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ABSTRACT

The m ineralogy and p a r t i c l e  s iz e  d i s t r ib u t io n  o f  a la rg e  number of 

t i l l  sam ples from  e a s te rn  England were s tu d ie d . Only two members o f the 

D evensian t i l l  su ccess io n  o f th e  H olderness a re a  o f Y orksh ire  a re  reco g n ised , 

n o t th re e  as e a r l i e r  supposed. These two t i l l s ,  the  P u rp le  .and Drab, can 

be d is t in g u is h e d  te x tu r a l ly ,  m in e ra lo g ic a lly , and by t h e i r  c o lo u r. However, 

b o th  v /eather by  o x id a tio n  to  a  re d d ish  brown t i l l ,  and a re  then  v i r t u a l ly  

in d is t in g u is h a b le  in  the f i e l d ;  t h i s  w eathered  m a te r ia l was p re v io u s ly  

though t to  re p re s e n t  a d i s t i n c t  u n i t ,  th e  B ess ie  T i l l .  Hie low er Devensian 

t i l l  (th e  Drab) ex tends on to  the  e a s te rn  fo o ts lo p e s  o f the  Y orkshire Wolds, 

and i s  c o r r e la te d  w ith  th e  lla rsh  T i l l s  of L in co ln sh ire  and 1he Hunstanton 

T i l l  o f n o rth -w es t N o rfo lk , The upper P u rp le  T i l l  occup ies  on ly  an a rcu a te  

a re a  o f  so u th -e a s te rn  H o lderness. A g rey  o ld e r  t i l l  a t  Wei ton -1  e-7fold 

(L in co ln sh ire )  i s  t e n ta t iv e ly  c o r r e la te d  w ith  th e  pre-D evensian  Basement 

T i l l  o f  H olderness.

S o il  development on th e se  t i l l s  was in v e s t ig a te d ,  m ainly  in  a p r o f i l e  

on th e  P u rp le  T i l l  a t  Tuns t a l l  in  e a s te rn  H olderness. P a r t i c l e  s iz e ,  

m in e ra lo g ic a l and chem ical an a ly se s  were u sed  to  e s ta b l i s h  th e  u n ifo rm ity  

o f  the  o r ig in a l  p a re n t m a te r ia l  in  th i s  p r o f i l e ,  and to  q u a n tify  w eathering  

and o th e r  changes t h a t  occu rred  during  i t s  development in  post-D evensian  

tim e s . The c a lc u la t io n s  were based  on the method o u tl in e d  by Barshad 

(•1964) ,  u s in g  th e  q u a rtz  and f e l s p a r  c o n ten t as an index  o f w eathering .

The p r o f i l e  i s  o x id ise d  to  a  dep th  o f about 5^ and le ach ed  o f  calcium  

carbonate  to  0,7m. G1 eying  i s  prom inent a t  depths o f 0 .2  -  2m. Rock 

fragm ents have been d isag g reg a te d  and f in e  c la y  formed from  c o a rse r  f r a c t io n s  

in  the  upper p a r t  o f the p r o f i l e .  Much o f  th i s  f in e  c la y  has been  

t r a n s lo c a te d  to  low er h o rizo n s  (0._$-l . 4% d e p th ) , b u t th e re  i s  l i t t l e  

rem aining evidence f o r  t ra n s lo c a te d  c la y  in  the micromorphology o f th ese  

h o riz o n s . The main m in e ra lo g ic a l change in  f in e  s o i l  f r a c t io n s  was the 

w eathering  o f  mica to  fine c la y  s iz e d  v e rm ic u li te .
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78 . 33-230 yxm f r a c t io n ,  heavy non-opaque m inerals: T u n sta ll p r o f i l e  196

7 9 . 33- 2 3 0 f r a c t io n ,  heavy non-opaque m in era ls : Holkham p r o f i l e  l9 7

8 0 . 20-33/<ni f r a c t i o n ,  heavy non-opaque m in era ls : T u n s ta ll p r o f i l e

81 . 2 0 - 3 3 f r a c t io n ,  heavy non-opaque m in era ls : Holkham p r o f i le  199 ’

8 2 . 33- 250/Am f r a c t io n ,  heavy non-opaque r e s i s t a n t  m in e ra ls ,

T u n s ta ll  p r o f i l e  2oo.

83 . 53-250 4^1 f r a c t i o n ,  heavy non-opaque r e s i s t a n t  m in e ra ls ,

Holldiam p r o f i l e  2o l

84 . T u n s ta ll  p r o f i l e :  volume changes ZOX

85 . T u n s ta ll p r o f i l e :  changes in  ab so lu te  amounts o f  s iz e  f r a c t io n s

i n  d i f f e r e n t  h o rizo n s 

86 e T u n s ta ll  p r o f i l e  : ab so lu te  changes in  m inera l co n ten t between

d i f f e r e n t  h o rizo n s : v e rm icu lite  and sm ec tite

87 . T u n s ta ll  p r o f i l e :  ab so lu te  changes in  m ineral co n ten t between

d i f f e r e n t  h o rizo n s: k a o l in i te ,  c h lo r i t e  and mica ZOS

88. T u n s ta ll  p r o f i l e ;  ab so lu te  changes in  m ineral co n ten t between

d i f f e r e n t  h o rizo n s: q u a rtz

89 . T u n s ta ll  p r o f i l e  : ab so lu te  changes in  m inera l co n ten t between

d i f f e r e n t  h o rizo n s: ainorphous s i l i c a ,  amorphous

aluinina, " fre e "  iro n  o x id es , f e l s p a r  Xo7

90. T u n s ta ll p r o f i l e :  b u lk  m in e ra lo g ica l com position, <2mn
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CHAPTER 1 ■ INTRODUCTION

The main purpose o f th e  p re sen t study i s  to  a s s e s s  as c a re fu l ly  as 

p o s s ib le  th e  e f f e c t s  o f w eathering  in  some f a i r l y  w idespread and 

a g r i c u l tu r a l l y  im portan t E n g lish  s o i l s .  Q u a n tita t iv e  assessm ent o f 

w eath erin g  changes in  r e la t io n  to  tim e , p h y siog raph ic  s i tu a t io n ,  p a s t 

and p re s e n t  c l im a tic  and v e g e ta tio n a l c o n d itio n s , and human in f lu e n c e , 

depends f i r s t  upon s e le c t io n  o f  s u i ta b le  s o i l  p r o f i l e s  f o r  s tu d y . These 

shou ld  p re fe ra b ly  be developed in  uniform  p a re n t m a te r ia ls  c o n ta in in g  a  

range o f  s ta b le  and u n s tab le  m in e ra ls , and development should  have 

o ccu rred  over a known perio d  o f  tim e, under known c l im a tic  and 

v e g e ta t io n a l  regim es, w ith  n e i th e r  lo s s  o f m a te r ia l  by e ro s io n  nor 

d e p o s it io n  o f new m a te r ia l a t  th e  s u r fa c e .

The most e a s i ly  d e tec te d  and im portan t w eathering  changes occur in  

s o i l s  whose p a re n t m a te r ia ls  co n ta in  a  h igh  p ro p o rtio n  o f  u n s ta b le  m inera ls  

( i . e .  m in e ra ls  out o f e q u ilib riu m  w ith  t h e i r  p re se n t environm ent). For 

exam ple, b a s ic  igneous rocks co n ta in  m inera ls  formed in  a  very  d i f f e r e n t  

p h y sico -chem ical environm ent from th a t  o f th e  p re sen t-d ay  lan d  su rfa c e , 

and th e re fo re  may undergo co n sid e rab le  a l t e r a t io n  on w eath erin g . However, 

many o f  th e  w eathering  s tu d ie s  made on such m a te r ia ls  have s u ffe re d  from 

d isa d v a n ta g e s , such as la ck  o f u n ifo rm ity  in  th e  s o i l  p a re n t m a te r ia l ,  

l o s s  o f  upper s o i l  ho rizons by e ro s io n , o r incom plete knowledge o f th e  

d u ra tio n  o f  s o i l  fo rm ation . In  G reat B r i ta in ,  and indeed  over much o f 

th e  m id - la t i tu d e  lan d  a re a s  o f th e  n o rth e rn  hem isphere, ex ten s iv e  

Q u aternary  g la c i a l  o r p e r ig la c ia l  e ro s io n  has c is tu rb e d  o r  removed e a r l i e r  

w ea th e rin g  m an tles . A lso, most o f th e  lan d  su rfa c e  i s  now covered by 

v a r ia b le  th ic k n e sse s  o f un co n so lid a ted  q u a te rn ary  sed im en ts. Consequently, 

s e d e n ta ry  s o i l  p r o f i l e s  on p re —q u a te rn ary  p a ren t m a te r ia ls  a re  r a r e .
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As no Q uaternary  igneous rocks a re  exposed in  B r i ta in ,  th e  a reas  

most l i k e l y  to  prov ide p r o f i le s  s u i ta b le  fo r  th e  p re sen t s tudy  a re  th o se  

covered  by Q uaternary  sedim ents. Many pre-Q uaternary  sedim ents a re  

d e riv e d  la r g e ly  from e a r l i e r  sed im ents, so th a t  t h e i r  c o n s ti tu e n t m inera ls  

a re  m ainly th e  most s ta b le  types th a t  have r e s i s te d  two o r more w eathering 

c y c le s , and a re  no t g re a t ly  a l te r e d  by fu r th e r  w eathering , a t  l e a s t  in  

tem p era te  c o n d itio n s . However, many o f  th e  Q uaternary  sedim ents in  

B r i ta in  co n ta in  m a te r ia l d e rived  by g la c ia l  e ro s io n  and t r a n s p o r ta t io n . 

from rocks composed la rg e ly  o f u n s ta b le  m in e ra ls , . and a re  th e re fo re  more 

l i k e l y  to  show in te r e s t in g  changes on w eathering . S o i ls  on g la c ia l  

d e p o s i t s ,  such as t i l l s ,  should th e re fo re  o f f e r  advantages fo r  w eathering 

s tu d ie s  over o th e r  E ng lish  s o i l s .

Q uaternary  t i l l  sh e e ts  a re  w idespread in  B r i ta in  (see  F ig . I ) and 

a re  th e  p a re n t m a te r ia ls  o f many s o i l s  in  some o f th e  most a g r ic u l tu r a l ly  

p ro d u c tiv e  a re a s , such as E ast A ng lia . They o fte n  con ta in  a conspicuous 

number o f  igneous and metamorphic e r r a t i c  b o u ld e rs , which su g g es ts  th a t  a  

p ro p o r tio n  o f  th e  f in e r  m a te r ia l i s  a lso  d e rived  from th e se  so u rces .

Thus, th e  w eathering  o f such d e p o s its  probably causes la rg e  changes in  

t h e i r  com position . The t i l l s  occur ty p ic a l ly  in  r e l a t iv e ly  f l a t  sh e e ts , 

g iv in g  a la n d  su rfa ce  on which e ro s io n  has p layed a r e l a t iv e ly  minor r o le .  

T h e re fo re , s i t e s  should  be a v a ila b le  where p o s t - g la c ia l  e ro s io n  and /or 

d e p o s it io n  do not com plicate  th e  h is to ry  o f s o i l  fo rm ation .

Much re se a rc h  e f f o r t  has been employed in  determ in ing  the  geograph ica l 

b o u n d arie s  o f  th e  v a rio u s  t i l l s  and t h e i r  r e l a t iv e  ages, and th e re  i s  s t i l l  

much co n tro v e rsy  over th e  ab so lu te  ages o f most o f them; f i g .  ^ 

shows th e  g la c i a l  boundaries proposed by v ario u s  au tho rs  in  E ast A nglia . 

However, th e  t i l l s  o f E ast A nglia and much o f the  Midlands a re  regarded 

by most a u th o r i t i e s  as e i th e r  A nglian (B ristow  and Eox, 1973) o r
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W olstonian (West and Donner, 1956; S h o tto n , 1953) in  age (see  Table I 

f o r  Q uaternary  s t r a t ig r a p h ie  te rm in o lo g y ). Whichever age i s  c o r re c t , 

th e se  d e p o s its  have been exposed to  w eathering  and e ro s io n  during  a t 

l e a s t  one i n t e r g l a c i a l  p e rio d  (ip sw ich ian ) and one g la c ia l  p e riod  

(D evensian ). S ed en tary  s o i l s  a re  l i k e ly  to  occur only on in te r f lu v e s ,  

b u t Hodge and P e r r in  ( 196?) and P e r r in  e t  a l .  (l9?4 ) have shown th a t  on 

such  s i t e s  in  E as t A nglia  th e  s o i l s  a re  alm ost u n iv e rs a l ly  a f fe c te d  by 

th e  a d d it io n  o f  sand an d /o r s i l t  to  th e  upper h o rizo n s , probably  as a  

r e s u l t  o f  a e o lia n  d e p o s it io n . C a tt e t  a l . ( l9 7 l)  showed th a t  th e  s o i l s  

o f  N.E. N orfo lk  a re  a f fe c te d  by a d d it io n  o f  l o e s s i a l  m a te r ia l .  The 

sandy d r i f t  o f  B reckland was fo rm erly  con sid ered  by P e rr in  (1955) to  

re p re s e n t  th e  G ipping T i l l ,  bu t W atts ^  ( 1966) thought th e  sand

i s  more l i k e ly  to  be a e o lia n  in  o r ig in .  F ig . 3  i l l u s t r a t e s  the  

d i s t r i b u t io n  o f th e se  sandy and s i l t y  su rfa c e  d e p o s its  in  E ast A nglia . 

Thus, s o i l s  developed on th e se  o ld e r  t i l l s  a re  l i k e ly  to  have complex 

h i s t o r i e s ;  th e  e f f e c t s  o f  w eathering  would be d i f f i c u l t  to  e v a lu a te , and 

t h e i r  r e la t io n s h ip  to  o th e r  f a c to r s ,  such as  tim e and p a s t . c lim a te s , 

would be d i f f i c u l t  to  de term ine .

The H essle /P u rp le /D rab  t i l l  sequence exposed on th e  H olderness co ast 

(C a tt and Penny, 1966) i s  now known to  be o f L a te  Devensian age, s in ce  

rad io carb o n  d a te s  of l8,50G -  400 y ea rs  B .P. ( I  -  3572) and l8 ,2 4 o  -  250 

y e a rs  B .P . (B irm .- I 08) were o b ta in ed  from sam ples o f moss from the 

u n d e rly in g  D im lington S i l t s  (Penny, Coope and C a t t ,  1969)-  Radiocarbon 

d a te s  have a lso  been o b ta ined  from o v e rly in g  d e p o s its , th e  most 

s ig n i f i c a n t  fo r  the  p re sen t s tudy  be ing  th o se  from th e  p ea t bed a t  

Grim ston H all (TA 289354) : le av e s  from 6 -  7 cm above th e  base o f the  bed 

had a  rad io carb o n  age o f  12,230 Î  120 y ears  B .P. (Birm. -2 9 8 ) .  Thus, th e  

age o f th e se  t i l l s  in  Y orksh ire  i s  known w ith in  f a i r l y  c lo se  l im i t s .
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The H essle  T i l l  o f th e  H olderness co ast has been c o r re la te d  by 

C a tt and Penny ( 1966) w ith  th e  upper t i l l  in  E as t L in c o ln sh ire , and 

w ith  th e  H unstanton T i l l  o f North N orfo lk . In  t h e i r  words (p . 400 -  401 ) : -  

‘'T h is  i s  m erely th e  lo c a l  name fo r  th e  uppermost t i l l  along much o f th e  

e a s t  c o a s t o f England, from County Durham where i t  i s  c a lle d  the.U pper 

B oulder C lay . . .  to  N orfo lk  where i t  i s  c a l le d  th e  Hunstanton T i l l .

I t  e x h ib i t s  ’newer d r i f t ’ topography, i t  c a r r ie s  on i t s  su rfa ce  no 

o rg an ic  d e p o s its  o ld e r  than  Zone I  o f the  L ate  -  G la c ia l ;  i t  i s ,  in  

N o rfo lk , younger than  th e  March G ravels (Eem ian), and in  Y orkshire 

younger th an  th e  i n t e r g l a c i a l  d e p o s its  a t  Sewerby.” .

The H essle  T i l l  was th e re fo re  chosen as  th e  main su b je c t fo r  the  

w ea th e rin g  s tu d y , because i t  forms la rg e  a re a s  o f  a g r ic u l tu r a l ly  

im p o rtan t s o i l s ,  i s  a c c u ra te ly  d a ted  y e t young enough no t to  have . 

s u f fe re d  e x ten s iv e  e ro s io n  o r veneering  w ith  o th e r  d e p o s its , and 

because th e  c lim a tic  changes and v e g e ta tio n a l regim es s in ce  i t s  

d e p o s it io n  a re  w e ll known from p o lle n  and o th e r  s tu d ie s  o f E n g lish  

p o s tg la c ia l  h is to ry  ( e .g .  Godwin, 1956).
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TABLE I L  SUBDIVISION OF THE LAST GLACIATION
RADIOCARBON 

YEARS B.P.POLLEN ZONES

V III
V I I
V I  P O S T -  
V  GLACIAL

r v

FLANDRIAN HOLOCENE HOLOCENE

I I I  YOUNGER DRYAS
I I  ALLER0D

  QS.ClLLATiON
I c  OLDER DRYAS

1 0 3 0 0
LATE

WEICHSEUAN
12000LATE-GLACIAL 13000

T l. BOLLING
CZ OSCILLATION
I q  OLDEST DRYASLATE

DEVENSIAN UPPER
PLENIGLACIAL

2 6 0 0 0

2 9 0 0 0

MIDDLE
PLENIGLACIAL

MIDDLE
WEICHSELIAN

MIDDLE
DEVENSIAN

4 0 0 0 0

LOWER
PLENIGLACIAL

5 0 0 0 0

5 5 0 0 0

EARLY
GLACIAL

EARLY
WEICHSELIAN

EARLY
DEVENSIAN

> 7 0 0 0 0

EEMIANEEMIANIPSWICHIAN



i'8

80  M.  

128 KM.

<3̂

tO

FIGURE I DISTRIBUTION OF TILL IN GREAT BRITAIN (AfterWest, 1968)
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HUNSTANTON TILL
CONTORTED

DRIFT

MARLY
DRIFT N O R TH  

SEA  
D R IF T

N O RW ICH
BRICKEÂRTH

CHALKY
b o u l d e r  c l a y

HARMER 1910

CHALKY-'KIMMERIDG IAN

b o u l d e r

CHALKY 

BOULDER CLAY

S. LIMIT OF N. SEA DRIFT

..................  HARMER 1910

BOUNDARY BETWEEN CHALKY & 
CHALK'/'-KlMMERDGlAN BOULDER 
CLAYS

SOLOMON 1932*- 

N. LIMIT OF GREAT CHALKY 
BOULDER CLAY
---------------- SOLOMON 1932 <x
S .L IM IT  OF MARLY DRIFT,

 ----------- SOLOMON I932oi

S.E. LIMIT OF LITTLE 

EASTERN DRIFT

------------------- B A D EN -
POWELL 1948  

E. LIMIT OF GIPPING
[u. c h a l k y )  g l a c i a t i o n
^ S T R A W  I960  
S. LIMIT OF HUNSTANTON 
TILL

STRAW 1965

E. LIMIT OF MARLY 
DRIFT

. — BRISTOW& COX 
1973 N.E. LIMIT OF 
ch alky  BOULDER CLAY

16 KM

FIGURE Z EAST ANGLIAN TILLS
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ST/FFK,
S HER INGHAM^ oHOLME 

HUNSTANTON

•HOLKHAM 'EST RUN TON 
'^ -^V ER STR AN D  

6xT  RIM INGHAM 
. ^XMUNDESLEY.

V b a c t o n
a^ALCOTT

*\HAPPISBURG H

WEYBOURI

AYLMERTON
o SNETTISHAM

(SILT)

Catt etal (l97l)

ICRATBYCAT TON
b u r l in g h a m

(SAND +
NORWICHb o u g h t o n

C horley e t  a i ( 1966
CORTON

GRIMES GRAVES

BRECKLAND
BRANDON (SAND)

THETFORDSANTON
DOWNHAM

(SAND)
MILDENHALL

D ISS BILUNGFOPnD 
** ®oHOXNE 

•EYE

BURY
H odge 4 Perrin (196?)

SAXMUNDHAM '

SILT)SAND

IPSWICH

10 M. 
16 KM.(SILT)

FIGURE 3  EAST ANGLIA : LOCATION MAP 6 DISTRIBUTION OF 
'COVERSAND' & ' COVERLOAM'
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CHAPTER 2 OUTLDIS HISTORY OF RSS1T.ARCH

2.1 G -lacial D ep o sits  o f E a s te rn  England

The f a c i a l  d e p o s its  o f H olderness, L in c o ln sh ire  and E a s t A nglia have 

been s tu d ie d  by g e o lo g is ts  f o r  over a c e n tu ry . Wood and Rome (i868) were 

th e  f i r s t  to  subdiv ide th e  H olderness and L in co ln sh ire  d e p o s its  in to  th ree  

p a r t s ,  which they  c a l le d  the  Basement, P u rp le  and H essle  Clays» Subsequent 

w orkers in  Y orksh ire  have u sed  th e  same names, b u t n o t always f o r  th e  same 

d e p o s i ts ,  th e reb y  g e n e ra tin g  c o n s id e ra b le  co n fusion ; C a tt  and Penny (l966) 

summarised th e  changes in  nom enclature t h a t  th e  H olderness d e p o s its  have 

undergone s in ce  i868 . B is a t  (l 1939a) in tro d u ced  th e  term  "Drab’* f o r  

th e  upper p a r t  o f Wood and Rome's B aæ m ent, and reco g n ised  w ith in  i t  f iv e  

se p a ra te  la y e r s .  However, C a t t  and Penny (l9 é6 ) su bsequen tly  adopted a 

sim ple fo u r -p a r t  su ccessio n  ( in  ascending  o rd e r; Basement, D rab, Purple 

and H essle) . U nlike a l l  o th e r  w orkers in  H olderness, B is a t  d is tin g u ish e d  

th e  H essle  o f .in la n d  s e c tio n s  ( e .g .  a t  H essle  i t s e l f )  from  t h a t  exposed 

in  the  c o a s ta l  c l i f f s  o f H o lderness, and equated  th e  form er w ith  h is  

LUddle Drab (l939&); o th e rs  have m erely fo llow ed  Wood and Rome, who 

d e sc rib e d  th e  H essle  as  ly  in g  " l ik e  a c lo th "  over th e  whole a re a .

Jukes Browne (l 8831) re co g n ised  th a t  in  L in co ln sh ire  th e re  was a 

p e r io d  o f e ro s io n  and c l i f f  fo rm atio n  betw een d ep o sitio n  o f th e  Basemen b 

and P u rp le  B oulder C lays, b u t  a s im ila r  b re a k  in  th e  g la c i a l  d ep o sitio n  was 

n o t re co g n ised  in  Y orkshire u n t i l  B is a t  and D e ll (i 94-1 ) re p o r te d  a bed 

c o n ta in in g  moss rem ains betw een the  Basement and Drab C lays a t  D im lington, 

and C a t t  and Penny showed t h a t  th e  Ipsv /ich ian  I n te r g la c ia l  d i f f  and beach 

a t  Sewerby a lso  sep a ra te  th e  Basement and D rab. The rad io carb o n  d a tin g  of 

th e  D im lington moss (Penny e t  a l . , 1969) l a t e r  showed th a t  th e  Drab, P urp le  

and H essle were a l l  d ep o sited  in  the L ate  D evensian a f t e r  approxim ately  

18,300 y e a rs  B .P.
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C harlesw orth  ( l9 3 l ) j  Suggate and West (l9 3 9 ) . Straw  (l96o) and o th e rs  

ex tended  the l im i t  o f  th e  "L ast" ( i . e .  Devensian) G la c ia tio n  beneath  The 

Wash o r  n o r th -e a s t  Penland in to  n o rth -w est N orfo lk , to  inc lude  the  

H unstan ton  Brown B oulder C lay , which i s  l i th o lo g ie  a l ly  s im ila r  to  th e  

H essle  o f  E as t Y orksh ire  and L in c o ln s h ire . However, on geom orphological 

ev idence  F a rr in g to n  and H itc h e l l  (l 951 ) and V a len tin  (l9 3 3 , 1937) proposed 

l i m i t s  f u r th e r  n o rth  (F igure 4" ) ,  and C lay ton  (l 937 )̂ suggested  th a t  th e  

m argin extended beyond the  w este rn  edge o f The F ens. The d e riv ed  Upper 

P a la e o l i th ic  implements found in  the H unstanton C lay (Reid H oir and 

B u rc h e ll ,  1 930; R eid 2*foir, l9 3 l)  in d ic a te  i t s  L ate D evensian age, and 

th e re fo re  support in  g e n e ra l te rm s the  c o r r e la t io n  w ith  the H ess le -P u rp le - 

Drab sequence o f H olderness.

The g la c ia l  d e p o s its  in  o th e r  p a r t s  o f E a s t A ng lia  comprise th e  Chalky 

B oulder C lay o f Y/ood (l8 7 0 ) , Harmer (i 902) and o th e r s ,  and the  N orth Sea 

D r i f t  (R eid , 1882), which in c lu d e s  the  Cromer T i l l s  and Norwich E r ic k e a r th . 

Baden Pow ell (i 948) d iv id ed  the  Chalky B oulder C lay in to  a  lov/er Low estoft 

T i l l  and an upper G ipping T i l l ,  s e p a ra te d  by the  Hbxnian I n te r g la c ia l .

T h is  d is t in c t io n  was supported  by s tone  o r ie n ta t io n  measurements (T est and 

Dormer, l 9 5 o ) ,  b u t Bristow^ and Cox (l973 ) assem bled s t r a t ig r a p h ic a l  evidence 

to  show th a t  th e re  i s  o n ly  one Chalky B oulder Clay in  E a s t A nglia , and 

P e r r in  e t  a l .  (l973) suggested  th a t  th e  l i th o lo g ic a d  u n ifo rm ity  o f the  

d e p o s it  over a la rg e  a re a  a lso  in d ic a te s  d e p o sitio n  from  only  one ic e  sheet» 

The N orth  Sea D r i f t  exposed on the  N orfo lk  c o a s t betw een Sheringham and 

M undesley i s  in  p a r t  e x te n s iv e ly  c o n to r te d , and c o n ta in s  th re e  sep a ra te  

t i l l s  (Barham, 1968, 1 970) w ith  in te r c a la te d  w a te r la in  d e p o s its . A la rg e  

p a r t  o f  n o rth  N orfo lk , w est o f Sheringham, Henipsteaid and E d g e fie ld  i s  

covered  by an ex trem ely  chalky  b o u ld e r c la y , the  M arly D r i f t  o f Boswell 

( l9 3 3 ) , which has been c o r re la te d  w ith  the  Low estoft T i l l  (Solomon, 1932 a.; 

Baden P ow ell, 1948; West, 1938), w ith  the  N orth Sea D r i f t  (Woodward, 1884), 

and w ith  the G ipping ( i . e .  W olstonian) G la c ia tio n  (Stra.w, 1965).
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FARRINGTON & MITCHELL ( l 9 5 i )

VALENTIN ( 1 9 5 7 )

CLAYTON (iQSTi»)

I SUGGATE & WEST ( l9 5 9

15 M. 
2 4  KM./ CLAYTON ( 1957h)

FIGURE 4  ■ DEVENSIAN ICE LD/ETS IN E.ASTEM' ENGLAND AFTER VARIOUS
AUTHORS, m m  OUTCROP OF BROm BOULDER CLAY.
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2 ,2  P e d o lq g ic a l  S tu d ie s

2 .2 .1  B r i t i s h  S o il  S tu d ie s

B unting  (l9&4) produced a 'b ib liog raphy  o f  memoirs and papers on the  s o i l s  

o f  th e  B r i t i s h  I s l e s ,  and Burnham (l970) d iscu ssed  th e  re g io n a l p a t te r n  o f 

s o i l  fo rm atio n  in  G reat B r i ta in .  The S o il  Survey o f  England and Wales have 

p roduced  memoirs on th e  s o i l s  o f s p e c i f ic  a re a s , a t  s c a le s  o f 1 :63,3^0 and 

1 :2 3 ,0 0 0 , b u t so f a r  none d eal w ith  s o i l s  developed on Devensian t i l l s  in  

E a s t Y o rk sh ire , L in co ln sh ire  o r  N orth N o rfo lk , though 1:23 ,000  sh ee ts  and 

re c o rd s  o f sev e ra l a re a s  o f N orfo lk  and th e  "Vale o f  York are  a v a ila b le  

(C o rb e tt and Ta t i e r ,  l9 ?0 ; lîa tthew s, 1 97i ; C o rb e tt , 1 973; J a r v i s ,  1973; 

B u llo ck , 1974-) . P e r r in  ( l9 6 l ) .  S traw  (l 969«) and Crompton (l9 6 l)  gave g en era l 

acco u n ts  o f the  s o i l s  o f N orfo lk , L in c o ln sh ire  and Y orksh ire  re s p e c tiv e ly , 

and Johnson (l 969) d e sc rib ed  the  s o i l s  and lan d -u se  on th e  Chalky B oulder C lay.

M in e ra lo g ica l s tu d ie s  o f rock  w ea th e rin g  and s o i l  fo rm ation  in  G reat 

B r i ta in  in c lu d e  th e  fo llow ing  : CroJipton (l 939) and Wager (i 944) s tu d ied

Shap G ra n ite ; Stephen (l 932a, 1932b) s tu d ie d  s o i l s  on th e  Malvern H i l ls ;

B u tle r  (l933) in v e s t ig a te d  the s o i l s  o f the  L iza rd  a r e a ,  Cornwall; Smith (l962) 

s tu d ie d  some S c o tt is h  b a s ic  igneous rock ; Wilson in v e s t ig a te d  sed en ta iy  

p r o f i l e s  on u l t r a b a s ic  rocks o f Ehum b io ti te -h o rn b le n d e  rock in  .

In v e rn e s s -s h ire  ( l9 7 0 ) , and b o u ld er condom erate  in  n o r th -e a s t  S co tland  ( l9 7 l ) .

2 . 2 . 2  S o i ls  D eveloped on T i l l s

Much o f the e a r ly  work on w eathering  o f  t i l l s  concerned p a laeo so ls  

developed on the o ld e r  t i l l  s h e e ts . B efore 1900, g e o lo g is ts  in  the American 

m id-w est were in tr ig u e d  by p e c u l ia r  g rey  tenaceous c la y s  ("gumbos") ly in g  on 

th e  o ld e r  d r i f t s  (McGee, 1 o 9 l) . Kay ( l9 l6 )  s tu d ie d  th e se  c la y s , which he 

term ed g u n b o tils , and concluded th a t  th ey  a re  a n c ie n t in  s i t u  w eathering . 

p r o f i l e s ;  he reco g n ised  th re e ,  of d i f f e r e n t  ages, on the th ree  o ld e r  t i l l
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sh e e ts  o f Iowa (the  N ebraskan, Kansan and I l l i n o i a n ) ,  The m a te ria l was n o t 

re co g n ised  on the  youngest t i l l  sh e e ts , th e  Iowan and W isconsinan (Kay 

and P e a rc e ,-1920) . L eigh ton  and M acGlintock (i 962) co n sid ered  th a t  the 

gum botil re p re s e n ts  a  more advanced stage  o f  w eathering  th an  th a t  o f the 

W isconsinan-R ecent p r o f i l e s .  D uring l a t e r  y e a rs  Kay g re a t ly  extended h i s  

s tu d ie s  on guiiibotil ( e .g .  Kay and A p fe l, 1929; Kay, 1930; Kay and Graham, 

1943) ,  and was jo in e d  by o th e r  w orkers ( e .g .  Alden and L e i^ t o n ,  I9 l7 ; 

L eigh ton  and M acGlintock, 1930; A lle n , 1930, l959)« However, Krusekopf (1947) 

t h o u ^ t  t h a t  gum botil was w a te r la id , w eathered  and leach ed  when deposited , 

and d id  n o t develope i t s  c h a r a c te r i s t i c s  by  prolonged w eathering  o f t i l l .

T h is  viev/ became p o p u la r because o f the lo o se  way in  which th e  term  was 

a p p lie d  to  m a te r ia ls  which ob v io u sly  had n o t developed in  s i t u  ( e .g .  Ruhe, 

1936) .  T his le d  F ry e , S h a ffe r , Willman and Ekblaw (l96o) to  abandon the  

te rm , which wns prom ptly  defended by Trowbridge (l9 & l), A llen  (i9é2) and 

L e ig h to n  and M acGlintock (l 9&2). whether the  term  has o u tliv e d  i t s  

u s e fu ln e s s  o r  n o t ,  th e  study o f  gum botils  has g r e a t ly  a id ed  th e  e lu c id a tio n  

o f  t i l l  s t r a t ig ra p h y  in  the  m id-w est (e .g . Thornbury, 194-0) . The term  seems 

n o t  to  have been used  in  England.

S tudying w eathered  zones o f the v a rio u s  d r i f t  sh ee ts  o f I l l i n o i s ,  

L eigh ton  and M acGlintock (l930) proposed  a f iv e - f o ld  d iv is io n  of the  

p r o f i l e s .  Horizon 1 was the  s u r f i c i a l  s o i l ,  h o rizo n  2 th e  chem ically  

decomposed t i l l ,  3 th e  leach ed  and o x id ise d  t i l l ,  A the  o x id ised  b u t 

u n leach ed , and h o rizo n  3 the  u n a lte re d  t i l l .  T h is  nom enclature has been 

fo llo w ed  by many l a t e r  w orkers ( e .g .  Gravenor, 1934) in  p re fe ren ce  to  the 

p e d o lo g ic a l nom enclature o f A, B and C h o rizo n s .

R ecen t s tu d ie s  o f  s o i l s  d ev eloped  on t i l l s  i n  Am erica have been  

co n ce rn ed  w ith  s p e c i f i c  a s p e c ts  o f  w e a th e r in g . ; M e r r i t t  and M u lle r (l 939) 

s tu d ie d  th e  dep th  o f  le a c h in g  in  r e l a t i o n  to  carbonate  c o n te n t o f  t i l l s  in
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New York S ta te ,  F l i n t  (l9A9) had e a r l i e r  concluded th a t  the depth o f 

le a c h in g  o f carbonate  in  t i l l  s o i l s  was u n lik e ly  to  h e lp  determ ine th e i r  

r e l a t i v e  ages, because o f the  la rg e  number o f v a r ia b le s  invo lved , Brophy 

(l939 ) and Bha.ttacharya (l9&3) s tu d ie d  the  w eathering  o f  heavy m in e ra ls , 

and many o th e rs  have s tu d ie d  th e  a l t e r a t io n  o f c la y 'm in e ra ls  in  t i l l  s o i l s  

( e .g .  B eavers e t  a l . . 1955; D ro s te , 195^; D roste  e t  a l . , 1958; ^9S2• 

B h a ttach a ry a , l9o2; Fanning e t  a l . , l9&5; B orchard t e t  a l . , l9é8 ; B irkeland  

and Janda , 197l ) • V a ria tio n  o f c la y  co n ten t w ith  depth  was s tu d ie d  by 

Henner e t  a l . (19^1 ) ,  A llen  and Hole (l9&8) and Sn^ck e t  a l .  (n968). More 

b ro ad ly  based  m inéralog ie  a l  s tu d ie s  were made by  Brydon and M arshall (l 957) , 

Pawlul; ( l9 & l), V/illman, G lass and Frye l966) and De Kimpe (l9 7 0 ).

