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A b strac t

The r e s u l t s  o f d e ta i le d  mapping confirm  th e  D alrad ian  

S uccession  suggested  by E.B. B a iley , but h is  s t r u c tu r a l  i n t e r 

p r e ta t io n  o f th e  a re a  proves to  be in c o r r e c t .  Mapping o f the  

Ba.ddoch Burn a re a  in d ic a te s  th a t  th e  suggestion  by B ailey  of a 

complex system  o f s l id e s  contemporaneous w ith  th e  o r ig in a l  

fo ld in g  o c cu rrin g  in  t h i s  re g io n  i s  a lso  e rroneous. I t  i s  shown 

from f u r th e r  f i e l d  evidence th a t  th e  reg io n  i s  a f fe c te d  by two 

m ajor th r u s t s  which, in  t h i s  a re a  o f s tu d y , a re  developed on 

e i th e r  s id e  o f  th e  B la ir  A th o ll S e r ie s .  These th r u s t s  d iv ide  th e  

s c h i s t s  in to  th re e  s t r u c tu r a l  l e v e l s .  The h ig h es t o f th e s e , th e  

Morrone Nappe, i s  a prim ary s t ru c tu re  in  which th e  Ben Eagach 

S c h is t  i s  o v e r la in  by th e  o ld e r  P e r th sh ire  Q u a r tz i te .  The

th r u s t  a t  th e  base o f th e  Morrone Nappe i s  g e n tly  fo ld ed . The

th ru st-b o u n d ed  B la ir  A th o ll S e r ie s  a re  squeezed out in  th e  

C lun ie  Lodge re g io n , where th e  upper and lower th r u s t s  merge, 

and b rin g  th e  Morrone Nappe in  c o n ta c t w ith a lower nappe. In  

t h i s  l o c a l i t y  th e  Ben Eagach S c h is t and th e  P e r th sh ire  Q u a rtz ite  

a re  exposed a t  a low er s t r u c tu r a l  l e v e l .

Three ep isodes o f fo ld in g  preceded th e  th ru s t in g ,  and th e  

main metamorphism was synchronous w ith , and overlapped the

second fo ld in g . G arnet growth occurred  during t h i s  F2 p e rio d ,



and was accompanied by k y a n ite  and s t a u r o l i t e  when th ese  movements 

ceased . Contemporaneous w ith  th e  t h i r d  fo ld in g , many o f th e  

e a r l i e r  formed m in e ra ls  were re p la c e d  by c l i lo r i t e .  B io t i te  was 

a ls o  formed du ring  t h i s  p e rio d  and both  m in e ra ls  con tinued  

growing a f t e r  t h i s  de fo rm atio n . The th r u s t  movements were 

fo llow ed  by a  s i n i s t r a l  fo ld in g  about a  n ear v e r t i c a l  a x is ,  

c au rin g  a marked change o f  s t r i k e  in  th e  v i c i n i ty  o f  th e  C airn

w e ll .  F in a l ly  norm al f a u l t in g  and b re c c ia t io n  o f th e  coun try  

rock  was a s s o c ia te d  w ith  th e  in t ru s io n  o f a s u i t e  o f a c id  and 

in te rm e d ia te  dyke ro c k s .



INTRODUCTION

1. L o c a li ty

The a re a  o f study  i s  s i tu a te d  a s t r id e  th e  w atershed which forms 

p a r t  o f  th e  county  b o u n d aries  o f P e r th s h i r e ,  F o r fa rs h ire  and Aber

d e e n sh ire . I t  i s  a  p a r t  o f th e  Grampian H ighlands P la te a u , and most 

o f  i t  i s  d is s e c te d  by th e  R iv er C lunie and i t s  t r i b u t a r i e s  (L o c a lity  

Map I ) .

A l in e  t re n d in g  e a s t  from Glen C lun ie  Lodge to  th e  head o f Loch 

C a l la te r  marks the n o r th e rn  m argin . In  th e  w est th e  boundary fo llow s 

th e  c r e s t  o f Sgor Mor and An Socach to  Loch nan Eun, then  swings 

s o u th -e a s t  down Glen T a itn e a c h . Lochs C a l la te r  and Kander l i e  on th e  

e a s te rn  s id e  and from Loch Kander a  bounding l in e  can be drawn sou th - 

w estw ards th rough  th e  C a irn  of C la ise  and G las Maol to  Creag na Eun. 

From t h i s  p o in t ,  a  l in e  westwards to  th e  confluence o f A lt A nlich  

w ith  th e  R iv er T a itn each  form s th e  so u th e rn  boundary (L o c a lity  Map 2),

The rocks o f th e  re g io n  a re  D a lrad ian  M eta-sedim ents and Meta- 

igneous ro ck s  which a re  c u t by C aledonian  G ra n ite s  and a  s u i te  o f 

a c id  and In te rm e d ia te  dykes. The M eta-sedim ents c o n s is t  o f th re e  

m ajor groups : a  s e r ie s  of s c h i s t s ,  t h in  q u a r tz i te s  and th ic k  lim e

s to n e s ;  a  th ic k  q u a r tz i te  s e r i e s ;  and a  dark  g ra p h i t ic  s c h is t  w ith  

s t r ip e d  q u a r tz i t e  and s c h i s t s .

The Lochnagar G ran ite  i s  on the  e a s te rn  m argin o f th e  map bu t 

w ith in  th e  a re a  mapped th e re  a re  many g ra n i te  po rp h y ries  and minor 

f e l s i t e  dykes. Small d i o r i t e  in tru s io n s  a re  a ls o  f a i r l y  common.
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L a s tly  sm all lam prophyric dykes occur throughout th e  a re a .

2 . Geomorphology

The Grampian H ighlands form a d is s e c te d  p la te a u  which has been 

undergo ing  i s o s t a t i c  reco v ery  s in c e  the  P le is to c e n e . During the  

P le is to c e n e  G la c ia t io n  the  Grampians were covered by a  permanent 

ic e  cap , which p layed  a  m ajor p a r t  in  th e  development of th e  p re s e n t-  

day top o g rap h y . The C lu n ie , th e  Haddock Burn and the  C a lla te r  Bum 

a l l  flow  in  g l a c i a l l y  deepened v a l le y s .  Overdeepening took p lace  in  

C a l la te r  Bum  cau sin g  th e  development o f Loch C a l la te r .  Loch Kander, 

a t  th e  source o f  th e  b u m , i s  a  p e r f e c t  c o r r ie  lak e  w h ils t  Loch nan 

Eun and Loch V rotachan a re  formed by a  com bination o f moraine damming 

and th e  p resen ce  o f  r e s i s t a n t  q u a r t z i t e .  At th e  sp illw ay  of Loch 

V rotachan th e  P e r th s h ire  Q u a rtz ite  occurs in  a  sm all o u t l i e r  r e s t in g  

on g rey  s c h i s t  o f  th e  B la i r  A th o ll S e r ie s .  The B la i r  A th o ll S c h is ts  

have been  r e a d i ly  eroded and a re  now la r g e ly  covered by d r i f t .  The 

P e r th s h ir e  Q u a r tz i te , however, s tan d s  up a s  a  n a tu r a l  dam. Loch nan 

Eun has a  s im ila r  p o s i t io n  in  Grey S c h is ts  b u t in  t h i s  case  a th ic k  

lam prophyre dyke b locks th e  sp illw a y .

The q u a r tz i te  masses tend  to  form th e  h ig h e r ground and t h i s  

le d  Cunningham-Craig to  b e lie v e  th a t  th e  q u a r tz i te  r e s te d  unconfor- 

mably on the  s c h i s t s  and lim e s to n e s . An Socach, a  long q u a r tz i te  

r id g e ,  reach es  a  h e ig h t o f  3059 f t . ,  and the  r&nge o f h i l l s  form ing 

th e  P e rth sh ire -A b e rd e e n sh ire  b o rd e r v a ry  in  a l t i t u d e  from 5467 f t . ,  

a t  th e  C a irn  o f C la is e , to  5502 f t .  a t  Glas Maol. Although Glas Maol 

i s  composed o f rocks o f th e  Ben Eagach Group th e se  a re  no t th e  ty p ic a l



P la te  l a .  Loch Kander lo o k in g  n o r th - e a s t .  T h is  c o r r ie  
la k e  i s  s i t u a t e d  a t  th e  head  o f  th e  C a l la te r  Burn. 
The fo reg ro u n d  i s  composed o f  s t r i p e d  s c h i s t s  o f  th e  
Ben Eagach T ra n s i t io n  S e r i e s .

P la te  l b .  Loch V rotachan lo o k in g  n o rth -w e s t from th e  Gam 
Mor P o rphyry . The w este rn  end o f  th e  lo c h  i s  dammed by 
a  t h r u s t  k l ip p e  o f  P e r th s h i r e  Q u a r tz i te .  The fo reground  
i s  i n  th e  B la i r  A th o ll S e r i e s .  In  th e  d is ta n c e  th e  
lo n g  q u a r t z i t e  r id g e  o f  An Socach i s  v i s i b l e .



s c h i s t s  b u t  a re  s t r i p e d  q u a r t z i t e s  and s c h i s t s .

A lthough  many o f  th e  m inor s tream s a re  d i r e c t l y  c o n tro l le d  by 

th e  lo c a l  g ro lo g y , th e  main r e g io n a l  p a t t e r n  o f  d ra in a g e  does n o t

a p p ea r to  be r e l a t e d  t o  th e  s t r u c tu r e  o f  th e  a r e a .  I t  i s  a  d e n d r i t ic
,

p a t t e r n  w hich d ra in s  no rthw ards to  th e  Dee and southw ards to  th e  Tay.

5 . S u p e r f i c i a l  D e p o sits

P e a t commonly c o v e rs  la rg e  a re a s  o f  th e  v a l le y s  in  t h i s  re g io n  

and i s  o f te n  developed  i n  a s s o c ia t io n  w ith  b a d ly  d ra in e d  a re a s  o f 

g l a c i a l  d r i f t .  The d is s e c te d  m oraines a s s o c ia te d  w ith  g la c ia te d  

v a l le y s  a r e  p a r t i c u l a r l y  w e l l  developed  i n  th e  upper r e g io n  o f th e  

Baddock B urn . As th e  so u th e rn  w a te rsh ed  i s  app roached , mapping 

becomes in c r e a s in ly  d i f f i c u l t  owing to  th e  developm ent o f p e a t h ag s . 

T h is i s  p a r t i c u l a r l y  t ru e  o f  th e  so u th w e ste rn  p o r t io n  o f th e  map 

w hich i s  th e  so u rce  a re a  o f th e  Ey, th e  Baddock and th e  T a itn e a c h . 

H i l l to p s  by c o n t r a s t  a re  o f te n  f r e e  from  f a c i a l  d e b r is  and s h o r t  

h e a th e r  grows on l o c a l l y  d e riv e d  s c r e e .  The q u a r t z i t e s  a re  consp icuous 

by th e  developm ent o f b lo ck y  s c re e s  and t h i s  i s  a ls o  t r u e  o f th e  m inor 

i n t r u s io n s  w hich show a s  r u s ty  s c a r s  on th e  h i l l s i d e s .

4* H is to ry  o f R esearch

The s o lu t io n  o f s t r u c t u r a l  problem s by d e ta i l e d  mapping o f  th e  

m inor s t r u c tu r e s  was f i r s t  used  i n  th e  S c o t t i s h  D a lra d ian s  by Clough 

( I 887) .  B a ile y , in  c o n t r a s t ,  used  c l a s s i c a l  l i t h o l o g ic a l  te c h n iq u e s , 

to g e th e r  w ith  th e  concep t o f  r e g io n a l  p i t c h  and p lu n g e . In  a  r e 

a p p l i c a t io n  o f  C lo u g h 's  id e a s ,  M acIn tyre  1951* W eiss and M acIntyre 

1955» King and H ast 195^, s t im u la te d  th e  r e in v e s t ig a t io n  o f  p re v io u s ly



mapped a re a s  o f  D a lra d ia n  and Moine ro o k s . Many w orkers were a b le  

to  show t h a t  d e fo rm a tio n  was p o ly p h ase . The sw ings in  s t r i k e  o f 

th e  main D a lra d ia n  o u tc ro p  were th u s  r e l a t e d  to  a  c ro s s fo ld  ep isode  

o f  d e fo rm a tio n  in  w hich f o ld s  developed  a t  a n  ang le  to  th e  s t r ik e  

o f  th e  e a r l y  c a led o n o id  f o ld s .

E .B . B a i l e y 's  c o n tr ib u t io n  to  th e  u n d e rs ta n d in g  o f th e  s t r u c tu r e  

o f  th e  D a lra d ia n  ro ck s  in  S c o tla n d  canno t be m in im ised . He e s ta b l is h e d  

th e  s u c c e s s io n  f o r  C e n tra l  P e r th s h i r e  and was a b le  to  a p p ly  t h i s  to  

a re a s  mapped by h i s  c o n te m p o ra rie s , w hich due to  la c k  o f  a  d e ta i l e d  

s t r a t i g r a p h y  were s c a rc e ly  u n d e rs to o d . The a re a  mapped in  t h i s  study  

was f i r s t  p u b lish e d  by th e  G e o lo g ic a l Survey on sh e e t 65 in  I 904 . I t  

was mapped j o i n t l y  by G. Barrow and E .H . Cunningham -Craig who were 

hampered by  t h e i r  d isag reem en t over th e  s t r a t i g r a p h ie  su c c e ss io n .

F or com parison  b o th  s t r a t i g r a p h i e s  a re  shown a lo n g s id e  B a i le y 's  

sequence i n  t a b l e  1 . T h e ir  s t r a t ig r a p h y  was to  a  la rg e  e x te n t 

in f lu e n c e d  by t h e i r  d i f f e r i n g  view s on the  s t r u c tu r a l  i n t e r p r e t a t i o n  

o f  th e  a r e a ,  and v ic e  v e r s a .  Barrow b e lie v e d  th a t  th e  o r ig in a l  beds 

were th ic k e n e d  t e c to n i c a l ly  and t h i s  r e s u l te d  i n  th e  p ro d u c tio n  o f 

h i s  "C o n c e rtin a  S t r u c tu r e " .  Cunningham -Craig th ough t t h a t  th e  

Q u a r tz i te  r e s t e d  unconform ably on th e  u n d e rly in g  s c h i s t s  and was now 

exposed i n  sim ple sync l in e  s .  B a ile y  v i s i t e d  th e  re g io n  in  I 926 and 

d u r in g  a  few days re c o n n a issa n c e  mapping, w ith  th e  a id  o f  s h e e t 65* 

r e in t e r p r e te d  th e  ground in  th e  l i ^ t  o f  h i s  work in  P e r th s h i r e .  His 

g u id in g  p r in c ip le  was th e  concep t o f  m ajor recum bent fo ld s  o f te n  w ith  

a s s o c ia te d  s l i d e s .  He r e l a t e d  th e  D a lra d ia n  s t r u c tu r e s  to  a  fundam ental 

f o ld  -  th e  I l t a y  Nappe.
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For l a t e r  r e f e re n c e  i t  i s  c o n v en ien t a t  t h i s  s ta g e  to  d e sc r ib e  

th e  form  o f  th e  I l t a y  Nappe a s  shown i n  a  s e r i e s  o f  papers by B a ile y , 

and expanded i n  d e t a i l  by S h a c k le to n , 1958. The r o o t  zone o f  th e  

nappe i s  t h o u ^ t  to  l i e  i n  th e  r e g io n  j u s t  so u th  o f  th e  Moine- 

D a lra d ia n  boundary . S tu r t ,  i n  h i s  acco u n t o f  th e  s t r u c tu r e  o f  th e  

Loch Tummel a re a  ( I 96I ) ,  i s  more s p e c i f i c  and p la c e s  i t  on th e  a x is  

o f  th e  S tro n  Mor Synform . From t h i s  l i n e  he shows fo ld s  f a c in g  n o r th  

and so u th . The h in g e  o f  th e  I l t a y  Nappe i s  t h o u ^ t  by S h ack le to n  to  

be th e  A b erfo y le  Synform ( o p .c i t . ) .  T h is  to g e th e r  w ith  th e  Ben Lui 

Recumbent S y n c lin e  i s  a  p rim ary  f o ld .  Secondary m ajo r fo ld s  have 

been  d e s c r ib e d  in  many p a p ers  on th e  D a lra d ia n  s t r u c tu r e .  Clough 

(o p .c i t . )  d e s c r ib e s  th e  Cowal A ntifo rm  a s  b e in g  a  secondary  fo ld  on 

th e  in v e r te d  lim b o f th e  I l t a y  Nappe, and t h i s  in v e r te d  lim b i s  d es

c r ib e d  i n  th e  l i t e r a t u r e  a s  th e  F l a t  B e l t .  B a ile y  has g iven  ev idence 

o f r e f o ld in g  o f  th e  I l t a y  Nappe i n  many o f  h i s  p a p e rs . The C a irn w ell 

Synform i s  one such  f o ld ,  w hich i s  s a id  to  co v er a  la rg e  p o r t io n  o f  th e  

a re a  mapped (1 9 2 8 ). The ev idence  f o r  th e  e x is te n c e  o f  t h i s  s t r u c tu r e  

i s  d is c u s s e d  a t  le n g th  below and in  th e  c h a p te r  on s t r u c tu r a l  sy n th e s is , 

V ario u s f o ld s  have been  d e s c r ib e d  f a c in g  n o rth -w e s t ( S t u r t ,  I 96I ;

R a s t ,  1958) ,  b u t th e s e  a re  o f  m inor s ig n i f ic a n c e  compared to  th e  main 

I l t a y  Nappe.

In  a  p ap er e n t i t l e d  'S c h i s t  Geology; Braem ar, Glen C lu n ie , and 

G len Shee ' ,  B a ile y  p u b lish e d  th e  map fo llo w in g  p . in  which he

r e i n t e r p r e t s  s h e e t  65 and p a r t  o f  s h e e t 5^* r e s o lv in g  th e  d if f e r e n c e s  

o f  Barrow and Cunningham -Craig by th e  a p p l ic a t io n  o f  h i s  P e r th s h ir e



S u c c e ss io n . The key s t r u c tu r e  on th e  map i s  th e  C a irn w ell Synform 

w hich he d eve lops hy l in k in g  two o f  th e  th r e e  q u a r tz i t e  b e l t s  in  th e  

r e g io n .  D e sp ite  la c k  o f  exposu re  and i n  some l o c a l i t i e s  c o n tra d ic to ry  

e v id e n c e , he shows th e  m ajor q u a r t z i t e  m asses o f  B arrow 's maps jo in e d  

by t h i n  l i n e s  o f  q u a r t z i t e  j u s t i f y i n g  t h i s  by h i s  r e c o g n it io n  o f  th e  

tw o -s id e d  n a tu re  o f th e  q u a r t z i t e .  On th e  C a irn  o f C la ise  -  G las Maol 

s id e  a r e  th e  Ben Eagach group o f ro c k s , w hereas th e  o p p o site  m argin 

i s  a g a in s t  th e  B la i r  A th o ll  S c h i s t s .  The a x is  o f  th e  synform  runs 

from  Loch C a l l a t e r  t o  G len T a itn e a c h . The Baddoch Burn was t h o u ^ t  

by B a ile y  to  fo llo w  th e  a x is  o f  th e  com plem entary a n tifo rm  which has 

a  s l i d e  developed  on i t s  low er lim b . A c r i t i c a l  a re a  f o r  B a i le y 's  

t h e s i s  i s  th e  G len T a itn e a c h  s e c t io n  where he shows th e  c lo s u re  o f 

th e  C a irn w e ll Synform . Barrow , on s h e e t 65 , does n o t jo in  th e  q u a r t 

z i t e s  o f  C reag E asg a id h  and C am  B h in n e in , b u t  shows them se p a ra te d  

by a  b e l t  o f  B l a i r  A th o ll  ro c k s . The m e r its  o f th e s e  two in te r p r e 

t a t i o n s  a re  d is c u s s e d  le n g th  on p . . F . M atheson (u n p u b lish ed

t h e s i s ,  1959) a ls o  mapped a  p a r t  o f  t h i s  a re a  and he confirm s th e  

i n t e r p r e t a t i o n  p roposed  by  B a ile y .

5 . The Problem

B.C . K ing (u n p u b lish ed ) has f o r  some y e a rs  been w orking in  the  

Braem ar a r e a ,  mapping a  r e g io n  c lo s e  to  th e  M oine-D alrad ian  boundary, 

so u th -w e st o f  B raem ar. H is work in  t h i s  re g io n  has shown th e  p resen ce  

o f  s e v e ra l  t h r u s t s  l a t e r  th a n  th e  m ain fo ld in g .  These th r u s t s  s e p a ra te  

th e  s t r u c tu r e  in to  a  s e r i e s  o f n ap p es, and a s  work proceeded i t  became 

a p p a re n t t h a t  th e  upperm ost o f th e s e ,  th e  Morrone Nappe, i s  a  m ajor



u n i t  w hich ex ten d s sou thw ards tow ards th e  A berdeensh ire  b o rd e r . I t
L

was th e r e f o r e  n e c e s sa ry  t o  r e l a t e  th e  Morrone Nappe to  th e  C arnw ell 

Synform o f B a ile y .

A lthough  th e r e  has been  much work in  r e c e n t  y e a rs  on th e  meta

morphism in  th e  D a lra d ia n s  (R a s t ,  1958; S tu r t  and H a r r is ,  I 96I ;  

C h in n er, I 962) ,  th e r e  i s  no p u b lish e d  work on th e  a re a  o f so u th 

w e s te rn  A b erd een sh ire  w hich  i s  a s t r i d e  B arro w 's  g a rn e t and k y a n ite  

z o n es . I t  was p roposed  to  c a r r y  o u t a  d e ta i l e d  p e tro g ra p h ic a l  s tu d y  

and compare t h i s  w ith  d a ta  f o r  n e ig h b o u rin g  r e g io n s .

6 . Methods

The a re a  was mapped w ith  th e  a id  o f  a i r  p h o to g rap h s , and a l l  

f i e l d  d a ta  were rec o rd ed  and t r a n s f e r r e d  to  a  s ix - in c h  base  map. 

S t r u c tu r a l  d a ta  were summarised s te r e o g r a p h ic a l ly  on eq u a l a re a  

p r o je c t io n s  and o r ie n ta te d  specim ens were c o l le c te d  f o r  la b o ra to ry , 

ex am in a tio n .
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PART ONE 

S tr a t ig r a p h y  and S ed im en ta tio n

The ta b le  fo llo w in g  p . ^  compares th e  s t r a t i g r a p h ic a l  i n t e r 

p r e t a t i o n s  o f B arrow , Cunningham -Craig and B a ile y . The c o n s id e ra b le  

d i f f e r e n c e s  betw een th e s e  a u th o rs  a r e  la r g e ly  a  r e s u l t  o f  c o n f l i c t in g  

view s a s  to  th e  n a tu re  o f th e  fundam enta l s t r u c tu r e ,  b u t th e  f a c t  

t h a t  Barrow and Cunningham -Craig had l i t t l e  ex p erien ce  o f what i s  

now th e  ty p e  a r e a  o f  C e n tra l  P e r th s h i r e  h in d e re d  them g r e a t ly ,  s in c e  

t h e i r s  was an  a re a  o f g r e a te r  s t r u c t u r a l  c o m p lex ity . B a ile y  had th e  

advan tage  o f  h av in g  s t a r t e d  h i s  C e n tra l  H igh lands work i n  th e  

S c h ic h a l l io n  r e g io n  ( I 922) ,  where th e re  was a  l a r g e ly  concordan t 

sequence, w hich he was a b le  to  t r a c e  a lo n g  th e  s t r i k e  in to  th e  

s t r u c t u r a l l y  d is c o rd a n t  a re a s  o f  S.W. A b erd een sh ire  (1925* 1928). 

B a i l e y 's  C e n tra l  P e r th s h i r e  S u ccess io n  i s  a s  fo l lo w s : -

Ben L ui G arnet i f  e ro u s M ic a -S c h is t .

Ben Lawers C a lc -M ic a -S c h is t.

Ben Eagach B lack  (o r  D ark) S c h is t  in c lu d in g  t r a n s i t i o n  beds 

b o rd e r in g  . . .

P e r th s h i r e  Q u a r tz i te  S e r ie s .

B l a i r  A th o ll  S e r ie s .

The a re a  mapped d id  n o t in c lu d e  th e  Ben Lui o r th e  Ben Lawers S c h is t s ,  

b u t t r a v e r s e s  were made on to  th e  Ben Lawers S c h is t  o f G len L ochsie . 

W ith in  th e  a re a  o f s tu d y  i t  i s  n o t p o s s ib le  to  con firm  o r  d isp ro v e  

t h i s  sequence , s in c e  everyw here i t  can be examined th e  ju n c t io n  betw een



th e  P e r th s h i r e  Q u a r tz i te  S e r ie s  and th e  B l a i r  A th o ll  S e r ie s  i s  a  te c 

to n ic  one. T h is  was c l e a r l y  C unningham -C raig 's j u s t i f i c a t i o n  fo r  

p la c in g  th e  Q u a r tz i te  a t  th e  to p  o f th e  su c c e ss io n , r e s t in g  uncon

fo rm ab ly  on th e  S c h is t s  and  lim e s to n e s . However, i t  i s  p o ss ib le  to  

f in d  good ex p o su res  o f p a ssa g e  beds from  th e  Ben Eagach S c h is t in to  

th e  P e r th s h i r e  Q u a r tz i te .  Such t r a n s i t i o n s  a re  developed th r o u ^ o u t  

th e  r e g io n ,  and a  t r a v e r s e  due so u th  from  th e  e p id io r i t e  sou th  of 

C lun ie  Lodge fu rn is h e s  numerous ex p o su res  o f b la c k  s c h i s t ,  fo llow ed  

by b la c k  s c h i s t  w ith  f la g g y  q u a r t z i t e ,  fo llo w ed  by f la g g y  q u a r tz i te  

and f i n a l l y  by m assive q u a r t z i t e .  T h is  type  o f  h i l l  t r a v e r s e  w ith  

a  summit composed o f q u a r t z i t e  a l s o  su p p o r ts  C unnin^nam -C raig 's 

o rd e r  o f s u c c e s s io n , b u t th e  p resen ce  o f a  t r a n s i t i o n  s e r i e s  r u le s  

ou t th e  su g g e s tio n  o f  an  u n co n fo rm ity . B a ile y , in  h is  1928 p ap er, 

bemoans th e  la c k  o f  ev idence  i n  th e  Braem ar d i s t r i c t  a s  to  th e  t ru e  

o rd e r  o f d e p o s i t io n  and a p p l ie s  th e  su c c e ss io n  t h a t  he was a b le  to  

prove i n  P e r th s h i r e  and I s l a y .  T h is  su c c e ss io n  has s in c e  been con- 

f i i ^ d  by  many w orkers in  th e  S c o t t i s h  H ighlands ( S tu r t ,  R a s t,

S h a c k le to n , e t c . ) .  I t  i s  n o t p o s s ib le  i n  th e  p re s e n t  re se a rc h e s  to

f in d  any  t r u l y  s a t i s f a c t o r y  ev idence  o f  younging d i r e c t io n s ,  b u t the  

f a c t  t h a t  B a ile y  was a b le  to  t r a c e  h is  concordan t P e r th s h ire  S uccession

eastw ard s  in to  t h i s  a r e a ,  and th e  e n t i r e l y  s im i la r  n a tu re  o f  th e

l i t h o l o g i e s observed  h e re ,  a re  c o n s id e re d  s u f f i c i e n t  grounds f o r  

a p p ly in g  h is  s u c c e s s io n . However, th e  d i r e c t io n  o f c lo su re  o f  th e  

m ajor p rim ary  s t r u c tu r e s  i s ,  f o r  t h i s  re a so n , c o n je c tu r a l .
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1 . D e s c r ip t io n  o f  sed im en ts

A. "The B l a i r  A th o ll  S e r ie s ”

B a ile y  su b d iv id e s  th e  B la i r  A th o ll  S e r ie s  in to  an upper P a le  

Group and a  low er Dark Group. A lthough r e p r e s e n ta t iv e s  o f b o th  

groups w ere re c o rd e d , th e  P a le  Group has th e  g r e a te s t  a r e a l  e x te n t ,  

c o v e rin g  a p p ro x im a te ly  a  t h i r d  o f th e  t o t a l  a re a  mapped. The Dark 

Group, how ever, i s  o n ly  found on th e  so u th e rn  m argin  o f th e  map j u s t  

e a s t  o f  th e  D evil* s Elbow. The B la i r  A th o l l  S e r ie s  p layed  an  impor

t a n t  p a r t  i n  th e  s t r u c t u r a l  grow th o f  th e  re g io n  a c t in g  a s  an incom

p e te n t  m ob ile  h o r iz o n  betw een  two m ajor t h r u s t  p la n e s .  F o r t h i s  

re a so n  i t  i s  n o t p o s s ib le  to  t r a c e  th e  S e r ie s  in to  th e  h ig h e r  members 

o f  th e  s u c c e s s io n .

( i )  "The Dark Group"

A t th e  D evil*  s Elbow b la c k  g r a p h i t ic  s c h i s t s  a re  seen  i n t e r 

bedded w ith  g re y  m ica s c h i s t s .  These b la c k  s c h i s t s  a re  h ig jily  m icaceous 

co m p ris in g  la rg e  p la t e s  o f  m uscovite  w ith  s u b s id ia ry  b i o t i t e  and i n t e r 

s t i t i a l  q u a r tz  g r a in s .  G arnet i s  developed  a s  sm all p o rp h y ro b la s ts  

ra n g in g  i n  s iz e  from  abou t h a l f  an  in c h  d iam ete r to  th e  s iz e  o f  a  p in 

h e ad . They c o n ta in  many in c lu s io n s  w hich were used  in  d e te rm in in g  th e  

r e l a t i o n s h i p  o f  m in e ra l grow th to  th e  d e fo rm a tio n s . The d a rk  n a tu re  

o f  th e  ro ck  i s  due to  th e  p resen ce  o f  f i n e ly  d issem in a ted  g r a p h i te .  

P y r i t e ,  m ag n e tite  and i lm e n ite  a re  common a c c e s s o r ie s ,  and i t  i s  th e  

o x id a t io n  o f  th e s e  o re s  t h a t  g iv es  th e  w eathered  rock  a ty p ic a l  r u s ty



V .

.w<r *'Jm

M M k i

P la te  2 a . T ig h t F^ f o ld s  i n  f la g g y  q u a r t z i t e .  Meal Odhar.

P la te  2 b . Photom icrograph showing th e  banding in  th e  Ben 
Eagach T ra n s i t io n  S e r i e s .  I t  can be c le a r ly  seen th a t  
th e  q u a r tz - r i c h  band i s  fo ld e d  over on i t s e l f  (Fq) and 
t h a t  th e r e  i s  a  s t r a i n  s l i p  s c h i s t o s i ty  developed in  
th e  more m icaceous la y e r s  (F3 ) . x 10 . S lid e  20c.



11

a p p e a ra n c e . S u ccess iv e  d e fo rm a tio n s  have d e s tro y ed  a l l  t r a c e  o f th e  

o r i g in a l  b ed d in g . The on ly  in d ic a t io n  o f  o r ig in a l  sed im en ta tio n  i s  

seen  w here th e  b la c k  s c h i s t  i s  in te rb e d d e d  w ith  g rey  s c h i s t  and lim e

s to n e . The Ben Eagach S c h is t  i s  f i n e r  g ra in e d  and c o n ta in s  le s s  

q u a r tz  th a n  th e  Dark S c h is t  b u t i n  a l l  o th e r  a s p e c ts  i t  i s  e n t i r e l y  

s i m i l a r .

The g re y  s c h i s t s  o f  t h i s  l o c a l i t y  a re  f in e  g ra in e d  q u a rtz -  

mica s c h i s t s  w ith  a  somewhat g ra n o b la s t ic  t e x tu r e .  In  c o n tr a s t  to  

th e  s t r o n g ly  l e p id o b la s t i c  d a rk  s c h i s t s  th ey  r a r e l y  c o n ta in  g a rn e t .  

T h e ir  p o s i t io n  in  th e  sequence cannot be e x a c t ly  d e fin e d  a s  re p e a te d  

f o ld in g  and  flow age p a r t i c u l a r l y  i n  the  lim esto n e  make th e  e s t a b l i s h 

ment o f  a  more d e ta i l e d  s t r a t ig r a p h y  im p o ss ib le .

The th ic k  g rey  lim estone  a s s o c ia te d  w ith  th e se  s c h i s t s  i s  a  

f a i r l y  pu re  m arble w ith  o c c a s io n a l s c h is to s e  bands, which w eather 

o u t ,  show ing th e  complex m inor fo ld in g  in  sharp  r e l i e f .  A c lo se  

ex am in a tio n  o f  th e  band ing  w i l l  show t h a t  i t  to o  i s  by no means p rim ary , 

a s  i t  i s  seen  t o  c o n ta in  fo ld  c lo s u re s  w ith  long  a t te n u a te d  lim b s. The 

v e ry  r e g u la r  b an d in g  som etim es developed  i s  in d ic a t iv e  o f  a  h ig h ly  

te c to n i s e d  c o n d it io n , where f o ld s  have become so f la t te n e d  and sheared  

t h a t  th e  o r ig in a l  c lo s u re s  a re  d e s tro y e d . Such re g u la r  banding  i s  t y p i 

c a l  o f th e  M oines w hich a re  se en  to  be s t ro n g ly  deform ed, n o r th  o f 

B raem ar. In  t h i n  s e c t io n ,  th e  s c h is to s e  bands c o n s is t  o f  a g ra n u la r  

m osaic o f  c a l c i t e  and q u a r tz ,  w ith  p a le  b i o t i t e ,  m uscovite, and occa

s io n a l  g reen  h o rn b len d e .



P la te  3 a . Open crum ples i n  Ben Eagach B lack S c h is t .  
C o ire  F h ea rn easg .

P la te  3h . Photom icrograph o f  m ic ro fo ld  in  a  specimen 
from th e  Ben Eagach T ra n s i t io n  s e r i e s ,  x  10 .
S l id e  9co
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( i l )  "The P a le  Group"

T h is  com prises a  g r e a t  v a r i e ty  o f  ty p e s  which in c lu d e  c a lca reo u s  

s c h i s t s ,  s c h i s to s e  l im e s to n e , q u a rtz -m ic a  s c h i s t s ,  g rey  lu s t ro u s  and 

banded s c h i s t s ,  g re y  q u a r t z i t e s ,  and w h ite  and g rey  lim estones*  The 

Banded Group of B a ile y , o r  H onestone Group o f  Barrow , does n o t occur 

in  th e  a re a  mapped, b u t i s  found in  th e  G len Ey s e c t io n  (B.C. King, 

u n p u b lis h e d ) . These a r e  banded q u a r tz  g r a n u l i te s  and were th ough t by 

Barrow t o  o ccu r c lo s e  to  th e  q u a r t z i t e .  T h is can be confirm ed in  

G len Ey.

The most common member o f  th e  P a le  Group o c c u rr in g  in  th e  a re a  

i s  a  g re y  lu s t r o u s  s c h i s t ,  w hich g rad es  in to  a  g rey  banded s c h i s t  in  

th e  Upper Baddoch B urn . T h is g rey  lu s t r o u s  s c h i s t  i s  w e ll  exposed 

on th e  sm a ll h i l l  j u s t  so u th  o f  C lu n ie  Lodge. I t  i s  a  g rey  mica 

s c h i s t  d o m inan tly  composed o f  m uscovite  f la k e s  and numerous kno ts o f  

q u a r tz ,  e lo n g a te d  p a r a l l e l  to  th e  *b* d i r e c t i o n  o f  th e  m inor f o ld s .

