
 
 
 
 
 
 
 

https://theses.gla.ac.uk/ 
 
 
 

 

Theses Digitisation: 

https://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/ 

This is a digitised version of the original print thesis. 

 

 
 
 
 
 
 
 

Copyright and moral rights for this work are retained by the author 
 

A copy can be downloaded for personal non-commercial research or study, 

without prior permission or charge 
 

This work cannot be reproduced or quoted extensively from without first 

obtaining permission in writing from the author 
 

The content must not be changed in any way or sold commercially in any 

format or medium without the formal permission of the author 
 

When referring to this work, full bibliographic details including the author, 

title, awarding institution and date of the thesis must be given 
 
 
 
 
 
 
 
 
 
 
 
 

 
Enlighten: Theses 

https://theses.gla.ac.uk/ 

research-enlighten@glasgow.ac.uk 

http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
https://theses.gla.ac.uk/
mailto:research-enlighten@glasgow.ac.uk


VOLUME I I  

LIST CP CONTENTS

1 .  U p p e r  N i t h s d a l e  and  A n n a n d a l e  -  N a p s  and  D i a g r a m s .

2 .  U p p e r  N i t h s d a l e  and  A n n a n a a l e  -  T a b l e s .

3 .  U p p e r  N i t h s d a l e  and A n n a n d a l e  -  P l a t e s .



ProQuest Number: 10984234

All rights reserved

INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a com p le te  manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,

a note will indicate the deletion.

uest
ProQuest 10984234

Published by ProQuest LLC(2018). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States C ode

Microform Edition © ProQuest LLC.

ProQuest LLC.
789 East Eisenhower Parkway 

P.O. Box 1346 
Ann Arbor, Ml 48106- 1346



L IS T  0 j' I,.APS AND LlAGRALS

F i g u r e

1 . 1 .  L o c a t i o n  o f  t h e  t h e s i s  a r e a .

1 . 2 .  B o u n d a r y  l i n e s  to  t h e s i s  a r e a .

1 . 3 .  G e o logy  o i  U p p e r  L a tn s < iu l  e auc. A i i n a n u a l e .

1 . 4 .  R e l i e f  and  d r a i n a g e  o f  U p p e r  N i t h s d a l e  and A n n a n d a l e .

1 . 5 .  S u b - a r e a s  o f  U p p e r  N i t h s d a l e  and A n n a n d a l e .

2 . 1 .  G l a c i e r - m o r a i n e s  o f  L och  Skene  -  Y oung ,  1 8 6 4 .

2 . 2 .  G l a c i a t i o n  o f  S o u t h e r n  S c o t l a n d  -  C h a r l e s w o r t h ,  1 9 2 6 b .

2 . 3 .  G l a c i a l  l a n d f o r m s  i n  t h e  K i t h  v a l l e y  be tv /een  Lew Cumnock 

a nd  S a n q u h a r .  -  S im pson  and R i c h e y ,  1 9 3 6 .

2 . 4 .  G l a c i a l  r e t r e a t  f e a t u r e s  i n  i d  - N i t h s d a l e  -  S t c n e ,  1 9 5 9 .

2 . 5 .  S u c c e s s i v e  l i m i t s  o f  t h e  l a s t  i c e  s h e e t  and  a s s o c i a t e d  

d i r e c t i o n s  o f  i c e  movement  -  S i s s o n s ,  1 9 6 7 a .

3 . 1 .  A r e a  I  -  L o c a t i o n  and  e x t e n t .

3 . 2 .  A r e a  I  -  R e l i e f  and  d r a i n a g e .

3 . 3 .  A r e a  I  -  G e o l o g y .

3 . 4 .  The G l a c i a l  Geom orpho logy  and  S u p e r f i c i a l  d e p o s i t s  o f  

A r e a  I I .  ( e n c l o s u r e ,  Volume I I ) .

3 . 5 .  L a n d f o r m s  o f  g l a c i a l  e r o s i o n  i n  L o f f a t d a l e  and  U p p e r  

A n n a n d a l e .

3 . 6 .  a r e a  I  -  C r o s s - s e c t i o n s .

3 . 7 .  S t a g e s  i n  b u i l d  up o f  i c e  i n  L o f f a t d a l e .

3 . 8 .  A r e a  I  -  A l t i t u d e  and  a l i g n m e n t  o f  c o l s .

3 . 9 .  B i g  H i l l  -  Y a d b u r g h  H i l l  c c l .

3 . 1 0 .  A r e a  I  -  A l t i t u d e  and  o r i e n t a t i o n  o f  c i r q u e s .

3 . 1 1 .  P r i n c i p a l  d i r e c t i o n s  o f  i c e  movement  a c r o s s  

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

3 . 1 2 .  A r e a  I  -  Rose  d i a g r a m s .

3 . 1 3 .  D r u m l i n o i a  f o r m s  i n  A r e a  I .

3 . 1 4 .  A e r i a l  p h o t o  -  m o r a i n e s  i n  t h e  v i c i n i t y  o f  

L o c h  S k e n e .

3 . 1 5 .  L 0 c h  S k e n e  m o r a i n e s .

3 . 1 6 .  B a t h y m e t r i c  s u r v e y  o f  L o c h  Skene

3 . 1 7 .  M o r a i n e s  i n  t h e  B l a c k h o p e  v a l l e y .

3 . 1 8 / . . .



3 . 1 8 .  M o r a i n e s  i n  t h e  C a r r i f r a n  v a l l e y .