G eneral accounts o f  w eathering  o f g la c ia l  t i l l  inc lude  those o f Mick (l 949), 

E h r lic h  and R ice (l 955) «Thorp e t  a l . (l 959) and Wascher e t  a l .  ( i9 6 0 ) . Few 

have attem pted  to  e s tim ate  q u a n t i ta t iv e ly  th e  m in e ra lo g ica l changes during 

p r o f i l e  developm ent, ex cep tio n s  be ing  the work o f Mick (l 949), Y estin  (l 953) j 

F ranzm eier e t  a l . ( l9 o 3 ) , and Redmond and Yhi te  s id e

In  B r i ta in  th e re  have been few s tu d ie s  o f t i l l  s o i l s ,  and none has 

a ttem p ted  d e ta i le d  q u a n t i ta t iv e  c a lc u la t io n s  o f  p r o f i l e  development. E arly  

m in e ra lo g ica l s tu d ie s  inc lude  those  o f H endrick and Ogg (l9 l& ), Hendrick 

and Newlands (l 923, 1925), H art (i 929, 1938, 19 4 l , 1 942) and S tew art ' (l 933), 

a l l  on S c o tt is h  d r i f t  s o i l s .  Hendrick and Newlands (l925) considered  th a t ,  

under the  c o n d itio n s  p re v a il in g  in  S co tlan d , th e  P o s t-g la c ia l  p e rio d  has 

been  too  sh o r t f o r  chem ical w eathering  to  have a f fe c te d  th e  m in era lo g ica l 

com position  of th e  s o i l ,  except in  r e a d i ly  decomposable m a te r ia ls .

P e r r in  (l 955) s tu d ie d  s o i l  fo rm ation  on the  supposed Gipping T i l l  o f 

th e  B reck lands, b u t Watt e t  a l .  (l 966) suggested  th a t  the  p a re n t m a te r ia ls  

v/ere p e r i ^ a c i a l l y  reworked m ix tures o f  a e o lia n  sand and chalky  d r i f t .  The 

m icrom ineralogy of d r i f t  s o i l s  in  N orth T a les  was s tu d ie d  by Smithson (l953 ), 

and S ea le  (l 956) and Cramp ton  (l959 , 1 96l ) s tu d ied  the  heavy m inera ls  o f
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d r i f t  s o i l s  in  C am bridgeshire, Y orkshire and Glamorgan re s p e c tiv e ly , in  o rder 

to  a s c e r ta in  t h e i r  o r ig in .  Iviitchell (l 963) s tu d ie d  the  m ineralogy o f a 

s o i l  on g r a n i t ic  t i l l  in  S co tland , and concluded th a t  h i o t i t e  was a l te re d  

to  t r io c ta h e d r a l  i l l i t e  and then  to  v e rm ic u lite , and th a t  d io c tah ed ra l 

i l l i t e  and k a o l in i te  formed by a l t e r a t i o n  o f p la g io c la s e  f e ls p a r s ;  however, 

he though t th a t  the m ineralogy o f the s o i l  c la y  r e f le c te d  m ainly th a t  o f 

th e  p a re n t  t i l l ,  which was composed la r g e ly  o f  p re v io u s ly  w eathered g ra n ite ,  

h i ls o n  (1973) s tu d ie d  the  c la y  m ineralogy o f s o i l s  on t i l l  derived  from 

Old Red Sandstone in  S co tlan d , and found th a t  the main e f f e c ts  o f pedogenesis 

were r a p id  d eg radation  o f expansib le  t r io c ta h e d r a l  m in e ra ls , and 

v e rm ic u l i t iz a t io n  o f d io c tah ed i'a l mica in  th e  A h o rizo n .

2 . 2 .3  Q u a n tita tiv e  A spects o f S o il G enesis

S o il  development s tu d ie s  f a l l  in to  two main c a te g o r ie s .  One invo lves 

th e  s tudy  o f p a r t i c u la r  s o i l s  as they  a re  developed in  the  f i e l d ,  id e n tify in g  

f e a tu r e s  th a t  c h a ra c te r is e  the  v a rio u s  h o riz o n s , and an aly sin g  the m a te ria l 

o f  which they are  composed. The o th e r  adop ts a  s y n th e tic  appiroach, 

s tu d y in g  th e  r e a c t io n s  o f p a r t i c u la r  s o i l  c o n s t i tu e n ts  ( e .g .  m in e ra ls , 

humic m a te r ia ls )  in  sim u la ted  s o i l  c o n d itio n s , to  b u i ld  up a model of the 

l i k e l y  changes during  s o i l  developm ent. Both methods a re  necessary  fo r  a 

f u l l  a p p re c ia tio n  o f pedogenesis, b u t in  the  p re se n t s tu d y  the  a n a ly t ic a l  

approach was adopted, the  aim being  th e  q u a n ti ta t iv e  e s tim a tio n  o f changes 

in  s o i l s  developed on b o u ld er c la y s .

Many a n a ly t ic a l  s tu d ie s  of s o i l s  have p re sen te d  m in e ra lo g ica l and /o r 

chem ical d a ta  w ith  q u a l i ta t iv e  d isc u ss io n s  o f p ed ogenesis, on the assum ption 

th a t  th e  C h o rizo n s re p re se n ts  the  p a re n t m a te ria l o f the  whole p r o f i l e .  

However, Arnold (l 968) showed th a t  the  p resence  o f a l i th b lo g ic a l  

d is c o n t in u i ty  in  a p r o f i l e  can  g re a t ly  a f f e c t  the e v a lu a tio n  o f s o i l  forming 

f a c to r s .  W ithout re c o g n itio n  o f d i s c o n t in u i t ie s ,  ex p lan a tio n s  o f pedogenesis 

a re  l i k e l y  to  be m is lead in g . In  many s tu d ie s  th e  absence o f an obvious
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unconform ity  w ith in  the  d ep o sit from which th e  s o i l  has developed i s  

reg a rd ed  as  s u f f ic ie n t  evidence f o r  u n ifo rm ity  o f th e  p a re n t m a te ria l 

(Sudom and S t .  Amaud, l97l)«-

ïh e  u n ifo rm ity  o f th e  p a re n t m a te r ia l  o f a  s o i l  p r o f i l e  can he 

determ ined  by study ing  the  more r e s i s t a n t ,  and th e re fo re  r e la t iv e ly  unchanging, 

f r a c t io n s  o f the s o il ;  Barshad (l 9^4) summarised the main techniques th a t  

have been employed. E a rly  w orkers took  account m ainly o f the  r e s i s t a n t  

m in e ra ls  o f  c o a rse r  s o i l  f r a c t io n s ,  o f te n  the  heavy m inera l s u i te  o f the 

f in e  sand , and p a r t i c l e  s iz e  d i s t r ib u t io n  o f  th e  n o n -c lay  f r a c t io n  (Haseman * 

and M a rsh a ll, 1945; Humbert and M arsh a ll, 1943> l^-'îarshall, 1940; M arshall 

and Haseman, 1942; lÆickelson, 1943) » More re c e n t s tu d ie s  o f t h i s  type  

in c lu d e  those  o f Wiclclund and "Whiteside ( l9 5 9 ) , Wascher e t  a l . (i9 6 0 ),

Redmond and "^.Thiteside (l9 6 7 ) . Bourne and "Whiteside ( i9 6 2 ) , Franzm eier, 

"'.Tliiteside and M ortland ( i9 o 3 ) , and Jones and Beavers (i 964) * Since the 

advent o f  ra p id  chem ical an a ly ses  u s in g  f o r  example X -ray fluo rescence  

sp ec tro m e try , the  de te rm in a tio n  o f e lem ents such as zirconium  and tita n iu m  

has been  used to  e s ta b l i s h  u n ifo rm ity  o f  p a re n t m a te r ia ls  (e .g . Beavers, 

i960 ; Chapman and Horn, 1968; Sudom and S t .  Amaud, l9 7 l)»

In  o rd e r to  q u a n tify  the  w eathering  and o th e r  changes during  p r o f i le  

developm ent (g a in s , lo s s e s ,  t r a n s lo c a t io n s  and tra n s fo rm a tio n s ) , some form 

o f "w eathering  index" i s  re q u ire d . T his should be a r e a d i ly  analysab le  

m a te r ia l ,  which rem ains c o n s tan t in  com position and amount during p r o f i l e  

developm ent. A common assum ption in  e a r ly  s o i l  development s tu d ie s  was 

t h a t  tlie ox ides o f c e r ta in  e lem ents, in  p a r t i c u la r  K L ^ y  FegO?, and SiOg, 

rem ained c o n s ta n t during  w eathering  ( e .g .  van H ise, 1904; M e r r i l l ,  l906; 

H a rriso n , 1934; G old ich , 1938; Brewer, 1964; Ruxton, 1968). However, i t  i s  

now known th a t  dui'ing s o i l  fo rm ation  c o l lo id a l  p a r t i c l e s  co n ta in in g  th ese  

elem ents a re  t r a n s lo c a te d  from one p o s i t io n  to  ano ther in  the p r o f i l e ,  thus 

d e s tro y in g  the  uniform  d is t r ib u t io n  o f the c o n s ti tu e n ts  chosen f o r  the 

c a lc u la t io n s  o f g a in s  and lo s s e s .



M arshall (l940) in troduced  the concept o f th e  "index m ineral" fo r  

m in e ra ls  such as z irc o n , to u rm alin e , g a rn e t, an a tase  a.nd r u t i l e ,  which are 

r e s i s t a n t  to  w eathering  and immobile ( i . e .  co n ta in ed  in  the non-c lay  

f r a c t io n  o f the  s o i l ) ;  Barshad (1964) added g r a r tz ,  a lb i te  and m icrocline  

to  t h i s  l i s t .  M ickelson (i943) and Haseman and M arshall (l 943) in v e s tig a te d  

th e  q u a n ti ta t iv e  e s tim a tio n  of. such index  m in e ra ls  and th e i r  use in  the 

measurement o f the  changes o c cu rrin g  during  s o i l  fo rm ation . M ajor . 

d i f f i c u l t i e s  a re  the  presence o f co a ted  g ra in s ,  which are  d i f f i c u l t  to  

id e n t i f y ,  and the e r ro r s  in h e re n t in  co n v ertin g  num erical g ra in  counts 

in to  w eight p e rcen tag es  of the s o i l .  F o r th e se  re a so n s , Haseman and 

M arshall adopted a chem ical techn ique f o r  th e  d e te rm in a tio n  o f  z irco n  

b e fo re  making th e i r  c a lc u la tio n s  o f s o i l  fo rm atio n  and development in  a 

Grundy s i l t  loam p r o f i l e .  Barshad (1964) proposed  a method based  on the 

degree o f  change in  the chem ical com position of the non -c lay  f r a c t io n  

to  c a lc u la te  th e  amount of c la y  formed, use being  made o f th e  many re a d ily  

a v a i la b le  chem ical analy ses  o f  s o i l s  f o r  a sse ss in g  th e i r  r e la t iv e  p r o f i le  

developm ent. This method was a p p lie d  to  a  la rg e  number o f s o i l s  to  

determ ine th e  e f f e c t  o f  p ed o lo g ica l f a c to r s  on c la y  fo rm ation  and 

m ig ra tio n  (Barshad,  ̂939). He concluded t h a t  c la y  fo rm ation  i s  a t  a , 

maximum in  a l l  s o i l  p r o f i l e s  in  a la y e r  3-30 cm below the su rfa c e , and 

p ro g re s s iv e ly  decreases below t h i s ,  t h a t  c la y  m ig ra tion  i s  the most 

im p o rtan t p ro cess  invo lved  in  the  fo rm ation  o f h o rizo n s o f c la y  enrichment 

and in  p roducing  la rg e  changes in  the chem ical com position o f the s o i l ,  

and a lso  th a t  c lay  fo rm ation  i s  re sp o n s ib le  f o r  most o f the changes in  the 

m in e ra lo g ic a l com position o f the s o i l .

Redmond and Vihiteside (i9&7) s tu d ie d  chernozems d e riv e d  from t i l l  in  

N orth D akota, and were ab le to  make q u a n t i ta t iv e  c a lc u la tio n s  of the 

changes in  two p r o f i l e s  by the  methods o u tl in e d  by M arshall and Haseman (l942)
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and Bar'shad (l 9^4), u s in g  t o t a l  q u a rtz  as t h e i r  index m in era l. C a lcu la tio n s  

o f  n e t  changes in  sand, s i l t ,  c la y , CaCO^ e q u iv a le n t, o rgan ic  m a tte r and ' 

volume were p re s e n te d , b u t th e  r a th e r  e r r a t i c  r e s u l t s  v/ere a t t r ib u te d  to  

h e te ro g e n e ity  o f th e  t i l l .  F ranzm eier, Y /hiteside and M ortland (l9o3) used 

n o n -c lay  q u a r tz , determ ined  by  X -ray d i f f r a c  tome t r y ,  to  c a lc u la te  changes in  

p o d zo ls  developed on g la c i a l  d r i f t s  in  n o rth e rn  M ichigan; they  found n e t 

lo s s e s  o f c la y  from the  A2 h o rizo n  and n e t g a in s  in  the horizons below, 

su g g es tin g  é lu v ia t io n  from upper h o rizo n s  and accum ulation ben ea th . Wes t i n  

(l 933) ^ se d  z irc o n  as an index  m inera l to  ev a lu a te  volume changes during  

th e  developm ent o f a  so lo n e tz  s o i l  on g la c ia l  t i l l  in  South D akota, and 

Mick (1949) u sed  r e s i s t a n t  heavy m in e ra ls  to  s tudy  the  g en esis  o f a g rey  

brov/n p o d zo lic  s o i l  on W isconsinan t i l l  in  M ichigan, concluding t  h a t th e  A2 

h o riz o n  had l o s t  approx im ate ly  83 fo o f  i t s  c la y  c o n te n t , and th a t  s i l t  and . 

sand p a r t i c l e s  in  the A2 and B2 h o riz o n s  had dim inished  in  s iz e .

B r i t i s h  w orkers seem to  have made l i t t l e  use o f  th e  index m ineral 

method o f  pedogenic c a lc u la t io n .  Khan (i937> 1939) s tu d ied  s o i l s  on 

l im e s to n e s , in c lu d in g  th e  Chalk o f The C h i l te m s , which he considered  had 

developed in  uniform  p a re n t m a te r ia ls ,  and used zirconium  as a  w eathering  

in d ex . However, h i s  co n c lu s io n s  ai’e p robab ly  in v a l id ,  as alm ost a l l  

C h i l te r n  s o i l s  c o n ta in  two o r  more d i f f e r e n t  p a re n t m a te r ia ls  (Avery, 1964)» 

'Veir e t  a l . ( l 97l )  e s ta b lis h e d  trie e s s e n t ia l  u n ifo rm ity  of a b u ried  s o i l  

developed in  lo e s s  a t  Pegw ell Bay (K en t), u s in g  d e ta i le d  p a r t i c l e  s ize  

and heavy m inera l a n a ly se s , and a ttem p ted  to  c a lc u la te  changes in  c la y  

c o n ten t and m ineralogy; however, th ey  were r e s t r i c t e d  by the  unknown ex ten t 

o f e ro s io n  lo s s e s  from the  upper p a r t  o f  the p r o f i l e .  S tew art, Adams and 

A bdulla (1970a , 1970b) made some q u a n t i ta t iv e  s tu d ie s  on s o i l s  derived  from 

S i lu r ia n  m udstones, u s in g  s i l t  p e rcen tag e  as an in te r n a l  s tan d a rd .



31

CHAPTER 3 SOILS STUDIED

Reasons fo r  th e  ev en tu a l cho ice o f  th e  Devensian t i l l s  o f H olderness, 

E as t L in c o ln sh ire  and N orth N orfo lk  fo r  t h i s  s o i l  development study have 

a lre a d y  been given in  C hapter 1 , However, t h i s  choice was no t f in a l ly  

made u n t i l  a f t e r  a  sea rch  had been made fo r  s u i ta b le  s o i l  p r o f i le s  in  

E as t A n g lia . The g re a te r  p o r tio n  o f th e  c l i f f e d  c o a s tl in e  o f N orfolk 

and S u ffo lk  v/as in v e s t ig a te d , s e v e ra l  m iles o f  open gas p ip e lin e  tren ch  

examined, and numerous q u a rr ie s  v i s i t e d  (F ig . 3  ) .

3.1 E ast A nglia

The c l i f f s  o f Hunstanton (TF 675420) a re  in  C retaceous ro ck s . From

H unstanton to  Weybourne (TG 11743?) th e  c o as t i s  u n c lif fe d , bu t from

weybourne to  H appisburgh (TG 397300) c l i f f s  a re  alm ost continuous. The

s t r e t c h  between Weybourne and Trimingham (TG 282390) i s  la rg e ly  occupied

by th e  C on to rted  D r i f t  (R eid, 1882) which i s  a m ixture o f t i l l s ,  sands,

lam in a ted  c la y s  and chalk  r a f t s ,  to o  heterogeneous fo r  the  proposed

w eath erin g  s tu d y . Eastw ards from Trimingham th re e  l a t e r a l l y  p e r s is te n t

t i l l  u n i t s  w ith  a s so c ia te d  w a te r-d ep o s ite d  c la y s , sands and g rav e ls  can

be d is t in g u is h e d  ( F i r s t ,  Second and T h ird  T i l l s  o f Banham, 1968, p. 508) .

Only th e  T h ird  T i l l  reaches th e  c l i f f - t o p  to  the  west o f Bacton

(TG 337347) .  T h is t i l l ,  however, " i s  an inhomogeneous, obviously

deformed t i l l  . • . which c o n ta in s  a  h igh  p ro p o rtio n  o f  sand . . • both

a s  d is c r e te  le n se s  and lam inae and d isp e rse d  throughout th e  brown, s i l t y

c lay  o f  th e  m a tr ix ."  (Banham & Ranson, 1970). Between W alcott (TG 363328)

and Happisburgh both  th e  F i r s t  and Second T i l l s  are  exposed a t  the  c l i f f
Utfee-r

to p . P r o f i l e s  developed in  th e  «former a re  non-uniform , however, sandy 

le n s e s  becoming abundant in  th e  upper p a r t .  P r o f i le s  on the  F i r s t  T i l l
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seem more uniform , bu t as t h i s  i s  th e  low est member o f th e  lo c a l  g la c ia l  

su cc e ss io n , co n s id e rab le  e ro s io n  must have taken  p lace  fo r  i t  to  be 

exposed a t  th e  s u r fa c e .

At S c ra tb y  (TG 5'16152), Chalky J u ra s s ic  Boulder Clay (Low estoft 

T i l l  o f B aden-Pow ell& W est, 19oO) occupies th e  upper p a r t  o f a  sh o rt 

s t r e t c h  o f  c l i f f  to  th e  n o rth  o f C a l ifo rn ia  Gap. S o il  p r o f i l e s  developed 

on i t  show ex ten s iv e  p ip e s  o f  w e ll- s o r te d  sand descending as much as

1 ,6  ra in to  th e  t i l l  from th e  s u r fa c e , which i t s e l f  i s  s an d ie r  than  u su a l; 

a lso  shallow  d ep re ss io n s  in  th e  t i l l  su rfa ce  a re  f i l l e d  w ith  a  s i l t y  

d e p o s it .  The c l i f f s  a t  Gorton (TM 545975)» type lo c a l i t y  o f  the  

L ow estoft T i l l  (Baden-Powell, 1948, p . 285)» have re c e n tly  been 

re d e sc r ib e d  by Banham (l97l)» i who found th e  P lea su re  Gardens T i l l  over 

th e  L ow estoft T i l l ,  However, t h i s  in  tu rn  i s  o v e rla in  by p la te au  g rav e ls  

and blown sand and s i l t .  F u r th e r  so u th  in  S u ffo lk  c o a s ta l  t i l l  exposures 

a re  r a r e ,  and th e  c l i f f s  were n o t in v e s t ig a te d .  Thus, nowhere along 

th e  c o a s ta l  s e c tio n s  a re  s u i ta b le  s o i l  p r o f i l e s  found; they a l l  su ffe re d  

from one o r  more o f th e  d isad v an tag es  o f  la c k  o f u n ifo rm ity , e ro sio n  o f 

upper la y e r s ,  o r  a d d itio n  o f m a te r ia l  to  th e  su rfa c e .

P ip e lin e  tre n c h es  r a d ia t in g  from the  N orth Sea Gas te rm in a l a t  

Bacton prov ided  e x c e lle n t o p p o r tu n i t ie s  fo r  examining long continuous 

s e c t io n s  o f s o i l  p r o f i l e s .  One such tre n c h  in v e s t ig a te d  was th e  p o rtio n  

between B il l in g fo rd  (TM 168798) and Lye (TM 149748), The se c tio n s  were 

s im i la r  to  those  seen in  th e  Low estoft T i l l  a t  S c ra tb y , w ith  le n se s  and 

p ip e s  o f w e ll- s o r te d  brown sand ex tend ing  down in to  th e  t i l l ,  though here 

th e  o v e rly in g  s i l t y  d e p o sit was la c k in g . More permanent s e c tio n s  in  g rave l 

workings and chalk  q u a rr ie s  in  v a rio u s  p a r ts  o f N orfolk and S u ffo lk  a l l  

confirm ed th e  im pression  th a t  u n d is tu rb ed  sed en ta ry  p ro f i le s  on th ese  

L ast A nglian t i l l s  a re  probably  n o n -e x is te n t .
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3 .2  E a s t Y o rk sh ire  and L in c o ln s h ire

A tte n t io n  was th e r e f o r e  d i r e c te d  to  th e  younger t i l l s  o f  H o ld ern ess , 

E a s t  L in c o ln s h ir e  and N orth  N o rfo lk , th e  o u tc ro p  o f  w hich i s  shown in  

F ig .  4 - . A part from th e  a r t i f i c i a l  w arp land  s o i l s  on th e  n o r th e rn  

s id e  o f  th e  Humber (H e a th c o te , th e  s o i l s  o f  t h i s  a re a  have n ev er

been mapped o r  s tu d ie d  in  d e t a i l ,  though  g e n e ra l acc o u n ts  o f  s o i l  

d i s t r i b u t i o n  in  E a s t Y o rk sh ire  and E a s t L in c o ln s h ir e  ( in c lu d in g  a  map o f  

th e  l a t t e r  a re a )  have been g iv en  by Crompton ( l 95l )  and S traw  ( l 969a ) .

To th e  w est o f  th e  D evensian  g l a c i a l  l i m i t  on th e  Y o rk sh ire  Wolds 

and much o f  th e  L in c o ln s h ir e  Wolds th e  C halk  i s  n e a r ly  alw ays c lo se  to  

th e  s u r f a c e .  The s te e p e r  s lo p e s ,  such  a s  th e  s id e s  o f  d ry  v a l le y s ,  a re  

c u t i n  s o l i d  Chalk and have v e ry  t h i n ,  brown c a lc a re o u s  s o i l s  o r  re n d z in a s . 

Dry v a l le y s  a re  f lo o re d  w ith  f l i n t y  c o l lu v i a l  d e p o s i t s  o f  v a r ia b le  te x tu r e ,  

and on th e  more g e n t ly  s lo p in g  s u r f a c e s  o f  th e  Wolds, brown e a r th s  a re  

d ev e lo p ed  in  th i n  loamy and f l i n t y  d r i f t s  d e r iv e d  la r g e ly  from a  th in  

co v er o f  lo e s s ,  w hich exceeds 1 ra in  th ic k n e s s  o n ly  i n  some o f  th e  

h ig h e r  p a r t s  o f  th e  Y o rk sh ire  Wolds (C a tt  e t  a l . , 1974) .  E r r a t i c  s to n e s  

and c o a rse  sand  a re  o c c a s io n a l ly  p r e s e n t  in  Y o rk sh ire  (V ersey , 1938;

B is a t ,  1939*0» s u g g e s tin g  th e  l o c a l  p re se n c e  o f  a  rem anie o f  w o ls to n ian  o r 

o ld e r  g l a c i a l  d r i f t .  D e p o s its  re se m b lin g  th e  C la y -w i th -F l in ts  o f  

s o u th e rn  E ngland o ccu r on ly  a t  S ta x to n  (TA 016763) and a  few o th e r  i s o la te d  

l o c a l i t i e s  n e a r  th e  n o r th e rn  edge o f  th e  Y o rk sh ire  Wolds.

On th e  c e n t r a l  p a r t  o f  th e  L in c o ln s h ire  Wolds a  v e ry  cha lky  b o u ld e r  

c la y ,  th e  C a lc e th o rp e  T i l l  o f  S traw  (1969b, p . 89) g iv e s  brown e a r th s ,  

to g e th e r  w ith  some c a lc a re o u s  g le y  s o i l s  i n  th e  sh a llo w  v a l le y  f lo o r s .  

E a s t o f  C a is to r  (TA II8O I3) th e  f l a t t e r  p a r t s  o f  th e  L in c o ln s h ire  Wolds 

a re  covered  by blown sand  (S traw , I9 6 3 ) , o f te n  th ic k  enough to  g iv e  r i s e  

to  sandy brown e a r th s  ov er C halk .
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S o i ls  developed on th e  H essle  T i l l  and i t s  c o r r e la t iv e s  occupy 

most o f e a s te rn  H olderness, and form a wide s t r i p  along th e  e a s te rn  

m argin o f th e  Wolds. Sm all a re a s  a lso  occur in  the  n o rth e rn  p a r t  o f 

the  Ancholme v a lle y , and p ro tru d e  southw ards in to  th e  Fens as the  

S tick n ey  m oraine. In  N orfolk th e  ou tcrop  extends as  a  d iscon tinuous 

s t r i p  about 1 km wide along th e  c o as t from n e a r Snettisham  (TF 653332) 

to  Holkham (TF 870430) (Suggate and West, 1939» S traw , I 960) .  Most o f 

th e se  s o i l s  a re  im p e rfe c tly  d ra in ed  c lay  loam s, though where th e  t i l l  

i s  th in  and o v e r l ie s  Chalk (a s  on th e  e a s te rn  p a r ts  o f th e  Wolds) o r 

g ra v e l ,  th ey  may be f r e e ly  d ra in e d . A lthough o r ig in a l ly  ca lca reo u s 

th ro u g h o u t, th e  s o i l s  a re  now leached  to  a  dep th  o f between 0 .6  and 

2 m, and o f te n  have a s u b so il la y e r  ap p a ren tly  en riched  in  c la y .

F lu v io g la c ia l  sands and g ra v e ls  a s so c ia te d  w ith  th e  Devensian ic e -  

sh e e t occur in  th e  n o rth e rn  and c e n tr a l  p a r t s  o f  H olderness, p a r t ic u la r ly  

around D r i f f i e ld  (TA 025573) and B randesburton (TA 117475) and in  th e  

Irb y -B ro ck lesb y -K illin g h o lm e  a re a  o f n o r th  L in c o ln sh ire . They g en e ra lly  

c o n ta in  ch a lk  and g ive r i s e  to  w e ll-d ra in e d  sandy brown e a r th  s o i l s ,  

n e u tr a l  to  s l i g h t l y  ac id  in  r e a c t io n .

Along th e  Humber e s tu a ry  and th e  c o a s ts  o f L in co ln sh ire  and N orfolk 

th e  t i l l s  a re  o v e r la in  by marine a lluv ium , up to  f iv e  m iles wide in  

L in c o ln s h ire , bu t u su a lly  l e s s  than  a m ile in  N orfo lk . These m a te ria ls  

a re  compact and f in e -g ra in e d , and because most o f th e  a re a  i s  below 

5 m O.D. th e  p e r s i s te n t ly  h igh  w a te r - ta b le  g iv es  r i s e  to  m ostly grey, 

s l i g h t l y  to  m oderately ac id  n o n -ca lca reo u s  g ley  s o i l s .

B ordering  th e  Humber e s tu a ry  a re  a re a s  o f warpland s o i l s ,  low -ly ing  

r iv e r s id e  land  on which a h ig h ly  ca lca reo u s  and micaceous f in e  sandy o r 

s i l t y  a l lu v i a l  d e p o s it has been b u i l t  up e i th e r  n a tu ra l ly  o r a r t i f i c i a l l y  

by su ccess iv e  t i d a l  f lo o d in g s  o f th e  sed im en t-laden  r iv e r .  The lo c a l 

d ra inage  co n d itio n s  la rg e ly  determ ine the  occurrence o f brown e a r th s  o r 

g ley s  on th i s  m a te r ia l .



To th e  so u th  o f  the  L in co ln sh ire  Wolds, Fen alluvium  and p eat 

o v e r l ie  th e  b o u ld er c la y . The s o i l s  o f th e se  a re a s , o r ig in a l ly  mainly 

c a lca reo u s  g le y s , have been m odified by deep a r t i f i c i a l  drainage and 

a ra b le  c u l t iv a t io n  to  more o f a  brown e a r th  c h a ra c te r . O xidation and 

blowing a re  reduc ing  th e  a re a  o f  th e  peaty  s o i l s .  In  H olderness, an 

e x te n s iv e  a re a  o f th e  H u ll v a lle y  n o r th  o f Thearne (TA 075368) i s  

occupied by s im ila r  p eat and fre sh w a te r a lluv ium .

As no su rvey ing  had been done by th e  S o i l  Survey o f  England and 

Wales in  e a s t  Y orksh ire  and L in c o ln sh ire , p r o f i l e  d e sc r ip tio n s  and 

sam ples o f  th e  t i l l  s o i l s  were u n a v a ila b le . To avoid the  p o s s ib i l i ty  

o f  w asting  much tim e in  d igg ing  p r o f i l e  p i t s  th a t  might prove u n su ita b le , 

i t  was decided  to  in v e s t ig a te  f i r s t  th e  known exposures of, t i l l  in  the  

a re a . In la n d  s e c tio n s  a re  u n fo r tu n a te ly  r a re  in  lowland H olderness and 

E ast L in c o ln s h ire , a lthough  p i t s  in  chalk  o v e r la in  by t i l l  a re  common on 

th e  Wolds. However, th e se  p i t s  a re  o f te n  cu t in to  s te e p  s lo p es , and the 

t i l l  i s  th in  and w eathered th roughou t. C l i f f  s e c tio n s  a re  alm ost absent 

in  L in c o ln s h ire , and th a t  a t  H unstanton in  N orfolk i s  in  C retaceous rocks, 

th e  D evensian ic e - s h e e t  a p p a ren tly  having f a i le d  to  o v e r-r id e  th i s  r ib  of 

chalk  (s tra w , I 96O). However, th e  H olderness co as t i s  alm ost continuously  

c l i f f e d ,  and cu t e n t i r e ly  in  Q uaternary  d e p o s its .  The n o rth -so u th  c l i f f  

l in e  in t e r s e c t s  th e  f r e s h , lo w - r e l ie f  topography o f e a s te rn  H olderness, 

where d ra in ag e  i s  predom inantly  from e a s t  to  west in to  the  H ull v a lle y . 

Thus, e x ten s iv e  f l a t  in te r f lu v e  a re a s  a re  seen in  s e c tio n  a t  se v e ra l 

p la c e s  a long  t h i s  c o a s t . Marine e ro s io n  o f th e  c l i f f s  i s  ra p id , having 

averaged about 1 .2  m e tre s /y ea r fo r  th e  p e rio d  I 852 -  1952 (V alen tin ,

1954) ,  so f re s h  s e c tio n s  a re  c o n s ta n tly  being  exposed. T h erefo re , the 

i n i t i a l  sea rch  fo r  a s u i ta b le  p r o f i le  was conducted along t h i s  prom ising 

c o as t l i n e .
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Four d i s t i n c t  t i l l s  have been d e sc rib ed  from the  c l i f f s  o f 

H olderness (F ig . S  ) .  The lo w est, th e  Basement T i l l ,  i s  V/olstonian 

o r o ld e r  (C a tt and Penny, 1966, p . 4-02), and does not occur a t  the 

s u rfa c e -  The Drab T i l l ,  th e  low est member o f th e  Devensian sequence, i s  

exposed th roughout the  le n g th  o f th e  H olderness c o a s t, except between 

Holmpton (TA 376237) and W ithernsea (TA 345278), where i t  s in k s  below 

beach l e v e l .  North o f Ulrome (TA 176572), a s  f a r  as B rid lin g to n , i t  i s  

th e  only  t i l l  exposed, bu t i s  here  m ostly o v e r la in  by g ra v e ls . The 

P u rp le  T i l l  i s  o f more r e s t r i c t e d  occu rrence , being  seen in  the  H olderness 

c l i f f s  only  between E asing ton  (TA 403200) and Mappleton (TA 242419). The 

H essle  T i l l ,  the  topmost member o f th e  t i l l  su ccess io n  recognised  by C att 

and Penny (1 9 6 6 ), i s  w idespread, though o fte n  lo c a l ly  removed by e rosion , 

f o r  example a t  C riraston H all (TA 289352) where L a te -g la c ia l  beds l i e  

d i r e c t ly  on P u rp le  T i l l .  N ev e rth e le ss , i t  seems to  occupy the  c l i f f - t o p  

along  th e  m a jo rity  o f th e  H olderness c o a s t.

The c l i f f - s e c t i o n  between D im lington (TA 399206) and Out Newton 

(TA 585225) was in v e s t ig a te d  f i r s t ,  bu t n e a r D im lington Farm (TA 399206) 

th e re  i s  co n s id e rab le  human d is tu rb a n c e  in  th e  form of fa rm -track s , roads, 

d itc h e s  and ru b b ish -h e a p s , and th e  r e l a t iv e ly  s te e p  s lo p es  in lan d  from 

th e  c l i f f  n ea r D im lington High Land (TA 390218) may have encouraged 

removal o f some s o i l  by su rfa c e  e ro s io n . For th ese  reasons the  s o i l  

p r o f i l e  was n o t sampled h e re . The T u n s ta ll  c l i f f s  (TA 3 l43 l8 ) were then 

in v e s t ig a te d ,  and a s i t e  was chosen in  th e  middle o f an ex ten siv e  f l a t  

in te r f lu v e  a re a . Nowhere was a plough la y e r  ab sen t, bu t th e re  had been 

no re c e n t c u l t iv a t io n ,  and a f re s h  p r o f i l e  had re c e n tly  been exposed by 

a  la n d s l ip .  For a comparison w ith  s o i l s  developed on th e  most so u th erly  

ou tcrop  o f th e  D evensian t i l l s ,  a p r o f i le  was c o lle c te d  from the  Hunstanton 

T i l l  exposed in  the  Holkham b r ic k - p i t s  (TF 863428).
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A fte r  s e le c t io n  o f th e se  two s i t e s ,  faces  o f s u i ta b le  depth  were 

c le a re d , en su rin g  th a t  th e  p r o f i l e s  sampled extended w ell in to  the  

ca lca reo u s  p a re n t m a te r ia l .  F ie ld  d e s c r ip t io n s  o f th e  p r o f i le s  were 

made u s in g  th e  methods d e ta i le d  in  th e  S o il  Survey Handbook ( I 960) ,  

ho rizo n  b o u ndaries  be ing  e s ta b lis h e d  on d if fe re n c e s  in  co lou r, s t ru c tu re ,  

te x tu r e ,  s to n in e s s  and carbonate  c o n te n t. A c lean  s ta in le s s  s t e e l  

tro w e l was used fo r  sam pling to  avo id  r u s t  and o th e r  contam ination .

2 kg sam ples were talien  from each h o rizo n , p laced  in  5OO gauge polythene 

bags, then  double-w rapped to  avoid  contam ination  during  tr a n s p o r t .

In  o rd e r  to  a s c e r ta in  th e  t e x tu r a l  and m in e ra lo g ic a l v a r i a b i l i ty  of 

th e  D evensian t i l l s ,  bo th  v e r t i c a l ly  and l a t e r a l l y ,  samples (a s  unweathered 

as  p o s s ib le )  o f each t i l l  were a lso  c o lle c te d  from a broad spread  o f 

l o c a l i t i e s  (F ig . 6 ) .  E x is tin g  exposures were u t i l i s e d  wherever

p o s s ib le ,  to  minim ise sam pling tim e , b u t a  few samples were ob tained  w ith  

a Dutch au g er. Samples o f pre-D evensian t i l l s  exposed in  e a s te rn  England 

were a lso  c o lle c te d  fo r  com parative purposes. Sampling l o c a l i t i e s  are  

d e ta i le d  in  th e  Appendix (Table 3  ) ,  and a re  a lso  shown in  F ig s .
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30m-i

O.D-

HESSLE TILL Reddish-brown boulder clay 
with crude vertical jointing

PURPLE TILL Dark brown sticky boulder clay

DRAB TILL Very dark greyish-brown 

boulder clay

DIMLINGTON SILTS Dark grey laminated 
moss-bearing silts passing upwards into sands

BRIDLINGTON CRAG ( =̂ s u b - b a s e m e n t  clay  ) 

Erratics of very dark grey marine clay

BASEMENT TILL Very dark grey boulder clay 
weathered to dark greyish-brown at top

-30m.

