a s t  to  show.

D r.H all g iv e s  numerous d e s c r i p t i o n s  of 

g n e i s s  in  h i s  memoir on "Corucduz in  th e  Northern 

and E a s te r n  T ra n sv a a l"  and th e  pyroxenes and 

eur.phibcles a r e  trem endously  v a r i e d .  He aakeo 

s e v e r a l  r e f e r e n c e s  to  e n s t a t i t e  b u t  n o t  to  

hype r e  th e  ne o r  t o  any very  p le o o h ro ic  pyroxene. The 

e x a c t  ch a r& c te i  o f  t h e s e  n .ln e ra l  a o< .14 pro . xbly only 

be d e te rm in e d  c h e m ic a l ly .  There i s  a f u r th e r  

p o s s i b i l i t y  t o  be o o n s id . - e d .

D r.H all d e s c r ib e s  a s e r i e s  o f  m assive 

u l t r a b a s i c  rooks p y r o e c e r l t e s ,  h o r n b le r d l t e s  e t c .  

i n t o  which th e  g r a n i t e  g n e is s  group i s  i n t r u s i v e  

b u t  which o ccu r  only i n  i s o l a t e d  pa tches  end do not 

form p rom inen t o u tc ro p s  a s  th e  rook J u s t  d e s c r ib e d ,  

does  a t  Kahwd aJ a Fop. Apart from t h i s ,  t i m e

specimens • • •
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spec im ens  r e e e e , t l s  the  r/.aeelre  Is,Mo rooks 

o l c s e l y  th a n  th e  g n e i s s .  This c o n c lu s io n  was come 

t o  a f t e r  t h e  exam in a tio n  o f 3 e l i u e s  and 3 hand 

specim ens f o r  n o t  much a t t e n t i o n  was paid  to  th e  

m ln e r a lo g i c a l  co m p o si t io n  of th e  g n e is s  d u r in g  the  

▼ery l i m i t e d  tim e  sp en t  m  th e  a r e e . i t  may 

t h e r e f o r e  he to e  p r e c i p i t a t e .  Dr.Hall su g g es ts  t h a t  

th e  s o - c a l l e d  g r a n l t e - g n e i e e  group may r e p re se n t  

two I n t r u s i o n s  and t h a t  th e  g r a n i t e  in  t u r n  i s  

i n t r u s i v e  in  g n e i s s .  The r e l a t i o n s h i p s  however 

must he i n v e s t i g a t e d  more c lo s e ly  b e fo re  any 

d e f i n i t e  c o n c lu s io n  can b e  re a ch e d .  The g n e is s  

i n  a any p i  woes c o n ta in s  a  h ig h  pe rcen tag e  of

f e r ro - m a g n e s ia n  m in e ra ls  though q u a r tz  i s  always
ffihiila'*

f a i r l y  common ( u n l ik e  I'-at-u l a  +-0 Kop).

Hr .H a l l  s u g g e s ts  t h a t  t h i s  h ig h  fe r rc e a g n e e ia n  

c o n te n t  and th e  i n t im a te  a s s o c i a t i o n  between g n e is*  

and t h e  b a s i c  rooks  may be accoun ted  f o r  by the  

a s s i m i l a t i o n  o f s o r e  of th e  b a s in  rook by g n e is s  

a t  th e  t im e  of th e  l a t t e r ' t z . l ru s lo n .  Whether th e  

rock  f re e  Va tw l-aha Fop and neighbourhood i s  

p r i m a r i l y  b a s ic ,  o r  g n e is s  im pregnated  with a  h igh 

p e r c e n ta g e  o f  b a s i c  m a t e r i a l , i t s  b a s ic  te n d en c ie s  

a r e  u n d e n ia b l e .



A P A T I T 1..

In  th e  Z o u tpu re texg  D l e t r l o t  e p a t i t e  ooours 

i n  th r e e  fo rm # :-  l ' .ae# ive ; C r y s t a l l i n e :  and

G ranul # r .

The i e  u s u a l l y  green and

g l a s s y .  I t  has  sm al l  i n c l u s i o n s  of f e l d s p a r  and 

s c h i s t  and numerous monazi te  n e e d l e s ,  but on the  

^fhole i s  rem arkab ly  p u re .  I t  i s  simply a p a t i t e  whioh 

h a s  f o n r e d  a  t h i n  bed i n s t e a d  of c r y s t a l l i s i n g  in to  

p r i s m s  and  p y ra m id s .

M io r o e o o p io a l l y  i t  i s  i d e n t i c a l  w i th  the

i r r e g u l a r  i n c l u s i o n s  of a p a t i t e  which occur in  the

’mixed r o o k s ’ and which were d e sc r ib e d  in  t h a t

c o n n e c t !  on. On P l a t e  T V I l f f  f i g . l  i s  a  t y p i c a l

s e c t i o n .  The rook i s  a c o a r s e  g r a in e d  aggrega te  of

id i o m o r p h i c  a p a t i t e  c r y s t a l s .  I r e n  i n  th e se  the
o

d i s t r i b u t i o n  o f  m onazi te  fo l l o w s  th e  esji.e laws as

i n  t h e  l a r g e  and p e r f e c t  c r y s t a l s ,  i . e .  with th e

e l o n g a t i o n  of t h e  n e e d le s  p a r a l l e l  t o  the  v e r t i c a l

a x i s  o f  th e  e n a t l t e  c r y s t a l .  All s e c t i o n s  which

u n d e r  c r o s s e d  r l c o l e  have r e l a t i v e l y  high

i n t e r f e r e n c e  c o l o u r s ,  have long  monazi te  need le

i n c l u s i o n s .  In  th o s e  w i th  lower I n t e r f e r e n c e

c o l o u r s ,  which have t e e n  out o b l iq u e ly  with  r e f e re n c e
are

t o  t h e  v e r t i c a l  a x i s ,  th e  i n c l u s i o n s  ̂ cor responding ly  

s h o r t e r  w h i l s t  basa l  s e c t i o n s  show only the  p o in t s  

o f  emerging n e e d l e s .  In  a d d i t i o n  to  th e se  r e A i s ,  

m o n a z i t e  o c cu r s  f i l l i n g  spaces  between a p a t i t e  g r a in s

and . . .



and HoejetlEee l a  g r a r u l m  p i e c e s .  Ece-e of the

l a t t e r  uhc* i n d i s t i n c t  c r j e t a i  o u t l i n e s  but  o th e r s  

a r e  q u i t e  i r r e g u l a r .  Small i n c l u s i o n s  of 

f e l d s p a r ,  q u a r t z  and h o rnb lende  a re  cam  on. They 

a r e  i n  a l l  r e s p e c t s  s i m i l a r  to  t h o t e  d e sc r ib e d  under 

'mixed r o o k s ' .

The a p a t i t e  c r y s t a l s  a re  hexagonal prisms 

t e r m i n a t e d  by pyram ids .  Kone were seen with 

p y ram ids  a t  bo th  ends  and i t  i s  p robab le  t h a t  they  

r a r e l y  e x i s t  i n  t h i s  form,. In  Canada th e  same 

p e c u l i a r i t y  i »  found f o r  a  comple te  c r y s t a l  i s  very 

u n u s u a l .  A l l  of  th e  c r y s t a l s  show very  marked 

p a r t i n g ,  p a r a l l e l  t o  th e  b a s a l  p in a c o id ,  and most 

o f  t h e  c r y s t a l s  a r e  t e rm in a te d  by one o f  th e se  p la n es .  

In  s i z e  they vary  g r e a t l y ,  bo th  i n  l e n g th  and in  

d i a m e t e r .  The g r e a t e s t  l e n g t h  seen was 2 ' 6 " .  This 

c r y s t a l  oo cu m d  in  N o . I l l  (see  page 1 1  ) ,  and we*

f o l l o w e d  i n t o  t h e  wall f o r  t h i s  d i s t a n c e  wit* out

r e a c h i n g  t h e  end .

The d i a m e t e r  o f  those  seen v a r ie d  between 1 * 

and 6 *.  Both t h e s e  d im ens ions  would undoubtedly be 

found  t o  i n c r e a s e  g r e a t l y  i f  e p o c ia l  n o t i c e  were 

t a k e n  of  a l l  t h e  c r y s t a l s  mined. I t  i s  only 

p o s s i b l e  t o  e s t i m a t e  t h e  l e n g t h  of a  c r y s t a l  in  

s i t u ,  however ,  b e c a u s e ,  a s  a r e s u l t  of the f a r t i n g  

p l a n e s  th e  c r y s t a l s  e i t h e r  b reak  o f f  when moved or 

e x i s t  in  t h e i r  p a r e n t  rook in  a  f r a c t u r e d  c o n d i t io n ,  

and on t h e  removal of  t h e  su r rounding  rook they

break . . .
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breivk I n to  p i e .  few i n c h . ,  lo n g .  Hone of the  

o r y e t a l e  ehow p e r f e c t  eym netry , h u t a l l  e x h ib i t  

e ig n e  o f  neohanioa". s t r a i n .  On P la te  TVif f ig . s 'a lb *  

t r a c i n g s  o f  th e  c r o s s  se c t io n *  of two ty p ic a l  

o r y e t a l e  a r e  g iv e n .  These weie t a k e r  a t  r i g h t  ang les  

to  t h e  v e r t i c a l  a s  n e a r ly  as p o s s ib l e .  Q uite  & 

nun h e r  of th e  c r y s t a l s  show f l a t t e n i n g ,  ao re tln .es  so

tha t,  th e  lo n g e s t  h o r i z o n t a l  a x i s  paeaee from edge
•b*

to  edge (see  f i g . 51) sonjetin.ee fron  fa c e  to  face  

(See F i g . 5 ‘a*.)

One o f  th e  most s y a n e t r io a l  look ing  of the  

c r y s t a l s  h a s  2 a n g le s  of 117f°  and 4 o f  1 2 0 i°  and 

a n o th e r  £ a n g le s  of 125° and 4 of 120°. (The 

e r r o r s  in  t h e  p e r im e te r s  a r e  due to  th e  unevenness 

o f  th e  s u r f a c e s  which make m e asu re re n t  very d i f f i c u l t )  

The p y r w i d  f a c e s  a re  i n v a r i a b l y  S /eym etrloa l  

and th e  edges  a r e  a lw ays rounded t o  a  c e r t a i n  

e x t e n t ,  sometimes so g r e a t l y  t h a t  th e  faoea  J u s t  

m erge i n t o  one a n o th e r ,  end cak e  measurer e n t  a lm ost 

i m p o s s i b l e .  The m e a s u re s ! !e  a n g le s  i n  the  

sp ec im rn s  a v a i l a b l e  a r e  very few, bu t lack ing  t e t t e r  

m a t e r i a l  t h e s e  a re  g iv e n .

(a )  The a n g le  between prism and  pyramid f  vces

5 0 ° ,  4 5° , 5 0 ° ,  50°, 5 0° , 45° , 51°, 47° , i . e .  av, rage
a ogles

50° and (b) i n t e r  pyram idal degzaas 35 -  40 .

Ho o th e r  forms th a n  prism and pyramid were 

s e e n  in  any c r y s t a l .

S e v e ra l  of th e  c r y s t a l s  a re  twinned p a r a l l e l  

t o  a  prism  f a c e .  This IB sea*  oases i s  not

d e f i n i t e  . . .



d . c m t .  tw in n in g  t u t  J u . t  un l n t . n w n . t r . t l o n .

o r  p . r . 11,1 g ro w th ,  whioh o o c . l o n t i l ,  l .  no t '

J - r M J . l  to  t h .  r . r t l o u  WX1. t u t  . l i g h t l y  p l„ t M  
(«ee P l a t e  JVlZ F i g . 2 . )

S . r . r . 1  o f  t h .  o r y . t a l .  h . r .  t . . r. t r o k . n  and 

t h . n  r . o « . n t « l  a f t . r  a  . l i g h t  a o r a t . n t  h w  taken 

n a c .  p . .  P i g . 3 . o th - j r .  a r e  t w l . t W  ( . . .  K ig .g ) .  

« u l t .  a  n u t t e r  h a re  y ie ld e d  t o  t h .  p r , . . u r .  In  . o r .  

t h a n  o n .  way. 8cm. o f  th e  c r y . t a l e  j u . t  t a p e r  

o f f  t o  an  end w ith o u t  any p y r a r ld a l  p o in t .  All 

.how v a ry in g  d e g re e s  o f  o o r r o . lo n  of th e  c r y s t a l  

fa o e e  wliioh a r e  roughened and p i t t e d  and oooaelonAlly 

q u i t e  concave .

Many of th e  c r y s t a l e  have a  c o a t in g ,  

e e p e o i a l l y  on py ram ida l faoee o f  email, green, glaesy, 

a p a t i t e  g r a i n s ,  eon.e o f  which appear to  be hexagonal, 

b u t  t h e  r a j o r i t y  a re  i r r e g u l a r .  This nay be a forr. 

o f  o o r r o s l r n  b u t , more p ro b a b ly , r e p re e e n te  an 

a d d i t i o n a l  g row th .

A c e r t a i n  amount o f  the  eu rround ing  rook 

a d h e re s  to  th e  c r y s t a l s ,  p a r t i c u l a r l y  th e  barium 

s u lp h a t e  rook w hich, a s  has  a l r e a d y  been s t a t e d , is  

by f a r  th e  n o e t  coMnon h a b i t a t  and i s  rea lly  the only 

rock  i n  which good crysta ls  occur.

The granular ap atite  -  c r  eugar ap atite  ae i t

t e  c a l l e d  in  Canada and Horwaj where i t  forma an

a p p r e c i a b l e  p e rc e n ta g e  o f  the  d e p o s i t s  -  occu rs  only

a s  a  c o a t i n g  o f  l a r g e  c r y s t a l s  o r  o c c a s io n a l ly  in  a

l o o v e ly  bound m ix tu re  w i th  s o h i s t .  So m assive 
spec im ens o f  pure  su g a r  a p a t i t e  were seen , and even
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i f  f u r t h e r  developm ent exposee euoh, i t  i s  not 

l i k e l y  t o  form an im p o r ta n t  r e p r e s e n t a t i v e  of 

a p a t i t e  type*  i n  th e  N orthern  T ran sv a a l .

*Ve p h y s ic a l  p r o p e r t i e s  of a l l  th e  types  a re  
e i m i l a r .

T ’.e c lea v a g e  i s  im p e r fe c t  and f r a c t u r e  u su a l ly  

conforms p a r t l y  to  a c leavage  p lan e  and then  become* 

i r r e g u l a r .  T..e p a r t i n g  p l a n e s ,  a s  a l re ad y  s t a t e d , 

c o n s t i t u t e  a f a r  more g e n e r a l  mode o f d iv i s io n .

As r e g a rd s  s a ly & A l l lL ,a p a t i t e  i s  known to  g ive  

d i f f e r e n t  e tc h in g  f i g u r e s  w ith  d i f f e r e n t  s o lv e n ts ,  

h u t  no s a t i s f a c t o r y  r e s u l t s  were ob ta ined  from 

e x p e r im e n ts  in  t h i s  d i r e c t i o n .

?h* S p e c i f i c  C r a v i t .  v a r i e s . According to  

D o e l te r  t  range of 3 .09 -  3.39 h a s  been recorded 

i n  d i f f e r e n t  v a r i e t i e s .  I t  u s u a l ly  l i e s  however 

be tw een  3 .14  and 3 .2 2 .