3 . 1 9 .  E x t e n t  o f  Zone I I I  g l a c i e r s  i n  A r e a  I .

3 . 2 C .  M e l t w a t e r  c h a n n e l  s y s t e m s  i n  A r e a  I .

3 . 2 1 .  C h a n n e l  s y s t e m s  C and  D.

3 . 2 2 .  C h a n n e l  s y s t e m s  Li p and  C .

3 . 2 3 .  C h a n n e l  s y s t e m  I I .

3 . 2 4 .  C h a n n e l  s y s t e m s  CC, EE,  EE and GG.

3 . 2 5 .  C h a n n e l  s y s t e m  RR.

3 .2 6  E l u v i o g l a c i a l  l a n d f o r m s  i n  t h e  G a r p o l  'w a t e r  v a l l e y .

3 . 2 7 .  C h a n n e l  d e v e l o p m e n t  i n  r e l a t i o n  t o  r e l i e f  c o n d i t i o n s  

i n  L o f f a t d a l e .

3 . 2 8 .  The e r o s i o n  o f  i c e - d i r e c t e d  r o c k  c h a n n e l s  a c r o s s  a  

d i v i d e .

3 . 2 9 .  S u p e r i m p o s i t i o n  o f  e n g l a c i a l  s t r e a m s .

3 . 3 0 .  E o i m a t i o n  and  d r a i n a g e  o f  A u c h e n c a t  and  G r a n t o n  

m a r g i n a l  l a k e s ,  e a s t e r n  A n n a n d a l e .

3 . 3 1 .  C h a n n e l  s y s t e m  XX and  a s s o c i a t e d  l a n d f c r m s .

3 . 3 2 .  Kane t e r r a c e s  i n  Low er  L - o f f a t a a l e .

3 . 3 3  S t a g e s  i n  t h e  f o r m a t i o n  o f  kame t e r r a c e s  i n

L o w e r  L o f f  a t d a l e .

3 . 3 4 .  E l u v i o g l a c i a l  d e p o s i t s  in  U p p e r  Annandale.
3 . 3 5 .  E l u v i o g l a c i a l  d e p o s i t s  r e v e a l e d  by p i p e l i n e  c u t t i n g s .

3 . 3 6 .  E l u v i o g l a c i a l  l a n d f o r m s  i n  t h e  v i c i n i t y  o f  Dyke E a r n .

3 . 3 7 .  E l u v i o g l a c i a l  l a n d f o i m s  i n  t h e  v i c i n i t y  o f  T a s s i e s  H e i g h t .

3 . 3 8 .  F o r m a t i o n  o f  f l u v i o g l a c i a l  l a n d f o r m s  a t  T a s s i e s  H e i g h t .

3 . 3 9 .  E l u v i o g l a c i a l  d e p o s i t s  i n  t h e  v i c i n i t y  o f  t h e  Evan  

w a t e r  v a l l e y .

3 . 4 0 .  G l a c i a l  and  f l u v i o g l a c i a l  c o n d i t i o n s  i n  t h e  G a r p o l  

w a t e r  v a l l e y  d u r i n g  t h e  f i n a l  s t a g e s  o f  d o w n w a s t a g e .

3 . 4 1 .  C r o s s - s e c t i o n s  o f  e s k e r  2 i n  K i n n e l  .Vater  v a l l e y .

3 . 4 2 .  E o i m a t i o n  o f  e s k e r  I  i n  L o c h a n  v a l l e y .

3 . 4 3 .  E o i m a t i o n  o f  e s k e r  2 and  c h a n n e l  XX5, K i n n e l  W a t e r  

v a l l e y .

3 . 4 4 .  C h a n g i n g  c o u r s e  o f  m e l t w a t e r  d r a i n a g e  i n  v i c i n ? t y  

o f  P e a t  H i l l  d u r i n g  d e g l a c i a t i o n .



4 . 1 .  A r e a  I I  -  L o c a t i o n  and  e x t e n t .

4 . 2 .  A r e a  I I  -  R e l i e f  and  d r a i n a g e .

4 . 3 .  A r e a  I I  -  G e o l o g y .

4 . 4 .  The Gl; c i a l  G e om orpho lc gy  and s u p e r f i c i a l  

d e p o s i t s  o f  A r e a  I I .  ( E n c l o s u r e ,  Volume I I )

4 . 5 .  L a n d f o r m s  o f  g l a c i a l  e r o s i o n  i n  A r e a  I I .

4 . 6 .  A r e a  I I  -  C r o s s  s e c t i o n s .

4 . 7 .  A r e a  I I  -  A l t i t u d e  and  a l i g n m e n t  o f  c o l s .

4 . 8 .  A l t i t u d e  and  o r i e n t a t i o n  o f  c i r q u e s  -  A r e a  I I .

4 .9 *  P r i n c i p a l  d i r e c t i o n s  o f  i c e - m o v e m e n t  a c r o s s

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

4 . 1 0 .  A r e a  I I  -  R ose  d i a g r a m s .

4 . 1 1 .  E r r a t i c  c o n t e . i t  o f  t i l l s  i n  A r e a  I I .

4 . 1 2 .  C a r b o n i f e r o u s  and  New Red S a n d s t o n e  o u t c r o p s  

i n  t h e  v i c i n i t y  o f  A r e a  I I .

4 . 1 3 .  M o r a i n i c  l a n d f o i m s  i n  A r e a  I I .