CHALK

FIGURE 5  GLACIAL SUCCESSION OF THE HOLDERNESS COAST;

DIMLINGTON
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PURPLE TILL 

DRAB TILL 

BT b a s e m e n t  TILL 
M T M ARSH TILL

huggate  : KM

AH^DTI7
R.HULL HT

HT15
• '■ HOtDERMESS HT26

10 M.
16 KM.

HT33
T39jPT6-,DT9  

TI.PTI
HT29

H T 5 3

.H T 5 MTS

.  HT5I 
H T 4 8 DIMLINGTON HT7-IO;PT2-5 

DTI,3 -8  ; BT|-3,5-9j
HT3Ô H T 4i-6 ;57-9 ;

PT9:DTf8;DI-6R. HUMBER 

MT4MT3"%
INCS.\

R.ANCHOLME
MARSHAfQLDS-..

,JV|T^TI9
R. TRENT

> *. •
Tl -MTIO

FIGURE 6 SAMPLE LOCALITIES : YORKSHIRE 6 LINCOLNSHIRE
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HEDON WITHERNSEA
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RYHILL
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0 V.UT NEWTON

KEY INGHAM 

PATRINGTON

n .fer r ib y  
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DIMLINGTON

WELWICK
EASINGTON

KILUNGHO
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INGTON
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^  n ROSSAr^ ^ GRIMSBY

FIGURE 7  LOCATION MAP • HOLDERNESS
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S2> SE
DIMLINGTON

6KILLINGH0LM

R. HUMBER

GRIMSBY
0
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0 
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O
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FIGURE s  LOCATION MAP •' LINCOLNSHIRE
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CHAPTER 4 ANALYTICAL METHODS

4.1  P re lim in a ry  T reatm ent

Each sam ple was a i r - d r i e d  on a  ca rd b o a rd  t r a y  f o r  s e v e r a l  days. 

B efo re  b agg ing  and boxing  th e  d ry  sam ples, th e  c o lo u r  i n  th e  a i r - d r i e d  

s t a t e  was de term ined  by r e fe re n c e  to  K u n se ll s o i l  c o lo u r  c h a r t s  (1954 

e d i t i o n ) . M oist c o lo u rs  were d e te rm in ed  a t  th e  tim e o f  c o l le c t io n  o f  

th e  sam p les . Sam ples were b roken  up by hand o r ,  i f  n e c e s s a ry , by l i g h t  

p r e s s u re  in  a  m o rta r and p e s t l e .  A f te r  a q u a r te r in g  p ro ced u re  to  

e n su re  hom ogeneity o f  th e  sam ple, one w eighed p o r t io n  was d iv id e d  in to  

" f in e  e a r th "  (<  2000 / 4m) and " s to n e s "  O' 2000 /tm) by d ry  s ie v in g  th rough  

a No. 8 mesh (2000 /cm) b r a s s  s ie v e .  The s to n e s  were th e n  w ashed, 

su b d iv id e d  in to  l i t h o l o g i c a l  ty p e s ,  and w eighed s e p a r a te ly .

4 .2  Bulk D e n s ity  M easurement

N a tu ra l s o i l  c lo d s  o f  abou t 1 0 - 2 0  g w ere c o l le c te d  from each 

h o r iz o n , d r ie d  s low ly  in  a i r ,  and th e n  th o ro u g h ly  in  an oven a t  110°.

The dry  c lo d s  were w eighed, th e n  d ipped  in  m olten  p a r a f f i n  wax. T h is  

s e rv e d  to  co a t th e  c lo d  th o ro u g h ly  w ith  an a i r  and w ate r t i g h t  su r fa c e  

l a y e r .  Rew eighing th e  co a ted  c lo d  gave th e  w eigh t o f  a d h e rin g  wax, th e  

volume o f  w hich cou ld  th e n  be c a lc u la te d .  The c lo d  was th e n  rew eighed in  

w a te r  and A rchim edes' P r in c ip le  used  to  c a lc u la te  i t s  volume a f t e r  

a llo w in g  f o r  th e  volume o f  th e  wax c o a t in g .  The b u lk  d e n s i ty  o f  th e  

s o i l  was th e n  c a lc u la te d  from th e  volume and dry  w eigh t o f  th e  c lo d .

4 .3  pH D e te rm in a tio n

The pH o f  each s o i l  h o riz o n  was de te rm in ed  by th e  method o f  Jackson  

(1958 , p . 46) .  10 g sam ples o f  th e  a i r - d r i e d  s o i l  were p la c e d  in  50 ml

bea l^ers , and 25 ml o f  b o ile d  d i s t i l l e d  w a te r  added. The s lu r r y  was
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s t i r r e d  r e g u la r ly  f o r  20 -, 30 m in u tes , when th e  pH was m easured on a  

V ib re t pH -m eter, th e  e le c tro d e  b e in g  in s e r t e d  im m ediate ly  a f t e r  a 

f i n a l  s t i r r i n g .

4 .4  C arbonate  D e te rm in a tio n

C arbonate  c o n te n ts  were d e te rm in ed  by th e  c a lc im e te r  method o f  

B ascomb (1 9 6 1 ).

4 .3  O rg an ic  Carbon D e te rm in a tio n

Sam ples o f  d r ie d  s o i l  were ground in  a  t u n g s te n - s t e e l  Teraa m i l l  

f o r  te n  m in u te s . T h e ir  o rg a n ic  carbon  c o n te n ts  were de te rm in ed  by 

i g n i t i o n  in  a  c u r re n t  o f  C 02~free oxygen, th e  carbon  d io x id e  formed 

b e in g  d r ie d ,  c o l le c te d  by a d s o rp tio n  in  so d a -lim e  packed tu b e s ,  and 

w eighed .

4 .6  P a r t i c le  S ize  D is tr ib u tio n

P a r t i c l e  s iz e  d i s t r i b u t io n  was d e te rm in ed  by th e  p ip e t t e  sam pling  

m ethod, u s in g  10 g su b -sam p les . These were f i r s t  d e c a lc i f i e d ,  where 

n e c e s s a ry ,  w ith  2 N a c e t ic  a c id .  E xcess a c id  was removed by c e n t r i f u g a t io n  

and d é c a n ta t io n .  A f te r  t r a n s f e r r i n g  to  6OO ml pyrex  g la s s  b e a k e rs ,

100 ml o f 40 v o l. hydrogen perox ide were added to  d es tro y  o rgan ic  m a tte r. 

T h is  was l e f t  o v e rn ig h t, then  th e  excess perox ide  d estroyed  by b o il in g .

The suspension  was cooled and t r a n s fe r r e d  to  one l i t r e  polythene 

shalcing b o t t l e s ,  23 ml o f 3^ "Calgon" (sodium hexametaphosphate) so lu tio n  

added, and th e  b o t t l e s  ro ta te d  o v ern igh t in  an end-over-end shaker.

Each sam ple was th e n  washed in to  a  th ic k  g la s s  b eak e r and s u b je c te d  to  

one m inute o f  m ild  u l t r a s o n ic  a g i t a t i o n  in  a  f iv e  l i t r e  ta n k  a g i t a to r  

r a t e d  a t  200 W a t  25 k H z .  The su sp e n s io n s  w ere t r a n s f e r r e d  to  one 

l i t r e  c y l in d e r s ,  made up to  volume w ith  d i s t i l l e d  w a te r , th e  tem p era tu re  

o f  th e  l i q u id  n o te d  and f a l l  tim es c a lc u la te d  f o r  th e  f r a c t io n s  to  be
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sampled (Tanner and Jackson, 1948, p. 6l ) .  A ru b b er p lunger was used 

to  tho rough ly  s t i r  th e  suspensions. 20 ml a l iq u o ts  were removed w ith  

a  sam pling p ip e t te  a t th e  ap p ro p ria te  tim es and dep ths fo r  th e  various 

f r a c t io n s ,  then  tra n s fe r re d  to  p rev io u s ly  weighed c ru c ib le s , d rie d  

o v e rn ig h t a t  105° , and weighed.

The sand f r a c t io n  (> 53 /^m) was removed by w e t-s iev in g  from the  

rem ain ing  suspension’,: d rie d  and weighed. The oven-dry weight (l05°) o f 

th e  s o i l  was determ ined on a  se p a ra te  sub-sam ple. A ”Calgon" blank 

va lue  was ob ta ined  by evapo rating  to  c o n s tan t dry  w eight 20 ml p o rtio n s  

o f  "Calgon" so lu tio n  s im ila r  in  s tre n g th  to  th a t  used fo r  d isp e rs io n  o f 

th e  10 g s o i l  samples in  1000 ml w a te r . Allowance was made fo r  

carbonate  and organ ic  m atte r co n ten ts  in  th e  c a lc u la t io n  o f r e s u l t s .

D e ta ile d  p a r t i c l e  s iz e  d i s t r ib u t io n s  o f  the  sand f r a c t io n s  were 

determ ined on sep a ra te  150 -  200 g sub-sam ples by d ry -s ie v in g  a t  ^  0 

i n t e r v a l s .  The samples were p repared  by m ild u l t r a s o n ic  d isp e rs io n  in  

d i lu t e  (0 . 02/i) "Calgon" s o lu t io n , and the  sand sep a ra te d  from s i l t  and 

c lay  by wet s ie v in g  through a 300 mesh (5 3 /^m) s ie v e .

4 .7  S ize  F ra c tio n a tio n

S ize  s e p a ra te s  from th e  sand s ie v in g  were combined to  g ive two

f r a c t io n s ,  53 ~ 250ŷ m (4 .25  to  2 .00  0)  and 2pO — 2.000/A^ (2 .00  to
on ly  sm all

1.00 0 ) .  With most o f the  t i l l  sam ples, from whicry amounts o f c lay  and 

s i l t  f r a c t io n s  were req u ired  fo r  subsequent m in e ra lo g ica l a n a ly s is , th ese

were se p a ra te d  from the  < 53 /^m suspensions rem aining a f t e r  th e  p ip e tte

sam pling . However, la rg e r  f r a c t io n a te d  sam ples were re q u ire d  from 

p r o f i l e s  1IT1 and HT2 . To p repare  th e se , 50 g sub-sam ples were tr e a te d  

to  remove calcium  carbonate  and o rgan ic  m a tte r , and then  d isp ersed  in

0 .05^  "Calgon" so lu tio n  w ith mild u l t r a s o n ic  a g i ta t io n .  Roberson a t 

( 1968, p . 242) have shown th a t  t h i s  method produces no p e rc e p tib le
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d is ru p t io n  o f c lay  p a r t ic le s .  The sand 53/i-m was f i r s t  removed 

by w e t-s ie v in g  the  suspension through a  300 mesh s ie v e ; i t  was then 

d r ie d  and re -s ie v e d , the  p o rtio n  p ass in g  through th e  dry s ie v e  being 

recom bined w ith  the  s i l t  and c lay  suspension . Clay (< 2 / m ) , f in e  

s i l t  (2 -  9 /Um), medium s i l t  (5 -  2 0 /cm) and coarse  s i l t  (20 -  33 Am) 

f r a c t io n s  were sep a ra ted  by rep ea ted  sed im en ta tio n  in  a column o f 

w a te r . The c lay  was fu r th e r  d iv id ed  in to  co arse  and f in e  f r a c t io n s  

(0 .2 3  -  2 /zm and < 0 .2 5 /<Zm re s p e c tiv e ly )  by rep ea ted  c e n tr ifu g a tio n  in  

an M.S.E. Major c e n tr ifu g e . The coarse  s i l t  was d r ie d  from acetone 

a f t e r  f i l t e r i n g  through a Whatman No. 50 p ap er. The rem aining f ra c t io n s  

were M g-satu rated  by two washings w ith  1N magnesium c h lo rid e  so lu tio n  in  

250 ml polypropylene cen tr ifu g e  b o t t l e s ,  then  washed tw ice w ith  d i s t i l l e d  

w a ter to  remove excess magnesium c h lo r id e , once w ith  methanol and tw ice 

w ith  acetone to  remove w ater, and f in a l ly  once w ith  petroleum  e th e r  to  

remove t r a c e s  o f ace tone . A fte r  th e  f in a l  c e n tr ifu g a tio n  and d écan ta tio n  

th e  b o t t l e s  were l e f t  by a warm r a d ia to r  o v ern ig h t to  d ry .

4 .8  M ineralogy

The m ineralogy o f the  f in e  sand (53 -  230 /cm) and coarse  s i l t  (20 -  

53 y&m) f r a c t io n s  was determ ined w ith  a L e itz  D ia lux-P o l p é tro g rap h ie  

m icroscope, w hile X-ray d iff ra c to m e try  o f  o r ie n te d  ag g regates and 

s e le c te d  chem ical methods were employed fo r  m in e ra lo g ica l an a ly ses  o f 

f i n e r  f r a c t io n s .

4-. 9 Heavy M ineral S ep a ra tio n s

Heavy ( s p e c if ic  g ra v ity  ^ 2 .9 ) nnd l i g h t  (S.G. 2 .9 ) s e p a ra te s  o f

th e  f in e  sand and coarse s i l t  f r a c t io n s  were p repared , u s in g  broraoforra as 

th e  heavy l iq u id .  The sands were sep a ra ted  by th e  u su a l shcixing and 

s e t t l i n g  procedure u s in g  10 g sam ples w ith  I 50 ml o f bromoforra in  250 ml 

c o n ic a l s e p a ra tin g  fu n n e ls . The s i l t s  were too  f in e -g ra in e d  fo r  th i s
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p ro ced u re  to  g iv e  a  s a t i s f a c t o r y  s e p a r a t io n ,  so  a  c e n t r i f u g a t io n  method 

was a d o p te d . O .5 g sam ples were added to  50 ml p o in te d  g la s s  c e n tr i fu g e  

tu b e s  c o n ta in in g  abou t 4o ml o f  bromoform. B efo re  p la c in g  th e  tu b e s  in  

th e  c e n t r i f u g e  th e  s i l t  was g e n t ly  s t i r r e d  th ro u g h o u t th e  l i q u i d .  Rubber 

caps w ere u sed  to  av o id  th e  c o n v e c tio n  c u r r e n ts  in  th e  l i q u id  th a t  can 

r e s u l t  from a i r  c u r r e n ts  in  th e  c e n t r i f u g e .  Ten m in u tes ' c e n t r i f u g a t io n  

a t  1500 r .p .m .  in  an M .S.E. M ultex  c e n t r i f u g e  s u f f ic e d  f o r  s e p a ra t io n  o f  

heavy and l i g h t  f r a c t i o n s ,  w hich w ere th e n  re c o v e re d  by in s e r t in g  th e  

p o in t  o f  th e  tu b e  in  a  f r e e z in g  m ix tu re  o f  i c e  and sodium c h lo r id e  u n t i l  

th e  bo ttom  in c h  o r  so o f  bromoform was f ro z e n . The u n fro zen  l i q u id  

c o n ta in in g  th e  l i g h t  m in e ra ls  was d eca n ted  o f f  th ro u g h  Whatman No. 50 

f i l t e r  p a p e rs  and th e  tu b e s  r in s e d  w ith  f u r th e r  bromoform from a  wash- 

b o t t l e .  A f te r  thav/ing th e  rem a in in g  bromoforra th e  heavy f r a c t io n  was 

s im i l a r l y  f i l t e r e d  o f f ,  th e  bromoforra re c o v e re d , and b o th  f r a c t io n s  

washed th o ro u g h ly  w ith  a ce to n e  b e fo re  a i r - d r y in g .  T h is  i s  e s s e n t i a l l y  

th e  same a s  th e  method adop ted  by F essenden  ( 1959) .  ■

4.10 O p tic a l  M ineralogy  o f  F in e  Sands and C oarse S i l t s

Tem porary mounts were made up o f  a  few hundred  g ra in s  sp re a d  ou t 

in  d ro p s  o f  C love O il  ( r e f r a c t i v e  in d ex  1 . 54) on g la s s  s l i d e s .  T h is  

p ro c e d u re  was tim e -sa v in g  compared w ith  th e  p re p a ra t io n  o f  perm anent 

mounts in  Canada Balsam , and a llo w ed  m a n ip u la tio n  and rem oval o f 

in d iv id u a l  g r a in s  to  a id  i d e n t i f i c a t i o n .  A pproxim ately  1000 g ra in s  

were co un ted  f o r  each  heavy f r a c t i o n ,  o f  w hich g e n e ra lly  abou t 400 -  

500 w ere non-opaque, b u t i f  a  sam ple was v e ry  r i c h  in  a  p a r t i c u l a r  

m in e ra l o r  group o f  m in e ra ls  p r o p o r t io n a te ly  more g ra in s  w ere coun ted .

As th e  l i g h t  f r a c t i o n s  c o n ta in e d  few er m in e ra ls  th a n  th e  heavy f r a c t io n s ,  

o n ly  300 -  400 g r a in s  w ere coun ted  f o r  each  sam ple. C o n firm atio n  o f  th e  

i d e n t i t y  o f  a  few in d iv id u a l  g r a in s  was o b ta in e d  by X -ray powder 

d i f f r a c to m e t r y  in  a  P h i l i p s  PW1026 D e b ije -3c h e r r e r  cam era.
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4.11 X-Ray D if f ra c to m e try

A pproxim ately 100 rag sam ples o f  th e  dry  m agnesium -saturated c lay

o r  s i l t  were d isp e rse d  in  2 ml d i s t i l l e d  w ater in  p le x ig la s s  tubes by

a g i ta t io n  on a Wig-L-Bug sh ak e r. The r e s u l ta n t  suspension was spread 

on fo u r la b e l le d  g la s s  s l i p s ,  cu t from m icroscope s l id e s  (Madgett and 

Edwards, 1972) .  X -ray  d if f ra c to m e try  was done w ith  a  P h i l ip s  R'flO^O 

d if f ra c to m e te r  u s in g  th e  fo llo w in g  s e t t i n g s : -  N i - f i l t e r e d  Cu ra d ia tio n  

from a tube run a t  44 kV and 30 mA; goniom eter scan s e t t in g ;  divergence 

s l i t  re c e iv in g  s l i t  0 .3  mm, a n t i s c a t t e r  s l i t  1° , Ni f o i l  0 .013 mm, 

scan  speed 1° /m in u te ; d e te c tio n  by x e n o n - f i l le d  p ro p o r tio n a l d e te c to r  

tu b e , o p e ra ted  w ith  an a t te n u a tio n  o f 2 , window 1. 20, low er le v e l  1. 60; 

ra te m e te r  w ith  1 s e c . tim e c o n s ta n t; c h a r t d isp la y  w ith  f u l l  s c a le  

d e f le c t io n  2. x 10^ o r 4 x 10^ c o u n ts /s e c ,,  c h a r t speed 600 mm/hr.

Each s e t  o f  fo u r s l i p s  re c e iv e d  th e  fo llow ing  trea tm en ts  befo re  

d if f r a c to m e try : -

1 . D ry ing  in  a i r  a t  20°C.

2 . S o lv a tio n  w ith  e th y len e  g ly c o l vapour a t  80° fo r  4 hours

(m o d ific a tio n  o f B runton, 1955).

3 . H eating  fo r  4 hours in  a  m uffle, fu rnace  a t  355°, cooled and 

s to re d  in  a d e s s ic a te r .

4 . H eating fo r  4 hours in  a m uffle fu rnace  a t  525°, cooled in  

th e  fu rnace  to  355° as a  p re c au tio n  a g a in s t warping o f  the  

g la s s  s l id e ,  then  f u r th e r  cooled and s to re d  in  a d e s s ic a to r .

The p re v io u s ly  h eated  specim ens were h ea ted  to  150° on a h ea tin g  

s ta g e  (Brown ^  , 1972) d u ring  d if f ra c to m e try  to  p reven t reh y d ra tio n

o f  c o lla p se d  sm e c tite s  and v e rm ic u li te s .  The spac ings o f d iffrac to g ram  

peaks were converted  from degrees 2 0 to  d spac ings in  a. u n i t s  by means 

o f a ru le d  perspex o v e rlay  c a l ib ra te d  fo r  Copper K r a d ia t io n  and the 

c h a r t speed used .
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4 .12  I n te r p r e ta t io n  o f D iffrac tog raras

"S ince th e  d i f f r a c t io n  p a t te r n  o f each c r y s ta l  sp ec ie s  i s  a 

unique sequence o f d i f f r a c t io n  maxima, l ik e  a f in g e rp r in t ,  the  p a tte rn  

se rv es  th e  purpose o f  i d e n t i f i c a t io n  o f each se p a ra te  sp ec ie s  p re se n t. 

O rd in a r ily , dependence i s  p laced  on th e  most in te n se  one to  th re e  

d i f f r a c t io n  peaks fo r  q u a l i t a t iv e  id e n t i f i c a t io n ,"  Jackson (1964, p . 253).

A f i r s t  approxim ation to  u n d e rs tan d in g  th e  c lay  m ineralogy o f the 

specim ens, ig n o rin g  complex i n t e r s t r a t i f i c a t i o n  and mixed la y e r in g , was 

o b ta in ed  u sin g  th e  d sp ac in g s  o f c lay  m in era ls  (from Brown, 1961) given 

in  Table 2  .

Thus, a  l4  S d spac ing  from an a i r - d r ie d  m agnesium -saturated 

sample may in d ic a te  th e  p resence  o f  v e rm ic u lite , sm ec tite  o r c h lo r i te ,  

o r a m ix ture  o f th e se  m in e ra ls . G lycol s o lv a tio n  causes expansion o f 

th e  sm e c tite  l a t t i c e  to  17 S , whereas th e  d sp ac ings o f  c h lo r i te s  and 

v e rm ic u lite s  remain a t  about l4  S . On h e a tin g  to  355° bo th  sm ec tite s  

and v e rm ic u lite s  c o lla p se  to  about 10 a , w hile c h lo r i te  m ain ta in s i t s  

l4  S sp ac in g . S w elling  c h lo r i te s  a re  known, though ra re  ( e .g .  Stephen 

and MacEwan, 1950, 1951; Honeybome, 1951*, Lippmann, 1954; Mart in -  

V iv a ld i and MacEwan, 1957). The p e rs is te n c e  o f a  l4  S peak on h ea tin g  

d is t in g u is h e s  them from s m e c tite s , however. V erm icu lite s  w ith  a sm all 

in t e r l a y e r  charge may expand beyond l4  S on g ly co l s o lv a tio n  (Walker,

1958), so g ly c e ro l  tre a tm e n t i s  n e c e ss a ry  to  d is t in g u is h  e f f e c t iv e l y  between 

th e se  and s m e c t i t e s .  M g -sa tu ra te d  v e rm ic u l i te s  g iv e  a  d i f f r a c t i o n  sp ac in g  

o f  14.5  ^ on g ly c e ro l  s o lv a t io n ,  w hereas s m e c t i te s  g iv e  a peak a t

1 7 .7  to  18 S . E th y len e  g ly c o l was u sed  a s  th e  s ta n d a rd  o rg a n ic  

s o lv a t in g  ag e n t in s te a d  o f  g ly c e ro l  because o f  i t s  c o n s id e ra b ly  low er 

b o i l in g  p o in t .
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TâMe % . D if f ra c t io n  Spacings (S) o f  M g-Saturated Specimens

M ineral A ir-D ried E thy lene  G lycol 
S o lva ted 335° Heated 525° Heated

S m ectite 14 17 10 10

V erm icu lite 14 l4 10 10

C h lo r ite 14 14 14 14

Mica 10 10 10 10

K a o lin ite 7 7 7 —

Q uartz 4 .26 4.26 4.26 4.26

F e ld sp a r 5.18 -  3 .24 3.18  -  3 .24 3.18 -  3 .24 3.18 - 3 . 2 4

L e p id o c ro c ite 6.27 6.27 — -- -

G o e th ite 4.18 4.18 — --
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H eating  th e  fo u r th  s l i p  to  325° i s  designed to  d is t in g u is h  between 

c h lo r i t e  and k a o l in i te .  Both g ive d i f f r a c t io n  peaks a t  about 7 and 

su b -m u ltip le s  o f t h i s ,  bu t a t  525° th e  c r y s ta l  s t ru c tu re  o f k a o l in i te  

i s  d e stro y ed , whereas th a t  o f most c h lo r i te s  i s  but l i t t l e  a l te r e d .

The second (7 and fo u r th  (5 .5  o rd e r r e f le c t io n s  o f the  c h lo r i te  

a re  norm ally  weakened, w hile th e  f i r s t  o rd e r peak a t  14 ^  i s  u su a lly  

s tre n g th e n e d . However, s in c e  an i r o n - r ic h  c h lo r i t e  befo re  h ea t trea tm en t 

may g ive second o rd e r and weak f i r s t  o rd e r r e f le c t io n s ,  th e  presence o f 

weak 14 S and s tro n g  7 ° peaks does no t prove th e  c o -ex is ten ce  o f 

c h lo r i te  and k a o l in i te  (B rin d ley , 1961, p . 85) .  The r e f le c t io n  a t  about 

5-5  ^  can be employed to  decide  on th e  p resence  o f bo th  sp e c ie s , as th e re  

i s  u s u a lly  some s e p a ra tio n  o f th e  fo u r th  o rd e r c h lo r i te  peak ( a t  about 

5-52 S) from th e  second o rd e r k a o l in i te  peak ( a t  about 5-57 By

u s in g  th e  555° heated  tra c e  fo r  t h i s  d i s t in c t io n ,  confusion w ith  the  

fo u r th  o rd e r v e rm ic u lite  peak can be avoided.

4 .1 5  C hem ical Methods o f  C lay M in era l A n a ly s is  .

Amounts o f q u a rtz , fe ld s p a rs  and mica in  each s iz e  f r a c t io n  were 

c a lc u la te d  from f ig u re s  fo r  t o t a l  K, Ha and Ca in  th e  M g-saturated  

sam ples and in  th e  re s id u e s  from fu s io n  w ith  sodium b is u lp h a te  (K iely 

and Jackson , 1965) . Amounts o f amorphous s i l i c a  and alum ina in  the  f in e r  

f r a c t io n s  were determ ined by th e  a lk a l i  d is s o lu t io n  technique of 

Hashimoto and Jackson ( 1960) .  'free  iro n  oxide d e te rm in a tio n s  were made 

on sam ples o f th e  whole s o i l  and o f  th e  f in e r  f r a c t io n s  u s in g  the 

d i t h i o n i t e - c i t r a t e  method o f Mehra and Jackson ( 1960) .  The methods o f 

Pruden and King ( 1969) were used fo r  a l l  e lem en ta l an a ly se s .
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4 .14  Q u a n tita tiv e  E stim ates o f Clay M ineralogy

Q u a n tita tiv e  e s tim a te s  o f q u a rtz , f e ld s p a r s ,  m ica, iro n  oxides 

and amorphous m a te r ia l were made from the  chem ical d e te rm in a tio n s . The 

d if fe re n c e  between th e  t o t a l s  fo r  th e se  d e te rm in a tio n s  and 10Ĉ  ̂ was 

su b -d iv id ed  between k a o l in i te ,  expanding la y e r  s i l i c a t e s  and c h lo r i te  

on th e  b a s is  o f  t h e i r  r e la t iv e  peak i n t e n s i t i e s ,  accord ing  to  the  

fo llo w in g  scheme. T o ta l expanding la y e r  s i l i c a t e s  were estim ated  on the 

b a s is  o f  th e  d if fe re n c e  in  in te n s i ty  o f th e  10 S peak o f  th e  g ly co l 

so lv a te d  sample and th a t  o f th e  355° .Heated sam ple. I f  no independent 

chem ical d e te rm in a tio n  o f mica was a v a ila b le ,  th e  10 ^  peak in te n s i ty  

o f  th e  g ly c o l so lv a ted  sample was used as  an e s tim a te  o f  i t s  r e la t iv e  

abundance. E stim ates  o f th e  abundance o f v e rm ic u lite  r e l a t iv e  to  

sm e c tite  were based on the  i n t e n s i t i e s  o f th e  14 S and 17 ^  peaks 

o f  g ly c o l so lv a ted  sam ples. The in te n s i ty  o f  th e  form er peak was 

reduced by an amount equal to  th a t  o f  th e  l4  S peak o f  th e  555° heated  

sample to  allow  fo r  th e  c h lo r i te  c o n tr ib u tio n . The in te n s i ty  o f  the 

17 S peak was reduced by h a l f  to  a llow  fo r  th e  in c re a se  in  in te n s i ty  

due to  th e  low er r e f le c t io n  an g le . The 7 ° k a o l in i te  peak o f  the  555° 

h ea ted  sample was s im ila r ly  reduced by one th i r d  to  allow  fo r  th e  

d if f e r e n c e  in  in te n s i ty  o f d i f f r a c t io n  from equal w eights o f k a o l in i te  

and micaceous m in e ra ls . No s im ila r  f a c to r  fo r  c h lo r i te  i s  in  genera l 

u se , bu t as amounts, where p re se n t, appeared to  be sm all, the  in te n s i ty  

o f  th e  14 R peak o f the 555° heated  sample was a lso  reduced by h a l f  fo r  

comparison w ith  the 10 S pealcs.

4 .1 5  Micromorphology

Thin s e c tio n s  were prepared  o f ped sam p les .from th e  T u n s ta ll  K essle
/

T i l l  p r o f i le  by th e  r e s in  im pregnation method used by the  S o i l  Survey of 

England and Wales (Avery, 1974). These were examined w ith  a p o la r is in g  

m icroscope.
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CHAPTER 5 DISCUSSION OF RESULTS: FASEHT MATERIALS

5.1 E a s t A ng lian  T i l l s

C h ap te r  5 d e s c r ib e s  th e  f i e l d  in v e s t ig a t io n s  in  E a s t A n g lia , and 

A ppendix T ab le  3  g iv e s  d e s c r ip t io n s  o f  ex p o su res  o f  th e  t i l l s  and 

s o i l  p r o f i l e s  developed  in  them. F ie ld  s tu d y  o f  th e s e  p r o f i l e s  was 

s u f f i c i e n t  to  show th a t  th e  main E a s t A n g lian  t i l l - s h e e t s  a r e  u n s u ita b le  

m a te r ia l s  f o r  m eaningfu l s tu d ie s  on s o i l  fo rm a tio n  and m in e ra l w ea th e rin g , 

a t  l e a s t  u n t i l  a  f u l l  s tu d y  has been  made on more unifo rm  and l e s s  

d is tu rb e d  and eroded  m a te r ia ls .  The l im i te d  la b o ra to ry  work on th e se

t i l l s  and t h e i r  s o i l  p r o f i l e s  confirm ed  t h i s  im p re s s io n .

A ppendix T ab le  6  g iv e s  th e  p a r t i c l e  s i z e  d i s t r i b u t i o n s ,  on a 

c a rb o n a te - f r e e  b a s i s ,  o f  th e  E a s t A ng lian  sam p les . C um ulative p a r t i c l e  

s i z e  d i s t r i b u t i o n s  o f  Chalky B o u ld e r C lay  sam ples from E a s t A n g lia  a re  

shown i n  F ig .  ?  . The n o n -u n ifo rm ity  o f  a  ty p i c a l  p r o f i l e ,  ET5, a t

Eye (TM147757) developed on t h i s  m a te r ia l  i s  shown in  F ig .  f °  . P e r r in

( i n  Hodge, 1972, p . 145) observed  s im i la r  inhom ogeneity  in  s o i l s  on 

C halky  B ou ld e r C lay from th r e e  w id e ly  s e p a ra te d  s i t e s  in  E a s t S u ffo lk , 

and Hodge (p . 145) s t a t e s  th a t  th e  s u r fa c e  l a y e r s  o f  s o i l s  on Chalky 

B o u ld e r C lay over much o f  e a s t  S u f fo lk  and so u th  N orfo lk  c o n ta in  more 

sand  th a n  th e  u n d e rly in g  t i l l .  P o ck e ts  o f  sand  o r  loamy sand a re  common 

in  t h i s  u p p er la y e r ,  and som etim es ex ten d  deep in to  th e  c a lc a re o u s  t i l l .  

F ig .  II shows th e  t e x t u r a l  s i m i l a r i t y  o f  sam ples from th e se  sandy 

p o c k e ts  (sam p les LT1/6 and LT5/ 4) to  th e  san d s o f  B reck land  (sam ples 

WO1/1, V/02/1, WO5/1 and BRI) ,  w hich a re  re g a rd e d  by Watt e t  a l . (1966)

and P e r r in  e t  a l . ( 19?4) a s  a e o l ia n  in  o r ig in .

C a tt  e t  a l . ( 1971) showed th a t  many s o i l s  in  n o r th - e a s t  N orfo lk  

c o n ta in  lo e s s ;  cu m ula tive  p a r t i c l e  s i z e  cu rv es  o f  some o f  th e s e  s o i l s  

a re  g iv e n  in  F ig . II . A t  S c ra tb y  (TG516152) s o i l  p r o f i l e s  ov er Chalky



B oulder Clay (Low estoft i i l l )  co n ta in  t h i s  s i l t y  loam; a lso  le n se s  and 

p ip e s  o f brown loamy sand extend n e a r ly  2 m etres in to  the  t i l l  (see 

t i g s .  12. - / 4* ) .  The s tra t ig ra p h y  a t  t h i s  s i t e  g ives some

in d ic a t io n  o f r e la t iv e  ages o f sand and s i l t  d e p o s itio n  on th e  su rface  

o f  the  L ow estoft T i l l .  The proposed o rd e r o f  ev en ts  i s  as fo llow s:

1. D e p o s itio n  o f  th e  L o w esto ft T i l l .

2 . E ro sio n a l in te r v a l  o f unknown le n g th .

3 . D eposition  o f a eo lian  (7) sand (p o ss ib ly  contemporary w ith 

d e p o sitio n  o f the  Breckland san d s).

4 . In c o rp o ra tio n  o f th i s  sand in to  th e  upper 2 m o f  th e  t i l l

by p e r ig la c ia l  p ro cesses  ( e .g .  f ro s t-c ra c k in g , c ry o tu rb a tio n ) . .

5 . D eposition  o f a eo lian  s i l t  (loees) (= coverloam o f C a tt_ e t a l . ,  l9 7 l)

6. P a r t i a l  e ro s io n  o f the  s i l t  cover, w ith  s o l i f lu c t io n  causing 

some adm ixture w ith  su b jacen t d e p o s its .

7 . F u r th e r ad d itio n  o f sand (modern blown sandV) to  su rfa ce  

h o rizo n .

The d e p o s it o f stony  loam d esc rib ed  by Baden-Powell (1944) as 

"H essle  B oulder Clay" capping th e  c l i f f s  between Happisburgh and 

M undesley may w ell c o n s is t ,  a t  l e a s t  in  p a r t ,  o f coverloam. F ig . 

compares th e  p a r t i c le  s iz e  d is t r ib u t io n s  o f sample HT4, from th e  top  

o f  the  c l i f f s  n ear Bacton (TG333350) , undoubted Hunstanton T i l l  (HT2) 

from Holkham (TF863428), and o th e r coverloam sam ples; no te x tu r a l  

s im i l a r i t y  between samples HT4 and HT2 i s  ap p a ren t, bu t HT4 i s  very 

l i k e  th e  coverloam s.