P .P u e irew e k y , a f t e r  experim enting  w ith  v a r io u s  

R u ss ian  a p a t i t e  spec im ens, m a in ta in ed  t h a t  the  

S p e c i f i c  g r a v i t y  d e c re a se d  w ith  th e  in c re a s e  of 

C h lo r id e .  This  i s  not found to  be the  case  always, 

so i s  p ro b ab ly  i n a c c u r a t e .  In  th e  Transvaal 

a p a t i t e  th e  s p e c i f i c  g r a v i t y  of th e  green a p a t i t e  

was found to  be 3.136 and 3 .151; th a t  o f  a  dark 

red  v a r i e t y  3 .1 6 5 , and t h a t  o f  w hite  v a r i e ty  

3 .0 9 1 .  (The f i r s t  and  l a s t  f i g u r e s  were 

d e te rm in e d  by Mr.Weal 1 of th e  Government L a b o r a to r i e s .  

In  each c a se  only  one sample was ta k en ,  b u t  i t  i s  

h i g h l y  p ro b ab ly  t h a t  t h e r e  would be a d is c rep an cy  in

e • e



th e  F.G. o f  any two epeoin.ene, e r . n  of the • « , ,  

o o lo u r ,  a e  t h a t  f a c t o r  1* a f f e c t e d  very l a r g e ly

hy th e  amount of in c lu d ed  n o n a z i t e  which n a tu r a l ly  

v a r i e e .  Allowing f o r  t h i s  c o n s t i t u e n t ,  th e  S.G. 

of th e  A p a t i t e  i t s e l f  would p robab ly  be found to  t e  

be low  t h e  a v e ra g e .

The o f a p a t i t e  i s  ve ry  v a r i a b l e .  Green,

b l u e  and y e l lo w  a re  th e  commonest. According to  

D o e l t e r ,  red  v a r i e t i e s  a r e  r a r e .  The l a t t e r  

however a ro  r e p o r te d  from Norway and Canada, and 

o c cu r  a l s o  i n  th e  T r a n s v a a l ; th e  commonest co lo u r  

i n  t h e  Zoutpanaberg  d i s t r i c t  i s  g reen , bu t ^ u i te  a 

number of red i i s h  brown c r y s t a l s  occur and a l s o  

a  g r e e n i s h  w h i te  t y p e .  The l a s t  i s  p o ss ib ly  

b l e a c h e d  g re e n  a p a t i t e .

The mass ive  v a r i e t y  i s  found i n  shades o f  g reen , 

w h i l s t  t h e  g r a n u l a r  type  i s  th e  c o lo u r  of the  c r y s t a l  

t o  w hich i t  a d h e re s .  The c o lo u r  i s ,  as a  r u l e ,  l o s t  

on h e a t i n g .  Zimanyi found t h a t  i n  those  

sp ec im en s  w ith  which he e x p er im en ted ,  d e c o lo u r ! s a t io n  

t o  t r a n s p a r e n c y  to o k p lao e  a t  320°. The co lo u r  has 

b een  a t t r i b u t e d  by v a r io u s  w r i t e r s  to  d i f f e r e n t  

e l e m e n t s , e . g .  manganese and o rg a n ic  compounds in  

sm all am o u n ts , . 02 Carbon, or .011 Hydrogen, b i t  

n o t h i n g  h a s  been  d e f i n i t e l y  e s t a b l i s h e d .

The R e f r a c t iv e  Index in  eodlim l i g h t  i s  1.4330 -  

1 .6 4 8 2 .  V a r i a b i l i t y  in t h i s  has  been a t t r i b u t e d  to  

Chemical C om position . K .W alter c a in t a in e  th a t  the

r e f r a c t i v e  in d ex , d oub le  r e f r a c t i o n  and d i s p e r s io n ,
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a l l  i n o r o a - e  w ith  th e  Un c o n te n t ,  bu t th e  B . I .  m0e t  

of a l l .  A c o n n ec t io n  between o p t i c a l  p ro p e r t i e s  

and C h lo r in e  c o n te n t  has  a le o  been th e  su b je c t  of 

experiznente  w ith  c o n f l i c t i n g  r e s u l t s .  As in  the  

c a s e  o f  C o lo u r ,  no c e r t a i n  c o n c lu s io n  has  been 

a r r i v e d  a t .

The mean B . I .  o f poederei c .e e n  a p a t i t e  from 

t h e  7 o u tp a n e b e r t  d i s t r i c t  i s  1.C382. E .E .Lareen  

g i v e s  th e  v a lu e s  a s  e -  1.631 and s  -  1 .6 3 4 . He
(O

sd d e  however th a t  w in c r e a s e s  w ith  th e  C h lo rine  c o n te n t .  

The p e rc e n ta g e  o f  t h i s  elem ent however i s  very  small* 

i n  T ra n sv a a l  a p a t i t e  so t h a t  i f  i t  a lo n e  i s  

r e s p o n s i b l e  f o r  th e  r i s e  in  th e  R . I . i t  must be very 

a c t i v e .  The R . I .  o f  Norwegian o h lo r  a p a t i t e  i s  not 

known so  t h a t  I could not e s t im a te  ' * th e r  or not the  

i n c r e a s e  i s  p r o p o r t i o n a l .

Chep.ioai C om position .

A p a t i t e  i s  an o r th o p h o sp h a te  of CaO w ith

v a r y in g  amounts o f  Ca Fg or Ca Cl,,. The F lu o r in e

and C h lc - in e  can r e p la c e  each o th e r  and may,

t h e m s e l v e s ,  be rep laced  by OH to  a c e r t a in  e x te n t .

T here  i s  r e a l l y  an ieomorphoue s e r i e s  from F iu o r -

a p u t i t e  - C h l o r a p a t i t e ,  between which many

in t e r m e d i a t e  s t a g e s  e x i s t  which co n ta in  bo th  f lu o r in e

and c h l o r i n e .  The ha logens  may be re p la ce d  o f 0%.

A .F .R ogers hue proposed th e  name V o e lo k e r i te

f o r  A p a t i t e  w i th o u t  e i t h e r  f l u o r in e  o r  c h lo r in e .  H*

e x p l a i n s  th e  isomorphism o f  V o e lk e r i te  with F ieo r  and

Chi o r - A p a t i t e  by maae a c t io n  ieomorphlei. in  which 1
a t  oa. . . .

1 1

I

a ?

J
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at-an of  oxygen i e  r e p l a c e d  by 2  a t c c e  of F lu o r in e .  

He d i e t i n g u l a h e e  betw een f o u r  ieo ro rphoue  compounds.

F l u o r a p u t i t e 3 Ca3 ( po,  )2 Ca F2
C h l o r a p a t i t e 3 Ca3 Ipo4  )2 Ca C l8
D a h l i t e 3 Ca3 (P04 J2 Ca C03
V o e l o k e r i t e 3 Ca3 (po4  )2 Ca 0 .

As t h e s e  m inera ls ,  a r e  i n d i s t i n g u i s h a b l e  p h y s ic a l ly ,  

and a l l  have th e  g e n e r a l  fo rm u la  3 Ca3 (P04 )2

Ca (Fg C lg ,  CO3 , 0 ) ,  t h e  term A p a t i t e  i s  used to  

em brace them a l l .  The CaO i n  A p a t i te  i s  u s u a l ly  

r e p la c e d  to  a  sm all e x te n t  by lin 0%, FegO^and Mg.

The T ran sv aa l  A p a t i te  i s  in te r m e d ia te  between 

th e  f i r s t  2 b e in g  a  f l u o r - o h l o r  a p a t i t e  w ith  a  very 

low c h l o r i n e  c o n t e n t . The r a r e  e a r th s  a re  o f ten  

a s s o c i a t e d  w ith  a p a t i t e  a p a r t  from th e  in c lu s io n  

of M onazite  which c h a r a c t e r i z e s  bo th  th e  Horwegian 

and T ra n sv a a l  ty p e s .  The Ce p e rc e n t  found by 

S o h e e re r  i n  E.Norwegian a u g i t e  was confirmed by 

B ro g g e r . He i n v e s t i g a t e d  the  f r e s h  t r a n s p a r e n t  wine- 

y e l lo w  c r y s t a l s  miODSOopioally and found t h a t  the  Ce 

was in d e p en d e n t  of o r y p t o l l t e  (m onazite  n e e d le s )  

i n o l u e i o n e .
a

F.fair.b m i n i  found in  A p a t i t e  c r y s t a l s  of B iel l a  

by s p e c t r o s c o p ic  m e th o d s , th e  p resence  of 

praesodircius*., and co n f irm s  th e  op in ion  of Coeea th a t  

a l l  A p a t i te  c o n ta i n s  cerium  m e ta l s in  t r a c e s .  When 

*heee a r e  p r e s e n t  in  s u f f i c i e n t  q u a n t i ty ,  m onazite

c r y s t a l s  . . .



T h. . m u , . , .  o f  t . „  ?o u t i» „ . t . rg  

« .  g l r . n  b . l o . ,  n t h  f , «  o t h . ,

f o r  oompfcrieon.

, a ’
Gee. 1910.

<t> I ' l u o r o h l o r - A p . t u . .  trown pr l » .  f r a c

2 Z T -

A n a ly s t .  -  W eail,  1925.

<d»F1— — -
A n a ly s t .  -  W eall,  1925.... — ....

( f )  A p a t i t e  w ith  r a r e  e a r th s  f r o a  Suarun.. Ho m a y .
A nalyst  R.Weber, Pofg. Ann. 1851.

TAEIJt . . .
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I n  th e  g reen  a p a t i t e  ( c ) ,  th e n ,  wae 0f

m a t e r i a l  i n s o l u b l e  in  n i t r i a  a c id  and 2 . 8f  i n  the  

w h i te  ( d ) .  Th is  would in c lu d e  f r e e  q u a r tz  a->d 

m o n a z i te .  Apart from th e s e  th e r e  a re  no 

i m p u r i t i e s  such ae a l V a l i e ,  kg o r  Mn in  th e  a p a t i t e .

By com p a r i  e « i w ith  a n a ly se s  o f  80 d i f f e r e n t  

spec im ens  o f  a p a t i t e  from d i f f e r e n t  p a r t s  o f  the  

w orld  (g iv e n  Ly C .D o e l te r  in  h i e  Handbuoh d e r  

nera l/C bieii iie ) ,  th e  lim e  c o n te n t  of (c) and (d) i s  

a  good a v e r a g e .  The Fe20^, and A1203 , vary  more, 

ae  th e s e  a r e  e f f e c t e d  by e x t e r n a l  ag en c ie s  b u t  on 

t h e  *hole  i n  th e s e  too  (o) and (d) a r e  a v e rag e .

The p2°j) though i t  a p p ea rs  h igh  in  th e T ib le  

abo v e , i s  n o t by an i’ r e a r s  abnormal when ocepared 

w i th  t h e  w id e r  range

The h i g h e s t  PgOg c o n te n t  g iven  by D o e l te r  was 

4 4 .6  ( A p a t i t e  from T y r o l ) ,  and  th e  low est 36.42 

(T h is  i s  a  ve ry  incom ple te  a n a l y s i s ,  th e  low est 

o th e rw is e  b e in g  3 8 .1 4 ) .  There a re  only 8 out of 

80 w i th  PgOg above 43#, and 3 below 39#, th e  

m a j o r i t y  b e in g  40# and 41#.

The f l u o r i n e  and c h lo r in e  p e rc e n ta g e s ,  however, 

a r e  d i s t i n c t l y  on th e  low s id e .  Very few of the  

a n a l y s e s  had  a  c w h in e d  ah M Jogen  c o n ten t  o f  l e s s  

th a n  2# ,  and th o se  were c h i e f l y  c h l o r - a p a t l t e ,  some 

o f  which had  only a  t r a o f  of Cl and no P i . As reg a rd s  

r a r e  e a r t h s , only 4 a n a ly s e s  a re  g iven  of a p a t i t e  

c o n ta i n in g  a n y • One f r u r e e n ^ a n d  has  4 .6 9 ,  and 

3 from Guar urn, Norway, 1 .8 6 ,  1 .7 5  and 1 .7 4 .

There  r e t a i n s  only  th e  q u es t io n  of the

in c lu s io n s  . .
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i n c lu s io n *  to  t e  d la o u e e e d .  These a re  ohrloue even 

to  a  o aeu a l  o 'bee rver ,  p a r t l o u l a r l y  in  th e  White 

a p a t i t e  in  which t h e  y e llow  and trown monazite 

n e e d le s  show up w e l l .  They seer>. a le o  to  be n.ore 

numerous i n  th e  red  v a r i e t y  than  in  t h e  g reen . The 

a n a ly s e s  and s p e c i f i c  g r a v i t i e s  of th e  v a r i e t i e s  

seem to  su p p o r t  t h i s  t h e o r y ,  as well an th e  f a c t  

t h a t  in  Norway where g reen  and red  a p a t i t e  ooour, 

t h e  m o n a t i te  n e e d le s ,  c a l l e d  o r y p t o l i t e , a re  

acknow ledged to  be more abundant in  th e  re d .  In 

ev e ry  i n s t a n c e , th e  long  axes  of th e  n eed le s  a re  

a r ra n g e d  p a r a l l e l  to  th e  v e r t i c a l  a x i s  o f  a p a t i t e  

c r y s t a l s . The n e e d le s  shou ld  more c o r r e c t ly  be 

te rm ed  f l a t t e n e d  p r isn .e .  The l e n g th  v a r i e s ,  

s e v e r a l  more th an  ^ cn-s long  were fou n d , bu t the  

a v e ra g e  i s  1 om. I t  i s  sometimes d i f f i c u l t  to

t e l l  w he ther one n e e d le  i s  runn ing  i n t o  a n o th e r .  The

b r e a d th  i s  u s u a l l y  ab o u t 2 mme (with th e  naked e y e ) . 

The t h i r d  d im ension  i s  to o  small to  m easu re . On 

c l o s e r  e x a r  i n a t i o n  i t  i s  ap p a ren t  t h a t  th e  f l a t  s id e s  

o f  th e  n e e d le s  a re  p a r a l l e l  a lways to  a  p a i r  of

a p a t i t e  prism  f a c e s .  A diagram of th e  arrangement 

i e  g iv e n  k  On P la t e  XVIH f i g  2*

A t h i n  s l i c e  o f  a p a t i t e ,  l e s s  than  th ic k  was 

ou t a s  n e a r ly  a s  p o s s ib l e  p a r a l l e l  to  th e  b a se ,  and 

cem ented to  a g l a s s  p l a t e  w ith  Canada balsam . This 

was used in  a  r a d i o - a c t i v e  pho tograph ic  experim ent. 

E very  p r e c a u t io n  was taken  to  exclude  l i g h t .  The 

r e s u l t  i s  n o t  very  s a t i s f a c t o r y  b ecau se ,  as i t

appeared . . .
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ap p ea red  l a t e r ,  t h e  m onazite  i» only ■l i g h t l y  

r a d i o - a c t i v e  heoauee  of i t .  low thorium content.

In  a t a e a l  s e c t i o n  to o ,  th e  s e c t i o n ,  of a o n a z i t .  

expoeed a r e  so M ta l l  t h a t  i n  apy case  a  . t r i k i n g  

p; .^ogra iJ i was n o t  to  have been expec ted .