4 . 1 4 .  E x t e n t  o f  Zone I I I  g l a c i e r s  i n  t h e  L o w t h e r  H i l l s .

4 . 1 5 .  M e l t w a t e r  c h a n n e l  s y s t e m s  i n  A r e a  I I

4 . 1 6 .  C h a n n e l  s y s t e m  B .

4 . 1 7 .  C h a n n e l  s y s t e m  Z.

4 . I Q .  C h a n n e l s  a l o n g  t h e  s o u t h  and  s o u t h - w e s t  b o u n d a r y

o f  A r e a  I I  -  s y s t e m s  N , C , P , Q .

4 . 1 9 .  C h a n n e l  s y s t e m  U .

4 . 2 0 .  C h a n n e l  s y s t e m  P .

4 . 2 1 .  C h a n n e l  s y s t e m  K.

4 . 2 2 .  C h a n n e l  s y s t e m  R.

4 . 2 3 .  C h a n n e l  s y s t e m  X.

4 . 2 4 .  D i r e c t i o n s  o f  m e l t w a t e r  d r a i n a g e  a s s o c i a t e d  w i t h  

t h e  L o w t h e r  and  N i t h s d a l e  i c e  m a s s e s .

4 . 2 5 .  L e l t w a t e r  d r a i n a g e  i n  a s s o c i a t i o n  w i t h  L o w t h e r  

and  N i t h s d a l e  i c e  m a s s e s  d u r i n g  d e g l a c i a t i o n .

4 . 2 6 .  F l u v i o g l a c i a l  d e p o s i t s  i n  A r e a  I I .

4 . 2 7 .  F l u v i o g l a c i a l  l a n d f o r m s  i n  t h e  C a p e l  v a l l e y .

4 . 2 8 .  S t a g e s  i n  m e l t w a t e r  d r a i n a g e  d u r i n g  

d e g l a c i a t i o n  o v e r  t h e  C a p e l  W a te r  v a l l e y .

4 . 2 9 -  F l u v i o g l a c i a l  l a n d f o r m s  i n  t h e  v i c i n i t y  o f

B a c k h i l l  L o s s ,

4 . 3 0 .  F l u v i o g l a c i a l  l a n d f o r m s  i n  t h e  v i c i n i t y  o f  

t h e  D a e r  R e s e r v i o r .

4 . 3 1 .  D r i f t  t h i c k n e s s e s  f rom  b o r e h o l e  e v i d e n c e  a t  

t h e  D a e r  R e s e r v o i r .



5 . 1 .  A r e a  I I I  -  L o c a t i o n  a nd  e x t e n t .

5 . 2 .  A r e a  I I I  -  R e l i e f  and  d r a i n a g e .

5 . 3 .  A r e a  I I I  -  G e o l o g y .

5 . 4 .  The G l a c i a l  G ecm orpho logy  and S u p e r f i c i a l  

d e p o s i t s  o f  A r e a  I I I .  ( E n c l o s u r e ,  Volume I I ) .

5 . 5 .  L a n d f o r m s  o f  g l a c i a l  e r o s i o n  i n  A r e a  I I I . '

5 . 6 .  A r e a  I I I  -  A l t i t u d e  a nd  a l i g n m e n t  o f  c o l s .

5 . 7 .  P r i n c i p a l  d i r e c t i o n s  o f  i c e  movement  a c r o s s

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

5 . S .  D r i f t  t h i c k n e s s e s  i n  N i t h s d a l e ,  a s

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

5 . 9 .  A r e a  I I I  -  Rose  d i a g r a m s .

5 . 1 0 .  E r r a t i c  t r a n s p o r t  i n  t h e  v i c i n i t y  o f  A r e a  I I I .  

( A f t e r  C h a r l e s w o r t h  1 9 2 6 a ;  S im pson  and  R i c h e y  

1 9 3 6 ) .

5 . 1 1 .  F o r m a t i o n  o f  l o d g e m e n t  and  a b l a t i o n  t i l l .

5 . 1 2 .  D r u m l i n o i d  g r o u p s  i n  A r e a  I I I .

5 . 1 3 .  D r u m l i n  g r o u p  P .

5 . 1 4 .  M e l t w a t e r  c h a n n e l  s y s t e m s  i n  A r e a  I I I .

5 . 1 5 .  C h a n n e l  s y s t e m  G.

5 . 1 6 .  C h a n n e l  s y s t e m s  3 and  T .

5 . 1 7 .  F o r m a t i o n  o f  c h a n n e l  s y s t e m s  S and  T .

5 . 1 8 .  C h a n n e l  s y s t e m  J .

5 . 1 9 .  F o r m a t i o n  o f  c h a n n e l  s y s t e m  J .

5 . 2 0 .  C h a n n e l  s y s t e m  BB.

5 . 2 1 .  C h a n n e l  s y s t e m  I .

5 . 2 2 .  F o r m a t i o n  o f  kame t e r r a c e s  and  c h a n n e l  f o r m s  

a t  t h e  m o u th  o f  t h e  C r a w i c k  W a t e r  v a l l e y .

5 . 2 3 .  B u r i e d  c h a n n e l  o f  t h e  r i v e r  N i t h .

5 . 2 4 .  M e l t w a t e r  d r a i n a g e  ab o v e  and b e lo w  3CC m . o . a .  

i n  A r e a  I I I .

5 . 2 5 .  F l u v i o g l a c i a l  l a n d f o r m s  i n  A r e a  I I I .