The c o a s ta l  s e c tio n  o f n o r th -e a s t  N orfolk has c l i f f s  la rg e ly  

developed in  t i l l s  o f th e  North Sea D r i f t ,  m echanical an a ly ses  o f a 

fev/ sam ples o f which a re  p resen ted  in  i i g  ^ • They c o n tra s t

m arkedlv in  te x tu re  w ith  th e  Chalky Boulder C lay, being  much san d ie r .
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Sam ples o f  Norwich B r ic k e a r th  from n o r th - e a s t  N o rfo lk  a re  s im i la r  in  

t e x tu r e  to  th e  N orth  Sea D r i f t  t i l l s .  S in ce  th e  a re a  occup ied  by th e  

N orth  S ea D rif t/N o rw ic h  B r ic k e a r th  sequence in  n o r th - e a s t  N o rfo lk  

ap p ro x im ate s  to  th e  d i s t r i b u t io n  o f  coverloam  (F ig . 3 ) ,  i t  i s

u n l ik e ly  t h a t  un ifo rm , u n d is tu rb e d  and u n tru n c a te d  s o i l  p r o f i l e s  e x i s t  

on th e s e  t i l l s .

The P le a s u re  G ardens T i l l  (Banham, 1971) a t  G orton (TM547967) i s  a  

more s i l t y  d e p o s it  th a n  e i t h e r  th e  u n d e r ly in g  L o w esto ft T i l l  o r  th e  

N o rth  S ea  D r i f t  t i l l s  (F ig . 3  ) .  However, i t  i s  o f  r e s t r i c t e d

o c c u rre n c e , and i s  covered  by l a t e r  d e p o s i t s  ( in c lu d in g  coverloam ) in  

th e  c l i f f - s e c t i o n ,  so was n o t c o n s id e re d  a s  a  s o i l  p a re n t m a te r ia l .

The m ineralogy  o f  th e  heavy f r a c t io n s  from f in e  sands o f  some 

sam ples was a ls o  in v e s t ig a te d  (A ppendix, T ab le  / ^  ) ,  b u t th e  number o f  

sam ples a n a ly se d  i s  to o  sm a ll f o r  any g e n e r a l i s a t io n s  to  be made concern ing  

s i g n i f i c a n t  d i f f e r e n c e s  between t i l l s .  However, a l l  fo u r  sam ples o f  

N o rth  Sea D r i f t  t i l l s  a re  e s s e n t i a l l y  a l ik e  in  t h e i r  m in era lo g y , even 

though  a l l  th r e e  o f  th e  t i l l  u n i t s  re c o g n ise d  by Banham (1968, p . 508) 

a r e  r e p re s e n te d .  They c o n ta in  l e s s  z irc o n  b u t more h o rnb lende  th an  . 

th e  L o w es to ft T i l l  a t  Eye (sam ple L T 5 /3 ). The sandy u p p er h o r iz o n s  

and sand in c lu s io n s  o f  th e  Eye p r o f i l e  (LT5/2 and LT5/4) a re  

m in e ra lo g ic a l ly  a l ik e ,  and d i f f e r  on ly  s l i g h t l y  from th e  c a lc a re o u s  t i l l  

(L T 5 /3 ). The u n d e rly in g  s h e l ly  sa n d s , LT5/7 ( e q u iv a le n t  to  th e  G orton 

B e d s? ) , a re  a ls o  m in e ra lo g ic a lly  s im i la r  to  th e  t i l l .  The sandy 

in c lu s io n  (L T l/6 ) in  th e  L ow esto ft T i l l  a t  S c ra tb y  i s  m in e ra lo g ic a lly  

s im i la r  to  t h a t  sam pled from th e  Eye p r o f i l e  (L T 5 /4 ). The L ow esto ft 

T i l l  a t  G orton i s  rem arkab le  f o r  i t s  v e ry  h ig h  c o n te n t o f  s i d e r i t e ,  

t h i s  m in e ra l a lso  b e in g  abundant in  th e  o v e r ly in g  P le a su re  G ardens T i l l .

The two Breckland sand sam ples a n a ly se d  (NO1/1 and WO2/I) resem ble  one 

a n o th e r  m in e ra lo g ic a l ly ,  b u t c o n ta in  more z irc o n  and l e s s  ho rnb lende  and
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e p id o te  th a n  th e  sandy p o ck e ts  (L T I/6  and LT5/ 4) in  th e  L o w esto ft T i l l  

f u r t n e r  e a s t .  No c o n c lu s io n s  a s  to  th e  p o s s ib le  r e l a t io n s h ip s  o f  

th e s e  san d s  can be drawn from t h i s  l im i te d  d a ta -

5-2  Y o rk sh ire , L in c o ln s h ire  and N orth  N o rfo lk

E x p erien ce  in  E a s t A n g lia  showed i t  was n e c e s sa ry  to  e s t a b l i s h  

d e f i n i t e l y  w hether th e  s u r fa c e  o f  th e  D evensian  t i l l s  in  Y o rk sh ire , 

L in c o ln s h ir e  and N o rfo lk  i s  con tam in a ted  by l a t e r  a e o l ia n  d e p o s i ts  o r  

n o t ,  C oversands o f  L a te  D evensian  o r  e a r ly  H olocene age o v e r l i e  

l a c u s t r i n e  d e p o s its  and D evensian t i l l s  in  th e  V ale o f  York (M atthews, 

I97O; G aunt e t  a l . , 197l ) ,  and a ls o  o ccu r e x te n s iv e ly  i n  n o r th

L in c o ln s h ir e  to  th e  w est o f  th e  J u r a s s i c  and C re taceo u s  s c a rp s ,  and to  

a  sm a ll e x te n t  on th e  c r e s t  o f  th e  C re taceo u s  s c a rp  n e a r  C a is to r  

(S traw , 1963). However, th e  o n ly  blown sand known in  H o ld ern ess  and. 

L in c o ln s h ir e  e a s t  o f  th e  Wolds o ccu rs  a s  dunes a lo n g  c e r t a in  lo w -ly in g  

p a r t s  o f  th e  c o a s t .  A sandy loam d e p o s i t  (HTl4 ) o v e r l i e s  t i l l  a t  

Woodmansey (TAO23383)1 bu t no sh a rp  ju n c tio n  i s  d is c e r n ib le  betw een th e  

two d e p o s i t s ,  and a s  th e  sandy d e p o s i t  i s  n o t much b e t t e r  s o r te d  th an  

th e  t i l l  i t s e l f  and f a r  l e s s  w e ll s o r te d  th a n  known blown sand  d e p o s its  

( e .g .  DMG2 , F ig .  ) ,  i t  i s  e i t h e r  a  s a n d ie r  phase  o f  th e  t i l l  o r  a  

p o o r ly  s o r te d  outwash d e p o s i t .

The lo e s s  th a t  forms th in  f l i n t y  s i l t  loam s o i l s ,  c h a r a c t e r i s t i c  o f  

l a r g e  a re a s  o f  th e  w este rn  Chalk Wolds in  Y o rk sh ire  and L in c o ln s h ire ,  i s  

p ro b a b ly  o ld e r  th an  th e  D evensian t i l l s  and i s  th e r e f o r e  u n l ik e ly  to  

co n tam in a te  s o i l s  on th e  s u r fa c e  o f  th e  t i l l s .  In  s e v e ra l  q u a r r ie s  on 

th e  Wolds s i l t y  ch a lk  head d e p o s i ts  o ccu r betw een th e  t i l l  and s o l id  

c h a lk , and rem oval o f th e  c a rb o n a te  from sam ples o f  th e se  (EP1 and RP1) 

gave s i l t y  re s id u e s  w ith  p a r t i c l e  s iz e  d i s t r i b u t i o n s  s im i la r  to  th o se  

o f  th e  l o e s s i a l  d e p o s i ts  beyond th e  D evensian t i l l  m argin in  Y o rk sh ire ,
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L in c o ln s h ir e  and N orfo lk  (F ig . ) ,  The head d e p o s i ts  in c o rp o ra tin g  

lo e s s  seem to  have formed b e fo re  th e  ic e - s h e e t  w hich d e p o s ite d  th e  

o v e r ly in g  t i l l  reached  i t s  maximum e x te n t .  However, th e  l o e s s i a l  

d e p o s i t s  a re  p ro b ab ly  n o t much o ld e r  th an  th e  t i l l s ,  because  th ey  show 

some m in e ra lo g ic a l  s i m i l a r i t i e s  to  th e  t i l l s ,  and a t  Sewerby s i l t y  

m a te r ia l  (sam ples SE1 and SS2) , t e x t u r a l l y  and m in e ra lo g ic a l ly  s im i la r  

to  th e  lo e s s  o f  th e  Wolds, o ccu rs  in  a  s o l i f l u c t i o n  d e p o s it  u n d er th e  

Drab T i l l ,  b u t o v e r ly in g  th e  Ip sw ich ian  r a i s e d  beach d e p o s it  (C a t t ,  Weir 

and M adgett, 1974) .

L a b o ra to ry  a n a ly se s  a ls o  showed th a t  th e  s u r f a c e  o f  th e  D evensian 

t i l l s  i s  g e n e ra l ly  f r e e  o f  a e o l ia n  o r  o th e r  c o n tam in a tin g  d e p o s i t s .

F ig .  17 shows cum ula tive  p a r t i c l e  s i z e  d i s t r i b u t i o n  cu rv es  o f  th e  to p -  

s o i l s  and c a lc a re o u s  s u b - s o i l s  o f  th e  p r o f i l e s  a t  T u n s ta l l ,  HTl (TA314318) 

and Holkham, HT2 (Tf’863428) ,  compared w ith  lo e s s  (EP1 , E pp lew orth , TA021324) 

and co v e r-sa n d  (LT5/4, Eye, TM147737) sam ples. In  c o n t r a s t  to  cu rv es  fo r  

p r o f i l e s  on th e  L ow esto ft T i l l  a t  Eye and S c ra tb y  (F ig s .  ^ ) ,  no

c o n ta m in a tio n  o f  th e  upper h o riz o n s  by sand o r  s i l t  i s  e v id e n t .  .A lthough 

b o th  t o p - s o i l s  (HT1/I and H Tg/l) a re  s l i g h t l y  more sandy th a n  t h e i r  

r e s p e c t iv e  s u b - s o i l s  (HTI/7 and H T2/5), no bim odal d i s t r i b u t i o n  o f  g r a in -  

s i z e  i s  a p p a re n t, su g g e s tin g  th a t  th e  t o p - s o i l s  have developed  d i r e c t l y  

from m a te r ia l  s im i la r  to  th a t  o f  th e  s u b - s o i l s .

D e p o s itio n  o f  new m a te r ia l  seems n o t to  have o ccu rred  e x te n s iv e ly  

on th e  s u r fa c e  o f  th e  D evensian t i l l s .  I t  does n o t p re s e n t a  problem  in  

s o i l  p r o f i l e  s tu d ie s ,  p ro v id in g  sam pling  s i t e s '  a r e  chosen on f l a t  p la te a u  

a r e a s ,  a v o id in g  a l l u v i a l  d e p o s i ts ,  i r r e g u l a r  d e p re s s io n s  in  th e  t i l l  

s u r f a c e  c o n ta in in g  L a te —G la c ia l  and Holocene d e p o s i t s  ( e .g .  ih e  Bog, Roos, 

TA274288; th e  Old Mere, H ornsea, TA210473; and G rim ston H a ll ,  TA289352) ,  

and s te e p  s lo p e s  where e ro s io n  and t ru n c a t io n  o f  s o i l  n r o f i l e s  cou ld  have

o c c u rre d .
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To d e te rm in e  w hether th e  co n c lu s io n s  drawn from th e  p r o f i l e  

s tu d ie s  (C h ap te r 6 ) could  be a p p lie d  to  a l l  th e  s o i l s  developed on ’ 

D evensian  t i l l s  in  e a s te rn  England, sam ples were c o l le c te d  from many 

l o c a l i t i e s  ( r i g s .  6 " ^  ) to  e s tim a te  th e  e x te n t  o f  l i t h o l o g i c a l  and

m in e ra lo g ic a l  u n ifo rm ity  in  th e  t i l l s .  I t  was a ls o  a n t ic ip a te d  th a t  

such  a n a l y t i c a l  d a ta  cou ld  have a  s t r a t i g r a p h ie  s ig n i f i c a n c e ,  perhaps 

s u p p o r t in g  th e  th r e e - f o ld  d iv is io n  o f  th e  D evensian  su c c e ss io n  (D rab, 

P u rp le ,  H e s s le ) , and a s s i s t i n g  l a t e r a l  c o r r e l a t i o n  in  e a s te rn  E ngland, 

D e ta i l s  o f  th e  sam pling  s i t e s  and a n a ly t i c a l  r e s u l t s  a re  g iv en  in  th e  

A ppendix (T ab le s  3  — i l ) ,

5 .2 .1  C o lour

Cn th e  e a s t  c o a s t o f  so u th  H o ld e rn ess , where th e  Basement (W olstonian) 

and a l l  th r e e  D evensian t i l l s  a re  re p re s e n te d ,  t h e i r  m a tr ix  c o lo u r  can 

u s u a l ly  be used  a s  a d is t in g u is h in g  f e a tu r e  (C a t t  and Penny, 1 966 ), The 

t y p i c a l  m o is t c o lo u rs  o f  th e  t i l l  m a tr ic e s  in  so u th e rn  H o ld ern ess  a re  

5YR3/4 to  4/4  (d a rk  re d d ish  brown to  re d d ish  brown) f o r  th e  H e ss le ; 

7.5YR5/2 (d a rk  brown) fo r  th e  P u rp le ; IOYR3/2 (v e ry  dark  g re y is h  brown) 

f o r  th e  D rab; and 2.5Y 3/2 to  5Y3/I (v e ry  dark  g re y is h  brown to  very  dark  

g rey ) f o r  th e  Basement T i l l .  I t  i s  u n l ik e ly  t h a t  c o lo u r  a lo n e  i s  

r e l i a b l e  f o r  lo n g  d is ta n c e  c o r r e l a t i o n ,  b u t th e  m oist c o lo u rs  o f  a l l  

th e  sam nles s tu d ie d  (Appendix, T ab le +  ) co rresp o n d  c lo s e ly  w ith  th e se  

fo u r .

C a t t  and Penny (1966, p . 393) m a in ta in ed  th a t  th e  s u r fa c e  t i l l  over 

most o f  H o ld ern ess  and th e  Y o rk sh ire  Wolds i s  th e  H e ss le , and t h a t  t h i s  i s  

u n d e r la in  by P u rp le  T i l l  n e a r  th e  c o a s t in  s o u th -e a s t  H o ld e rn ess , by Drab 

T i l l  e lsew h ere  in  H o ld ern ess , and by Chalk on th e  W oles. At a  few in la n d  

ex p o su re s  IOYR3/2 c o lo u rs  a t  dep th  in d ic a te d  th e  p resen ce  o f  e ra b  T i l l ,  

b u t o th e rw ise  th e  su r fa c e  t i l l  sam ples from in la n d  H o ld ern ess  and th e
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Y o rk sh ire  Wolds were n e a r ly  a l l  re d d is h  brown. They a re  r e f e r r e d  to  

a s  H e ss le  T i l l  in  t h i s  t h e s i s ,  b e in g  g iven  th e  p r e f ix  "HT",, Sample HTl8 

v/as p red o m in an tly  d ark  y e llo w ish  brown ( 10YR4/ 4 ) ,  b u t was r e f e r r e d  to  th e  

H e ss le  T i l l  because  i t s  p a le  co lo u r was p ro b ab ly  due to  g le y in g  and 

seco n d ary  ca rb o n a te  d e p o s it io n  a lo n g  f r a c t io n s ,  and t r a c e s  o f  re d d e r  

c o lo u rs  w ere d is c e r n ib le  in  th e  i n t e r i o r s  o f  p ed s . H unstan ton  T i l l  

sam ples from  n o r th  N o rfo lk  a ls o  have 5YR4/4  c o lo u rs ,  and a re  numbered in  

th e  "HT" s e r i e s .  The p r e f ix  "FT" was used  to  deno te  P u rp le  T i l l  sam ples 

( a l l  from th e  c o a s t ) ,  "DT" f o r  Drab T i l l ,  and "BT" fo r  Basement T i l l .  

A lthough  th e  p re-D evensian  Basement T i l l  i s  seen  o n ly  in  c l i f f  and beach 

e x p o su re s , i t  was in c lu d e d  fo r  com parative  p u rp o se s .

S traw  ( l9 6 9 b ;p . 9?) c o r r e la te d  th e  t i l l s  o f  e a s t  L in c o ln s h ire  w ith  

th e  D ra b /P u rp le /H e ss le  sequence o f  H o ld e rn ess , b u t d e sc r ib e d  them as  

U pper and Lower Marsh T i l l s ,  r e l a t i n g  to  s e p a ra te  ic e  advances w ith in  th e
Q

D ev en sian . The e x te n t  o f  each  advance i s  in d ic a te d  on F ig . °  . T h is

usage i s  fo llo w ed  h e re ,  sam ples from L in c o ln s h ire  b e in g  g iven  an "MT" 

p r e f i x .  H o is t c o lo u rs  o f  th e  M arsh T i l l s  range  from IOYR3/2 and 4/ 2 , 

th ro u g h  7.3YR4/2 and 4/ 4 , to  5YR4/4  th e  l a s t  b e in g  th e  most common. The 

10YR c o lo u rs  may in d ic a te  a  L in c o ln s h ir e  developm ent o f  th e  Drab T i l l ;  

t h i s  i s  c e r t a in l y  so fo r  sam ple MT17, from so u th  F e r r ib y  (SE996223) 

w hich i s  on th e  s o u th  s id e  o f  th e  Humber e s tu a ry , on ly  a  few m iles  

from an exposu re  o f  Drab T i l l  a t  n o r th  F e r r ib y  (SE98323I). ^ sample o f

t i l l  (HTl8) from V /elton-le-W old (TF282883) has a  m oist c o lo u r  o f  

2 .3Y 4 /2 , com parable w ith  t h a t  o f  th e  Basement i i l l  a t  D im ling ton .

5 .2 .2  C arbonate  C on ten t

T ab le  5* g iv e s  th e  r e s u l t s  o f  ca rb o n a te  a n a ly se s  on th e  t i l l  sam ples. 

The maximum, ca lc ium  c a rb o n a te  e q u iv a le n t was found in  sam ple HT16, from 

th e  Y o rk sh ire  Wolds, d i r e c t l y  o v e r ly in g  c h a lk . C a lcareo u s t i l l  sam ples
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from th e  W olds, b o th  in  Y orksh ire  and L in c o ln s h ir e ,  c o n ta in  abou t 

c a rb o n a te .  Sm all ch a lk  fragm en ts  a re  common, b u t do n o t 

n e c e s s a r i ly  come from th e  chalk  b en ea th ; many H essle  T i l l  sam ples f a r  

removed from o u tc ro p p in g  Chalk c o n ta in  s im i la r  amounts o f  c a rb o n a te  

( e .g .  HT29 h a s  17 .9^  c a rb o n a te ) , and th e  av erag e  f o r  sam ples o f  th e  Drab 

T i l l ,  w hich c o n ta in s  abundant ch a lk  frag m en ts , i s  abou t 15^. The H essle  

T i l l  on th e  s o u th - e a s t  c o a s t o f  H o ld ern ess  c o n ta in s  about 8/  ̂ c a rb o n a te , 

and th e  u n d e r ly in g  P u rp le  T i l l  about

5 .2 .3  T ex tu re

P a r t i c l e  s iz e  d e te rm in a tio n s  and t e x t u r a l  c l a s s e s  (U .S .D .A ., 1951) 

o f  th e  sam ples a re  g iven  in  Appendix T ab le  6 ; th e  t e x t u r a l  ran g e  fo r

each  t i l l  u n i t  i s  in d ic a te d  in  F ig s .  , The Basem ent, Drab and

P u rp le  T i l l s  a re  t e x tu r a l l y  d i s t i n c t ,  th e  main d i f f e r e n c e  betw een them 

b e in g  i n  c o a rse  s i l t  (20 -  53 /^m) c o n te n t .  A ll  Basement T i l l  sam ples 

a n a ly se d  c o n ta in  l e s s  th a n  28^ s i l t ,  th e  Drab T i l l  c o n ta in s  28 -  W j ,  and 

th e  P u rp le  T i l l  40 -  45%. Samples o f  H essle  T i l l  c o n ta in  from 29 -  44% 

s i l t ,  t h e i r  t e x t u r a l  range alm ost co m p le te ly  o v e r la p p in g  th o se  o f  th e  

P u rp le  and Drab T i l l s .  H essle  T i l l  sam ples from  s o u th - e a s te rn  H olderness 

form a  t i g h t l y  c lu s te r e d  group on th e  t e x tu r a l  diagram  (F ig .  ̂7 ) a t  th e  

sandy end o f  th e  P u rp le  T i l l  ra n g e . The t e x t u r a l  range  o f  H essle  T i l l  

sam ples from c e n t r a l  and n o r th e rn  H o lderness ( in c lu d in g  th e  c o a s ta l  s e c t io n  

n o r th  o f  H ornsea) o v e rla p s  th a t  o f  th e  sam ples o v e r ly in g  c h a lk  o r  ch a lk  

head  on th e  Y o rk sh ire  Wolds, and b o th  l i e  w ith in  th e  range o f  th e  Drab 

T i l l  sam p les . Sam ples o f  H essle  T i l l  from s o u th - e a s t  H o ld ern ess  a re  more 

s i l t y  and, in  g e n e ra l ,  l e s s  sandy th a n  th o se  from o th e r  p a r t s  o f  e a s t  

Y o rk s h ire .  F ig . ^ 7 , based on sam ples from an e a s t-w e s t  t r a n s e c t  a c ro s s  

s o u th e rn  H o ld ern ess  shows t h i s  change o f  te x tu r e  in  th e  H essle  i i l l .
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S in c e  th e  c la y  c o n te n t i s  l e s s  v a r ia b le  th an  th e  s i l t  and sand in  

th e  H e ss le  i i l l  sam ples, th e  sand to  s i l t  r a t i o  i s  used  f o r  mapping t h e i r  

t e x t u r a l  v a r i a b i l i t y .  U n like  Raad and P ro tz  (1971) who used  a 

s t r a ig h tf o r v /a r d  s a n d / s i l t  r a t i o ,  w ith  i t s  a t te n d a n t  problem s o f  an 

i n f i n i t e  ran g e  o f  v a lu e s  (x% s a n d /0% s i l t  g iv e s  a  r a t i o  o f  i n f i n i t y ) ,  th e  

more m ean in g fu l r a t i o  % sand/% sand + % s i l t ,  w hich h as  a  ran g e  o f  v a lu es  

from  0 to  1 , i s  u sed  h e re .  For convenience t h i s  r a t i o  i s  co n v erted  to  a  

p e rc e n ta g e .  F ig , J id  shows th a t  a p a r t  from th r e e  sam ples n e a r  th e  edge 

o f  th e  t i l l  s h e e t  on th e  Wolds, one o f  which i s  a lm ost c e r t a in l y  

co n tam in a ted  w ith  l o e s s i a l  s i l t  (s e e  be low ), a  l i n e  drawn from Hedon 

(TA190280) to  Atwick (TA190510) s e p a ra te s  sam ples to  th e  w est hav ing  

r a t i o s  g r e a t e r  th a n  45 from th o se  to  th e  e a s t  h av in g  r a t i o s  l e s s  th a n  

4 5 . Maximum v a lu e s , o f  58 -  60, r e p re s e n t in g  th e  s a n d ie s t  t i l l s ,  occur 

in  c e n t r a l  H o ld e rn ess . The P u rp le  T i l l ,  w hich i s  r e s t r i c t e d  to  th e  so u th 

e a s te r n  c o a s ta l  a re a  o f  H o ld ern ess , has a  sa n d /sa n d  + s i l t  r a t i o  

c o n s i s t e n t ly  l e s s  th a n  45 , and th e  Drab T i l l ,  w hich p ro b ab ly  u n d e r l ie s  

m ost of, H o ld e rn ess , h as  a r a t i o  g e n e ra l ly  g r e a te r  th a n  .45 , o f te n  a s  h ig h

a s  58 -  60 (s e e  Appendix, T ab le 7 ) .

Two sam ples, HT5 and HT6, a re  somewhat abnorm al in  t e x tu r e .  Both a re  

e n r ic h e d  in  c la y  and d e p le te d  in  sand  compared w ith  o th e r  H essle  T i l l  

sam p les . In  HT6, from K irkburn  (SS975566), t h i s  may r e s u l t  from i t s  

p o s i t i o n  on th e  Y o rk sh ire  -voids a t  th e  extrem e f e a th e r  edge o f  th e  t i l l .  

The sam ple may re p re s e n t  th e  c la y -e n r ic h e d  h o riz o n  o f  a t r u n c a te d  s o i l  

p r o f i l e  developed  in  th in  t i l l  over ch a lk ; such  h o riz o n s  o f te n  develop  

im m ed ia te ly  above th e  c o n ta c t o f  d r i f t  d e p o s i ts  and c a lc a re o u s  s u b s t r a ta  

( H a r t e l l i  and O d e ll, 196O, p . 58 8 ). The h ig h e r  s i l t  c o n te n t compared w ith  

o th e r  H e ss le  T i l l  sam ples from th e  Wolds may r e f l e c t  th e  in c o rp o ra tio n  o f  

l o e s s  from b en ea th , s in c e  a th in  s i l t y  chalky  head occu rs  im m ediately

below th e  t i l l .  However, in c o rp o ra tio n  o f  lo e s s  does n o t o ccu r where th e



t i l l  on th e  Wolds i s  th ic k e r .  F ig s .  compare th e  p a r t i c l e  s iz e

d i s t r i b u t i o n  o f  sam ples from K irk b u rn  w ith  ty p i c a l  lo e s s  from B inbrook, 

L in c o ln s h ir e  (TF178957) ,  Huggate (SF8755^8) and High C a l l i s  Wold 

(SE828560), and w ith  sam ples from H uston P arv a  (TA070618) and 

E pp lew orth  (TA021524) where s i l t y  ch a lk y  d e p o s i t s  a l s o  o ccu r between th e  

t i l l  and th e  c h a lk . M o d if ic a tio n  o f  th e  shape o f  th e  curve by lo e s s  

in c o rp o ra t io n  i s  e v id e n t o n ly  i n  t i l l  sam ple HT6 (K irk b u rn ) . The to p -  

s o i l  above th e  t i l l  a t  K irkbu rn  h as  l e s s  s i l t  th a n  th e  lo e ss -c o n ta m in a te d  

t i l l ;  i t s  sa n d /sa n d  + s i l t  r a t i o  i s  45 , compared w ith  5I f o r  th e  t i l l ,

27 f o r  th e  s i l t y  ch a lk  ru b b le ,  and 20 f o r  th e  H uggate l o e s s i a l  d r i f t .

T his r e in fo r c e s  the  s t r a t ig r a p h ic a l  evidence th a t  th e  lo e s s  was 

d ep o sited  p r io r  to  th e  maximum advance o f th e  Devensian ic e  in  th i s  

a re a .

The o th e r  c la y -e n r ic h e d  and s a n d -d e p le te d  sam ple , HT5, was c o l le c te d  

from above th e  K elsey  K i l l  san d s and g ra v e ls  a t  Keyingham (TA255255) • The 

H essle  T i l l  seen  by C a tt  and Penny (1966) i n  t h i s  p o s i t io n  was in te r p r e te d  

by them a s  p a r t l y  rew orked by s o l i f l u c t i o n .  However, in c o rp o ra tio n  o f  

s u b ja c e n t m a te r ia l  would le a d  to  a  s a n d ie r  t e x tu r e .  S in ce  th e  s i l t  c o n te n t 

o f  HT5 i s  no g r e a te r  th a n  th a t  o f  n ea rb y  H essle  T i l l  sam ples, a  l o e s s i a l  

ad m ix tu re  canno t e x p la in  i t s  s i l t y  c la y  t e x tu r e .  However, HT5 resem bles 

t e x t u r a l l y  two sam ples o f  'P u rp le  T i l l  from D im ling ton  (TA5922T ?), and 

may be an in la n d  r e p r e s e n ta t iv e  o f  t h i s  t i l l  r a t h e r  than  o f  th e  H essle  

T i l l .

Sam ples o f  Marsh T i l l  from L in c o ln s h ir e  a re  t e x t u r a l l y  more v a r ia b le  

th a n  th e  Y o rk sh ire  D evensian  t i l l s ,  a lth o u g h  th e  range i s  ag a in  c e n tre d  

on th e  c la y  loam c l a s s .  No t e x t u r a l  d i s t i n c t i o n  can  be d isc e rn e d  between 

th e  Lower and Upper Marsh T i l l s  o f  S traw  (1969]))- se e  F ig .  Z. 0  , Two 

sam nles, MT6 and MT7, b o th  o f  th e  low er t i l l  a t  W elton-le-W old (TF282885), 

have ab o u t 25% s i l t ,  which i s  w ith in  th e  range  shown by Basement T i l l
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sam ples from D im lin g to n . At W elton t h i s  g rey ish -b row n  t i l l  i s  o v e r la in  

by an in t e n s e ly  cha lk y  d e p o s i t ,  w hich resem b les  th e  p re-D evensian  . 

C a lc e th o rp e  T i l l  b u t was o r ig i n a l l y  re g a rd e d  by S traw  (19 6 9 ^  as  reworked 

by s o l i f l u c t i o n  d u rin g  th e  D even sian . However, r e c e n t  exposu res in  t h i s  

p i t  have le d  to  a  r e - i n t e r p r e t a t i o n  o f  t h i s  cha lk y  d e p o s it  a s  t i l l  in  

s i t u , and th e  d isc o v e ry  o f  A ch eu lian  im plem ents and ty p i c a l  Hoxnian mammal 

rem a in s  in  f l i n t  g ra v e ls  b e n e a th  th e  low er g rey  t i l l  in d ic a te  t h a t  t h i s  

lo w er t i l l  must be W olston ian  (S traw , p e rs o n a l  com m unication). Sample 

MT17 from so u th  F e r r ib y  (SE996225) i s  p ro b a b ly  e q u iv a le n t  to  th e  Drab 

T i l l ,  a lth o u g h  i t  i s  s l i g h t l y  s a n d ie r  th a n  any Drab T i l l  sample from 

Y o rk sh ire . Most o f  th e  rem a in in g  sam ples a re  t e x t u r a l l y  w ith in  th e  

ran g e  o f  th e  Y o rk sh ire  H essle  T i l l  sam p les . As t h i s  range  o v e rla p s  

th o s e  o f  th e  Drab and P u rp le  T i l l s ,  no c o r r e l a t i o n  betw een th e  t i l l  

seq u en ces  o f  th e  two a re a s  can be made on te x tu r e  a lo n e .

The o n ly  c a lc a re o u s  H unstan ton  T i l l  sam ple an a ly se d  i s  t e x tu r a l l y  

s im i la r  to  th e  most c l a y - r ic h  o f  th e  Drab T i l l  and "Wolds H essle"  sam ples.

The s t r a t i g r a p h i e  s ig n i f i c a n c e  o f  th e  p a r t i c l e  s i z e  d a ta  may be 

sum m arised a s  fo llo w s . Sm all t e x t u r a l  d i f f e r e n c e s  can be d isc e rn e d  

betw een d i f f e r e n t  groups o f  th e  Y o rk sh ire  t i l l s ;  in  p a r t i c u l a r ,  

d i s t i n c t i o n s  can be drawn betw een th e  B asem ent, Drab and P u rp le  T i l l s ,  

and betw een g e o g ra p h ic a l g ro u p in g s  o f  th e  H essle  T i l l .  The t e x tu r a l  

ran g e  o f  th e  Basement T i l l  i s  d i s t i n c t  from th e  ra n g e s  o f  th e  D evensian 

t i l l s .  However, th e  t e x tu r a l  range  o f  a l l  th e  H essle  T i l l  sam ples 

o v e r la p s  th o se  o f  th e  Drab and P u rp le  T i l l s  a lm o st co m p le te ly  (F ig , ) ,  

so  t h a t  a  p a r t i c u l a r  D evensian t i l l  in  th e  s u c c e s s io n  d e sc r ib e d  by C a tt 

and Penny (1966) canno t be re c o g n ise d  on th e  b a s i s  o f  te x tu r e  a lo n e . The 

low er s i l t  and h ig h e r  sand c o n te n ts  o f  th e  Drab T i l l  compared w ith  th e  

P u rp le ,  and o f  th e  in la n d  H essle  T i l l  compared w ith  H essle  T i l l  sam ples 

from s o u th - e a s t  H o ld e rn ess , a re  shown by a  n o t ic e a b le  c o n c a v ity  o f  th e
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c u rv e s  in  th e  s iz e - r a n g e s  l e s s  th a n  250 /tm (2 / ) .  F ig .  3 o i l l u s t r a t e s  

a  w e s te r ly  in c re a s e  in  t h i s  c o n c a v ity  f o r  sam ples o f  H essle  T i l l  in  a 

t r a n s e c t  a c ro s s  so u th e rn  H o ld e rn e ss . Most Marsh T i l l  sam ples show a  

s im i la r  c o n c a v ity  in  t h e i r  cu m u la tiv e  c u rv e s .

R ecen t work on th e  p a r t i c l e  s i z e  d i s t r i b u t i o n  o f  t i l l s  h as  shown 

th a t  th e  shape o f  th e  cu m u la tiv e  cu rv e  may r e f l e c t  some f e a tu r e s  o f  th e  

p rovenance o f  th e  g l a c i a l  d e b r is .  One n o t ic e a b le  f e a tu r e  o f  th e  

cu m u la tiv e  cu rv es  f o r  a l l  th e  sam ples an a ly se d  in  t h i s  work i s  th e  

pronounced b reak  o f  s lo p e  o c c u rr in g  in  th e  range  500 -  250 /on (1 -  2 ;z5) . 

Beaumont ( 1971) n o te d  a  s im i la r  f e a tu r e  in  t i l l s  from  e a s te r n  Durham.

He d is c o v e re d  t h a t  i t  c o in c id e d  w ith  a  change in  th e  c o n s t i tu t i o n  o f  

in d iv id u a l  g r a in s  from p red o m in an tly  ro ck  frag m en ts  to  p redom inan tly  

m in e ra l g r a in s ,  and th o u g h t t h a t  th e  p o s i t io n  o f  th e  b reak  o f  s lo p e  

r e f l e c t s  th e  dom inant p a r t i c l e  s i z e  d i s t r i b u t i o n  o f  th e  ro ck s  eroded by 

th e  i c e .  D reiraan is and V agners ( 1971) showed th a t  th e  frequency  

d i s t r i b u t i o n  o f  ro ck  frag m e n ts  ( c l a s t s )  and th e  c o n s t i tu e n t  m in e ra l g ra in s  

i n  b a s a l  t i l l s  i s  o f te n  d i s t i n c t l y  b im o d al. The p ro p o r tio n s  o f  each vary  

w ith  d is ta n c e  from th e  so u rc e  a r e a ,  th e  c l a s t - s i z e  mode b e in g . la r g e r  n e a r  

th e  so u rc e , and th e  mode o f  in d iv id u a l  g ra in s  in c re a s in g  w ith  in c re a s in g  

d is ta n c e  from th e  s o u rc e . Most o f  th e  t i l l  sam ples from e a s te rn  England 

c o n ta in  < 5% s to n e s  > 2 mrn, and none c o n ta in s  > IC^o. F o llow ing  D reiraanis 

and V agners ( 1971) t h i s  cou ld  be i n t e r p r e te d  a s  im ply ing  a  g r e a t  t r a n s p o r t  

d is ta n c e  f o r  th e  t i l l  m a te r ia l ,  assum ing t h a t  o r ig i n a l l y  th e re  was a  h ig h  

s to n e  c o n te n t .  However, w ith o u t a  s e r i e s  o f  sam ples from th e  same t i l l  a t  

■progressive d is ta n c e s  from th e  so u rce  a re a  ( i . e .  sam ples much f u r th e r  n o r th  

th an  th e  p re s e n t  o n es , a l l  c o l le c te d  from w ith in  abou t 50 km o f  th e  lo c a l  

i c e - l i m i t  ) th e  o r ig i n a l  s to n e  c o n te n t and l i k e l y  d is ta n c e  o f  t r a n s p o r t  

o f  th e  t i l l  m a te r ia l  canno t be in f e r r e d .  I t  i s  more l i k e l y  th a t  th e  t i l l s  , 

c o n ta in  much m a te r ia l  d e r iv e d  from r e l a t i v e l y  l o c a l  p r e - e x i s t in g
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u n c o n s o lid a te d  sandy , s i l t y  and c la y e y  d e p o s i t s ,  th e  p o s i t io n  o f  th e  

b reak  in  s lo p e  r e f l e c t i n g  th e  dom inant g r a in - s i z e  o f  th e se  m a te r ia ls .