I n  t h i s  l o c a l i t y  i t  i s  r i c h  in  z o i s i t e ,  and c o n ta in s  a  g re e n ish  b io 

t i t e .  The fo rm er in d ic a te s  th e  c a lc a re o u s  n a tu re  o f  th e  o r ig in a l  

sed im en t. T h is  p a r t i c u l a r  group o f  o u tc ro p s  has been a f f e c te d  by 

e a s t-w e s t  f a u l t i n g ,  and c o n ta in s  a  la rg e  in c lu s io n  o f P e r th s h ire  

Q u a r tz i te .  S tro n g ly  deform ed s c h is to s e  lim e sto n es  a re  p re s e n t  a s  

t e c to n ic  l e n s e s ,  a  common f e a tu r e  o f th e  lu s t ro u s  s c h i s t ,  which ex tends 

sou th -w estw ards a lo n g  th e  e n t i r e  le n g th  o f  th e  Baddoch B um . I n  th e  

up p er re a c h e s  o f t h i s  s tre a m , so u th  o f  th e  t r i b u t a r y  A lte  Sron nam 

E iadh , and on Sron nam E iadh  i t s e l f ,  th e  q u a rtz  c o n te n t o f th e  s c h i s t  

in c re a s e s  such  t h a t  i t  s e p a ra te s  in to  t h in  w h ite  bands, which a l t e r n a t e



P la te  4 a . S teep  f o ld s  i n  m assive q u a r t z i t e .  Glen 
T a itn e a o h .

P la te  4 b . F2 fo ld  in  m assive q u a r t z i t e  p lunges tow ards 130 
Glen T a itn e a o h .
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w ith  g re y  s c h i s t .  The m in e ra lo g y  o f th e s e  ro c k s  i s  id e n t i c a l  to  

t h a t  o f  th e  g re y  lu s t r o u s  s c h i s t ,  and a s  a  co n tin u o u s s e c tio n  i s  

exposed th e  in c re a s e  i n  q u a r tz  c o n te n t  i s  seen  to  be a  g rad u a l change 

r e l a t e d  t o  th e  o r ig in a l  s e d im e n ta tio n . T h in  lim e sto n es  a re  developed 

a t  s e v e r a l  p o in ts  a lo n g  t h i s  t r a v e r s e .  Some o f th e s e  a re  m erely  

a  few in ch e s  th ic k  so  t h a t  th e y  cou ld  n o t be rec o rd e d  on th e  map. 

S ed im entary  a m p h ib o lite s  a r e  a l s o  a s s o c ia te d  w ith  th e  g rey  s c h i s t  

and o ccu r a s  c o n tin u o u s  b e d s , le n s e s ,  and  i s o l a t e d  k n o ts . The l a s t  

m entioned a r e  t h i n  c a lc a re o u s  h o riz o n s  w hich have been  ’b a l le d  up* 

by  d e fo rm a tio n , s im i la r  t o  th e  fo rm a tio n  o f  q u a r tz - ro d s .  Large p rism s 

o f  g re e n  h o rn b len d e , to g e th e r  w ith  some x e n o b la s t ic  b i o t i t e ,  form a  

d e c u ssa te  t e x tu r e  in  an  e q u ig ra n u la r  q u a rtz  m osaic . B io t i t e  some

tim es r e p la c e s  th e  am ph ibo le , b u t b o th  m in e ra ls  u s u a l ly  show some 

a l t e r a t i o n  to  c h l o r i t e .  I n  a  few specim ens a c t i n o l i t e  was reco rd ed  

a s  th e  dom inant m in e ra l ,  a lth o u g h  a  p a le  g reen  hornb lende i s  more 

u s u a l .  C l in o z o is i te  may som etim es be p r e s e n t  b u t i s  on ly  o f a c c e sso ry  

s t a t u s ,  to g e th e r  w ith  r u t i l e ,  a p a t i t e  and to u rm a lin e . The f e l s p a r  

c o n te n t  o f  th e s e  ro c k s  i s  q u i te  sm a ll . C ry s ta ls  a re  r a r e l y  tw inned 

b u t tw inned exam ples g iv e  v a lu e s  i n  th e  a n d es in e  ra n g e .

L u stro u s  g rey  s c h i s t s  and s c h is to s e  lim e s to n es  a re  a ls o  found 

i n  th e  head  w a te r  re g io n  of th e  C lun ie  on e i t h e r  s id e  o f  th e  D e v il’ s 

Elbow ro a d , and in  a  "window" e a s t  o f  C am  C h rian a id h . The l a t t e r  

a re a  i s  h ig h ly  te c to n is e d  by th e  t h r u s t in g ,  and c o n ta in s  th in  q u a r t

z i t e s  and g rey  q u a r tz  p e l i t e s  a s  w e ll  a s  th e  more t y p ic a l  g rey  s c h i s t  

w ith  q u a r tz - ro d s .  To th e  e a s t  o f  t h i s  window on Cam  Dubh and Moine



I r  ' M4  ' ' 'M' ' til ' " r  
r 'ë "

P la te  3a* Sm all F? fo ld  i n  f la g g y  q u a r t z i t e  c o l le c te d  
from Meal Odhar.

P la te  3 b . F^ fo ld s  w ith  cu rved  a x ia l  p la n e s  i n  f lag g y  q u a rt
z i t e ,  Meal Odhar. These fo ld s  now plunge so u th  due to  th e  
s i n i s t r a l  movement t h a t  o c cu rred  a f t e r  th e  main fo ld in g
e p is o d e s .
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B h e a la ic h  Bhuidhe a  la rg e  a re a  i s  shown on th e  map a s  g rey  s c h i s t .

Much o f  t h i s  i s  covered  by d r i f t  b u t  where th e re  a re  ou tcrops o r 

s c re e  developed  on t h i n  s o i l  co v er th e  g rey  lu s t ro u s  s c h is t  i s  seen  

to  be p r e s e n t .  As th e  Lochnagar G ra n ite  i s  approached h o rn fe ls in g  

d e s tro y s  th e  r e g io n a l  m etam orphic e f f e c t s ,  and th e  ro ck  becomes more 

com pact. G a rn e ts  a re  a l t e r e d  to  a  c h l o r i t i c  a g g re g a te , which co n v e rts  

to  b i o t i t e  a s  one p a s se s  d eep e r in to  th e  a u re o le  and r e d i s t r i b u t i o n  

o f  th e  q u a r tz  d e s tro y s  th e  ro d s form ed d u r in g  th e  d e fo rm a tio n . The 

p ro d u c ts  o f  th e s e  changes a r e  p u rp le  and g rey  h o r n f e ls e s .

T here  a r e  two in q )o rtan t s e c t io n s  i n  th e  P a le  Group y e t  to  be con

s id e r e d :  (a )  C o ire  F h ed m esg , a  t r i b u t a r y  o f  th e  Baddoch B um  and 

(b ) G len T a itn e a o h . They b o th  m e rit  c a r e f u l  s tu d y  and th e y  a re  d e a l t  

w ith  a t  le n g th  in  th e  d is c u s s io n  o f  B a i le y ’ s s t m c t u r a l  i n t e r p r e t a t i o n .  

A t t h i s  p o in t  i t  i s  s u f f i c i e n t  to  re c o rd  th e  d i f f e r e n c e s  seen  in  th e  

P a le  Group o f th e s e  l o c a l i t i e s .

C o ire  F h ed m esg  c u ts  t h r o u ^  g rey  lu s t r o u s  s c h i s t s  which grade 

w estw ards a c ro s s  th e  s t r i k e  in to  a  th ic k  g rey  lim esto n e  fo llow ed  by 

q u a r t z - g r a n u l i t e s .  These a re  i n  tu r n  succeeded  by a  w h ite  lim esto n e  

w hich i s  f a u l t e d  a g a in s t  th e  Ben Eagach T ra n s i t io n  Group. The g rey  

lim e sto n e  i s  a  r ib b e d  lim esto n e  w hich  c o n ta in s  many t h i n  s c h i s t  bands, 

w hich i s  i n  c o n t r a s t  to  th e  w h ite  lim e s to n e , s in c e  t h i s  i s  a  pure w h ite  

m arb le . T h ick en in g  sou th -w estw ards a lo n g  th e  s t r i k e ,  th e  q u a r tz -  

g r a n u l i t e s  form  a  marked f e a t u r e .  These a re  th e  c lo s e s t  approach to  

th e  hone s to n e s  i n  th e  a r e a .  They a re  g ra n o b la s t ic  ro ck s , which a re  

som etim es banded, and v a ry  from  w h ite  to  d a rk  g re y . They c o n ta in  th in



P la te  6 a . P o lish e d  s e c t io n  o f  f la g g y  q u a r t z i t e  c lo s e  to  
th e  Ben Eagach s c h i s t  t r a n s i t i o n  g roup . The more 
s c h is to s e  l e v e l s  have formed accommodation s t r u c tu r e s  
betw een th e  com petent q u a r t z i t e  bands. The specim en 
was c o l le c te d  from Meal Odhar.

P la te  6b . Boudin formed in  m assive q u a r t z i t e  band. An F2 
f o ld  c lo s u re  i s  seen  c lo se  to  th e  hammer.
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l im e s to n e  bands a s  w e ll  a s  q u a r tz o se h o r iz o n s . As can  be seen  from 

th e  map b o th  lim e s to n e s  a r e  q u i te  th ic k  and ex tend  f o r  some d is ta n c e  

a lo n g  th e  s t r i k e .  A s im i la r  lim es to n e - s c h i s t  r e la t io n s h ip  i s  seen  

in  G len  T a itn e a c h  where th e  w h ite  m arble i n  t h i s  s e c t io n  i s  a ls o  

in v o lv e d  i n  f a u l t i n g .  A p in k  quartz -po rp l^y ry  i s  in tru d e d  a long  i t s  

c o n ta c t  w i th  th e  P e r th s h i r e  Q u a r tz i te .  To’ th e  n o rth -w es t th e  w h ite  

m arble i s  exposed in  a  th r u s t  c o n ta c t  w ith  th e  q u a r t z i t e .  When t h i s  

s t r u c t u r a l  p o s i t io n  i s  c o n s id e re d  to g e th e r  w ith  i t s  com p lete ly  pure 

r e c r y s t a l l i z e d  c h a ra c te r  i t  seems p o s s ib le  t h a t  t h i s  lim esto n e  may 

i t s e l f  be te c to n ic  i n  o r ig in .  U nlike  th e  C o ire  P hedm esg  s e c t io n  

th e re  a re  no q u a r tz - g r a n u l i t e s  exposed h e re .  Barrow and Cunnin^iam- 

C ra ig  b o th  m ention  th e  o ccu rren ce  o f  a  bou lder-bed . though i t  i s  n o t 

shown on s h e e t  65# B a ile y  goes f u r th e r  and shows two l o c a l i t i e s  on 

h i s  1928 map where th e  b o u ld e r-b e d  i s  s a id  to  o c cu r. Both th e se  

l o c a l i t i e s  were v i s i t e d  b u t th e  bed was n o t found .

A t r a v e r s e  a c ro s s  th e  s t r i k e  o f th e  B la i r  A th o ll  S e r ie s ,  from 

s o u th - e a s t  to  n o r th -w e s t, g iv e s  a  b road  ap p ro x im atio n  of th e  

o r ig in a l  sed im en ta ry  su c c e s s io n  which compares v e ry  c lo s e ly  to  

t h a t  g iv e n  by B a ile y  f o r  Loch Loch which i s  to  th e  w est on sh e e t

64: -



P la te  7 a . Podding in  m assive q u a r t z i t e  p lunges to  130°, 
G len T a itn e a c h . T h is  red d in g  o c cu rs  j u s t  above th e  
t h r u s t  a t  th e  base  o f  th e  Morrone Nappe.

P la te  7b . T h ru s t c o n ta c t  between m assive s h a t te r e d  q u a rt
z i t e  and B la i r  A th o ll  L im estone, Glen T a itn e a c h .
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S o u th -w est A b e rd een sh ire  Loch Loch

W hite M arble Cream-White Limestone

Q uartz G ra n u li te s  Grey Compact Mica S c h is t  o r

G ra n u lite

Grey S c h is to s e  L im estone Thin-banded T ig e r  Rock Lim estone

L u stro u s Grey S c h is t  w ith  Grey Banded Q u a r tz -B io tite

T h in  L im estones G ra n u li te s  (H onestones)

Grey BU strous S c h is t  w ith  T h in  Ribbed L im estones.

Q u a r tz i te s  and P u rp le  S c h is ts  F laggy  Grey Mica S c h is ts  w ith

T hin  Lim estones

PALE GROUP

DARK GROUP

Dark G ra p h it ic  S c h is t  w ith  F laggy Grey Limestone

T h in  G rey S c h i s t s .

Grey R ibbed L im estone .

A lthough th e r e  i s  no b la c k  s c h i s t  shown i n  th e  d a rk  group o f t h i s  

su c c e ss io n , B a ile y  n o te s  t h a t  "B lack  S c h is t  re a p p e a rs  in  th e  Dark 

Group ex p o su res  o f  th e  same l in e  of ou tcro p  h a l f  a  dozen m iles 

f a r t h e r  e a s t " .  The marked s i m i l a r i t y  o f th e s e  two su ccess io n s  shows 

th a t  th e r e  i s  a lm o st a  com plete s e c t io n  o f th e  B la i r  A th o ll S e r ie s  

i n  S.W. A b e rd e e n sh ire .

B. P e r th s h i r e  Q u a r tz i te  S e r ie s
mmm mmm mmm mmm rnmm mmm mmm mmm mm» m m  mmm- mm

I n  P e r th s h i r e  B a ile y  re c o g n ise s  th re e  d iv is io n s  o f th e  P e rth 

s h ire  Q u a r tz i te  S e r i e s .  These a re  th e  C am  M airg Q u a r tz ite , th e  

K i l l ic r a n k ie  S c h is t ,  and th e  S c h ic h a ll io n  Q u a r tz i te .  I t  i s  no t



n/ttojgèefcL
P la te  8 a . R efo lded  fo ld s  in  f la g g y  banded q u a r t z i t e .  The 

b la c k  bands a re  g r a p h i t ic  s c h i s t .  The specim en was 
c o l le c te d  from Meal Odhar.

V ' 1  4

 ̂ £

P la te  8 b . ?2  fo ld s  i n  q u a r tz - r ic h  B la i r  A th o ll s c h i s t
o u tc ro p p in g  in  a  sm all stream  n o rth -w es t o f  Cam  
B h in n ein .
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p o s s ib le  s im i l a r ly  to  d iv id e  th e  q u a r t z i t e  o f  so u th -w est A berdeensh ire , 

s in c e  th e  m assive  q u a r t z i t e  makes up th e  b u lk  o f th e  su ccess io n  and 

th e re  i s  no m ajo r s c h i s t  h o r iz o n  com parable to  th e  K i l l ic ra n k ie  S c h is t .  

T h is S c h is t  i s  d eve loped  to  th e  w est o f  G len T a itn each  o u ts id e  th e  

a re a  o f  s tu d y , where f o r  re a so n s  g iv en  in  th e  s e c t io n  on s t r u c tu r e ,  

i t  i s  t h o u ^ t  to  occupy a  h i ^ e r  s t r u c t u r a l  l e v e l  th an  th e  q u a r tz i te s  

o f  th e  C a im w e ll  and Socach b e l t s .

A t i t s  c o n ta c t  w ith  th e  Ben Eagach S c h is t  S e r ie s ,  th e  q u a r tz i te  

i s  f la g g y  i n  c h a r a c te r  w ith  f in e  s c h i s t  bands, and e x h ib i ts  i n te r e s t i n g  

f o ld  p a t t e r n s  s in c e  th e  t h i n  g ra p h i te  s c h i s t  h o riz o n s  a c t  a s  a  l u b r i 

c a n t to  th e  com peten t q u a r t z i t e .  T h is f la g g y  f a c ie s  c o n ta in s  d i s 

sem inated  i r o n  o re s  which o x id is e  and s t a in  th e  b e d d in g -p la n e s . Below 

t h i s  th e  m assive  q u a r t z i t e  i s  a  th ic k  c u rre n t-b e d d e d  s e r ie s  which 

w ea th e rs  more r a p id ly  c lo s e  to  th e  f la g g y  q u a r t z i t e ,  such t h a t  i t  

o f te n  form s a  s te p  i n  th e  topography  a s  i s  seen  on An Socach. The 

c u r r e n t  b ed d in g  i s  o f te n  sh eared  and in d e te rm in a te , b u t examples were 

seen  on th e  C a im w e ll  and An Socach, where i t  appeared  to  fa c e  down

w ards. The b ed d in g  shows a s  d a rk  brown l in e s  w ith in  th e  w hite  q u a r t

z i t e  artd i n  t h i n  s e c t io n  i s  seen  to  be composed o f i r o n  oxides and 

heavy m in e ra ls .  L ess ambiguous to  i n t e r p r e t  i s  th e  graded bedding 

t h a t  o c c u rs  i n  th e  more f e ld s p a th ic  h o r iz o n s . T h is  i s  seen on Creag 

a  C ho ire  D h rich , a  r id g e  topped  by a  g r a n i te  porphyry n o rth -w es t o f  

th e  C a im w e ll ,  and by th e  fo o t-b r id g e  a c ro s s  th e  Baddoch Bum  so u th 

w est o f  C lu n ie  Lodge. I n  b o th  exam ples th e  beds a re  ov ertu rn ed  b u t 

t h e i r  r e l a t i o n s h i p  to  th e  m inor fo ld s  cannot be dete rm ined . These



P la te  9 a . F2 f o ld s  i n  g rey  l im e s to n e . Photograph, tak en  
n e a r  P la te  8b . The f o ld s  become p ro g re s s iv e ly  over
tu rn e d  and, in  th e  low er h a l f  o f  th e  ex p o su re , th e  
fo ld  c lo s u re s  a re  d e s tro y e d  and a  new te c to n ic  banding 
h a s  been formed#

P la te  9 b . F2 l i n e a t io n  in  f la g g y  q u a r t z i t e  re fo ld e d  by F3 
movements. Meal O dhar.
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q u a r t z i t e s  a re  v e ry  f e ld s p a th ic  w ith  th e  b u lk  o f  th e  m inera l 

o c c u rr in g  i n  th e  c o a r s e r  b an d s. F e ld sp a r  i s  th e  most im portan t 

c o n s t i tu e n t  a f t e r  q u a r tz  in  th e  members o f  th e  q u a r tz i t e  s e r ie s  and 

m ic ro c l in e , o r th o c la s e ,  a n d e s in e , p e r t h i t i c  i n t e r  g row ths, and g rap h ic  

in te rg ro w th s  w ith  q u a r tz  were a l l  re c o rd e d . I t  may form  x e n o b la s t ic  

p o rp h y ro b la s ts  o r  be p re s e n t  a s  a  c o n s t i tu e n t  o f  th e  groundm ass. 

Rounded g ra in s  o f  r u t i l e  and z irc o n  a re  common p a r t i c u l a r l y  in  heavy 

m in e ra l c o n c e n tra t io n s  a s s o c ia te d  w ith  c u rre n t  bedd ing . Sometimes 

th e s e  c o n c e n tra tio n s  a re  q u i te  th ic k  and examples o f  defoim ed heavy 

m in e ra l bands were se e n . A lthough th e s e  s t r u c tu r e s  a re  m od ified  by 

fo ld in g ,  t h e i r  d ish a rm o n ie  c h a ra c te r  i s  in d ic a t iv e  o f penecontempo- 

raneous n o n -d ia s tro p h ic  d e fo rm a tio n  a s s o c ia te d  w ith  com paction o f 

th e  o r i g in a l  sed im en t. S im ila r  s t r u c tu r e s  have been d e sc r ib e d  from  

th e  T o rr id o n ia n  Sandstone (se e  S e l le  y  e t  a l . ,  I 965) .

I n  t h i s  l o c a l i t y  th e  q u a r t z i t e  s e r i e s  undergoes a  marked f a c ie s  

change from  t h a t  o f  c e n t r a l  P e r th s h i r e .  T h is  i s  due to  an  in c re a s e  

i n  th e  s e d im e n ta tio n  r a t e ,  r e s u l t i n g  i n  con tinuous arenaceous depo

s i t i o n .  S im i la r ly  th e  Ben Eagach S c h is t  shows an  in c re a s e  i n  th e  

th ic k n e s s  o f  i t s  t r a n s i t i o n  group a g a in s t  th e  q u a r t z i t e .  T h is group 

o f  p a ssag e  beds becomes in c re a s in g ly  im p o rtan t eastw ards where i t  

may r e p re s e n t  a  p a r t  o f  th e  q u a r tz i t e  s e r ie s  a s  w e ll a s  a  m ajor p a r t  

o f th e  b la c k  s c h i s t .  A th ic k  b e l t  o f th e se  s t r ip e d  rocks s t r e tc h e s  

from Loch C a l l a t e r  to  G las M aol. I n  d e t a i l  th ey  c o n ta in  beds o f



P la te  1 0a . P tygraatic  fo ld in g  o f  a  c a l c i t e  v e in  i n  g rey  
l im e s to n e . N orth  o f  th e  C a im w e ll in  Glen C lu n ie .

! r  fD
o 7». , / . 7  ' r> /«  , rj In  I 'p :  f: \- ' , , « j "s , , ' '-U  , '4 *

P la te  10b . R efo lded  fo ld s  i n  g rey  lim e s to n e . Specimen 
c o l le c te d  in  Glen T a itn e a c h . The fo ld s  appear to  be 
d isharm onie  bu t th e  p a t t e r n  i s  due to  th e  i n t e r 
s e c t io n  o f  and F^ fo ld so
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f la g g y  w h ite  and g rey  q u a r t z i t e s ,  and s t r i p e d  b la c k  s c h i s t .  The 

l a t t e r  i s  made up o f  an  u n u su a lly  r e g u la r  a l t e r n a t io n  o f f in e  q u a r t

z i t e  w ith  d a rk  g r a p h i t i c  s c h i s t .  These a l t e r n a t io n s  a re  even p re s e n t  

a t  m ic ro sco p ic  th ic k n e s s e s .  The s c h i s t  h o r iz o n s  r a r e ly  c o n ta in  g a r

n e t  and c o n s i s t  o f m uscovite  and b i o t i t e '  grow ing l e p id o b la s t i c a l ly  

in  a t  l e a s t  two s c h i s t o s i t i e s  and a s s o c ia te d  w ith  a  f in e  su tu re d  i n t e r 

grow th o f  q u a r tz .  A lthough  th e  band ing  i s  r e l a t e d  to  th e  o r ig in a l  

s e d im e n ta tio n , v e ry  e a r ly  f o ld  c lo s u re s  were observed  in  t h in  s e c t io n ,  

c o n ta in e d  in  th e  q u a r tz o se  b a n d s . T h is  su g g e s ts  t h a t  th e  banding  

has been em phasised by  th e  p rim ary  fo ld in g .  Subsequent d e fo rm ation  

has produced m icro -b  oudinage o f th e s e  b an d s . In  hand-specim en th e  

s c h is t  l a y e r s  a r e  i d e n t i c a l  to  th e  t r u e  b la c k  s c h i s t ,  b u t p é tro g ra p h ie  

in v e s t ig a t io n  shows t h a t  th e y  a re  ex trem ely  f in e - g r a in e d .  They con

t a i n  v e ry  l i t t l e  q u a r tz  b u t  much g ra p h ite  d u s t and d issem in a ted  o re . 

C h lo r i te  i s  a l s o  common, developed  a s  la rg e  p o rp h y ro b la s ts  o r  a s  an  

a l t e r a t i o n  p ro d u c t to  th e  b i o t i t e s .  The Ben Eagach s c h is t  t h a t  even

t u a l l y  dom inates th e  su c c e ss io n  i s  a  c o a r s e r  ro ck  w ith  an  i d e n t i c a l  

m ineralogy  to  th é  d a rk  s c h i s t  o f  th e  B la i r  A th o ll  S e r ie s .  I t  i s  a  

r u s ty  w e a th e rin g  g r a p h i t ic  m ica s c h i s t ,  o f te n  c o n ta in in g  s tro n g ly  

h e l i c i t i c  g a rn e ts  to g e th e r  w ith  to u rm a lin e  r u t i l e ,  and i ro n  o re s  a s  

a c c e s s o r ie s .  The l i t t l e  T rem o lite  lim esto n e  and th e  F e ld sp a r ro c k  o f 

Barrow and Cunningham -Craig were n o t seen  in  th e  a re a  mapped, b u t occur 

northw ards (B .C . K ing, p e rso n a l com m unication). S ta u r o l i t e  has been 

reco rd ed  from  some b la c k  s c h i s t  specim ens in d ic a t in g  a  f a i r l y  h ig h  

i ro n  c o n te n t to  th e s e  ro c k s .
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P la te  l i a .  F3 fo ld s  i n  r u s ty  q u a r t z i t e  w ith  th in  s c h i s t  
b ands. Glen T a itn e a c h .

P la te  11b. S teep  F3 fo ld s  in  m assive q u a r tz i t e  lo o k in g  
so u th -w est from C lun ie  Lodge.
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Modal a n a ly se s  w ere made of r e p r e s e n ta t iv e  s c h i s t s  in  th e  suc

c e s s io n  and th e  r e s u l t s  a re  shown on th e  ta b le  fo llo w in g  p .

2 . Summary o f  d e p o s i t io n a l  h i s t o r y  i n  the  a re a

The B la i r  A th o ll  S e r ie s  com prises th e  Lower B a lra d ia n  o f K n i l l ,  

and E a s t  ( I 965) .  I t  was s a id  by  K n i l l  to  r e p re s e n t  a  p e rio d  o f 

d e p o s i t io n  in  i s o l a t e d  b a s in s . The marked s i m i l a r i t y  betw een th e  

B la i r  A th o ll  o f so u th -w e s te rn  A b erd een sh ire  w ith  t h a t  o f  P e r th s h ir e  

shows t h a t  t h i s  was n o t th e  case  ov e r a  la rg e  a re a  o f th e  C e n tra l  

H ighlands* The ty p e  o f  se d im e n ta tio n  su g g e s ts  a  s h e l f  environm ent, 

which becomes r a t h e r  u n s ta b le  to  th e  so u th -w e st where slumps a re  

a  common d e p o s i t io n a l  f e a tu r e  ( S tu r t ,  I 96I ) .  A c lo s e  exam ination  

o f  th e  B l a i r  A th o ll  S e r ie s  shows i t  to  r e p re s e n t  a  p e rio d  o f  rhy thm ic 

d e p o s i t io n ,  a l t e r n a t i n g  betw een lim esto n e  and s c h i s t .

The B ark Group re p re s e n ts  q u ie t  d e p o s i t io n  o f b la c k  mud. The 

abundant i r o n  o re  i s  in d ic a t iv e  o f  an  a n a e ro b ic  environm ent, w ith  

th e  su lp h u r  b e in g  l o s t  d u r in g  th e  r e g io n a l  metamorphism. T his a l t e r 

n a te d  w ith  a  c l e a r  w a te r  environm ent and lim esto n e  d e p o s i t io n . T h is  

was fo llo w ed  by an  in c re a s e  i n  th e  d e p o s i t io n a l  r a t e  to  s i l t  grade 

which a ls o  a l t e r n a t e d  w ith  p e r io d s  o f  q u iescen ce  d u rin g  P a le  Group 

tim e s . The incom ing o f  th e  q u a r t z i t e  s e r i e s  i s  shown by th e  develop

ment o f  t h i n  q u a r t z i t e s  w hich a l t e r n a t e  w ith  t h in  lim esto n es  and 

s c h i s t s .  T h is  t r a n s i t i o n  group i s  n o t seen  exposed in  the  a re a  

mapped, f o r  re a so n s  t h a t  have been g iven  above, b u t i s  seen  j u s t  

s o u th -e a s t  o f B raem ar. The co n tin u o u s d e p o s i t io n  o f q u a r tz i te  in  

t h i s  r e g io n , to g e th e r  w ith  th e  ev idence  o f  c u r r e n t  a c t io n ,  in d ic a te s
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P la te  12a , Drag fo ld s  in  f la g g y  q u a r t z i t e  on th e  re v e rse  

lim b o f  a  m ajor f o ld  in  Glen T a itn e a c h .

P la te  12b . F^ fo ld s  i n  s c h is to s e  l im e s to n e , 
s tream  j u s t  w est o f  Carn B h innein .

In  a  sm all
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a s h e l f  ty p e  env ironm en t. T h is  i s  somewhat d i f f e r e n t  to  th e  con

d i t io n s  i n  P e r th s h i r e  where a  l e s s  un ifo rm  s e r i e s ,  and the  p resence  

o f  g raded  bed d in g  and slunQ)ing, su g g est a  d eep e r w a te r  env ironm ent. 

The lo n g  t r a n s i t i o n  th ro u g h  a l t e r n a t i n g  s c h i s t  and q u a r tz i t e  which 

p reced es  th e  Ben Eagach S c h is t ,  s im i la r ly  su p p o rts  th e  n o tio n  o f a  

s h o re l in e  to  th e  n o r t h - e a s t .  The s t r i p e d  ro ck s  o f  th e  Ben Eagach 

T r a n s i t io n  may r e p re s e n t  a  se a so n a l c l im a t ic  change, which caused 

a  v a r i a t i o n  i n  th e  d e p o s i t io n a l  r a t e ,  e v e n tu a l ly  end ing  w ith  a  

r e tu r n  to  q u ie t  d e p o s i t io n  o f  th e  b la c k  mud o f th e  Ben Eagach F a c ie s  

T h is  summary shows no in d ic a t io n  o f  g e o s y n c lin a l  grow th d u rin g  

th e  low er h a l f  o f th e  B a lra d ia n  su c c e ss io n  in  t h i s  a r e a ,  and h i ^ e r  

g roups, seen  i n  a d ja c e n t  a r e a s ,  show t h a t  t h i s  s h e l f  d e p o s i t io n  con

t in u e d  a t  l e a n t  to  th e  Ben Lui s c h i s t .

The rhy thm ic  n a tu re  o f d e p o s i t io n  i s  shown by an o b je c tiv e  d e s

c r ip t io n  o f th e  su c c e s s io n  in  sed im en ta ry  te rm s:

The Ben Eagach S c h is t .  

T r a n s i t io n  Group.

P e r th s h i r e  Q u a r tz i te  S e r ie s .  

W hite M arble 

Q uartz  g r a n u l i te s  

Grey s c h i s t  w i th  t h i n  q u a r t 

z i t e s  and p u rp le  s c h i s t s .  

B ark g r a p h i t i c  s c h i s t s .

T h in  g rey  s c h i s t s .

Grey r ib b e d  lim e s to n e .

B lack  m udstone.

A l te r n a t in g  mudstone w ith  

q u a r t z i t e .

Q u a r tz i te .

L im estone.

S i l t s t o n e .
S i l t y  mudstones w ith  th in  q u a r t

z i t e s  and c a lc ,  m udstones. 

B lack  m udstones.

S i l t s t o n e s .

Impure lim e s to n e .
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P la te  1 3 a . ?2  f o ld  i n  m assive g rey  lim e sto n e  in  a  stream
s e c t io n  w est o f  Carn B h in n ein .

f ' y - 7 , ^ "
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P la te  13b . Photom icrograph o f  g a rn e t sh eared  by l a t e  
f a u l t in g  movements. P .P .L . x  40 . S l id e  31c .
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PART WO 

S t r u c tu r a l  H is to ry

The s t r u c t u r a l  h i s t o r y  o f  t h i s  re g io n  i s  long  and complex; i t  

i s  th e r e f o r e  co n v en ien t a t  t h i s  s ta g e  to  p re s e n t  an  o u tl in e  accoun t 

which w i l l  be e la b o ra te d  in  subsequen t s e c t io n s .

1 . Summary o f  E ven ts

The su c c e s s iv e  s t r u c t u r a l  ep iso d es  can be shown on th e  evidence 

o f th e  m inor s t r u c tu r e s  to  f a l l  in to  s ix  groups ;

(1 )  Recumbent f o ld s  w ith  a x ia l  p la n a r  s c h i s t o s i t y  (P^)

( 2 ) ’C ro ssfo ld s*  w ith  a s s o c ia te d  l i n e a r  s t r u c tu r e s  and 

s c h i s t o s i t y  (P^)

( 5 ) N .E .-S .W . tr e n d in g  f o ld s  and l i n e a r  s t r u c tu r e s  w ith  

a s s o c ia te d  s t r a i n - s l i p  (P^)

( 4 ) R edding in  q u a r t z i t e ,  p lu n g in g  to  IJO ^, c lo se  to  t h r u s t  p lan es

( 5 ) Open fo ld s

(6 ) P a u l t8 and a s s o c ia te d  b r e c c ia s .

Between ( 4 ) and ( 6 ) ,  th e re  o ccu rs  a  p e rio d  o f s i n i s t r a l  r o t a t io n  about 

a  s in g le  a x is  d ip p in g  s te e p ly  to  th e  S.W, The r e la t io n s h ip  o f  th e  l a t e  

open fo ld s  ( 5 ) to  t h i s  ep iso d e  i s  u n c e r ta in .

The f i r s t  m ajor s t r u c t u r a l  even t i n  t h i s  a re a  was th e  grow th o f 

th e  p rim ary  nappes on N .E .-S.W . axes w ith  th e  r e s u l t a n t  in v e rs io n  of 

th e  ro ck s fo rm ing  th e  *Morrone Nappe*, a  recum bent sy n c lin e  c lo s in g  

northw ards in  th e  h i l l  M orrone, which l i e s  j u s t  sou th  o f Braem ar. The 

in v e r te d  lim b o f  t h i s  f o ld  i s  seen  exposed in  th e  An Socach and C a im w e ll 

b e l t s  o f  th e  P e r th s h i r e  Q u a r tz i te ,  which o v e r l ie  th e  Ben Eagach S c h is t .



MINOR FOLD STYLES

F3 FOLDS-LIMESTONE IN LUSTROUS 

GREY SCHIST.
THIN BANDS OF OUARTZITE FORM FOLD-CLOSURES 

IN CALCAREOUS BANDED SCHIST

F3 FOLD IN GREY SCHISTOSE LIMESTONE

j

F 2 FOLD IN LUSTROUS GREY SCHIST

Iff j
INTERFERENCE WkTTERN PRODUCED BY THE INTERSECTION 

OF THE F3 STRAIN SLIP WITH AN F2 FOLD IN GREY 

LIMESTONE
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The C am  an  T u ire  b e l t  o f  q u a r t z i t e  may r e p re s e n t  th e  low er lim b o f 

t h i s  s t r u c tu r e *  The ev idence  f o r  and a g a in s t  t h i s  co n c lu sio n  i s  

d is c u s se d  i n  th e  l a t t e r  p a r t  o f  t h i s  c h a p te r .

*G rossfo ld ing* has produced  two m ajor fo ld s  i n  th e  p rim ary  nappe 

o f  t h i s  r e g io n  a s  w e ll  a s  abundant m inor f o ld s .  These fo ld s  have 

ap p ro x im ate ly  N .W .-S .E . t r e n d in g  a x e s . The t h i r d  phase o f fo ld in g  

produced s e v e ra l  m ajor f o ld s  w ith  N .E .-S .W . axes and th e  u b iq u ito u s  

developm ent o f  c o rre sp o n d in g  m inor f o l d s .  I t  was t h i s  p e rio d  th a t  

e x e rc is e d  th e  g r e a t e s t  c o n tr o l  i n  th e  p re s e n t  o u tcro p  p a t t e r n .  The 

c u lm in a tio n  o f  t h i s  p e rio d  o f  d e fo rm a tio n  was a  squeez ing  forw ard  o f 

th e  * Morrone Nappe* i n  a  t h r u s t  movement to  th e  n o rth -w e s t over th e  

incom peten t B l a i r  A th o l l  w hich form ed th e  envelope to  t h i s  nappe.