5 . 2 6 .  F l u v i o g l a c i a l  l a n d f o r m s  in-  t h e  B u m s a n d s  v a l l e y .

5 . 2 7 .  F l u v i o g l a c i a l  l a n d f o r m s  a "k T o d h o l e s .

5 . 2 8 .  F l u v i o g l a c i a l  l a n d f o r m s  n e a r  t h e  N i t h  v a l l e y  f l o o r .



6 . 1 .

6 . 2 .
6 . 3 .

6 . 4 .

6 . 5 .

6 .6 .

6 . 7 .

6 .8 .

6 . 9 .

6 .1 0 . 

6 .1 1 .

I m p o r t a n c e  o f  ' u n d e r l y i n g  r e l i e f  i n  c o n t r o l l i n g  

g l a c i a l  and  f l u v i o g l a c i a l  p r o c e s s e s  i n  U p p e r  

N i t h s d a l e  and  A n n a n d a l e .

I n i t i a t i o n  and  d e v e l o p m e n t  o f  v a l l e y  g l a c i e r s .

E a r l y  s t a g e  i n  t h e  b u i l d  up and  o u t w a r d  movement  

o f  i c e  i n  U p p e r  N i t h s d a l e  and  A n n a n d a l e ,  l e a d i n g  

up t o  t h e  l a s t  g l a c i a l  maximum.

’’H i g h l a n d  o r i g i n  and  w indw a rd  g r o w t h ’1 o f  i c e  mass  

o v e r  S o u t h e r n  U p l a n d s  to  t h e  i c e  s h e e t  s t a g e .  

R e c o n s t r u c t i o n  o f  e x t e n t  and  d i r e c t i o n s  o f  i c e  

movement  f rom  N i t h s d a l e ,  L o w t h e r  a nd  T w e e d s m u i r  

s o u r c e  a r e a s a t / n e a r  t h e  i c e  s h e e t  maximum.

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

l i n e s  o f  t h e  l a s t  ( L a t e  D e v e n s i a n )  i c e  s h e e t  a t  

i t s  maximum e x t e n t .

I c e - d i r e c t e d  m e l t w a t e r  d r a i n a g e  ( a b o v e  250 m . o . d . )  

i n  U p p e r  N i t h s d a l e  and  A n n a n d a l e  d u r i n g  t h e  e a r l y  

s t a g e s  o f  d e g l a c i a t i o n  -  f rom  a l i g n m e n t  o f  p r i n c i p a l  

m e l t w a t e r  s y s t e m s  and  e s k e r  r i d g e s .

F i n a l  s t a g e s  o f  d e g l a c i a t i o n  i n d i c a t i n g  l o c a t i o n  o f  

m a i n  s t a g n a n t  i c e  m a s s e s .  (The  i c e  m a r g i n s  a r e  drawn 

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

A l t h o u g h  i t  i s  u n l i k e l y  t h a t  s t a g n a t i o n  o c c u r e d  a t  

t h e  same t i m e  i n  e v e r y  v a l l e y ,  t h e  map g i v e s  an  

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

( R e - )  A dvance  g l a c i e r s  i n  U p p e r  N i t h s d a l e  and  

A n n a n d a l e  d u r i n g  Zone I I I  on t h e  b a s i s  o f  m c r a i n i c  

l a n d f o r m s .

R e s e a r c h  i n  g l a c i a l  g e c m o r p h o lo g y  a t  Glasgow 

U n i v e r s i t y .

L a i n  s o u r c e  a r e a s  a nd  d i r e c t i o n s  o f  i c e  movement  

i n  w e s t - c e n t r a l  and s o u t h e r n  S c o t l a n d .
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MAPS AND DIAGRAMS -  CHAPTER 5 .
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PLATE 3C • Blackhope trough

p la te  Grey Lare* e T a il w aterfall*
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Devil* s Beef Tub
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P la te  3K • Moraines flank ing the Midlaw Bum.



P la te  2L# Section  produced through moraine ridge 
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P la te  3S* Auchencat channel * 3*
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P la ts  3C « Channel GG © * wKind G il ltt*



jg
O
P
<DrH
oVI
(U
p  g
G Vl I-) -H G
IS OQ

V
• H

o
>Vi

Vi <UO in 
a  rtj a)a  fv

<u
p  c
• H  V l

o  j z  PIs «

Vl
c 2Vi £ 

< 2

a>cu
(O

u

- X
o
0  VI 
Vl Cl) 
Vi P  

W fl! Ifl 0  £

• p*H
0 )i-H
G
<D

CVi
D  rH P  ^  O ffl

Vi
<u
<u73
w

• HVi
a  p

Q

u
o
G W 
G W 

CQ <U <3>: cv

( 0
JG1/1

G G Q> Vl 
<  -H P  u  in

73
<U

P
G

• H
P
G
O

O

CN

W

o
CO

" K

E-*

CO
u
H

IOi
w

o

oCO

\W 0) l/l
P G P
O O 0Vl P Vla,' in a;

CH T i p
ri G •rH

G ( 0 G
O 03 O 0

r Q £  HVl CO Vl G
rtS p- «j p

u  £ u co

vO

1-1U-l
p

H

CO

&
£

E -
A -
O

N
PVl
Pot



TABLES - CHAPTER 5.