5 .2 .4  C lay  M ineralogy

The < 2 c la y  f r a c t io n s  o f  a  s e le c t io n  o f  t i l l  sam ples were 

a n a ly se d  by X -ray  d i f f r a c to m e tr y  in  o rd e r  to  e s t a b l i s h  w hether th e  c la y  

m in era lo g y  o f  th e  p a re n t  m a te r ia ls  o f  th e  T u n s ta l l  and Holkham s o i l  

p r o f i l e s  was r e p r e s e n ta t iv e  o f  th e  whole D evensian  seq u en ce . A ll  th e  

sam ples c o n ta in e d  th e  same main c la y  com ponents (T ab le  S  and F ig .  3/ ) ,

However, th e  H essle  T i l l  o f  s o u th - e a s t  H o ld e rn ess  c o n ta in s  ro u g h ly  equal amounts 

o f  m ica and expanding  m in e ra ls ,  w hereas th e  H unstan ton  T i l l  c o n ta in s  

60% expand ing  m in e ra ls  and 2Cÿj m ica: o th e r  sam ples were betw een th e se  

two ex tre m e s . N early  a l l  sam ples c o n ta in  20 -  50% k a o l in i t e  b u t th e

Basem ent T i l l  c o n ta in s  l e s s  th a n  th e  o th e r  t i l l s .  HTl4 , th e  sandy upper

p a r t  o f th e  H essle  T i l l  a t  Woodmansey, c o n ta in s  more k a o l in i t e  th a n  o th e r  

sam p les , b u t t h i s  may be due to  i t s  c o a rse  t e x tu r e ,  s in c e  k a o l i i i t e  i s  

n e a r ly  a lw ays more s tro n g ly  r e p re s e n te d  in  c o a rse  th a n  f in e  c la y s ,  and

sandy sed im en ts  a re  o f te n  r e l a t i v e l y  d e p le te d  in  f in e  c la y .  C h lo r i te  was
/

d e te c te d  in  sm a ll amounts in  th e  c o a s ta l  H e s s le , th e  P u rp le , Drab and 

Basem ent T i l l s ,  b u t n o t in  th e  M arsh, in la n d  H ess le  o r  H unstanton  T i l l s .

No d i f f e r e n c e s  cou ld  be d e te c te d  betw een th e  c la y  f r a c t io n s  o f  th e  P u rp le  

and Drab T i l l s ,

5 .2 .5  Heavy M in era l A n a ly ses , 20 -  55

T a b le s  9 ^ (Appendix) and F ig s .  "32.^3 7 g iv e  th e  m in e ra lo g ic a l

co m p o sitio n  o f  th e  20 -  55 /xm f r a c t io n s  o f  t i l l  sam p les . V e r t ic a l

v a r i a t io n s  a re  a p p a re n t in  th e  sequence o f  sam ples from th e  D im lington
/

c l i f f s .  The absence o f  s i d e r i t e  and p y r i t e  d i s t in g u is h e s  th e  H essle  from 

th e  low er t i l l s .  The P u rp le , Drab and Basement T i l l s  d i f f e r  in  t h e i r
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r e l a t i v e  c o n te n ts  o f  p y r i t e ,  c h l o r i t e ,  cham o site , b i o t i t e ,  e p id o te  

and h o rn b le n d e , a s  i l l u s t r a t e d  in  F ig . 3 Z . Sam ples o f  H essle  T i l l  

from o th e r  p a r t s  o f e a s t  Y o rk sh ire , o f  Marsh T i l l  from e a s t  L in c o ln s h ire ,  

and o f  H unstan ton  T i l l  from n o r th  N o rfo lk , a l l  la c k  s i d e r i t e  and p y r i t e ,  

e x c e p t f o r  sam ples MT6 and MT7 from W elton-le-W old , L in c o ln s h ire .  The 

c o a rse  s i l t  m ineralogy  o f  th e se  two sam ples re sem b les  most c lo s e ly  th a t  

o f  th e  Basement T i l l  o f  D im lington  (F ig , ) .

The H essle  T i l l  sam ples d is p la y  a  l a t e r a l  v a r i a t io n  in  t h e i r  co arse  

s i l t  m in e ra lo g y . Those from D im ling ton  and T u n s ta l l ,  on th e  s o u th -e a s t  

c o a s t  o f  H o ld e rn ess , c o n ta in  abundant c h l o r i t e ,  cham osite  and b i o t i t e ,  

b u t a re  poor in  e p id o te  and am phibo les, w hereas th o se  from th e  Wolds 

c o n ta in  l e s s e r  amounts o f  th e  m icaceous m in e ra ls ,  b u t a re  r i c h  in  

e p id o te  and am phibo les. The Marsh T i l l s ,  b o th  Upper and Lower, and th e  

H unstan ton  T i l l  a l l  resem ble th e  "Wolds H essle"  in  t h e i r  m ineralogy  

(F ig .  3  3  ) ,  S in ce  some sam ples were c o l le c te d  from r e l a t i v e l y  th in  

d e c a l c i f i e d  t i l l s ,  m in e ra lo g ic a l co m p o sitio n s  w ere r e c a lc u la te d  a f t e r  th e  

o m iss io n  o f  th o se  m in e ra ls  most s u s c e p t ib le  t o  w ea th e rin g , i . e .  a p a t i t e ,  

c h l o r i t e ,  cham osite  and b i o t i t e  (T ab le  *4" )-  F ig .  3 6  shows th a t  th e  

d i s t i n c t i o n s  and s i m i l a r i t i e s  m entioned above a re  n o t caused  by 

w e a th e r in g . T hree p o s s ib le  re a so n s  f o r  th e  l a t e r a l  v a r i a b i l i t y  in  

c o a rs e  s i l t  m ineralogy  o f  th e  H essle  T i l l  a re  co n s id e re d  below .

( a) In c o rp o ra tio n  o f lo e s s ia l  m a te r ia l

C a tt e t  a l . (1971, 1974) noted  th a t  th e  coarse  s i l t  m ineralogy o f 

th e  lo e s s  d e p o s its  in  N orfolk , L in co ln sh ire  and Y orkshire i s  s im ila r  to  

th a t  o f th e  Devensian t i l l s ,  and suggested  th a t  outwash from the  ic e -sh e e t 

was th e  most probable source o f th e  lo e s s .  However, the  coarse  s i l t  o f 

th e  lo e s s  i s  m in e ra lo g ic a lly  s im ila r  only  to  th a t  o f th e  H unstanton,

Marsh and "Wolds H essle" t i l l s .  F ig . 3 7  compares th e  more r e s i s t a n t
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m in e ra ls  o f  th e s e  l o e s s i a l  d e p o s i ts  w ith  th o se  o f  th e  t i l l s ,  and 

shows t h a t  th e  c o a s ta l  H essle  T i l l  sam ples a re  s ig n i f i c a n t l y  d i f f e r e n t ,

m in e ra lo g ic a l ly ,  from th e  lo e s s .  Assuming t h a t  th e  H esale  T i l l  en _

i n i t i a l l y  un ifo rm  com position  s im i la r  to  th e  H essle  a t  D im ling ton  and 

T u n s ta l l ,  in c o rp o ra tio n  o f  l o e s s i a l  s i l t  cou ld  produce th e  l a t e r a l  

changes in  s i l t  m ineralogy  o f  th e  H essle  T i l l ,  However, a  la r g e  a d d itio n  

o f  lo e s s  to  th e  t i l l  would be r e q u ire d ;  s in c e  th e  lo e s s  c o n ta in s  very  

l i t t l e  s a n d -s iz e d  m a te r ia l ,  t h i s  a d d i t io n  sh o u ld  be ev idenced  by a 

s u b s t a n t i a l  in c re a s e  in  s i l t  c o n te n t o f  th e  "Wolds H essle"  compared w ith  

th a t  from s o u th -e a s t  H o ld e rn ess , I n  f a c t ,  th e  "Wolds H essle"  i s  th e  

l e s s  s i l t y ,  and s im i la r  m in e ra lo g ic a l changes to  th o se  m entioned above 

w ere found in  th e  f in e  sand f r a c t io n s  o f  th e  t i l l s  (se e  l a t e r  s e c t io n ) .  

T h e re fo re  t h i s  h y p o th e s is  i s  n o t c o n s id e re d  f u r t h e r .  D e r iv a tio n  o f  th e  

lo e s s  from outw ash m a te r ia ls  in  f r o n t  o f  th e  advancing  D evensian ic e - s h e e t  

i s  a  more l i k e l y  e x p la n a tio n  o f  th e  m in e ra lo g ic a l  s i m i l a r i t i e s  betw een th e  

lo e s s  and th e  t i l l .

(b ) In c o rp o ra t io n  o f  m a te r ia l  d e r iv e d  from u n d e r ly in g  t i l l s

G ross and Horan ( 19?1) a s c r ib e d  l a t e r a l  v a r i a t io n  in  W isconsin  

t i l l s  o f  Ohio and P en n sy lv an ia  to  p ro g re s s iv e  in c o rp o ra tio n  o f  u n d e rly in g  

b ed ro ck  o f  a  d i f f e r e n t  m echanical and m in e ra lo g ic a l  com position  from th a t  

o f  th e  o r ig i n a l  t i l l  m a te r ia l .  In  th e  p re s e n t  case  th e  u n d e rly in g  

"b ed rock" i s  th e  P u rp le  T i l l  a long  th e  s o u th - e a s t  c o a s t ,  th e  Drab T i l l  

e lsew h ere  in  H o ld ern ess , and ch a lk  o r  chalky  s i l t y  head on th e  Wolds. 

In c o rp o ra t io n  o f  s ig n i f i c a n t  amounts o f  th e  l a s t  h as  been d isc o u n te d , 

s in c e  c a rb o n a te  and s i l t  c o n te n ts  a re  i n s u f f i c i e n t l y  in c re a s e d  in  th e  

w olds t i l l  compared w ith  th e  c o a s ta l  t i l l .  I f  th e  H essle  T i l l  

re p re s e n te d  a s e p a ra te  ic e  advance l a t e r  th a n  th e  P u rp le  and Drab T i l l s ,  

th e n  th e  H essle  ic e - s h e e t  must have advanced ov er th e  s u r fa c e s  o f th e se
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two t i l l s  to  re a c h  th e  Wolds, and some in c o rp o ra tio n  o f th e se  d e p o s its  

i n  th e  H ess le  T i l l  m ight be e x p e c te d . However, C a tt and Penny (1966) 

P^o*=*ont ev id en ce ' to  show tn a t  th e  H ossle  T i l l  shou ld  be reg ard ed  a s  th e  

p ro d u c t o f  th e  u p p er la y e r  o f  a  m u lt ip le  i c e - s h e e t ,  n o t o f  a d i s t i n c t  

a d v an ce . I f  t h i s  i s  th e  c a se , such  in c o rp o ra tio n  o f  su b ja c e n t d e p o s its  

seem s l e s s  l i k e l y .  The th r e e  i c e - l a y e r s  proposed  would each co n ta in  

t i l l - m a t e r i a l  d e r iv e d  from t h e i r  r e s p e c t iv e  so u rce  a r e a s .  A f te r  

s u p e r p o s i t io n  o f  th e  i c e - s h e e t s  o n ly  th e  b a s a l  ic e  ( i . e .  t h a t  d e p o s it in g  

th e  Drab T i l l )  co u ld  add f u r th e r  to  i t s  lo a d , m odifying i t s  te x tu r e  and 

m in e ra lo g y . S ig n i f i c a n t  m o d if ic a tio n  o f  th e  lo a d  o f  th e  u pper i c e - la y e r  

c o u ld  o n ly  be ach iev ed  by l a r g e - s c a le  m ixing w ith in  th e  ic e - s h e e t ,  

p o s s ib ly  by th r u s t i n g  upw ards o f  wedges o f  th e  b a s a l  i c e .  T h is  p ro c e ss  

would p ro b a b ly  p roduce la r g e - s c a le  c o n to r t io n s  in  th e  r e s u l t a n t  

d e p o s i t s ,  b u t such  s t r u c t u r e s  a re  r a r e  in  th e  H o lderness t i l l s .

(c )  W eathering  o f  th e  Drab T i l l

The m in e ra lo g ic a l  s i m i l a r i t i e s  between th e  H essle  T i l l  o f  th e  Wolds 

and th e  Drab on th e  one hand, and th e  H essle  T i l l  a t  D im lington  and 

T u n s ta l l  and th e  P u rp le  on th e  o th e r ,  su g g es t t h a t  th e  H essle  i s  a  

w ea th e red  e q u iv a le n t  o f  e i t h e r  t i l l .  The main m in e ra lo g ic a l d if f e re n c e  

betw een th e  H essle  and th e se  low er t i l l s ,  th e  la c k  o f  s i d e r i t e  and 

p y r i t e ,  cou ld  be due to  w ea th e rin g  o f  th e s e  e a s i l y  o x id ise d  m in e ra ls , 

s in c e  most sam ples o f  th e  H essle  T i l l  were c o l le c te d  w ith in  2 -  3 ni 

o f  th e  s u r f a c e .  The s i m i l a r i t i e s  become a p p a re n t when th e  non-opaque 

heavy m in e ra ls  a re  ex p ressed  on a  s i d e r i t e - f r e e  b a s i s  (T ab le  f 3 ,

F ig .  34* ) .  To avo id  o th e r  p o s s ib le  w ea th e rin g  e f f e c t s  in  th e  upperm ost 

t i l l s  th e  r e l a t i v e  p ro p o r tio n s  o f  th e  more r e s i s t a n t  m in e ra ls  were a lso  

c a lc u la te d  (T ab le  and F ig . On t h i s  b a s is  th e  c o a rse  s i l t

m in e ra lo g y  o f  th e  Drab T i l l  i s  v i r t u a l l y  i d e n t i c a l  to  th a t  o f  th e  H essle
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j - i l l  o f  th e  W olds. A lso , th e  T i l l  o f  s o u th -e a s t  H o lderness i s  s im i la r  

to  th e  P u rp le  T i l l ,  d i f f e r in g  on ly  in  th e  r e l a t i v e  amounts o f  e p id o te  

and z i r c o n ,  th e  P u rp le  T i l l  c o n ta in in g  more e p id o te  th an  z irc o n , th e  

r e v e r s e  b e in g  t r u e  o f  th e  H ess le .

The c lo s e  s im i l a r i t y  o f  th e  " r e s i s t a n t "  c o a rse  s i l t  m ineralogy  o f  

th e  Drab T i l l  and th e  "Wolds H essle"  su p p o r ts  th e  su g g e s tio n  t h a t  th e  

th i n  red d ish -b ro w n  t i l l  on th e  Y o rk sh ire  Wolds ( to g e th e r  p erh ap s  w ith  th e  

M arsh and H unstan ton  T i l l s )  may re p re s e n t  w eathered  Drab T i l l .  T h e ir  

t e x tu r e s  a re  a ls o  s im i la r ,  and th e  m in e ra lo g ic a l d i f f e r e n c e s  between 

them a re  r e s t r i c t e d  to  w ea th e rab le  m in e ra ls  -  th e  la c k  o f  s i d e r i t e  and 

p y r i t e  in  th e  H e ss le , and s l i g h t l y  g r e a te r  amounts o f  c h l o r i t e  and b i o t i t e  

in  th e  Drab T i l l .  S im ila r  c o n c lu s io n s  app ly  to  th e  s o u th -e a s t  c o a s ta l  

a r e a  o f  H o ld e rn ess , where th e  m in e ra lo g ic a l resem blance o f  H essle  T i l l  to  

th e  P u rp le  su g g e s ts  i t  may be w eathered  P u rp le .

5 .2 .6  Heavy M inera l A nalyses. 53 -  250/(6m

T a b le s  13*-21 g iv e  th e  m in e ra lo g ic a l com position  o f  f in e  sand (53 -

250 /on) f r a c t io n s  o f  the  t i l l  sam p les . These show th e  same g eog raph ic  

v a r i a t i o n  in  th e  com position  o f th e  H essle  T i l l  (F ig . ) a s  do th e  20 -  

53 / 6m f r a c t i o n s ,  which confirm s th a t  th e  m in e ra lo g ic a l v a r i a t io n  does n o t 

r e s u l t  from l o e s s i a l  co n tam ina tion  o f  th e  t i l l ,  because  lo e s s  c o n ta in s  

v e ry  l i t t l e  sand . The a d d i t io n a l  sam ples a n a ly se d  from c e n t r a l  and 

n o r th e rn  H o lderness enab le  a  g r a d a t io n a l  p a t te r n  to  be d is c e rn e d  (see  

F ig . 31  ) .  Sam ples HT27 -  HT30 occupy an e a s t-w e s t  t r a n s e c t  a c ro s s

s o u th e rn  H o ld ern ess  from Aldbrough (TA257396) to  B il to n  (TA I56343), and 

sam ples HT24 -  HT27 r e p re s e n t  a  n o r th - s o u th  t r a n s e c t  a long  th e  c o a s t 

from Ulrome (TA177570) to  A ldbrough. In  bo th  sequences th e re  i s  a 

d e c re a se  in  th e  co n te n t o f  m icaceous m in e ra ls  ( c n l o r i t e ,  o i o t i t e ) , and 

an in c re a s e  in  am nhibole and e p id o te  c o n te n t away from A ldbrough.



Sam ple HT27 i s  r e p r e s e n ta t iv e  o f  th e  H assle  T i l l  in  th e  s o u th - e a s t  

c o a s ta l  r e g io n  o f  H o ld ern ess , and sam ples HT24 and HT30 a re  m in e ra lo g ic a lly  

s im i la r  to  th e  sam ples from th e  Wolds.

A n aly ses  o f  Marsh, H unstan ton , P u rp le , Drab and Basement T i l l s  a re  

a l s o  g iv en  in  T ab les  /■5 -  2.1 . Once a g a in , no d i s t i n c t i o n  can be drawn

betw een sam ples o f  Upper and Lower Marsh T i l l s  (F ig . 4 °  ) ,  a s  b o th  

resem b le  c lo s e ly  th e  H essle  T i l l  sam ples from c e n t r a l  and n o r th e rn  

H o ld e rn ess  and th e  Y o rk sh ire  W olds. The H unstan ton  T i l l  (F ig . 4 ^ ) a lso  

re se m b le s  th e s e  t i l l s .

U n lik e  th e  H essle  T i l l ,  which r a r e l y  c o n ta in s  s i d e r i t e ,  th e  P u rp le , 

Drab and Basement T i l l s  a l l  c o n ta in  m oderate amounts o f  s a n d -s iz e d  

s i d e r i t e  g r a in s ,  th e  P u rp le  T i l l  te n d in g  to  c o n ta in  most and th e  Basement 

T i l l  l e a s t .  C h lo r i te ,  cham osite and b i o t i t e  a re  a ls o  more common in  th e  

P u rp le  th a n  in  th e  Drab and Basem ent, b u t am phiboles and e p id o te  a re  more

abundant in  th e  Drab and Basement T i l l s .  Camples MT6 and MT7 , a lre a d y

m entioned  a s  resem b lin g  th e  Basement T i l l  in  t e x tu r e  and c o a rse  s i l t  

m in e ra lo g y , a re  a ls o  s im i la r  to  i t  in  th e  com p o sitio n  o f  t h e i r  f in e  sand 

f r a c t i o n s  (F ig . 4"! ) .

The sam ples c o n ta in in g  abundant s i d e r i t e  a ls o  c o n ta in  much p y r i t e .  

(T ab le  /7  ) .  T h is  m in e ra l i s  e s p e c ia l ly  abundant in  th e  P u rp le  and Drab

T i l l s ,  b u t l e s s  so in  th e  Basement T i l l ,  and i s  v i r t u a l l y  a b se n t from th e

H e ss le , Marsh and H unstanton T i l l s .  The o c c a s io n a l g ra in s  n o te d  in  th e  

H e ss le  T i l l  were p re s e n t a s  i n f i l l i n g s  o f  f o r a m in if e r a l  s h e l l s ,  and were 

th u s  p ro te c te d  to  some e x te n t from o x id a tiv e  w e a th e rin g . The g ra in  shown 

in  F ig .  *42. , from sarriple HT28 , i s  no tew orthy  f o r  th e  o x id a tio n  o f  th e

p y r i t e  i n f i l l i n g  th e  l a s t  chamber o f  th e  r a u l t i lo c u la r  f o r a m in if e r a l  

s h e l l .  I t  seems l i k e l y  t h a t  any u n p ro te c te d  p y r i t e  g ra in s  w hich may have 

o c c u rre d  in  th e  H essle  T i l l  would have been o x id is e d , and now be 

re p re s e n te d  by l im o n ite .  W eathering to  l im o n ite  cou ld  a ls o  accoun t f o r
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th e  la c k  o f  s i d e r i t e  in  th e  H essle  T i l l .

P y r i t e  o c c u rs  in  q u a n tity  in  sample MT17, from so u th  F e r r ib y  

(SE996223) , su p p o r tin g  th e  i d e n t i f i c a t i o n  o f  t h i s  t i l l  a s  th e  Drab.

I t  o c c u rs  o n ly  in  a c c e sso ry  amounts in  sam ples MT6 and KT7 , th e  

W elton-le -W old  g rey  t i l l ,  su p p o rtin g  th e  su g g e s tio n  th a t  t h i s  resem bles 

th e  Basem ent.

To f a c i l i t a t e  s t r a t i g r a p h i c a l l y  m ean ingfu l com parison betw een th e  

t i l l s ,  th e  com position  o f  th e  heavy sand f r a c t io n s  were r e c a lc u la te d  f i r s t  

on an opaque m in e ra ls  and s i d e r i t e  f r e e  b a s i s  (T ab le  f 1 and F ig . 4 ^  ) .  

As w ith  th e  c o a rse  s i l t  f r a c t io n ,  th e  P u rp le  T i l l  on t h i s  b a s i s  resem bles 

th e  H essle  T i l l  o f  s o u th -e a s t  H o ld e rn ess , w hereas th e  Drab i s  more l i k e  . 

th e  rem a in in g  H essle  T i l l  sam ples and th e  Marsh T i l l  (F ig s .  3 8 ^ 4 ® ) .

I n  o rd e r  to  e l im in a te  com ple te ly  a l l  p o s s ib le  e f f e c t s  o f  w ea th e rin g  on th e  

sand  m in era lo g y , th e  r e l a t i v e  p ro p o r tio n s  o f  th e  more r e s i s t a n t  m inera l 

g roups were a ls o  c a lc u la te d  (T able Z o  and F ig s .  4 4 ’' 5’o )  ̂ The cho ice

o f  th e s e  m in e ra l groups was made on th e  b a s is  o f  th e  sand m ineralogy  o f  

th e  T u n s ta l l  s o i l  p r o f i l e  (s e e  C hap ter 6 )  ̂ F ig u re  i l l u s t r a t e s  th a t  •

z i r c o n ,  to u rm a lin e , e p id o te , g a rn e t ,  r u t i l e  and am phiboles a re  alm ost 

c o n s ta n t  w ith  r e s p e c t  to  one a n o th e r  th ro u g h o u t th e  p r o f i l e ,  and may th u s  

be re g a rd e d  a s  r e s i s t a n t  m in e ra ls . F ig . ^ 2- ( p .200) shows th a t  pyroxenes

(m ain ly  a u g ite )  a re  d e p le te d  w ith  r e s p e c t  to  th e  above m in e ra ls  in  the  

up p er 30 cm o f  th e  p r o f i l e ,  b u t below t h i s  a r e  c o n s ta n t in  am ount, o in c e  

v i r t u a l l y  a l l  th e  t i l l  sam ples a n a ly se d  were c o l le c te d  from d ep th s  g r e a te r  

th a n  30 cm, th e  in c lu s io n  o f  py roxenes w ith  th e  " r e s i s t a n t "  m in e ra ls  was

c o n s id e re d  v a l id .

On t h i s  b a s is  f u r th e r  d i s t i n c t i o n s  betv/een th e  t i l l s  a re  a p p a re n t; 

F ig .  i l l u s t r a t e s  th e s e  d i f f e r e n c e s  f o r  th e  D im ling ton  c l i f f  s e c t io n

i n  s o u th e rn  H o ld e rn ess . Amphibole, e p id o te  and g a rn e t a l l  d e c re a se  in  

amount u p  th e  su c c e s s io n , th e  re v e rs e  be in g  t r u e  fo r  pyroxene, z irc o n ,
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to u rm a lin e  and r u t i l e .  A lthough th e  pyroxene, am phibole and to u rm alin e  

c o n te n ts  ap p ea r to  a llow  a  s e p a ra t io n  to  be made on m in e ra lo g ic a l grounds 

betw een th e  H essle  and P urp le  T i l l s  on th e  one hand, and th e  Drab and 

Basem ent T i l l s  on th e  o th e r ,  th e  ran g es  o f  v a r i a t io n  o f  o th e r  m in e ra ls  

te n d  to  o v e r la p . The H essle  T i l l  sam ples, on t h i s  b a s i s ,  e x h ib i t  th e  

same e a s t-w e s t  and s o u th -n o r th  v a r ia t io n  a lre a d y  n o te d  (F ig s .  ) ,

Most o f  th e  m in e ra l g roup ings show a  f a i r l y  sh a rp  g ra d a t io n  in  amount a  

few m ile s  in la n d  from th e  s o u th -e a s t  c o a s ta l  a r e a  o f  H o ld e rn ess , an 

e x c e p tio n  b e in g  g a rn e t ,  v/hich i s  a t  a  maximum in  c e n t r a l  H o lderness and 

th e  c e n t r a l  s e c t io n  o f  th e  Wolds, betw een B ev erley  and D r i f f i e l d ,  The u se  

o f  m in e ra l r a t i o s  p roduces a  c l e a r e r  p ic tu r e  o f  th e  v a r ia t io n ,  e s p e c ia l ly  

i f  p a i r s  t h a t  vary  a n t i p a th e t i c a l l y  a re  chosen . Two r a t i o s  seem to  be th e  

m ost u s e f u l : -  am phibole/am phibole + pyroxene (A/A + p) and e p id o te /  

e p id o te  + z irc o n  (E/E + Z) (T able ) .  These a r e  p lo t te d  in  F ig s ,  5*1 

t  é o  ; th e  i s o p le th s  on th e se  maps a re  in t e r p o la t e d  by eye.

From F ig s .  52. -6  0 from th e  p a r t i c l e  s i z e  v a r ia t io n  d a ta  (F ig .

2 F ) ,  i t  i s  p o s s ib le  to  d i f f e r e n t i a t e  th r e e  zones w ith in  th e  H essle  T i l l ,  

w hich a re  in d ic a te d  on F ig . 6 1 , Zone A in c lu d e s  c o a s ta l  H essle  T i l l

sam ples so u th  o f  H ornsea, bu t n o t sam ples HT38 and HT46 from E asin g to n , 

w hich re sem b le , bo th  t e x tu r a l l y  and m in e ra lo g ic a l ly ,  th e  H essle  T i l l  o f  

Zone C. The t i l l  o f Zone B i s  t r a n s i t i o n a l  in  c h a ra c te r  betw een th e  

c o a s ta l  sam ples, and th o se  o f  c e n t r a l  H o ld e rn ess . Only 5even sam ples a re  

in c lu d e d  w ith in  i t ,  a lth o u g h  th e  t r a n s i t i o n  o f  p r o p e r t ie s  c o n tin u e s  to  

some e x te n t  in  sam ples HT29 and RTSZ. In  th e  extrem e s o u th -e a s t  o f  

H o ld e rn ess  any r e p r e s e n ta t iv e  o f  t h i s  zone must o ccu r in  t ne s n o r t  

d is ta n c e  ( 4  km) betw een sam ples Hi7 (u im lin ^ to n ) and H ljb  ( ^ a a in ^ to n ) . 

sone  0 com prises a l l  th o se  sam ples n o r th -w e s t and so u th -w es t o f  the  

a rc u a te  l i n e  from Atwick (TA 19G5T0) th rougn  l l i n t o n ,  H y h il l ,  P a tr in g to n , 

Welwick and E as in g to n , bu t a ls o  in c lu d e s  HT38 and H146 n e a r  E as in g to n ,
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Wo s i g n i f i c a n t  d if f e re n c e s  in  m ineralogy o r  p a r t i c l e  s iz e  d i s t r i b u t io n  

can be d e te c te d  between th e  K essle  T i l l  from th e  Wolds and t h a t  from 

c e n t r a l  H o ld e rn ess , so th e se  a re  in c lu d ed  in  th e  same zone.

A p lo t  o f  th e  m in era l r a t i o s  A  and A  a g a in s t  one a n o th e r
A + P E + Z

(i^ ig . 4 Z ) h ig h l ig h ts  th e  d if f e r e n c e s  between th e s e  th r e e  zones o f  th e  

H e ss le  T i l l  o f  H o lderness , and shows th e  s i m i l a r i t i e s  between th e  H essle  

o f  Zone A and th e  P u rp le , and th a t  o f  Zone C and th e  D rab. The H essle  o f 

Zone B i s  in te rm e d ia te  in  c h a ra c te r ,  b u t more c lo s e ly  re sem b les  th e  P u rp le  

th a n  th e  D rab . A s im i la r  p lo t  f o r  th e  Marsh and H unstanton  T i l l s  

i l l u s t r a t e s  t h e i r  c lo se  resem blance to  th e  H essle  o f  Zone C and to  th e  

Drab T i l l .

5 .2 .7  V a r i a b i l i t y  o f  th e  H essle  T i l l  ■ -

In  summary, th e  medn d if f e r e n c e s  between th e  H essle  T i l l  o f  Zones 

A, B and C a re :

( i )  In  Zones A and B, th e  t i l l  c o n ta in s  more s i l t  th a n  in  Zone C (see  

F ig .  and T able 7 );

( i i )  th e  c o n te n t o f  m icaceous m in e ra ls  in  b o th  th e  f in e  sand and co arse  

s i l t  f r a c t io n s  i s  c o n s id e ra b ly  l e s s  in  Zone C sam ples th a n  in  th o se  

o f  Zones A and B (see  F ig s .  ^ ) ;

( i i i )  on th e  " r e s i s t a n t "  m in e ra ls  b a s i s ,  th e  c o n te n ts  o f  pyroxene, z irc o n , 

r u t i l e  and to u rm alin e  a re  a ls o  l e s s  in  Zone 0 th an  in  A and B, 

w hereas th e  re v e rs e  i s  t r u e  o f  e p id o te , g a rn e t and am phibole (see  

F ig s .  35  63 ) .

The same changes a ls o  o ccu r th rough  th e  v e r t i c a l  s u c c e s s io n , th e  Drab 

T i l l  re se m b lin g  th e  H essle  o f  Zone C and th e  P u rp le  T i l l  th e  H essle  o f 

Zone B (s e e  F i g s . 94,35, 63/64) .  The l a t e r a l  v a r ia t io n  in  th e  com position  o f  

th e  Drab and P u rp le  T i l l s  i s  sm all compared w ith  th a t  o f  th e  H essle  as  a 

w hole, b u t w ith in  each o f  th e  t-ones A, B and C, th e  H essle  i s  no more
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v a r ia b le  in  com position  than  th e  Drab o r  P u rp le .

I n  p a r t i c l e  s iz e  d i s t r i b u t io n  and heavy sand and s i l t  m ineralogy  th e  

M arsh and H unstan ton  T i l l s  resem ble th e  Drab T i l l  and H essle  o f  Zone C, 

r a t h e r  th a n  th e  P u rp le  and H essle  o f  Zones A and B (s e e  F i g s . 20, 36 , 64- ) .

No d i s t i n c t i o n  can be drawn between Upper and Lower Marsh T i l l  sam ples on 

e i t h e r  a  t e x t u r a l  o r  a  m in e ra lo g ic a l b a s i s .

The m in e ra lo g ic a l and te x tu r a l  v a r i a b i l i t y  o f  th e  H essle  T i l l  a c ro ss  

H o ld e rn ess  may be r e la te d  to  th e  d i r e c t io n  o f  ic e  movement, s in c e  th e  

i s o p le th s  (F ig s .  6o  ) a re  ap p ro x im ate ly  p a r a l l e l  to  D evensian  i c e -

f r o n t s  p o s tu la te d  by v a r io u s  a u th o rs  ( e .g .  V a le n t in ,  1957, K a rte  6 ) .

S im i la r  v a r i a t io n s  were re p o r te d  fo r  iv isconsinan  t i l l s  in  Ohio and 

P e n n sy lv a n ia  by G ross and Moran ( l 97l ) .  They n o te d  an in c re a s e  in  p e rc e n t 

sand  and a  d e c re a se  in  fe ld s p a r  c o n te n t o f  th e  f in e  sand  in  th e  d i r e c t io n  

o f  ic e  movement f o r  each o f  th re e  superposed  t i l l s  o f  p ro g re s s iv e ly  younger 

a g e . S im i la r  changes were a lso  n o ted  in  th e  v e r t i c a l  su c c e s s io n , th e  

younger t i l l s  b e in g  f in e r -g ra in e d  and r i c h e r  in  f e ld s p a r  th a n  th e  o ld e r  

o n e s . The th i c k e s t  and o ld e s t  t i l l ,  th e  T i t u s v i l l e ,  was found to  c o n ta in  

th e s e  same v a r ia t io n s  w ith in  i t s  own th ic k n e s s .  G ross and Moran su g g es ted  

t h a t  f in e - g r a in e d  f e ld s p a r - r ic h  g l a c i a l  d e b r is  had been mixed w ith  c o a rs e r ,  

f e ld s p a r - p o o r ,  q u a rtz o se  m a te r ia l  d e riv e d  from san d sto n e  o u tc ro p s  s t r i k i n g  a t  

r ig h t - a n g le s  to  th e  ice-movement d i r e c t io n .  However, in  H o lderness th e  

s i t u a t i o n  i s  d i f f e r e n t ,  because the. low er D evensian t i l l s ,  th e  Drab and 

P u rp le ,  show l i t t l e  l a t e r a l  v a r ia t io n  in  com p o sitio n , w hereas th e  

uooerm ost t i l l ,  th e  H e ss le , e x h ib i ts  s i g n i f i c a n t  l a t e r a l  v a r ia t io n .

F u r th e r ,  th e  Drab T i l l  may in c o rp o ra te  some m a te r ia l  d e r iv e d  from th e  

u n d e r ly in g  Basement T i l l ,  because th e  two a re  m in e ra lo g ic a lly  s im ix a r , 

b u t no p ro g re s s iv e  changes in  th e  p r o p e r t ie s  o i th e  J ra b  x i l l  have been

d e te c te d .
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The main m in e ra lo g ic a l v a r ia t io n  in  th e  H essle  T i l l  seems to  be 

r e l a t e d  to  th e  e x te n t o f  the  P u rp le  T i l l .  . The H essle  T i l l  o f  Zone A i s  

r e s t r i c t e d  to  sam ples known to  o v e r l ie  P u rp le  T i l l  in  th e  c l i f f - s e c t i o n ,  

and w here th e  P u rp le  T i l l  i s  d e f in i t e l y  a b s e n t, a s  a t  E a s in g to n  and 

Z k ip se a , th e  H essle  T i l l  m ineralogy i s  th a t  o f  Zone C, which i s ,  in  

r e s i s t a n t  m in e ra ls , s im i la r  to  th a t  o f  th e  im m ediate ly  u n d e r ly in g  Drab 

T i l l ,  W herever a low er t i l l  i s  v i s ib l e  in  Zone C i t  i s  alw ays th e  Drab 

( e .g .  N a f fe r to n ,  Long R is to n ) ,  In  th e  H u ll area, b o re h o le s  and tem porary 

e x p o su re s  o f te n  show th e  Drab T i l l  and a  re d d is h  t i l l  l i k e  th e  H essle  

b e n e a th  th e  p o s t - g la c ia l  d e p o s its  (C a tt  and Penny, 1966, p . 40l ) .