D uring  t h i s  p e rio d  open f o ld s  were g e n e ra te d  in  th e  p lan e  o f  th e  th ru s t ,  

A f te r  t h r u s t in g ,  t r a n s c u r r e n t  f a u l t i n g  produced to r s io n a l  movements 

abou t an  a x is  w hich p lunges s te e p ly  to  th e  so u th -w est i n  th e  re g io n  of 

th e  D e v i l 's  Elbow. T h is  caused  a  r o t a t i o n  o f  th e  m inor s t r u c tu r e s ,  

r e f o ld in g  o f  th e  t h r u s t  p lan e  and a  marked sw ing o f s t r i k e  in  th e  

Devil* s Elbow re g io n .  Normal f a u l t i n g  and dyke emplacement was th e  

f i n a l  s t r u c t u r a l  ev en t to  occu r in  th e  re g io n . The f a u l t in g  produced 

many b re c c ia s  w hich have been  cem ented by l a t e r  igneous m a te r ia l .

2 . M inor S tru c tu r e s

A.__ P r i ^ i ^

There a re  exam ples o f  re fo ld e d  f o ld s  in  a l l  p a r t s  o f  th e  a re a , 

b u t a lth o u g h  s e v e ra l  recum bent s t r u c tu r e s  a re  d e sc r ib e d , i t  i s  doubt

f u l  i f  th e s e  a re  f i r s t  phase f o ld s .  They a re  more p robab ly  recumbent 

c ro s s f o ld s .  Even sh eared  f o ld  c lo s u re s  seen  w ith in  th e  banding o f  the



P la te  l 4 a .  L a te  open fo ld  in  g rey  B la i r  A th o ll s c h i s t .  
Glen T a itn e a c h .

P la te  l4 b .  S te e p ly  p lu n g in g  F fo ld  in  flag g y  q u a r tz i t e  
Meal Odhar.



24

lim estone  group can n o t be a c c e p te d  a s  p rim ary , s in c e  th ey  a re  enclosed  

in  a  band ing  w hich d ev elo p ed  d u r in g  th e  t h i r d  phase o f  movement.

However, p é tro g ra p h ie  ex am in a tio n  o f th e  s t r ip e d  t r a n s i t i o n  group o f 

th e  Ben Eagach S c h is t  shows t h a t  th e  t h i n  q u a r t z i t e  h o rizo n s , r e p re 

se n tin g  th e  o r i g in a l  b ed d in g , a re  fo ld e d  in to  recum bent i s o c l in e s ,  

which have an  a x i a l  p la n a r  s c h i s t o s i t y .  These a re  c u t o b liq u e ly  by 

th e  P j s t r a i n  s l i p .  I t  i s  q u i te  im p o ss ib le  to  de term ine  th e  o r ig in a l  

a x ia l  d i r e c t i o n  o f  th e s e  f o ld s  s in c e  t h i s  i s  now obscured by th e  

e f f e c t s  o f l a t e r  d e fo rm a tio n s . S ince th e  p rim ary  nappes appear to  

tre n d  p a r a l l e l  t o  th e  m ain fo ld  b e l t  i t  i s  p ro b ab le  t h a t  th e se  minor 

fo ld s  had a  s im i la r  N .E .-S .W . a x ia l  s t r i k e .

B. 'C ro ss fo ld s*

T h is  te rm  i s  u sed  by E a s t  & P l a t t  and K ing & H ast in  papers des

c r ib in g  m inor f o ld s  i n  th e  D a lra d ia n  S e r ie s .  These a u th o rs  use the  

term  g e n e t ic a l l y  to  d e s c r ib e  f o ld s  developed  s im u ltan eo u s ly  a t  r i ^ t  

an g le s  to  th e  p rim a ry  C a ledon ian  f o ld s .  In  t h i s  accoun t th e  term  i s  

used i n  a  s t r i c t l y  d e s c r ip t iv e  sen se  to  deno te  f o ld s  which a re  developed 

in  a  secondary  d e fo rm a tio n a l ep iso d e  governed by p re s su re s  a t  an angle  

to  th o se  t h a t  p roduced  th e  p rim ary  f o ld s .  These fo ld s  a re  u b iq u ito u s  and 

range from somewhat open to  t i ^ t l y  i s o c l i n a l .  The l a t t e r  a re  o f te n  

recum bent. The a x i a l  d i r e c t i o n  o f  th e s e  fo ld s  shows a  c o n s id e ra b le  

v a r i a t io n ,  owing to  l a t e r  d e fo rm a tio n . T h is  i s  seen  on th e  equa l a re a  

p lo ts  w hich show an  a lm o st random d i s t r i b u t i o n  a lth o u g h , a s  dem onstrated 

by Ramsay ( I 96O ), th e r e  i s  a  tendency  f o r  them to  form  two maxima.

The s ty le  o f  th e s e  f o ld s  changes c o n s id e ra b ly , c h ie f ly  a s  a r e s u l t  o f
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v a r i a t i o n  i n  ro ck  ty p e . T h is v a r i a t i o n  i s  r e l a t e d  to  th e  p a r t s  p layed  

by th e  th r e e  m ain mechanisms o f  d e fo rm a tio n . The q u a r tz i t e s  produce fo ld s  

which a r e  dom inan tly  c o n c e n tr ic ,  a lth o u g h  some sh e a r in g  u s u a l ly  o c c u rs .

The s c h i s t s  deform  by * s im ila r*  fo ld in g  and th e  lim esto n es  form b o th  

* s im ila r*  and flow age f o l d s .  W ith in  th e  lim e sto n es  s l id e s  a re  common 

and fo ld  s t y l e  v a r i e s  w ith  th e  c a rb o n a te  c o n te n t, such th a t  t h in  bands 

o f  pu re  c a rb o n a te  may deform  by flow age , independen t o f  th e  e n c lo s in g  

l e s s  pu re  b an d s . In  th e  t r a n s i t i o n  group where a  mixed l i th o lo g y  i s  

p r e s e n t ,  th e  s c h i s t  i s  seen  to  flow  in to  fo ld  c lo s u re s  formed by more 

q u a r t z i t i c  b an d s .

W ith in  th e  q u a r t z i t e ,  th e  * c ro s s fo ld »  ep isode  i s  o f te n  re p re se n te d  

by a  rodded  s t r u c tu r e .  T h is  i s  p a r a l l e l  to  th e  *b* d i r e c t io n  of th e se  

f o ld s .  At i t s  more f la g g y  m arg ins, th e  q u a r t z i t e  i s  fo ld e d  in to  t i ^ t  

i s o c l i n e s .  I n  th e  s c h i s t s  c ro s s f o ld  c lo s u re s  become squeezed ou t and 

d e tach ed  from  t h e i r  o r ig in a l  lim bs d u rin g  th e  t h i r d  movement p h ase .

Fold m u llio n s  form ed in  th e  movements were seen  to  be re fo ld e d  a t  

a  number o f  l o c a l i t i e s .  Dykes emplaced a f t e r  th e  F^ defo rm ation  were 

c o n v erted  to  ho rnb lende  s c h i s t s  and e p id io r i t e s  d u r in g  th e  c ro s s fo ld  

p e r io d . T h is i s  shown by a  m in e ra l l i n e a t io n .  In  th e  q u a r t z i t e s ,  

f e ld s p a r s  a re  a l ig n e d  w i th in  th e  s c h i s t o s i t y  a s s o c ia te d  w ith  th e  Fg 

f o ld s .  T h is  s c h i s t o s i t y  i s  a  w e ll-d e v e lo p ed  p la n a r  s t r u c tu r e .  In  th e  

s c h i s t s ,  i t  i s  r e in fo rc e d  by th e  l e p id o b la s t i c  grow th o f  m uscovite and 

b i o t i t e ,  to g e th e r  w ith  e lo n g a te d  q u a r tz  n e e d le s . In  th e  e p id i o r i t e ,  

th e  o r ig in a l  f e ld s p a r  p h e n o c ry s ts  a ls o  show a  ru d im en ta ry  o r i e n ta t io n  

which i s  p a r a l l e l  to  th e  l in e a te d  am phibole. In  t h i s  case  th e  l in e a t io n



P la te  l ^ a .  P h y l i t i c  l i n e a t i o n  in  g rey  s c h i s t ,  produced 
by th e  i n t e r s e c t i o n  o f  th e  s t r a i n  s l i p  c leavage  
w ith  th e  F2 s c h i s t o s i t y .  Glen T a itn e a c h .

P la te  15b • Photom icrograph o f  k in k  band in  g rey  mica s c h i s t .  
P .P .L . X 40 . S l id e  F 6 5 .
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i s  produced hy a  m echan ica l r o t a t i o n  o f  th e  o r ig in a l  p h e n o c ry s ts .

These a re  now composed o f a g g re g a te s  o f c l i n o z o i s i t e  and a n d e s in e .

Qiiartz ro d s  a re  common in  th e  B l a i r  A th o ll  S c h i s t s .  A lthough many 

o f th e s e  a r e  p a r a l l e l  to  th e  axes o f t h i r d  phase fo ld s ,  th ey  a re  

a ls o  seen  to  have developed  d u rin g  th e  second phase o f d e fo rm a tio n .

C. N .E .-S .W . t r e n d in g  f o ld s  

T h is  g e n e ra t io n  o f  s t r u c tu r e s  developed  d u rin g  a  p e rio d  o f s tro n g  

N .W .-S.E . co m p ressio n . They a re  seen  on a l l  s c a le s  and a re  u s u a l ly  

a s s o c ia te d  w ith  a  s t r a i n - s i  i p  c leav ag e  which i s  p a r a l l e l  to  th e  a x ia l  

p lan e s  o f  th e  f o ld s .  I n  th e  l im e s to n e s , t h i s  d e fo rm a tio n  i s  sometimes 

so in te n s e  a s  to  d e s tro y  a l l  e a r l i e r  s t r u c tu r e s ,  p roducing  a  te c to n ic  

handing  w hich c o n ta in s  d i s o r i e n ta t e d  fo ld  c lo s u r e s .  The re g io n a l  

p lunge o f  th e  f o ld s  i s  to  th e  n o r th - e a s t .  The a x ia l  p lan es  o f  th e  

fo ld s  ten d  to  be o v e rtu rn e d  tow ards th e  n o r th -w e s t.  P lunges a re  f a i r l y  

h ig h , w ith  th e  m a jo r i ty  betw een 50 and 60 d e g re e s , b u t th e re  i s  g re a t  

v a r i a t i o n  th ro u g h o u t th e  a re a  (se e  Map 6 ) .  C e r ta in  f o ld  s ty le s  a re  

developed d u r in g  t h i s  p h ase , which a re  p a r t i c u l a r l y  c h a r a c t e r i s t i c .  In  

g e n e ra l th e se  a r e  c leav ag e  fo ld s  o f  th e  chevron  type  w ith  movement a lo n g  

a s t ro n g ly  p e n e t r a t iv e  s t r a i n - s l i p .  Commonly developed  in  th e  lim e s to n e s , 

th ey  a re  sh a rp  peaked fo ld s  w hich show a  c o n s id e ra b le  v a r i a t i o n  in  th e  

amount o f  t r a n s l a t i o n  a lo n g  each  c leav ag e  p la n e . T h is  t r a n s la t i o n ,  in  

some c a s e s ,  shows a  p e r io d i c i ty  (se e  f i g .  2 ) .  One example d e sc rib e d  

c o n s is ts  o f  a  s e r i e s  o f sm a ll a n g u la r  f o ld s ,  fo llo w ed  by a  m ajor t r a n s 

l a t i o n  and th e n  a n o th e r  s e r i e s  o f  sm a ll f o ld s .  T h is  rhythm  i s  th en  

re p e a te d  a c ro s s  th e  s t r i k e  o f  th e  c le a v a g e . I n  p a r t s  o f  th e  q u a r tz i te



P la te  1 6 . Photom icrograph o f  k in k  bands in  g rey  mica 
s c h i s t .  P .P .L . X  4 0 . S l id e  F 6 3 .



27

o u tc ro p , th e  f la g g y  q u a r t z i t e  i s  seen  to  form  f a i r l y  open fo ld s  o f 

ag e , b u t i n  G len T a itn e a c h  th e  f o ld s  a re  a lm ost recum bent. A part 

from  th e  g e n e ra l  e x c e p tio n s  m entioned above, many o f  th e  fo ld s  produced 

in  t h i s  p e rio d  were i d e n t i c a l  i n  s ty le  to  th o se  produced in  th e  second 

d e fo rm a tio n a l p h a se . The P^ s t r a i n - s l i p  i s  dom inantly  a  m echanical 

s t r u c tu r e  b u t c h l o r i t e ,  e p id o te  and b i o t i t e  a re  a l l  found growing in  

t h i s  p la n e . P^ l i n e a r  s t r u c tu r e s  a re  common. The s t r a i n - s l i p  s c h is 

t o s i t y  form s a  p h y l i t i c  l i n e a t i o n  a t  i t s  i n t e r s e c t io n  w ith  th e  s c h is 

t o s i t y  form ed d u r in g  th e  c ro s s fo ld  p e r io d .  T h is  i s  seen  in  a l l  s c h i s t  

specim ens c o l l e c te d  from  th e  a r e a .  Q uartz  and c a l c i t e  a re  commonly 

c r y s t a l l i s e d  i n  ro d s  p a r a l l e l  to  th e  P^ f o ld s .

D. S i n i s t r a l  Movements

A s i n i s t r a l  r o t a t i o n  o f th e  P , f o ld  axes can  be dem onstrated  when
?

the Caledonian folds for selected areas are plotted on Schmidt nets.
Prom n o r th  to  so u th  a c ro s s  th e  a re a  mapped, th e  d i r e c t io n  of plunge of 

th e se  f o ld s  sw ings a b o u t th e  a rc  o f  a  sm all c i r c l e .  A co rrespond ing  

swing o f s t r i k e  i s  seen  in  th e  o u tc ro p  p a t t e r n  o f th e  ro ck s on e i th e r  

s id e  o f  th e  t h r u s t  p la n e . T h is s i n i s t r a l  tw is t  has i t s  a x is  j u s t  e a s t  

of th e  C a im w e ll ,  where th e  beds a re  seen  t re n d in g  N .N .W .-S.S.E . T h is 

a x is  a p p ea rs  to  be p lu n g in g  s te e p ly  to  th e  so u th -w e s t. I t  i s  suggested  

t h a t  t h i s  movement co u ld  be a  r e s u l t  o f  t r a n s c u r r e n t  f a u l t in g  w ith  a 

d isp lacem en t o f  th e  o rd e r  o f  1 -  1^  m ile s , o r  a l t e r n a t iv e ly  a  lo c a l i s e d  

l a t e  c r u s t a l  w arp in g . The s ty le  o f  th e  fo ld  in d ic a te s  s i n i s t r a l  move

ment abou t an  a lm o st v e r t i c a l  a x is  which would accoun t f o r  b o th  th e  swing 

in  s t r i k e  and th e  r o t a t i o n  o f th e  P^ f o ld  a x e s . Movements fav o u rin g
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th e  fo rm er h y p o th e s is  have been d e sc r ib e d  in  n e ig h b o u rin g  re g io n s  

( e .g .  th e  Loch Tay F a u l t ) .

B.__ Opei^FoM ^

These l a t e  s t r u c tu r e s  occur th ro u g h o u t th e  a re a  mapped and a re  

shown p lo t t e d  on th e  eq u a l a re a  p r o je c t io n ,  f i g .  4* They show a 

c o n s id e ra b le  s c a t t e r ,  w hich su g g e s ts  t h a t  th e y  a re  r e l a te d  to  

ex trem ely  lo c a l  s t r e s s  c o n d it io n s  (p o s s ib ly  th e  t r a n s c u r r e n t  move

ment d e sc r ib e d  a b o v e ) . A lthough  th e y  a re  a l l  open f o ld s ,  th e y  v a ry  

in  s ty le  and p i tc h .  Some a re  sm a ll i s o la te d  m onoclines, produced 

by movement on lo c a l  sh e a r  p la n e s . O thers a r e  open a n tifo rm s  and 

synform s o f  orthorhom bic ty p e , w ith  v e r t i c a l  a x ia l  p lan es  and g e n tly  

p lu n g in g  a x e s .

5* M ajor S t ru c tu re s

A. B a i le y ’ s T h es is
WM MM mmm mm mm.*' mmmm mm* mm mm «M#

B a ile y ’ s i n t e r p r e t a t i o n  o f t h i s  a r e a ,  m entioned b r i e f ly  a t  th e  

b e g in n in g  o f  t h i s  a c c o u n t, i s  he re  expanded in  d e t a i l  so th a t  i t  

may be compared w ith  th e  r e s u l t s  o f  th e  p re s e n t  re s e a rc h e s . His 

s t r u c tu r a l  c o n c lu s io n s  r e s t  c h ie f ly  on h is  re a d in g  o f th e  s tra tig ra p h y  

a t  s e v e ra l  c r i t i c a l  s e c t io n s .  The map sum m arising h is  work, which 

appeared  in  h is  1928 p a p e r , i s  shown a s  Map 3 o f t h i s  acco u n t. The 

a re a  i s  s a id  to  be in v o lv ed  in  two m ajor f o ld s ,  w hich a re  developed 

in  a  p re v io u s ly  in v e r te d  sequence. These a re  th e  C a im w e ll Synform 

and th e  com plem entary An Socach A n tifo rm . These fo ld s  a re  o vertu rned  

to  th e  n o r th -w e s t w ith  N .E .-S.W . t re n d in g  a x e s . The low er limb o f 

th e  An Socach fo ld  i s  re p la c e d  by a  s l id e  which fo llo w s th e  Baddoch
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Burn and G len  C lu n ie  to  B raem ar. T h is  s l i d e  c u ts  o u t th e  K i l l ic r a n k ie  

S c h i s t ,  w h ich  i s  s a id  by B a ile y  to  e x ten d  from  G las T u la ic h e an  down 

th e  Baddoch B urn  to  th e  c o n flu e n c e  w ith  th e  t r i b u t a r y  from  Loch 

V ro tac h an , whence th e  Ben Lawers C alc  S c h is t  c o n tin u e s  a lo n g  th e  

s l i d e  c o n ta c t  w i th  th e  B l a i r  A th o l l  S c h is t s  and  L im esto n es. Even

t u a l l y  t h e  Ben Lawers i s  a l s o  c u t  o u t w here th e  s tream  C o ire  P h eam easg  

e n te r s  th e  Baddoch B u rn . Prom t h i s  p o in t  th e  Ben Eagach S c h is t  i s  

shown by B a i le y  a g a in s t  th e  B l a i r  A th o l l .  The K i l l i c r a n k ie  S c h is t  

i s  shown to  be  s t r a t i g r a p h i c a l l y  e q u iv a le n t  t o  th e  C a im w e ll Q uart

z i t e ,  i n to  w hich  i t  p a s s e s  by f a c i e s  change a c ro s s  th e  An Socach 

A n tifo rm . T h is  f o l d  p lu n g es  tow ards th e  n o r t h - e a s t .  The c lo s u re  

o f th e  C a irn w e ll  Synform  i s  shown o u tc ro p p in g  i n  th e  up p er re a c h e s  

o f G len  T a i tn e a c h . H ere , B a ile y  l in k s  th e  C a irn w e ll Q u a r tz i te  w ith  

th e  q u a r t z i t e  o f  C arn  B h in n e in  and maps th e  su c c e s s iv e  beds above 

th e  q u a r t z i t e  i n  a n  a c u te  sw ing o f  s t r i k e .  T h is  i s  c o n tr a r y  to  

th e  i n t e r p r e t a t i o n  o f  B arrow , who on s h e e t  65 shows th e  B la i r  A th o ll  

ro ck s  c o n t in u in g  w estw ards beyond th e  q u a r t z i t e  o u tc ro p s . B a ile y  

m a in ta in s  t h a t  th e  q u a r t z i t e  fo rm ing  th e  C a im w e ll  Synform shows 

b o th  i t s  s id e s  th ro u g h o u t i t s  o u tc ro p . On h i s  map tenuous o u tc ro p s  

o f  q u a r t z i t e  keep  t h i s  r e l a t i o n s h i p  o v e r p o o r ly  exposed ground . T h is 

s u b je c t iv e  a p p ro a ch  i s  seen  p a r t i c u l a r l y  i n  th e  re g io n  o f  Loch 

V ro tach an  w here th e  C a im w e ll  Mass i s  l in k e d  to  C arn Aosda by a  t h in  

w ind ing  s t r i p  o f  q u a r t z i t e .  On th e  e a s t e r n  s id e  o f  th e  C lu n ie , a  

f o ld  i s  shown w hich  h as  a  c o re  o f  u n id e n t i f i e d  ro c k s  in  c o n ta c t  w ith  

th e  B l a i r  A th o l l  S e r ie s  w i th in  th e  C a irn w e ll Synform . B a ile y  su g g e s ts



50

t h a t  th e s e  ro c k s  a r e  a  p a r t  o f  th e  K i l l i c r a n k ie  S c h is t .

The C a irn w e ll  Synform i s  re g a rd e d  by B a ile y  a s  a  f o ld  on th e  

low er lim b o f  th e  I l t a y  Nappe and An Socach l i e s  c lo s e  to  th e  h inge  

o f  th e  Ben L u i F o ld  w hich  l i e s  below  t h i s  n ap p e .

B. R e s u l ts  o f  D e ta i le d  M apping

( i )  The B addoch B um  and C o ire  P h ea rn easg

T h is  s e c t io n  i s  p a r t i c u l a r l y  im p o rta n t to  B ailey*  s i n t e r p r e t a t i o n ,  

s in c e  i t  i s  h e re  t h a t  he t r a c e s  th e  com plex w estw ard f a c in g  lim b o f  

th e  An S ocach  A n tifo rm . The f i e l d  r e s u l t s  shown on Map 7 accom panying 

t h i s  a c c o u n t v a ry  c o n s id e ra b ly  from  B a ile y * s  1928 map (Map 5)«

The Baddoch B um  r i s e s  n o r th -w e s t  o f  C arn nan Sac and d ra in s  

N .N .E . t o  i t s  c o n flu e n c e  w ith  th e  C lu n ie  a t  C lu n ie  Lodge. T h is  i s  

o b liq u e  t o  th e  r e g io n a l  s t r i k e  w hich  i s  N .E .-S .W . I t  r i s e s  in  an  

a re a  c o v e re d  by  p e a t  d e p o s i t s ,  b u t  th e r e  can  be no doub t t h a t  i t s  

so u rc e  l i e s  i n  th e  P e r th s h i r e  Q u a r tz i te ,  whioh shows th ro u g h  th e  p e a t  

co v er i n  b lo c k y  s c r e e s .  A t th e  f o o t  o f  t h i s  w e s te r ly  tr e n d in g  r id g e  

o f  q u a r t z i t e  th e  s tre a m  c u ts  th ro u g h  p e a t  to  r e v e a l  ex posu res o f  

b la c k  g r a p h i t i c  s c h i s t .  T h is  r e l a t i o n s h i p  i s  f u r t h e r  confirm ed a c ro s s  

th e  w a te rsh e d  in  P e r t h s h i r e ,  where two t r i b u t a r i e s  o f  th e  T a itn e a c h  

c u t  th ro u g h  th e  q u a r t z i t e  r i d g e ,  r e v e a l in g  a  c o n tin u o u s  s e c t io n  

th ro u g h  m assive  q u a r t z i t e  to  r u s ty  f la g g y  q u a r t z i t e ,  m s t y  b la c k  

s c h i s t  and  q u a r t z i t e ,  and f i n a l l y  b la c k  s c h i s t .  These s e c t io n s  show 

a  sw ing o f  s t r i k e  from  e a s t-w e s t  i n  th e  T a itn e a c h  t r i b u t a r i e s  to  

n o r th e a s t - s o u th w e s t  in  th e  Baddoch B u rn .

C o n tin u in g  dow nstream , a  s e r i e s  o f g rey  s c h i s t s  w ith  q u a r tz
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bands and ro d s  and  t h i n  lim e s to n e s  s t r i k e  N .E .-S .W ., w ith  a dom inantly  

e a s t e r ly  d i p .  D ips a r e  h ig h  and v a ry  betw een 50^ and v e r t i c a l  as a  

r e s u l t  o f  th e  f o ld in g .  So f a r  th e  s e c t io n  a p p ea rs  to  ag ree  w ith  

t h a t  shown on B a i l e y 's  map, w hich shows t h a t  we have c ro ssed  from  

P e r th s h i r e  Q u a r tz i te ,  th ro u g h  th e  Ben Eagach S c h is t  to  th e  Ben 

Lawers C a lc - S c h is t ,  b u t  a t  t h i s  p o in t  th e  Ben Lawers S c h is t  i s  s a id  

to  be in  s l i d e - c o n ta c t  w ith  th e  K i l l i c r a n k ie  S c h is t .  T h is  c o n ta c t 

was n o t lo c a te d  and th e  g re y  c a lc  s c h i s t  w ith  lim e s to n e s  c o n tin u es  

dow nstream . F u r th e r  downstream  two e a s te r n  t r i b u t a r i e s  jo in  th e  

B urn. The f i r s t  o f  th e s e  d r a in s  from  th e  w estw ard tr e n d in g  q u a r t

z i t e  r id g e  r e f e r r e d  to  above. B a ile y  shows h is  su c c e ss iv e  c o n ta c ts  

c ro s s in g  th e s e  t r i b u t a r i e s .  I n  th e  f i r s t  s tream  th e  q u a r t z i t e  i s  

i n  c o n ta c t  w ith  th e  g re y  lu s t r o u s  s c h i s t ,  and th e  Ben Eagach S c h is t  

shown by B a ile y  i s  n o t  s e e n . The n e x t t r i b u t a r y  d ra in in g  from Loch 

V ro tachan  c u t s  th ro u g h  a  sm a ll o u t l i e r  o f q u a r t z i t e .  The c o n ta c t  

w ith  th e  s c h i s t s  i s  n o t exposed , a lth o u g h  f u r th e r  downstream a 

s e r i e s  o f  g re y  s c h i s t s  w ith  q u a r tz  ro d s  i s  e n co u n te re d . At th e  

co n flu e n ce  o f  t h i s  s tre a m  w ith  th e  Baddoch B urn , B a ile y  jo in s  two s l id e s  and 

ends th e  o u tc ro p  o f  h is  K i l l i c r a n k ie  S c h i s t .  The p re s e n t  su rvey  could  

f in d  no e v id e n ce  t o  s u b s ta n t i a t e  e i t h e r  th e  s l i d e s  o r  th e  p resen ce  o f 

th e  K i l l i c r a n k ie  S c h i s t .  The c o n tin u o u s  exposure  i n  th e  Baddoch Bum  

re v e a le d  a  s e r i e s  o f  g rey  s c h i s t s  w ith  t h i n  l im e s to n e s . C on tinu ing  th e  

s e c t io n  dow nstream , B a ile y  r e f e r s  th e  ro ck s  th e re  exposed to  th e  Ben 

Law ers; i n  f a c t  th e  l i t h o l o g ie s  seen  a r e  e n t i r e l y  s im ila r  to  th o se  

seen  u p s tre a m . A t C o ire  P h ea rn easg , B a i l e y 's  s l id e  i s  shown b r in g in g
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P la te  1 7 a . P ho tom icrograph  o f  i d i o b l a s t i c  c r y s t a l s  o f  g a rn e t 
i n  a  m a tr ix  o f  m u sco v ite . P .P .L . x 4 0 . S l id e  219c.

P la te  17h . Photom icrograph  o f  l i n e a r  g a rn e t c r y s t a l  o v e r- 
grov/ing a  band o f  b i o t i t e .  P .P .L . x 10 . S l id e  330c.
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th e  Ben Eagach S c h is t  a g a in s t  th e  B la i r  A th o l l  S e r ie s  and c u t t in g  

out th e  Ben L aw ers. The g r a p h i t i c  s c h i s t  i s  developed  a t  t h i s  p o in t ,  

h u t i t  i s  fo llo w ed  dow nstream  by more g re y  s c h i s t .  The boundaries 

o f  th e  g r a p h i t i c  s c h i s t  a r e  marked by dyke ro c k s . On th e  so u th e rn  

m argin  i s  a  g r a n i t e  p o rp h y ry  and a t  th e  n o r th e rn  c o n ta c t ,  seen in  

C o ire  P h e a rn e asg , a  g re y  lam prophyre i s  exposed . In  th e  Baddoch 

Burn exposu re  c e a se s  u n t i l  a  sm a ll b r id g e , sou thw est o f  C lunie Lodge. 

Here th e  f e ld s p a th ic  q u a r t z i t e  i s  seen  o v e r tu rn e d . T h is  i s  in d ic a te d  

by g raded  b ed d in g .

I n  C o ire  P h e a rn e asg , lu s t r o u s  g rey  s c h i s t  succeeds th e  g r a p h i t ic  

s c h i s t  and  a  th ic k  band o f  g re y  lim e sto n e  i s  d e v e lo p ed . F u r th e r  

u p s tream , more g r a p h i t i c  s c h i s t  i s  exposed and a g a in  th e  n o r th e rn  

m argin  i s  o ccu p ied  by a  g rey  lam prophyre . T h is  i s  fo llo w ed  in  tu r n  

by g re y  s c h i s t  w i th  t h i n  q u a r tz  g r a n u l i t e s .  D ips a re  m o stly  v e r t i c a l .  

Two m assive  l im e s to n e s  a r e  d eve loped  w i th in  th e  s c h i s t .  The more 

n o r th e r ly  o f  th e s e  i s  a  p u re  w h ite  m arb le , w hereas th e  o th e r  i s  g rey  

and s c h i s to s e .  The w h ite  lim e sto n e  has a  sh a rp  c o n ta c t  w ith  r u s ty  

w e a th e r in g , f la g g y  q u a r t z i t e s  w hich c o n ta in  t h i n  bands o f  g r a p h i t ic  

s c h i s t .

The two bands o f  g r a p h i t i c  s c h i s t  d e sc r ib e d  above a re  shown by 

B a ile y  t o  be bounded by a  r e fo ld e d  s l i d e .  However, mapping on Socach 

Mor r e v e a le d  th e  p re se n c e  o f  b la c k  s c h i s t  c o n s id e ra b ly  so u th  o f  t h a t  

shown on B a i le y ’ s map. T h is  a re a  o f  s c h i s t  i s  bounded by th ic k  g r a n i te  

p o rp h y r ie s ,  and r e p r e s e n ts  a  c o n tin u a t io n  o f  th e  b la c k  s c h i s t  seen  in



P la te  l 8a .  P ho tom icrograph  o f  e lo n g a te d  g a rn e t  c r y s t a l  t h a t  
■ h a s  been r o t a t e d  by th e  movements. The q u a r tz  in c lu s io n s  

i n  th e  g a rn e t  a re  c o n tin u o u s  w ith  th e  s c h i s t o s i t y .  Cal
c i t e  h a s  c r y s t a l l i s e d  i n  th e  " p re s s u re  shadows" which were 
p roduced  by th e  r o t a t i o n .  P .P .L . x 1 0 . S l id e  203c.

P la te  l 8b . Photom icrograph  o f  v e in  o f  g a rn e t i n  a  q u a rtz  s c h i s t .  
The g a rn e t  i s  th o u g h t to  have re p la c e d  an o r ig in a l  mica
ceous band s im ila r  to  t h a t  seen  in  p la te  17b. P .P .L . x 
1 0 . S l id e  74c .
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C oire  F h e a rn e a s g . I t  i s  t h e r e f o r e  su g g e s te d  t h a t  th e  dyke ro ck s 

on e i t h e r  s id e  o f  th e  o u tc ro p s  o f  b la c k  s c h i s t  have been  in tru d e d  

a lo n g  norm al f a u l t s  a n d  t h a t  th e  b la c k  s c h i s t  i s  p re s e n t  a s  an 

i n l i e r ,  f a u l t e d  in to  t h e  B l a i r  A th o l l  S e r i e s .

I n  summary, th e  Baddoch B urn s e c t io n  i s  f o r  a  m ajor p a r t  

d ev e lo p ed  i n  a  s e r i e s  o f  c a lc  s c h i s t s  and l im e s to n e s . At i t s  head

w a te rs  th e  q u a r t z i t e  i s  se en  t o  g rade  i n to  th e  Ben Eagach S c h is t  

th ro u g h  a  s e r i e s  o f  p a ssa g e  b e d s . T h is  s c h i s t  does n o t c o n tin u e  

dow nstream  b u t  two f a u l t  bounded o u tc ro p s  a r e  d ev e lo p ed  on Socach 

Mor. No e v id e n ce  f o r  th e  e x is te n c e  o f  th e  K i l l i c r a n k ie  S c h is t  was 

found i n  t h i s  r e g io n .  M oreover, th e  fo rm a tio n s  a s c r ib e d  to  th e  

*Ben Lawers* d i f f e r  i n  no way from  th o se  w hich  B a ile y  p la c e s  i n  th e  

B l a i r  A th o l l  S e r ie s  i n  th e  v i c i n i t y  o f  C lu n ie  Lodge.

( i i )  G len  T a i tn e a c h

T h is  G len  h as  been  t r a v e r s e d  from  Loch nan Eun to  A l l t a u l i c h  

and i s  p a r t i c u l a r l y  w e l l  exposed i n  i t s  u p p e r h a l f ,  w hich  c ro s s e s  

th e  c lo s u r e  o f  th e  C a im w e ll  Synform . The q u a r t z i t e  o f  C am  B h innein  

i s  i n  c o n ta c t  w i th  t h e  B l a i r  A th o l l  S e r ie s  on i t s  n o r th e rn  m arg in .

T h is  ju n c t io n  i s  seen  t o  sw ing in  an  a rc  and i s  exposed in  a  t r i b u t a r y  

to  th e  T a itn e a c h  and i n  th e  r i v e r  i t s e l f .  I n  b o th  c a se s  th e  change 

from  q u a r t z i t e  to  s c h i s t  i s  a b r u p t .  These s c h i s t s  c o n ta in  two th in  

s c h i s to s e  l im e s to n e s , w hich i n  t u r n  a re  fo llo w ed  by f u r th e r  c a lc  

s c h i s t s  and  a  t h i c k  w h ite  m a rb le . T h is  m arble i s  i n  c o n ta c t  w ith  

m assive q u a r t z i t e  to  th e  w e s t ,  b u t in  th e  s tre a m  c a lc  s c h i s t  i s  

dev e lo p ed  a t  th e  q u a r t z i t e  c o n ta c t .  S t r ik e s  i n  t h i s  re g io n  a re
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P la te  1 9 a . P ho tom icrog raph  o f  x e n o b la s t ic  g a rn e t  c r y s t a l  i n  
a  q u a r tz  s c h i s t .  The g a rn e t  grows o u t a lo n g  th e  boun
d a r i e s  o f  th e  q u a r tz  c r y s t a l s  and e v e n tu a l ly  e n c lo se s  
them c o m p le te ly . P .P .L . x  10 . S l id e  119c .