A f t e r  s ix  w eek , th e  p l a t e  waa developed: a  

v e ry  l i g h t  p r i n t  i s  g iven  on P la te  XVIII f i g . 3.  in  

d a r k e r  p r i n t ,  t h e  a rrangem ent o f  m onazite  wae no t .0  

c l e a r .  The i m p r i n t ,  of th e  s m a l le r  n e e d le ,  a r e  

b l u r r e d ,  b u t  i n  a  few o f th e  l a r g e r  one . the  

p a r a l l e l i s m  to  th e  prism  f a c e ,  o f  a p a t i t e  1* e v id e n t .

Two t h i n  s e c t i o n ,  o f  c r y s t a l  a p a t i t e  were

o u t , one b a s a l  and one p r i s m a t i c .  The a p a t i t e  i s
m

crowded w ith  i n c l u s i o n .  . Tfoe X o n a z i t .  i s  not 

a lw ays  in  n e e d le  fo rm , t u t  sometimes i n  email 

i r r e g u l a r  p a tc h e s ;  th e  l a r g e r  b o d ie s  a re  always 

c r y s t a l l i n e .

In  th e  p r i s m a t i c  s e c t i o n  th e  i r r e g u l a r  b a sa l  

p a r t i n g  p la n e s  a r e  ve ry  e v id e n t ,  some of th e s e  a re  

f i l l e d  w ith  m c n A l t e ;  and one o f  the  c ra c k s  i s  f i l l e d  

w i th  g r a n u l a r  q u a r tz .  Most of th e  m onazite  i s

d i s t r i b u t e d  in  lo n g  n eed le s  a t  r i g h t  an g le s  to  the  

c r a c k s .  I t  i s  h o n ey -y e llo w  i n  f a i r l y  t h in  p ie c e s ,  

and b row nish  in  th io k  s e c t i o n s .  I r r e g u l a r  f ragm en ts  

o f  m o n a z i te  and m in u te  dark  spooks a re  s c a t t e r e d

th ro u g h o u t  t h e  s e c t i o n .

In  a d d i t i o n  t o  th e  l a r g e r  yellow  m onazite  prism s 

t h e r e  a r e  m y riad s  o f  t i n y  c o l o u r l e s s  r.eedlee  wit>. the  

same o r i e n t a t i o n ,  a l l  l y in g  p e r f e c t l y  p a r a l l e l .

These . . .



TVese a r e  v i s i b l e  even under low power w here , 

however, meet o f  then, appea r  ae s in g le  l i n e * .

When a  em ail p ieo e  of a p a t i t e  i e  pu t i n k.o H ydro-oh lori 

M id  i t  i e  a t ta c k e d  and p a r t i a l l y  d i s s o lv e d ,  and from 

a  b a ea l  s e c t i o n  a  f o r e s t  0f  th e s e  a i n u t e  c o lo u r le s s  

n e e d le s  p r o t r u d e s .  They a r e , of c o u rs e ,  extrem ely 

b r i t t l e ,  an d  f a l l  o f f  in  a  s h o r t  w h ile .  Many of 

th e s e  a r e  undoub ted ly  t h i n  m onazite  n eed le s  b u t o th e r s  

a r e  b e l ie v e d  to  be q u a r t z .  (The c h e r lo a l  a n a ly s i s  

of th e  f o r e i g r  m a t t e r  in  a p a t i t e  i n d i c a t e s  t v e 

p re sen c e  o f  f r e e  q u a r t s ) .  The d i f f i c u l t y  of 

i s o l a t i n g  them and t h e i r  extreme th in n e s s  made a  

d e te r m in a t io n  d i f f i c u l t .

On f r a c t u r e d  p r i s m a t ic  f a c e s  o f  a p a t i t e , long 

g l a s s y  g re e n  s t r i p s  appear which look l i k e  q u a r ts  

i n c l u s i o n s ,  b u t  which a re  th e  smooth Ju n c t io n  of 

a p a t i t e  and r .o n a r i te  a f t e r  t h e  l a t t e r  has  f a l l e n



This m in e ra l  oooura as  a l re a d y  s t a t e d ,  i n  two

d i s t i n c t  f o n t s .  In  f i n s  ye llow  n eed le s  in  the

* p a t i t e  c r y s t a l s ,  and in  l a r g e r ,  redd ish -h row n ,

r o l l e d  g r a i n s  d i s t r i b u t e d  th ro u g h o u t a narrow

p e g m a t i te  dyke b u t  c o n ce n tra te d  around a p a t i t e6
i n c l u s i o n s  (Bee page 2$).

A s i m i l a r  phenomenon i s  found in  th e  g r a n i t e

of Arendal in  Norway where wine y e llow  o r y p to l i t e
a

p r ism s  occur i ” th r  A p a t i te  c r y s t a l s  and a re  cabled
manai.Xhc

o r y p t o l i t e ,  w h i l s t  in  th e  g r a n i t e  i t s e l f  £pat**w 

o c c u r s  a s  re d d is h  "fragm ent*  and r o l l e d  g ra in s  o r  as 

l a r g e  c o a r s e ,  redd ish -b row n c r y s t a l s * .  I t  i s  

n o t  known what degree  o f  c o a rse n ess  i s  i& ^lied  by 

t h e  above s ta t e m e n t ,  b u t  non* of th e  g r a in s  from 

th e  p e g m a t i te  o f  Bchaapkraal show' 1 any d e f i n i t e  

o r y s t a l i n l t y .  This i s  th e  only a p p a ren t  p o in t  of 

d i f f e r e n c e  in  th e  two o c c u r re n c e s .

The term s " o r y p t o l i t e "  and "monaxite" w i l l  be 

used  t o  d i s t i n g u i s h  th e  two t y p e s , though they a re  

th o u g h t  to  be i d e n t i c a l / m in e ra lo g io a ^ ly ,  th e  

d i f f e r e n c e  ly in g  only i n  c o lo u r  and mode of 

o c c u r re n c e .

The o r y p t o l i t e  was i d e n t i f i e d  f i r s t  by 

chem ica l t e s t s .  On t r e a t i n g  a p a t i t e  c r y s t a l s  with 

c o n c e n t r a te d  n i t r i c  a c i d ,  i t  d i s s o lv e d ,  le av in g  an 

i n s o l u b l e  r e s id u e  o f  t h in  n e e d le s  o f  an obviously  

f o r e i g n  m in e r a l .  Th is  r e s i d e s  when fused  w ith

Sodium • . .
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Sodium C arbonate  b e fo re  th e  b lo w -p ip e ,  d l e .o l r e d  in  

n i t r i o  a j i d ,  and a ju e d  to  a  s o lu t io n  of (K L ^ l lo  O4 

gave th e  b r ig h t  y e l lo w  p r e c i p i t a t e  oi a  phosphate . 

M onazite  i s  th e  only fjfcirly ooaa/ion phosphate  

i n s o l u b l e  i n  HH03 . A t a r e  e a r t U s  t e s t  was t r i e d  by 

b o i l i n g  a  email q u a n t i ty  of f i n e l y  ground powder w ith  

from 4 5 drope o f  c o n c e n tra te d  s u lp h u r ic  a c id  f o r  some 

t im e .  When coo l i t  was d i l u t e d  w ith  ID cos of w a te r  

and th e n  amroniua, oxabte added. A heavy w hite  

p r e c i p i t a t e  formed

T h is  i s  a  p re l im in a ry  t e s t  f o r  m onazite  or 

x eno tim e . In  d i l u t e  h y d r o c h lo r i c , n i t r i c  ar.d 

s u lp h u r i c  a c i d s ,  th e  m in e ra l  b le a c h e s  bu t i s  no t 

a t t a c k e d .  In  t t r a t e d  s u lp h u r ic  a c id ,  however,

a f t e r  b o i l i n g  fo  1 - e time , .% th ic k  g e la t io n o u s  

p r e c i p i t a t e  e e t t l .  but th e  p ro cess  o f  s o lu t io n  i s

ex trem e ly  slow, . l i a r  ' s e t s  were t r i e d  in  th e  case

of th e  dark  monaziiw w ith  th e  ease r e s u l t s .  

S p e c t io e o o p io  methods were then  t r i e d ,  as th e se  

c o n s t i t u t e  an i n f a l l i b l e  p ro o f  o f  the  p resen ce  ofrarw  

e a r t h s .

A email hesp  o f  o r y p t o l i t e  was p laced  on a  s l i d e  

on th e  s ta g e  o f  a  Fuses mooroaoope, which i s  provided 

w ith  a err a l l  a d j u s t a b l e  s p e c t ro s c o p e .  L ig h t  was 

c o n c e n t r a t e d  on th e  powder by means of a powerful 

co n d en s in g  l e n s  which caused i t  to jp en e tra te  some 

d i s t a n c e  In to  th e  m in e ra l  b e fo re  be ing  r e f l e c t e d  

back th rough th e  m icroscope  tu b e .  A spectrum 

re sem b lin g  th a t  o f  m onazite  was o b ta in e d .  The

in s tru m e n t  . . .
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inetrum enL wae n o t  p e r f e c t  enough to  A e te ra in e  th e  

f i n e r  l i n e s ,  bu t th e  d i e t r i h u t i o n  and p ro p o r t io n *  

o f  t h e  main da rk  hands were s u f f i c i e n t l y  a c c u ra te  to  

p rove  th e  m in e ra l  to  he monar-it*. Ar exacdn a t io n  

o f  dark  n io n az i te  gave no spectrum  however. Thie 

wee, w ith o u t  d o ub t,  due to  th e  o p a c i ty  of the  

s u b s ta n c e  which does not a l lo w  th e  passage o f  l i g h t .

The m in e ra l  was th e r e f o r e  d eco lo u r ized  by 

b o i l i n g  in  a c id  and th en  re -exar ined  whan a  spectrum 

s l e l l a r  to  t h a t  of o r y p t o l i t e  was o b ta in e d .

The r a d io  a c t i v i t y  o f  m onazite  i s  in jd ireo t  

p r o p o r t io n  t o  th e  Thorium c o n te n t .  Some o f  the  

powdered m o n az l te  and some o r y p t o l i t e  were exsetined 

* n ^  e l e c t r o s c o p e , but th e  r e s u l t  was d isap p o in t in g  

f o r  th e  go ld  l e a f  i n d i c a to r  moved ve ry  s lo w ly .  f o r  

com parison  some m onazlte  from B ttab an e  in  Swaziland 

was examined^ and showed a  much h ig h e r  rad io  a c t i v i t y .  

T h is  may have been due p a r t l y  to  the  ' a c t  th a t  tfcga 

tfce m a te r i a l  had been s to re d  f o r  s e v e ra l  y e a r s  i n  a  

c lo s e d  t i n .

C o T ire ro ia l ly , m onazlte  i s  by f a r  th s  most 

im p o r ta n t  of a l l  th e  r a r e  e a r t h  m in e r a l s ,  and i t  i s  

a lm ost e n t i r e l y  to  th e  Thorium p e rcen tag e  th a t  I t  owes 

i t s  v a lu e ,  f o r  i t s  c h i e f  use i s  a s  « source  of C er la  

and T h o r la  used in  th e  r a n u f a o tu r e  o f  in can d escen t  gas 

m a n t l e s .  The p e rc en ta g e  o f  tho rium , however, v a r i e s  

t re m e n d o u s ly ,  from 1 to  29%, bu t a v e r a g s s A o u t  

T h is  v a r i a t i o n  h a s  been th e  cause o f  such  s p e c u la t io n  

a n d ,  more r e c e n t l y ,  o f  cany e x p e r im en ts .  There were

two . . .
i - i  -ft?'

m J
I
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two p o e e l t l l i  t i e e  of co m b in a tio n ,  by m echanical 

m ix tu re  o r  in  a o l i d  e o lu tfO n .  P e r f ie ld  found an.aii 

dark  apeoke in  m o n a z i te , which he b e liev e*  to  be 

t h o r i t e , (Th Si 0 * ) ,  and t h a t  Th was embodied in  

t h i e  form.

ftreee and M e tz g e r , i n  over SO analywe* from 30 

d i f f e r e n t  epecimene, came t o  th e  c o n c lu s io n  th a t  the  

Thorium p r e s e n t  ae phosphate  i s  an e s s e n t i a l  

c o n s t i t u e n t ,  bu t t h a t  t h e r e  i s  a lways seme admi 

s i l i o n t e , p robab ly  f e l d s p a r .

IX ie l te r ,  a f t e r  c o n s id e r in g  the  r e s u l t s  o f  nany 

i n v e s t i g a t i o n *  e x p re s s e s  th e  op in ion  t h a t  monazite  i s  

a  s o l i d  s o l u t i o n  o f  cerium p h o s p h a te , and  thorium 

p h o sp h a te ,  and o c c a s io n a l ly  thorium  s i l i c a t e  ( T h o r i te ) .  

BiOj,, Ce203 and Th02 , may be  p re sen t  i n  sm all amounts, 

b u t  th e  th e o ry  o f  th e  irmohanioal m ix tu re  o f  ThOg and Ski 

ThBi6g w ith  m onazite  i s  no t t e n a b le .

Ih e  fo l lo w in g  a n a ly s e s  were made by Mr.Weal1 of 

th e  Government L a b o r a t o r i e s ,  (a ) o f  c r y p t  e l i t e ,  (b) 

o f  m on az i te  from B a n d o l ie r  Kop. U n fo r tu n a te ly  the  

e a r e  means o f s e p a r a t i n g  th e  two ty p es  from t h e i r  

co u n try  ro o k , was no t employed; the  d is o re p a n e le s  a re  

due to  t h i e  f a c t .

A n a l i s i s  (a) i s  th a t  o f  th e  In s o lu b le  m a te r ia l  

a f t e r  t r e a t i n g  an a p a t i t e  c r y s t a l  w ith co n ce n tra te d  

and would in c lu d e  anu f r e e  q u a r tz  i n  th e  sam ple. Am 

a l r e a d y  s t a t e d , t h e r e  a r e  number6 of f i n e  c o lo u r l e s s  

n e e d le s  which a r e  b e l ie v e d  t o  be q u a r tz  a rd  many of 

t h e  c r y p t e l i t e  n e e d le s  appea r  to  be surrounded by a 

t h i n  ca s in g  o f q u a r tz  so t h a t  t h i s  c o n s t i t u e n t  would

be



b« p re s e n t  i n  s p p r e o ja b le  q u a n t i t y .  The very h lgn  

e i l i o e  p e rc e n ta g e  and th e  ooneequently  auuoh lower 

p e rc e n t  egee o f  o th e r  a o n e t i tu e n te  i n  (a) l e  exp la ined  
i n  t h i s  way.

(a) A nalyei e o f  in s o lu b le  e a t e r t a l . , a f t e r  

t r e a t i n g  an a p a t i t e  c r y s t a l  w ith

810% 24 .4

PgOg 22 .15

ThOg 1 . 6

Ce02 27 .6

O xides o f  Yt ,L a .K t , ,P r ,X r ,  ? 4.6

100.9

I f  t h i s  i n s o lu b l e  m a te r i a l  had beer f i n e ly  ground and

shaken up in  a e th y l e n e  io d id e ,  t h e  p i a r t c  would have

b < in  s e p a r a te d .  This  p rocedure  was fo llow ea  in  the

c a s e  o f  ■b*. Tlie a v e rag e  s i l i c a t e  p e rcen tag e  o f  11

a n a ly s e s  g iven  in  D o e l te r  was 1 .8 3 5 .  I f  t h i s  i s  taken

a s  th e  s i l i c a  c o n te n t  o f  B an d o lie r  Kop c r y p t o l i t e ,

t h e  preoen tiigee  w i l l  be  r a i s e d  t o  th e  f i g u r e s  g iven  
k r ( * , )

be low ,^w hich  a r e  n e a r e r  t o  o rd in a ry  a n a ly s e s .  This 

i s  ridr i t t e d l  •' i n a c c u r a t e ,  because  c e r t a i n  a n a ly s e s  do 

g iv e  a f a i r l y  h ig h  GiOg p e rc e n ta g e ,  th e u ^ .  never a s  hlg; 

a s  2 4 .4  The h i g h e s t  found anywhere was 9 .6 5 ,  which 

warn v e ry  a b n o m a l .  The n a j o r i t ;  l a y  between 1 -2^ .