The m inera logy  o f  th e  Zone B H essle  T i l l  re sem b les  t h a t  o f  th e  P u rp le  

T i l l  r a th e r  th a n  th a t  o f  th e  Drab; t e x t u r a l l y  a l s o ,  th e  resem blance i s  

w ith  th e  more s i l t y  P u rp le  T i l l .  At H ornsea (TA212472) th e  H essle  of 

Zone B (HT26) r e s t s  on Drab T i l l ,  and a t  Keyingham (HT5 ; TA235255) i t  

o v e r l i e s  th e  K elsey  H i l l  g ra v e ls ,  which in  tu r n  r e s t  on th e  Drab T i l l .  

However, a t  b o th  th e se  l o c a l i t i e s  th e  H essle  d i f f e r s  a p p re c ia b ly  in  

t e x tu r e  and m ineralogy  from th e  Drab T i l l .  At th e  two rem ain in g  Zone B 

l o c a l i t i e s ,  F l in to n  (HT28; TA230362) and F i t l i n g  (HT36; TA2493^9) , th e  

u n d e r ly in g  t i l l  was n o t seen . A cross t h i s  t r a n s i t i o n a l  zone, approx im ate ly  

10 km w ide, m in e ra lo g ic a l and t e x tu r a l  changes a re  r a p id ,  w hereas in

^ones A and C th e  H essle  T i l l  i s  r e l a t i v e l y  u n ifo rm .

The main d if f e r e n c e s  between th e  H essle and u n d e rly in g  t i l l s  a r e : -

(a) C olour The H essle T i l l  i s  n e a rly  always dark  re d d ish  brown o r 

re d d ish  brown (5 YR 3 /4 ; 4 /3 ; 4 /4) when m oist, whereas the  P urp le  T i l l

i s  in v a r ia b ly  dark brown (7 .5  YR 3/ 2) ,  and th e  Drab T i l l  very  dark g rey ish

brown (IO YR 3/ 2 ; 3 /3 ) .  However, some Zone C H essle  T i l l  sam ples a re  dark

brown (7 .3  YR 4/ 2 ; 4/ 4) .
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(b) ^ e x tu re  The H essle T i l l  o f Zones A and B and th e  P urp le  T i l l  

c o n ta in  more s i l t  than  the Drab, bu t the  H essle T i l l  o f Zone C i s  

t e x tu r a l l y  s im ila r  to  the  Drab.

(c ) M ineralogy

( i )  The Purple and Drab T i l l s  bo th  co n ta in  abundant p y r i t e  and 

s i d e r i t e ,  whereas th ese  m inera ls  a re  r a re  o r  absent from th e  overly ing  

H ess le . The Purple T i l l  i s  r ic h e r  in  th e se  m inera ls  th an  th e  Drab.

( i i )  The Drab and Purple T i l l s  co n ta in  more co arse  s i l t  s iz e d  

b i o t i t e  and c h lo r i te  than th e  o v erly in g  H essle o f Zones C and A 

re s p e c t iv e ly ,  bu t th i s  d is t in c t io n  does no t ho ld  fo r  th e  sand 

f r a c t io n .  The Purple  T i l l  and H essle o f Zone A co n ta in  more o f  th ese  

m in e ra ls  than do the Drab T i l l  o r H essle o f  Zone C.

( i i i )  The e p id o te /z irco n  r a t io  ( in  both  coarse  s i l t  and f in e  sand 

f r a c t io n s )  i s  g re a te r  in  the Drab and H essle o f  Zone C than  in  th e  

P u rp le  o r H essle o f Zone A.

( iv )  The am phibole/pyroxene r a t i o  o f the  f in e  sand f r a c t io n  o f  the. 

P u rp le  T i l l  i s  s l ig h t ly  g re a te r  on average than  th a t  o f th e  H essle 

T i l l  o f Zone A, but sm alle r th an  th a t  o f Zone B. T his r a t i o  i s  

s l i g h t ly  sm alle r on average in  the  Drab T i l l  than  in  th e  H essle o f 

Zone C, but both  have g re a te r  am phibole/pyroxene r a t io s  than  the  

P u rn le  T i l l  o r H essle o f Zones A and B,

The P urp le  and Drab T i l l s  a re  thus m in e ra lo g ica lly  and te x tu r a l ly  

d i s t i n c t  from one ano ther, and each i s  r e l a t iv e ly  uniform ; th e  H essle T i l l ;  

however, has much o f the  ch a rac te r  o f th e  u nderly ing  t i l l ,  e i th e r  Purple 

o r  Drab. The H essle i s  the  r e l a t iv e ly  th in  uppermost member o f the  

H olderness g la c ia l  succession , and o x id a tio n  could nave a f fe c te d  i t s  

t o t a l  th ic k n e s s . The d iffe re n c e  in  co lour between i t  and underly ing  

t i l l s ,  and i t s  la ck  o f s id e r i t e  and p y r i te ,  could r e s u l t  from o x id a tiv e  

w ea th e rin g . The sm all d iffe re n c e s  in  amounts o f  s i l t - s i z e d  micaceous
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m in e ra ls  con tained  in  the  H essle and underly ing  t i l l s  could a lso  re s u l t  

from w eathering ,

5 .3  Im p l ic a t io n s  fo r  T i l l  S tra t ig ra p h y

C a t t  and Penny (1966) co n sid e re d  th a t  th e  th re e  t i l l s  were th e  

p ro d u c t o f  one com posite ic e - s h e e t ,  th e  "Drab” ic e  ex ten d in g  a c ro s s  th e  

w hole o f  H o ld ern ess  to  th e  v ic in i t y  o f  th e  b u r ie d  c l i f f ,  and in to  th e  

Humber Gap, th e  o v e rly in g  "P u rp le"  ic e  b e in g  a  d i s c r e t e  u n i t  im pinging 

o n ly  on th e  extrem e s o u th -e a s t  c o a s ta l  a re a  o f  p re s e n t-d a y  H o ld ern ess , 

w h ile  th e  upperm ost "H essle"  ic e  ex tended  above th e  o th e r  two on to  th e  

W olds. F o llo w in g  C a rru th e rs  ( 1953) ,  th ey  th o u g h t th a t  a t h r e e - t i e r e d  

ic e - s h e e t  a ro se  by s u p e rp o s itio n  o f  la rg e  v a l le y  g la c ie r s  from perhaps th e  

T\m e, T ees and C heviot a re a s ,  which were d iv e r te d  southw ards a lo n g  th e  

c o a s t  by p re s s u re  from a lobe o f  S cand in av ian  ic e  in  th e  N orth Sea (se e  

a l s o  V a le n t in ,  1937, H arte  IO ), The upper l a y e r s  were th u s  p ro b ab ly  

c a r r i e d  p a s s iv e ly  on th e  b a s a l  "Drab" ic e .  U n less  e x te n s iv e  m ixing occu rred  

a f t e r  su p e r im p o s itio n , th e  th r e e  r e s u l t a n t  t i l l s  would r e t a i n  d i s t i n c t  

l i t h o l o g i e s  de term ined  by t h e i r  sou rce  a re a s ,  though v a r ia t io n  could  a r i s e  

in  th e  lo w e s t t i l l  by in c o rp o ra tio n  o f  m a te r ia l  from b en ea th  th e  g la c ie r  

( e . g .  th e  Basement T i l l ) .  The Drab and P u rp le  T i l l s  a re  d i s t i n c t  

l i t h o l o g i c a l l y ,  bu t th e  H essle  te n d s  to  resem ble th e  t i l l  b en ea th , w hether 

t h a t  i s  th e  P u rp le  o r th e  Drab. Where th e  H e s s le . i s  a p p a re n tly  th e  on ly  

t i l l  p r e s e n t ,  a s  on th e  Wolds, i t  resem bles th e  D rab.

I f  th e  Drab and P u rp le  T i l l s  had been d e p o s ite d  by s e p a ra te  ic e  

ad v an ces , m ixing would be expected  in  th e  low er p a r t  o f  th e  P u rp le  by 

in c o rp o r a t io n  o f  Drab T i l l  p icked  up by th e  "P u rp le"  i c e - s h e e t ;  th e  low er 

t i l l  would be u n a f fe c te d  excep t perhaps by c o n to r t io n .  D etached le n s e s  o f  

th e  Drab a re  p re s e n t w ith in  th e  low est la y e r s  o f  th e  P u rp le  f i l l  in  a few
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p la c e s ,  and c o n to r t io n s  occu r in  th e  Drab T i l l ,  b u t th e  l a t t e r  appear 

to  be p rim ary  s t r u c t u r e s ,  m ain ly  w e ll  below th e  to p  o f  th e  t i l l ;  th e re  

i s  l i t t l e  ev id en ce  o f  c o n to r t io n  o f  th e  u pper l a y e r s  o f  th e  Drab. There 

i s  no w e a th e rin g  o f  th e  u p p er s u r f a c e  o f  th e  Drab T i l l .  The ev idence i s  

th u s  somewhat e q u iv o c a l, and th e  q u e s tio n  o f  d e p o s it io n  o f  th e  P u rp le  

and Drab T i l l s  from a  m u l t ip le  i c e - s h e e t  o r  by s e p a ra te  advances must 

be l e f t  open a t  p r e s e n t .  I t  i s ,  how ever, w orth  n o t in g  th a t  a l l  th re e  

o b s e rv a t io n s  ( c o n to r t io n  o f  th e  u n d e r ly in g  t i l l ,  d e tach ed  le n s e s  o f  

th e  low er in  th e  u p p er t i l l ,  and w e a th e r in g  o f  th e  u p p e r s u r fa c e  o f  th e  

lo w er t i l l )  have been made w ith  re g a rd  to  th e  ju n c t io n  o f  th e  Drab T i l l  

w ith  th e  Basem ent T i l l  (LampLugh, p . 537» C a tt  and Penny, 1966),

w hich were d e f i n i t e l y  s e p a ra te d  by a lo n g  i c e - f r e e  i n t e r v a l .

The ju n c t io n  o f  th e  H essle  T i l l  w ith  th e  u n d e r ly in g  t i l l ,  w hether 

t h a t  i s  th e  P u rp le  o r  D rab, a f f o r d s  l i t t l e  ev id en ce  fo r  an i c e - f r e e  

i n t e r v a l .  The K elsey  H i l l  G ra v e ls  o ccu r a t  t h i s  l e v e l ,  b u t d e s p i te  t h e i r  

Eemian fau n a  (B aden-Pow ell, 1933; Penny, 1963) C a t t  and Penny (1966) 

c o n s id e re d  th a t  th e y  have an e s s e n t i a l l y  g l a c i a l  o r ig i n .  Where th e  

H essle  T i l l  o v e r l i e s  Drab T i l l  th e  e x a c t ju n c t io n  i s  o f te n  d i f f i c u l t  to  

p in p o in t  b ecause  th e  c o lo u r  change i s  g ra d u a l .  At s e v e r a l  p la c e s  (B kipsea, 

H asing ton  and South  F e r r ib y ) , where t h i s  ju n c t io n  was exam ined, no 

t e x t u r a l  d i f f e r e n c e  cou ld  be d is c e rn e d  betw een th e  two t i l l s ,  and th e  

r e d d is h  c o lo u r  o c c a s io n a l ly  ex ten d ed  v e r t i c a l l y  downwards a lo n g  more o r 

l e s s  open f i s s u r e s  in  th e  u n d e r ly in g  g rey  t i l l ,  g iv in g  r i s e  to  r e d d is h -  

brown p a r t in g s  w ith in  i t .  C o lour a lo n e  seems an u n r e l i a b le  gu ide  to  t h i s  

p a r t i c u l a r  boundary . However, in  th e  s e c t io n s  m entioned  no o th e r  

d i s c o n t in u i ty  cou ld  be found in  th e  exposed t i l l .  C a tt and Penny (19C6, 

p . 392-3) n o te d  th a t  a t  H asing ton  th e  crude v e r t i c a l  jo in t in g  and b lu e -  

g rey  a l t e r a t i o n  a lo n g  th e  s t r u c t u r a l  f a c e s  (p re v io u s ly  reg a rd ed  as ty p ic a l  

o f  th e  H e ss le , b u t now u n d e rs to o d  as th e  r e s u l t  o f  n e a r - s u r f a c e  w ea thering
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p ro c e s s e s  such  a s  d e s ic c a t io n ,  d é c a lc i f i c a t io n  and o x id a tio n /re d u c tio n )  

c o n tin u e  down in to  th e  D rab, th e  P u rp le  h e re  b e in g  a b s e n t, and th a t  a t  

T u n s ta l l  th e y  ex ten d  in to  th e  P u rp le ,

The ju n c t io n  o f  th e  H essle  w ith  th e  P u rp le  T i l l  on th e  co as t i s  

o f te n  marked by beds o f  sand o r  g r a v e l ,  th e  H essle  G rav e ls  o f  Wood and 

Rome (1 8 6 8 ). However, C a tt  and Penny (1966) c o n s id e r  t h a t  th e  la c k  o f 

in d ig e n o u s  f o s s i l s  in  th e s e  g r a v e ls ,  and la c k  o f  c o n to r t io n  and w eathering  

o f  th e  u n d e r ly in g  P u rp le ,  to g e th e r  w ith  th e  m acro- and m ic ro - fa b r ic  

ev id en ce  f o r  th e  same d i r e c t io n  o f  ice-m ovem ent f o r  a l l  th r e e  t i l l s ,  

i n d i c a te  t h a t  th e s e  g ra v e ls  a re  p ro b ab ly  e n g l a c i a l , and do n o t re p re s e n t 

a  r e t r e a t  betw een d e p o s it io n  o f  th e  P u rp le  and H ess le  T i l l s .  These 

g r a v e ls  co u ld  have em phasised th e  d i f f e r e n c e s  betw een th e  two t i l l s ,  a s  

th e y  would h e lp  d ra in  th e  o v e r ly in g  m a te r ia l ,  w hich would th u s  show more 

s t r o n g ly  th e  r e s u l t s  o f  d e s ic c a t io n ,  d é c a l c i f i c a t i o n  and o x id a tio n .

The ev id en ce  p re se n te d  above le a d s  to  th e  c o n c lu s io n  t h a t  th e  H essle  

T i l l  a s  c u r r e n t ly  d e f in e d , i s  in  r e a l i t y  a  com posite  u n i t .  I t  seems th a t  

th e  r e d d is h  t i l l  o f  Zone C i s  th e  w eathe red  u p p e r p a r t  o r  f e a th e r  edge o f 

th e  Drab T i l l ,  The re d  t i l l  o f  Zone B i s  p ro b a b ly  th e  w eathered  rem ains 

o f  th e  th in  w estw ard and northw ard  e x te n s io n  o f  th e  P u rp le  T i l l .  In  th e  

rem a in in g  narrow  c o a s ta l  s t r i p  (Zone A) th e  H essle  cou ld  be a  w eathered  

u p p er l a y e r  o f  th e  P u rp le  T i l l ,  o r  th e  w eathered  rem ains o f  a  s e p a ra te  

t h i r d  t i l l .  I t s  m in e ra lo g ic a l com position  d i f f e r s  s l i g h t l y  from th a t  o f  , 

th e  P u rp le  and o f  th e  H essle  o f  Zone B  ̂ bu t th e  change i s  p ro b ab ly  

g r a d a t io n a l  and may sim ply  r e p re s e n t  s l i g h t  v e r t i c a l  v a r ia t io n  in  

m in e ra lo g y  o f  th e  P u rp le  T i l l ,  which i s  a t  i t s  th i c k e s t  in  t h i s  a re a .

To t e s t  t h i s  a d e q u a te ly  a f u l l  v e r t i c a l  sequence o f  sam ples th roughou t th e  

P u rp le  T i l l  o f  th e  c l i f f  s e c t io n s  i s  r e q u ire d .  As y e t i t  h as  n o t been 

p o s s ib le  to  o b ta in  t h i s ,  because  th e  c e n t r a l  p o r t io n s  o f  th e  c l i f f s  a re  

u s u a l ly  e i t h e r  b ad ly  slum ped, o r  have in a c c e s s ib le  v e r t i c a l  f a c e s .
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However, i t  h as  been p o s s ib le  to  o b ta in  a  s e r i e s  o f  sam ples th rough  th e

H e ss le  T i l l  down in to  f r e s h  P u rp le  T i l l ,  and a ls o  a c ro s s  th e  D rab /P u rp le

T i l l  boundary  where t h i s  o ccu rs  n e a r  th e  b ase  o f  th e  c l i f f s .  A nalyses o f  
r  f i g u r e s  65 «G6

th e  fo rm er (T ab le  j )  show t h a t  th e  P u rp le  T i l l  im m ediately  below th e  

supposed  H e s s le /P u rp le  boundary i s  in d eed  i d e n t i c a l  m in e ra lo g ic a lly  '

(e x c e p t f o r  th e  r e a d i ly  w ea th e rab le  m in e ra ls ,  p y r i t e  and s i d e r i t e )  w ith  

th e  o v e r ly in g  "H e ss le” T i l l ” A nalyses o f  sam ples a c ro s s  t h ^  D rab /P u rp le  

T i l l  boundary (T ab le  l^K ) in d ic a te  t h a t  th e  m in e ra lo g ic a l b reak  i s  n o t 

alw ays a s  sh a rp  as  th e  c o lo u r  change by w hich th e  t i l l s  a re  id e n t i f i e d  in  

th e  f i e l d .  N e v e r th e le s s , th e  m in e ra lo g ic a l  b re a k  i s  r e a l .  The range o f  

co m p o sitio n  o f  th e  P u rp le  T i l l  sam ples a n a ly se d  sp an s th e  gap between th e  

Drab T i l l  and th e  H essle  o f  Zone A (F ig . ^3  )  ̂ g iv in g  f u r th e r  ev idence 

f o r  a m in e ra lo g ic a l  g ra d a tio n  w ith in  th e  P u rp le  T i l l .  The b a la n c e  o f  ev idence , i s  

th e r e f o r e  in  fav o u r o f  th e  "H essle  T i l l "  o f  th e  so u th e rn  c o a s ta l  s e c t io n s  

b e in g  a  w eathered  v e rs io n  o f  th e  u p p er p a r t  o f  th e  P u rp le  T i l l .

C a tt  and Penny (1966, p . 392) a ls o  c o n s id e re d  th e  H essle  T i l l  o f  th e  

c l i f f  s e c t io n s  to  be a d i s t i n c t  e n t i t y  in  th e  t i l l  sequence on th e  grounds o f  

a d i s t i n c t  e r r a t i c  s u i t e .  Because o f  th e  c h a r a c t e r i s t i c  5 4/4  c o lo u r

o f  t h i s  t i l l ,  which i s  e v id e n t in . s u r fa c e  ex p o su res  a l l  ov er H o lderness 

and on th e  Wolds, th e y  accep ted  Wood and Rome’ s  id e a  o f  th e  H essle  T i l l  

ly in g  " l i k e  a c lo th "  over th e  whole a re a -  B i s a t -(1932 and l a t e r  pap ers) 

c o n s id e re d  th a t  th e  Wolds t i l l  was o ld e r  th a n  th e  topm ost c o a s ta l  t i l l ,  

and eq u a ted  i t  t e n t a t i v e ly  ( 1940) w ith  h i s  M iddle Drab d iv i s io n ,  on th e  

g rounds o f  th e  p resen ce  o f  rhom bporphyry in  th e  "Wolds H essle"  b u t n o t in  

th e  " c o a s ta l  H e s s le " . C a tt and Penny found t h i s  ty p e  o f  e r r a t i c  in  th e  

c o a s ta l  H ess le  a s  w e l l ,  and th e re fo re  d isc o u n te d  B i s a t ’ s  su g g e s tio n .

However, th e  m in e ra lo g ic a l and t e x t u r a l  ev idence  le a d s  to  a  co n c lu sio n  

s im i la r  to  B i s a t ’ s ,  t h a t  th e  "Wolds H essle  T i l l "  (and th e r e f o r e  th a t  o f  th e
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t y p e - s i t e ,  a t  H essle ) i s  Drab T i l l  o x id ise d  th ro u g h o u t i t s  th ic k n e s s .

l i g .  65  i l l u s t r a t e s  th e  new i n t e r p r e t a t i o n  o f  th e  D evensian 

s t r a t ig r a p h y  o f  H o ld e rn ess . The P u rp le  T i l l  ex ten d s  a lm ost as  f a r  west 

a s  th e  S p ro a tle y -H ig g le s th o rn e  r id g e ,  b u t s in c e  sam ples HT29 and HT35, 

c o l le c t e d  from th e  e a s te rn  s lo p e s  o f  t h i s  r id g e ,  a re  o f  D rab -type  

m in e ra lo g y , i t  i s  u n l ik e ly  th a t  th e  r id g e  i t s e l f  i s  capped by P u rp le  

T i l l .  The Keyingham sam ple, HT5, p ro b ab ly  r e p r é s e n te s  th e  f e a th e r  edge 

o f  th e  P u rp le  T i l l  sh e e t in  th e  s o u th . The c o a s ta l  r id g e  n e a r  D im lington 

and T u n s ta l l  p ro b ab ly  r e s u l t s  from th ic k e n in g  o f  th e  P u rp le  T i l l ,

These c o n c lu s io n s  in d ic a te  t h a t  th e  name "H e ss le  T i l l "  i s  m is lead in g  

s t r a t i g r a p h i c a l l y .  At th e  " ty p e - lo c a l i ty "  (TA013260) th e  t i l l  i s  o x id ise d  

and d e c a lc i f i e d  th ro u g h o u t. The name sh o u ld  n o t be r e ta in e d  f o r  th e  re d  

t i l l  o f  th e  Y o rk sh ire  Wolds, which i s  reg a rd ed  a s  w ea th e red  Drab T i l l ,  and 

th e  upperm ost t i l l  o f  th e  c o a s ta l  sequence (H essle  o f  Zone A) i s  regarded  

a s  w eathered  P u rp le  T i l l .

5 .3 .1  C o r r e la t io n s  o f th e  R evised  H o ld ern ess  Sequence w ith  L in c o ln s h ire  

and N o rfo lk

S traw  (1969I)) su b d iv id ed  th e  Marsh T i l l s  o f  L in c o ln s h ire  in to  Upper 

and Lower u n i t s  on th e  b a s is  o f  p o s i t io n  e a s t  o r  w est o f  a  " re -ad v an ce  

l i m i t "  o f  th e  l a s t  g la c ia t io n  re c o g n ise d  g e o m o rp h o lo g ica lly . In  th e  p re s e n t 

study  no d if f e r e n c e s  cou ld  be d e te c te d  betw een th e  two d iv i s io n s ,  bo th  

b e in g  s im i la r  to  th e  "H essle  T i l l "  o f  Zone C in  Y o rk sh ire . H ince t h i s  

i s  w eathe red  Drab T i l l ,  i t  seems re a s o n a b le  to  su g g e s t t h a t  th e  Marsh 

T i l l s  a r e  a ls o  Drab o r  w eathered  D rab, e s p e c i a l l y  a s  Drab T i l l  o v e r la in  

by  a re d d is h  t i l l  re sem b lin g  th e  Marsh T i l l s ,  y e t  m in e ra lo g ic a lly  id e n t i c a l  

to  th e  D rab, i s  exposed a t  Sou th  F e r r ib y .  . No t i l l  re sem b lin g  th e  P u rp le  

o r  "H ess le "  o f  Zones A and B was found in  L in c o ln s h ir e .  The H unstanton 

T i l l  o f  N orth  N o rfo lk  i s  th e  sou thernm ost r e p r e s e n ta t iv e  o f  th e  "H essle
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Zone C" m in era lo g y , and i s  p ro b ab ly  th e  o x id iz e d  sou thernm ost e x te n s io n  

o f  th e  Drab T i l l ,  Thus, th e  s t r a t i g r a p h ie  r e l a t io n s h ip  o f  th e  D evensian 

t i l l s  o f  e a s te r n  England i s  one o f  o f f l a p ,  n o t o f  o v e r la p  as  s t a t e d  by 

C a t t  and Penny (1966 ).

3 .3 .2  The Age and E x ten t of th e  Basem ent T i l l

The d a rk  g re y ish  brown t i l l  a t  W elton-le-W old  (MT6 and MT7) 

p e t ro g r a p h ic a l ly  resem b les th e  Basement T i l l  o f  H o ld ern ess  r a th e r  th a n  

th e  D rab, and i s  m in e ra lo g ic a lly  s im i la r  to  N orth  S ea D r i f t  t i l l s  o f  

n o r th - e a s t  N o rfo lk , though n o t so sandy . T h is  su g g e s ts  t h a t  th e  Basement 

T i l l  sh o u ld  p erhaps be c o r r e la te d  w ith  th e  N orth  Sea D r i f t ,  a  c o n c lu s io n  

t h a t  would be su p p o rted  a lso  by th e  common o ccu rren c e  o f  S can d in av ian  

b o u ld e rs  in  b o th  d e p o s its  and th e  f a c t  t h a t  b o th  th e  N orth  Sea D r i f t  and 

th e  t i l l  a t  W elton-le-V /old a re  o v e r la in  by cha lk y  t i l l s .

However, th e  S cand inav ian  e r r a t i c s  may im ply n o th in g  more than  th e
at /east

e x is te n c e  o f  S can d in av ian  ic e  in  e a s te r n  England d u rin g  more th a n  one 

g l a c i a t i o n ,  and th e  r e la t io n s h ip  o f  th e  t i l l s  to  known i n t e r g l a c i a l  

d e p o s i t s  in d ic a te s  t h a t  c o r r e la t io n  o f  th e  N orth  Sea D r i f t  and Basement 

T i l l  i s  u n l ik e ly  to  be c o r r e c t .  The Basement T i l l  u n d e r l ie s  th e  

Ip s w ic h ia n  beach a t  Sewerby and c o n ta in s  e r r a t ic s -  o f  B r id l in g to n  Crag, 

w hich was p ro b ab ly  a Hoxnian m arine d e p o s it  a s  i t  c o n ta in s , ' a cco rd in g  to  

C a t t  and Penny (I9Ô6, p . 402) ,  a g l a c i a l  heavy m in e ra l assem blage and a 

r e l a t i v e l y  sm a ll p ro p o r tio n  o f e x t in c t  m o llu sc s . T h is  would im ply th a t  

th e  Basem ent T i l l  i s  W olston ian . R eid  and Downie ( 1973) found th a t  th e  

d in o f l a g e l l a t e  assem b lage ' o f  th e  B r id l in g to n  Crag resem bles t h a t  o f  th e  

P a s to n ia n  in  th e  Ludham b o reh o le  (w a ll and D ale , I9 8 8 ) , so th e  

p a la e o n to lo g ic a l  ev idence o f th e  age o f  th e  Basement T i l l  i s  somewhat 

c o n f l i c t in g *  However, a  W olstonian  age i s  in d ic a te d  fo r  th e  t i l l  

re se m b lin g  Basement a t  H elton—l e —Wold, as th e  g ra v e ls  b en ea th  i t  have
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y ie ld e d  Hoxnian mammals and A cheulian  im plem ents (S traw , p e rso n a l 

com m unication and in  p r e s s ) .

In  c o n t r a s t ,  th e  N orth Sea D r i f t  i s  u n d e r la in  by Crom erian d e p o s its  

(West and W ilson , I9 6 6 ), and a lth o u g h  Hoxnian d e p o s i t s  have n o t y e t been 

r e p o r te d  ov er th e s e  t i l l s ,  an A nglian  age i s  in d ic a te d  by th e  su p e rp o s itio n  

a t  C o rton  o f  th e  L ow esto ft T i l l ,  which i s  in  tu r n  o v e r la in  by Hoxnian 

d e p o s i t s  a t  many l o c a l i t i e s  ( e .g .  Hoxne i t s e l f ) .  The N orth  Sea D r i f t  

th e r e f o r e  seems to  be a  g la c ia t io n  o ld e r  th a n  th e  t i l l  a t  W elton-le-W old, 

and p ro b a b ly  a ls o  th e  Basement T i l l  o f  H o ld e rn e ss .

At K irra ing ton  in  n o r th  L in c o ln s h ire  th e  i n t e r g l a c i a l  d e p o s i t s ,  which 

a re  re g a rd e d  as  Hoxnian by W atts ( 1939) and B oylan (1 9 6 6 ), u n d e r l ie  

w ea th e red  Drab ( th e  low er Marsh T i l l  acc o rd in g  to  S traw , 19^9 A and r e s t  

on 1 -  2 m o f  " tough  compact le a d -c o lo u re d  c la y ,  w ith  a  few sm all fo re ig n  

p e b b le s"  d e s c r ib e d  a s  resem bling  " in  c o lo u r  th e  basem ent c la y  o f  

H o ld e rn ess"  ( S ta th e r ,  1903c). As t h i s  d e p o s it  must be A ng lian , i t  

c o m p lic a te s  s t i l l  f u r th e r  th e  argum ent co n ce rn in g  th e  age o f  th e  Basem ent, 

and th e r e  i s  c l e a r ly  a  need fo r  r e in v e s t ig a t io n  o f  th e  low er p a r t  o f  th e  

K irm ing ton  su c c e s s io n .
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CmFTBR 6 DISCUSSION OF RESULTS: SOIL GENESIS STUDY

6.1 In tro d u c tio n

C hap ters  1 and 3 gave th e  reaso n s  f o r  s tu d y in g  s o i l s  developed on 

th e  D evensian t i l l s  o f e a s te rn  England, and th e  in v e s t ig a t io n s  re p o rte d  i n  

C hapter 5 in d ic a te  th a t  th e se  t i l l s  a re  p e tro g ra p h ic a l ly  f a i r l y  uniform , 

a lthough  sm all te x tu r a l  and m in e ra lo g ic a l d if f e r e n c e s  occur between the 

t i l l s  re c o g n ise d  in  th e  D evensian su ccess io n  o f so u th -e a s te rn  H oldem ess.

H ost o f the  t i l l  sam ples an a ly sed  a re  in  the  c la y  loam te x tu r a l  c la s s ;

very  few c o n ta in  more th an  40 ^  o r  l e s s  th an  25 ^  c la y , and the  average c la y

co n ten t o f 58 c a lc a re o u s  sam ples was 30«7 As c la y  i s  p e d o lo g ic a lly  the  

most im p o rtan t s iz e  f r a c t io n  o f s o i l s ,  b e in g  r e l a t i v e ly  m obile and 

su sc e p tib le  to  a l t e r a t i o n ,  th e  Tuns t a l l  p r o f i l e ,  which c o n ta in s  30«4 ^  c la y

in  h o rizo n  6 ( th e  presumed p a re n t m a te r ia l ) ,  can be reg ard ed  as a

re p re s e n ta t iv e  p r o f i l e ,  a t  l e a s t  in  th e  te x tu r a l  sen se , f o r  s o i l  development 

on th e  D evensian t i l l s  o f e a s te rn  England.

l i in e r a lo g ic a l ly ,  however, the  Tuns t a l l  p r o f i l e  i s  s t r i c t l y  r e p re s e n ta t iv e  

o n ly  o f  s o i l s  on the P u rp le  T i l l  o f so u th -e a s te rn  H olderness, which c o n ta in s  

more c h l o r i t e ,  cham osite , b i o t i t e ,  a p a t i te  and a u g ite  in  f in e  sand and 

coarse  s i l t  f r a c t io n s  th an  does th e  D evensian p a re n t m a te r ia l  of s o i l s  in  

o th e r  p a r t s  o f e a s te rn  Y o rk sh ire , e a s t  L in c o ln sh ire  and n o rth  E o rfo lk  (the  

Drab T i l l ) .  M so , th e  c la y  f r a c t io n  of hT l / 6 ,  p a re n t m a te r ia l  o f the 

Tuns t a l l  p r o f i l e ,  c o n ta in s  more mica than  most o th e r  c la y  f r a c t io n s  an a ly sed . 

However, th e se  d if fe re n c e s  a re  an advantage in  a w eathering  s tu d y , because th e  

m inera ls  t h a t  a re  more abundant in  the  T u n s ta ll  than  in  o th e r  p r o f i l e s  are  

those  which would be expec ted  to  w eather more r e a d i ly ,  so t h a t  w eathering  

changes shou ld  be more e a s i ly  d e te c te d .
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The fo llo w in g  d is c u s s io n  concerns m ainly the r e s u l t s  fo r  the T u n s ta ll  

p r o f i l e ,  and a l l  d e t a i l s  r e f e r  to  t h i s  u n le s s  o therv /ise  s ta te d .  The p r o f i l e  

developed in  the H unstanton (= Drab) T i l l  a t  Hollcham, N orfo lk , i s  d iscu ssed  

where a p p ro p r ia te ,  to  enab le  com parisons to  be drawn w ith  the w idespread 

s o i l s  developed on th e  l e s s  m icaceous Drab T i l l .  ■

6 .2  F ie ld  C h a r a c te r i s t ic s

S o i l  c h a r a c t e r i s t i c s  r e a d i ly  o b serv ab le  in  th e  f i e l d  in c lu d e  s t r u c tu r e ,  

c o lo u r and g le y in g  phenomena, and dep th  o f d é c a lc i f ic a t io n .  D e ta ils  o f 

th e se  a re  g iv en  in  th e  f u l l  p r o f i l e  d e s c r ip t io n s  (T ab les ^1), and the  main 

f e a tu r e s  o f  th e  T u n s ta l l  p r o f i l e  are  shown in  P ig . •

6 .2 .1  S tru c tu re

A c o a rse  p r is m a tic  s t r u c tu r e  i s  ty p ic a l  o f  the upper 1-3 o f p r o f i l e s  

on th e  D evensian t i l l s  th roughout e a s te rn  England, and has been reg ard ed  

by some a u th o rs  ( e .g .  Suggate and W est, 1959) as c h a r a c te r i s t i c  o f  th e  

"H essle” T i l l . In  th e  T u n s ta ll  p r o f i l e  th e  p r is m a tic  s t ru c tu re  i s  b e s t  

developed in  h o rizo n s  2 and 3 (20-71 cm), which a re  d e c a lc if ie d ;  the  

re d u c tio n  i n  volume on d é c a lc i f ic a t io n  may account p a r t l y  f o r  t h i s .

However, when a la rg e  p i t ,  2 m deep, was dug fo r  dem onstration  purposes 

in  th e  c l i f f  top  a t  D im lington , the  p r is m a tic  s t ru c tu re  below 20 cm was 

much l e s s  e v id en t in  the  m oist s t a t e  th a n  a f t e r  the  s o i l  had d r ie d  o u t f o r  

2-3 days; as h o rizo n s  2 and 3 a re  u s u a l ly  d r ie r  th an  deeper la y e r s ,  t h e i r  

w e ll developed s t r u c tu r e  may th u s  r e f l e c t  on ly  r e l a t i v e  m oistu re  c o n te n ts .

Robinson (l949) suggested  th a t  p r is m a tic  s t r u c tu r e s  r e s u l t  from 

sh rinkage  consequent upon d ry ing  o f  o r ig in a l ly  d isp e rse d  c la y s , and th a t  

the  s t r u c tu r a l  u n i t s  (peds) p e r s i s t  th rough  re c u r re n t  c y c le s  o f w e ttin g  

and d ry in g . I f  t h i s  i s  so , th e  p r is m a tic  s t ru c tu re  o f th e se  p r o f i l e s  was
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p ro b ab ly  th e  f i r s t  p e d o lo g ic a l fe a tu re  to  develope a f t e r  d e p o s itio n  o f the  

t i l l s  and r e t r e a t  o f the  i c e .

6 .2 .2  S o il  Colour

The dark  re d d ish  brown c o lo u rs  (5YR 3 /4 ) shown by th e  lov/er h o rizo n s 

o f  th e  T u n s ta ll  p r o f i l e  a re  p robab ly  in h e r i te d  from the  p a re n t m a te r ia l .