P l a te  19 b . P ho tom icrog raph  o f  an i d i o b l a s t i c  g a rn e t  co m p le te ly  
r e p la c e d  by c h l o r i t e .  The c r y s t a l  h e re  i s  grow ing in  a 
f i n e  g ra in e d  m icaceous m a tr ix .  P .P .L . x 1 0 . S l id e  104c.
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e a s t -w e s t  and d ip s  a r e  m o s tly  v e r t i c a l .  The q u a r t z i t e  i s  h i ^ l y  

s h a t t e r e d ,  b u t  p a s s e s  n o rth w ard s  i n to  b la c k  s c h i s t  a s  d e sc r ib e d  

ab o v e . I n  G len  T a i tn e a c h , t h e  C arn B h in n e in  Q u a r tz i te  i s  fo llo w ed  

by  g re y  lu s t r o u s  s c h i s t  and th e n  by  m assive  w h ite  l im e s to n e , w hich i s  

s e p a ra te d  from  th e  q u a r t z i t e  by a  f e l s i t e  dyke. B oth  th e s e  s e c t io n s  

c u t  a c r o s s  t h e  c o re  o f  t h e  C a im w e ll  Synform , b u t  th e r e  i s  no ev idence  

f o r  a  r e p e t i t i o n  o f  beds a c ro s s  t h i s  f o ld  c lo s u r e .  B oth m argins o f 

th e  q u a r t z i t e  a re  e n t i r e l y  d i f f e r e n t  in  c h a r a c te r ,  b u t a c c o rd in g  

to  B a iley *  s i n t e r p r e t a t i o n ,  th e y  a r e  s e p a ra te d  s t r u c t u r a l l y  by a  v e ry  

s h o r t  d i s t a n c e .  T h ree  s e p a r a te  lim e s to n e  h o r iz o n s  a r e  developed  

b u t  a r e  n o t  r e p e a te d  by  th e  f o ld  c lo s u r e .  I t  may be a rg u ed  t h a t  th e  

n o r th e rn  lim b h as  been  a f f e c t e d  by f a u l t i n g  ( s e e  e v id en ce  o f  dyke 

i n t r u s i o n  and s h a t t e r i n g ) , b u t  th e  s e c t io n  seen  in  a  t r i b u t a r y  h a l f 

way betw een th e  two s e c t io n s  d e s c r ib e d  c u ts  th ro u g h  th e  u n fa u lte d  

c o n ta c t .  H ere f la g g y  q u a r t z i t e  i s  d ev e lo p ed  a t  th e  c o n ta c t  w ith  

th e  g re y  s c h i s t .  T h is  i s  a  r u s t y  w ea th e red  ro c k , s im i la r  to  t h a t  

se en  a t  th e  Q u a r tz i te /B e n  E agach m arg in . I n  t h i s  s e c t io n  th e  w h ite  

l im e s to n e  i s  m is s in g .

The c lo s u r e  shown by B a ile y  to  o ccu r i n  th e  q u a r t z i t e ,  on th e  

w e s te rn  s id e  o f  G len T a itn e a c h , cou ld  n o t  be v e r i f i e d ,  s in c e  t h i s  

ground i s  co v ered  by th ic k  p e a t .  C o n tin u in g  th e  t r a v e r s e  up th e  

G len , th e  C a im w e ll  b e l t  o f  q u a r t z i t e  p a s s e s  in to  a  g roup o f  r u s ty  

q u a r t z i t e s  w ith  t h i n  d a rk  s c h i s t  b an d s, w hich  end a b ru p t ly  a g a in s t  

g rey  s c h i s t s  o f  th e  B l a i r  A th o l l  ty p e .  These c o n tin u e  u n t i l  a  g re y  

lam prophy re , w hich  p re c e d e s  th e  developm ent o f  b la c k  g r a p h i t i c  s c h i s t .



P la te  2 0 a . PhotoraicrographT o f  snow ball g a r n e t . The in c lu s io n  
f a b r i c  shows t h a t  t h i s  g a rn e t  h a s  r o t a t e d  w e ll  o ver 90^ 
and th e  form o f  th e  s p i r a l  s u g g e s ts  t h a t  i t  form ed d u rin g  
d e fo rm a tio n  and r o t a t e d  a t  a  c o n s ta n t  r a t e .  N ic o ls  
c ro s s e d ,  x  1 0 . S l id e  2 l6 c .

P la te  20b . P ho tom icrograph  o f  snow ball g a r n e t .  T h is  c r y s t a l  
h a s  a  p e r f e c t  s p i r a l  a rrangem en t in c lu s io n  f a b r i c  s im i la r  
to  p l a t e  20a ab o v e . P .P .L . x  4 0 . S l id e  224d. ^
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w hich i s  i n  t n r n  fo llo w e d  by a  f u r t h e r  g re y  c a lc  s c h i s t .  The l a t t e r  

ex te n d s  u p s tre am  t o  Loch nan  Eun, The g re y  s c h i s t s  c o n ta in  some 

v e ry  c a lc a r e o u s  r o c k s ,  r i c h  i n  t r e m o l i t e .  Q uartz  s c h i s t s ,  o f  th e  

*honestone* ty p e ,  a r e  a l s o  p r e s e n t  b u t th e  K i l l i c r a n k ie  S c h is t  was 

n o t s e e n . D u rin g  th e  m apping o f  t h i s  r e g io n ,  t r a v e r s e s  were made 

on to  th e  K i l l i c r a n k i e  S c h is t  o f  G las T u la ic h e a n , T h is  was found 

to  be a  q u a r tz  s c h i s t  o f  a  d i s t i n c t i v e  l i t h o l o g y .  I t  c o n ta in e d  

la r g e  l a t h s  o f  p o r p h y ro b la s t ic  b i o t i t e  and  e v e n ly  d i s t r i b u t e d  

a lm and ine  g a r n e t s .  Ko ro c k s  o f  t h i s  ty p e  w ere seen  i n  th e  Glen 

T a itn e a c h  S e c t io n .  The d ip s  m easured in  t h i s  s e c t io n  were a l l  h ig h  

and a l th o u g h  d ip s  i n  b o th  d i r e c t i o n s  were re c o rd e d , th e y  were 

d o m in a n tly  to  th e  s o u th - e a s t .  T here  w ere many exam ples o f  t h i r d  

phase  f o ld s  and th e s e  p lunged  a t  low a n g le s  to  th e  e a s t  and  e a s t -  

n o r t h - e a s t .  Many w ere o v e rtu rn e d  a lm o s t t o  recum bency.

I f  th e  above d e s c r i p t io n  i s  compared w i th  B a i le y ’ s map,
o

s e v e r a l  im p o r ta n t p o in ts  em erge:

a )  T here  i s  no e v id e n ce  o f  th e  c lo s u re  o f  th e  C a im w e ll Sync l i n e .

b )  The sw ing o f  beds a b o u t t h i s  c lo s u r e  was n o t  seen  to  o c c u r .

The n o r th e r n  m arg in  o f  th e  G a irn w e ll Q u a r tz i te  i s  n o t a g a in s t  th e  

Ben E agach  S c h i s t ,  b u t  a  g re y  m ica s c h i s t  o f  th e  B l a i r  A th o ll  ty p e .

c )  The b la c k  s c h i s t  does o ccu r n o r th  o f  th e  q u a r t z i t e ,  b u t i t  

i s  n o t  c o n tin u o u s  t o  the* n o r t h - e a s t ,  and  i t s  r e l a t i o n s h i p  w ith  a  

g re y  lam p ro p h y ric  dyke su g g e s ts  t h a t  i n  t h i s  l o c a l i t y  i t  i s  a  

f a u l t e d  o u t l i e r  s im i l a r  to  t h a t  seen  in  C o ire  F h e a m e a sg .

d ) The p re se n c e  o f  th e  K i l l i c r a n k ie  S c h is t  and th e  Ben law ers  

S c h is t  c o u ld  n o t  be co n firm ed  i n  t h i s  l o c a l i t y .



P la te  2 1 a . P ho tom icrog raph  o f  *S* g a r n e t .  The in c lu s io n  p a t t e r n  
conform s c lo s e ly  to  t h a t  seen  in  f i g .  8a and th e  s p i r a l  
shows a  s l i g h t  a c c e le r a t io n  a f t e r  th e  i n i t i a l  fo rm atio n  
o f  th e  g a r n e t .  N ic o ls  c ro s s e d ,  x  4 0 . S l id e  212c.

P la te  21 b . As above. P .P .L . x  4 0 . S l id e  2 l2 c
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( i i i )  The tw o -s id e d  q u a r t z i t e  h y p o th e s is

The e v id e n ce  g iv e n  so  f a r  does i n  f a c t  co n firm  B a ile y ’ s 

o r ig in a l  s ta te m e n t ,  t h a t  th e  q u a r t z i t e  shows two d i f f e r e n t  c o n ta c ts  

i n  t h i s  a r e a .  However, th e  r e l a t i o n s h i p  o f  th e  q u a r t z i t e  to  th e  

v a r io u s  s c h i s t  h o r iz o n s  i s  n o t a s  w ould be ex p ec ted  i f  B a ile y ’ s 

s t r u c t u r a l  i n t e r p r e t a t i o n  was c o r r e c t .

I n  th e  r e g io n  o f  Loch V ro tac h an , he l in k s  th e  G a irn w e ll 

Q u a r tz i te  t o  t h a t  o f  G am  Aosda by a  t h i n  w ind ing  band o f  q u a r t 

z i t e ,  w h ich  p a s s e s  th ro u g h  a  sm a ll o u t l i e r  a t  th e  w e s te rn  end o f  

th e  Loch, No e v id e n ce  c o u ld  be found  to  su p p o r t th e  e x is te n c e  

o f  t h i s  t h i n  band . The e v id en ce  o f  to p o g rap h y  and lea ch e d  s c re e  

on th e  to p  o f  th e  r i d g e ,  betw een th e s e  two h i l l s ,  s u p p o r ts  a  

d i r e c t  l in k a g e .  T h is  p la c e s  numerous ex p o su res  o f  g re y  s c h i s t  

and b lu e -g r e y  s c h i s t  w ith  q u a r tz  ro d s ,  w hich a re  dev e lo p ed  on th e  

n o r th  sh o re  o f  Loch V ro tac h an , on th e  Ben Eagach s id e  o f  B a i le y ls  

s t r u c t u r e .  T hese s c h i s t s  a r e  undoubted  members o f  th e  B la i r  

A th o l l  S e r i e s .

A b e l t  o f  s t r i p e d  s c h i s t s  w ith  t h i n  q u a r t z i t e s  s t r i k e s  e a s t -  

w est a c r o s s  th e  r id g e  o f  q u a r t z i t e  w hich l in k s  Garn Aosda w ith  

th e  G a irn w e ll .  D ips w i th in  t h i s  b e l t  a r e  to  th e  s o u th , betw een 

45^ and 6 0^ , ’The G a irn w e ll Synform ” , a t  t h i s  l o c a l i t y ,  s t r i k e s  

n o r th - s o u th .  The l i t h o l o g i c a l  s t r i k e  i s ,  how ever, a t  r i g h t  a n g le s  

to  t h i s ,  and  th e  Ben Eagach T r a n s i t io n ,  i . e .  th e  s t r i p e d  ro ck s 

d e s c r ib e d  ab o v e , o u tc ro p s  on th e  ’B l a i r  A th o l l  s i d e ’ o f  th e  q u a r t 

z i t e .  S im i la r  exam ples can  be q u o ted  from  s e v e r a l  l o c a l i t i e s .
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P la te  2 2 a . P ho tom icrog raph  o f  *8* g a r n e t .  P .P .L . x  4 0 . 
S l id e  5 7 c . .

P l a t e  22b . P ho tom icrog raph  o f  ’D’ g a r n e t .  The c e n t r a l  zone in  
t h i s  exam ple i s  s l i g h t l y  cu rv ed  u n l ik e  th e  h y p o th e t ic a l  
c a se  seen  i n  f i g .  9 ,  b u t th e  two s e t s  o f  c u rv e s  i n  opposing  
d i r e c t i o n s  a re  q u i te  c l e a r .  N ic o ls  c ro s s e d , x  4 0 .
S l id e  52x .
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The two f o l d  c o re s  i n  G len C lu n ie , w hich w ere shown on B a ile y ’s 

map by a  q u e s t io n  m ark, w ere found  to  c o n s i s t  o f s t r i p e d  r u s ty  

d a rk  s c h i s t s  and f la g g y  q u a r t z i t e s .  T h is  l i t h o lo g y  i s  a g a in  

c h a r a c t e r i s t i c  o f  t h e  Ben Eagach T r a n s i t io n  g ro u p , and h e re  to o  

th e y  a r e  i n  c o n ta c t  w i th  th e  g re y  B l a i r  A th o ll  S c h i s t .

T here  a r e  two q u a r t z i t e  m arg ins se en  to  be p r e s e n t  in  th e

a re a :

a )  A t r a n s i t i o n  th ro u g h  m assive  q u a r t z i t e ,  f la g g y  q u a r t z i t e ,  

s t r i p e d  q u a r t z i t e  w ith  t h i n  s c h i s t s  to  b la c k  g r a p h i t i c  s c h i s t s .

These m a rg in a l g ro u p s  show a  c h a r a c t e r i s t i c  r u s ty  w e a th e rin g  due to  

th e  o x id a t io n  o f  i r o n  o r e s .

b ) An a b ru p t  c o n ta c t  betw een  m assive  q u a r t z i t e  o r  th e  m arg in a l 

groups d e s c r ib e d  ab o v e , and  v a r io u s  members o f  th e  B la i r  A th o l l  

S e r i e s .

B a i l e y ’ s s ta te m e n t r e g a rd in g  th e  G a irn w e ll Synform , t h a t  

’E veryw here w here e x p o su res  e x i s t ,  th e  q u a r t z i t e  on one s id e  g rad es  

in to  b la c k  o r d a rk  s c h i s t  w i th  i n s i g n i f i c a n t  lim e s to n e  in te r c a l a t io n s  

(Ben E agach  S c h i s t ) ,  w h ile  on th e  o th e r  s id e  i t  i s  q u ic k ly  fo llo w ed  

by in g )o rta n t l im e s to n e s  ( B la i r  A th o l l  S e r i e s ) ’ i s  a  g e n e r a l i s a t io n  

and c a n n o t be s u p p o r te d . S im i la r ly  th e  c o n tin u o u s  n a tu re  o f  th e  

q u a r t z i t e  o u tc ro p  fo rm in g  th e  G a irn w e ll Synform was n o t co n firm ed , 

s in c e  b re a k s  shown i n  t h i s  o u tc ro p  on B arrow ’ s map were found to  be 

s u b s t a n t i a l l y  c o r r e c t .  The most im p o rta n t o f  th e s e ,  th e  c lo s u re  o f  

th e  G a irn w e ll  Synform , h as a l r e a d y  been  d is c u s s e d ,  b u t b reak s  occur 

a t  s e v e r a l  p o i n t s .  These a r e  l i s t e d  below .
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P la te  2 3 a . P ho tom icrog raph  o f  *D* g a r n e t .  T h is  example shows 
a  g a rn e t  w hich h a s  b e e n ^ a f fe c te d  by o n ly  a  sm a ll r o t a t i o n .  
N ic o ls  c ro s s e d ,  x 4 0 . S l id e  31 b .

P la te  23b . P ho tom icrograph  o f  ’S ’ g a rn e t  c u t p a r a l l e l  to  th e  
v e r t i c a l  edge o f  p l a t e  23a ; t h i s  s e c t io n  o f  a  p o rp h y ro b la s t 
shows t h a t  th e  o r i e n t a t i o n  o f  th e  in c lu s io n s  i n  th e  whole 
c r y s t a l  i s  o f  th e  ty p e  t h a t  would be produced  by r o t a t io n  
d u rin g  g row th . N ic o ls  c ro s s e d , x  4 0 . S l id e  31a©
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( a )  A l l t  A u l ic h . H ere th e  q u a r t z i t e  o f C am  B h innein  i s  shown 

by B a ile y  to  sw ing  so u th w ard s in to  th e  C am  P o rp h y ry . T h is o u tc ro p  

i s  drawn th ro u g h  b a d ly  exposed g round , b u t th e  s tream  s e c t io n  

r e v e a ls  th e  p re s e n c e  o f  t h e  Ben E agach T r a n s i t io n ,  a lth o u g h  th e  

m assive q u a r t z i t e  i s  n o t shown. The sw ing i n  s t r i k e  i s  r e a d i ly  

mapped, and  s u b s t a n t i a t e s  b o th  B arrow ’ s and B a i le y ’ s i n t e r p r e t a t i o n  

o f  a  f o l d  c lo s in g  to  th e  n o r th -w e s t  in  t h i s  l o c a l i t y .

(b )  M ea ll O dhar. A gain  a  b re a k  shown by Barrow i s  ig n o red  

by B a i le y ,  i n  s p i t e  o f  good ex posu re  o f  th e  Ben Eagach s t r i k e  

t r a n s i t i o n ,  w hich  e x te n d s  th ro u g h  th e  gap in  th e  q u a r t z i t e  shown

on B arrow ’ s map. T h is  i s  y e t  a n o th e r  exam ple o f  th e  Ben Eagach

ro ck s  o c c u r r in g  w i th in  th e  ’c o r e ’ o f  th e  ’G a irn w e ll Synform ’ .

(c )  The C am  An T u irc  b e l t  o f  q u a r t z i t e . T h is  e x te n d s  so u th 

w est from  Loch Gal l a t e r .  I n  h i s  1928 p a p e r , B a ile y  adm its  t h a t  th e  

gaps i n  th e  q u a r t z i t e ,  shown by B arrow , a r e  th ro u g h  unexposed ground , 

b u t  he m a in ta in s  t h a t  th e  tw o -s id e d  n a tu re  o f  th e  q u a r t z i t e  in  o th e r  

p a r t s  o f  th e  r e g io n  i s  s u f f i c i e n t  j u s t i f i c a t i o n  f o r  jo in in g  th e s e  

o u tc ro p s . On th e  ground no ev id en ce  c o u ld  be found to  su p p o rt

t h i s  v iew . W ea th e rin g  h as r e v e a le d  a  s c re e  o f s t r i p e d  g r a p h i t ic  

s c h i s t  an d  t h i n  q u a r t z i t e ,  b u t no m assive q u a r t z i t e  was se en .

£um m rjr

The p o in ts  o f  e v id en ce  a g a in s t  th e  e x is te n c e  o f  th e  s t r u c tu r e s  

p roposed  by  B a ile y  a r e  a s  fo l lo w s :

a )  The c lo s u r e  o f  th e  ’G a irn w e ll Synform ’ , d e s c r ib e d  in

G len T a i tn e a c h , c an n o t be u p h e ld .



P la te  2 4 a . P ho tom icrog raph  o f  *D’ g a r n e t .  T h is  c r y s t a l  
c lo s e ly  fo llo w s  th e  p a t t e r n .p r e d i c t e d  by th e  s e c t io n  
i n  f i g .  9* .N ic o ls  c ro s s e d , x  4 o . S l id e  3 2 c .

P la te  24 b . P ho tom icrograph  o f  c lo s e -u p  o f  th e  ’D* s t r u c tu r e  
' shown i n  p l a t e  2 4 a . N ic o ls  c ro s s e d . x  7 0 . S l id e  32c .
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b) The s u c c e s s io n  d e s c r ib e d  f o r  th e  Baddoch Burn was found 

to  be p r e s e n t ,  o n ly  i n  p a r t .  T h e re fo re  th e  s l i d e s  drawn in  t h i s  

r e g io n  have no s ig n i f i c a n c e .

c) The q u a r t z i t e  fo rm in g  th e  lim bs o f  t h e  ’ C a im w e ll Synform* 

i s  d is c o n tin u o u s  and Ben E agach ro ck s  o c cu r on b o th  s id e s  o f  i t s  

o u tc ro p .

d) The m arg in  o f  th e  q u a r t z i t e  a g a in s t  th e  B l a i r  A th o ll  

S e r ie s  canno t be t r u l y  s t r a t i g r a p h i c a l  s in c e  d i f f e r e n t  members

o f  t h i s  s e r i e s  a r e  b ro u g h t in to  c o n ta c t  w ith  th e  q u a r t z i t e  th ro u g h 

o u t th e  * synform *.

D. A l t e r n a t iv e  S t r u c tu r a l  I n t e r p r e t a t i o n
«mm# mmm mm mm MM mm mm mm mm mm mm mm «M# mm mm éÊ^m mm mm «mb mm*

As a lr e a d y  i l l u s t r a t e d  th e  c o n ta c t  betw een th e  P e r th s h i r e  

Q u a r tz i te  and th e  B l a i r  A th o l l  S e r ie s  a p p e a rs  to  be t r a n s g r e s s iv e .  

T h is  c o u ld  be e x p la in e d  by movements o c c u r r in g  w i th in  th e  B la i r  

A th o l l  S e r ie s  w h ich  w ere due to  t h e i r  in co m p eten t n a tu r e ,  such  

t h a t  th e  q u a r t z i t e ,  w h ich  i s  a  com peten t ro c k , resp o n d s d i f f e r e n t l y  

to  d e fo rm a tio n  and i t s  c o n ta c t  w ith  th e  B l a i r  A th o l l  S e r ie s  i s  

t h e r e f o r e  no lo n g e r  t r u l y  s t r a t i g r a p h i e .  T h is  p ro c e s s  does o c c u r, 

b u t  w ould n o t  a c c o u n t f o r  m ajo r s t r u c t u r a l  d i f f e r e n c e s  betw een th e  

two g ro u p s . F o r th e  same re a s o n , s l i d e  developm ent canno t be evoked 

to  e x p la in  th e  many s t r u c t u r a l  b re a k s , s in c e  a  s l i d e  by i t s  v e ry  

n a tu re  o f  fo rm a tio n  w ould be s t r u c t u r a l l y  r e l a t e d  t o  b o th  g ro u p s. 

C o n ta c ts  d e s c r ib e d  above a r e ,  on th e  w hole, c o n c o rd a n t, b u t th e re  

a re  many c l e a r  exanq>les o f  s t ro n g  s t r u c t u r a l  d is c o rd a n c e s .



P la te  2 5 a . P ho tom icrograph  o f  *D* g a rn e t .  P .P .L . x  4 0 . 
S l id e  5 2 c .

P la te  25b . P ho tom icrograph  o f  *S* g a rn e t .  T h is  s e c t io n  i s  
c u t p a r a l l e l  to  th e  v e r t i c a l  edge o f  P la te  25a .
P .P .L . X 4 0 . S l id e  52y .
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( i )  C am  B h in n e in

T h is  h i l l  i s  capped by m assive  q u a r t z i t e  w hich d ip s  to  th e  so u th 

e a s t .  On i t s  lo w er s lo p e s  two m assive  s c h is to s e  lim e sto n es  a re  

exposed . They a re  s t r i k i n g  e a s t - w e s t ,  w ith  h ig h  d ip s  to  th e  n o r th  

and s o u th ,  and a re  in v o lv e d  i n  f o ld s  w ith  v e r t i c a l  a x i a l  p la n e s .

These ro c k s  s t r i k e  in to  th e  q u a r t z i t e  on i t s  w e s te rn  s id e  to  emerge 

on th e  e a s t e r n  s id e  o f  th e  h i l l .  The m arg in  o f  th e  q u a r t z i t e  s t r i k e s  

a c ro s s  th e  l im e s to n e s  a t  r i ^ t  a n g le s .

( i i )  An Socach

A t th e  n o r th - e a s t e r n  end o f  t h i s  q u a r t z i t e  r id g e  th e  s t r i k e  

i s  a lm o s t n o r th - s o u th .  A t a  low er to p o g ra p h ic a l  l e v e l  th ic k  lim e

s to n e s  and q u a r tz  g r a n u l i t e s  t r e n d  d i r e c t l y  so u th -w e s t in to  th e  

q u a r t z i t e .

( i i i )  A l t  a  C h o ire  D ho ir

I n  t h i s  s e c t io n  t h ic k  lim e s to n e s  a r e  seen  in te rb e d d e d  w ith  

lu s t r o u s  g re y  s c h i s t ,  and  a g a in  th e  l im e s to n e s  d is a p p e a r  below 

th e  q u a r t z i t e  on th e  n o r th e rn  banks o f  t h i s  G len . The s t r i k in g  

f e a tu r e  o f  t h i s  Q u a r tz i t e /B la i r  A th o l l  ju n c t io n  i s  t h a t  in  s p i t e  

o f  th e  h ig h  d ip s  shown in  b o th  g ro u p s , th e  ju n c t io n  i s  a lm o st 

h o r i z o n ta l  and  i s  seen  to  *V* u p stream  showing t h a t  i t  i s  d ip p in g  

s l i g h t l y  to  th e  n o r th -w e s t .

T hese exam ples a r e  th e  more obvious ones seen  on th e  map, 

b u t th e  d is c o r d a n t  n a tu re  o f  th e  q u a r t z i t e  ju n c t io n  w ith  th e  

B la i r  A th o l l  S e r ie s  can be d em o n stra ted  in  many more l o c a l i t i e s



P la te  26a .  P ho tom icrog raph  o f  g a rn e t  showing a  p a r t i a l  *D* 
a rran g em en t o f  i n c l u s i o n s .  The s e c t io n  in  t h i s  example 
h a s  o n ly  p a sse d  th ro u g h  one o f  th e  two * fo ld s*  c o n ta in e d  
w ith in  th e  g a r n e t . N ic o ls  c ro s s e d ,  x  4 0 . S l id e  90c .

P la te  26b . As above. P .P .L . x  4 0 . S l id e  9 0 c .
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on th e  g ro u n d . The exam ples d e s c r ib e d  above were chosen  because 

th e y  a r e  c l e a r l y  u n fa u l te d  c o n ta c ts  and  i t  can  be dem onstra ted  

t h a t  th e  q u a r t z i t e  boundary  i s  n o t o n ly  d is c o rd a n t  w ith  th e  ro ck s  

below i t ,  b u t  h as a  low a n g le  o f  d i p .  T h is  i s  c o n s i s te n t  w ith  th e  

r e l a t i o n s h i p s  t h a t  w ould be e x p ec ted  i f  th e  a re a  was a f f e c te d  by 

low a n g le  t h r u s t s ,  and on th e s e  g rounds i t  i s  su g g ested  t h a t  th e  

q u a r t z i t e s  and a s s o c ia te d  Ben E agach S e r ie s  a re  s e p a ra te d  from  th e  

B l a i r  A th o l l  ro c k s  by  a  m ajo r t h r u s t .

E . The Age o f  th e  T h ru s t in g  

I t  c an  be seen  i n  th e  f i e l d  t h a t  th e  t h r u s t  i s  a lm o st h o r i 

z o n ta l ,  and h as  n o t  b een  a f f e c t e d  by an y  o f  th e  th r e e  main f o ld in g  

e p is o d e s .  I n  f a c t  no t h i r d  phase  s t r u c tu r e s  can  be t r a c e d  a c ro s s  

th e  t h r u s t .  T h e re fo re  th e  t h r u s t i n g  o c c u rre d  a f t e r  th e  main 

f o ld in g .  The Ben Eagach S c h is t  and P e r th s h i r e  Q u a r tz i te  a r e  n o t 

in v o lv e d  i n  t i g h t  f o ld s  w i th  th e  B l a i r  A th o l l  S e r ie s  and such  

f o ld s  te r m in a te  a t  th e  t h r u s t  boundary . A t th e  D e v i l ’ s Elbow, 

th e  sw ing o f  s t r i k e ,  w hich  h as  been  a t t r i b u t e d  to  s i n i s t r a l  move

m ents a s s o c ia t e d  w ith  t r a n s c u r r e n t  f a u l t i n g ,  a f f e c t s  th e  ro ck s  on 

e i t h e r  s id e  o f  th e  t h r u s t .  Thus t h r u s t i n g  o c c u rre d  p re  th e  s i n i s t r a l  

movement. I n  G len  T a itn e a c h  th e  t h r u s t  boundary  i s  c l e a r l y  exposed . 

The B l a i r  A th o l l  Q u a r tz i te  c o n ta c t  i s  g e n t ly  fo ld e d  and th e  q u a r t z i t e  

above th e  c o n ta c t  i s  ac fe c te d  by a  s t r o n g ly  p e n e t r a t iv e  ro d d in g  t h a t  

d e s tro y s  a l l  t r a c e  o f  e a r l i e r  s t r u c t u r e s .  T h is  l i n e a t i o n  d ip s  

tow ards 130^ and i s  a  l i n e a t i o n  in  *a*, s im i la r  to  t h a t  seen  in  

th e  Moine Rocks above th e  Moine T h ru s t o f  n o r th -w e s t  S c o tla n d . T h is



P la te  27a .  P ho tom icrograph  o f  *D* & *S* s e c t io n .  I t  i s  th o u g h t 
t h a t  t h i s  g a rn e t  shows a  t r a n s i t i o n  from th e  *S* to  th e  
*D* s e c t i o n .  The *D* seems to  be developed  i n  th e  upper 
h a l f  o f  th e  c r y s t a l .  P .P .L . x  4 0 . S l id e  212d.

P la te  27b . P ho tom icrog raph  o f  s t a t i c  g a rn e t  overgrow ing 
m ic ro fo ld s .  N ic o ls  c ro s s e d , x  4 0 . S l id e  224d.



42

i n d ic a te s  t e c to n i c  t r a n s p o r t  from  th e  s o u th - e a s t ,  w hich i s  th e  

same a s  t h a t  re c o rd e d  f o r  th e  f o l d s .  I t  i s  t h e r e f o r e  p ro b ab le  

t h a t  th e  two p e r io d s  w ere p roduced  by th e  same s t r e s s e s  and t h a t  

t h r u s t i n g  fo llo w e d  c lo s e  on F ^ .

F . The Form o f th e  T h ru s t P lan e

D u rin g  th e  f i e l d  m apping i t  became a p p a re n t  t h a t  a lth o u g h  th e  

t h r u s t  was p o s t  th e  t h i r d  m ajor f o ld in g  e p is o d e , i t  has i t s e l f  a  

fo ld e d  fo rm . An a tte m p t was made to  d e te rm in e  th e  s t y l e  and 

o r i e n t a t i o n  o f  th e s e  f o ld s  by p l o t t i n g  th e  t h r u s t  c o n ta c t  on to  a  

2^ in c h  c o n to u re d  map and c o n s t r u c t in g  ap p ro x im ate  s t r i k e  l i n e s .

The r e s u l t s  o f  t h i s  l i n e  o f  r e s e a r c h  a re  shown on Map 5* A lthough

th e  f o ld in g  i s  r e l a t i v e l y  s im p le , i t  was n o t  p o s s ib le  to  com plete

th e  form  o f  th e  t h r u s t  f o r  th e  whole a r e a ,  b u t enough s t r i k e  l in e s  

cou ld  be draw n to  in d ic a te  t h a t  th e r e  i s  l i t t l e  r e g u l a r i t y  in  th e  

o r i e n t a t i o n  o f  th e  f o ld  a x e s .  Many o f  th e  c o n ta c ts  o f  th e  Q uart

z i t e  w ith  th e  B l a i r  A th o l l  S e r ie s  a re  a f f e c te d  by norm al f a u l t s ,  

b u t i n  u n f u l te d  c o n ta c ts  com p le te  fo ld s  c o u ld  be d e te rm in e d . The 

G a irn w e ll B e l t  o f  q u a r t z i t e  and a s s o c ia te d  Ben Eagach ro ck s  s t r i k e

e a s t - w e s t .  T h is  i s  r e l a t e d  to  a  s e r i e s  o f  e a s t -w e s t  t re n d in g  fo ld s

a t  th e  b ase  o f  th e  t h r u s t .  These f o ld s  a r e  e x tre m e ly  open, w ith

no ev id en ce  o f  o v e r tu rn in g .  D ips on th e  lim bs a re  in  th e  o rd e r

o f  15^ to  2 0 ^ . The t h r u s t  c o n to u rs  a t  th e  base  o f  th e  C a im w e ll 

throw f u r t h e r  l i g h t  on th e  e f f e c t s  o f  th e  s i n i s t r a l  movements 

w hich o c c u rre d  a f t e r  th e  t h r u s t i n g .  On th e  n o r th e rn  s id e  o f  t h i s  

h i l l  th e  t h r u s t  d ip s  a p p ro x im a te ly  s o u th - e a s t ,  and th e  s t r i k e  l in e s



%

P la te  28a .  P ho tom icrog raph  o f  s t a t i c  g a rn e t  overgrow ing 
m ic ro fo ld s .  .N ic o ls  c ro s s e d , x  4 0 . S l id e  2 0 c .

$

P la te  28b . P ho tom icrograph  o f  g a rn e t  overgrow ing m ic ro fo ld s  
P .P .L . 'X  2 5 . S l id e  2 l8 c .
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range  from  24OO* up to  27OO*, w hereas on th e  so u th e rn  s id e  o f  th e  

C a im w e ll th e  t r u e  d ip  i s  to  th e  n o r th -w e s t  and th e  s t r i k e  l in e s  

range  from  2250* down t o  2000*. T h is  a p p a re n t  anom aly can be ex

p la in e d  by th e  r e f o ld in g  o f  a  p r e v io u s ly  e a s t-w e s t  tre n d in g  sy n c lin e  

ab o u t an  a x is  t h a t  p lu n g es  s t e e p ly  to  th e  so u th -w e s t . Such an  

a x is  was d e s c r ib e d  u n d e r  th e  e v id e n ce  f o r  s i n i s t r a l  movements. The 

e f f e c t  o f  th e  r e f o l d i n g  i s  t o  t i l t  th e  lim bs o f  th e  o r ig in a l  open 

s y n c lin e  i n  o p p o s ite  d i r e c t i o n s .  The h ig h  p lunge  o f  t h i s  secondary  

fo ld  a x is  e x p la in s  th e  d i f f e r e n c e  i n  th e  n u m e ric a l v a lu e s  o f th e  

s t r i k e  l i n e s  e i t h e r  s id e  o f  th e  C a im w e ll .  T h is  i s  f u r t h e r  ev idence  

co n firm in g  th e  p r e - t r a n s c u r r e n t  f a u l t i n g  age o f  th e  t h r u s t .  N o rth  

o f th e  G a irn w e ll  B e l t ,  th e  p i c t u r e  i s  g r e a t ly  co m p lica te d  by 

f a u l t i n g ,  b u t  th e  s t r i k e  l in e s  draw n on C am  C h rio n a id h  a r e  s t i l l  

e a s t - w e s t .  On C am  Dubh, a  f o ld  can be d e te rm in ed  t h a t  has no 

d e f i n i t e  a x is  o f  e lo n g a t io n .  T h is  dome in d ic a te s  t h a t  th e  fo ld s  

may n o t be s t r i c t l y  d ia s t r o p h ic  and i t  i s  p ro b ab le  t h a t  th e y  a re  

to  some e x te n t  c o n t r o l le d  by  th e  ro c k s  b e n e a th  th e  t h r u s t ,  a s  w e ll 

a s  th e  p r e s s u r e s  t h a t  w ere g e n e ra t in g  i t .  I n  th e  G len  C lun ie  

Lodge r e g io n  B l a i r  A th o l l  S c h is t s 'a n d  P e r th s h i r e  Q u a r tz i te  a re  

exposed i n  a  window below th e  t h r u s t  B l a i r  A th o l l  ro c k s .  The 

b o u n d a rie s  o f  t h i s  window a re  to  some e x te n t  m o d ified  by l a t e r  

f a u l t i n g ,  b u t  th e  n o r th e rn  and so u th e rn  m argins show th e  Morrone 

Nappe Q u a r tz i te  t h r u s t  a c r o s s  th e  B l a i r  A th o l l  ro c k s  on to  th e  

q u a r t z i t e  o f  a  low er n ap p e . T h is  q u a r t z i t e  h as a c te d  a s  a  r e s i s t a n t  

r id g e  c a u s in g  th e  developm ent o f  a  m ajor a n t i c l i n e  t r e n d in g  n o r th -  

so u th  i n  th e  t h r u s t  p la n e .  T h is  f o ld  h a s  l a t e r  been  eroded  to
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P la te  2 9 a . P ho tom icrog raph  o f  g a rn e t  w ith  f in e  g ;rained  in c lu s io n  
f a b r i c .  P .P .L . x 25* S l id e  l8 4 c .