A t a b l e  o f  6 a n a ly s e s  i s  g iv en  below f o r  

oomperi eon . fa,) C r y p t o l i t e , Bard o i l e r  Ttop, ( t )  

M o n az it t  f rm .  B an d o lie r  Kop, (o) S ' r t h  C a ro l in a ,  

b ig g e s t  p ro d u c e r  o f  a o n a z l t e  u n t i l  th e  opening of

B r a z i l .  (A na lys t  A.Thorpe 1 (9 6 ) .  (d) B r a z i l l e n -
E s p i r tu  . . .



i l s p i r t u  Far to  (Anal y e t  Sidney J .  Johnstone  1614).

(e) T ran sv aa l  ( l o e a l l t y  r o t  g iven . A ra ly e t  L.Andersen 

A are, 1 9 0 5 ) .

table o r  asalybee.

b . 0 . d . e .

Ce 0 2 36.79 29.10 1

C*SP3 (3 4 .1 3 ) (27. "5) 25.98 )62 .1£ 34.58

L**>3 |
^33.60 23.62 11.25

a V a 32.17 16 .00

Y2°3 I j I l' 8 .14

I r 2°3 J
1

Th 0 2 2 .07 2 .40 18.01 6.06 3.5*

P?°5 28 .72 27.70 28 .43 28.50 27.38
Ca 0 0 .4 0 0.91 0 21 0.31

7 e £33 4 .00 0,97 0 .4 4

A12°3 .60 .10 .86

Pi o2 1 .8 4 1 .8 0 0 .75 1 .5 2

Bn Og 1 .6 2 0.29

Mn 0 1 .3 3

Ta208 0 .1 5

Lose on
i g n i t i o n 0 .38

Tot-»l 100.59 99 .60 99.90 99.89 100.64

The r o s t  n o ta b le  f e a t u r e *  of la () and (b) a re

th e  h ig h  p e ro e n ta r e e  o f  o x id e s  o f  Y t , E r , La end W ,

t h e i r  low ThO? c o n te n t  and the very h igh  Fe?0 3of b .

In  60 a r a ly e e e  nf r o n a r i t e  troir a l l  p a r te  of th e  world 
on ly  two were found w ith  FegOj c o n ten t  anywtiere near



t r u e .  One was Impure mo n a s i  t e  Trcm Ho m a y ,  4 .6 3 , and 

one from N o rth e rn  N ig e r ia ,  3 .0 0 .  I t  im probab le  t h a t  

moet o f  thePegO j i e  e io o n d a ry , which oonolueion i»  
su p p o r te d  by p h y s ic a l  e r i d e n j e e .

The  ̂a n d o l i e r  Kop Z n n a z i te  i s  o f  no value  

c o m m erc ia l ly ,  even had th e re  been l a r g e  q u a n t i t i e s  of 

i t ,  beo au sr  of i t s  sm ell Thorium c o n te n t . Thio 

a p p l i e s  a l s o  *o o the i fo u th  A fr ican  n o n a s i t e .

Bone very  i n t e r v e t l n g  exper im en ts  have l a t e l y  

been c a r r i e d  out i n  thorium, b e a r in g  rooks in  

c o n n ec t io n  w ith  e s t im a t in g  th e  <*e o f v a r io u s  rook 

fo rm a t io n s  by d e te rm in in g  th e  p ro p o r t io n  o f  helium 

g iv e n  o f f  by r a d io a c t i v e  su b s ta n c es  p resen tjin  them, 

or by th e  r a t i o  of l e a d  to  uranium, o r le a d  to  

th o r iu m , th e  r a t e  a t  which th e s e  su b s ta n c es  

d i s i n t e g r a t e  be in g  known. R e s u l ts  have been checked 

by specim ens o f  r e l a t i v e l y  known ag e .  Lower 

Dev on I s ' ,  ro c k s  huve been e s t im a te d  a t  370 r i l l  ion  

i e , r * .  »nd Pre-C ae .bria r a t  1000-1640 m i l l i o n  y e a r s , 

wtiioh i s  g r e a t e r  than  th e  >ige e s t im a te d  by e i t h e r  

p a l a e o n t o l o g i s t s  o r  p h y s io l s  i .  Thorium i s  

im p o r ta n t  because  Helium i s  a lm ost i y e r  found u r le e e  

‘fh o r l  va 1 ̂ p r e s e n t .  Uranlus. and Radi i e  compounds 

c o n ta in in g  Thcri ia nay have no Helium. 1! e a rs  of 

e s t i m a t i n g  th e  helium c o n te n t  a r e  not o r d i n a r i l y  

a v a i l a b l e .  I f  they  h id  been i t  i s  p o s s ib le  th a t  whexe 

the  p a l a e o r t o l c g i e * !  c o r r e l a t i o n  of Fouth A frican  

e t r " t a  wj t'> th o se  in  o th e r  ptu t s  o f  the  world baa not 

been f e a s i b l e ,  the**  ch en icu l  n .e th 'de  would tu o c ee d .



Fjg j , F ve'm of aftaM e in  jaeqme'fit'*. Qvvzwtx i& vevy  d»rk, Vu.ia î

y e ^  , F * M » |w  i& muck discotoure«l. pt-iahiiw. »& st«r*ouncle«j a 

*  Urtck z o n e  o t monr*ZlHt a n d  h » *  numereuA m inute  

«nr!uston& «V t h e  tsam o n t in e rn i  (>.<. rw-i S#* pay.



Fiq j  f| vein o|- ajsahl’e  m jawymnhle. Quavtx is x e v y  tlnrk. UuiaW

Cjrey . F e l d s p a r  i s  mucVt discotouretl .  p j a ah l e  is  s  in ' rounded  by  

a  flrck. z o n e  tit mon»Zthe.  a n d  h a s  num erous  minul'e 

inclusions  o! i h e  t>nme m i n e r a l  (,5»r.c,m*n nars.ic ^e« ij=<*qe 3$x

t imerts



T'-e c o o u i re ra e  o f  red c.onaeXte ie  ohcmm on P la te  7V1 

f i g * .  1 and 2 und r.n P iu te  TIX f . g . f .  The 

pei c e n t  age c f  f c o ra r i t t  i n  theme tp e o in e re  i e  oWleumly 

very  truoh v i j h e r  tha r  in  th e  normal a p a t i t e  t e a r in g  

pegjia+i + e .  The i r o l v e i o r e  o f r c n a r i t e  in  the  

a i^ a t i te  t o d i e s  a re  ver^ rue ere v t  end the  l a t t e r  a re  

eu rro v rd ed  in  a d d i t io n  t y  a b o rd e r in g  o f n c r a r l t e  

g r i i n e  . l i t t l e  v e in s  c f  th e  led r. i n e r a l  t  ran *  out 

f r e e  t h i s  b o rd e r  i n t o  th e  peyr a t i t e  and i s o l a t e d  

g r a i n s  and sjf^oVs a r?  s c a t t e r e d  in  the  v i c i n i t y .  The 

f i g s .  on P iu t e  ^ ' l U t c t h  show th e  a p a t i t e  in c lu s io n s  

b u t  in  f i g . f  on P la te  XI7 th e  f i s t  fa ce  o f the 

•pe.iin.er. i s  ou t p a r a l l e l  t c  th e  in c lu s io n  a :d  'h e  

d a ik  t r i d s  o f  m onazite  e r e  c ro s s  r e c t i  one of v e in s  

b ra r  ehing o f  f r a .  th e  a p a t i t e .  I t  would seem 

t h e r e f o r e  t h a t  th e r e  th e  r a r e  e a r th s  were p re se n t  

i n  l a r g e  i û su'*i t i c s , iLonazi te  s e p a ra te d  out f i r s t ,  

l i n i n g  th e  i r r e g u l a r  space  a v a i l a b le  and pushing 

i n t o  an) r a d i a t i n g  o u v i t i  e* u. t i l  th e  'ei, peiu  + uie 

o r  c*hei e r r  t i t  io n t  g ove rn ing  the  c r y s t a l ] i s e t i o n  o f  

a p a t i t e ,  allowed th a t  r i n e - a l  to  s l i i i f y  i n  co n junc tion  

w i t1 th e  amBll .*er r>art o f  roonazite s o lu t io n .

A B S c r r scopiC s l i d e  was ra d e  from the  face  of f  

th e  speoimer shewn in  f i g .  f  p l a t e  TIX. > ske tch  

o f  i t  i s  g iven  a b o r t .  I t  ! •  e v id e r to n  casu a l  

e x a r  I n s t  io n  t h a t  the  red c o lo u ra t io n  i t  co n ce n t ra te d  

i n  c l e a v a g e  pi a r e s  and c ra c k s  f r »  which i t  •! reads  

ou tw ards  u n t i l  o c c a s io n a l ly  whole 6 r e i n s  a r e  s t a i n e d  

e b r o w n i s h  r e d .  The c o lo u r  v a r i e s  in  in t e n s i ty

1 Ml •



Dvawirrc^ s lid e  sWowmq Concerrhnahorr of- 

I. an oacfde in f^eavaqe creek's m 0 njrr.ilte LiqWt- 

m aterial i s  q u a rtz ., ^yiey is  d eco m p o sed  included  

I p ie c e  o’ rrrnqtrelike o n  VW« v-mVtk

)|Bnd Spel.'m en j-rom wWicW ^lide w a s ta k en

s(rowifT<j m o n a x ik e  & y  uartz an d  narrow V e in  

o |  ScKisf' rLnm nq ^rom !ej*k ko riqkrt



t e i n g  ve ry  denee i n  g r n i r e  w^ioh e re  t i&vereed  t y  nary  

oxaoVa. l a r g e  j l e c e e  hcwever, o f t e n  »how no eigne  

o f  t h i e  im pregna t ion  and reca ln  t h e  l i g h t  honey ye l low 

c o l o u r  o f  the  o r y p t e l i t e  n e e d le s .  The na tu re  and 

n a n n e r  o f  the  r e d  c o l o u r in g ,  ae well  &e th c^ ig h  

p e r c e n ta g e  of Te^O^ shown ty  o hen ica l  a n a l y s i s ,

1 eavee  no doubt t h a t  l i o n  oxide i s  th e  c o lo u r in g  

a g e n t .  I t  i s  of secondary  o r i g i n  and probably  d e r iv e d  

fron. t h e  i r o n  b e t . r ing  m in e ra l s  of inc luded  s c h i s t .

In  t h e  e l i d e  a p le o a  o f  c a g n e t l  e l a  seen ir. the  

D id d le  o f  a dense  red patch and i r r e g u l a r  i n c l u s i o n s  

o f  g r e e n i s h  g rey  s c h i s t  aze oobhor. The q u a r t s  i s  

im pregna ted  w i th  f o r e i g n  r a t t e i  a long h' ]  c r a ck s .

I t  oooure  in  f a i r l y  l a r g e  p ie c e s  a rd ju  g r a n u l a r  a t  the  

m a r g in s .  The c lea v a g e  i s  very d i s t i n c t  i n  the s l i d e .  

Pod e f r agm en ts  show p e r f e c t  p a r a l l e l  c leav ag e ,

**he ie  an i n t e r s e c t i n g  rhoeblo  c leavage  which 

however i s  no t  so c i e t i n c t .  O thers  she* s ig n s  of  

t h r e e  c leav ag e  d i r e c t i o n s  but i r  such the  sp read in g  

o f  i r o n  ox ides  h a s  peeked the a n g l e s .

According t o  Levy , common fo r p s  i n  r o n a z i t e

c r y s t a l s  a re  o r th o  and o l ino  p l r .aco ide ,  a  (100) A

b (010 ) ,  her i p r i m r s  i n  (110) and n (120) head

o r tho  p r i  e re  w (101 ) A x (101).  hec t e l  in  of  p r io r

e ( O i l ) ,  h e r  i p y i a o i d  v ( d l l ) . e t c .  basa l  p inacoid- r a r e .

The h a b i t  i s  t a b u l a r  W - a  dry s t a l e  pay be needle ehapod 
parallel te V'

by e l o n g a t i o n  t t - l ^ a x i e  cr p r l w a t l o  l y  a  good

development of  ▼.
Cleavage p a r a l l a l  t o o  l a  p e r f e c t ;  p a r a l l e l  

t o  a  d i s t i n c t  and  p a r a l l e l  t o  b d i f f i c u l t .  The
pl BJI 4 see



1 J ane of  t t ie o p t i c  &xee IB p e i i ^ r d l o u l B i  t.c b 

and n e a r l y  p a r a l l e l  to  a .  The acu te  U e e c t r l x  l e  

i n c l i n e d  +o a  ,.t a r  a r l e  o f  1° - 4° .  >• no

d l a t i n o t  c r y s t a l  b were foundin  la rk  r o n a t i t e  the
1

a c t u a l  f r r a  o f  c r y s t a l l i s a t i o n  i s  unknown. Ear ly  

r e p o r t s  c r  o r y p t c l i t e  c ln s e  t h e  minera l  ae e i t h e r  

t e t r a g o n a l  o'- hex ag o n a l .  Both the  o r y p t c l i t e  

and dark n .onazite  froo, B ando l ie r  Fop however gave 

t i a x i a l  p o s i t i v e  I n t e r f e r e n c e  f i g u r e s .

The ev idence  o f  i n t e r f e r e n c e  f i g u r e s  a lo n e  i s

r o t  s u f f i c i e n t  t o  d e t e z e i r e  the  o r y e t r d i s a t i o n  of a

m in e ra l  and even in  th e se  i r o n  oxide masked n o e t  of 
H»e

th e  f i g u r e s  i r ^ n o n a z i t e  e l i d e  and a t h i n  f i l m  o f  

a p a t i t e  e i t h e r  above or celov confused the f i g u r e s  

oh*nired from f i n e  n e ed le s  o f  o r y p t c l i t e .

The few i n d i c a t i o n s  o b ta in ed  however accord  v i t h  

t h o s e  g i v e r  by Levy e . g .  I n  t h e  dark n o n a z i t e  t h e  

b e s t  f i g u r e s  were o b ta in ed  f r e e  p iece s  which d id  not 

show good c le a v a g e .  These shewed th e  emergence of 

bo th  o p t i c  a x e s .  In  the o r y p t o l i t e  t h e  need le s  wi l l  

only l i t  on one fa c e  so t h a t  n i l  the  f i g u r e s  ob ta ined  

were c?.' one ty p e ,  showing a l a r g e  a x i a l  a n g l e ,  broad 

i l l  d e f in e d  b ru sh es  and no coloured r i n g s  which i s  t o  

be  expec ted  i f  e lo n g a t io n  i e p a i a l l e l  to  b .  I t  i» 

h ig h ly  p ro b ab le  t } * t  th e  c r y s t a l l i s a t i o n  i s  the  ear e 

ae t h a t  de te rm ined  b„ Levy and Dana. Fo a l t e r  s t i v e  

e l o n g a t i o n  i s  g ive r  in any o f  th e  has t e x t  books to  

which r e f e r e n c e  was cade t u t  possib ly  a l l  t h e  auV ore

t l t l V  #  e •  •
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have  icoeyted  the  o r i g i n a l  d e s c r i p t i o n  ae c o r r e c t .