In  C hap ter 3 i t  was concluded th a t  th e  "H essle" T i l l  o f  so u th -e a s t H oldem ess 

w as, in  i t s  o r ig in a l  u n o x id ised  s t a t e ,  s im ila r  to  the  u n d erly in g  P u rp le  T i l l ,  

which h as a  dark  brown c o lo u r  (7«5YR 3 /2 ) when m o is t, p ro b ab ly  due to  

in c o rp o ra t io n  o f much T r ia s s ic  m a te r ia l  (C a tt and Penny, i 966). S im ila r  

re a so n s  have been g iv en  f o r  the re d d is h  brown co lo u rs  o f t i l l  s o i l s  in  th e  

Vale o f  York (Crompton and M atthews, 1969; and th e  West M idlands (^lackney 

and Burnham, 1964), though d e ta i l s  o f th ese  p r o f i l e s  were g iven  on ly  to  

1 -  1 o3 na d ep th , which by com parison w ith  th e  H oldem ess p r o f i l e s ,  i s  

p ro b ab ly  w/ell w ith in  th e  zone of o x id a tio n  and co lo u r change.

At T u n s ta ll  the  change from th e  dark  brown co lo u r o f th e  P urp le  T i l l  

to  th e  dark  re d d ish  brown o f the  "H essle" p ro b ab ly  r e s u l t s  from  o x id a tio n , 

i n  p a r t i c u l a r  o f p y r i t e s  and s i d e r i t e  in  the  s i l t  and sand f r a c t io n s .

In  o th e r  p a r t s  o f H o ld ern ess , the  o x id a tio n  o f the  Drab T i l l  g iv es  a more 

d i s t i n c t  co lo u r change from  very  dark  g re y ish  brown (i GYR 3 /2) to  re d d ish  

brovn (5YR 4 /4 ) o r  l e s s  f r e q u e n tly  to  brown (7.3YR 4 /4 ) .  From the  evidence 

p re s e n te d  in  C hapter 5 , i t  i s  though t th a t  th e  re d d ish  brown co lo u r of the  

Marsh T i l l s  in  L in c o ln sh ire  and the H unstanton T i l l  in  N orfolk  a lso  r e s u l t s  

from o x id a tio n  o f a t i l l  t h a t  was o r ig in a l ly  v e ry  dark  g re y ish  brown 

(lOYR 3/ 2) ,  though t i l l  o f t h i s  co lo u r was seen a t  depth  only  a t  South 

F e rr ib y  and South E lk in g to n .

The change of hue ap p aren t in  the two uppermost h o rizo n s o f the T u n s ta ll  

p r o f i l e  (HT 1/1 and l / 2 )  may r e s u l t  fiom  tlie p a r t i a l  le ac h in g  o f f r e e  i ro n  

ox id es  (see  Table-f3), though humus p ro b ab ly  c o n tr ib u te s  to  the  dark  co lo u r
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o f  th e  su i'face  h o riz o n . Horizon 2 h as  d i s t i n c t  m o ttle s , m ainly s tro n g  brown 

( 7 .5YR 5 /8 ) in  c o lo u r; seg reg a tio n s  o f iro n  oxide a re  p robab ly  re sp o n s ib le  

f o r  th e s e , as i ro n  oxide cemented c o n c re tio n s  occur in  the coarse  sand and 

s tone  f r a c t io n s  of t h i s  h o rizo n  (Table 31 ) .  L lo ttle s  v /ith  low chromas, 

which a re  reg a rd ed  as  in d ic a t iv e  o f g l  ey in g , do n o t occur u n t i l  h o rizo n  3, 

where f a i n t  f in e  o l iv e  g rey  (5Y 5 /2 ) m o ttle s  a re  common w ith in  ped s, and dark  

g rey  (5Y k /^ )  and n e u tr a l  g rey  (N A/i ) p a tc h e s  occur on some ped f a c e s .

These p a le  m o ttle s  p e r s i s t  through h o riz o n  4 , and a re  p re s e n t  to  a l e s s e r  

e x te n t  in  h o rizo n  5 , b u t  a re  ab sen t below .

Grey (5GY 5 / l )  pad fa c e s  become prom inent in  h o rizo n  4 , and p e r s i s t  

th rough  h o rizo n  5 , b u t  below t h i s  a re  r e s t r i c t e d  to  a  few f i s s u r e s ,  some of 

which ex ten d  however to  5 ni d ep th . These grey  f i s s u r e s  were once reg ard ed  

a s  c h a r a c t e r i s t i c  of th e  "H essle" T i l l ,  b u t  as C a tt and Penny (^^66) p o in te d  

o u t th ey  a re  a p e d o lo g ic a l fe a tu re  a f f e c t in g  w hichever t i l l  happens to  occur 

a t  th e  s u r fa c e . C lose in v e s t ig a t io n  shows they  are  com posite f e a tu r e s ,  

in v o lv in g  b o th  th in  p a le  co lou red  d e p o s its  l in in g  th e  w a lls  o f the  f i s s u r e s  

and d is c o lo ra t io n  o f th e  im m ediately  a d ja c e n t t i l l .  A sample of the' m a te r ia l 

l in in g  a f i s s u r e  (HT ^/Q) was an a ly sed  and compared w ith  a  sample o f 

u n a ffe c te d  t i l l  (HT l / 9 )  from the  i n t e r i o r  o f  an a d ja c e n t ped; bo th  were from 

a d ep th  o f  1 .5  m ( i . e .  w ith in  h o rizo n  5)* The carbonate  c o n ten t o f the  g rey  

f i s s u r e  l in in g  was s ig n i f ic a n t ly  g re a te r  th an  th a t  of th e  u n a ffe c ted  t i l l  

(Table 2 3 ) ,  and the  d i th io n i t e  ex tra .cta .b le  iro n  c o n sid e rab ly  sm aller (T ab le4 -3 ), 

b u t th e  o n ly  d if fe re n c e  in  p a r t i c l e  s iz e  d i s t r ib u t io n  wns a s l ig h t ly  l a r g e r  

p e rcen tag e  o f f in e  c la y  in  th e  g rey  m a te r ia l  l in in g  the  f i s s u r e .  The on ly  

d if fe re n c e  shown by X -ray d i f f r a c t io n  o f th e  coarse  and f in e  c la y  f r a c t io n s  

from each sample was a  s l i g h t l y  la rg e i ' p ro p o r tio n  o f expanding m inera ls  in  

the  co arse  c la y  o f the g rey  fissu r-e  l i n in g  compared w ith  th e  coarse  c la y  o f  

the  u n a ffe c te d  t i l l ,  and a s im ila r ly  sm all decrease  in  the  amount of m ica.

These o b se rv a tio n s  su p p o rt the  com posite o r ig in  suggested  f o r  the grey
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s t r u c tu r a l  f a c e s .  The p a le  c o lo u r  o f th e  t i l l  im m ediately a d jac e n t to  the 

ped  fa c e s  r e s u l t s  ficm  re d u c tio n  o f f e r r i c  i ro n  compounds to  mobile fe r ro u s  

fo rm s, much o f which a re  le ach ed  ou t in  w ater p a ss in g  down th e  f i s s u r e s .

The p a le  c o lo u r  i s  enhanced by secondary ca rb o n a te , presum ably re d e p o site d  

a f t e r  b e in g  le ac h e d  from h ig h e r  s o i l  h o riz o n s . However, th e re  i s  l i t t l e  

evidence f o r  re d e p o s it io n  o f t r a n s lo c a te d  c la y  in  the  f i s s u r e s ,  a t  l e a s t  

a t  1 «5 ^  d ep th .

The Hblkham p r o f i l e  (HT 2) i s  b e t t e r  d ra in e d  than the T u n s ta ll  p r o f i l e ,  

o v e rly in g  g ra v e l a t  approx im ate ly  1 .5  m, and consequently  has  l e s s  w e ll 

developed g le y  f e a tu r e s .  P r o f i l e s  over Chalk on the Y orkshire and L in co ln sh ire  

V/olds are  a lso  b e t t e r  d ra in e d .

6 .2 .3  C arbonate co n ten t

The T u n s ta ll  p r o f i l e  i s  carb o n ate  f r e e  to  a  depth o f 7l cm (T able2.3), 

excep t th a t  a l i t t l e  c h a lk , m ostly  o f g ra v e l s iz e ,  occurs  in  th e  top  20 cm; 

t h i s  p io b ab ly  r e s u l t s  from p a s t  a g r ic u l tu r a l  tre a tm e n t, and the  to p s o il  

would alm ost c e r ta in ly  have been  carbonate  f r e e  in  the n a tu ra l  s t a t e .

Below 7l cm ch a lk  and hard  lim esto n e  p a r t i c l e s ,  up to  sev e ra l cm a c ro ss , 

a re  f r e q u e n t ,  and the  t i l l  c o n ta in s  3-9 carbonate  by w eig h t, t h i s  be ing  

d i s t r ib u te d  betw een a l l  s iz e  f r a c t io n s .

L ig h t re d d ish  brown (5YR 6 /4 ) secondary carbonate  c o n c re tio n s , up to  

2 cm a c ro s s , a re  abundant in  h o rizo n  4 (7 l“ l40  cm), i 'n a ly s is  o f  these  

nodu les showed th a t  they  c o n ta in  an average o f 63dt GaCO^, w ith  a  re s id u e  

o f s i l t  and c la y . Thin s e c tio n s  o f  ho rizon  4 showed the  nodules grew in  

s i t u , in c o rp o ra tin g  p a r t  of the  t i l l  m a trix . S ep ara tio n  o f  nodules from 

saiip le HT i / 4  showed th a t  they  com prise 0 .8  by w eight o f th e  h o rizo n , 

arid as they  c o n ta in  63 fj CaCO^, t h i s  i s  eq u iv a len t to 0 .5  ^  CaCO^ in  the 

h o rizo n  as a w hole, which i s  p r e c is e ly  th e  d if fe re n c e  between the t o t a l
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carb o n ate  c o n te n ts  o f PIT l / 4  and HT l / 5  (8 .7  and 8 ,2  fa r e s p e c t iv e ly ) .

The s im p le s t ex p lan a tio n  o f ttie changes in  carbonate  c o n ten t through 

th e  T u n s ta ll  p r o f i l e  i s  t h a t  le a c h in g  by p e rc o la t in g  ra in v /a te r has removed 

th e  carb o n ate  from  'the upperm ost 71 cm, and th a t  p a r t  has been  re  dep o sited  

a t  g r e a te r  dep ths to  form d is c r e te  nodules and ped face  c o a tin g s . Assuming 

th e  n o n -carbonate  s o i l  m a te r ia l  i s  im m obile, and no changes in  h o rizo n  

th ic k n e sse s  have o ccu rred , th e  t o t a l  amount o f  carbonate  le ach ed  from su rface  . 

h o riz o n s  and the t o t a l  amount d e p o s ite d  b en ea th  can be c a lc u la te d  as fo llo w s . 

H orizons 5 and 6 b o th  c o n ta in  8 . 2  ^  c a rb o n a te , and horizon  4 c o n ta in s  8 .7  

o f  which 0 .5  ^  i s  re d e p o s ite d ; i t  may th e re fo re  be assumed t h a t  th e  o r ig in a l  • 

t i l l  co n ta in ed  8 .2  Using th e  b u lk  d e n s ity  v a lu es  g iven  in  Table23, the  

upper 71 cm o f a column of t i l l  im square v/ould have l o s t  1i5»8 kg ca rb o n a te , 

w hereas th e  amount g a ined  in  the zone of secondary carbonate  d e p o s it io n  i s  

on ly  3*6 kg . The n e t lo s s  o f 1 1 2 . 2  kg/m , 9 7  ^  o f ih a t  o r ig in a l ly  p re s e n t ,  

re p re s e n ts  carb o n ate  c a r id e d  away in  th e  groundw ater as d is so lv e d  calcium  ions.

■ The Holkham p r o f i l e  (PZT 2 )  i s  d e c a lc if ie d  to  a s l ig h t ly  g r e a te r  depth 

th a n  the  T u n s ta l l  p r o f i l e , p ro b ab ly  because th e  underly ing  g ra v e l allow s more 

r a p id  d ra in a g e . P ink secondary  carbonate  co n c re tio n s  occur in  ho rizo n  5 , 

s im ila r  to  those  in  h o rizo n  4 o f th e  T u n s ta ll  p r o f i l e .  These seem to  be 

u b iq u ito u s  in  th e  uppermost c a lc a re o u s  zone o f p r o f i l e s  on th e  Devensian 

t i l l s  in  e a s te rn  England. The observed  depth of d e c a lc if ie d  s o i l  ranges from 

0 .55  to  2,0m; th e  deeper d e c a lc i f ie d  p r o f i l e s  occur over perm eable s u b s tr a ta ,  

in  p a r t i c u l a r  th e  Chalk o f th e  Y/olds, and the th in n e s t  d e c a lc i f ie d  la y e r s  

( e .g .  HT 12 a t  Epplew orth and HP 32 a t  Wawne) a re  on the  upper s lo p es  o f  

v a l le y s ,  where e ro s io n  has p ro b ab ly  removed p a r t  o f the d e c a lc i f ie d  t i l l .
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6 ,3  L ab o ra to ry  S tu d ies

6 . 3.1 pH m easurements

The Tims t a l l  p r o f i l e  h a s  a s l i g h t ly  a lk a l in e  r e a c t io n  th roughout 

(T ab le lS ), th e  pH in c re a s in g  s l i g h t l y  v /ith  dep th  to  a  maximum in  ho rizon  4-, 

th e  zone o f  ca rb o n ate  accum ulation  » The s l i g h t l y  more a lk a l in e  re a c tio n  

o f  th e  to p s o i l  compared w ith  h o rizo n  2 r e s u l t s  from  the ch a lk  added f o r  

a g r ic u l tu r a l  p u rp o se s , w hich, by b e in g  le ach ed  down the  p r o f i l e ,  has 

p ro b ab ly  made the  su b -su rfa ce  h o rizo n s  a lso  s l i g h t l y  more a lk a l in e  than  

th e y  would be under n a tu ra l  c o n d it io n s . H orizons 1-3 may th e re fo re  have 

been  a c id  a t  e a r l i e r  s ta g e s  o f  p r o f i l e  developm ent, and m in e ra lo g ic a l 

changes w ith in  th e se  h o riz o n s  co u ld  have r e s u l t e d  from  a c id i ty .

6 . 3 .2  O rganic m a tte r

R oots p e n e tr a te  th e  Tuns t a l l  p r o f i l e  to  a  dep th  o f about 1m, though 

th ey  are  abundant o n ly  w ith in  th e  h ig h e s t  20 cm; they  com prise about 0.1 ^  

o f  h o rizo n  1 , 0 ,0 4 ^  o f h o riz o n  2, O.O1 ^  o f  h o rizo n  3 and O.OO1 <fo o f 

h o riz o n  4 . H orizon 1 c o n ta in s  n e a r ly  2 ^  o rg a n ic  carbon (T ab le3^), most 

o f  which must th e re fo re  o ccu r in  f in e ly  d issem in a ted  humus. A ppreciable  

q u a n t i t ie s  (0 .6  fj) o f  o rg an ic  carbon a lso  occur i n  h o rizo n s  2 and 3i 

th e se  may be p a r t l y  in  t r a n s lo c a te d  o rg an ic  m a tte r  d e riv ed  from  

decomposing su rface  l i t t e r ,  b u t p robab ly  a lso  re p re s e n t  th e  decomposed 

rem ains o f r o o ts  which p e n e tra te d  to  th e se  h o r iz o n s .

6 . 3 .3  Bulk d e n s i ty

P u b lish e d  b u lk  d e n s i t ie s  o f c a lca reo u s  t i l l s  fioiii d ep ths o f up to  

about 2m range from  1.86 to  1 .99  g/cm (Smeck _et a l . ,  1968; Bushue _et a l . ,

1970) .  The c a lc a re o u s  p a re n t  m a te r ia l o f th e  Tun s t a l l  p r o f i l e  i s  a t  the 

dense end o f t h i s  range (Table 13), and th e  o v e rly in g  d e c a lc i f ie d  s o i l  

h o rizo n s  d ecrease  in  d e n s ity  upw ards.
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Bulk d e n s i ty  measurements a re  used  in  th e  q u a n t i ta t iv e  e s tim a tio n  of 

m in e ra lo g ic a l and o th e r  changes during  p r o f i l e  developm ent. However, the  

d e n s i ty  v a lu e s  were m easured on s o i l  m a te r ia l  in  i t s  o r ig in a l  s ta t e  (a p a r t 

from  a i r  d ry in g ) , w hereas n e a r ly  a l l  th e  p a r t i c l e  s iz e ,  m in e ra lo g ic a l 

and chem ical an a ly se s  were done on s to n e - f r e e ,  d e c a lc if ie d  s o i l .  . Therefore- 

th e  b u lk  d e n s ity  o f t h i s  m a te r ia l  i s  re q u ire d . I t  w/as d e riv ed  by c a lc u la t in g  

th e  w eight o f  a  u n i t  volume o f each h o riz o n , and s u b tra c tin g  from  th i s  

th e  w eigh t o f s to n e s  p lu s  carbonate  co n ta in ed  in  th e  same volume. These 

w e ig h ts  were o b ta in e d  by m u ltip ly in g  th e i r  p e rcen tag e  w eight by th e  o v e ra ll  

b u lk  d e n s ity  o f  th e  h o rizo n . As th e  w eight o f s to n e - f re e ,  d e c a lc i f ie d  

s o i l  i s  s t i l l  c o n ta in ed  in  the  o r ig in a l  volume, i t s  bu lk  d e n s ity  can  be 

c a lc u la te d  from  i t s  w eight d iv id e d  by the  o r ig in a l  volume.

On t h i s  b a s i s ,  h o rizo n  3 o f the T u n s ta ll  p r o f i l e  i s  th e  most dense, 

and b o th  h o riz o n s  2 and 3 a re  den ser th a n  the p a re n t  m a te r ia l .  Leaching 

o f  carbonate  would have i n i t i a l l y  produced a l e s s  dense s o i l  m a te r ia l  by 

fo rm atio n  o f v o id s , b u t su b seq u en tly  th e  b u lk  d e n s ity  would have been 

in c re a se d  by com paction o f the  s o i l ,  th e  w /eathering and breakdown o f 

s to n es  to  form  f i n e r  m a te r ia l ,  and p o s s ib ly  a lso  by re d e p o s it io n  o f 

t r a n s lo c a te d  c la y ,

6 c3»4 P a r t i c l e  s iz e  d i s t r ib u t io n

The r e s u l t s  o f th ese  d e te rm in a tio n s  a ie  g iven  in  T ables 

and Bigunes To-77. g’hey are  d iscu ssed  as ev idence o f u n ifo rm ity  o f p a re n t 

m a te r ia l  in  s e c t io n  6 . 4 . 1 , where i t  i s  su g gested  th a t  many changes in  

p a r t i c l e  s iz e  d is t r ib u t io n  in  th e  p r o f i l e  a re  caused by w eath erin g  o f 

s u s c e p tib le  ro ck  fragm ents in  the c o a rse r  g ra d e s , and o f s u sc e p tib le  

m in e ia ls  in  f i n e r  g ra d e s . In  the  T u n s ta ll  p r o f i l e ,  the  c la y  grade shows 

th e  g r e a te s t  d if f e r e n c e s  in  amount between h o riz o n s . This f r a c t io n  was 

subd iv ided  a t  Oo23^m (i 2 0 )  in to  coarse  and f in e  c la y . The l a t t e r
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in c re a s e s  dov.n the p r o f i l e  to  a  maximum o f 22.9 ^  in  h o riz o n  3> below which 

i t  d e c re a se s  to  i6 .0  -  l6 .2  ^  in  h o rizo n s  5 and 6 . The r a t i o  o f  f in e  to  

co arse  c la y  in c re a s e s  co n tin u o u sly  up th e  p r o f i l e ,  p ro b ab ly  due to  th e  

in c re a s in g  in te n s i ty  o f w eathering  p ro c e ss e s .

6 . 3 .3  Com position o f s to n es

The stone  f r a c t i o n  (>2mm) i s  im p o rtan t in  the v /eathering  o f th e  

t i l l s ,  as i t  c o n ta in s  a la rg e  p ro p o r tio n  o f  w eatherab le  rock  ty p e s , 

such as s h a le s ,  w eakly cemented san d sto n es  and lim e s to n e s . To o b ta in  

r e l i a b l e  an a ly ses  o f the s tone  g rad es  v e ry  la rg e  sam ples a re  re q u ire d , 

o f th e  o rd e r of 20 kg. U n fo rtu n a te ly , i t  v;as n o t p o s s ib le  to  c o l l e c t  

such  la rg e  samples o f the  d i f f e r e n t  h o rizo n s  from the o r ig in a l  s i t e  a t  

T u n s ta l l ,  as h a b i ta t io n s  a re  a lre ad y  f a i r l y  c lo se  to  th e  c l i f f  a t  t h i s  

p o in t ,  and th e  r e s id e n ts  a re  u n d e rs tan d ab ly  anxious t h a t  e ro s io n  o f  the  

c l i f f s  should  be m inim al. A s i t e  was th e re fo re  s e le c te d  a t  D im lington, 

and sam ples taken  a t  dep ths comparable to  those o f th e  h o riz o n s  sampled , 

a t  T u n s ta l l :  BT 57 e q u iv a le n t to  HP l / 2 ;  KT 58 to  HT l / 3 ;  HT 59 to  HT l/5 *  

The t i l l s  a t  the two s i t e s  a re  v i r t u a l ly  id e n t ic a l  in  te x tu re  and 

m inera logy , and a p a r t  from  some con tam ination  o f th e  su rfa ce  h o rizo n  a t  

D im ling ton , the  s o i l  p r o f i l e  c h a r a c te r i s t i c s  a re  com parable. Samples 

o f approx im ate ly  20 kg w eigh t were c o l le c te d  in  la rg e  po ly thene  b a ^ .

In  th e  la b o ra to ry , a f t e r  w eighing and sub-sam pling to  o b ta in  a  d ry  

w eigh t, th e  samples were d isag g reg a ted  in  ta p  w a te r , and se p a ra te d  w ith  

a 2 mm s ie v e .  The s to n es  r e ta in e d  by th i s  s iev e  were washed thorough ly , 

d r ie d  and weighed, then  s o r te d  in to  fo u r  f r a c t io n s ,  u s in g  6^ 16 and 25 mm 

s ie v e s . Each s iz e  f r a c t io n  v a s  then  se p a ra te d  in to  trvelve l i th o lo g ic a l  

ty p es  by hand, u s in g  a l e n s ,  a c id  and o th e r  ro u tin e  t e s t s '  to  a id  

i d e n t i f i c a t i o n  of rock ty p e s . Tables 30*»3 1 show th e  r e s u l t s ,  o f th e se  

a n a ly se s .
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The stone  c o n ten t o f the  Drab T i l l  a t  D im lington (sample DT l 8) 

d i f f e r s  from  th a t  o f tlie o v e rly in g  P urp le  and "H essle” T i l l s ,  in  p a r t i c u l a r  

c o n ta in in g  few er sh a le  frag m en ts . A sample o f the  "H essle" T i l l  from the  

Y orksh ire  Wolds (ffl’ 56 from Epplev.orth) c o n ta in ed  more ch a lk  and f l i n t  in  

i t s  s to n e  f r a c t io n s  th an  the D rab, b u t i f  allov/ance was made f o r  t h i s  

d if fe re n c e  (w hich p ro b ab ly  r e s u l t s  from in c o rp o ra tio n  o f su b ja c e n t chalk  

m a te r ia l in  th e  t i l l  a t  E pplew orth), th e  two were o therw ise  s im i la r  in  

s tone  c o n te n ts .  However, th e  s to n es  in  the  "H essle” a t  D im lington a re  

d i f f e r e n t  from  th o se  in  th e  "Hessle'^ a t  Epplew orth .

The t o t a l  p e rcen tag e  w eigh ts  o f s to n e s , and t h e i r  d i s t r ib u t io n  betw een 

th e  fo u r  s iz e  f r a c t io n s  in  HT 59 and FT 9 (e q u iv a le n t to  T u n s ta ll  samples 

HT l / 5  and FT  ̂ r e s p e c t iv e ly ) ,  are  alm ost id e n t i c a l ,  in d ic a t in g  no 

s ig n i f ic a n t  breakdown o f the  s to n e s  to  sm a lle r s iz e  f r a c t io n s  a t  the dep th  

o f HT 59) i . e .  1 .5  m. L im estones, sh a le s  and s i l t s  tones a re  more abundant 

in  the P u rp le  T i l l  (PT 9) th an  in  the o v e rly in g  "H essle" (HT 59) • T h is  

cou ld  be due to  w eathering  o u t o f some o f th ese  s to n es  in  the upper sam ple, 

a lthough  rem oval o f the  lim esto n e  by w eathering  seems u n lik e ly , as  HT 59 

came from below th e  d e c a lc i f ie d  h o riz o n s . An o r ig in a l  v e r t i c a l  v a r ia t io n  

in  r e l a t iv e  p ro p o r tio n s  o f e r r a t i c  ty p es  seems to  be more l i k e l y .

O bviously a  number o f samples o f each t i l l  need to  be an aly sed  b e fo re  f irm  

co n c lu s io n s  can  be drawn about d e ta i le d  v a r ia t io n  in  e r r a t i c  s to n e  c o n ten t, 

b u t  the  v/ork in v o lv ed  in  t h i s  i s  too  la rg e  to  com plete in  a study  o f t h i s  

ty p e .

The d e c a lc i f ie d  h o rizo n s  o f the  s o i l  p r o f i l e  a t  D im lington (HT 57 and

58) have Very d i f f e r e n t  s to n e  c o n te n ts  from th e  u n d erly in g  c a lc a re o u s

"H essle" (HT 5 9 ). The t o t a l  amounts o f s to n es  in  th ese  h o rizo n s  a re  much

le s s  than  in  the  c a lc a re o u s  t i l l ;  a ls o ,  some rock ty p es  are  u n re p re se n te d

o r  g r e a t ly  reduced  in  r e l a t i v e  amount in  the  upper h o riz o n s , v/hereas o th e rs

are  co rre sp o n d in g ly  in c re a se d . Limestone and ch a lk  are absen t from the 

upper h o riz o n s , ex cep t f o r  a sm all amount o f chalk  in  the  to p s o i l ,  which
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has p robab ly  been  added as f e r t i l i s e r .  Amounts o f sh ale  and s i l t s to n e  are  

a lso  g r e a t ly  reduced , b u t sandstones ar-e in c re a s e d . The most im portan t 

f e a tu re  o f sample HT 57 i s  th e  abundance o f i ro n  oxide co n c re tio n s  in  th e  

2-6 ram f r a c t io n ;  s im ila r  c o n c re tio n s  a re  p re s e n t ,  b u t in  sm a lle r  amount, in  

HT 58. They a re  common a lso  in  the  c o a rse r  sand f r a c t io n s  o f sam ples 

HT 1 /2  and HT 1/ 5 , and ag a in  predom inate in  h o rizo n  2. They a re  pedogenic 

in  o r ig in ,  because th e y  a re  com plete ly  ab sen t from  the c a lc a re o u s  t i l l .

Because o f  th e  obvious d is tu rb a n ce  o f the  to p s o i l  a t  D im lington , a  

b u lk  sample o f t l i i s  ho rizo n  was n o t tak en . However, 50 g o f s to n e s  (>2 mm) 

were s e p a ra te d  from  th e  T u n s ta ll  to p s o i l  (HD l / i ) ,  and th e se  were sep a ra ted  

in to  i-ock ty p e s . The t o t a l  p e rcen tag e  o f s to n es  in  t h i s  h o riz o n  i s  g re a te r  

th an  in  th e  su b ja c e n t d e c a lc i f ie d  h o rizo n s , b u t  l e s s  th an  in  th e  ca lca reo u s  

t i l l ,  a lthough  t h i s  d e te rm in a tio n  may no t be r e l i a b l e  as  th e  sample analysed  

was co m p arativ e ly  sm a ll. Secondary iro n  c o n c re tio n s , s im ila r  to  those  in  

ho rizo n  2, a re  p r e s e n t ,  b u t  in  c o n sid e ra b ly  sm a lle r  p ro p o r tio n . Shales and 

s i l t s  to n e s , and a ls o  san d s to n es , a re  much r a r e r  th an  in  low er h o riz o n s , b u t  

f l i n t  and q u a rtz  a re  much more abundant. I f  th e  secondary i r o n  conci-é tio n s  

a re  excluded , th e  r e c a lc u la te d  p ro p o r tio n  of igneous rocks i s  a lso  

s ig n i f ic a n t ly  s m a lle r  in  h o rizo n  1 than  in  deeper h o riz o n s . One s tone  ty p e , 

" c l in k e r " , which o ccu rs  in  h o rizo n  1 b u t no o th e r ,  p ro v id es  f u r th e r  evidence 

o f  human in f lu e n c e  on th e  to p s o i l .  •

Table 32 -estim ates the  o v e ra l l  changes in  s to n e  co n ten t o f the  s o i l  

h o rizo n s; th e  t o t a l  amount and p ro p o r tio n s  o f d i f f e r e n t  ty p es  in  HT 59 a re  

taken  as r e p re s e n ta t iv e  o f u n a lte re d  t i l l ,  and i t  i s  assumed th a t  the  on ly  

change in v o lv ed  i s  p h y s ic a l brealcdown o f c o a rse r  fragm en ts , w ith  no removal 

from o r  a d d it io n  to  any o f th e  upper h o riz o n s . The f ig u r e s  in d ic a te  

p ro g re s s iv e  breakdown of n e a r ly  a l l  rock  types in  samples HD 57 and 53; 

sandstones a re  in c re a se d  r e l a t i v e  to  o th e r  rock ty p es  in  HD 57 a.nd 58, b u t in
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o v e r a l l  amount th e se  too have d ec reased , p robab ly  adding m a te ria l to  the  

sand  f r a c t io n s .  Amounts o f secondary  iro n  c o n c re tio n s  in c re a se  up th e  

p r o f i l e ;  as they a re  ab sen t from HD 59, those found in  o th e r h o riz o n s  must 

have formed p e d o g e n ic a lly . The f ig u r e s  f o r  HD-j/l do n o t fo llo w  th e  tre n d s  

shown by HD 57 and 58; a b so lu te  amounts o f a l l  rock  ty p es  excep t s h a le s ,  

s i l t s t o n e s  and i ro n  c o n c re tio n s  a re  l a r g e r  than  in  HD 57 (Table 3 2 ) ,  and 

th e  most r e s i s t a n t  rock  ty p es  ( f l i n t ,  c h e r t  and v e in -q u a r tz )  a re  p re s e n t  

i n  g r e a te r  abundance than  in  the  p a re n t  t i l l .  This in d ic a te s  th a t  p ro c e sses  

o th e r  th a n  j u s t  m echanical d is a g g re g a tio n  o f sh a le s  and sandstones and 

chem ical d is s o lu t io n  o f  lim es to n es  were invo lved  in  the g en es is  o f t h i s  

h o riz o n . T his i s  a lso  ap p aren t from  the  much sm a lle r  c o n ten ts  o f  a l l  

f r a c t io n s  f i n e r  th an  20yuun in  h o rizo n  1 compared w ith  the p a re n t t i l l .

Much o f the f in e  m a te r ia l  in  th i s  h o rizo n  must ha.ve been  e i th e r  t r a n s lo c a te d  

v e r t i c a l l y  to  deeper h o rizo n s o r removed l a t e r a l l y  from  the p r o f i l e  by 

p r e f e r e n t i a l  e ro s io n .

To su rm arise , th e  r e s u l t s  o f ü ie stone  an a ly ses  show the  fo llo w in g  

f e a tu r e s :

1 . Complete d is s o lu t io n  o f ch a lk  and lim esto n e  fragm ents i n  th e  th re e  

upper h o rizo n s  of th e  s o i l .

2 . iUmost com plete d isa g g re g a tio n  o f sh a le  and s i l t s t o n e  fragm ents  in  

th ese  d e c a lc if ie d  h o riz o n s , th e reb y  p ro b ab ly  in c re a s in g  th e  amounts 

o f  c la y  and s i l t  p a r t i c l e s  in  the p r o f i l e .

3 . C o n sid erab le  d isa g g re g a tio n  o f sandstone fragm ents in  the  d e c a lc i f ie d  

h o riz o n s , p ro b ab ly  in c re a s in g  the sand c o n ten t o f the s o i l .

4 . D is in te g ra t io n  o f many o f the  igneous e r r a t i c  s to n es  in  the  upper 

h o riz o n s .

5- Growth of secondary i ro n  oxide c o n c re tio n s , e s p e c ia l ly  in  h o rizo n  2, 

r e s to r in g  th e  stone  c o n te n t o f some upper h o riz o n s .
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6 , Growth of secondary carbonate  c o n c re tio n s  in  the uppermost p a r t  

o f the  c a lc a re o u s  h o rizo n s (see s e c tio n  6 . 2 , 3)*

The d is a g g re g a tio n  o f  sandstones in  the uppermost h o rizons i s  

re s p o n s ib le  f o r  t h e i r  in c re a se d  sand c o n ten t (Table ) .  S im ila r ly , the  

in c re a s e  o f  c la y  i n  h o rizo n s 2 and 3 o f  th e  T u n s ta ll  p r o f i l e  (Table 25  ) 

co u ld  r e s u l t ,  a t  l e a s t  p a r t ly ,  from  th e  d isa g g re g a tio n  of sh a le  p a r t i c l e s .  

However, the  medium and f in e  s i l t  g rades decrease  p ro p o r t io n a te ly  in  th ese  

h o riz o n s , d e sp ite  d isa g g re g a tio n  of s i l t s t o n e  frag m en ts . T his co u ld  be due 

to  f u r th e r  bieakdown o f the s i l t  p a r t i c l e s  to  c la y , o r  m erely to  th e  masking 

e f f e c t  o f  l a r g e r  increm ents  in  th e  sand  and c la y  g ra d e s , so th a t  on a  

p e rcen tag e  b a s is  th e  f in a l  p ro p o r tio n  o f s i l t  i s  l e s s  th an  in  the  p a re n t 

m a te r ia l .

A m ajor f e a tu re  o f th e  p r o f i l e  i s  th e  in c re a se  in  c la y  p ercen tag e  in  

h o rizo n  3 compared w ith  th e  p a re n t m a te r ia l .  D isag g reg a tio n  o f sh a le  

fragm en ts >2 mm undoubtedly  c o n tr ib u te s  to  t h i s ,  b u t can on ly  account f o r  

< 1 ^  o f the  t o t a l  c la y  in  t h i s  h o riz o n . However, much of the e x tr a  c la y  

co u ld  be d e riv ed  from  sm alle r sh ale  and s i l t s t o n e  p a r t i c l e s ,  which a re  

co.Tuion in  th e  c o a r s e r  sand  f r a c t io n s  o f th e  c a lc a re o u s  t i l l .

6 . 3 .6  Com position o f coarse  sand f r a c t io n s  (25O -  2000/xm)

The co arse  sands were subd iv ided  a t  5G0 and iOOO y<m by d ry  s iev in g ; 

each f r a c t io n  was examined in  r e f l e c te d  and tra n s m itte d  l i g h t  w ith  a 

s te re o sc o p ic  m a g n if ie r , and co u n ts  were made o f th e  d i f f e r e n t  types, o f  g ra in s  

p r e s e n t .  These an a ly se s  (T ables 33a.-) show th a t  in  the ca lca reo u s  t i l l  

sh a le  and s i l t s t o n e  fragm ents d e c lin e  in  r e l a t iv e  abundance w ith  d ecreasin g  

g ra in  s i z e .  A more marked d ec lin e  i n  abundance o ccu rs  up th e  p r o f i l e  in  

each s iz e  f r a c t io n ,  sh a le s  and s i l t s t o n e s  being  v i r t u a l l y  ab sen t from  the 

to p s o i l .  -There i s  a  co rresponding  in c re a se  in  quaz-tz and sandstone g ra in s , 

though the  r a t i o  o f th e se  tv/o c o n s t i tu e n ts  i s  n o t c o n s ta n t through the
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p r o f i l e .  I n  i t s  c o a rse r  f r a c t io n s  (>500/A-ni), the  ca lca reo u s  t i l l  (HD l / 6) 

co n ta in s  only  tw ice as  many s in g le  q u a rtz  g ra in s  as sandstone p a r t i c l e s .  