P la te  29b . P ho tom icrograph  o f  zoned g a rn e t .  P .P .L . x 4 0 . 
S l id e  110c .
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expose th e  Lower N appe.

G.__ TW M^or ^tru£tum l_UM jts

The e f f e c t  o f  th e  t h r u s t i n g  e p iso d e  h as  been  to  d iv id e  th e  

a r e a  i n to  t h r e e  s t r u c t u r a l  l e v e l s :

( i )  The M orrone Nappe

( i i )  The B l a i r  A th o l l  T h ru s t Zone

( i i i )  The Lower Nappe

( i )  The M orrone Nappe

The M orrone Nappe c o n ç r is e s  a l l  th e  ro c k s , w hich i n  t h i s  

r e g io n  l i e  s t r u c t u r a l l y  above th e  B l a i r  A th o l l  S e r i e s .  They a r e  

h e re  d e s c r ib e d  i n  two g roups to  f a c i l i t a t e  th e  u n d e rs ta n d in g  o f  

t h e i r  o v e r a l l  s t r u c t u r a l  r e l a t i o n s h i p s .

(a )  The K lip p e  R ocks. These a re  frag m e n ts  o f  th e  o r ig in a l  nappe, 

w hich a r e  now s e p a ra te d  from  th e  m ain s t r u c tu r e  by  e ro s io n .  They 

a l l  o ccu r n o r th  and  w est o f  th e  Ben E agach T r a n s i t io n  o u tc ro p , 

w hich s t r i k e s  so u th -w e s t from  Loch C a H a te r .  Cam  B h in n e in  i s  n o t 

in c lu d e d  a s  i t  i s  l in k e d  d i r e c t l y  to  th e  Ben Eagach T r a n s i t io n  o f 

th e  Loch C a l l a t e r  r e g io n .  I n  each  o f th e  k l ip p e  th e  P e r th s h i r e  

Q u a r tz i te  o u tc ro p s  on th e  sum m its o f  th e  h i l l s  and g rad és  in to  th e  

Ben E agach S c h is t  be low . T h is  s c h i s t  d ip s  b e n e a th  th e  q u a r t z i t e  

i n  th e  Tay o rd e r  o f s u c c e s s io n , w hich a c c o rd in g  to  B ailey*  s s t r a t i 

g raphy  i s  an  in v e r s io n .  T h is  in v e r s io n  i s  o f  r e g io n a l  e x te n t  and 

i s  p r e s e n t  i n  th e  o u tc ro p s  o f  th e  Morrone Nappe to  th e  n o r th  and 

n o r th -w e s t  o f  th e  a r e a  mapped (B .C . K ing , p e rs o n a l  com m unication).

T h is  in v e r te d  s u c c e s s io n  h as been  fo ld e d  by th e  c ro s s f o ld  and th e
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P la te  3 0 a . P ho tom icrog raph  o f  r o t a t e d  g a r n e t s .  Q u artz  h as  
c r y s t a l l i s e d  i n  th e  ’p re s s u re  shadow s*• The g a rn e t  i s  
l a r g e ly  r e p la c e d  by c h l o r i t e .  P .P .L . x 1 0 . S l id e  24c .

P la te  30b . P ho tom icrog raph  o f  r o t a t e d  l i n e a r  g a rn e t .  The in 
c lu s io n  f a b r i c  i s  c o n tin u o u s  w ith  th e  s c h i s t o s i t y  and f r e s h  
q u a r tz  h a s  c r y s t a l l i s e d  i n  th e  p re s s u re  shadow s. Compare 
w ith  p l a t e  17b . P .P .L . x  1 0 . S l id e  330c.
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c a le d o n o id  m ovem ents, show ing t h a t  th e  in v e r s io n  o c c u rre d  d u r in g  

th e  p rim a ry  f o ld in g .  The k l ip p e  ro ck s  form  a  p a r t  o f  th e  upper 

in v e r te d  lim h o f  a  p rim a ry  s y n c l in e .  The c lo s u re  o f  t h i s  f o ld  Eind 

i t s  a x i a l  t r a c e  c a n n o t be d e te rm in e d  i n  t h i s  a re a  b u t  th e  th ic k e n in g  

o f  th e  q u a r t z i t e  i n  th e  h i l l  M orrone, j u s t  so u th  o f Braem ar, co u ld  

r e p r e s e n t  th e  h in g e . N o r th - e a s t  o f  t h i s  h i l l ,  th e  q u a r t z i t e  i s  

seen  to  p a ss  con fo rm ab ly  downwards th ro u g h  a  t r a n s i t i o n  group to  

th e  B l a i r  A th o l l  S e r i e s .  T h is  u n in v e r te d  sequence i s  th e  low er 

lim b o f  th e  f o l d  w hich can  be t r a c e d  in to  th e  q u a r t z i t e  o f M orrone, 

where i t  i s  te rm in a te d  a g a in s t  th e  t h r u s t .  The so u th e rn  m argin  o f 

th e  M orrone Q u a r tz i te  sw ings i n  an  a p p a re n t  c lo s u re  a t  i t s  boundary 

w ith  th e  b la c k  s c h i s t .  T h is  c lo s u re  a p p e a rs  to  p lunge  tow ards 

th e  n o r t h - e a s t  (B .C . K ing, p e rs o n a l  com m unication).

W ith in  th e  k l ip p e ,  seco n d a ry  f o ld s  have p re s e rv e d  th e  Ben 

Eagach T r a n s i t io n  and th e  Ben E agach S c h i s t .  I n  G len  C lu n ie  two 

a n t i fo rm s , w i th  c a le d o n o id  a x e s , a r e  developed  w outh^w est o f 

C am  Dubh. T hese f o ld s  p lunge s te e p ly  to  th e  so u th -w e s t and have 

s te e p  d ip s  on b o th  l im b s . T h e ir  a x i a l  p la n e s  ap p ea r to  be v e r t i c a l .  

On C reag  a  C h o ire  D h ir ic h , a  lo n g  r id g e  topped  by  g r a n i te  p o rp h y ry , 

a  f o ld  c o re  o f  Ben Eagach T r a n s i t io n  i s  seen  s t r i k i n g  e a s t - w e s t .

T h is  i s  a p p ro x im a te ly  h a l f  way a lo n g  th e  r i d g e .  At i t s  n o r th e rn  

end a  s i m i l a r  s t r u c tu r e  i s  te rm in a te d  by  a  norm al f a u l t .  A gain 

th e  f o l d  c o re  i s  w i th in  th e  s t r i p e d  t r a n s i t i o n .  T h is  i s  p ro b ab ly  

a  c o n t in u a t io n  o f  th e  f o ld  seen  to  th e  so u th -w e s t . B oth  s t r u c tu r e s  

a r e  f a i r l y  open . D ips on e i t h e r  lim b v a ry  betw een 45° and 50^ .
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P la te  3 1 a . P ho tom icrog raph  o f  g a rn e t  r o t a t e d  by s t r a i n - s l i p  
c le a v a g e . P .P fL . x  1 0 . S l id e  121c.

P la te  31b . P ho tom icrograph  o f  r o l l e d  g a r n e t s .  The g a rn e ts  in  
t h i s  s c h i s t  a re  a l l  n e a r ly  s p h e r ic a l  and show th e  develop
ment o f  q u a r tz  in  th e  ’p re s s u re  shadows* . P .P .L . x 10 . 
S l id e  342c .
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The Ben E agach S c h is t  a p p e a rs  to  have been  developed  in  a  

N .E .-S .W . t r e n d in g  zone, w hich o c cu rs  above th e  t h r u s t  a lo n g  th e  

Baddocli B urn . The a r e a  j u s t  s o u th  o f G len C lu n ie  shows a  fragm ent 

o f t h i s  b e l t  sw in g in g  i n  an a r c  a t  i t s  c o n ta c t  w ith  th e  q u a r t z i t e .  

T h is  i n d ic a t e s  a  low d ip  to  th e  s o u th - e a s t  and i s  p o s s ib ly  r e l a t e d  

to  th e  d ip  o f  th e  p r i ma ry  s t r u c t u r e .  F u r th e r  up th e  Baddoch, 

b lo ck s  o f  b la c k  s c h i s t  a r e  d o w n fau lted  in to  th e  B l a i r  A th o ll  

S e r i e s ,  b u t  on th e  w e s te rn  banks o f  th e  G len  f u r t h e r  f a u l t i n g  h id e s  

th e  o r i g i n a l  s c h i s t  q u a r t z i t e  c o n ta c t .  A t th e  h eadw aters  o f  th e  

Baddoch Burn th e  c u rv e  o f  th e  Ben E agach S c h is t /Q u a r tz i t e  c o n ta c t  

a g a in  i n d ic a t e s  a  s o u th e r ly  d ip .  T h is  su g g e s ts  t h a t  th e  whole 

o f  th e  u p p e r  lim b o f  th e  M orrone Nappe i s  d ip p in g  to  th e  so u th 

e a s t ,  a lth o u g h  i n  p la c e s  i t  h as  been  m o d ified  by l a t e r  f o ld in g .

(b ) The C am  a n  T u irc  B e l t . T h is  a re a  form s a  co n tin u o u s 

o u tc ro p  s t r e t c h i n g  from  Loch C a l l a t e r  so u th -w estw ard s to  M eall 

O dhar, v i a  G len  Shee n o rth -w es tw ard s  to  C am  B h in n e in . The 

so u th e rn  p a r t  o f  t h i s  b e l t  o c cu rs  o u ts id e  th e  a re a  mapped.

The S t r ip e d  T r a n s i t io n  S e r ie s  h e re  shows i t s  g r e a t e s t  deve lop 

m ent, r e p la c in g  much o f  th e  norm al b la c k  s c h i s t .  The b la c k  s c h i s t  

does o c c u r  i n  i s o l a t e d  p o c k e ts  w hich may r e p r e s e n t  f o ld  c lo s u re s ,  

b u t t h i s  i n t e r p r e t a t i o n  can n o t be p roved , because  o f  poor exposure  

co up led  w ith  th e  r a p id  changes i n  l i t h o lo g y  seen  in  t h i s  s e r i e s .

D ips a re  g e n e r a l ly  h ig h  and to  th e  so u th -w e s t. The d isc o n tin u o u s  

n a tu re  o f  th e  P e r th s h i r e  Q u a r tz i te  was n o ted  by B a ile y , who ex

p la in e d  i t  a s  b e in g  a  r e s u l t  o f  poor e ^ o s u r e .  I t  i s  more 

p ro b a b le  t h a t  t h i s  s t r a i g h t  ju n c t io n  i s  a  r e s u l t  o f norm al



P la te  3 2 a . P ho tom icrog raph  o f  g a rn e t  w ith  f in e  g ra in e d  in c lu s io n  
f a b r i c .  T h is  c r y s t a l  i s  b e in g  r e p la c e d  by b i o t i t e  and 
m u sc o v ite . P .P .L . x  4 0 . S l id e  344c.
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P la te  32b . P ho tom icrograph  o f  g a rn e t  l a r g e ly  re p la c e d  by 
b i o t i t e  and m u sc o v ite . P .P .L . x  4 0 . S l id e  193c#
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f a u l t i n g ,  s in c e  i t  i s  p a r a l l e l  to  th e  many ca led o n o id  t re n d in g  

f a u l t s  se e n  i n  t h i s  r e g io n .  The change o f  s t r i k e  from  C am  an  

T u irc  (N .E .-S .W .) to  M eall Odhar ( N .- S . ) ,  m ust be r e l a t e d  to  a  

m ajor s y n c l in a l  w arp . B a ile y  c o n tin u e s  t h i s  sw ing o f  s t r i k e  

sou thw ards on to  s h e e t  56 , and e v e n tu a l ly  r e jo in s  s h e e t  65 in  

th e  p r e s e n t  a r e a  o f  s tu d y  a t  C am  B h in n e in . The r e s u l t s  o f  th e  

p r e s e n t  r e s e a r c h  show t h a t  th e  q u a r t z i t e  o f  C am  B h in n e in  does 

n o t e x te n d  sou thw ards a s  shown by  B a ile y ,  b u t th e  sw ing o f s t r i k e  

i s  seen  to  be p r e s e n t  i n  th e  Ben E agach ro c k s .  The s t r i k e s  sw ing 

in  a  f o l d  c lo s u r e  w hich h a s  i t s  c o re  to  th e  s o u th - e a s t .  T h is  

a p p e a rs  to  be a  p a r a s i t i c  fo ld  on th e  lim b o f  a  m ajor c ro s s  

f l e x u r e .  I t  i s  s i g n i f i c a n t  t h a t  th e  c lo s u re  o f  t h i s  m ajor f o ld ,  

shown by B a ile y  to  o c cu r in  Glen S hee , i s  n o t t ru n c a te d  by th e  

t h r u s t  m ovem ents. T h is  c o u ld  in d ic a te  t h a t  th e  t h r u s t  le a v e s  th e  

Q u a r tz i t e /B la i r  A th o l l  j u n c t io n  to  th e  so u th  o f  th e  re g io n  mapped, 

and t h a t  th e  Q u a r t z i t e /B la i r  A th o l l  c o n ta c t  i n  G len Shee may n o t 

be t h r u s t .  T h is  c lo s u re  i s  com plem entary to  t h a t  d e sc r ib e d  in  

th e  C am  an  T u irc  r e g io n .

(c )  The r e l a t i o n s h i p  o f  th e  K lippe  Rocks to  th e  C am  an  T u irc  B e l t . 

The prob lem  o f  c o r r e l a t i o n  betw een th e s e  two g roups a r i s e s  because  

th e y  a r e  n e v e r  i n  c o n ta c t .  The d ip s  in  b o th  groups a re  f a i r l y  

h ig h , b u t th e  d i s p o s i t i o n  o f  th e  o u tc ro p  su g g e s ts  t h a t  th e  sed im en ts 

a r e  a r ra n g e d  i n  s h e e ts  d ip p in g  to  th e  s o u th - e a s t .  I n  th e  k lip p e  

ro c k s  th e  s h e e ts  have a  low d ip ,  i n  c o n t r a s t  w ith  th e  C am  an  T u irc  

B e lt  where th e  d ip s  a r e  h ig h .  T here  i s  no doubt a s  to  th e  in v e r s io n



P la te  33a» G am et c o m p le te ly  r e p la c e d  by b i o t i t e  and m u sco v ite . 
The o r i g i n a l  f a b r i c  o f  q u a r tz  in c lu s io n s  i s  s t i l l  p re s e n t  
i n  th e  m ic a s . P .P .L . x  4 0 . S l id e  344c.

P la te  33h . P ho tom icrog raph  o f  g a m e t  w ith  f in e  g ra in e d  in c lu s io n  
f a b r i c .  The m arg ins o f  t h i s  c r y s t a l  have been re p la c e d  
by m usco v ite  b u t th e  sm a ll q u a r tz  in c lu s io n s  rem ain  p reserved( 
P .P .L . X 53- S l id e  195c.
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o f  th e  k l ip p e  ro c k s ,  b u t  i n  th e  C am  an T u iro  B e lt  th e  p o s i t io n  

i s  n o t  so  c l e a r .  Prom th e  h ig h la n d  b o rd e r ,  d ip s  become f l a t t e r  

i n  a  r e g io n a l  in v e rs io n ^  w hich  s te e p e n s  a s  th e  low er D a lra d ia n  

S e r ie s  i s  a p p ro a c h e d . T h is  h a s  been  re c o g n ise d  by s e v e ra l  w orkers 

(B a ile y , S h a c k le to n  e t c . )  a s  p a r t  o f  th e  in v e r te d  lim b o f  a  

recum bent s y n c l in e ,  ‘The Ben L ui P o ld * . The c lo s u re  o f  t h i s  

f o ld  does o c cu r a t  th e  s u r f a c e  i n  th e  so u th -w e s t h ig h la n d s . H ast 

shows i t  below  th e  ro c k s  o f  th e  S c h ic h a l l io n  a re a  ( 1965) ,  and 

su g g e s ts  t h a t  i t  e x te n d s  n o r th -e a s tw a rd s  b e n e a th  G len  S hee . I t  

may i n  f a c t  o ccu r a t  th e  s u r f a c e  i n  th e  Braem ar re g io n , i n  th e  

h i l l  M orrone. I t  i s  p o s s ib le  t h a t  th e  M orrone Nappe r e p r e s e n ts  

p a r t  o f  th e  c lo s u r e  o f  th e  Ben L ui P o ld . A d i f f i c u l t y  i s  en

c o u n te re d  when th e  r e l a t i o n s h i p  o f  th e  C am  an  T u irc  ro c k s  to  

t h i s  s t r u c tu r e  i s  c o n s id e re d . T hese ro c k s  c o u ld  be d i r e c t l y  

c o r r e l a t e d  w i th  th e  k l ip p e  ro c k s , th e r e f o r e  fo rm ing  a  p a r t  o f  

th e  u p p e r lim b o f  th e  Ben L u i P o ld , o r  th e y  co u ld  r e p r e s e n t  p a r t  

o f  th e  low er lim b o f  t h i s  s t r u c t u r e .  The h d ^ e  o f  Morrone in  t h i s  

c a se  w ould th e n  c o n s t i t u t e  a  frag m en t o f  th e  m ain c lo s u re  w hich 

was d ev e lo p ed  i n  th e  b ro ad  expanse o f  Ben Eagach and Ben Lawers 

S c h i s t s ,  o c c u r r in g  so u th  o f  th e  a r e a  mapped. T hese two a l t e r n a t iv e s  

a r e  shown d ia g ra m m a tic a lly  i n  f ig u r e  5* B oth  th e s e  h y p o th eses  

r e q u i r e  c e r t a i n  c o n d i t io n s :

I .  The ro c k s  o f  C am  an  T u irc  e q u a l th e  k l ip p e  ro ck s  which a re  

e q u a l to  th e  u p p er lim b o f  th e  Ben L ui P o ld .

( i )  T here  i s  one t h r u s t  s e p a r a t in g  th e  co re  ro ck s  and th e  

up p er lim b from  an  envelope  o f  B l a i r  A th o l l .



m .1/

P la te  3 4 a . P ho tom icrog raph  6 f  g a rn e ts  r e p la c e d  by c h lo r i t e  
P .P .L . X 1 0 . S l id e  232c .

P la te  34b . P ho tom icrograph  o f  »S* g a rn e t  re p la c e d  by c h lo r i t e  
A lthough  th e  g a rn e t  i s  c o m p le te ly  r e p la c e d  th e  in c lu s io n  
f a b r i c  i s  p re s e rv e d . P .P .L . x 4 0 . S l id e  337»
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( i i )  The low er lim b i s  n e v e r  se en  and  a  t h r u s t  movement o f  

s e v e r a l  m ile s  c a u se s  i t  t o  be h id d e n  b e n e a th  th e  re g io n , so u th  

o f  G len  S h ee .

( i i i )  A r a p id  change i n  d ip  m ust o c cu r from  th e  k l ip p e  ro ck s  

to  th e  C am  an T u irc  ro c k s ,  a l lo w in g  th e  p r e s e r v a t io n  o f  th e  

s t r i p e d  Ben E agach T r a n s i t io n ,

( iv )  The b re a k  betw een  th e  k l ip p e  ro c k s  and th e  C am  an 

T u irc  i s  o f  no m ajo r s t r u c t u r a l  s i g n i f ic a n c e .

I I .  The k l ip p e  ro c k s  e q u a l th e  u p p e r lim b o f  th e  Ben L ui F o ld  and

C am  a n  T u irc  i s  a  p a r t  o f  th e  low er lim b ,

( i )  T here  i s  a  t h r u s t  dev e lo p ed  a t  th e  b a se  o f  each  g ro u p ,

( i i )  The h in g e  o f  th e  Ben L ui F o ld  o c cu rs  i n  th e  G las Maol 

r e g io n .

( i i i )  The M orrone Nappe c o re  o r ig in a te s  from  t h i s  h inge  

r e g io n ,

( iv )  The b re a k  betw een th e  k l ip p e  ro ck s  and th e  Morrone Nappe 

se d im e n ts  to  th e  so u th  i s  due to  th e  i n t e r s e c t i o n  o f two th r u s t  

p la n e s  and i s  o f  m ajor s t r u c t u r a l  s ig n i f i c a n c e .

I  ( i )  The p re se n c e  o f  a  t h r u s t  a t  th e  b a se  o f a l l  th e  ro ck s  fo rm ing  

th e  M orrone Nappe h as  a l r e a d y  been  d e m o n s tra te d . The s tro n g  

d is c o rd a n c y  seen  a t  C am  B h in n e in  le a v e s  no doubt t h a t  th e s e  

ro ck s  have a  t h r u s t  r e l a t i o n s h i p  w ith  th e  B la i r  A th o l l ,  s im i la r  

to  t h a t  o f  th e  k U p p e  ro c k s .

( i i )  A movement o f  th e s e  d im ensions i s  q u i te  p o s s ib le .  The Moine 

T h ru s t h a s  moved an  even g r e a te r  d i s ta n c e .



P la te  35a^ P ho tom icrog raph  o f  f r a c tu r e d  g a r n e t .  C È lo r ite  h a s  
grown a lo n g  th e  f r a c t u r e .  P .P .L . x  4 0 . S l id e  31d.

3

P la te  35b . P ho tom icrograph  o f  f r a c tu r e d  g a rn e t  p a r t i a l l y  
r e p la c e d  by C h lo r i t e . .  P .P .L . x  4 0 . S l id e  204c.
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( i i i )  The change i n  d ip  i s  needed  i f  th e  q u a r t z i t e  o f C am  an T u irc  

i s  to  p a s s  o v e r th e  s t r i p e d  t r a n s i t i o n  ro c k s . T h is  d ip  change 

does i n  f a c t  o c c u r , a s  s s  shown by th e  p resen ce  o f  th e  two c ro s s 

f o ld s  d e s c r ib e d  above* The Ben E agach T r a n s i t io n  i s  developed  in  

th e  c o re  o f  one o f  th e s e  f o l d s .

( iv )  The b re a k  betw een th e  k l ip p e  ro ck s  and C am  B h in n ein  i s  f a i r l y  

s t r a i ^ t .  P a r t  o f  t h i s  i s  due to  norm al f a u l t i n g  on th e  so u th e rn  

s id e  o f  C reag  E a s g a id h . The Loch C a l l a t e r  -  M eall Odhar l in e

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

I I  ( i )  The p re s e n c e  o f  a  t h r u s t  a t  th e  b ase  o f each  group has been 

c o n s id e re d , b u t  i n  t h i s  c a se  th e  t h r u s t  a t  th e  b ase  o f  th e  k l ip p e  

would p a s s  above th e  C am  an  T u irc  B e l t ,  and  th e  t h r u s t  a t  th e  

base  o f  t h i s  b e l t  would th e n  be g e n e ra te d  by th e  k l ip p e  t h r u s t .  

T here i s  no e v id en ce  o f  a  h ig h e r  l e v e l  o f  t h r u s t  ro c k s  o c c u rr in g  

s o u th  o f  th e  C am  a n  T u irc  B e l t .

( i i )  I f  th e  h in g e  o f  th e  p rim a ry  f o ld  i s  w i th in  th e  Ben Eagach 

T r a n s i t io n  Group o f G las M aol, th e n  i t  would be ex p ec ted  t h a t  

th e  h in g e  t h r u s t  fo rw ard  to  M orrone would c o n ta in  s im i la r  l i t h o -  

l o g i e s .  T h is  i s  n o t  th e  c a s e .  The g ra d u a l d e c re a se  o f th e  T ran

s i t i o n  Group i n  fa v o u r  o f  th e  b la c k  s c h i s t ,  n o rth w ard s , i s  in  

k eep in g  w ith  a  f a c i e s  v a r i a t i o n  a lo n g  a  c o n tin u o u s  h o r iz o n , and 

th e r e f o r e  fa v o u rs  i n t e r p r e t a t i o n  *1*. The g r e a t  developm ent o f  

Ben Eagach and  Ben Lawers ro c k s  to  th e  so u th -w e s t cou ld  be ex

p la in e d  by  e i t h e r  p rim a ry  o r  c r o s s f o ld in g .

( i i i )  The d ip s  a t  M orrone a re  low and to  th e  s o u th - e a s t  b u t in
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th e  G las Maol r e g io n  th e y  a p p ro a ch  th e  v e r t i c a l ,  su g g e s tin g  

t h a t  th e s e  two re g io n s  have q u i te  d i f f e r e n t  s t r u c t u r a l  h i s t o r i e s ,

( iv )  The b re a k  betw een  th e  two g roups i s  a f f e c te d  by norinal 

f a u l t i n g  b u t  t h i s  does n o t  in v a l id a t e  th e  second t h e s i s ,  s in c e  

f a u l t i n g  w ould be l i k e l y  to  o c cu r a t  a  l i n e  o f  w eakness, such  

a s  a  t h r u s t  i n t e r s e c t i o n .

The argum ent f o r  th e  f i r s t  i n t e r p r e t a t i o n  i s  f e l t  to  be th e  

s t r o n g e r  and th e  M orrone Nappe th e r e f o r e  r e p r e s e n ts  a  p ro b ab le  

c o n t in u a t io n  o f  th e  Ben L u i F o ld , seen  in  th e  f l a t  b e l t ,  w hich 

h as been  t h r u s t  to  th e  n o r th - e a s t  o v e r an  envelope  o f  B la i r  A th o l l .  

The low er lim b o f t h i s  f o ld  i s  l o s t  b e n e a th  th e  o v e r th ru s t  ro ck s  

and p ro b a b ly  o c c u rs  i n  th e  G len Shee r e g io n ,  th u s  making a  minimum 

movement o f  f i f t e e n  m ile s .

( i i )  The B l a i r  A th o l l  T h ru s t Zone

T h is  zone o f  in co m p eten t ro ck s  com prises  th e  envelope  o f  th e  

p rim ary  recum bent sync l i n e .  These ro c k s , due to  t h e i r  h i ^  lim e 

c o n te n t ,  a c te d  a s  a  l u b r ic a n t  to  th e  m ain t h r u s t  s l i c e .  As a  

g roup , th e  B l a i r  A th o l l  S e r ie s  was deform ed o n ly  a t  i t s  m arg in s, 

a s  a l l  e a r l i e r  s t r u c tu r e s  a r e  r e a d i ly  re c o g n ise d  w i th in  th e  s e r i e s .  

The t h ic k  l im e s to n e  h o r iz o n s  show th e  g r e a t e s t  d e fo rm a tio n . Some

tim e s  t h i s  i s  a  s im p le  b an d in g , p roduced  by th e  movements. The 

s t r u c t u r a l  c o n t in u i ty  i n  la r g e  a re a s  o f  th e  B l a i r  A th o ll  S e r ie s  

shows t h a t  th e y  have moved en masse i n  a  b lo ck  bounded by t h r u s t  

p la n e s .  The one e x c e p tio n  to  t h i s  model i s  th e  sm a ll window



P la te  36a .  P ho tom icrog raph  o f  zoned rep lacem en t o f  g a rn e t .  ^ th e  
g a rn e t  h a s  been n e a r ly  co m p le te ly  r e p la c e d  by f in e  c h lo r i t e  

. c r y s t a l s  e x ce p t f o r  th e  r i n g  o f  s e r i c i t e  n e a r  th e  c e n t r e .  
N ic o ls  c ro s s e d , x  4 0 . S l id e  154c.

P la te  36b . P ho tom icrog raph  o f  g a rn e t  re p la c e d  by s e r i c i t e  v e in s  
The f o ld  on th e  r i g h t  was o r i g in a l l y  composed o f  m icas but 
i s  now re p la c e d  by f e ld s p a r  which p re s e rv e s  th e  o r ig in a l  
s t r u c t u r e . N ic o ls  c ro s s e d ,  x 6 0 . S l id e  348c.
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d eveloped  e a s t  o f  C am  C h rio n a id h . The B l a i r  A th o l l  i s  g r e a t ly  

d is tu r b e d  and th e r e  was no c o n s is te n c y  in  th e  f o ld  a x e s . At 

t h i s  l o c a l i t y  th e  t h r u s t s  on e i t h e r  s id e  o f  th e  B l a i r  A th o l l  b lo ck  

a re  se en  c lo s e  to g e th e r ,  u n t i l  a t  C am  na G re in e , th e y  meet and 

th e  B l a i r  A th o l l  i s  squeezed  o u t .  The e f f e c t  o f  t h i s  i s  g r e a t ly  

to  t e c to n i s e  th e  t h i n  s l i c e  o f  B l a i r  A th o l l .

The q u a r t z i t e  o f  Sgor Mor and t h a t  o f  C reag  E asgaidh  have a t  

t h e i r  s o u th e rn  c o n ta c ts  a  w h ite  c r y s t a l l i n e  m arb le  w hich a p p e a rs  to  

be q u i te  s t r u c t u r e l e s s .  I n  b o th  exam ples i t  o c cu p ie s  th e  t h r u s t  

c o n ta c t  be tw een  th e  Q u a r tz i te  and th e  B l a i r  A th o l l  S e r ie s ,  and i t  

may have r e c r y s t a l l i s e d  d u r in g  th e  t h r u s t  movements.

( i i i )  The Lower Nappe

The b la c k  s c h i s t  and q u a r t z i t e  w hich occu r to  th e  e a s t  o f 

C lu n ie  Lodge a re  s t r u c t u r a l l y  below and d is c o rd a n t  w ith  th e  B la i r  

A th o ll  G rey S c h i s t .  The n o r th e r n  h a l f  o f  t h i s  window has been 

mapped by  B .C . K ing and co m p rises  s te e p ly  d ip p in g  q u a r t z i t e  and 

b la c k  s c h i s t .  U n lik e  th e  ju n c t io n  betw een th e s e  ro ck s  i n  th e  

Morrone Nappe, th e r e  i s  no developm ent o f  a  t r a n s i t i o n  group 

(p e r s o n a l  com m un ica tion ). I n  th e  a re a  mapped f o r  t h i s  t h e s i s ,  

th e  d ip s  and s t r i k e s  show th e  developm ent o f  a  m ajor sy n c lin e  and 

i t  i s  e v id e n t  t h a t  th e s e  beds a r e  n o t  in v e r te d .  I n  G len Ey, q u a r t 

z i t e  i s  a s s o c ia te d  s t r a t i g r a p h i c a l l y  w ith  B l a i r  A th o ll  S e r ie s  below 

th e  t h m s t i n g  (B .C . K ing, p e rs o n a l  com m unication), showing t h a t  

low er members o f  th e  s u c c e s s io n  a p p e a r sou th -w estw ards in  th e  low er 

n ap p e .



P la te  3 7 a . P ho tom icrog raph  o f  g a rn e t  a f f e c te d  by hyd ro therm al 
a c t io n .  The g a rn e t  on th e  l e f t  i s  c u t by a  f r a c tu r e  in  th e  
s c h i s t  and r e p la c e d  by f in e  c h l o r i t e  c r y s t a l s  w hereas th e  
g a rn e t  on th e  r i g h t  i s  u n a l t e r e d .  P .P .L . x 1 0 . S l id e  80c .

P la te  37b . P ho tom icrograph  o f  g a rn e t  r e p la c e d  by s e r i c i t e  and 
f e l d s p a r .  The o r i g in a l  in c lu s io n  f a b r ic  o f  th e  g a rn e t i s  
p re s e rv e d  b u t i t  h a s  been c o m p le te ly  co n v e rted  to  an aggre
g a te  o f  s e r i c i t e ,  q u a r tz  and o re  which i s  in  tu rn  being  
r e p la c e d  by f e ld s p a r  a t  i t s  m arg in s . P .P .L . x 4 0 . S lid e  l4 6 c
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H ._  Fauljb ing^

A summary o f  f a u l t i n g  w i th in  th e  a re a  ( f i g .  7) shows a  f a u l t  

p a t t e r n  w hich i s  d o m in a n tly  c a le d o n o id  in  t re n d  w ith  two s e t s  

com plem entary t o  t h i s  a t  170° and 80° r e s p e c t iv e ly .  I t  i s  sug^ 

g es ted  t h a t  t h i s  a rra n ag m e n t i s  due to  th e  s t ro n g  developm ent o f 

th e  F^ f o ld s  and t h e i r  a s s o c ia t e d  s t r a i n - s l i p  s c h i s t o s i t y .  L a te r  

f a u l t s  and dyke i n t r u s io n s  te n d  to  fo llo w  th e s e  e a r l i e r  s t r u c tu r e s .

Much o f  th e  q u a r t z i t e  o u tc ro p  i s  f a u l t e d  and i t  was found in  

some c a se s  t h a t  th e  boundary  o f  th e  M orrone Nappe w ith  th e  B la i r  

A th o ll  S e r ie s  b e n e a th  i s  a  s t r a i g h t  v e r t i c a l  c o n ta c t ,  o f te n  

a s s o c ia te d  w ith  dyke i n t r u s i o n  and th e  b r e c c ia t io n  o f  th e  q u a r t 

z i t e .  T here a r e  s e v e r a l  s t r o n g ly  f a u l t e d  b e l t s  c ro s s in g  th e  

a re a  o f s tu d y . Im m ed ia te ly  s o u th  o f  C lun ie  Lodge th e  q u a r t z i t e s  

o f th e  Lower Nappe i n  G len C lu n ie  and th e  Upper Nappe q u a r t z i t e  

in  th e  Baddoch Burn r e g io n  a r e  h i ^ l y  s h a t te r e d  and th e  i n t e r 

ven ing  B l a i r  A th o l l  S c h is t s  a re  c u t  by q u a r tz  v e in s .  A t two 

l o c a l i t i e s  w i th in  th e  B l a i r  A th o l l  S e r ie s  th e r e  a r e  la rg e  f a u l te d  

b locks o f  s h a t te r e d  q u a r t z i t e .  The t r e n d  o f  t h i s  zone i s  a p p ro x i

m ately  55^* A s im i l a r  b e l t  i s  seen  to  c ro s s  Glen C lu n ie  j u s t  

n o rth -w e s t o f  G las M aol. The q u a r t z i t e  i s  b re c d ia te d  and in 

tru d e d  by f e l s i t e  and p o rp h y r i te  d y k es . T e c to n ise d  B la i r  A th o ll  

S c h is t  i s  e n c lo se d  i n  f a u l t e d  windows w ith in  th e  Morrone Nappe.

The p re sen c e  o f  th e s e  s c h i s t s  in d ic a te s  t h a t  a  v e r t i c a l  d is p la c e 

ment has o c c u rre d  a lth o u g h  s in c e  th e s e  exposu res a re  c lo se  to  th e  

t h r u s t  boundary  o f  th e  Nappe th e  d isp lacem en t i s  n o t l i k e l y  to  

he g r e a t .
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PART THREE 

R eg io n a l Metamorphism

1 . I n t r o d u c t io n

W.Q. Kennedy (1948) p u b lish e d  a  map w hich showed th e  d i s 

p lacem en t o f  th e  m etam orphic zones in  th e  S c o t t i s h  H i^ la n d s  by 

th e  G re a t G len  F a u l t .  The m etam orphic zones form a  la rg e  therm al 

a n t i c l i n e  w hich c lo s e s  tow ards th e  so u th -w e s t. The a re a  mapped 

l i e s  i n  an  embayment o f  t h i s  m ajor s t r u c tu r e .  T h is  embayment i s  

bounded to  th e  w est by  th e  Tay F a u l t  and in  th e  e a s t  a  d i g i t a t i o n  

i n  th e  K y a n ite  Zone form s th e  boundary . The G am et Zone i s  b rough t 

n o rth w ard s a s  a  p a r t i a l  r e s u l t  o f  th e  Loch Tay t e a r  f a u l t i n g  and 

th e  p re se n c e  o f a  th e rm al sy n c lin e  w hich c lo s e s  n o itliw a rd s . The 

a re a  o f s tu d y  i s  a s t r i d e  th e  a x is  o f t h i s  l a t t e r  s t r u c tu r e  and i s  

a lm o st su rrounded  by th e  K yan ite  Zone. The S ta u r o l i t e  Zone i s  

o m itted  by Kennedy s in c e  i t  i s  d is c o n tin u o u s . Both k y a n ite  and 

s t a u r o l i t e  occu r w i th in  th e  a re a  mapped b u t  th e se  a re  lo c a l is e d  

*hot s p o ts # ;  c o n s i s te n t  w ith  Kennedy#s model i n  which th e  K yanite 

Zone d ip s  g e n tly  b e n ea th  th e  a re a  tow ards th e  so u th -w e s t.