In  s e c t i o n *  ehrwing t>nl> dtoeperfect  c leavage  

th e  e x t i n c t i o n  a  a r e  ■ir.all ■varj.ing f r a  4 ° - 1 2 ° .

I r  colour^ l u s t r e ,  ha rdneee  etc.  t h e  r o n a z i t e  i s  

a c c o rd in g  t o  t j p e .  Ihe  s p e c i f i c  g r a v i ty  d e l e r r l n e d  

hy a s p e c i f i c  g r a v i t j  t c t t l e  i s  5.165 (According t o  

I 'ana,  P.O. o f  monazi te  i s  4 .6  -  5 .3  t u t  t -c s t l )  5 .0  - 

5 . 2 ) .

Mineral  o g l c a l l y  and i n  i t s  m o d e  c foocurrence  

t h e  Zoutpft reherg n o n a z l t e  i s  s l a i l a r  t o  t h a t  i n  o th e r  

p ^ r t s  of t h e  world excep t  t h a t  no r e f e r e n c e s  cftn t e  

found anywhere to  the  f r i n g i n g  of a p a t i t e  v e in s  and 

i n c l u s i o n s  by s o l i d  c o n a z i t e , so th a t  i t  i s  e i t h e r  

un ique  or h i t h e r t o  u n n o t i c e d .

MonarJte  i s  an ex tremely  s t a b l e  s i n e r a l .  I t  
o ccu rs  i n  s i t u  only i n  old ro o k s .  According to

l e v y  i t  w i l l  probably  never  be fovi.iln Mesozoic

r o c k s , and y e t  i t  i s  alwa\ e f a i r l y  f n e h .  The

c r y s t a l l i n e  p a t e r l a l  i s  found aon-etisee in  v e ln e ,  t u t

more o f t e n  in  t i n y  c r y s t a l s  d i  ere* i n s  ted  throughout

t h e  r&ee.

L indgren  eays  th a t  n o n a z i t e  i s  found only  i n  

v e i n s  developed a t  h l # i  tea .pe jra tu re , an jfiot i n  those  

r e a r e r  t h e  s u r f a c e  or  under c o n d i t i o n s  of  l e s s e n ed  

tee  p e r a t u r e  and p r e s s u r e .  In  Borway th e  p e @ a t i t e  

dykes c o n ta i n in g  monazi te  a r e  g r a n i t e  o f f - throws .  

j :, C a r o l i n a  and Georg ia  and i n  the Aymore'e k<>untains 

i n  E r a z i l  i t  i f  bo th  a a s e iv *  and g r a n u la r  and occurs  

in g n e i s s .  I t  i s  q u i t e  coea-on in  pegmat i te  v e in s

i n  g r a n i t e .  In  queensl  and, on the Valeh andTinaroo

m ine ra l  . . .



Bj.n»ra3 f i e l d s , I t  i s  found l o t h  mass ive  and g r a n u l e r  

i n  v e i n s  i n  g r a n i t e  a s s o c i a t e d  w i th  w o l f r a c i t e  

m o ly b d en i te  and o a e e i t e r l t e .

I n  s t a l l  q u a n t i t i e s  I t  has  a  wide d i s t r i b u t i o n  

a s  an a cc e s s o ry  o f  g r a n i t i c  d i o r i t e s  and g n e i s s e s .

In  Fouth A f r i c a  t h e  t h i e e  known oc/". rx since• a* 

M babane  In F w as i la rd  and P a r d c l i e r  Kop i n  the  

f o u t p a r e t e r g  D i s t r i c t  where i t  occurs  i n  fcwazilar.d 

recVs and a t  Hcuten tek  i n  the  Dushveld where i t  i s  

a s s o c i a t e d  w i th  f l u o r i t e ,  m olybdeni te ,  e t c . , i n  v e in s  

i n  Eushveld  g r a n i t e .

By f a r  t h e  most im por tan t  source o f  the minera l  
i s  not f r e e  the  p a re n t  rock b u t  from the  eande

d e r iv e d  from i t  which c o l l e c t  i n  r i v e r  courses  and

t e a c h e s .  M a g n e t i t e ,  i l m e n i t e ,  s i r e  on, ca r re+  and

q u a r t '  occur c cam only i n  l icn az i te  sands .  The c o s t

e x t e n s i v e  d e p o s i t s  a r e  in  Brazi l  i n  the  p ro v in c e s  of

Minas Geraee,  Bahia ,  E s p i r i t o  Bar t o ,  and Rio de

J a n e i r o  where t h e y  f e a t  p a r t  of the  ac tua l  t e ac h

between t i d e  marks .  Here,  the  l a r g e  q u a n t i t i e s

a v a i l a b l e ,  t h e  h ig h  Th p e r c en ta g e ,  the  even q u a l i t y

o f  t h e  eand ,  and t h e  easy t r a n s p o r t ,  have r a d e  th e se

d e p o s i t s  t h e  most impor tan t  in  t h e  w or ld ,  and s in ce

t h e i r  d i s c o v e r y ,  t h e  C a r o l in a  men s a l t #  h a s  s ca rc e ly

t e e n  worked.

Other  la .ere d e p o s i t s  a r e  i n  Ceylor i n  I r d i a  in  

th e  F t a t e  of Travanoore  on the  c o a s t .  This  l a t t e r

c o n t a i n s  . . . .



c o n t a i n *  8 - 1 #  Th and i*  o f  h ig h  grade.  I t  i» 

found  &l»o I n  q u e e n e la n d , Vadagfaeoar, i n  the  U r a l e , 

i n  c.any p o r t a  of the  P a c i f i c  S ta te *  of North An.erioa 

e t c .  U n t i l  the  earde  have t e e n  e x h au s te d , which 

wil  ] not t c  f o r  a  very long t i a  e ,  rocV d e p o s i t #  a r e  

n o t  l i k e l y  t o t e  o f  any v a lu e  excep t  thee* n t h  a 

v e ry  h ig h  Th o r i te  c o n t e n t .



a c e k e  / l  rn»v.«,.ri o r  Tin: hatukk of m  apatitl  re>oeiT 6.

Fror the  f o r eg o in g  i t  i e  e v id e n t  t h a t  the  A pa t i te  

oooure i n t i m a t e l y  connec ted  * l t h  p e g r a t i t i o  i n t r u e i o n e  and 

i»  n u h je c t  t o  the v a g a x ie s  coneon to  eueh h o d ie * .  The 

gn e iee  i n  » .uh th e  p egm at i te  i e  i n t r u d e d  has  every 

ajppe ir anoe  of  Veing of igneous  o r i g i n  and hae ic  

o o r .p o e i t i c n  ae evidenced by the  overwhelaing  p e rcen tage  of 

f e r r o m a g n te i a n  m i n e r a l s ,  supplemented hy baa io  p l a g i o s l a s e ,  

g a r n e t  and i r o n  o x id e s .  Quartz  arid o r t h o c l a a e  a r e  not 

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

The s t r u c t u r a l  t r e n d  <-? t ^ #  g r e i s s i e  ree l 's  i s  free.
U. 3.W. -  t.K.t.
E T T ^ t . - K.F.V. This  has  in f lu e n c e d  t h e ^ n t r u a l o n  of  <he 

p e g r a t i t e  b o d ie s  so t h a t  t h e  main d e p o s i t  at Ho.I  has  an 

i n t e r t e d d e d  r e l a t i o n  t o  th e  g n e i s s  b o r d e r in g  i t .  The 

a p a t i t e  i n  t h e  p e c r a t i t e  h a s  fo l lowed t h r e e  l i n e s  and^cc . re  

i n  bedded v e in s  wit" the  s t r i k e  and d i p  di:  e o t i  one of  *he 

o t h e r  r o c k s .  In  eor e p l a c e s  he never  t h e  p egm at i te s  a re  

f o u n d  c u t t i n g  ic roee  t h e  genera l  t r en d  o f  t>ie countrv rockr 

axil a re  f a r  more i r r e g u l a r  a s  a r e s u l t .  Consequently t h e  

a p a t i t e  c e n t a l  e4 may s w e l l  out i n t o  p<cv e t s ,  branch i n to  

a r a l l  v e i n s  o r  l i e  o u t .  These i r r e g u l a r i t i e s  complicate

m in ing .
Tv-g p h o s p h n t o e  are never  found a t  any g r e e t  d i s t a n c e ,  

f r o m  b a s i c  rooks so t h a t  t h e y  t e n d  t o  h r  c o n c e n t r a t e d  wi th in  

t h e  p e g m a t i t e  b o d y  along  i t s  m arg ins  o r  occur^  i n  small 

v e i n s  a n d  s t r i n g e r e  i n t r u s i v e  i n  t h e  ooontry  rook.

A p a t i t e  may form u : i n t i m a t e  mix ture  with  the

g n e i s s o e e  m in e r a l s  b u t  i s  ah nay e accompanied by a o a r t e i n

er.ount of  i t s  p a re n t  p e g m a t i t e .  T»e mixed rooks  of  the
t r a n s i t i o n  . . .
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t r a n s i t i o n  zone t h e r e f o r e  c o n t a i n  a l l  t h r e e  type  rocVe.

The s o f t  g reen  s o h i e t  whiah oor.urs so i n t i m a t e l y  

us bo s i  a t  e l  w i th  a p a t i t e  n e a r in g  pegm at i te  i s  L e l i e r e d  to  

r e p r e s e n t  a l t e r e d  g n e i s s ,  of whi ah l a r g e  I o d i s e  were 

in c lu d e d  i n  t h e  pegm at i te  n.ngna .

The e f f e c t  of t h e  pegm at i te  h o l i e s  on g n e i s s  i s  to  

a l t e r  much o f  t h e  a u g i t e  to  h o rn b len d e .  No a u g i t e  was seen 

anywhere d i r e c t l y  connects jfwith  a p a t i t e . A f u r t h e r  s tage  

i n  t h e  a l t e r a t i o n  changes  hornb lende  to l i o t i t s , so th a t  

1 o rd e r in g  peg? a t i  +e t o d i e s  t h e r e  i s  i n v a r i a b l y  a s o f t  rone 

o f  b i c t i t e ,  c h l o r i t e ,  f e l d s p a r  rook whio>i crumbles e a s i l y  

when rubbed .  Where t h e  pegm at i te  v e in s  a r e  t h i n  the 

met amor phi so - r educed  in  the  a d j o i n i n g  -neis s  i s  not. so 

r n r k e d .  I t  r e r a i n  a p p a r e n t l y  una e: ed am l r  the t e a

rooks  of  t h e  e t r e a r  to  t h e  south  o f  t h e  workings  and thehard  

g n e i s s  found in  N o . I .  The l a t t e r  a p p a r e n t ly  marks the end 

o f  th e  p e g r . a t i * e in  t h a t  d i r e c t i o n  and r e p r e s e n t s  the  edgs of 

a  l a r g e  body of g n e i s s .  This f a c t  i s  borne  cut by the 

whole h i l l  no r thw a ids  being covered  w i th  b o u ld e r s  of g n e i s s .  

Though no t  a l t e r e d  to  s o f t  m a t e r i a l  i t s  m in e ra l s  have been 

e f f e c t e d  by t h e i r  c l o s e  c o n ta c t  with  peijmatite  with the 

r e s u l t  t h a t  im e r s e  p i a r t i t i e e  o f  b i c t U o  a r e  found.

Quart* becomes an im p o r t a n t  c o n s t i t u e n t  and t h e  augi*e  i s  

Very p l e c c h r o i c  Whi o'- a re  f a c t o r s  a b se n t  from the  g n e i s s

f u r t h e r  away e . g .  I ' a h i l a ’s fo p .
l l r n a z i t e  of  a low thorium co n ten t  i s  p re sen t  in a l l

t h e  a p a t i t e  in  t h e  form of  f i n e  n e e d l e .  Which fo l low  the  ‘ 

d r / . t « m n .  n r . o t i o r .  o f  t h .  1h< <■ » •

i d l y  1 .  . . . ry  n c r r o .  t h .  p . r . . n t v .  o f  , - h . o p h . t .  i r o r . . . . .  

r t m s t l t .  ooou r .  i n  IW . .1T .  f o n r .  I?  »•
t o  t h .  o o n t . o t _ V p . t l t .  with  t h .  o t h . ,  W t l t .

* 3
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m
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m l  ne ra l  i .
Masses
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lX»6«s  o f  t & r i t e  very  i r r e g u l a r  i n  f o n t  t u t  

f o l l o w i n g  t h e  a p a t i t e  c l o e e l j  and tut a  r u l e  .enoloerrf^Lt 

ooour  a l e o  i n  »ne p e g n a t i t e  t o d i e e .  l a r i t e  does n o t

i t i x  t o  th e  eair.e e x t e n t  as  a p a t i t e  with  the  coun t ry  rocks  

though o c c a s i o n a l l y  s&al l  p i e c e s  o f  i t  occur i r  t i x e d  rooks ,  

«.od wherever  i t  o c c u r s ,  a p a t i t e  i s  found e i t h e r  massive or  

c r y s t a l l i n e ,  e r t a d d e d  I n  i t  r a t h e r  than  i n  ^uarti .  and 

f e l d s p a r .

The f e l d s p a r  too  i s  e f f e c t e d  t y  i t  & oont«i; t  with 

s c h i s t  and p h o e p h a t l c  Bine  r a l e  and show^ d i s c o l o u r a t i o n .

I t  sl + mre ocnr only  t o  e p id o t*  whjan occurs  f i l l i n g i n  c any 

t h e  c ra ck s  i n  pegn -a t i te .
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A C015PAM611' OT THE EAMMLIBE HOP APATITE WITH 

B i m A E  DKPOEItE IE HOEWAY L CAE A DA,

I n  bo th  Korwfcjr ard Car.wda a p a t i t e  cocure  i n  

pegr. a t l t e e  In the  L a u r e n t i e n  Group of arohaen rooke.
The n o o u r r e r c e s  a r e  i n  many r e e p e o te  b1b.11 ar and

bo th  r e s e r b l e  th e  Eovth Afr ican  d e p o s i t .  A 

comparison can r ore e a s i l y  be made by d e a l in g  w i th  the 

f o r e i g n  d e p o s i t  * s e p a r a t e l y .

"he I?orweglar.. Most o f  th e  In fo rm a t ion  regard ing  

t h e s e  d e p o s i t s  was o b ta in e d  f r e e  O.C .Davies '  book on 

Ear thy and o th o r  n i n e r a l s  an j o i n i n g  supple r  anted by 

b r i e f  accoun ts  frnt.  v a r io u s  o t h e r  s o u r c e s .

The l i t e r a t u r e  on the  s u b j e c t  i s  no t  abundant 

and r.-'-ft o f  i t  u n o b ta in a b le  in  t h i s  c o u n t ry .  The 

d e p o s i t s  l i e  i n  a s t r i p  of l a n d  along the  e a s t  coas t  

of  Korway, west of th e  Ekager Pack and e x t e n t  frar.  