U

u

fa P  o Eh
45 p  

o

73o
0)
o
a ,
x

a)
73 
d 
P  
P  
4JP <4-1 X< o w

O ' •
G p P■H 03 03 6 03
<fa P P CN P 0)• P fa 03 03 fa O '03 03 G • G a >1 O' p

P f a U O ' P G 43 •ri G03 P G U P p rH
03 0 N ■H 73 G

P P 73 P G 0)
o p 73 • G G f a

G G 03 03 (H P G p
p •P P . P P P
0 G 03 Q 03

p rH P G o > '0 p
03 a> P 0 <—4 LD 0 03 0>
tr> p 03 03 P P p
G a; > 03 03 G 0)
P R 0 o P O' P 0) 0
G G G G G > G
(13 •H 03 01 P P i—1 0) •p
O 73 •H 73 G 03 P P 73
P P O' rG P
03 G *—1 > G P (1) G
.fa P rH 03 G 0) P P

•H 1 a 03 G
fa [ • C_h 0 p 43 aP 0) G G 0 E3 0) o
•ri M- 03 U I fa C l
4 I • 03 G

G P •ri 0) p • fa G
','t G d d rn 03 03 G

i—! C1 03 G 03 f a r->
P P (.0 P p T 40 P

■P 03 03 03 P X3 P
G O' P P a •z 03 03

P 3 0^ P G p P 03
03 G G G 03

G rH 0 p 0) •P rH P
CO 03 t"" 40 G

IT* rO P •H G P P O ' >1
G G G P P G G P

P G d G * P G P
G 03 P P G 1 G

P 0) P G G 0) O ' •S P
G Oh G •H P P G 3 03
P G G 03 G • 03 G
G fa P P 0 g 1 03 03
O 03 03 0) 03 G 45 O ' 73 O '
O P > P G G G

G 03 G X 73 03 P G 03
I '-* P P p 03 P
G G O ' p d 03 G P G

P P *r-| p •ri P* p- G
u G rG 73 G G P 03

i—4 G e a 01 G P
f a P G G o 0! 01 O ' 03
a; O ' •rS !>i P G G G
p G 73 G C/3 0 G rH
O ' G a G P G G u

1 o G O G P a > i
x ,0. o 03 44 CJ 0 P
p P CM G P p G •
G 73 £ 0) p P X

73 0 0) 0 03 fa G •H
> i  P P P 03 p 73 a P •

G rH P 43 03 03 P a
*> fa 0 P p > 03 G o
0 •H p 03 P 0 •n P a fa)
p G G P > i h 03 p

p kC 03 G G i—1 >1 u> G i>i
c 73 P p 73 P 03 O '

r-P 03 c p G p O > . G
P P 0 0 03 P p 03 G •p
G G p G 03 c P 03 P CL)

' d C! 0 G • p P G O 45
n p CM P 03 G 45 0

p p 0) 1 03 O ' a O P c 03
p 3̂ O'' P G 73 03 s
p G p G 0/ 03 g 0 H
p rH ■n P 03 P f a P d p 0
03 u »—I 0 G Eh 0 fa P

> i
43 45

73
73 O ' 73 O ' G 03
0) 03 G O P f a
p p P P CD 0

s G f a G fa 03 P 0
03 o 03 O 0 P P p

t"- 03 03 g 03 03 G t i G 73
| G p p 0 G 45 P § (13 f a 03

VC CQ 0 03 P fa 0 03 vO fa 03 45

73 73 73
0 0 0••
a a a

lO v£> p
CO O' 00
p CO CO

<1 P fa f a u
LO d 0) LO G LD

03 O ' cr» P
03
p

G
r*H

73
•H

0)
p

c
0)

G
P

03
P

03
P O '

H o p p rH G •r-i fa p
03 fa fa fa o fa fa fa

1
1 01 P
1 P a;

• 1 01 03 ■5
fa 03 p 1 G P 0
O ' P G 1 P G fa

P G 03 1 O
fa 03 1 0.

03 03 1 73 p •
IP P P 1 03 03 p

P 03 'H 1 P G G
P G 1 03 P 03
P P 0 » P o 03
G O 03 1 P 03

P P 1 G ■0) P
03 G 1 03 fa fa

G <— 1 0) p
P 03 1 0o> P 1 tP  P 03

G P G 1 G o P
p 0 1 P G
G P 1 G 03

P Jp 03 1 P O ' 0)
G P P 1 G G P
P ri 03 1 P P G
G P s 1 G ►P
0 0 G t O 03 P
o ■n p 1 o C3 03

G 73 1 P i-‘
X a 1 X 0: 03
H G ! r 1 j. a
p 03 P 1 P G
p 40 1 P \ •.-1
G a 1 G "J
n

g i a P
t

r 'l • f a 1 In ■r-t
fa 0) 1 03 <
p P 0 1 IM a
p 03 p : i  g o
G G i p • o
03 rH f a 1 C3 03 CO

o p 1 f a
03 i ;>i G O
01 73 03 1 03 fa P
Q 03 p : 1 P 03
0 rC3 o 1 O ' f a •

rH G 0 1 \ G P p
d rH 1 G P p

G 0 45 1 £ 01 p
> p 1 0 P 44 p
0 i f a 1 P G 1̂
P 45 tr> 1 45 i—4 0 p

45 P d 1 P r-4 03
03 0 1 f a XT’ <“> f a

P f a 1 P C f a
f a 73 p 1 G G P d
O ' G p 1 P 1 d
P G G 1 45 f a 0
P 1 P P p

P P 1 P 03 p G
G G 03 1 P 03 P

r—1 P 1 P 03 P
P P 03 1 03 P ■1) >>
0 O ' a 1 G P P

G G 1 P G P
a G *p I 0 fa P G

CN 1 73 1 C3 73 03
1 45 i a P P

f a d G 1 r - f a G P
• 03 P I I P P

P 1 VC 03
p a 1 P p >

1 0 0 1 I 0 U
in 1 CO 0)