S e v e ra l a u th o r s  have p u b lish e d  p a p e rs  in  which th e y  a ttem p t to  

i n t e r p r e t  th e  t e x t u r a l  r e l a t i o n s h ip s  o f  th e  m in e ra l phases and 

r e l a t e  th e s e  t o  th e  d e fo rm a tio n a l h i s to r y  o f  th e  ro ck  (K rige I 9I 6 ,

De May 1942; C loos and H e ita n en  I 94I ,  R ast 1958, S tu r t  and H a rr is  

I 96I ;  Johnson  I 965) .  Johnson  in  h i s  I 965 p ap er c o r r e la te s  th e  

m etam orphic h i s t o r y  o f th e  * H arrovian# Region w ith  t h a t  o f  th e  

#Buchan# R eg ion . The ev idence  he u se s  f o r  th e  form er i s  taken  

c h ie f ly  from  th e  work of R a s t; S tu r t  and H a r r is  in  P e r th s h ire  and



P la te  jSa., P ho tom icrograph  o f  g a rn e t  re p la c e d  by o re . 
P .P .L . X 10 . S l id e  l4 4 c .

P la te  58b . P ho tom icrograph  o f  g a rn e t  re p la c e d  by o re  
P .P .L . X 1 0 . S l id e  242c.
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t h a t  o f  C h iim er i n  G len Clova* The p r e s e n t  a re a  o f  re s e a rc h  f i l l s  

an  im p o rta n t g^,p i n  t h i s  r e g io n a l  s tu d y  and th e  r e s u l t s  o f th e  

t e x t u r a l  work a r e  g iv e n  below .

2 . G a m e t

Numerous p ro c e s s e s  have been su g g ested  in  o rd e r  to  e x p la in  

th e  v a r i a t i o n  in  m orphology se en  i n  g a rn e ts  o f r e g io n a l ly  meta

morphosed r o c k s .  Beke ( I 904) p u b lish e d  th e  c r y s t a l l o b l a s t i c  

s e r i e s  i n  w hich  he l i s t s  th e  m etam orphic m in e ra ls  in  o rd e r  o f 

t h e i r  ten d e n cy  tow ards id iom orph ism . He r e l a t e s  t h i s  tendency  to  

th e  d i f f e r e n c e s  i n  t h e i r  fo rc e s  o f c r y s t a l l i s a t i o n ,  Bamberg 

( 1952) s t a t e s  t h a t  t h i s  i s  one o f  th e  s e v e ra l  f a c to r s  c o n tr o l l in g  

c r y s t a l  fo rm . He su g g e s ts  t h a t  a  p o rp h y ro b la s t may o n ly  push 

a s id e  th e  m a tr ix  c r y s t a l s  p ro v id ed  t h a t  th e re  i s  a  h ig h  i n t e r f a c i a l  

e n e rg y . He say s  t h a t  i t  i s  f o r  t h i s  re a so n  t h a t  g a rn e t w i l l  en

c lo s e  q u a r tz  b u t  w i l l  push a s id e  m ica . In  f a c t  th e  g a m e t-b e a r in g  

s c h i s t s  o f  t h i s  a re a  a r e  seen  to  grow a c ro s s  th e  m icas and abso rb  

them , u t i l i s i n g  them in  th e  fo rm a tio n  o f f r e s h  g a m e t  and some o f 

th e  exam ples se en  in  th e  q u a r tz - r ic h  rocks a re  q u i te  f r e e  from 

q u a rtz  in c lu s io n s .  R a s t ( I 965) say s  t h a t  th e  speed o f growth and 

d i s s o l u t i o n  a re  th e  most im p o rtan t f a c to r s  a f f e c t i n g  idiom orphism  

and th e  p re se n c e  o f  in c lu s io n s .  I n  most o f  th e  g a rn e t s c h is t s  th e  

abundance o r  la c k  o f  q u a rtz  in c lu s io n s  was seen  to  v a ry  from c r y s t a l  

to  c r y s t a l  and s in c e  th e  grow th r a t e  and d i s s o lu t io n  a re  l i k e l y  to  

be c o n s ta n t  f o r  th e  a re a  covered  by one th in  s e c t io n ,  th e  above



%

P la te  3 9 a . P ho tom icrograph  o f  k n ee-sh ap ed  c r y s t a l  o f  s t a u r o l i t e .  
P .P .L . X 4 0 . S l id e  F 4 5 .

P la te  39b . Pho tom icrograph  o f  g a rn e t e n c lo se d  in  s t a u r o l i t e  
P .P .L . X 4 0 . S l id e  342c.
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e x p la n a t io n  i s  n o t s a t i s f a c t o r y .

G a m e t o c c u rs  th ro u g h o u t th e  a re a  m p p ed , and the  m a jo r ity  

o f  c r y s t a l s  d e s c r ib e d  were s u b id io b la s t i c ,  o f te n  c o n ta in in g  in 

c lu s io n s  o f  o r e ,  q u a r tz ,  c a l c i t e  and l e s s  commonly e p id o te . Some 

c r y s t a l s  w ere seen  t o  be s t r o n g ly  x e n o b la s t ic  and grew a s  v e in s  

p a r a l l e l  to  th e  dom inant s c h i s t o s i t y  (P la te  18b). In  such cases  

th e  prim e f a c t o r s  c o n t r o l l i n g  grow th were p a r t i a l l y  chem ical and 

p a r t i a l l y  s t r u c t u r a l .  M in e ra l grow th would occu r a lo n g  a  band o f 

p o l i t i c  m a te r i a l ,  r i c h  i n  b i o t i t e ,  w hich i s  e a s i l y  a s s im ila te d  in  

th e  grow th  o f  f r e s h  g a rn e t .  P la te  18a shows a  r o ta te d  g a rn e t 

which h as  been  a f f e c t e d  by p o s t c ro s s - f o ld  movements. The o r ie n 

t a t i o n  o f th e  in c lu s io n s  w i th in  t h i s  example g iv e s  a  c le a r  in d i 

c a t io n  o f  i t s  o r i g in a l  r e l a t i o n s h ip  to  th e  s c h i s t o s i t y  and th e re fo re  

th e  re a s o n  f o r  i t s  t a b u la r  form . P r io r  to  r o t a t i o n  th e  g a m e t was 

e lo n g a te d  w i th in  a  band r i c h  i n  b i o t i t e  and o re . T h is band occurs 

w ith in  a  q u a r t z / c a l c i t e  m osaic w hich a c te d  a s  a  chem ical b a r r i e r  to  

grow th o u ts id e  th e  b an d . P la te  18b shows th e  end p ro d u c t o f t h i s  

p ro c e ss  where m ost o f  th e  o r ig in a l  p o l i t i c  band has been re p la c e d  

by g a m e t .

I n  g e n e ra l  id io m o rp h ic  c r y s t a l s  occur i n  m icaceous and f in e  

g ra in e d  r o c k s ,  w hereas s k e l e t a l  c r y s t a l s  a r e  found to  occur in  

s c h i s t s  w hich have g r a n o b la s t ic  f a b r i c s .  Photom icrographs a re  

shown in  th e  fo l lo w in g  pages i l l u s t r a t i n g  t h i s  p o in t .  I t  appears 

t h a t  i f  i t  i s  assum ed t h a t  th e  grow th o f  th e  m in e ra l i s  by io n  

n iig ra tio n  a lo n g  g r a in  b o u n d a rie s , th e n  th e  g a m e t growing in  a 

c o a rse  g ra in e d  ro ck  would re c e iv e  th e  e lem ents n e ce ssa ry  f o r  growth



P la te  4 0 a . Photom icr.ograph o f  k y a n i te  b e in g  r e p la c e d  by s e r i c i t e .  
P .P .L . X 4 0 . S l id e  3 4 9 c . •

P la te  40 b . P ho to m icro g rap h  o f  k y a n i te  b e in g  r e p la c e d  by s e r i c i t ç .  
P .P .L . X 2 3 . S l id e  3 5 0 c .
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a t  a  s e r i e s  o f p o in ts  on i t s  grow ing s u r f a c e ,  w hereas in  f in e  

g ra in e d  ro c k s  io n  m ig ra t io n  i s  more homogenous and c r y s t a l  growth 

i s  th e r e f o r e  more ev en .

^e^uer^e__o^ Cr^s^alld^satà^on

( i )  S y n te c to n ic  g row th

The i n t e r p r e t a t i o n s  o f m etam orphic te x tu r e s  found in  th e  

l i t e r a t u r e  a r e  i n  many c a se s  s u b je c t iv e .  T h is  i s  p a r t i c u l a r l y  

t r u e  o f  th e  d e s c r ip t io n s  o f  g a rn e ts  w hich a re  s a id  to  have grown 

d u r in g  d e fo rm a tio n . A d m itte d ly  i t  would be d i f f i c u l t  to  c o n s tru c t  

an  ex p erim en t i n  w hich  s y n - te c to n ic  g a rn e ts  were form ed, b u t i t  

i s  p o s s ib le  by  o b s e rv a t io n  to  t e s t  o u t th e  v a l i d i t y  o f th e  

h y p o th eses  r e g a r d in g  th e  s y n - te c to n ic  r o t a t i o n  o f p o rp h y ro b la s ts . 

Many o f  th e  exam ples d e s c r ib e d  i n  th e  l i t e r a t u r e  cou ld  e q u a lly  w ell 

be produced  by  s t a t i c  grow th  o f th e  p o rp h y ro b la s t  over a  p re 

e x is t in g  m ic ro fo ld .

S pry  ( 1965) a t te m p ts  a n  e x p la n a t io n  o f »S# g a rn e ts  i n  term s 

o f  a  sp h e re  r o t a t i n g  a b o u t a  s in g le  a x is  betw een two p lan e s  ( f i g .  

10) .  I n  t h i s  p a p e r he s t a t e s  " th e  S i  c o n s i s t  o f  p a r a l l e l  doubly 

curved  c y l in d r e i d a l  s u r f a c e s  so t h a t  a  t h in  s e c t io n  c u t p a r a l l e l  

to  th e  r o t a t i o n a l  a x is  shows s t r a i g h t  S i . "  He l a t e r  m entions th a t  

th e  in c lu s io n s  i n  th e  g a rn e ts  he se c tio n e d  d id  n o t show th i s  

s t r a ig h t  l i n e  a rra n g e m e n t. T h is  he says in d ic a te s  t h a t  th e  r o t a t io n  

i s  n o t c y l i n d r o id a l .

When exam ples o f  g a rn e ts  w ith  cu rved  in c lu s io n  t r a i l s  were 

examined i n  s c h i s t s  from  th e  a re a  o f s tu d y , i t  was seen  t h a t  a l l
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s e c t io n s  gave cu rv ed  t r a i l s .  I t  was th e r e f o r e  d ec id ed  to  con

s t r u c t  a  th r e e  d im e n s io n a l m odel, assum ing th e  r o t a t io n  o f a growing 

sphere  ab o u t a  s in g le  a x is  and  to  de te rm ine  th e  in c lu s io n  p a t te rn s  

o b ta in e d  ±n d i f f e r e n t  s e c t io n s .  T h is  would show i f  Spry was in  

f a c t  c o r r e c t  i n  h i s  a ssu m p tio n  o f a  s t r a ig h t  S i in  tlie  s e c t io n  

p a r a l l e l  to  th e  r o t a t i o n  a x i s .  I t  was a ls o  hoped t h a t  t h i s  would 

produce some c r i t e r i a  by w hich  a  sy n -k in e m a tic  g a rn e t cou ld  be 

d is t in g u is h e d  from  one overg row ing  a  m ic ro fo ld . The r e s u l t s  of 

t h i s  s tu d y  a re  shown d ia g r a n u ia t ic a l ly  i n  f ig u r e s  8 and 9*

T here  a re  in  f a c t  two s e c t io n s  w hich a re  q u i te  d i s t i n c t iv e  

o f s y n - te c to n ic  g a r n e t s .  These g iv e  p a t te r n s  which co u ld  n o t be 

developed  a s  a  r e s u l t  o f  overgrow ing  norm al m ic ro fo ld in g .

(a )  The s e c t io n  norm al to  th e  r o t a t i o n  a x is  which p a sse s  

c lo s e  to  th e  c e n t r e  o f  th e  c r y s t a l . T h is  s e c t io n  i s  shown d ia 

g ram m atica lly  i n  f ig u r e  8a and can  be compared w ith  a c tu a l  examples 

in  p l a t e s  2 0 a , 2 1 a , 21b, 2 2a , 25b and 25b. The diagram m atic  

s e c t io n  ( f i g .  8a) shows th e  p a t t e r n  p roduced  by  a  r o t a t i o n  g r e a te r  

th an  90^ and exam ples where th e r e  i s  l e s s  th a n  90^ o f  r o t a t io n  

can  be co n fu sed  w ith  m ic ro fo ld in g  u n le s s  f u r t h e r  ev id en ce  i s  

a v a i la b le  from  o th e r  s e c t io n s .  The m a jo r i ty  o f  th e  exam ples 

shown i n  th e  l i t e r a t u r e  a r e  o f  r o t a t io n s  l e s s  th a n  90^ and on 

t h e i r  own m e r i ts  a re  n o t  c o n c lu s iv e  (s e e  Spry  1965, S tu r t  and 

H a r r is  1961, and R a s t 1958 ). T h is  i s  n o t to  say  t h a t  r o t a t io n  

has n o t o c c u rre d  i n  th e s e  exam ples, b u t t h a t  a s  s im i la r  p a t te r n s  

could  be p roduced  by s t a t i c  grow th o f g a m e t and l a t e r  d e s t r u c t io n
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o f th e  Se f a b r i c  d u r in g  f u r t h e r  d e fo rm a tio n  and c r y s t a l l i s a t i o n  

th e s e  i n t e r p r e t a t i o n s  a re  s u b je c t iv e .

The i n t e r n a l  s p i r a l  shown in  f ig u r e  8a was drawn w ith  th e  

fo llo v o n g  a ssu m p tio n s :

( i )  The c r y s t a l  i s  s p h e r ic a l .

( i i )  I t  grows a t  a  c o n s ta n t  l i n e a r  r a t e  ( k l ) .

( i i i )  The speed o f  r o t a t i o n  i s  c o n s ta n t  (k 2 ) .

Thus th e  r a d iu s  o f  c u rv a tu re  o f  th e  in c lu s io n  p lan e  d e c re a se s  from  

th e  c e n t r e  o f  th e  c r y s t a l .  F ig u re  8a does a llo w  f o r  a  s h o r t  p e rio d  

o f  a c c e l e r a t i o n  i n  k2 a f t e r  th e  n u c lé a t io n  o f th e  c r y s t a l ,  so t h a t  

th e  maximum c u rv a tu re  o ccu rs  e i t h e r  s id e  o f th e  c e n t r a l  zone.

T h is  i s  c o n s i s te n t  w ith  most n a tu r a l  exam ples ( p la te s  21a, 21b,

22a, 2 4 a ) . However p l a t e s  20a and 20b do f i t  th e  above assum ptions 

e x a c t ly .  I t  i s  seen  t h a t  any  change i n  th e  r a t i o  k l  : k2 w i l l  

a f f e c t  th e  form  o f th e  s p i r a l .  W. Schm idt and F . Beke (se e  

F a i r b a i r n  1949, p#144) in v e s t ig a te d  exam ples where k2 v a r ie d  w h ils t  

k l  rem ained  c o n s ta n t  and  th e y  o b ta in ed  v a lu e s  ra n g in g  from  5 -  5 .6  

f o r  th e  r a t i o  k l  : k2 (s e e  a ls o  D .P . G rig o r ie v  I 965 , p .  102). P la te s  

20a and 20b show g a rn e ts  t h a t  must have n u c le a te d  d u rin g  d e fo rm a tio n , 

so t h a t  th e  d isp la c e m e n t o f  th e  s c h i s t o s i t y  was a lr e a d y  a t  a  con

s t a n t  r a t e  (assum ing  t h a t  k l  was c o n s ta n t ) . The o th e r  examples 

d e s c r ib e d  above w i l l  have grown e a r l i e r ,  s in c e  i f  k l  was c o n s ta n t 

a s  seems l i k e l y ,  t h e i r  in c lu s io n  f a b r i c s  show a  p e r io d  o f  a c c e le 

r a t i o n  o f  k 2 . S im i la r ly  where s p i r a l s  a re  seen  to  show a long  

open cu rve  tow ards th e  p e r ip h e ry , th e n  d e c e le r a t io n  would have
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o c c u rre d . In  f a c t  no exam ples were found  where t h i s  was th e  case  

and i t  i s  p o s s ib le  t h a t  d e fo rm a tio n  ended a b ru p t ly .  I f  k l  i s  n o t 

c o n s ta n t  th e n  a n  in c re a s e  in  t h i s  v a lu e  w i l l  r e s u l t  i n  a  d e c rea se  

o f  th e  r a d iu s  o f  c u rv a tu re  and c o n v e rse ly  an  in c re a s e  c o rre sp o n d in g  

to  a  d e c re a se  o f  k l .

I f  f ig u r e  8b i s  c o n s id e re d , i t  i s  seen  t h a t  su c c e ss iv e  

s e c t io n s  c u t  norm al to  th e  r o t a t i o n  a x is  have th e  e f f e c t  o f  p ro 

d u c in g  l e s s  pronounced s p i r a l s ,  su ch  t h a t  s e c t io n s  c u t  f u r th e s t  

from  th e  c e n tre  o f  th e  c r y s t a l  c o n ta in  in c lu s io n  p a t te r n s  t h a t  

a r e  a lm o st s t r a i g h t .  I t  i s  th e r e f o r e  d e s i r a b le  t h a t  s e c t io n s  

used  i n  t h i s  ty p e  o f s tu d y  sh o u ld  be made to  c o n ta in  th e  l a r g e s t  

d ia m e te r  o f g a m e t  p o s s ib le  so t h a t  th e  maximum s p i r a l  i s  se e n .

(b ) S e c tio n s  c u t i n  a  narrow  z o n e * p a ra l le l  to  th e  a x is  o f  

r o t a t i o n  (*  see  f i g .  8 a ) . I f  a  model i s  c o n s tru c te d  in  which 

th e  su c c e s s iv e  p r o f i l e s  shown in  f ig u r e  8b a re  drawn a c c u ra te ly  

and l in k e d  by t i e  l i n e s  i t  w i l l  be seen  t h a t  th e  su c c e ss iv e  

la y e r s  o f  in c lu s io n s  form  a  s u r fa c e  w hich can be compared to  two 

fo ld s  w ith  cu rv ed  a x ia l  p la n e s .  F ig u re  9 shows t h i s  su rfa c e  

w i th in  a  sphere  and i t s  i n t e r s e c t i o n  w ith  a  p lane  p a s s in g  t h r o u ^  

th e  sp h e re  p a r a l l e l  to  th e  a x is  o f r o t a t i o n  (shown i n  r e d ) .  T h is 

i n t e r s e c t i o n  ta k e s  th e  form  of two *D*8 which have t h e i r  s t r a ig h t  

edges p a r a l l e l  to  th e  r o t a t i o n  a x i s .  I n  t h i s  diagram  on ly  th e  

s u r fa c e  w hich shows th e  g r e a t e s t  amount o f r o t a t i o n  i s  shown. 

S e c tio n  f ig u r e  8a shows t h a t  th e r e  a re  a  fa m ily  o f  c u rv es  which 

form  a  s e r i e s  o f  s u r fa c e s  w ith in  th e  c r y s t a l ,  and th e  s e c t io n  shown
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P la te  4 l a .  Photom icrograph  o f  a c ic u la r  c r y s t a l s  o f  k y a n ite  
P .P .L . X  60 . S l id e  3 ^ ?c .

P la te  4 ib .  Photom icrograph o f  in c lu s io n s  o f  m uscovite  and b io 
t i t  e in  q u a r tz .  These m icas a re  p a r a l l e l  to  th e  s c h i s to s i ty  
developed  d u rin g  th e  F2 movements. N ic o ls  c ro s se d , x 60. 
S l id e  167c .
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i n  f ig u r e  9 sh o u ld  p a ss  th ro u g h  a  number o f  th e s e  su r fa c e s  w ith  

the  r e s u l t a n t  e f f e c t  o f  p ro d u c in g  a  s e r i e s  o f *D*’s o f  d im in ish in g  

s i z e .  S in ce  »S* g a rn e t  i s  th e  te rm  used  to  d e s c r ib e  g a rn e ts  w ith  

s p i r a l  in c lu s io n  t r a i l s  w hich have s u f f e re d  r o t a t i o n  ( s e c t io n  (a ) 

above) th e n  t h i s  s e c t io n  (b ) shou ld  be r e f e r r e d  to  as  a  

g a rn e t s e c t io n .  A l l  s e c t io n s  drawn p a r a l l e l  to  th e  r o t a t io n  a x is  

w i l l  n o t p roduce  ’D* s e c t io n s .  In  f ig u r e  8a th e  s e c t io n  C-D w i l l  

show th e  maximum number o f  »D*s b u t s e c t io n s  c u t w ith in  th e  a rc  

E-F to  A-B w i l l  a l s o  g iv e  *D* s e c t io n s .  T h is i s  q u i te  a  la rg e  

a re a  w i th in  th e  c r y s t a l  and  i t  i s  s u r p r i s in g  t h a t  *D* s e c tio n s  

a re  n o t  more common. The e x p la n a t io n  i s  t h a t  th e  m a jo r ity  o f 

g a rn e ts  d e s c r ib e d  in  th e  l i t e r a t u r e  show r o t a t io n s  l e s s  th a n  

90^ and n o t  o f  th e  ty p e  shown in  f ig u re  8a o r  in  p la t e s  20a, 21a, 

21b, 22a and 2 4 a . The a rc  in  w hich th e  s e c t io n  can be c u t 

d im in ish e s  r a p id ly  w ith  th e  amount o f r o t a t i o n  so t h a t  th e  s e c t io n  

in  f ig u r e  9 i s  a  s p e c ia l  c a se  and when t h i s  i s  r e a l i s e d  in  th e  

l i ^ t  o f Spry*s s ta te m e n t ( o p .c i t . )  i t  i s  p ro b ab le  t h a t  such 

s e c t io n s  have been  sim p ly  o v e rlo o k ed . P la te  2$a shows a  g a rn e t 

c u t a lo n g  th e  p lan e  C-B o f  f ig u re  8a . Accompanying i t  i s  th e  

*S* s e c t io n  o b ta in e d  from  a  s l i c e  c u t norm al to  th e  p lan e  o f t h i s  

pho tog raph  and p a r a l l e l  w ith  i t s  v e r t i c a l  edge.

I f  th e  in c lu s io n s  a re  c o n s id e re d  a s  p la n a r  e lem en ts i t  i s  a 

f u r th e r  f e a tu r e  o f  th e  s u r fa c e  th e y  l i e  on t h a t  th e y  w i l l  appear 

e lo n g a te d  n e a r  th e  c e n tr e  o f  th e  c r y s t a l  s in c e  in  t h i s  re g io n  

th e  in c lu s io n  s u r fa c e  i s  norm al to  th e  p lan e  o f  s e c t io n .  Towards



P la te  4 2 a . Photom icrograph o f  b i o t i t e  g lim m e rite . T h is  rock  
i s  composed alm ost e n t i r e l y  o f  b i o t i t e  w ith  some minor 
q u a r tz  and e p id o te .  P .P .L . x  10 . S lid e  197c.

W
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P la te  42b . Photom icrograph o f  b i o t i t e  growth a s s o c ia te d  w ith  th e  
developm ent o f F% s t r a i n - s l i p  c le a v a g e . P .P .L . x 10 .
S l id e  123c.
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th e  m arg ins o f th e  g a rn e t  th e  a n g le  betw een th e  in c lu s io n  p lan e  

and th e  s e c t io n  changes so t h a t  th e  e lo n g a tio n  o f th e  in c lu s io n  

becomes l e s s  a p p a r e n t .  T h is  e f f e c t  i s  p a r t i c u l a r l y  w e ll  seen  in  

p la t e  25a ;  th e  becomes l o s t  tow ards th e  m argins a s  th e  o r ie n 

t a t i o n  o f th e  in c lu s io n s  becomes l e s s  o b v io u s . T h is  i s  a ls o  

f a c i l i t a t e d  by  a  much s m a lle r  r o t a t i o n  as  i s  shown by th e  accom

pany ing  *S* s e c t io n  o f th e  same ro c k . The *1)» s e c t io n  o f  t h i s  

example i s  by i t s e l f  open to  e r r o r  o f  i n t e r p r e t a t i o n  a s  i t  cou ld  

be su g g es ted  t h a t  th e  c r y s t a l  grew d u r in g  th e  s t a t i c  p e rio d  

fo llo w in g  d e fo rm a tio n  and t h a t  th e  c e n t r a l  zone p re s e rv e s  th e  

o r i g in a l  o r i e n t a t i o n  o f th e  q u a r tz  f a b r i c .  T h is i s  d e s tro y e d , 

a s  p o s t - t e c to n ic  r e c r y s t a l l i s a t i o n  p ro ce ed s , b u t from th e  *S* 

s e c t io n  c u t norm al to  t h i s  s e c t io n  th e  t r u e  th r e e  d im ensional 

o r i e n t a t i o n  o f  th e  in c lu s io n s  may be i n f e r r e d .

P l a te s  26a  & b show an u n u su a l s e c t io n  in  which on ly  one o f  

th e  two #D*s i s  se e n . I t  i s  e a sy  to  see  th e  r e l a t io n s h ip  o f t h i s  

s e c t io n  to  th e  whole s t r u c tu r e  by r e f e r r i n g  to  f ig u re  8 a . P la te s  

22b and 34b a l s o  show #D*s and th e  ha lfw ay  s ta g e  betw een th e  *S’ and 

s e c t io n s  i s  seen  i n  p l a t e  27a . T h is  l a t t e r  s e c t io n  shows th e  

danger o f  c o n fu s io n  betw een s y n - te c to n ic  g a rn e ts  and s t a t i c  g a rn e ts  

overgrow ing m ic ro fo ld s . I t  can n o t th e r e f o r e  be used  on i t s  own m e rit  

b u t o n ly  i n  c o n ju n c tio n  w ith  ty p e s  (a )  o f  (b ) o f t h i s  a cco u n t. I t  

was found t h a t  a l l  s e c t io n s  c u t  o u ts id e  th e  p a r t i c u l a r  zones d e s

c r ib e d  above a re  l i k e l y  to  be con fused  w ith  examples showing s t a t i c  

g row th .

The a s s u n p t io n  i n  t h i s  s tu d y  t h a t  s y n - te c to n ic  g a rn e ts  can be
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reg a rd ed  a s  r o t a t i n g  a b o u t a  s in g le  a x is  i s  n o t a c c e p te d  by 

J .  Ramsey ( 1962) .  He su g g e s ts  t h a t  s y n - te c to n ic  g a rn e ts  do n o t 

r o t a t e  b u t  t h a t  th e y  grow o v e r a  s te e p e n in g  s c h i s t o s i t y  which i s  

i t s e l f  r o t a t i n g  a s  a  r e s u l t  o f  p ro g re s s iv e  d e fo rm a tio n . Such a 

mechanism w i l l  o n ly  a cc o u n t f o r  up to  90^ o f  r o t a t i o n .  The examples 

f ig u re d  i n  th e  pho tom icrog raphs accom panying t h i s  s e c t io n  n e a r ly  

a l l  show r o t a t i o n s  o f over 90^. P la te  20a shows over 560^ o f 

r o t a t i o n  and th e  s u g g e s t io n  t h a t  th e  r o t a t i o n  o f p o rp h y ro b la s ts  

does n o t o c cu r i s  i n v a l i d .  The f l a t t e n i n g  p ro c e ss  was n o t con

s id e re d  when th e  form  o f th e  s p i r a l  was d is c u s se d  above and i t  

may be a  f u r t h e r  f a c t o r  a f f e c t i n g  th e  s p i r a l  form .

( i i )  S t a t i c  grow th

Some exam ples o f  g a rn e t  were seen  to  have grown d u rin g  th e  

d e fo rm a tio n  p e rio d  and to  have c o n tin u e d  when i t  had c ea sed .

R o ta ted  c o re s  were se en  to  g rade in to  s t a t i c  m argins which over

grew th e  s c h i s t o s i t y  b u t th e  m a jo r i ty  o f g a rn e ts  d e sc r ib e d  grew 

d u rin g  th e  s t a t i c  p e rio d  which fo llo w ed  th e  c ro s s f o ld  d e fo rm a tio n . 

T h is a g re e s  w ith  th e  r e s u l t s  p u b lish e d  by most o th e r  w orkers in  

th e  C a led o n ian  fo ld  b e l t  (s e e  M.R.W. Johnson , I 963) .  Many o f th e  

exam ples w ere seen  to  overgrow m ic ro fo ld s  a s s o c ia te d  w ith  

l i n e a t i o n s .

E vidence f o r  a  p r e - c r o s s - f o ld  phase o f  grow th i s  n o t a s  

c l e a r .  P re -d é fo rm â tio n a l  g a rn e ts  have been d e sc r ib e d  by R a s t,

S tu r t  and H a r r i s ,  and Johnson  b u t s im i la r  exam ples were n o t found 

in  th e  ro ck s o f  th e  p re s e n t  a re a  o f  s tu d y . One group o f  g a rn e ts



P la te  43a .  Photom icrograph o f  b i o t i t e  form ing F2 m ic ro fo ld s , 
P .PoL. X 10 . S l id e  66c .

\

P la te  43b . Photom icrograph o f  p o s t b i o t i t e  
S l id e  347c .

P .P .L . X 10 .
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show f in e  g ra in e d  in c lu s io n  f a b r i c s .  These f a b r ic s  a re  c o n s id e ra b ly  

f i n e r  th a n  th o se  o f  th e  m a tr ix  i n  which th e  g a rn e t  o ccu rs  and 

p ro b ab ly  r e p r e s e n t  an  e a r l i e r  s ta g e  o f  c r y s t a l l i s a t i o n .  P la te  

shows a  g a rn e t  o f  t h i s  ty p e  overgrow ing an  P^ m ic ro fo ld . C hinner 

( 1961) d e s c r ib e s  g a rn e ts  o c c u r r in g  in  s c h i s t s  w ith  h ig h  o x id a tio n  

r a t i o s .  These s c h i s t s  a re  o f lo c a l  o ccu rren ce  in  G len Clova and 

c h a r a c te r i s e d  by th e  p resen ce  o f  g ree n  b i o t i t e  and a c c e sso ry  

h a e m a ti te . The g a rn e ts  in  th e s e  ro c k s  have f in e  g ra in e d  in c lu s io n  

f a b r i c s  and C h inner su g g e s ts  t h a t  th e  s iz e  o f  th e  in c lu s io n s  may 

be r e l a t e d  to  th e  chem ica l co m p o s itio n  o f th e  g a rn e t .  The g a rn e ts  

from  th e  C a im w e ll a r e a  have a  s im i la r  lo c a l  o ccu rren ce  to  th o se  

o f  G len C lova and a r e  found in  th e  g rey  s c h i s t  o f  th e  upper 

Baddoch B urn . They a ls o  a re  c h a r a c te r i s e d  by g reen  b i o t i t e  b u t 

h a e m a tite  i s  a b s e n t .  Time was n o t a v a i la b le  to  compare th e se  

s c h i s t s  d i r e c t l y  w ith  th o se  d e s c r ib e d  in  C hinner*s p a p e r, by 

chem ical a n a l y s i s ,  b u t i t  seems u n l ik e ly  t h a t  th e s e  g a rn e ts  do 

c o n ta in  p re  f a b r i c s .

I n  summary g a rn e t  grow th commenced d u r in g  th e  c ro s s - f o ld  

p e rio d  and rea ch e d  i t s  acme d u r in g  th e  s t a t i c  p e rio d  t h a t  fo llow ed 

th e s e  movements.

( i i i )  The e f f e c t s  o f  th e  l a t e  C aledono id  movements

G a rn e ts  showing ev idence  o f  r o t a t i o n  a f t e r  grow th a re  q u i te  

common. The e f f e c t  o f  th e  F^ d e fo rm a tio n  was to  r e a c t iv a te  th e  

s c h i s t o s i t i e s  form ed d u r in g  c ro s s - f o ld in g  by th e  developm ent o f
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P la te  4 4 a . Photom icrograph o f  b i o t i t e  overgrow ing s t r a i n -  
s l i p  c le a v a g e . P .P .L . x  10 . S l id e  122c.

P la te  44b . Photom icrograph o f  b i o t i t e  re p la c e d  by c h lo r i t e  
P .P .L . X 4 0 . S l id e  3 4c .



strain-slip. This meant that movements acting within the schis
tosity planes would cause the garnets to rotate and 'open* the 

schistosity on either side of the crystal, producing a release of 
pressure in these two areas. Plates 30a and 30b show quartz 

growing in the pressure shadows and in plate 18a calcite occupies 

a similar position. Ramsey (op.cit.) shows that a similar pattern 

would be produced by flattening but since, in the consideration of 

syn-tectonic garnets, it was shown that crystals do rotate it seems 
reasonable tliat these structures were produced by the same mechanism. 
Accompanying the movements was a fall in temperature and garnets 
involved in rotation during this period usually have a selvage of 
chlorite or are completely replaced,by this mineral. Some rounding 
of the crystal may occur at its margins as a result of rotation.
Plate 3lb shows two rotated crystals from a section in which all 

the garnets are almost perfect spheres.

(iv) Breakdown of garnet

It has been suggested above that the late Caledonoid movements 
coincided with widespread diaphoresis and examples have been given 

of the effects of these movements upon the garnet porphyroblasts.
This period was only the beginning of a regional breakdown of all 

the higher grade minerals which continued long after the late 

Caledonoid movement ceased.
In the case of garnet several breakdovm products were recognised 

and these differ according to the process that caused the replacement



Plate 45a. Photomicrograph of feldspar porphyroblast growing 
in quartzite. Nicols crossed, x 10. Slide -65c.
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Plate 45b. Photomicrograph of feldspar lineation in quartzite, 
This is an lineation. P#P#L. x 10. Slide F 23*
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£f__rep_l^ement_

1 . B io t i te /m u s c o v i te  a g g re g a te s

2 . C h l o r i t e / s e r i c i t e  *dust*

3# F re s h  b i o t i t e  and c h l o r i t e  c r y s t a l s

4 . F re s h  c h l o r i t e  and m uscov ite  c r y s t a l s

5 . F re s h  m u sco v ite  and o re

6 . C h ie f ly  o re

7* F e ld s p a r  and  m inor s e r i c i t i c  a g g re g a te s .