K r a j e r o  to  A re n d a l . The p a r e n t  rock i s  a  dark g rey ,  

g r a n u l a r ,  g n e i s s i o  rook with a  h ig h  X of ho rnb lende ,  

which d e te rm in e s  the  c o lo u r .  A p a t i t e  occurs  in  

v e i n s ,  n e s t s , p o c k e t s ,  i n  beds ; see p l a t e  TX f i g s  

1 , 8 , 3  A 4) and in  l a r g e  c r y s t a l s .

The v e i n s  a r e  sh r in k ag e  c racks  f i l l e d  with 

a p a t i t e  and i t s  a s s o c i a t e d  m in e r a l s .  They run f o r  

s e v e r a l  hundred y a rd s  along t h e  s t r i k e  and ’ he  ̂

a p a t i t e  l i e s  i n  these  v e i n s  i n  pocke ts  and wedge 

shaped a s s e s  averag ing  4* by 8*, which a re  connected 

by e t r i n g s  o f  a p a t i t e  and h o rn b le n d e .  A hornb: ende

c a s in g  . . .

i  I

w
ee

r



T l f i t e l  X X

F| j i a h h in

Xv X

Ol Wgl\| I warfK̂i 1 «iWer mmeftiiK I irw|

i
)

1 1x\< -c

> 1
I- r■ \.[

iy.

xss

\ ' . X_x $ 1 1"

n ^ -  V t | Y e i t r s

* i s x

’i

I Bhali'e
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oae ing  of i "  -  1* t h io k  surrovnde a l l  a p a t i t e  t o d l e e  

and wherever t h l a  c o n t in u e#  the  n.lner ha# hopes o f  

f i n d i n g  a no the r  a p a t i t e  p o d  e t . The r e e t o f  the  v e in ,  

about °z 5, 1# d u l l  q u a r t z .  The vein# are r o t  alwaye 

oon t lnuou#  in dep th  and t h e i r  worth oan only be 

e e t l m a te d  where a  long e t r i k e  1# exposed.

▼here a p a t i t e  oooure in  p o c k e t# , # iir . i iar  

oon l i t l o n #  p r e v a i l  b u t  t h e  a p a t i t e  i s  n ore u n c e r t a i n .  

Xn one oa#e a  c l u s t e r  o f  n e e t#  50' i n  l e n g th  died out 

a t  a  depth o f  a  few yde .  The hornblende c r y s t a l s  

alwaye p o i n t  in  l e n g t h ,  towards  the  a p a t i t e .

The n.oet v a l u a b l e  d e p o s i t s  occur i n  bed# f r e e  

C* t o  2 ’ wide i n t e r s t r a t i f i e d  with gr.ei#'>io rock .

They a re  n o t  rega rded  by a l l  a# t r u e  bed# but l imply 

v e in #  occupying bedd ingp lane#  f o r  though B*any a re  

t r a c e a b l e  f o r  eon.e d i e t a n c e  on the  s u r f a c e ,  o th e r s  d i e  

o u t  a t  e i t h e r  end i n  thefspace of  a  few f e e t .  In  t h i s  

type  e s p e c i a l l y  good s e p a r a t e  c r y s t a l #  of a p a t i t e  

o c c u r .  Much r u t l i e  i s  a s s o c i a t e d  with the  a p a t i t e  

which range# i n  c o lo u r  from crean. whi te  and green  to  

r e d .  The Norwegian a p a t i t e  i#  e s s e n t i a l l y  a 

o h l o r a p a t l t e .

Davies say# " the  c o n ta i n in g  g n e l s s l o  rook 1# 

o f t e n  v a r i e d  by p a s s in g  i n t o  l a r g e  passe#  of pink 

m d  red f e l d s p a r  e s p e c i a l l y  i n  the  i sm ed ia te  v i c i n i t y  

o f  the  a p a t i t e  p o c k e t s .  Dykes o f  th e  ease  subs tance  

and a l s o  o f  g r a n i t e  not i n f r e q u e n t l y  c ross  the  s t r a t a  

and out o f f  t h e  v e i n s .  He however w i thou t  any 

h e s i t a t i o n  a t t r i b u t e s  t h e  a p a t i t e  t o  sed imentary

a g e n t s  . . .



a g e n t s ,  andjLnfers fron the  a t e e r o e  of ar.y organ!o 

r e n a m e  " t h ^ t  they  a r e  t h e  o r i g i n a l  d e p o s i t #  of 

a p a t i t e  fro*, p h o sp h a t i e  r a t t e r  dieoen.inaled in  t h e  

w a te r  of t h r e e  e a r ly  eea e ,  de r ived  p r o h a t ly  fro* 

gaeeove en.anatione and e r u p t io n #  in the  i n t e r i o r  of 

t h e  e a r t h  and d e p o s i t e d  puie  ai.d ain.ple w i thou t  having 

pa seed through the  s t r u c t u r e  and suhe tanow t f  l i v i r j .  

o r g a n i a r e .  The g a t h e r i n g  o f  t h e  m in e ra l  i n to  

s e p a r a t e  n.aeeee d i e t i n o t  fron, the  i eet  of the s t r a t a ,  
w i th  th e  c r y s t a l l i n e  f r i n g e  of hornblende  and 

t i t a n i f e r o u e  i r o n  o re ,  i n d i c a t e s  c o n s id e ra b le  o h *  l e a l  

m ot ion ,  w i t h  i t s  r e s u l t i n g  o r y o t s T l n e  c o n d i t i o n s ,  

s u b se q u e n t  to  t h e se  d e p o s i t i o n s  of t h e  phosphat ie  

n a t t e r . "  This  d e s c r i p t i o n  was pub l i shed  i n  1892.

The a u th o r  had spen t  some time on t h e  workings ana 

h i s  t h e o r y  o f  the  g e n e s i s  o f  t h e  dep o s i t  i s  

i n t e r e s t i n g  >eoause i t  would r e p r e s e n t  the  opin ions  

g e n e r a l l y  h e l d  r t  t h e  t ime when the  workings were 

a t  t h e  h e i g h t  o f  t h e i r  development.  He does net 

a p p a r e n t l y  conn ot  t h e  "masses o f  pink and red 

f e l d s p a r  in  t h e  immediate v i c i n i t y  of  the  a p a t i t e

p o c k e t s "  w i t h  t h e i r  g e n e s i s .

In  t h e  a p a t i t e  c r y s t a l s  of  t h e se  d e p o s i t s ,  

p a r t i c u l a r l y  t h e  red v a r i e t y ,  n e ed le s  of c r y p t o l i t e  

o o o u r ,  i n  r l n u t e  6 - . l d . d  p r i m ,  ( .o o c rd ln *  t o  S . . 1 . . )  

t h i s  o r y p t o l l t .  h u  s i n c e  t r o r c d  t o  L. s o n i - . l t .  .nd  

I t  i .  i r o t . t l e  t h s t  t h .  6 . I d . d  d . o o r l t t l o n  1 .  . n -

e r r o r .
The w r i t e r  was u n f o r t u n a t e l y  unab le  to  procure

B rogger 'e  . . .
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F r c g g e r ' e  t r e a t i e e  on the  igneous  rocke of t h i e  a r e a ,

i n c l u d i n g  a (U ecueelor. o f  t h e  a p a t i t e  pega.a ti te  which 

i a  th e  s t a n d a r d  work or  t h i a  e u t j e o t*  La+er 

w r i t e r s  however a p p a ren t ly  on h i e  a u t h o r i t y  p lace  the 

Ncrwogian d e p o s i t s  i n  the  ca tegory  o f  b a s ic  

P'SgT a t  i t e e  and do n o t  qu es t io n  t h e i r  igneous  o r i g i n .  

The Canadian Deuos^tp .

A p a t i t e  occurs  i n  v a s t  q u a n t i t i e s  i n  the  

P r o v in ce s  of Quebec and O n ta r io .  l e g a r d in g  th e se  

t h e r e  i s  f a r  n.ore i n f o r m a t i o n ,  t h ^ o s t  m l u a b l e  

be in g  c o n ta i n e d  i n  a n.en.oir by Hugh B.Fpenoe, If.E. on 

Phospha te  i n  Canada, pub l i shed  by t h e  l i n e s  1 ranch o f  

t h e  Canadian Department o f  V ines .  This i s  a vary 

com ple te  d e s c r i p t i o n  and d i  sc use i  or o f  the  d e p o s i t s  

a l t h o u g h  more from the  economic thai s c i e n t i f i c  * 

s t a n d p o i n t .

A p p a ren t ly  i n  Canada as in  South A f r i c a  the

problem o f  c o r r e l a t i n g  arohaen  s t r a t a  i s  very g r e a t
x

and t h e  p y ro S o e n i t e s  w i th  which a p a t i t e  i s  

a s s o c i a t e d  may be ne tan .o rph io  p ro d u c ts  of p r e ­

e x i s t e n t  s e d im e n t s  formed by the  agency of i n j e c t e d  

a c i d  t r a s s e s ,  o r  dykes of  l a t e r  o r i g i n  than  the rooks 

e n c l o s i n g  them. The l a t e s t  g e o lo g ic a l  survey 

1913-1920 r e c o g n i s e s  an o ld  sedimenta ry  s e r i e s  of 

1 .  Q uar ts  rock ;  2 Vii#!#*, ***

3. Crye t  l i m e s t o n e .  All  theeo  were in t r u d e d  by the  

p re  Cant r i a n  b a sa l  oonplex which ranges  from 

pyroseene  g r a n i t e  t o  p e r i d ^ t i t e  and p o s se s s e s  every­

where a r n e l s s o s e  c h a r a c t e r .  All t h e  f o n .e i  were

i n t r u d e d  l a t e r  by d i a b a s e  dykus.
This  r e c o g n i s e s  f  g n e i s s e s ,  1 sedim enta ry  end 

1 i g n e o u s .  A p a t i t e  i s  a s s o c i a t e d  with t h e  former

and . .  •
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and l e  t h e r e f o r e  oonteiupormneoue with  the  i n t r u s i o n  

of  th e  sedimentary  s e r i e s  by the  basa l  oca p l e a .  The

i n t e n s e  n.etut ,or^.tsn,  which took p lace  be fore  the 

i n t r u s i o n  o f  t h e  d iabase  dykes has g r e a t l y  obscured 

t h e  o r i g i n a l  r e l a t i o n s h i p s .

A p a t i t e  bod ies  occur  in  a number o f  fowis / 

- e n e i a l l y  i r r e g u l a r l y  shaped pockets  Jo ined  up by 

small  s t r i n g e r s  or v e i n l e i e  see  P l a t e  7X1 f i g s ,  1,  2 

end 3 .  V ar ious  o l a a s i f i o a t i o n s  based on loca l  

▼ a r i a t i  one i n  form, a s s o c i a t i o n  of c o n s t i t u e n t  m in e ra l s  

and t h e  n a tu r e  of th e  e n c lo s in g  i ook, have been 

a t t e m p t e d ,  b u t  a s  the  depoe.1 ts  a r e  a l l  of s im i la r  

aga and o r i g i n  and one type  o f . t e n  merges in to  

a n o t h e r ,  such d i s t i n c t i o n  seems f u t i l e .  Ifr.Bpence 
o b j e c t s  to  the  term "vein* in  connec t ion  with a p a t i t e

f o r  he  says  th e  d e p o s i t s  have no def ined  walls  - t h e

b o d ie s  u s u a l l y  having  the  appearance  o f  having

s e g r e g a te d  i n  p la ce  from the  en c lo s in g  rook or of

b e in g  a  metasomatio  rep lacem ent  of the l a t t e r .

Three phases  o f  th e  type  d e p o s i t s  a r e  recognised

which g rade  i n to  one a n o th e r ,  (a) Groups of s ev e ra l

narrow and approx im a te ly  p a r a l l e l  l e a d s ,  separa ted  by 
x

bands of  p y r e H e n l t e  or g n e i s s .  Length along

t h e  s t r i k e  v a r i e s  f r ee  a few hundred f e e t  t o  much

l e s s ;  wid th  from 25 f e e t  bu t  u su a l ly  much l e s s .

They a r e  g e n e r a l l y  v e r t i c a l .  There i s  always a

c e r t a i n  m o u n t  of oal c i t e .  The wal ls  o f  the  d e p o s i t s

a r e  a c as in g  of dark co loured  py ro x en i te  s ep a ra t in g

i t  f r e e  the  g n e i s s i o  rook.

(b) I n s t e a d  of a  uumber o '  l e ad s  1 main tody

o ccu r s  u s u a l l y  25-50 '  wide.  These c a r r y  even r o r e

0  s l o t  f  @ # • •
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o a l o i t e  t h * r  ( a ) .  Throughout the l a t t e r  n. ineral  the re  

a r e  ru c e r o u a  s c a t t e r e d  email p h lo £ o p l t e  and a p a t i t e  

c r y s t a l # ,

(o) In  # t i o h  foni  a l l  e o o n cn io a l iy  im por tan t  

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

p o o k e t s ,  chla.ne} e or shoots  in  a rook eon posed of  

py roxene ,  f e l d s p a r  and q u a r t z . These a re  seldom 

a t  a l l  r e g u l a r  and a  a* die out suddenly in  dep th .

They may be j o i n e d  by v e i n l e t s  o r  be q u i t e  

d i a o o r r e o t e d .  Mioa andCais i t e  occur in  l a r g e
jn

ar b u t  a p a t i t e  p r e p o n d e r a t e s .

C r y s t a l s  o f  pyroxene i n s  the  w a l l s .  The 

d e e p e s t  mine i s  in  t h e  L iev re  d i s t r i c t  where a 

d e p o s i t  was worked t o  a depth of 600’ where a p a t i t e  
shewed no s i g n s  o f  dying o u t .  The pocke ts  and v e i n s  

conmoply d ip  between 45° and 90° .  As a  genera l  

r u l e  the  v e i n s  d ip  a t  h#  f ree  60 -  90. The pockets  

too  a r e  n e a r e r  v e r t i c a l  than  h o r i z o n t a l .  All  

however widen and narrow c o n s i d e r a b l y .

A p a t i t e  occurs  in  3 forms m a ss iv e ,  sugar  and 

c r y s t a l l i n e .  Massive a p a t i t e  f o u r s  the  bulk  of  the  

f i l l i n g  of th e  l a r g .  p o c k e t s ,  u s u a l l y  dark  green 

b u t  o ccu r s  in  red  b roen ,  J fex lowish  and b lue  shades .

f u c a r  A p a t i t e  c o n s i s t s  o f  s n a i l  rounded g r a i n s  
gum a g g r e g a t e d  i n t o  c o h e ren t  n a s s e s  b u t  which w i l l

r e a  i l l y  d i s i n t e g r a t e  on rubb ing .  The c o lo u r  i s  g r e e n i s h

w h i t e .  As a  type  i t  i s  l e s s  common.