fa 03 i fa rH 03
fa P G I fa rH G O '
H G G 1 H G G P
c-1 P f a 1 Eh fa 03

C P 1 P P g
fa cD 1 fa 03
W U 03 ! P Q 03 P
fa P 03 i £ g 03 P

03 03 1 o P a) d
b P i fa G p d

?P45
73 O'
03 G
P •H
d f a

03 o H
01 03 d

a G 45 P
O' m O 03

■g

s
CN 
00 
r—I

G
P
GQ faLD
Cn

0) G 73 
P  p  p  
P  fa O 03 fa

p  X 
X !  P  
tT1 P  

P  P  
P  Ga
C/33 O
oP
C3
R fa G ps  g 

o  
p

V.
p
G
0)
tr,
03
P
Cl
03
P

P  G

fa 
75 
G  C 
(3 1'
CO P  

<H>1 o

■8

v r 
I

Lf!
• P

i—f 03
P  

G P  0) (3cj u  
: 01 

P
o j  7 ;  

p  G 
dto o

a: p  
ui
G <D

■H
I>

• H  P
!7> <3

G fa

P. O 
C  P  4 ■>
a? p

.G  P
P  03 

P
g  03

P  £ 
(3

O ' P  
G 03 
■H
> i G 
P  P  
(0> R

r-i O 
P

•H
p  fit

G
> i73 G C fa 73 O 
03 O 

P

>i 45 
Pa) gj 
>  G

Go >
p
w 03 
u  P  
G ftJ
(3
(0 03

PP 01 
O G

03 O 
P
G 0)

U3 P  
P
03 P  
G 0

P  03 
03 O ' 

P
P  r3

c*> c,
L T ,

I •o  fa 
C". - i

rH
73 03 
O P  O <Li 

73 G 
G Cj  

•H O '

GO fa 
O

03 O 
P  P
03 '0a <u a) 

oo a  43

ro
o

CN
CN

fa
vO 01
CD G
p rO P
•H P  a!fa o c:

P.

P.
Eh



co

CO
uH
H
COH
PnW
tH
U

gm
u

in • 
cn
id h  ^
G ft G 

X  - H  CO 
CJ P 0 •H O-t
X 44 X Eh O W

G <u
^ G
3 3
P W3 a
H  CM *
<  0 w

G
X G1 P X

•9 G P P• 3
CO 03 CO4-) 4 cn x G 05 ft nc)•H

G 44
X
ft

G
p

P G
0 P

cj
0 G

05
p
OS3 o G G 10 44 f t •*4

d)
P •rH CO G ft p G Gi—i 0 03 3 G ft o •r4 o3 Gi—I x ro S P rH G r-4 p■r4 P
f t

G CO ft G 3 cd4->
44

ft 0 ro < p •ri cn B
03

X) U G G re
0

c0 ft o3 -rH 05
i

G•H G d) X « G CIt
S’

X •H > •H G 03 05 G X oCO (0 05 G ft G > X 3 oft .Q f-4 G P 03 3 P to 1—(I—I G Cn 05 XI 0 G
1 d)

d)
a COft 03 03 c ftft > ft G G 0

0 • O G ft G 0 £ 03 Gd) V •H G •H C0 [5 BCO•H
G

CO
•i4

44 ft
0? G

p
03

03 0
U

P
G

rH

3 3 03 i—1 03 cn in Xi—1 o P G G • ft X
O t-4 ft G 3 G p P
4-> ft ft ft ft Cn 05 G G

03 G
c •*H P G G ft G ft
ft p G G 05 G 05 H P 05

G g L*> 1 G • P X CO»—i
IT G d) 0 ft P p G P p G
G X C) G X 3 G 1—t 0 10 G•r̂ 4-> ft O G 10 0 p O CO 03 >
CX| 3 4 4 05 03 p COp 0
ft G 03 ft P X G CJ
0 •H G d) \ P 03 G ft i—1 CO
G X X X G P G G G ft
03 ft EH P 5 0; G ft P COX

•«H 0 G P ft 03 G Eh p
G > ft • G G 3 0 G p
0 P G XI G 0 ft ft

03 • G 0 G O G ft ft • p
Q) G 0) *t4 •H X Cn C X G G
Cn 3 ft 03 p G in P ft ft G G
3 O os a 03 05 G 05 0 P X
2 44 x o 03 G 0 0 P G Eh
O CO Kft 05 P P CJ G P
H 0) CO44 44 G G 3
44 G G d) ft 44 CO ft ft G X ft •

3 •H ft P •H p 3 S P 03 G
44 XI 05 P (0 ft 0 3 a
O CO G XI G 10 05 COP G G G 3

0» 05 g P p X P X ft X
G COH ft CO ft u 0 03 1 G CO •
> C 3 G 0 CJ X Cn e G
ft d) Cn G 44 G rH ft CO G CJ 44 Cn
P 1—1 G 05 0 > • ft P •H 03 CO 0 05
CO 05 P (0 G no 1—1 P
0) 1—1 3 G 44 p p G 03 c cn CO
Cn d) 0) Cn U 0 C0 3 > G 05 03 0 03
cn > G G G 03 ft G X G
3 <3 03 03