The e a r l i e s t  e v id e n ce  o f  g a rn e t  breakdown i s  found in  th o se  s c h is t s  

d e s c r ib e d  ab o v e , c o n ta in in g  g a rn e ts  w ith  f in e  g ra in e d  in c lu s io n  

f a b r i c s . P l a t e s  32a ,  32b and 35^ show c le a r  ev idence  o f  g a rn e t 

b e in g  re a b so rb e d  in to  th e  su rro u n d in g  f a b r i c .  In  p l a t e  33b the  

m argins o f  th e  g a rn e t  a r e  re p la c e d  by f r e s h  m uscovite  and o re .

The o ld  i n c lu s io n  f a b r i c  i s  r e ta in e d  w ith in  th e  m u sco v ite . In  

p l a t e s  32a  and 32b th e  r e a b s o rp t io n  has reach ed  a  f u r th e r  s ta g e  

and f r e s h  b i o t i t e ,  m u sc o v ite , q u a r tz  and o re  have grown on th e  s i t e  

o f  th e  e a r l i e r  g a r n e t .  These exam ples in d ic a te  t h a t  th e  o r ig in a l  

g a rn e t h a s  become u n s ta b le ,  b u t  th e  g rade  o f  metamorphism was s t i l l  

h ig h  s in c e  la r g e  f r e s h  b i o t i t e s  were s t i l l  fo rm ing . I t  i s  p ro b ab le  

t h a t  t h i s  breakdow n to o k  p la c e  b e fo re  th e  s t a r t  o f  th e  l a t e  C ale

donoid  m ovem ents. These movements a f f e c te d  g a rn e ts  i n  a  number o f 

s l i d e s .  I n  some c a se s  g a rn e ts  a r e  f r a c tu r e s  w ith  th e  r e s u l t a n t  

grow th o f  f r e s h  c h l o r i t e  ( p l a t e  3 5 a ). Such f r a c tu re d  c r y s ta l s  were 

p o s s ib ly  a f f e c t e d  by th e  s l i ^ t l y  more b r i t t l e  movements t h a t  

fo llo w ed  F ^ . D uring  t h i s  p o s t  F^ p e r io d  c h lo r i t e  co n tin u ed  to  grow
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Plate 4 6 a . Photomicrograph of twinned andesine overgrowing 
muscovite. The twin lamellae cross the earlier schis
tosity. Nicols crossed, x 10. Slide 246c.

Plate 46b. Photomicrograph of twinned andesine overgrowing 
muscovite. Nicols crossed, x 10. Slide 246c.
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and locally temperatures were still high enough for biotite to 

develop after garnet. After the tlirusting episode came a period 

of igneous activity and locally garnets are destroyed by hydro- 

thermal activity. In these examples the garnets are often com- 

plately replaced by ’dust* aggregates of chlorite and sericite.

In plate 37a a garnet is altered to fine chlorite at its contact 

with a small crack in the rock, whilst in other parts of the slide 

garnets are unchanged. This suggests tlie action of emanations 

passing along the crack. Plate 36b shows the replacement of garnet 

at its margins by sericite/chlorite ’dust* and complete replace

ment of the micas by feldspar. This process is seen continued in 

plate 36b, where the garnet is completely replaced by a sericite/ 

chlorite aggregate and its margins are being replaced again by 
feldspar.

Some examples are shown where ore seems to replace completely 

the original garnet. This is probably the end stage of another 
two stage process wherein ore, formed as a result of the initial 

breakdovm, slowly accumulates on the site of the original por- 

phyroblast.

C.__ ^taurolijte_aM _K yanite_

Although this region of study lies largely within the garnet 

zone both staurolite and kyanite occur locally. Most of these 

localities are confined to the Lower Nappe, but within the Black 

Schist of.the Upper Nappe, outcropping in the Baddoch Burn, kyanite



V

Wmmilj!:f
: - V. '

"H:- % ; "

Plate 47. Photomicrograph of a typical epidote schist from 
the Blair Atholl Series. P.P.L. x 10. Slide FI.
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i s  fo und  a t  one l o c a l i t y  and so u th  o f  t h i s  l o c a l i t y  s t a u r o l i t e  

was r e c o rd e d .

K y a n ite  was se e n  to  p re s e n t  a  m orphology a lm o st a s  v a r ie d  as 

t h a t  o f  g a r n e t .  Some c r y s t a l s  d e s c r ib e d  ( p l a t e  40b) were s h o r t  

and  e q u a n t w ith  many in c lu s io n s  vÆiereas o th e r s  ( p l a t e  41a) were 

o f  a n  a c i c u l a r  n a tu r e .  I n  m ost exam ples th e  in c lu s io n  f a b r ic  

i s  f i n e r  th a n  th e  m a tr ix ,  a  common c h a r a c t e r i s t i c  o f  th e  k y a n ite  

i n  t h i s  a r e a .  I n  e v e ry  exam ple d e s c r ib e d  th e  k y a n ite  ap p ea rs  to  

have  grown a f t e r  th e  m ovem ents. The d i f f e r e n c e  betw een th e  

f a b r i c  o f  in c lu s io n s  and th e  m a tr ix  shows t h a t  th e  l a t t e r  under

w ent c o n tin u o u s  r e c r y s t a l l i s a t i o n  d u r in g  th e  grow th  o f k y a n i te .

The breakdow n o f  k y a n ite  p a r a l l e l s  t h a t  o f  g a r n e t .  In  p l a t e  38b 

th e  g a rn e t  i s  c o m p le te ly  re p la c e d  by  a  c h l o r i t e - s e r i c i t e  a g g re g a te  

w h ile  th e  k y a n i te  i s  c o n v e r te d  to  s e r i c i t e  a t  i t s  m arg ins and 

a lo n g  c le a v a g e  p la n e s .  I n  some exam ples th e  s e r i c i t e  a g g re g a te  

r e c r y s t a l l i s e s  to  form  c r y s t a l s  o f  m u sc o v ite .

S t a u r o l i t e  som etim es o c cu rs  i n  a s s o c i a t io n  w ith  k y a n ite  b u t 

i s  more commonly found  w ith o u t t h i s  m in e ra l .  I t  i s  u s u a l ly  I d io -  

b l a s t i c  and  o c c a s io n a l ly  d e v e lo p s  g e n ic u la te  tw in s .  In c lu s io n s  

o f  q u a r tz  a r e  common an d , l i k e  k y a n i te ,  s t a u r o l i t e  overgrow s th e  

m icro  f o l d s .  I n  some exam ples s t a u r o l i t e  was seen  to  e n c lo se  

p o s t  g a rn e ts  w hich  shows t h a t  th e  p e r io d  fo llo w in g  th e  c ro s s 

f o ld in g  was one o f  s lo w ly  r i s i n g  te m p e ra tu re , l o c a l l y  p a s s in g  th ro u g h  

g a rn e t  g ra d e , fo llo w e d  by  s t a u r o l i t e  g rade  and p ro b a b ly  c u lm in a tin g  

i n  th e  g row th  o f  k y a n i te .  S t a u r o l i t e  a p p e a rs  to  have been  more



P la te  4 8 . P ho tom icrog raph  o f  syn  F„ e p id o te .  P .P .L . 
X 1 0 . S l id e  6 2 c .
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s t a b l e  th a n  k y a n i t e .  M ost o f  th e  c r y s t a l s  d e s c r ib e d  a re  f r e s h  

and unchanged b u t i n  a  few exam ples s e r i c i t e  r e p la c e s  th e  m argins 

o f  p o r p h y r o b la s t s .  I n  th e s e  c a s e s  th e  ex ce ss  i r o n  has e v id e n t ly  

b e en  e l im in a te d  a s  o r e .

D ._  B i o t i t e

T h is  m in e ra l  o c cu rs  th ro u g h o u t th e  a re a  mapped. I t s  c o lo u r 

v a r i e s  a c c o rd in g  to  th e  ty p e  o f  s c h i s t  i n  w hich i t  o c c u rs . C a lc i t e -  

b e a r in g  s c h i s t s  i n v a r i a b l y  c o n ta in  a  p a le  brown b i o t i t e ,  w hereas a 

g re e n  b i o t i t e  i s  fo und  i n  a s s o c i a t i o n  w ith  z o i s i t e  o r  in  o th e r  

exam ples w ith  g a rn e ts  c o n ta in in g  f i n e  g ra in e d  in c lu s io n  f a b r i c s .  

Médium brow n b i o t i t e  i s  how ever t y p i c a l  o f  th e  m a jo r i ty  o f  s c h i s t s .  

The p a le  brown c o lo u r  o f  th e  b i o t i t e  i n  th e  c a lc a re o u s  s c h i s t s  

p ro b a b ly  r e f l e c t s  a  h i ^ e r  c o n te n t  o f  p h lo g o p ite  due to  th e  p re sen c e  

o f  o r i g i n a l  d o lo m ite . The developm ent o f  g ree n  b i o t i t e s  have been  

c o r r e l a t e d  by C h in n er ( o p .c i t . )  w i th  a  h ig h  c o n te n t  o f  f e r ro u s  i r o n .

The m orphology o f  b i o t i t e  i s  d i r e c t l y  r e l a t e d  to  th e  s ta g e  o f  

c r y s t a l l i s a t i o n .  S y n te c to n ic  c r y s t a l s  a r e  w e l l  form ed w ith  t h e i r  

001 f a c e s  p a r a l l e l  t o  th e  s c h i s t o s i t y .  Syn c r y s t a l s  a re  th e  

m ost i d i o b l a s t i c  and  f r e e  from  in c lu s io n s  a s  l i t t l e  r e c r y s t a l l i s a t i o n  

fo llo w e d  th e  l a t e  C a led o n o id  m ovem ents. R e c r y s t a l l i s a t i o n  fo llo w in g  

Fg f o ld in g  d e s tro y e d  much o f  th e  e v id en ce  o f  th e  s c h i s t o s i t y  t h a t  

was d e v e lo p e d  d u r in g  t h i s  p e r io d .

No b i o t i t e  can  be re c o g n is e d  a s  h a v in g  form ed b e fo re  th e  

c r o s s - f o l d  e p iso d e  owing to  th e  e f f e c t s  o f  l a t e r  r e c r y s t a l l i s a t i o n .  

Thus b i o t i t e  may have grown a f t e r  F^ f o ld in g  b u t th e r e  i s  no su p p o r-



P la te  4 9 . P ho tom icrog raph  o f  m ic ro fo ld s  i n  an e p id o te  
s c h i s t .  T h is  ro c k  i s  a lm o st e n t i r e l y  composed o f  
q u a r tz  and e p id o te .  P .P .L . x  1 0 . v S l id e  307c .



7 0

t i n g  ev id e n ce #  The period, fo l lo w in g  th e  c ro s s —f o ld  movements marks 

th e  g r e a t e s t  developm ent o f  b i o t i t e .  A f te r  t h i s  b i o t i t e  grow th 

c e a se d  i n  many p a r t s  o f  t h e  a re a  and d u r in g  th e  l a t e  C aledonoid  

movements b i o t i t e  was g e n e r a l ly  r e p la c e d  by c h l o r i t e .  Some f r e s h  

b i o t i t e  d id  grow d u r in g  t h i s  p e r io d .  Sm all i d i o b l a s t i c  c r y s t a l s  

o f  b i o t i t e  a r e  fo u n d , how ever, w i th in  th e  s t r a i n - s l i p  s c h is 

t o s i t y .  B i o t i t e  a l s o  grew a s  a  breakdow n p ro d u c t a f t e r  g a rn e t 

and a m p h ib o le . L o c a l ly ,  b i o t i t e  g row th  c o n tin u e d  a f t e r  th e  F? 

movements b u t  t h i s  to o  gave way to  c h l o r i t e  g row th . L ocal ho rn - 

f e l s i n g  h a s  cau sed  th e  r e c r y s t a l l i s a t i o n  o f  b i o t i t e  and in  some 

exam ples th e  p o s t  F^ c h l o r i t e  i s  c o n v e r te d  to  g ree n  b i o t i t e  a t  

i t s  m arg in s  and  a lo n g  i t s  c le a v a g e s .

B i o t i t e  en ric h m e n t h a s  o c c u rre d  i n  some s c h i s t s  w ith  th e  

r e s u l t a n t  fo rm a tio n  o f  a  b i o t i t e  g l im m e rite . These s c h i s t s  a ls o  

c o n ta in  sm a ll  am ounts o f  b a s ic  p la g io c la s e  and p ro b a b ly  r e p re s e n t  

m etam orphic ' f r o n t s * .  T h is  en rich m en t o c c u rre d  b e fo re  th e  F^ 

f o ld in g  s in c e  th e  b i o t i t e  h a s  been  c o n v e rte d  to  c h l o r i t e  a lo n g  

s t r a i n - s l i p  p la n e s  w hich  w ere d eve loped  d u r in g  t h i s  f o ld in g .

E . C h lo r i t e

The g row th  o f  c h l o r i t e  commenced w ith  th e  t h i r d  phase o f 

movement. I t s  p a ra g e n e s is  h a s  been  l a r g e ly  d e s c r ib e d  above in  

th e  c o n s id e r a t io n  o f  t h e  breakdow n o f  g a rn e t  and  b i o t i t e  and la r g e  

am ounts o f  t h i s  m in e ra l  were form ed by  t h i s  p ro c e s s .  C h lo r i te  was 

a l s o  found  to  d e v e lo p  in  th e  s t r a i n - s l i p  s c h i s t o s i t y  i n  a  s im i la r  

m anner to  th e  sy n  F^ b i o t i t e .  T h is  may s ig n i f y  t h a t  tem p era tu re



P la te  5 0 a . P ho tom icrog raph  o f  e p id o te  s c h i s t .  The t e x tu r e  in  
t h i s  specim en i s  an e x c lu s iv e  m osaic o f  e p id o te .  P .P .L .
X  1 0 . S l id e  315c .
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P la te  50b . Photomicrograph o f  ep id o te  crystcLL en closed  in  garn et.
The garnet developed p ost th e  fo ld in g . N ic o ls  cro ssed .
X 4 0 . S l id e  F 2 .
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g r a d ie n ts  w ere b y  no means u n ifo rm  a t  th e  b e g in n in g  o f  th e  l a t e  

C a led o n o id  movement ph ase  and b o th  th e s e  m in e ra ls  w ere a b le  to  

grow a t  t h e  same t im e , depend ing  on e x tre m e ly  lo c a l  c o n d it io n s  o f 

p r e s s u r e .  T h is  la c k  o f  u n i fo rm i ty  c o n tin u e d  a f t e r  th e  movements. 

P o s t  F^ s h e a r in g  movements have cau sed  th e  developm ent o f  c h lo r i t e  

a lo n g  s h e a r  p la n e s  an d  t h i s  i s  p a r t i c u l a r l y  t r u e  o f  sh e a re d  amphi- 

b o l i t e s ,  w here th e  o r i g i n a l  am phibole  h a s  been  c o m p le te ly  c o n v erted  

to  c h l o r i t e .

As s t a t e d  a b o v e , c h l o r i t e  a l s o  o c cu rs  a s  a  breakdown p ro d u c t 

a f t e r  g a r n e t ,  h o rn b len d e  o r  b i o t i t e  i n  c o n ta c t  a u r e o le s .

The o r i g i n a l  se d im e n ts  p ro b a b ly  c o n ta in e d  some f e ld s p a r  a s  

d e t r i t a l  g r a i n s ,  th e  p r e s e r v a t io n  o f  w hich h as  r e c r y s t a l l i s e d  in  

s i t u .  Such f e l d s p a r  i s  o f t e n  found  a s s o c ia te d  w ith  g raded  b e d d in g .

I t  i s  d o m in a n tly  o r th o c la s e  b u t  some p la g io c la s e  may be p r e s e n t .

The o r th o c la s e  u s u a l ly  shows some s e r i c i t i s a t i o n .  The p la g io c la s e  

i s  l e s s  a l t e r e d  and  g iv e s  e x t i n c t i o n  a n g le  v a lu e s  w i th in  th e  a n d esin e  

r a n g e .  I n  some q u a r t z i t e s ,  l a r g e  p o rp h y ro b la s ts  o f  o r th o c la s e  and 

p e r t h i t e  have d ev e lo p ed  w i th in  a  f i n e  q u a r tz  m o sa ic . T h is i s  

p ro b a b ly  th e  r e s u l t  o f  p o ta s s iu m  m etasom atism  f o r  w hich th e r e  i s  

c l e a r  e v id e n ce  i n  th e  s c h i s t s .  T h is  m etasom atism  o c c u rre d  a f t e r  

th e  t h i r d  p h ase  o f  d e fo rm a tio n . Some r e c r y s t a l l i s a t i o n  o f  f e ld s p a r  

d id  o c cu r u n d e r dynam ic c o n d it io n s  and i n  p l a t e  42a  o r th o c la s e  has 

a  d e f i n i t e  l i n e a r  o r i e n t a t i o n .  T h is  l i n e a t i o n  i s  a s s o c ia te d  w ith



J

P la te  5 1 . P ho tom icrog raph  o f  c h l o r i t e  p o rp h y ro b la s t  over
grow ing  an e a r l i e r  s c h i s t o s i t y .  P .P .L . x  10 .
S l id e  7 9 c .
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th e  second  movement phase and  in v o lv e s  a  r e d i s t r i b u t i o n  o f  th e  

o r i g i n a l  f e l d s p a r .  I n  p l a t e  26 e a r l i e r  p h e n o c ry s ts  o f  p la g io c la s e  

have  become m e c h a n ic a lly  a l ig n e d  d u r in g  th e  c r o s s - f o ld  movements. 

T hese  fo rm e r c r y s t a l s  now c o n s i s t  o f  a g g re g a te s  o f  e p id o te  and 

f e l d s p a r .

F e ld s p a r  i s  a l s o  p r e s e n t  i n  many o f  th e  s c h i s t s .  I t  i s  r a r e l y  

tw in n ed  an d  o f t e n  shows some a l t e r a t i o n .  I n  th e s e  c a se s  i t  i s  

d e v e lo p e d  a s  a n  a c c e s s o ry  m in e ra l .  T hese o c c u rre n c e s  r e s u l t  from  

t h e  r e c r y s t a l l i s a t i o n  o f  d e t r i t a l  g r a in s  b u t  sodium  and p o tassiu m  

m etasom atism  c au se  th e  g row th  o f  f r e s h  f e ld s p a r  i n  r e s t r i c t e d  

l o c a l i t i e s  a f t e r  t h e  F^ d e fo rm a tio n . A ndesines a re  se en  to  

r e p la c e  m u sco v ite  and grow a c ro s s  th e  m icro  f o l d s .  The s t r u c tu r e  

o f  th e  m icas i s  p re s e rv e d  w i th in  th e  f e ld s p a r  by in c lu s io n s  o f 

g r a p h i t e  d u s t .  A lb i te  tw in n in g  may be p r e s e n t  and i s  o f te n  a t  an  

a n g le  t o  th e  i n c lu s io n  t r a i l s .  The e x t i n c t i o n  a n g le s  g iv e  v a lu e s  

o f  p l a g io c la s e  w hich i s  o f  th e  c o m p o s itio n  An. 34#

G ._  E p id n te

E p id o te  m in e ra ls  a r e  commonly found  a s s o c ia te d  w ith  am phibole 

i n  th e  a n p h ib e l i t e s  and e p i d i o r i t e s .  T hese o c c u rre n c e s  o f  e p id o te  

a r e  d e a l t  w i th  s e p a r a te ly  u n d e r th e  s e c t io n  d ev o ted  to  th e s e  ro c k s .

E p id o te  s c h i s t s  and e p i d o t e / b i o t i t e / q u a r t z  s c h i s t s  a re  a  

common f e a tu r e  o f  th e  B l a i r  A th o l l  S e r ie s  and  have developed  from  

a  s l i g h t l y  c a lc a re o u s  o r i g i n a l  se d im e n t, p o s s ib ly  a  c a lc a re o u s  

m udstone . P l a t e s  47^ and 48Q* show t y p ic a l  e p id o te -b e a r in g  s c h i s t s .  

I n  b o th  th e s e  exam ples th e  e p id o te  m in e ra l i s  c l i n o z o i s i t e .  Some



P la te  5 2 . P ho tom icrog raph  o f  c h l o r i t e  s c h i s t .  T h is  s c h i s t  
was d ev e lo p ed  i n  a s s o c ia t io n  w ith  f a u l t i n g  fo llo w in g  
th e  m ovem ents. N ic o ls  c ro s s e d , x  10 . S l id e  56c .
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e p id o te  s c h i s t s  c o n ta in  o v e r  73^ o f  c l i n o z o i s i t e  w ith  some q u a rtz  

and sm a ll  q u a n t i t i e s  o f  f e l d s p a r  and w h ite  m ica. S c h is ts  o f  th e  

ty p e  shown in  p l a t e s  49a & 50a  c o n ta in  a  g reen  h i o t i t e  s im i la r  to  

t h a t  s e e n  i n  th e  s c h i s t s  h e a r in g  g a rn e ts  w ith  f i n e  g ra in e d  

in c lu s io n s  ( s e e  a b o v e ) . T h is  su g g e s ts  t h a t  th e  g re e n  c o lo r a t io n  

o f  t h e  b i o t i t e s  i s  r e l a t e d  to  th e  ch em ica l c o m p o s itio n  o f  th e  

ro c k . The e a r l i e s t  form ed e p id o te  m in e ra ls  re c o g n ise d  a re  syn 

i n  age  and  p l a t e  47b shows a  s t r o n g  l i n e a t i o n  o f  t h i s  m in e ra l 

w h ich  i s  a s s o c i a t e d  w i th  f o ld  a x e s . E p id q te  t h a t  ^ e w  a f t e r  

t h i s  p e r io d  te n d s  t o  fo rm  x e n o b la s t ic  g r a in s .  C l in o z o is i te  i s  

som etim es se e n  r e p la c in g  a  l a r g e r  c r y s t a l  and a l s o  o ccu rs  in  

r e g u l a r  p a tc h e s .  T h is  re p la ce m e n t i s  a f t e r  e a r l i e r  f e ld s p a r  and 

i s  more commonly found i n  th e  e p i d i o r i t e s .  The ro c k  i s  e n ric h e d  

i n  b i o t i t e  and  c o n ta in s  f e l d s p a r ,  b i o t i t e ,  c h l o r i t e  and c l in o 

z o i s i t e .  T h is  en rich m en t p ro b a b ly  o c c u rre d  i n  a s s o c i a t io n  w ith  

th e  in c r e a s e  i n  m etam orphic g rad e  t h a t  fo llo w e d  th e  c r o s s - f o ld  

m ovem ents.

3 . A m p h ib o lite s  and  E p id io r i t e s

I n  th e  f i e l d  i t  i s  o f te n  d i f f i c u l t  to  d e te rm in e  th e  d i f f e r e n c e s  

be tw een  p a r a  and o r th o  a m p h ib o l i te s .  The l a t t e r  a r e  r a r e l y  c ro s s 

c u t t i n g ,  w i th  o n ly  o c c a s io n a l r e l i c  ig n eo u s t e x tu r e s  v i s i b l e  i n  th e  

hand spec im en . Many o f  th e s e  ro ck s  may have been  d e r iv e d  from  b a s ic  

s i l l s  o r  la v a  flow »  so  t h a t  i n  many c a s e s  th e y  a r e  s t r u c t u r a l l y  

i n d i  s t in g u is h a b le  from  bedded sed im en ts  o f  b a s ic  c o m p o s itio n . In  a  

num ber o f  c a s e s ,  how ever, p é tro g ra p h ie  e x am in a tio n  r e v e a ls  r e l i c



P l a te  5 3 a . P ho tom icrog raph  o f  h o r n f e l s .  The fe rro -m ag n e s ia n  
m in e ra ls  now form  a  f i n e  m a tr ix  o f  c h l o r i t e  and s e r i c i t e .  
The q u a r tz  g r a in s  have r e c r y s t a l l i s e d .  P .P .L . x  10 .
S l id e  F 3 5 .

P la te  53b . Photomicrograph o f  a c t in o l i t e  rep laced  by f in e
c h l o r i t i c •a g g reg a te • P .P .L . x  1 0 . S l id e  7 3c .
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ig n eo u s  t e x t u r e s .

A. P a ra  A m p h ib o lite s
—" » m— MM mmm

These ro c k s  a r e  u s u a l ly  in te rb e d d e d  w ith  a  c a lc a re o u s  su c c e ss io n  

and  c o n ta in  c a l c i t e  and  q u a r tz  bands i n  d e f i n i t e  r e g u la r  l a y e r s .  The 

am ph ibo le  v a r i e s  i n  c o m p o s itio n  from  a  deep" g re e n  ho rn b len d e  to  a  

p a le  g re e n  a c t i n o l i t e  o r  c o lo u r le s s  t r e m o l i t e .  I n  many o f  th e s e  

s c h i s t s  t h e  am ph ibo le  i s  accom panied by  e q u a l amounts o f  b i o t i t e .  

C a lc i t e  i s  ab u n d an t and  v a r i a b le  q u a n t i t i e s  o f  e p id o te  a re  u s u a l ly  

p r e s e n t .  E p id o te  may be  p r e s e n t  a s  a n  a c c e s s o ry  o r  a s  a  m ajor 

c o n s t i t u e n t  o f  t h e  r o c k .  T hese ro c k s  c o n ta in  la r g e  amounts o f  

q u a r tz  and f e ld s p a r  som etim es form s x e n o b la s t ic  p o rp h y ro b la s ts  

w hich  a r e  f u l l  o f  i n c lu s io n s .  G a rn e t-b e a r in g  p a ra  a m p h ib o lite s  

w ere re c o rd e d  b u t  g a rn e t  i s  more commonly found  i n  th e  o r th o  

a m p h ib o l i te s .  I n  m ost exam ples th e  am phibole h a s  grown d u r in g  th e  

c r o s s - f o l d  movement and i n  many c a s e s  a  d e f i n i t e  l i n e a t i o n  has 

d e v e lo p ed  p a r a l l e l  t o  th e  f o ld  a x e s . C on tinued  c r y s t a l l i s a t i o n  

and n u c lé a t io n  o f  f r e s h  am phibole  r a r e l y  d e s tro y s  t h i s  l i n e a r  

s t r u c t u r e .  I n  some c a s e s  th e  g row th  o f  am phibole h a s  been  en

t i r e l y  a f t e r  th e  second  d e fo rm a tio n  and lo n g  a c i c u l a r  c r y s t a l s  

a r e  se e n  to  grow i n  random o r i e n t a t i o n .  The c r y s t a l s  a re  u s u a l ly  

i d i o b l a s t i c  w i th  some in c lu s io n s  o f  o r e ,  e p id o te  and q u a r tz .  The 

co m p le te  breakdow n o f  a n ^ h ib o le  to  form  s im i la r  a g g re g a te s  to  th o se  

se e n  d e v e lo p in g  a f t e r  g a rn e t  in  th e  r e g io n a l  s c h i s t s  i s  n o t  uncommon. 

P l a t e  47a shows an  a c t i n o l i t e  c r y s t a l  c o m p le te ly  re p la c e d  by a  

b i o t i t e / s e r i c i t e / q u a r t z  a ,g g re g a te . C h lo r i te  and c a l c i t e  a re  more



P la te  5 4 a . P ho tom icrog raph  o f  r u t i l e  c r y s t a l s  i n  an e p id i o r i t e  
su rro u n d e d  by c o ro n a s  o f  sp h en e . P .P .L . x  7 5 . S l id e  F l 4 .

1
P la te  54b . Photomicrograph o f  an angular m icrofo ld  in  a

quartz a m p h ib o lite . P .P .L . x  1 0 . S lid e  l4 0 c .
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commonly found  a s  a l t e r a t i o n  p ro d u c ts .  C h lo r i t e  c r y s t a l s  grow 

a lo n g  th e  c le a v a g e  p la n e s  and when a  b a s a l  s e c t io n  o f  am phibole 

i s  b e in g  r e p la c e d ,  th e  o r i g in a l  i n t e r s e c t i n g  c le av a g e  p a t t e r n  

i s  p re s e rv e d  by  th e  o r i e n t a t i o n  o f  th e  c h l o r i t e  c r y s t a l s .  These 

breakdow ns o c c u r d u r in g  and a f t e r  th e  t h i r d  movement p h a se .

V/hen g a rn e t  i s  p r e s e n t  i t  i s  g e n e r a l ly  f r e s h  and i d i o b l a s t i c ,  

c o n ta in in g  many i n c lu s io n s .  I t  i s  r a r e l y  an  e s s e n t i a l  m in e ra l i n  

th e  p a ra  a m p h ib o li te s  and Wiseman (1 9 3 4 ), when d e s c r ib in g  o rth o  

a m p h ib o l i te s ,  rem arks on i t s  uneven  d i s t r i b u t i o n .  He su g g e s ts  

t h a t  g a rn e t  fo rm a tio n  i s  p ro b a b ly  r e l a t e d  to  l o c a l  d i f f e r e n c e s  in  

c h em ic a l c o m p o s itio n  w i th in  th e  o r i g in a l  " ig n eo u s"  ro c k . T h is  

a p p e a re d  to  be e q u a l ly  t r u e  o f  th e  p a ra  a m p h ib o lite s  and i s  more 

a p p a r e n t ,  a s  t h e  g a rn e t  i s  o f te n  a  m inor c o n s t i t u e n t .  I n  a l l  

th e  exam ples d e s c r ib e d  th e  g row th  o f  g a rn e t  wa© a f t e r  th e  second 

d e fo rm a tio n .

An im p o r ta n t  f e a tu r e  o f  t h e  t r u l y  p a ra  a m p h ib o lite s  i s  th e  

r e l a t i v e  a b sen c e  o f  r u t i l e  com pared w i th  i t s  abundance i n  th e  

more b a s i c  a m p h ib o l i te s .  O res a re  common a c c e s s o r ie s  i n  b o th  ro ck  

ty p e s .  B o th  c l i n o z o i s i t e  and  e p id o te  w ere re c o rd e d  i n  th e  p a ra  

a m p h ib o l i te s  b u t  th e s e  m in e ra ls  were n o t  alw ays p r e s e n t  and v a r ie d  

from  a c c e s s o ry  to  e s s e n t i a l .

" E p id io r i t e "  was o r i g i n a l l y  u sed  a s  a  f i e l d  term  and a f t e r  

many a t te m p ts  a t  a  more p r e c i s e  d e f i n i t i o n  Wiseman (1954) r e  comp- 

mended t h a t  i t  sh o u ld  be u sed  i n  i t s  o r i g in a l  se n se , i n d ic a t in g  a



»

P la te  55a .  P ho tom icrog raph  o f  h o rn b len d e  and b i o t i t e  form ing 
an  Fg m ic ro fo ld . P .P .L . x 1 0 . S l i d e . l 8l c .

P la te  55b . Photomicrograph o f  fra c tu red  c r y s ta l  o f  hornblende
in  a b io t i t e -q u a r tz  s c h i s t .  P .P .L . x 1 0 . S lid e  545c#
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m etam orphosed ig n eo u s ro ck  t h a t  c o n ta in e d  h o rn b le n d e . T h is  i s  th e  

d e f i n i t i o n  u se d  i n  t h i s  a c c o u n t, b u t  w ith  th e  q u a l i f i c a t i o n  t h a t  

s c h i s to s e  h o rn b le n d e -b e a r in g  ro c k s  a r e  n o t a lw ays e a s i l y  rec o g 

n is e d  a s  ig n e o u s .

The am phibo le  o f  t h i s  g roup i s  u s u a l ly  a  deep g reen  and nay have 

a  f a i n t  b l u i s h  t i n g e .  Some p a le  a c t i n o l i t i c  h o rnb lende  was seen  

i n  a  few exam ples b u t  no c o lo u r le s s  am phibole was fo u n d . The 

c r y s t a l s  a r e  l e s s  a c i c u l a r  th a n  th o se  o f  a m p h ib o lite s  w hich a re  

c l e a r l y  se d im e n ta ry  i n  o r ig in  and th e y  v a ry  from  x e n o b la s t ic  to  

i d i o b l a s t i c .  They a r e  u s u a l ly  f u l l  o f  in c lu s io n s  w hich a re  o f te n  

a r ra n g e d  i n  a  p a t t e r n  in d ic a t in g  a n  e a r l i e r  o p h i t i c  te x tu r e  ; th e  

in c lu s io n s  c o n s i s t  o f  a g g re g a te s  o f  c l i n o z o i s i t e ,  z o i s i t e  o r  

e p id o te  to g e th e r  w ith  a n  un tw inned  f e ld s p a r ,  w hich  has low r e l i e f .

The p a tc h e s  o f  f e l s i c  m in e ra ls  occupy th e  s i t e s  o f o r i g in a l  pheno- 

c r y s t s .  I n  many exam ples a n  o r ig in a l  p o r p h y r i t i c  t e x tu r e  can be 

re c o g n is e d ,  i n  c o n t r a s t  to  th e  o p h i t i c  t e x tu r e  seen  in  o r i g in a l l y  

c o a r s e  g ra in e d  ro c k s .

B i o t i t e  i s  g e n e r a l ly  a b s e n t  i n  th e  o r th o  a m p h ib o lite s  b u t may 

o c c u r , how ever, i n  a c c e s s o ry  am ounts ( l e s s  th a n  1 0 ^ ) . I t  r e p la c e s  

am ph ibo le  g row ing  a lo n g  th e  c le a v a g e  p la n e s ,  w hereas i n  th e  p a ra  

a m p h ib o l i te s  i t  o f te n  form s in d ep en d en t c r y s t a l s .

The e p id o te  m in e ra l  may be z o i s i t e ,  c l i n o z o i s i t e  o r  e p id o te .

I t  grows i n  g r a n u la r  a g g re g a te s  th ro u g h o u t th e  ro c k  i n  a lm o st e v e ry  

specim en  c o l l e c t e d  and o ccu rs  a s  in c lu s io n s  i n  b o th  ho rnb lende  and 

g a r n e t .  I n  some exam ples sm a ll g ra in s  overgrow n by q u a r tz  were



P l a te  56a .  P ho tom icrog raph  o f  b i o t i t e  r e p la c in g  hornb lende, 
P .P .L . X 6 0 . S l id e  198c .

r
P la te  56b . Photomicrograph o f  b i o t i t e - a c t in o l i t e  s c h is t

P .P .L . X ko. S lid e  217c.
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p ro b a b ly  among th e  f i r s t  m etam orphic m in e ra ls  to  form  in  th e  ro c k . 

T h e i r  e n c lo s u re  by  q u a r tz  seems to  co n firm  t h i s  and in d ic a te s  th e  

su b se q u e n t r e l e a s e  o f  s i l i c a  , p ro b a b ly  in  th e  breakdown o f  py roxene , 

a s  m etam orphism  p ro c e e d e d . The e p id o te  m in e ra ls  a p p e a r to  have 

grown a f t e r  th e  ^^ovements and la r g e  c r y s t a l s  o f  e p id o te  occupy 

th e  s i t e s  o f  th e  o r i g in a l  f e l d s p a r .  The in c lu s io n  o f  e p id o te  i n  

g a rn e t  shows t h a t  i t  p rec ed e d  th e  grow th  o f  t h i s  m in e ra l .  G arnets 

may be an  in c h  o r  more i n  d ia m e te r .  T h e ir  p a t t e r n  o f  in c lu s io n s  

showed t h a t  th e y  grew u n d e r s t a t i c  c o n d it io n s  a f t e r  th e  F^ movements 

The in c lu s io n s  o f  q u a r tz ,  c a l c i t e ,  o re  and e p id o te  a r e  co n tinuous 

w ith  th e  m a tr ix  f a b r i c .  R o ta t io n  o f  th e  c r y s t a l s  a f t e r  grow th 

o f t e n  defo rm s th e  m a tr ix  s c h i s t o s i t y .
I

R u t i l e  i s  i n v a r i a b ly  p r e s e n t  i n  th e  e p i d i o r i t e s .  I t  i s  n o t th e  

t y p i c a l  r e d  c o lo u r ,  b u t  a  y e llo w ish -b ro w n . I t  i s  som etim es found 

o v e rg ro w in g  o re  and i n  such  c a s e s  p ro b a b ly  form ed from  i lm e n i te ,  b u t 

i t  i s  l i k e l y  t h a t  some t i t a n iu m  w ould be r e le a s e d  from  th e  o r ig in a l  

py roxene  a s  a  r e s u l t  o f  th e  r e g io n a l  m etam orphism . R u t i l e  i t s e l f  

may be r e p la c e d  by sphene and p l a t e  5l a  shows co ro n as o f  t h i s  

m in e ra l  su rro u n d in g  r u t i l e .