A p a t i t e  c o n s i s t s  of  p r i e s  e t e n r l n a t e d  by py rear i d s  s rd

i s  e s p e c i a l l y  oore.on i n  those  d e p o s i t s  where mica

and . . .

hr
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iind o a l o i t e  a r e  a t u n i a n t .  The t e e t  e r y e t e l ■ a re  
o b ta in e d  f r e e  pookete i n  p j r o x e n i t e  where they ooeur 

l i n i n g  t h e  w e l l e  c l o s e l y  aaeo o ia ted  with pyroxene 

o r y e t a l e ,  e n c lo s e d  in  o a l o i t e  f i l l i n g . T h e  ang les  a r e  

oonep lououe ly  rounded , s h a r p  o u t l i n e s  be ing  very  

r a r e  and t h e  faoee  are  f r e q u e n t l y  p i t t e d  and e x h i b i t  

a g lazed  eu rfaoe  as i f  they had been sub jec ted  to  

8ob« r e e o r b e n t  a c t i o n .  The Canadian a p a t i t e  i e  

e s s e n t i a l l y  a  f ^ T o r a p a t i t a  (Fee a n a l y s i s  on page r)3 )

The p y r o x e n i t e s  a r e  p r i n c i p a l l y  monoolinio 

though o r t h o r h o a b i o  v a r i e t i e s  occur .  I n  co lour  they 

range free, dark g reen  t o  l i g h t  grey sor,etin.ee a  

l a r g e  amount of b l a c k  hornb lende  i s  p r e s e n t .  The 

pyroxene f r e q u e n t l y  a l t e r s  to  s o f t  g re e n ish  

a o t i n o l i t e  when c u t  by l a r g e  pegmat ite  dykes .

The i r r e g u l a r  iraeeee o r  grey-brown f e l d s p a r ,  

o r t h o o l a e e  and n i o r o c l i n e  or f e l d s p a r  quar tz  b o d ie s  

a r e  f r e q u e n t l y  xxund in  the  p y ro x e n i t e .  They a r e  

ex t rem ely  u n l f e n r  i n  c h a r a c t e r  and are regarded  a s  

b e in g  t h ^ l a s t  (a n < ^ e g n a t i t i e , j h a se  of the  i n t r u s i o n  

o f  the  b a s i c  b a s a l  oca pi  ex .  They bear t h e r e f o r e  

on ly  an i n d i r e c t  r e l a t i o n s h i p  to  a p a t i t e  and by no 

means t h e  i n t i m a t e  a s s o c i a t i o n  dhown a t  B an d o l ie r  Fop.

R c a p o l i t e  i s  an im p o r tan t  s i n e r a l  i n  the  

d e p o s i t s  and i s  u s u a l l y  rega rded  as an a l t e r a t i o n  

p roduc t  o f  fe ldspar .

B a r i t e  i s  only found i n  one spo t  where masses  o f  

sm al l  t a b u l a r  c r y s t a l s  were found e n c r u s t in g  druay 

c a v i t i e s  in o a l o i t e .  The m ine ra l  occurs a l s o  i n  

sm.all jrelns in  bo th  O n ta r io  and Quebec but i ^ e t

a s s o c i a t e d  . .  ,



a s s o c i a t e d  w i th  a p a t i t e .  I t  i s  impure being grey

or re d d ish  brown in  colour.

C a l e i t e  i s  i n v a r i a b l y  p r e s e n t .

C h l o r i t e  i e  a p p a r e n t ly  not Txery ccajnon.

Ep id o te  i s  o c c a s i o n a l l y  met w i th .  I t  i s  

g r e e n i s h  ye l low and occurs  w i th  da rk  pyroxene.

Garnet i s  cam-on i n  the  g n e i s s e s  and l im es tones  
b u t  r a r e l y  foundjin a p a t i t e  b o d ie s .

Hornblende as a peeudomorph of pyroxene 

i s  ve ry  common and i t  o c cu r s  a l so  as  a  primary 

m in e ra l  a long b o r d e r s  of  p y r o x e r i t e s  with

1 Ac*moViTe * 11 18 4Uite  f r e e h  8ind t l a o k  and l u s t r o u s .
C ie+wel i t e  im s t o u t  g reen  p r i sm s ,  f i b r o u s  mountain

l e a t h e r  and a s b e s t o s  a l s o  occu r .

M ag n e t i t e  i s  n o t  otajr-on.

Orthool aee i s  u s u a l l y  s u b s i d i a r y  to

r . l c r o c l  i n e  which i s  the  common*.t f e f s p a r .

P h io g o p i t e  Mica.  I t  i s  f o r  t h i s  minera l

t h a t  th e  d e p o s i t s  ar« now mined, a p a t i t e  be ing  only

a bye p r o d u c t .  The c r y s t a l s  a r e  sometime# very

l a r g e  up t o  4 f e e t  in  - i i a p e t e r ^ f s r  l a r g e r  than

a n y t h i n g  seen at  b a n d o l i e r  Kop.

Quartz  i s  somewhat o f  a  r a r i t y .

The o t h e r  a s s o c i a t e d  m in e ra l s  have no t  been

m ent ioned  h e r e  beoaut e they  have no c o u n te r p a r t

i n  t h e  Transvaa l  and no d i r e c t  b e a r in g  on the n a tu re

of  t h e  o c cu r ren c e .



The q u e s t i o n  o f  t h e  eeneai*  of the  Toutpanelei& 

phcaphq te  i e p c e i t * i e  great).,> ocfcplloated hj  th e  occurrence 

o f  3 n . i n e r a l e ,  ooeJLonly a e a o c i e t e d  with widely d i f f e r e n t '  

o r i g i n e , o c c u r r in g  i n  the  maiue fo rm at ion .  Lonez i te  i e  a

priir.ar^' igneoue  t i n e r a l ;  A p a t i te  nmj t e  prir. ar^ or 

see  nndary , igneous c r  eeiic.e n ta ry  ; wliil st i - a r i t e  in nr,\ 

q u a n t i ty  i e  i n v a r i a l l y  a secondary a i n e r a l .

The t \  o g r e a t e s t  a p a t i t e  dep o s i t*  in  th e  world,  which 

Vave j u s t  t e e n  d e e o r i t e d ,  p re sen te d  g r e a t  a j f f i o u l t i e e  to  

t h e  P in i n g  e n g in e e r s  and g e o l o g i s t s  who s tu d ie d  4h«i .

The u n c e r t a i n t y  enl raoeC t h e  e a e o c ie te d  t t e i o  rcoVe ee f t : ;  

ee t h e  e j » t l t e .  » e  o p i n i o n '  h i t h e r t o  expreeeed h e re  l e a n  

i x i i e d  w e t . , en . . 11, a r t e r y  a p e t i t e .  d a p o . i t a  e u t a a w . n t l y  

r .  a r o r p h o . e d  end i n  e a - e  I n e t a n o e .  r w i i e t r i V u t r t  in r e i n ,  

hy a ,  ecu . a o l u t m n .  and t h i r d l y ,  a p a t i t e  c o n  eo ted  « i t h  

t h e  i n t r u e i o n  of l a . l c  igneoue rocVe. There i e  r e r e l y  a  

e u g e e e t i c n  in  any l i t e r a t u r e  o f  the  a a e o o i e t i  of

a p a t i t e  . .  •

p r c t a i i y  . . .



i  r  o f  g . 1 . . . .  and U a e . t o n e .  a» . W l m . n t .  i e  no

T h . ^  lg n .o u .

:  : = z : -
H a l i t u r t o n  , „ 4  B an c ro f t  . r . a  t , H „ .  t h . „  t o  L,  . l t . rgd

M 4 t h a t  v„ t h  M d i l o a  e e r i  f o r a M  Ju t i

"*  "‘' ‘ " ' " I ”' 10 * . C = a t .  aj ronciid t h .  , 4 . a  t h a t

t h * 'tP‘ t U ‘  «f  I S " " "  " T l s ln  and th a t  i t  h a .
« »  U-eught  i n  t j  a a * , * t l o  r a t . r i a l  i n j . o t . d  m t ,  t h .  

d ro h a e a '  M r l . . .  Th .  » h o . Ih a « l c  n d n . m l  t . n d .  t o  „ « r . g . t .  

i n  a - . ,  a long  t h .  c o n t a c t . .  T h i .  t h . o r y  o f  y n .u . . a to ly t i c

motion a» a  r e e u l t  o f  igneous  i n t r u s i o n  i s  more ox l e s s

a o c e p te d  today  Lut the  n a tu re  of t h e  igneous  rook i s  s t i l l  

d i s p u t e d .  l i e s t  g e o l o r i e t e  regard  th e  igneous

p y r o x A n i t e s  a s  th e  source  o f  t h e  j h o s p h a t io  m a t e r i a l .  i n 

h o th  Nriway arxiCaneda g r a n i t e  i s  * u i t *  s u b s i d i a r y  to b a s ic  

ooks i n  ♦he v i o l  .. vy of a p a t i t e  d e p o s i t s  end in  n e a r ly  a l l  

♦ext hooks i n  *hioh  r e f e r e n c e  i e  made to  t h e  d e p o s i t ,  thev 

a re  d i s m is s e d  c a s u a l l y  as  be ing  connected  w i th  bas ic  

p e g m a t i t e s .

H.P.Spence v owever a l th o u g h  making f u l l  acknowledgments 

o^  ♦ 9 r e i ' i t s  of t h e s e  c la im s  sue i a r i s e s  In a paragraph 

which might e a s i l y  have been w r i t t e n  o f  the  f .A f r i c a n  

d e p r s i  + e .

"The p y r o x e n i t e s  r e p r e s e n t  metair.orph*eed l im es tones  

which have been Invaded,  d i s r u p t e d  and engulfed  by imn enee 

b a t h o l i t h l c  r a a e e e  o f  g r a n i t e  to which l a t t e r  rook a 

g n e i a e i o  c h e r a o t e r  has  been im par ted  by subsequent dynamic 

r* ovemmn + a . "

"The o r i g i n  o f  th e  m ' . o a - a p a t i t e - o a l o i t e  bodies  i s

probably  , . .
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p ro b a b ly  t o  be  a t t r i b u t e d  t o  the  a^enoy of l a t e  p e g n a t l t l s
P|

phaees  o f  t h i s  g r a n i t e  and o f  the  aAueoue e o lu t io n e  
peg 1

aacofcpanying th e f lp g n e t i t e e .  These s o l u t i o n s  were charged wit

p ho sp h o r ! 3 aoid  and the  a p a t i t e  i s  t h e r e f o r e  t o  be considered

o f  igneous  o r i g i n , r a t h e r  than  to  have been d e r iv e d  f r a ,  the

o r i g i n a l  l i m e s t o n e s .  The oal c i t e  pro! ably r e p r e s e n t s

oal 3iuir. c a r b o n a te  d i s s o lv e d  f r a .  the  l im e s to n e s  by heated

w a t e r s  and r e d e u o s i t e d  in  c a v i t i e s  ir. the  pyroxeni t e s , while

t h e  mica  i s  o f  c o n ta c t  r.et.amorphic o r i g i n . "

The c o n n ec t io n  of t h e T ra r s v a a l  a p a t i t e  with g r a n i t e

pegzr.atite i s  f a r  more marVed t h a n ,  judg ing  from the

d e s c r i p t i o n ,  i t  i s  i n  C a n a * .  Whilst  in  t n e  Transvaal  the

ig n e o u s  o r i g i n  i s  enuorsed by the  p resence  o f  monazi te .

The a l e e n c e  of  s e d i r e n ta ry  l im e s to n es  i n  th e  v i c i n i t y  removes

t h e  p o s s i b i l i t y  of th e  bedded mass ive nye t i t©  being

a l t e r e d  l i m e s t o n e * ,  bu t  i t  removes a l s o  a p o s s i b l e  source of

b a r i t e  which i s  th e  couth Afrionn s u b s t i t u t e  f o r  the Canadian

oal c i t e ,  u n l e s s  t h e '  *sf e r o o t s  l i k e  those  of  Canada a rs

a l t e r c a l c a r e o u s  rocK.

Although the  a p a t i t e  i s  a c c e p t e d  by t h i s  theory  as

b e in g  d i r e c t l y  connected w i th  g r a n i t e  p e ^ a t i t e  i t  must be 

t h « ,  a  a . r .  a o i n o l d . n o .  t h a t  I n  . . . r ,  d . p c . l t  of t m .  

n a t u r e  th ro u g h o u t  t h .  o o t i d .  f . r r o » « r « a n  r o o k . ,  . h . t h . r  

o f  aoknowl.deed  Igneou .  o r i g i n  or the  p r . i u o t  

i r . t a r o r p h l o n  . -  i n t U . t . 1 ,  a » o o l a t . d  n t h  the . h o . i H . t . . -

In  .The ITaturei H i . to r j r  o f  Ig n e o u .  Book.’ . ' a r k . r  

t t . o u . . . e  , » g r . t l t e .  f u l l ,  end d . e i d . e  t h .  i n t o  Ba .1 . ,

i : i t e r r  e d i a t  e  a n d  © J i d  ♦ j p e s .
He c l a s s e s  a p a t i t e  as  l a s , ^

. . . i n ,  ’ i n  t h .  gaU.ro  f a n d ly  t h .  r o . t  l a ^ r t a n t  t , p .  o 

p n e u i t a t o l y t l o  a o t i o n  1.  t h a t  . h i o h  h a .  6 l r . n  r l . e  t o  t h .  

e a l u a h l .  a p a t l t .  » . l n .  of  , o r * v  af* Canada.’  He r . g . r d r  

o h l o r l i u e  » •  o h i . f  P « t  a .  . o l n n t e .

c i r c u l a t i n g  t h e  s o l u t i o n .
J.Llndgren • • •

I I

F I .



>- .L in d g ren  t o o ^ n  h i e  book on "Mineral  Deposit** with  

r e f e r e n c e  t o  a e i d i o  pe sn .a t i t e e  g ives  boron and f lu o r in e  

a s  t h e  c h i e f  m i n e r a l i s e r s  w i th  a l i t t l e  phosphorus and 

s u l p h u r .  O r t h o o ] a s e , a l b i t e  and q u a r t z  a re  alw>;s present

and u s u a l l y  r . i o r o o l i n e  and m uscov i te .  Accessory n i n e r n l s  

ore  n . e g n e t i t e , tour7rialine( f l u o r i t e | o a s e i t e r i t e , a p a t l  t e6 

m onnz i te  and many o t h e r s .  He s t a t e s  f u r t h e r  t h a t  besio  

p e g m a t i t e s  a r e  l e s s  oomron. In  th e se  boron and f l u o r i n e  

a r e  not u s u a l l y  p r e s e n t  bu t phosphorus and c h l o r i n e  and 

p ro b ab ly  a l s o  su lp h u r  pi a; im por tan t  par i s . He quotes 

a p a t i t e  as t h e  c h i e f  exan.ple .  "With the  p e g m a t i te s  of 

g abb ros  and a l l i e d  rocks  should  be c la s sed  th e  a p a t i t e  anl 

B o a p o l i t e  v e i n s  o f  Norway and Canada. Though they a r e  

a l l i e d  t o  f i s s u r e  v e i n s  in some f e a t u r e s  t h e r e  i s  l i t t l e  

d o u b t  t h a t  the., are  r e a l  1 y p egm at i te s  be long ing  to a l a t e  

s t a g e  o f  magnat io  c o n s o l i d a t i o n .

Both o f  t h e s e  a u t h o r i t i e s  t h e r e f o r e  ag iee  on the  t a e ' o  

c h a r a c t e r  though L in d g ren  expresses  ' h e  view th a t  the 

f l u o r a p a t i t e  o f  Cana la i s  p o s s ib ly  of  a d i f f e r e n t  type from 

c h l o r a p a t  j t e  o f  Norwny ae o r d i n a r i l y  f l u o r i n e  in  a s s o c ia t e d  

w i th  a c i d  and c h l o r i n e  with  l a e i o  r agr.ae .

'’’he gouth A fr ican  a p a t i t e  i s  a f l u o r o h l o r  a p a t i t e  

and p r e s e n 4 s t h e r e f o r e  f u r t h e r  oiirpll  c a t l  one.