1
d) 0 P CO G p G

CO G 03 TT o * G CO G P to
Oi COX •H 1 G Cn 3 03 CO CO

to P ft > m 03 G G 0 CO C 03
G V to CO g G P G ft G G ft 0
G G 05 1 G G 0 CJ G rH

n3 ft0 •H rH OJ 0 G 0 03 G
p 44 cj G G X P 05 P G X G G X
CO 05 X P P p G EH G 03

03 CO H 03 03 G P 03 G 03
ftl G © 03 ft Eh 0 3

CO
3 G

o 3 Oj G 10 G ft • 0 0
G 3 03 G ffi P G G 0) P G 3
03 03 rH G G ft G G G CO 1

X
03

G o 3 G ft 0 > N 03 0
CO 03 G 0 x Q c CJ 0 ft rH 3 G
05 CO■H G H X 0 f—\ < 10 o 10 £4

03

1)G
o
u

03

P
c
o
cj

w
in

G4Jft
CO

co
G
•H<d o3
S -4.
X Ci—I O
o  cj

> 1XI
id0) G>4 ft3 ft 

G CJ 0
cn to 3

0  (0 XI rH
CO PQ 0 CO

3
a
inco

co 
03 Cn G

in o3
co0) G G

P G G
ft 3 3
CO CO co

G
G1 Cn

X G
3 a)
COrH

03 X
G Cn
G 3
G 0
P X
P p
05 p
(J 03
CO

G
cn G
G P

f t G
0

4 J 05
G ft
O 03
u

G
ft

•
co 0
G CJ
U
H

m

r - l c;
a. 3 •

X P
G P G
ft G

CO CO
ft CO G
G G G
G i— 1 f t
Cn

f t 0
r+ P CO
P G p
ft ft os
£ 03c G
03 G
G CO 05
Cn p
G CO G
•H 05 G
p p P

CJ G
X 0
•»H03 03
G G •H
P 03 03
03 G0 3 G

0 ft
f t G
G 1 0
ft X 0
03 3 O
rH CO
o

X 0
G C p

03
C f t
G G 3
X 03

P CO
X •p, 0
G Cn G
03 G 0
a <4 44

f t
X
f-t
G
G
3

G CJ
CO CO

0 03 X
m CQ 0

Cn
G
•»H
ft

03
O

s
CN

U
in

G
G G G

4-1 -H  )4
ft 05 3
CO CJ P



u
LO

ft
LO

M
LO

Qin

U10

CQ
LO

<
ID

c
vi c
■rH Vl<0 d 
U CQ

CO
T)
P<3
CO
PVl3

P 
Vl
d 

CQ CQ

CO
pT) -H i—I fO 

O  A

p
Vl
d
CQ
tn
P ^ 
•H U

S  ft

<u
f-i t n  ,G -H
CO ft

a>
d
tn
p P <y vi

rH P
0  CQ

d <u 0) Cn 
p 'd <—l "H O Vl 
ft CQ

LO 1—I

LO

H

CN

LO
»

co
CN

LO
•

ro
r o
CN

ro
LO
CN

O
LO

•
cn
ro
ro

Z W O 
Z H 
O Eh Eh <CO Eh

ft & 8  O

co
r>-

CD

ro

•
rH
CO

U"3
co
ro

cn
•

rHIO

ro

LO
ro

c*
to
I

H

trl
u

00

cn

m

cn
r o

lO

O
CN

ro
lO
ro

cn
ro

ft&
ZsEh
C/3

CL.
H
P

dP CN ro
cn r—< CD• • •
cn LO O
cn CN *—1

rH
LO 00

dP • •
LO LO ro
cn i—1

00

CQ
|
COftft

Eh
<
£
ftH
fto



GG G •H G
U G G m U fi

cn
tdGG0".
G G G G fa G 3 ul P3 CQ

K
GT? -H

f a  P I  rcjm o ?

GGi-»
O
tT>G >d•rH GQ X cur> Ex fa

Q,'■h tr> U rG -H
in w fa

nuGr>G GCD In
K  r-H Gcr u ro

G oa' tr> G ^
r - i  “H

«: o gm fa m

CD CNLD i 1 1

1010 ro » 1 1

CN CC i 1 1C"

■G* O CN CN
cc r —1 i

CN CO
-

00 1—1 i 1 1

O oro C- i 1 1

CN 10 CN 1 1
f"

W
H-)•H
g cn
o P

w •H
<d a G a;

r-11 G o p
U 0 1 •H
G P N N N

W P P P
!>i P G G G
a rH G <0 G
G • H G G

w C- cy

wGOG<u o

G P O W.a ro 
g cG <cU CJ

M-t
4-1GEh

fd C"> 
>  G'd c

u

£ '*



5A 
. 5

B 
5C 

5D 
5E 

5F 
5G

 
P

o
ln

eu
l 

G
le

ng
ap

 
S

hi
el

 
V

Jh
in

g 
B

ur
n 

Ol
d 

B
ur

ns
an

ds
 

C
a

ir
n

B
ri

dg
e 

B
ur

n 
Ri

g 
Fo

rd
 

H
ai

ns
 

B
ur

n 
B

u
rn

■M

On
CN

in
CN

CO
CO

•iH
CO

VC
ro

Cn

CN
CN

CO
CN

in
CN

p>

VO

O
CN

cn

co

M

cn
ro in

CO
On
CN

CN
•i—C

CN

CO

CO

On
001

ro
CN

On

VO

CN
CN

CN
CO

On
•

f—I 
CN

ro
CN

00

w
<u cn 
»—c m
Xi <D 
A
0 d
°  §<#> CQ

Sovo o
CN

<U
>

U
<#> CN

c
CQ

dP O

CN

I
VOo

>1 r-H
HJ Q

rH ou o•
•s o
■P 1iH
•H vo
w o •
dP G

CO
r-
c o

00
CO
CO



ALTITUDE MAXIMUM
DRUMLIN SWARMS OF CRFST(m.o .dj LENGTH WIDTH

380m T i l l / R e c k
230ra T i l l / R o c k
450m T i l I / R o c k
230m T i l l / R c c k