C. Age and P o s s ib le  O r ig in s  o f  

th e  O rtho  A m p h ib o lite s  and E p id io r i t e s
M M  mmm wtmm m m  « m »  mmm mmm mmm mmm mmm mmmm «mm# mmm W w  m im  mmm mmm

When th e  o r i g in a l  n a tu re  o f  th e  fo rm er igneous ro ck  i s  con

s id e r e d  th e  f i e l d  r e l a t i o n s h i p s  a r e  r a r e l y  c o n c lu s iv e . D isc o rd a n t 

j u n c t io n s  can  som etim es be re c o g n ise d  b u t th e  e f f e c t  o f  th e  l a t e r  

d e fo rm a tio n  was to  d e s t r o y  th e  e a r l i e r  c o n ta c t  r e l a t i o n s h i p s .  Some



P la te  5 7 a . P ho tom icrog raph  o f  z ig -z a g  m icro f o ld s  i n  horn
b len d e  a m p h ib o li te . P .P .L . x  1 0 . S l id e  2 5 c .

P la te  57b . Photomicrograph o f  b i o t i t e  rep laced  by c h lo r ite
P .P .L . X 4 0 . S l id e  338c.



78

v e ry  i r r e g u l a r  c o n ta c ts  w ere se e n  b u t  th e s e  c o u ld  be th e  r e s u l t  o f

d e fo rm a tio n  r a t h e r  th a n  i n t r u s io n .  Re c r y s t a l l i s a t i o n  has d e s tro y e d

an y  e v id e n c e  o f  c h i l l e d  m arg ins b u t  r e l i c  t e x tu r e s  do show th e

ig n e o u s  o r ig in s  o f  th e  ro c k .  I n  p a r t i c u l a r  r e l i c  p o r p h y r i t i c

t e x t u r e  and r e l i c  o p h i t i c  t e x tu r e s  g iv e  an’ i n d ic a t io n  o f a n  igneous

o r i g i n .  The o p h i t i c  t e x tu r e  and th e  p rep onderance  o f  am phibole
0

show t h a t  th e s e  w ere fo rm er b a s ic  i n t r u s i v e s .  T h is  t e x tu r e  has been  

fo und  i n  many sm a ll c o n co rd an t e p i d i o r i t e s .  These were p o s s ib ly  

d o l e r i t i c  d y k e s . The c o a rs e  t e x tu r e  may be th e  r e s u l t  o f  a  lo n g  

c o o l in g  h i s t o r y  a s  th e s e  ro c k s  w ere a lm o st c e r t a i n l y  in tru d e d  

d u r in g  th e  r e g io n a l  m etam orphism . Q uite  la rg e  m asses o f  e p id i o r i t e  

o c c u r  w i th in  th e  a r e a  o f  s tu d y . They a r e  a l l  metam orphosed to  

h o rn b le n d e - r ic h  ro c k s  and no r e l i c  pyroxene re m a in s .

Most o f  th e  am phibo le  p o s t - d a te s  th e  second movement p h a se , 

t h o u ^  i n  some exam ples am phibole had grown d u r in g  T h is  i s  

shown by  a  l i n e a t i o n  p a r a l l e l  to  th e  F^ f o ld s .  T h is  in d ic a te s  two 

p e r io d s  o f  i n t r u s i o n ,  one p r i o r  t o  th e  second d e fo rm a tio n  and 

a n o th e r  d i r e c t l y  fo l lo w in g  t h i s  p e r io d .

4 . A c c e sso ry  M in e ra ls

The m in e ra ls  w hich  o n ly  o ccu r in  a c c e s s o ry  am ounts can be

d iv id e d  in to  two groups on  a  b a s i s  o f o r i g in .

1) Those m in e ra ls  w hich  w ere p ro b a b ly  p r e s e n t  i n  th e  p rim ary  

sed im en t and have r e c r y s t a l l i s e d  d u r in g  metamorphism. These in c lu d e  

a p a t i t e ,  to u rm a lin e , z i r c o n ,  r u t i l e  and o r e .

2 ) Those m in e ra ls  a r i s i n g  from  m etam orphic r e a c t io n s .  These

in c lu d e  r u t i l e ,  sphene and o r e s .



P la te  58a .  P ho tom icrog raph  o f  h o rn b len d e  re p la c e d  by c h l o r i t e .  
P .P .L . X 4 0 . S l id e  345c .

nasT .H  I 4f

P la te  58b . P o rp h y r itic  te x tu r e  in  e p id io r i t e .  The *phenocrysts*
are now aggrega tes o f  ep id o te  and fe ld sp a r . They show a
g en era l alignm ent p a r a l le l  to  th e  hornblendes.
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T hese m in e ra ls  u s u a l ly  d ev e lo p  a s  a  r e s u l t  o f  m etasom atism  

a s s o c i a t e d  w ith  a c id  i n t r u s i o n s .  They n o t o n ly  o ccu r th ro u g h o u t 

th e  a r e a  h u t  a l s o  on  a  r e g io n a l  s c a le  th ro u g h o u t th e  D a lra d ia n  

m e ta se d im e n ts . F o r t h i s  re a s o n  th e y  a re  re g a rd e d  a s  h av in g  grown 

b y  th e  r e c r y s t a l l i s a t i o n  o f p rim a ry  sed im en ta ry  g r a in s .  T h e ir  

p re s e n c e  i n  th e  sed im en ts  i n d ic a t e s  th e  e ro s io n  o f  a  so u rce  a re a  

in t r u d e d  by  g r a n i t i c  r o c k s .  T ourm aline o f te n  shows a  ru d im en ta ry  

o r i e n t a t i o n ,  b u t  i t  i s  n o t  c l e a r  i f  t h i s  was a s s o c ia te d  w ith  any 

o f  th e  m ajo r e p is o d e s  o f  d e fo rm a tio n . I t  o ccu rs  a s  th e  deep g ree n  

p le o c h ro ic  v a r i e t y  ( s c h o r l i t e ) ,  and form s in d iv id u a l  s h o r t ,  

t a b u l a r  p r is m s .

A p a t i t e  i s  l e s s  w id esp read  and i s  o n ly  p re s e n t  a s  a  v e ry  

m inor a c c e sso ry ..

A lth o u g h  i t  i s  su g g e s te d  t h a t  th e s e  m in e ra ls  were d e p o s i te d  

w i th  th e  o r i g in a l  sed im en ts  i t  i s  p o s s ib le  t h a t  l o c a l l y  some 

to u rm a lin e  and  a p a t i t e  may have grown a s  a  r e s u l t  o f  bo ron  and 

c h lo r in e  m etasom atism  b u t th e r e  i s  no e v id en ce  o f t h i s .

B. T ita n iu m  M in e ra ls  

I lm e n i te  and r u t i l e  w ere p ro b a b ly  b o th  p r e s e n t  a s  sed im en ta ry  

g r a i n s ,  and a s  f o r  to u rm a lin e  and a p a t i t e  t h i s  i s  in f e r r e d  from  

th e  e x tre m e ly  w ide o c cu rren c e  o f  th e s e  m in e ra ls .  Some r u t i l e  was 

form ed by  th e  breakdown o f  i lm e n ite  and p o s s ib ly  by  th e  breakdown 

o f  g a r n e t .  I n  th e  e p i d i o r i t e s  much o f  th e  i lm e n ite  w i l l  have 

form ed d u r in g  th e  c r y s t a l l i s a t i o n  o f  th e  igneous ro c k , b u t  more



M

P la te  5 9 . P ho tom icrog raph  o f  a l t e r e d  p h e n o cry s t i n  e p i d i o r i t e .  
The a l t e r a t i o n  p ro d u c t i s  composed o f  e p id o te ,  s e r i c i t e  
and  f e l d s p a r .  P .P .L . x  1 0 . S l id e  528c.
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t i t a n iu m  w i l l  have been  r e le a s e d  by th e  c o n v e rs io n  o f  pyroxene 

t o  am p h ib o le . Sphene was o n ly  se e n  in  th e  e p id i o r i t e s  where i t  

form ed c o ro n a s  a round  r u t i l e .

C. Z irc o n  and I r o n  Ores 

S ed im en ta ry  z i r c o n  i s  a  common a c c e s s o ry  i n  th e  q u a r t z i t e s  

w here i t  o c c u rs  i n  a s s o c i a t io n  w ith  m a g n e ti te , h a e m a tite  o r  l im o n ite  

T hese m in e ra ls  fo rm  d e f i n i t e  bands w hich t r a c e  ou t th e  p a t t e r n  o f  

th e  e a r l i e r  c u r r e n t  b e d d in g . The m a g n e tite  i s  o f te n  o x id is e d  so 

t h a t  th e  o r i g i n a l  c u r r e n t  b e d d in g  a p p e a rs  a s  a  s e r i e s  o f  cu rved  

brow n l i n e s .  Heavy m in e ra l  s o r t i n g  o f  t h i s  ty p e  i s  a  common 

f e a t u r e  o f  sed im en ts  d e p o s i te d  by  c u r r e n t  a c t io n .  M ag n e tite  i s  

a l s o  p ro d u ced  i n  a  number o f  m etam orphic r e a c t io n s .  The m ost 

common o f  th e s e  i s  i n  th e  breakdown o f  g a rn e t .  P la te  53b shows 

a  g a rn e t  w hich  h as b een  p a r t i a l l y  r e p la c e d  by  m uscov ite  and th e  

o r i g i n a l  i r o n  i s  now d i s t r i b u t e d  th ro u g h o u t th e  ro c k  i n  g ra in s  

o f  m a g n e ti te .



►
P l a t e  6 0 a . S p h e ro id a l  w e a th e rin g  i n  q u a r tz  p o rp h y ry . Glen 

T a i tn e a c h .

Plate 60b . Spheroidal weathering in quartz porphyry. Glen
Taitneacho
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PART POUR 

M inor Igneous I n t r u s io n s

F o llo w in g  th e  m ain s t r u c t u r a l  and m etam orphic e v e n ts ,  a  

s e r i e s  o f dykes and s h e e ts  were in tru d e d  on a  r e g io n a l  s c a le .

They form  two m ain g ro u p s, a lth o u g h  i t  i s  p o s s ib le  to  su b d iv id e  

w i th in  th e s e  g roups on a  b a s i s  o f m in e ra lo g ic a l  and t e x t u r a l  

v a r i a t i o n s  •

1 . A cid I n t r u s iv e s

A l l  th e  dyke ro ck s  d e sc r ib e d  un d er t h i s  h ead in g  a re  porphy

r i t i c .  They ran g e  i n  s iz e  from  narrow  d y k es, o f  a  few in ch es  

th ic k n e s s ,  to  l a r g e r  b o s s - l ik e  m asses, th e  s iz e  o f  th e  C am  Mor 

P o rp h y ry . Dykes o f o n ly  a  few f e e t  a c ro s s  may ex ten d  c o n tin u o u s ly  

f o r  a  m ile .

A ._

The f i n e s t  a c id  g ra in e d  i n t r u s iv e s  a re  p in k  and w h ite  f e l s i t e  

dykes. These ro ck s  a l l  show some ev idence  o f  d e v i t r i f i c a t i o n .  

S p h e r u l i t i c  te x tu r e  i s  common and a l k a l i  f e ld s p a r  i s  seen  grow ing 

i n  a  r a d i a l  p a t t e r n  w ith  q u a r tz .  T h is  som etim es makes up th e  whole 

o f  th e  groundm ass. Some exam ples d e sc r ib e d  a re  g ran o p h y ric  b u t 

a n  i n te r p la y  betw een g ran o p h y ric  and s p h e r u l i t i c  t e x tu r e  i s  common. 

The groundm ass i s  u s u a l ly  s e r i c i t i s e d  to  a  g r e a te r  o r  l e s s e r  e x te n t .  

T h is  may have o c cu rred  in  a s s o c ia t io n  w ith  th e  l a t e r  movements t h a t  

have a f f e c te d  th e s e  ro c k s . P h e n o c ry s ts  o f  q u a r tz ,  p la g io c la s e  a n d /o r  

o r th o c la s e  a re  common and s m a lle r  p h e n o c ry s ts  o f b i o t i t e  o r  m uscov ite  

may be p r e s e n t .  The f e ld s p a r s  a re  u s u a l ly  zoned and th e  p la g io c la s e



P l a te  6 l a .  P ho tom icrog raph  o f  g ra p h ic  in te rg ro w th  betw een 
q u a r tz  and o r th o c la s e .  Q u artz  p o rp h y ry . N ic o ls  c ro s se d .
X 6 0 . S l id e  F 5 9 .

P l a te  6 lb .  P ho tom icrograph  o f  g ran o p h y re . 
X 4 0 . S l id e  244c .

N ic o ls  c ro s s e d .
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g iv e s  v a lu e s  w i th in  th e  a n d e s in e  ra n g e . M in e ra lo g ic a l ly  th e s e  ro ck s 

ra n g e  from  rh y o d a c i te s  to  d a c i te s  i n  c o m p o s itio n .

B ._  ^ m r tz _ a n d _ Q u a r t^ F e ld s p a r_ P o ^ ^

Some dykes and s h e e ts  a re  c o m p le te ly  c r y s t a l l i n e  p o rp h y r ie s , 

a lth o u g h  t h e i r  form  i s  i d e n t i c a l  to  t h a t  o f  th e  f e l s i t e s  d e sc r ib e d  

above an d  th e y  a r e  o f  th e  same m in e ra lo g ic a l  c o m p o s itio n . T h is  

s u g g e s ts  a  s lo w er h e a t  lo s s  had o c c u rre d . The l a r g e s t  igneous 

b o d ie s  o c c u r r in g  w i th in  th e  a re a  mapped a re  a l l  g r a n i te  p o rp h y r ie s , 

and ev en  thougji th e  Cam-M or Porphyry,, th e  l a r g e s t  o f  th e s e  in 

t r u s i o n s ,  c o v e rs  s e v e r a l  sq u a re  m ile s ,  i t  rem ains a  p o r p h y r i t ic  

r o c k . I n  i t s  m a rg in a l f a c i e s  i t  i s  a  p in k  f e l s i t e  o f  rh y o d a c ite  

c o m p o s itio n , show ing th e  r e l a t i o n s h i p  o f  t h i s  ro c k - ty p e  to  th e  

g r a n i t e  p o r p h y r ie s .

The groundm ass o f  th e  C am  Mor P orphyry  c o n s i s t s  o f  q u à r tz ,  

o r th o c la s e  and  p la g io c la s e  f e l d s p a r .  M ic ro g rap h ie  in te rg ro w th s  

a r e  common and a l l  th e  c r y s t a l s  a re  a n h e d ra l .  S m all c r y s t a l s  o f  

c h l o r i t e  and e p id o te  a r e  p r e s e n t  r e p la c in g  a l t e r e d  p h e n o c ry s ts  and 

a s  a  p a r t  o f  th e  groundm ass. B oth  th e s e  o c cu rren c es  show s im i la r  

t e x t u r a l  r e l a t i o n s h i p s .  The c h l o r i t e  r e t a i n s  th e  form  o f th e  e a r l i e r  

h o rn b le n d e  w hich  i t  pseudom orphs # The e p id o te  c r y s t a l s  a re  en c lo sed  

by  th e  c h l o r i t e  and  th e y  to o  have been  form ed by th e  breakdown o f 

th e  o r i g i n a l  am ph ibo le . As i s  s e e n  i n  th e  f e l s i t e s ,  th e  whole o f  th e  

ro c k  i s  s e r i c i t i z e d  and m inute  c r y s t a l s  o f  c o lo u r le s s  m ica a re  

s c a t t e r e d  in d is c r im in a te ly  t h r o u ^  b o th  th e  groundmass and pheno

c r y s t s .  The C am  Mor P orphyry  i s  a  p o r p h y r i t i c  m ic ro -a d a m e llite
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P l a t e  6 2 . P h o tom icrog raph  o f  a l t e r e d  f e ld s p a r  p h e n o c ry s t 
i n  q u a r t z / f e ld s p a r  p o rp h y ry . P .P .L . x  4 0 . S l id e  187c .
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s in c e  a t  l e a s t  f i f t y  p e r  c e n t  o f  th e  f e ld s p a r  i s  a n d e s in e . 

O r th o c la s e  and p e r t h i t e  do n o t  commonly fo im  p h e n o c ry s ts  a s  i n  

many o th e r  f e ld s p a r  p o r p h y r ie s .  A l te r e d  h o rn b le n d e , a n d e s in e  and 

xenom orphic q u a r tz  a r e  th e  c h ie f  p h e n o c ry s ts .  A l t e r a t i o n  o f  th e  

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

w i t h in  th e  groundm ass. C h lo r i t e  p h e n o c ry s ts  a r e  o f te n  b e n t ,  and 

b e c a u se  th e y  r e p la c e  h o rn b le n d e , and  th e  d e fo rm a tio n  a f f e c t s  th e  

o p t i c s  o f  t h e  c h l o r i t e ,  th e  d e fo rm a tio n  o c cu rred  a f t e r  th e  b re a k 

down o f  h o rn b le n d e , and  i s  f u r t h e r  e v id en ce  o f  l a t e  b r i t t l e  move

m e n ts . The p é tro g ra p h ie  d e s c r i p t io n  o f  th e  C am  Mor P o rphy ry  

e q u a l ly  f i t s  th e  o th e r  q u a r tz  and f e ld s p a r  p o rp h y r ie s  found 

th ro u g h o u t th e  r e g io n .  M ic ro g ra p h ie  t e x tu r e  i s  n o t a lw ays found  

b u t  i n  some exam ples i t  becomes so im p o r ta n t t h a t  th e  te rm  g ra n o -  

p h y re  can  be u s e d . The r e l a t i v e  p ro p o r t io n s  o f  o r th o c la s e  and 

a n d e s in e  v a ry  c o n s id e ra b ly  b u t  a n d e s in e  i s  a lw ays p r e s e n t .  A l l  

th e s e  ro c k s  c o n ta in  some m a g n e tite  and sphene i s  a  common 

a c c e s s o r y .  B i o t i t e  may a l s o  o c c u r .

^ em ^ ted j^ ecc d ^

Many o f  th e  dykes a r e  in tru d e d  a lo n g  f a u l t  p la n e s ,  i n  f a c t  

posthum ous movement h as a f f e c t e d  some d y k e s . Some f a u l t s  a re  

aco o n g a n ie d  by  a  la r g e  amount o f  b r e c c i a t i o n  o f  th e  c o u n try  ro c k .  

T hese  b r e c c ia s  a r e  o f t e n  cem ented by f e l s i t e .  Not a l l  th e  

b r e c c i a  fra g m e n ts  a r e  c o u n try  ro c k ;  frag m e n ts  o f  q u a r tz  p o rp h y ry



P l a t e  65a .  Grey p o r p h y r i te  dyke. G len G lim ie .

P l a t e  65b .  P ho tom icrog raph  o f  g re y  p o r p h y r i te .  N ic o ls  
c ro s s e d ,  x  1 0 . S l id e  10 5 c .
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and f e l s i t e  w ere a ls o  r e c o rd e d .  The groundm ass cem ent may be d e v i t 

r i f i e d  g l a s s  o r  a  f in e  g ra in e d  m osaic o f  q u a r tz  and  o r th o c la s e .  

S m all c r y s t a l s  o f  w h ite  m ica may a l s o  be p r e s e n t .

2 . I n te r m e d ia te  I n t r u s i v e s

A._ £o£Pb;yTi_te_s

The f in e  g ra in e d  members o f  t h i s  group a r e  n o t  a s  p o r p h y r i t i c  

a s  th e  a c i d  f e l s i t e s  and p o rp h y r ie s .  They f a l l  u n d e r th e  g e n e ra l  

f i e l d  te rm  o f  p o r p h y r i te .  The f r e s h  ro c k  i s  g re y  i n  c o lo u r  b u t  

w e a th e r in g  on exposed  s u r f a c e s  c a u se s  t h i s  to  change to  a  d u l l  

r e d ,  w h ich  makes th e  s c r e e s  re c o g ^ iisa b le  a t  some d is ta n c e  i n  th e  

f i e l d .  The p h e n o c ry s ts  a re  e x tre m e ly  s p o ra d ic .  A ndesine  i s  th e  

m ost common, b u t  q u a r tz  and c h l o r i t e  may be p r e s e n t  a s  w e l l .  The 

l a t t e r  i s  r e a d i l y  s e e n  in  th e  hand specim en , fo rm in g  d a rk  g re e n  

c l o t s  i n  th e  l i ^ t  g re y  m a tr ix .  As w ith  th e  a c id  ro c k s  c h l o r i t e  

i s  a  pseudom orph a f t e r  h o rn b le n d e . The h o rn b len d e  i s  n o t a lw ays 

c o n v e r te d  t o  c h l o r i t e  and i s  o c c a s io n a l ly  p r e s e n t  a s  g reen-brow n 

p h e n o c r y s ts .  The a n d e s in e  c r y s t a l s  a r e  u s u a l ly  zoned and show 

com plex tw in n in g . The v a r i a t i o n  from  th e  c o re  to  th e  m arg in  i s  

n o t  g r e a t  and  rem ain s w i th in  th e  a n d e s in e  ra n g e . The groundm ass 

c r y s t a l s  a r e  o v e r  f i f t y  p e r  c e n t  p la g io c la s e  and th e y  to o  a re  

zoned  and  o p t i c a l  d e te r m in a t io n  i s  d i f f i c u l t ,  b u t  s im i l a r  v a lu e s  

t o  th o s e  o f  th e  p h e n o c ry s ts  w ere o b ta in e d . A c o lo u re d  m in e ra l 

i s  a n  im p o r ta n t  c o n s t i t u e n t  o f  th e  groundm ass. B i o t i t e ,  c h l o r i t e
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P la te  6 4 a . P ho tom icrog raph  o f  q u a r tz  p h e n o c ry s t i n  g rey  

p o r p h y r i te .  The c r y s t a l  i s  m an tled  by sm a ll c r y s t a l s  
o f  m ica and o r e .  P .P .L . x  1 0 . S l id e  331c .

P la te  64b . Photomicrograph o f  brown hornblende p h en ocryst.
T h is c r y s t a l  i s  a l t e r in g  to  c h lo r i t e  and sm all ep id o te
c r y s t a l s .  P .P .L . x  1 0 . S l id e  187c .
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an d  m u sco v ite  c o n s t i t u t e  th e  c h ie f  m in e r a ls .  Some idijom orphic 

pseudom orphs resem b le  a u g i t e .  The l a t h s  o f  p la g io c la s e  commonly 

show a  ru d im e n ta ry  o r i e n t a t i o n  s u g g e s t in g  t h a t  some flow age 

o c c u rre d  p r i o r  to  co m p le te  c o n s o l id a t io n .  T hese dykes ran g e  from  

a  few in c h e s  to  two o r  t h r e e  f e e t  a c ro s s  and can be t r a c e d  f o r  

d i s t a n c e s  s i m i l a r  t o  th o s e  o f  th e  f e l s i t e s .

L a rg e r  b o d ie s  w hich  have a  s im i l a r  m in e ra lo g y  to  th e  p o r

p h y r i t e  s a r e  l e s s  common i n  o c c u rre n c e  th a n  th e  g r a n i t e  p o rp h y r ie s .  

They a re  n o t  p o r p h y r i t i c  and  a re  o f  d i o r i t e  c o m p o s itio n . The 

l a r g e s t  o f  th e s e  in t r u s io n s  o u tc ro p s  i n  G len T a i tn e a c h . T h is  i s  

a  medium g ra in e d  d i o r i t e  and i t  i s  p ro b a b le  t h a t  th e  sm a ll dyke 

exposed  i n  G len T a itn e a c h  r e p r e s e n ts  a  p a r t  o f  a  l a r g e r  i n t r u s i o n  

w h ich  i s  n o t  y e t  u n c o v e re d . The c o u n try  ro c k  h e re  i s  q u a r t z i t e  

and  i t  i s  d i f f i c u l t  t o  d e t e c t  any  e v id e n ce  o f  h o m f e l s in g .  The 

e s s e n t i a l  m in e ra ls  a re  h o rn b len d e  and p la g io c la s e  w ith  s u b s id ia r y  

b i o t i t e  and  sm a ll  am ounts o f  q u a r tz  and m a g n e ti te . The p la g io c la s e  

i s  zoned and a l t e r e d  a t  th e  m arg ins and a lo n g  th e  c ra c k s  to  

s a u s s u r i t e .  The com bined c a r l s b a d - a l b i t e  tw in n in g  gave a  com

p o s i t i o n  v a lu e  o f  A n.4 0 , a lth o u g h  zo n in g  and a l t e r a t i o n  make 

d e te r m in a t io n  d i f f i c u l t .  The a n d e s in e  h a s  an o p h i t i c  r e l a t i o n s h i p  

t o  a  brown h o rn b le n d e , w hich  i s  o n ly  p a r t l y  ch an g in g  to  c h l o r i t e ,

u n l ik e  th e  am ph ibo le  o f  th e  a c id  ro c k s  w hich  i s  c o m p le te ly  r e p la c e d .  

B i o t i t e  c r y s t a l s  a re  a l s o  b e in g  c o n v e r te d  to  c h l o r i t e  a lo n g  th e



P l a t e  65a .  P ho tom icrog raph  o f  s p h e r u l i t i c  t e x tu r e  i n  f e l s i t e *  
N iç o is  c ro s s e d ,  x  1 0 . S Ï id e  89c .

P l a t e  65b . P ho tom icrog raph  o f  q u a r t z i t e  b r e c c ia  cem ented by
f e l s i t e .  N iç o is  c ro s s e d ,  x  1 0 . S l id e  67c .
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c le a v a g e s .  C a lc i t e  form s o c c a s io n a l  xenom orphic p a tc h e s  and i s  

p ro b a b ly  p roduced  i n  th e  breakdow n o f  f e ld s p a r  and  h o rn b le n d e . 

Some sm a ll  g r a in s  o f  q u a r tz  a r e  p r e s e n t  i n  a c c e s s o ry  am ounts and  

occupy  i n t e r s t i c e s  be tw een  th e  p la g io c la s e  l a t h s .  They show 

u n d u lo se  e x t i n c t i o n .  A sm a ll i n t r u s i o n  w ith  an  i d e n t i c a l  

m in e ra lo g y  o c c u rs  on C arn na G re in e . T h is  ro c k  h as  a  c h i l l e d  

m arg in  w hich  i s  f i n e r  g ra in e d  th a n  th e  G len  T a itn e a c h  i n t r u s i o n  

b u t  i n  i t s  c e n t r e  th e  t e x tu r e  i s  th e  same. The f i n e  g ra in e d  

m a rg in a l f a c i e s ,  how ever, h a s  th e  same m in e ra lo g y  and a lth o u g h  

i t  i s  t e x t u r a l l y  s i m i l a r  to  th e  p o rp h y r i te s  i t  s t i l l  h a s  ab u n d an t 

brow n p le o c h r o ic  h o rn b len d e  p re s e rv e d .

I n  o th e r  exam ples o f  d i o r i t e  com p lete  and p a r t i a l  r e p la c e 

m ent o f  brow n h o rn b len d e  by a  f i n e  a g g re g a te  o f  e p id o te  and 

c h l o r i t e  h as  o c c u r re d . I n  one exam ple th e  brown h o rn b len d e  had  

become g re e n  a t  i t s  m a rg in s . I n  a l l  th e  specim ens exam ined th e  ' 

p l a g io c l a s e  was zoned and a l t e r e d .  E x t in c t io n  v a lu e s  were a lw ays 

w i th in  th e  a n d e s in e  r a n g e .

P o r p h y r i te s  a r e  l e s s  common i n  o c c u rre n c e  th a n  q u a r tz  p o r

p h y r ie s  and f e l s i t e s .  D io r i t e  i n t r u s io n s  a re  ev en  l e s s  w id esp read  

and o n ly  form  sm a ll b o d ie s .  The a l t e r a t i o n  o f  a l l  th e  m inor 

i n t r u s iv e s  may be due t o  t h e  p re se n c e  o f  w a te r  e i t h e r  i n  th e  

c o u n try  r o c k  o r  w i th in  th e  magma.

The age r e l a t i o n s h i p  betw een  th e  v a r io u s  ty p e s  i s  n o t 

c o m p le te ly  c l e a r .  P o r p h y r i te  dykes c u t  f e l s i t e  dykes i n  two
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l o c a l i t i e s o  I n  th e  Baddoch B um  a  f e l s i t e  i s  a p p a r e n t ly  c u t  

b y  a  q u a r t z / f e ld s p a r  p o rp h y ry . J u s t  n o r th  o f  th e  C a irn w e ll  a  

p o r p h y r i te  i s  in t ru d e d  a lo n g  a  f a u l t  w hich d i s p la c e s  th e  C arn 

Mor P o rp h y ry  and a  f e l s i t e  to  th e  e a s t  o f  t h i s  a l s o  c u ts  th e  

P o rp h y ry . On t h i s  sm a ll amount o f  e v id en ce  a t  l e a s t  th r e e  p h a ses  

o f  a c id  i n t r u s i o n  can  be r e c o g n is e d , fo llo w e d  by  th e  i n t r u s i o n  

o f  p o r p h y r i te ,  b u t  i t  i s  f e l t  t h a t  th e  e v id en ce  from  t h i s  sm a ll 

r e g io n  i s  i n s u f f i c i e n t .  I t  i s  t h e r e f o r e  su g g e s te d  t h a t  th e r e  

w ere  s e v e r a l  p h a se s  o f dyke i n t r u s io n  and t h a t  th e  a c id  i n t r u s  iv e s  

p ro b a b ly  p rec ed e d  th e  p o r p h y r i te s .
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SmilïàRY AND CONCLUSIONS

A f te r  th e  i n i t i a l  d e p o s i t io n  o f  a  s e r i e s  o f  l im e s to n e s ,  

s c h i s t s  and q u a r t z i t e s  th e  a r e a  was th row n in to  recum bent f o l d s ,  

w i th  th e  r e s u l t a n t  in v e r s io n  o f  th e  s u c c e s s io n  ( ? ^ ) .  A s s o c ia te d  

w i th  th e  m ajo r s t r u c tu r e s  w ere m inor i s o c l i n a l  f o ld s  w hich were 

t o  become sh e a re d  and l a r g e ly  d e s tro y e d  by su b seq u e n t d e fo r 

m a tio n s , a lth o u g h  some o f  th e  o r i g i n a l  f o ld  c lo s u r e s  a r e  seen  

p re s e rv e d  i n  th e  banded Ben E agach T r a n s i t io n  C roup. F o llo w in g  

th e  F^ f o ld in g  th e  r e g io n a l  m etam orphism  began  to  ta k e  e f f e c t  

and  i t  i s  p ro b a b le  t h a t  d o l e r i t e  dykes w ere em placed ( e p i d i o r i t e s ) . 

A t t h i s  s ta g e  th e  m etam orphism  would o n ly  have r i s e n  to  b i o t i t e  

g r a d e .  F u r th e r  d e fo rm a tio n  fo llo w e d  and was accom panied by  th e  

grovfth o f  b i o t i t e ,  h o rn b le n d e , e p id o te  and g a rn e t  ( F ^ ) .  T h is  

p e r io d  o f  s y n - te c to n ic  m etam orphism  p roduced  a  s t r o n g  s c h i s t o s i t y  

composed o f  b i o t i t e  and  m u sco v ite  and a  l i n e a r  o r i e n t a t i o n  o f  th e  

h o rn b le n d e . C a rn e ts  t h a t  s t a r t e d  to  grow d u r in g  t h i s  p e r io d  o f  

f o ld in g  c o n tin u e d  grow ing  a f t e r  th e  d e fo rm a tio n  had c e a se d , when 

th e  g row th  o f  g a rn e t  became more w id e sp rea d  and k y a n ite  and 

s t a u r o l i t e  d ev e lo p ed  l o c a l l y .  The t h i r d  f o ld in g  (F^) was on 

N .E .-S .W . ax es  and was accom panied by  w id esp read  d i a p h th o r e s i s .  

C a m e t i s  r e p la c e d  by  c h l o r i t e ,  b i o t i t e ,  m uscov ite  and o r e .  

H ornb lende  i s  r e p la c e d  by  c h l o r i t e  and b i o t i t e  and k y a n ite  and 

s t a u r o l i t e  a r e  r e p la c e d  by  s e r i c i t i c  a g g re g a te s .  L o c a lly , f r e s h
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b i o t i t e  grows w i th in  th e  s t r a i n - s l i p  s c h i s t o s i t y  and i n  many 

p a r t s  o f  th e  a r e a  c h l o r i t e  o c c u p ie s  th e  s t r a i n - s l i p .  F o ld s  o f  

t h i s  p e r io d  te n d  to  have s te e p  a x i a l  p la n e s  w hich d ip  to  th e  

s o u th - e a s to  B o th  c h l o r i t e  and b i o t i t e  c o n tin u e d  to  grow a f t e r  

th e  t h i r d  f o ld in g  w h ich  was fo llo w e d  c lo s e ly  by  th e  developm ent 

o f  m ajo r t h r u s t s .  T hese t h r u s t s  a s s o c ia t e d  w ith  th e  B l a i r  A th o l l  

S e r i e s  d iv id e  th e  r e g io n  in to  th r e e  s t r u c t u r a l  l a y e r s ,  v i z . :  

th e  M orrone Nappe, a  t h r u s t  zone composed o f  B l a i r  A th o l l  S e r ie s  

and  a  Lower N appe. I t  i s  su g g e s te d  t h a t  th e  M orrone Nappe r e 

p r e s e n t s  a  c o m p lic a tio n  i n  th e  u p p e r  lim b o f  B a i l e y ’ s Ben L u i 

f o l d  (com pare B a i le y  1 9 2 8 ). F o llo w in g  th e  t h r u s t i n g  were 

t o r s i o n a l  movements w h ich  r e f o ld e d  th e  F^ f o ld s  by  a  s i n i s t r a l  

r o t a t i o n  a b o u t an  a lm o s t v e r t i c a l  a x i s .  T h is  movement a l s o  

a f f e c t e d  th e  t h r u s t  i n  th e  r e g io n  o f  th e  C a irn w e ll .  The move

ment i s  i n  th e  same se n se  a s  th e  Loch Tay F a u l t  and  th e  t e a r  

f a u l t  d e v e lo p ed  so u th  o f  B raem ar c lo s e  to  th e  M o in e /D a lrad ian  

B oundary . The no rm al f a u l t i n g  t h a t  fo llo w ed  was accom panied by  

b r e c c i a t i o n  and th e  i n t r u s i o n  o f  f e l s i t e  and g r a n i t e  p o ip h y ry . 

T here  i s  more th a n  one p h ase  o f  a c id  i n t r u s i o n .  T hese a p p e a r  to  

be fo llo w e d  by  th e  i n t r u s i o n  o f  d i o r i t e  and  in te rm e d ia te  p o rp h y ry .
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