There i s  one l a s t  p o s s i b i l i t y  t h a t  the  g r e a t  bulk of  

♦he p a r e n t  magma was b a s i c  in  c h a r a c t e r  and gave r i s e  t o  the 

b a s i c  g n e i s s ! a  rooks  i n  the  neighbourhood.  These may have 

e n g u l f e d  i-ae^es o f  s c h i s t o s e  rocks  and poss ib ly  l im estones  

o f  s ed im en ta ry  o r i g i n ,  d u r ing  the i n t r u s i o n .  I r  the 

r e s i d u a l  l i q u i d  of such a magma much of the a c i d i c  m at te r  

would be l e f t ,  a s  well  as a g r e a t  dea l  c f  w a ter  and the  

c h i e f  p a r t  oi' a l l  c o n s t i t u e n t s  nore  s o lu b le  a t  t h a t

t e m p e ra t u re  i n  w a te r  t h - n  in  s i l i c a t e  s o l u t i o n .  "They

w o u l d  i n c l u d e  b o r i c ,  c a r b o n ic ,  and h y d r o . u lphu*r lc  a c i d s ,

f] uo r ld e s  . . . .
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M u o r i d . . .  e W o r l d . ,  and t o r . , . .  , f  M1

" • t ‘ 1* ^  r ‘ r e  '  « -  t h . . .  a i .  o o n . t i t u . r t .

n ,° ” “ r /  f ° r th l ^ . t l t .  , u3h „  ooour. l„
Korth.rn I r .n .T « i .  rn , ord.r of = r ,.tM U ..U o n  . . .

. P W n t l ,  o r t h o o l . . .  f o l i o . . d  l.j a g ra p h ic  lot.rgro.th 
of  f . l d . p a r  and i u . r t r ,  , t ^ ,  o f  . f t , c t l0

o r y . t t i U . a U o n  . a .  r . a o h w .  Thl .  would l . a , .  .  u  iuld 

r l o h  i n  . a t . r ( p h o .p h o r u . ,  f l u o r i c ,  o h l o r l n . ,  . u l j h u r  

»nd M t a l .  o f  th«  r a r .  . a r t h . ,  Th. l i q u i d  . o u l d  L .  a t  an 

« » .n  * ow.r  t r o p . r . t u r .  than  t h .  n o m a l  p . g r . t i t l .  . o l u t l o n ,  

h u t  . o u l d  h .  wore  f l u i d  hy t h .  o o n o . n t r . t l o n  i n  I t  c« ,o  

many v o l a t i l e  o o n a t i t u e n t e . I t  would t r a v e l  through 

o a v i t i e B  i n  t h e  a l r r ca t  ooneol l 'da ted  4u a i t z  and f e l d s p a r  rook 

p r o h a l l ;  o o n o e n t r a t i n g  In'  s h r in k a g e  oraoke and f i e e u r e e  

w 1 ' auld n a t u r a l l y  t e  most nucieroue a t  the|> a rg in e  o f  the  

p e g m a t i t e  body. I t s  g r e a t  f l u i d i t y  would r a k e  i n t r u s i o n  

i n  t h e  f i n e s t  apophyses  p o s s i b l e  so t h a t  i t  might p e n e t r a te  

t h e  c o n t ig u o u s  recks  to a  c o n s i d e r a b l e  e x t e n t .  I n  th i s  

way i r r e g u l a r  v e i n s  and pocke ts  c f  phosphate  b e a r in g  rook 

would form along the  b o rd e r s  o f  pegm at i te  bodies  which 

would i n  a d d i t i o n  be surrounded by a z^ne of coun t ry  rook 

im pregna ted  w i th  p h o sp h a t io  l i tp t  id. The c o n s ta n t  

a s s o c i a t i o n  of  h o rnb lende  w i th  a p a t i t e  i s  not exp la ined  by

t h i s  * h eo ry , and i t  seems s t r a n g e  th a t  none o f  the  g rea t
a

pepr. » i t i te  i n t r .  s i o n s ,  i n t o  o t h e r  th fn  b a s i c  rooks ,  have been 

accompanied by s i m i l a r  a p a t i t e  v e i n s , i f  the source  o f  ?he 

m i n e r a l  l i e s  wholly i n  t h e  i e g r a t i * e .

The i n t f u s i o n  of  a c id  ig re o u s  rooks i n to  l im es tone  i s  

a lways  accompanied by th e  fo rm at ion  o f  a p a t i t e  i n  vary ing  

q u a n t i t i e s , dependent on th e  pe rcen tage  of  phosiJhorue and 

f l  u n r i n e  p r e e e n t l n  ♦he i a g r a . The sugges t ion  i s  t h e re fo re

put fo rward  *het the  l ime of th e  a r a t i t e  i s  de r ived  fron

the  . . .
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the  ll lLe t e a r l n 6  Blne7mle c f  the  a a e o o ia t e d  f e r r a n ^ n e . i ^  
r o o k . .  T h » . .  r a y .  . .  U  the  Canadian t y p e , .  L .  a . U a o ^ o a a d  

U x  . t o n e ,  bu t  C a t e r e r  t h e i r  o r i g i n  the  percentage  of i n .  

th e y  c o n t a i n  would b .  s u f f i c i e n t  t o  ecuLine with the  o ther 

c o n s t i t u e n t *  of  th e  p e g m at i te  to  Torn a p a t i t e .  Fueh a 

th e o r y  co u ld  be a p p l i e d  to  t h e  i e p o e i t e  of a l l  th re e  con t inen ts  

and would e x p l a i n  more e a t i e f a a t o x i l >  t h e  marg inal 

U f ‘ r i b u t i o r  of  t h e  m ine ra l  and th e  i s o l a t i o n  of l a r g e

bodiOw of  a p a t i t e  i r  p y ro x e n i t e  such a s  t h o s e  a yw n  on P la te  
T T I .

^ ' 9  i n j e c t i o n  would be e s s e n t i a l l y  t h e  same as  t h a t  

d e s c r i b e d  above, with the added f a c t o r  t h a t  a p a t i t e  would form 

around s c h i s t  I n c l u s i o n s  i n  the  p e g m a t i t e .

The c rye  + a l l l a m t i o r  p o in t  c f  m cn az i te  and a p a t i t e  

t h r o u - h o u t  t h e s e  d e p o s i t s  must h*ve t e e n  s im u l taneous  the  

two m i ' s r a l s  be in g  e s s e n t i a l l y  combined i n  s o l u t i o n .  The 

r o u a z i t e  pegr.atl  t e  can r n ly  be  a t t r i b u t e d  t o  a  l o c a l  

s e g r e g a t i o n  of r a r e  e a r t h  el  er .erte  in  t h a t  p a r t i c u l a r  r e g io n .  

The i n c r e a s e  of t h i s  c o n s t i t u e n t  caused e .onazite  to 

c r y s t a l  l i e s  out ^ i  r e t  and so l i n e  th e  c a v i t i e s  a long  whi*  

t h f  t r a v e l l e d .  The i n t e r i o r  of any such f i s s u r e  being

f;  :h th e  o rd in a r y  ccsr.bired a p a t i t e  ar  d r o n a z i t e .

, l y  t h e r e  i s  the  q u e s t io n  o f  b a r i t e  to  be

oonei i e r e d .  F a r i t e  o f  igneous  o r i g i n  i s  p r a c t i c a l l y  unknown
i i  r,tand i t  i o e en o t  o c c u r j r  c o n ta c t  met ar o rp ^ i c  o r  pegmat i te  rocks .

L i r d r r e n  c l a s s i f i e s  a l c o s t  a l l  b a r i t e  d e p o s i t s  as  ve ins

of c r y s t a l l i n e  m ine ra l  f o r t  e l  by aqueous s o l u t i o n  i n  clmost

any k ind  o f  ro c k ,  sed im entary  o r  i g r e o u e .  * I t  i s  o f ten

a s s o c i a t e d  w i t h  m e t a l l i c  s u l p h i d e s , p a r t i c u l a r l y  g a len a .

q u a r t s  oa:  c i t e  and #l u o r i t e  accoB.panj' i t .  ?or e o f  these

v e i n s  r e s u l t  from p r e c i p i t a t i o n  i n  ascending  h o t  w a ters  »or

b a r i t e  . .
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b a r l t a  i e  o f t a n  found  a t  th e  mouth ,  cf  . p r i n £ . .  The 

o r i g i n a l  sou rce  o f  t h e  barium 1 .  o f t .  : no t d e f x m in e d  but 

i s  b e l i e v e d  to  be d l , s o l v e d  by w ater  f r a u  barium bear ing  

ro oks  e n co u n te re d  in  i t s  p a th .  In  most o a . . .  0f  economio 

im p o r tan c e  i t  can be t r a c e d  to  l im e s to n e* .  Probably  a l l  

l i m e s t o n e s  c o n t a i n  a l i t t l e  and c o s t  igneous  ro c k s  have 

about  .1,< B a ."  In  b the  ro u t  pan eb erg d i  e t r i c t  bo th  the
I

l i m e s t o n e s  and  m e t a l l i c  s u lp h id e s  a r e  m is s in g .  P y r i t e  i s  

found in  ve ry  sr al  1 q u a n t i t i e s  in  the  g n e i s s  b u t  no o th e r  

s u l p h i d e  i s  known. The only othex p o s s i b l e  sou rce  of 

s u lp h u r  i s  f r a -  the  pegm at i te  i n  which i t  is  a  ccnror  

r i n e r a l i s e r . The b n r i  r  ay have oare  from, th e  g n e i s s i c  

ro o k .  The p o s s i b i l i t y  of i t e j b r i g i n  in  bar ium f e l d s p a i  

was d i s m is se d  because  a n a l y s i s  of the  a s s o c i a t e d  f e l d s p a r  

d id  n o t  r e v e a l  any bariufc .  . The source  of the  b w r i t e  i s  

t h e r e f o r e  unknown b u t  the  p o s s i b i l i t y  o f  i t s  u e r i v a t i o n  

froii the  v a s t  t r a c t s  o f  he te rogeneous  o oun t i j  rock i s  

g r e a t e r  than  t h a t  of o r i g i n  in  igneous  magma whose

co m p o s i t io n  shows no t r a c e s  of e i t h e r  c o n s t i t u e n t .  The

♦heory of ig n eo u s  o r i g i n  i s  t h e r e f o r e  l e  not t e n a b l e  and

t h e  b a r i t e  r u s t  be regarded  a s  o f  l a t e x  date  than the  a p a t i t e  .

c r y s t a l s  which i t  i n c l u d e s .  The onl„ a l t e r n a t i v e  exp lan a t io n  

i s  t h a t  some o th e r  m inera l  has  been g ra d u a l ly  r ep laced  by

t a r i u r  s u l p h a t e .

As t h e  second e x p l a n a t i o n  i s  the  one which was 

o r i g i n a l l y  h e l d  i t  w i l l  t e  cons ide red  f i r s t .  The na tu re  

o f  +he rock  v aS been d i s c u s s e d  f u l l y  end the fho ograph* 

s u b m i t t e d  i n d i c a t e  very  s t r o n g l y  th a t  the  p re s e n t  rook i s  t h e  

re p la ce m e n t  o f  f e l d s p a r .  Such a  r ep lacem en t  would n a t u r a l l y  

ooirr ence  a lo n g  c leav ag e  p lanes  and th e  i n f i l l i n g  n i n s r a l  

would t h e r e f o r e  reach  a  s t ag e  where i t  c o n s i s t e d  of

i n t e r s e c t i n g  p l a t e s  fo l l o w i n g  the  c r y s t a l l i n e  s t r u c t u r e  of

til# s e e
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t h .  or, .g l n l l  f . . . .  . t  r l g M  i f  t h i

iU U U  l e f t l  n ‘  t ,oroV i ‘y o f  t h ,  roeV would thus  »,.
oooondary .n d  . u t . . , u,„«  to  t h .  d l  . t o r t i o n  of  t h .  i n o l ^ w

O i . t n .  o r y . t a l .  t y  T V ,  0v . , r  , n j . o t i o n .  „  , h l .

v .o ry  h , r .  L . , n  . x r r . . „ . d  t i r o . d y ,  i ,  t „ „ d 6n , h,

^  M 1 *”  ^  •»11" o r y . t a l l j n ,  f „ d . t a r , uoS 
■is IS not known t o  000ur  anyw h.r .  i n  t h .  d , p o . l t .  Mid

- o o n d l y ^ r . n  * . r .  M o l l  . . . . . .  of  f . i d . „ r  . # . t , . p . t l t .

i .  n o t  known to  oouour i n  t h . . .  . x o . p t  ,ooo»I« n l ^  t y  . o h i . t .  

T M .  1 .  .  . . r i o u .  d i f f i c u l t y  . . p . o i m , y  . . .  t h .  l . o l . t w l  

and i d l c o r p h l o  n « t u r .  o f  t h .  . p . t l t .  o r y . t . l .  t . k , .  t h . l r  

• u h . . i i u . n t  i n j . o t l o n  I m p e l  h i . .  I n  Cuo» j .  p . r f . c t  ^ . t l t .  

o r y . t a l  .  occur h o th  in  l . n . . .  o f  c l d t .  and i n  p ^ r o x c n l t . .  

I h .  r . p l . o c r . n t  of t h .  l a t t e r  Vy h a r l u .  . u l . h a t .  would 

r a a u l t  i . ;  «  r i g h t  ang led  s t r u c t u r e  and would f u m i e h  the 

f e r ro m ag n e s i an  e lement a t  t h e  Uir.e o f  the  o i y e t a l l i e a t i o n  

o f  a p a t i t e .  Pv r o x e n i t e  i s  known to  ooour in  l a r g e  

o r y e t a l l i n e  r&eaee  so t h a t  the  o b j e c t i o n s  r a i s e d  i n  oonreo t icn  

w i th  f e l d s p a r  cannot 1 9 a p p l i e d .  * Othei e however p r e s e n t  

then s e l v e s .

To r e f e r e n c e  can I e found to  any such a l t e r a t i o n  and 

-»e i t  i s  p u re ly  s v r r i e e  no c o n c lu s io n s  can be based or i t .

I t  s e e r s  r c a r o e l y  p r o t i t l e  t h a t  so d a r k  a rock aculd be 

r e p l a c e d  by so w h i t r  a  s u b s t i t u t e .

F u r t h e r  i n v e s t i g a t i o n s  w i l l  have to  be made before  

a c c e p t i n g  t h i s  t h e o r y .

The a p a t i t e  d e p o s i t  a o f  b a n d o l i e r  f o p  are  t h e r e f o r e  

p n e u r a t o l y t l c  d e p o s i t s  connec ted  with g r a n i t i c  pegr a t i t e e  

and c o n c e n t r a t e d  i n  i r r e g u l a r  bod ies  along the  margins  o f  

b o th  t h e  i n t r u e i r e  and the in t r u d e d  rooks.  The l a t t e r  a re

be l ieved  . . .

■SS



t e l l e r * !  to  h e r .  c o n t r i b u t e d  th e  l i&e e l m e n t  of the »i , le ,» i  

They e r e  o l o e e l y  r e l a t e d ,  to  bo th  the Coradian and 

Itorwegian depoeite b u t  there ere n ore  f e a t u r e *  ocmr.on to  

tVle ?outh  A fr ican  and Norwegian,  p a r t i c u l a r l y  in  the 

aee o c i  a t i o n  o f  m o n a z i t e . The b a r i t e  v e in s  a r  » however 

■4Uite u n ique  in  c h a r a c t e r  and probably  a l s o  in  o r i g i n .
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