1 233 1 .5km
2 225  500m
3 228 950m
4 192 750ra

1 205 420m 270m T i l l
2 207 500m 210m T i l l
3 189  440m 170m T i l l
4 197 1 .1 2 k m  320m T i l l / R o c k

C 1 172 410m ■ 220m Till
2 185  290m 150m Till
3 183 420m 290m Till
4 186  400ra loom Till

.D 1 230  1 .26km  640m T i l l / R o c k
2 238 900ra 420m T i l l / R o c k
3 184 410m 210m T i l l / R o c k

E 1 213 350m 120m T i l l / R o c k
2 189  190m 120m T i l l / R o c k
3 188 350m 100m T i l l / R o c k
4 191 440ra 190m T i l l / R o c k  '

1 183 220m 120m T i l l / R o c k
2 179 120m 100m T i l l /R o c k
3 176 200m 100m T i l l / R c c k
4 172 200m 120m T i l l / R o c k
5 174 120m 30ra T i l l / R c c k

6 183 100m BOm T i l l / R c c k
7 170 210m 90m T i l I / R o c k

8 173 200m 100m T i l l / R o c k

9 17 0 140m lOOn T i l l / R o c k

10 172 190m 80m T i l l / R o c k

11 172 200m 110m T i l l /R o c k

12 173 240m 80m T i l l / R o c k

13 184 600m 220m Rock

14 185 540m 200m Rock

TABLE 5.5 AREA III DRUMLIFOID FORMS



3 . U p p e r  N i t h s d a l e  and A n n a n d a l e  -  P l a t e s .



PLATES - CHAPTER 3.



P la te  3A. Moffat Water trough





P la te  3V* General view o f  eastern flank o f  
Annendale, i l lu s t r a t in g  channel systems
C0t £Bt FPf and GG.





Plat© JK* Ice-wedge ca st exposed in  kerne 
terrace WAH «• S ite  3S*



P l a t e  J L *  Kacie t e r r a c e  "C" •







Plat© 3BB, Baker I in  Lochan v a l le y •

P la te  3CC. Eskar 2 in  K innel water v a lley #



Plat© 3BD. Baker 3 in  Lochan v a lley #



PLATES - CHAPTER 4*



P l a t e  4A * C a r r c n  t r o u g h ,  ( h a l v e e n  P a a e )

P la te  4£ . kenncck trough



L A N G  C I R Q U E

* • •;*.» V. .

P E D E N  C I R Q U E



P la te  4h. Col lin k in g  Enterkin trough to 
Carron trough.
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P la te  4B. G lacially-breached co l a t the head 
o f the Kirk trough*

P la te  4F. Exposure in  Lower Capel v a lle y  -  S ite  4F•



P la te  4G* Moraines in  the Lang Cleuch v a lley

P la te  4 ii• Channel B1 looking northwards*



P la te  41* General view o f  upland edge which
represents south-west boundary o f Area IX*

P la te  4J • Channel P12 looking north-w est to Spur 0



P la te  4K* Rock-step in  the f lo o r  o f channel P12*









PLATES - CHAPTER 5.



P la te  §&• General view o f  Kith v a lle y  In the v ic in ity  
o f Kirkcomiel end Sanquhar*

P la te  5£* Crawlck trough*



P la te  5C» Krpoeure o f  t i l l s  at C1U ktSnB

P la te  5*>» ^rcp-otcnes in  upper t i l l  u n it a t  C&d fcaine 
S ite  5L.



P la te  5K, h rualin  foim along lower flank  o f  the 
N ith  v a lle y  near K lrkeonnel.

P la te  5P. Channel G6, w ith channel G2 on the fa r  spur*



P la te  58• Plunge-pool representing in -ta k e  to 
channel SI,





P la te  51* C h an el system BB*

P la te  5J. kerne t  ex-races a t the ioouUl o f  the 
Crawlck B a t er  va lley*



p la te  5K# Esker end terrace foim in  Bumsands v a lle y

P la te  5L. Large kerne terrace on the flan k s o f  

Nithsd&le t o  the west o f  Kirkconnel



P la te  % * Peg occupying the k ith  v a lle y  f lo o r  in  mien 
the same way Iff a remnant ic e  macs must have 
done a t an advanced stage in  the d eg la c ia tio n  
o f the area*



PLATES - CHAPTER 6*



P l a t e  6A . M o r s a r j o k u l l , s o u th - w e s t  I c e l a n d ,

d e s c e n d in g  from  V a t n a jo k u l l  i c e  c a p .  

The C a r r i f r a n  and  B la c k h o p e  t r o u g h s  

a r e  b e l i e v e d  to  h a v e  fo im e d  i n  a  

s i m i l a r  m a n n e r .
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