Hov/ever, in  the  d e c a lc i f ie d  h o riz o n s , s in g le  quartz  g ra in s  g r e a t ly  

predom inate over sandstone frag m en ts , and many of th e  l a t t e r  have e v id e n tly  

been d isa g g re g a te d . T h is , and th e  d e s tm c t io n  o f sh a le  and s i l t s to n e  

p a r t i c l e s ,  would account f o r  the  r e la t iv e  in c re a se  o f  f in e  sand  and d e p le tio n  

o f  coarse  sand up the  p r o f i l e ,  as shovvn by the  d e ta i le d  s ie v in g  analy ses  

(Table-29 , F ig u re  7& ).

6 .3 .7  M in e ra lo g ica l com position  o f f in e  sand and coarse  s i l t  f r a c t io n s

The f in e  sand (53“ 230ytun) and coarse  s i l t  (20-33ywn) f r a c t io n s  show 

many changes i n  m in e ra lo g ic a l co irp o sitio n  th rough  the T u n s ta l l  p r o f i l e  

(T ables 34-"41 ) .  The l i ^ t  f r a c t io n s  c o n ta in  more q u a rtz  in  h o rizo n s  1 and 2 

th an  low er in  the  p r o f i l e ,  b u t tlie amounts o f im iscovite decrease  upv/ards 

to  zero in  the to p s o i l ,  and a lthough  f e l s p a r  i s  c o n s ta n t th rough  most o f 

the  p r o f i l e ,  i t  i s  s l i g h t l y  l e s s  abundant in  the to p s o i l .  Small amounts o f  

op a lin e  s i l i c a  occur in  the  c a lca reo u s  s u b s o i l ,  b u t no t in  d e c a lc i f ie d  

h o riz o n s . C a lc i te  and do lom ite  occur in  h o rizo n s  4-6 and in  P T i, b u t were 

excluded from  the co u n ts .

The p e rcen tag e  o f heavy n d n e ra ls  in  th e se  tv'O s iz e  f r a c t io n s  d ecreases  • 

g ra d u a lly  up the  p r o f i l e ,  b u t in c re a se s  again  s l ig h t ly  in  the  to p s o il  

(Table 34) . The u n o x id ised  P u rp le  T i l l  (FT 1 ) co n ta in s  more than  tivice th e  

w eight p e rcen tag e  heavy m in e ra ls  p re s e n t in  HD l / 6 . T h is upward decrease  

seems to  r e s u l t  from the rem oval by v /eathering  o f p y r i t e s ,  s i d e r i t e  and 

othez- heavy m in e ra ls . l y r i t e s  and s id e r i t e  a re  b o th  abundant in  FT 1 , b u t 

absen t highez' in  the p r o f i l e .  As th e  m in e ra ls  o f the heavy f r a c t io n s  have 

vary ing  d e n s i t ie s ,  shapes and s iz e s ,  i t  i s  u n re l ia b le  to  co n v e rt th e  counts 

to  w eigh t p e rc e n ta g e s , and i t  i s  consequen tly  im possib le  to  say  i f  the 

amounts o f p y r i t e s  and s i d e r i t e  f u l l y  account f o r  tize d if fe re n c e  in  w eight 

p e rc en t heavy m in e ra ls  betw een FT 1 and HD i / 6 . N e v e rth e le ss , in sp e c tio n  o f
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th e  g ra in  coun ts  (T ables 35,37) shows th a t  the  d if fe re n c e  i s  of about the  

o rd e r  expected  i f  such lo s s e s  by w eathering  have o ccu rred . The t i l l  samples 

c o l le c te d  in  H olderness allow  a com parison to  be drawn a t  sev e ra l 

l o c a l i t i e s  betw een th e  re d d ish  brown o x id ise d  "H essle" T i l l  a t  1-2  m dep th , 

and the u n o x id ised  t i l l ,  e i th e r  P u rp le  o r  D rab, a t  g re a te r  dep th  (5-lO  m.).

The u n o x id ised  t i l l  o f each p a i r  c o n ta in s  a c o n s id e ra b ly  g re a te r  w eight o f 

heavy m in e ra ls  th a n  th e  o v e rly in g  o x id ise d  t i l l ,  u s u a lly  about tw ice as  

much, and the  on ly  s ig n i f ic a n t  d if f e r e n c e s  betw een th e  heavy m in era l 

assem blages o f each p a i r  a re  th e  p ro p o rtio n s  o f s i d e r i t e  and p y r i t e s .

T h is  su p p o rts  th e  sugge s t io n  th a t  these  m in e ra ls  have been o x id is e d  in  th e  

upper few m etres o f the  t i l l . The o x id a tio n  p ro d u c ts  do n o t occu r i n  the  

f in e  sand o r  coarse  s i l t  f r a c t io n s ,  e i th e r  because they  are  f i n e r  th an  20jam, 

o r  because they  have been removed com pletely  by d is s o lu t io n  d u rin g  g le y in g .

However, t h i s  does not exp l a in  why the to p s o i l  (HD l / l )  has an 

in c re a se d  c o n te n t o f heavy m in e ra ls  in  b o th  f in e  sand and co arse  s i l t  

f r a c t i o n s .  On&explanation o f t h i s  may be th a t  th e  so fte n in g  and w eathering  

o f the  met amorphic and igneous e r r a t i c s  in  h o rizo n  1 has c o n tr ib u te d  e x tra  

amounts of heavy m in e ra ls  to  th e  f in e  sand and co arse  s i l t  f r a c t i o n s .  As 

th e  o r ig in a l  heavy m inera l assem blages of the  t i l l  were p robab ly  d e riv ed  

a t  l e a s t  p a r t l y  from  th e  same rock  ty p es  as many o f Hie e r r a t i c s ,  th e re  

v/ould be no s ig n i f ic a n t  change in  the heavy m inera l assenLlage o f h o rizo n  1 

i f  th i s  i-eplacem ent had o ccu rred . An a l te r n a t iv e  e :cp lanation  of th e  

in c re a se  i s  th a t  ra in -v /ash ing  o f the su rfa ce  s o i l  formed a la g  d e p o s it  r i c h  

in  c o a rse r  and d en ser g ra in s ,  which has su b sequen tly  been in c o rp o ra te d  in to  . 

a homogeneous p lough  la y e r .

The o x id a tiv e  w eathering  o f b o th  s id e r i t e  and p y r i t e s  has been w idely 

re p o r te d  and f a i r l y  e x te n s iv e ly  s tu d ie d . 8c h a l i e r  and V l i s id i s  ( l 959) 

re p o r te d  th e  spontaneous o x id a tio n  o f a ground sample o f s id e r i t e  k ep t in
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a s to p p e red  b o t t l e .  "When c o l le c te d  in  I 9 l3 ,  t h i s  sample co n ta in ed  59 fo 

FeO (FeCO^ c o n ta in s  a th e o r e t ic a l  62 <fo FeO); by 1944 th e  FeO co n ten t had 

d ecrea sed  to  6 and by 1958 to  0 .7  because o f spontaneous o x id a tio n  to  

Fe^O^. X -ray p a t te r n s  talcen in  1953 showed th a t  the  sample was "hem atite  w ith  

sm all to  m oderate amounts o f g o e th i te  and s i d e r i t e " .  Thus in  43 y e a rs  alm ost 

conrolete o x id a tio n  o f the  s id e r i t e  had o ccu rred . As specimens o f s id e r i t e  

in  c o l le c t io n s  rem ain u n o x id ised  f o r  a much lo n g e r tim e , they  thought th e re  

was "a  l a t e n t  a f t e r - r e a c t io n  due to  th e  m echanical and therm al e f f e c t s  

produced by the  g r in d in g  o f the  sam ple". The s id e r i t e  in  the t i l l  i s  f in e 

g ra in e d , and was o f course  su b je c t  to  g la c i a l  g r in d in g , which might have made 

i t  more, su sc e p tib le  to  o x id a tio n . N e v e rth e le s s , th e  le n g th  o f time 

a v a ila b le  f o r  o x id a tio n  to  have o ccu rred  s in ce  d e p o s it io n  of the  t i l l  i s  two 

o rd e rs  o f  magnitude g r e a te r  th a n  th a t  in v o lved  in  the la b o ra to ry  sam ple.

D iscu ssin g  th e  w eathering  o f th e  Northampton Sand Iro n sto n e  fo rm a tio n , 

Tayloz' (l9 4 9 ) s ta t e d  t h a t  "w eathering  and o x id a tio n  ta k e  p lace  w herever the 

bed i s  b ro u g h t in to  the  zone o f c i r c u la t in g  atm ospheric  w a te rs . Undoubtedly 

th e  g r e a te s t  p a r t  o f th e  'w eathering i s  r e l a t e d  to  the  p re s e n t o r  p r e - g la c ia l  

lan d  s u r fa c e .  T his i s  showm by the w idespread  o x id a tio n  a t  o u tc ro p , under 

shallow  c o v e r , o r  b en ea th  b o u ld e r c la y . S id e r i te  i s  o x id ise d  to  g e o th ite  

w ith  rem oval o f th e  carbon  d iox ide  in  s o lu t io n .  R e d is tr ib u t io n  o f the  i ro n  

in to  l im o n it ic  c iu s t s  occu rs  p ro g re s s iv e ly , and a t  o u tcrop  where the  bed has 

su ffe re d  tiie g r e a te s t  amount o f w eathering  th e  topmost la y e r  may c o n s is t  

e n t i r e ly  o f a  c u r ly  cavernous mass o f l i iz o n i te ."

D iscu ssin g  iro n  ca rb o n a te s  in  the  n o rth e rn  Pennine o r e f ie ld  (from w hich 

some o f the  s id e r i t e  in  the D evensian t i l l s  cou ld  w e ll be d e r iv e d ) , Smythe 

and Dunhaa (l947) su g g ested  th a t  "wdtM n the  'o x id a tio n  zone* above th e  

groundw ater t a b le ,  w a ters  o f su rface  o r ig in  ca rry in g  d is so lv e d  oxygen and 

carbon d io x id e  a c t  upon th e  c a rb o n a te s . I n  the  o r e f ie ld  th e  depth  o f t h i s  

zone v a r ie s  from zero  a d ja c e n t to  the v a l le y  botto;ns (where the perm anent
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■w ater-table i s  v i r t u a l l y  a t  th e  siu’fa c e )  to  a maximum o f  about 300 f e e t  

b en ea th  'the h i l l s .  The p ro d u c t o f  o x id a tio n  o f  b o th  a n k e r ite  and c h a ly b ite  

i s  a m ix tu re  o f  hydi'ous f e r r i c  and manganese o x ides; c r y s ta l l in e  g o e th i te  

i s  r a r e . C h a ly b ite  i s  more resp o n siv e  to  o x id a tio n  th an  a n k e r i te " .  This 

su g g es ts  t h a t  the l e v e l  in  th e  H olderness t i l l s  above which s id e r i t e  has 

d isap p ea red  i s  the  upper su rfa ce  o f the  perm anent w ater ta b le .

The p y r i t e s  p re s e n t  in  the  P u rp le  T i l l  i s  p ro b ab ly  o x id ise d  to  su lp h a te

and e v e n tu a lly  to  iro n  h y d ro x id es , and th e  iro n  then  m o b ilised  in  a  s im ila r

fa sh io n  to  th a t  d e riv e d  from s i d e r i t e .  B loom field  (l 972a) d isc u sse d  th e

w eathering  o f p y r i t e s  in  s o i l s ,  and concluded th a t  i t  s t a r t s  by chem ical
2- 2+o x id a tio n  y ie ld in g  SO^ and Pe , and th a t  T h io b a c illu s  fe r ro -o x id a n s  

co n v erts  the  fe r ro u s  i ro n  in  s o lu t io n  to  an ochreous d e p o s it  o f f e r r i c  

hyd rox ide . This b ac te riu m  f lo u r is h e s  in  ‘the v e ry  a c id  c o n d itio n s  (pH l e s s  

than  3 . 3) ,  which develops th rough  fo rm atio n  of su lp h u ric  a c id , and can  th en  

a t ta c k  p y r i t e s  d i r e c t l y ,  decomposing i t  f a s t e r  than  the  o r ig in a l  chem ical 

o x id a tio n . However, th e  p y r i t e s  in  th e  H olderness t i l l s  seems to  have been  

o x id ise d  in  "the p resen ce  o f  f r e e  calc ium  ca rb o n a te , because the  o x id ise d  

zone ex tends down to  3-6 m below the s u r fa c e , whereas th e  d e c a lc i f ie d  

h o rizo n s  a re  u s u a lly  l e s s  than  a m etre in  dep th . The p y r i te s -c o n ta in in g  

t i l l  can th e re fo re  n ev er have approached the  a c id i ty  in  w.hich T. fe rro -o x id a n s  

f lo u r is h e s ,  and i t  i s  u n lik e ly  th a t  i ro n  b a c te r ia  were re sp o n s ib le  f o r  much 

of the  w eathering  o f the p y r i t e s .

Cham osite was i d e n t i f i e d  by X -ray powder d i f f r a c t io n  in  each h o rizo n  

o f the T u n s ta ll  p r o f i l e ,  b u t  as i t  i s  d i f f i c u l t  "to d is t in g u is h  o p t ic a l ly  

between f r e s h  g reen  cham osite  and c h lo r i t e ,  a combined co'unt f o r  'these 

m in e ra ls  i s  g iv en . In  the upper h o rizo n s  very  few c h lo r i t e  o r  cham osite 

g ra in s  were found, and those  p re s e n t a re  brown and alm ost opaque, p ro b ab ly  

w ith  a c o a tin g  o f  l im o n ite .  S im ila r brown g ra in s  predom inate over g reen
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g ra in s  in  ho rizo n s 3 and a t  g re a te r  depths the  g reen  m a te r ia l becomes more 

common, a lthough  brown cham osite i s  s t i l l  abundant. . I f  allowance i s  made 

f o r  the  d i lu t in g  e f f e c t  of the  p resen ce  o f  s id e r i t e  on the p ro p o rtio n s  o f 

o th e r  m in e ra ls  in  sample PT 1 , i t  i s  seen  th a t  the  P u rp le  T i l l  c o n ta in s  

more cham osite  than  the o v e rly in g  "H ess le" , th o u ^  i t  has s im ila r  p ro p o r tio n s  

o f th e  brown and g reen  fo rm s. The J u r a s s ic  bedded i ro n -o re  fo rm a tio n s , from 

which th e  cham osite i s  p ro b ab ly  d e riv e d , c o n ta in  some brow nish cham osite 

o o l i th s  even in  the  unw eathered s ta te  (T ay lo r, 1949); they  c o n ta in  a l te r n a t in g  

c o n c e n tr ic  s h e l l s  o f g reen  cham osite and brown lim o n ite  , which p ro b ab ly  

r e f l e c t  f lu c tu a t io n s  betw een o x id is in g  and reducing  c o n d itio n s  in  the 

d e p o s it io n a l  environm ent. Y ouell ( l 958) s ta te d  th a t  " a s ta b le  o x id ise d  

cham osite has been id e n t i f i e d  as a common c o n s t i tu e n t  o f  w eathered i ro n s to n e s . 

I t s  appearance resem bles g o e th i te ,  and much m a te r ia l  fo rm erly  c la s s e d  a s  

g o e th ite  o r  l im o n ite  must now be reg a rd ed  as o x id ise d  cham osite . The f i r s t  

s tag e  o f  a l t e r a t i o n  o f s id e r i te -c h a ia o s i te  o re s  i s  th e  breakdown o f th e  

s i d e r i t e  to  a f in e  s t a t e  o f su b d iv is io n , fo llow ed  by  conversion  to  g o e th i te .  

The second s ta g e , which may to  some e x te n t overlap  th e  f i r s t ,  i s  the 

co n v ers io n  of cham osite to  the  f e r r i c  form; in  some spechaens cham osite and 

o x id is e d  cham osite occur in  equal am ounts. The f i n a l  s tag e  i s  the breakdown 

of the o x id ise d  cham osite  to  g o e th ite  and a re s id u e  which i s  u su a lly  

amorphous and c o n s is ts  o f tlie s i l i c a t e  sh e e ts  , . . le ach ed  o f a l l  o c to h ed ra l 

io n s ."  Y ouell concluded t h a t  t l i i s  re s id u e  has s im ila r  X -ray d i f f r a c t io n  

sp ac ings to  k a o l in i t e .  ' •

Thus some of th e  brown g ra in s  in  the  P urp le  T i l l  co u ld  be d e riv ed  from  

unw eathered soui'ca ro c k s , o th e rs  ficm  the w eathered p o r t io n  of th e se  ro c k s . 

However, f u r th e r  w eath erin g  o f tlie cham osite has o ccu rred  in  the upperm ost 

p a r t  o f the t i l l ,  so th a t  the g reen -co lo u red  g ra in s  have been fu r th e r  

o x id ise d  to  l im o n ite ,  and i t  has been alm ost com pletely  removed from th e  

top 30 cm o f the p r o f i l e .
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A f te r  s i d e r i t e ,  th e  commonest non-opaque heavy m in e ra ls  in  sample 

FT 1 a re  h i o t i t e  and c h l o r i t e .  Allowing f o r  the absence of s i d e r i t e ,  th e  

p ro p o r tio n  o f tlie se m icaceous m in era ls  in  sample HE i /6  i s  s l i g h t ly  l e s s  

th an  in  FT i . Bbvvever, o th e r  samples o f P u rp le  and "H essle" T i l l  from the  

s o u th -e a s t  H oldem ess c o a s t  show l i t t l e  d if fe re n c e  in  the  r e l a t iv e  amounts 

of th e se  m in e ra ls , which su g g es ts  th a t  w eathering  has n o t a p p rec iab ly  

a f fe c te d  them a t  2m d e p th . S im ila r amounts occur in  h o rizo n s  5 and 6 o f 

the  T u n s ta ll  p r o f i l e ,  b u t above i .4  m th ey  decrease  p ro g re s s iv e ly  tow ards 

th e  s u r fa c e .  As the  p ro p o r tio n s  o f r e s i s t a n t  m in e ra ls  a re  v i r t u a l ly  

unchanged through th e  p r o f i l e  (see  s e c t io n  6 .4.1 ) ,  th e  upward decrease  in  

th ese  m icaceous m in e ra ls  may reaso n ab ly  be a sc r ib e d  to  w e a th e rin g . W alker 

(l949) found  th a t  b i o t i t e  w eathers to  v e rm ic u lite  in  some S c o t t is h  s o i l s ,  

hydi’a te d  Mĝ "** re p la c in g  and Fe^^ b e in g  o x id ise d  to  g o e th i te .  G ilkes 

and L i t t l e  (l 972) found s im ila r  changes in  the  w eathering  o f c h lo r i t e ;  i ro n  

and magnesium are  l o s t ,  and fe r ro u s  iro n  o x id ise d . However, th ese  w eathering  

p ro d u c ts  a re  n o t fovmd in  the f in e  sand  and coarse  s i l t  f r a c t io n s  o f the  

T u n s ta ll  p r o f i l e ,  and ha.ve p ro b ab ly  been in c o rp o ra te d  in  f i n e r  f r a c t io n s .  

F u r th e r  c o n s id e ra tio n  i s  g iven  to  the  w eathering  o f m icaceous m in era ls  in  

s e c t io n  6 . 3 *8 .

S ig n i f ic a n t  amounts o f  a p a t i te  and co llophane occur in  a l l  h o rizo n s 

excep t th e  two upperm ost, where th ese  m in e ra ls  a re  e n t i r e ly  absen t from  

the  sand f r a c t io n  and r a re  in  the co arse  s i l t .  A p a tite  i s  norr:ially reg ard ed  

as a r e l a t i v e l y  in s o lu b le  form of phosphate by p la n t  n u t r i t i o n i s t s  { e .g .  

P a rk e r , F.W ., l9 5 3 ) , b u t  Johnston  and O lsen (l972) have shown th a t  th e  

p resence  o f p la n t  r o o ts  a c c e le ra te s  i t s  d is s o lu t io n .  In  the T u n s ta ll  p r o f i l e  

over 90 fo o f the  ro o ts  occu r in  the two uppermost h o riz o n s , and may account 

f o r  th e  lo s s  o f a p a t i t e  and ce llo p h an e .

O ther f in e  sand and co arse  s i l t  m in e ra ls  seem to  have been l i t t l e  

a f fe c te d  by w ea th e rin g . Anounts o f a u g ite  a re  s ig n i f i c a n t ly  reduced r e l a t i v e  

to  the  r e s i s t a n t  m in e ra ls  in  the t/.o upperm ost h o rizo n s  (F ig . fl),  b u t
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am phiboles, which a re  p re s e n t  in  sm a lle r q u a n t i t ie s  than  pyroxenes, seem 

to  be u n a ffe c te d  by w eath erin g . The re im in ing  heavy m inera ls  a lso  seem 

to  be r e s i s t a n t  to  w eath erin g .

The Hollvham p r o f i l e  i s  p o o re r  th an  the  T u n s ta ll s o i l  in  w eatherab le  

sand and s i l t  m in e ra ls  (Tables 6 8 -7 4 ), and shows sm a lle r  changes in  

m ineralogy w ith  d ep th . In  a d d it io n , th e  lo w est h o rizo n  (HT 2/ 5) i s  

p ro b a b ly  p a r t l y  d e c a lc i f ie d  and th u s  more w eathered th a n  h o rizon  6 o f  

th e  T u n s ta ll  p r o f i l e .  Micas may a lre ad y  have been p a r t l y  w eathered  from  

t h i s  h o riz o n . N e v e rth e le ss , some w eathering  tre n d s  s im ila r  to  those  in  

th e  T u n s ta ll  p r o f i l e  a re  ev id en t; f o r  example, a p a t i t e ,  c h lo r i t e ,  cham osite 

and b i o t i t e  a re  a l l  much d ecreased  in  amount in  the upper h o riz o n s . In  

c o n t r a s t ,  th e  aim unts o f a u g ite  seem no t to  be a f fe c te d  by w eath e rin g .

6 . 3 .8  Com position o f  c la y , and f in e  and medium s i l t  f r a c t io n s

D e ta ile d  d e te rm in a tio n s  o f the  la y e r  s i l i c a t e  m ineralogy o f  the  f in e  

and co arse  c la y , and f in e  and mediun s i l t  f r a c t io n s  a re  g iven  i n  T ab les 42- 

4 3 . A lthough the f ig u r e s  quoted in  th ese  are  to  th e  n e a re s t  1 ^ ,  th e  absolute- 

v a lu e s  should  be in te r p r e te d  w ith  c a re ,  as th e re  a re  many p o s s ib le  sou rces  

o f  e r r o r  in  the method used  (G ibbs, 1963; Haiwaz’d and T lieisen, 1962) ,  

N e v e rth e le s s , sam ples HT 1/3  and HT 1/ 6 , which a re  s im ila r  in  p a r t i c l e  

s iz e  d i s t r ib u t io n  and in  th e  m inei’a log ic .a l com position o f t h e i r  co arse  s i l t  

and f in e  sand f r a c t i o n s ,  gave sirailai* X -ray d i f f r a c t io n  p a t te rn s  f o r  each 

f r a c t io n  analysed ; i t  was th e re fo re  f e l t  th a t  the q u a n t i ta t iv e  r e s u l t s  ' 

d e riv ed  from the d iff ra c to g ram s  would g ive f a i r l y  re p ro d u c ib le  e s tim a te s  o f 

th e  r e l a t i v e  amounts o f the  v a r io u s  m inera ls  in  the  d i f f e r e n t  h o r iz o n s .

X -ray d i f f r a c  tome t r y  was supplem ented by chem ical d e te rm in a tio n s  o f m ica, . 

f e l s p a r ,  q u a r tz , " f re e "  iro n  o x id e s , and anorphous s i l i c a  and a lu n in a .

Too s e t s  o f  f ig u r e s  were o b ta in ed  f o r  n ic a  c o n te n t, one from the  

d iff ra c to g ram s  by the  method g iven  in  C hapter 4> and the o th e r  from the
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non-exchangeable po tassium  c o n te n t . The X -ray d e te rm in a tio n  seemed to  

ov er-estim a.te  th e  amount o f mica in  the  c o a rse r  f r a c t io n s ,  b u t s l i g h t l y  

u n d e r-e s tim a te  i t  in  th e  f in e  c la y . T his may be p a r t l y  exp la in ed  by the 

p re sen ce  o f  K -co n ta in in g  mica la y e r s  in  i n t e r s t r a t i f i e d  expanding m in e ra ls . 

A ll K -con ta in ing  la y e r s  c o n tr ib u te  to  th e  mica c o n te n t as determ ined 

ch em ica lly , b u t where such i n t e r s t r a t i f i e d  m in e ra ls  c o lla p se  to  a  10 £ 

sp ac in g  on h e a tin g , they  a re  counted  as expanding m in e ra ls  by the  X -ray 

method used  h e re . Thus an in c re a se  in  i n t e r s t r a t i f i e d  m inera ls  in  the 

f in e  c la y  f r a c t io n  co u ld  account f o r  the observed  e f f e c t .  In  T ab les 44-4-6 

th e  mica p e rc en ta g e s  quoted a re  th o se  based  on the  chem ical d e te rm in a tio n s .

X -ray d iff ra c to g ra m s  o f the e thy lene  g ly c o l t r e a te d  c la y s  from the  

deeper h o rizo n s  o f the  T u n s ta ll  p r o f i l e  (HT l / 4 ,  5 and 6) showed r e l a t i v e ly  

w e ll d e fin e d  peaks a t  about 14°3 and l7  in d ic a t in g  th e  p resen ce  o f  b o th  

v e rm ic u lite  and sm ec tite  components in  tlie expandable l a y e r  s i l i c a t e s .

At h ig h e r l e v e l s  in  the  p r o f i l e ,  th e  17 ^  peak became more d i f f u s e ,  and in  

th e  to p s o i l  form ed m erely a "shoulder", on the h igh  angle  s id e  o f  th e  l 4  ^  

p eak . The sm ec tite  component i s  th u s  l e s s  w e ll d e f in e d  in  th ese  h o riz o n s , 

and com plica ted  in  t  e r l  aye r in g  i s  in d ic a te d .  The l 4  ^  peak o f a l l  th e  a i r  

d r ie d  samples has a "shoulder" on i t s  low angle s id e ,  a t  about 12 A, 

which u s u a lly  d isap p e a rs  a f t e r  g ly c o l s o lv a t io n . On h e a tin g  to  333°C, 

a sm all peak a t  1 Z|- A in v a r ia b ly  r e s u l t s ,  though most o f the m a te r ia l  

c o n tr ib u t in g  to th e  l4-/l7  & peaks seems to  c o lla p se  to  lO 2 . T his 

in d ic a te s  th e  p re sen ce  of a sm all amount o f d is c r e te  c h lo r i t e ,  a long, w ith  

g r e a te r  numbers o f  v e rm ic u lite  and sm ec tite  la y e r s .  The l2  £  "sh ou lder"  

su g g es ts  i n t e r s t r a t i f i c a t i o n  o f one o r  more o f th e se  components w ith  mica 

l a y e r s .  Because o f the  alm ost com plete c o lla p se  o f t h i s  in te rm e d ia te  

spac ing  to  10 X on h e a tin g , and i t s  expansion on g ly c o l s o lv a t io n  to  

14 £  +, i t  may r e p re s e n t  i n t e r s t r a t i f i e d  m ic a -v e rm ic u lite /n io n trn o rillo n ite . ' 

In  h o riz o n s  1 and 2, how/ever, th e  h ea ted  samples g ive  peaks and "sliou lders"
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betw een  10 and 14 £ ,  showing in co m p le te  c o l la p s e ,  w h ile  sm all "shouA ders" 

rem ain  on g ly c o l l a t io n ;  in  th e s e ,  i n t e r s t r a t i f i c a t i o n  in v o lv in g  c h l o r i t i c  

i n t e r l a y e r s  i s  th e r e f o r e  s u sp e c te d .

K a o l in i te  o c c u rs  in  a l l  f r a c t i o n s  o f  a l l  h o rizo n s»  G o e th ite  a ls o  o c c u rs  

in  a l l  h o r iz o n s ,  and th e  c l a y  f r a c t i o n s  o f  h o r iz o n s  1 and 2 and the  s i l t  

f r a c t i o n s  o f  h o r iz o n  2 c o n ta in  l e p id o c r o c i t e ,  Q uartz  and f e l s p a r  a re  a b se n t 

from  th e  f i n e  c l a y s ,  b u t  p r o g r e s s iv e ly  in c re a s e  in  amount i n  c o a r s e r  

f r a c t i o n s .

The l a y e r  s i l i c a t e s  in  th e  f in e  and medium s i l t  f r a c t i o n s  g iv e  s h a rp e r  

X -ray  r e f l e c t i o n s  th a n  th o se  o f  th e  c l a y s ;  th e  m in e ra ls  a re  th u s  i n  s i l t  

g rad e  p a r t i c l e s ,  and n o t  a g g re g a te d  fo rm s o f  th e  m in e ra ls  i n  th e  c la y  

f r a c t i o n s .  T races  o f  th e  specim ens i n  a i r  a t  20°C show s tro n g  p eak s  f o r  

mica, and k a o l i n i t e .  A sm all peak  a t  a b o u t 1 2 .3  £  i s  p r e s e n t  i n  th e  d eep e r 

h o r iz o n s ,  though i t  i s  o n ly  a  " sh o u ld e r"  in  h o r iz o n s  1 and 2 . I t  d is a p p e a rs  • 

on g ly c o l  s o lv a t io n ,  th e  sp a c in g  h av ing  p resum ab ly  expanded to  14 £  + .

A peak  a t  ab o u t 14- £ ) due to  v e rm ic u l i te  and c h l o r i t e ,  re m a in s , though  i t  i s  

much l e s s  in te n s e  th a n  i n  th e  a i r  d r ie d  sam ples. Ttvo f u r t h e r  p eak s  a p p e a r , ■ 

a t  ab o u t 13-13*3 £  and 16-1 6 .3  £ ,  though th e s e  a re  p o o r ly  d e f in e d  i n  sam ples 

from  h o r iz o n s  1 and 2 ; th e y  p ro b a b ly  r e p r e s e n t  th r e e  o r  more component 

random i n t e r s t r a t i f i c a t i o n s  o f m ica , c h l o r i t e ,  v e rm ic u l i te  and m o n tm o r il lo n ite , 

In  no case  was a w e ll d e f in e d  17 A peak  p ro d u ced , so no t r u e  m o n tm o rillo n ite  

o r  random ly i n t e r s t r a t i f i e d  n lc a -m o n tm o r il lo n ite  occu i’S i n  th e se  f r a c t i o n s .

The d i f f r a c to g ra m s  o f  th e  medium s i l t  f r a c t i o n s  sho?/ a  p o o r ly  re s o lv e d

r e f l e c t i o n  a t  23-30 £ ,  v/hich s h i f t s  to  h ig h e r  s p a c in g  on g ly c o l s o lv a t io n .

T h is  r e p r e s e n ts  p a r t i a l  o rd e r in g ,  p o s s ib ly  o f  m ic a -m o n tm o rillo n ite  (Reynolds

and Hower, 1970) . W h ittig  and Jack so n  (l935) d e te c te d  a  sp a c in g  o f abou t

29 £  in  th e  g ly c e r o l  s o lv a te d  f i n e  s i l t  from  th e  A h o r iz o n  o f  a brown f o r e s t
1

s o i l  i n  W isconsin . The peak  d is a p p e a re d  on h e a t in g ,  so th e y  s u g g e s te d  i t  was 

due to  a  p e d o g e n ic , r e g u la r ly  i n t e r s t r a t i f i e d  m o n t m o r i l l o n i t e - i l l i t e  ( l8  £  +
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10£ = 23 2 ) .  A s im i la r  m a te r ia l  may be p r e s e n t  i n  the  medium s i l t  o f  th e  

T u n s ta l l  s o i l ,  b u t  a s  th e  sp a c in g  i s  m ost a p p a re n t i n  sam ples from  th e  . 

c a lc a r e o u s  h o r iz o n s ,  i t  seems i t  i s  a  p r im a ry  m in e ra l i n  th e  t i l l  r a t h e r  th a n  

one fo rm ed  p e d o g e n ic a l ly .  G ilk e s  and Hodson ( i9 7 l)  d e s c r ib e d  a  s im i la r  

m in e ra l from  th e  l i id d le  G oal M easures o f  N. S ta f f o r d s h i r e  and from  a 

b e n to n i te  seam in  th e  Yfoolhope L im estone in  H e re fo rd s h ir e . .

The d i f f r a c t io n  p a t te r n s  f o r  spac ings g re a te r  th an  10 £  in d ic a te  a 

com plica ted  m ix ture  o f expanding and non-expanding la y e r  s i l i c a t e s  in  the 

f i n e r  f r a c t io n s  o f the  T u n s ta ll  s o i l .  In  Tables4^;4f'45’t h i s  m ixture has been 

su b d iv id ed  in to  m i c a / i l l i t e ,  v e rm ic u lite , sm ec tite  and c h lo r i t e  components. 

The re c o g n it io n  o f v e rm ic u lite  and m o n tm o rillo n ite  r e s t s  on the  occurrence  

o f th e  14 2  and 17 2  r e f l e c t io n s  from e th y len e  g ly c o l so lv a te d  specim ens.

More g e n e r a l ly .  M g -sa tu ra te d  g ly c e r o l - s o lv a te d  specim ens a re  u s e d , b u t  th e re  

i s  no w id e sp re a d  agreem ent c o n c e rn in g  th e  v a l i d i t y  o f e i t h e r  t e s t .  B oth  

p ro b a b ly  show a d i f f e r e n c e  i n  expanding  p r o p e r t i e s  t h a t  r e l a t e s  to  th e  

i n t e r l a y e r  charge d e n s i ty  o f  th e  m in e ra ls  co n ce rn ed , and e i t h e r  may 

l e g i t i m a te ly  be  a p p l ie d  to  show th e  changes i n  expanding  p r o p e r t i e s  o f  

m in e ra ls  w i th in  a s e t  o f  r e l a t e d  s a n p le s .  The o v e r a l l  e s t im a t io n  o f  th e  

p ro p o r t io n s  o f  m ica , c h l o r i t e  and expanding i n t e r l a y e r s  i s  sound , b u t  the  

q u a n t i t a t i v e  a l l o c a t i o n  o f  tt ie se  i n t e r l a y e r  ty p e s  to  r e g u la r  and i n t e r 

s t r a t i f i e d  p h a se s  in  co n p lex  m iner s i  inixtux'es i s  n o t p o s s ib le  a t  p r e s e n t .

weaver (l 936) e s tn n a te d  th a t  over JO fo o f 6000 sedim entary  rock  samples 

he exsj,lined c o n ta in ed  some v a r ie ty  of b in a ry , t e r t i a r y  o r  even q u a te rn ary  

m ix ed -lay er c la y .  I n t e r s t r a t i f i c a t i o n  i s  common a lso  in  s o i l  c lay s  

( Jackson  e t  a l . ,  1 934}, and as a fu r th e r  co m p lica tio n  in te rg ra d e s  o f  

m o n tm o r il lo n ite /v e rm ic u li te /c l 'i lo r i ts  may occur (Jackson, 1964) .  i o r t i f i c i a l  

in te rg ra d e  m in e ra ls  have been  produced by p r e c ip i t a t io n  of hydroxy-alum inium , 

h y d ro x y -iro n , and magnesium hydroxide in  the i n te r l a y e r  spaces o f 

m o n tm o rillo n ite  and v e rm ic u lite  ( e .g .  Cars te a  e t  a l . ,  i97Ga, i97C b). A l4  2
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d i f f r a c t io n  sp ac in g  i s  th e  most common f o r  n a tu ra l  c la y  in te rg ra d e s  

(Jackson , 1964-), and the  term s " d io c tsh e d ra l v e rm ic u lite "  (Broivn, 1933»)) 

"v e rm ic u lite "  (Loughian e t  a l . ,  1962), " c h lo r i te - l ik e "  (Klages and V Jiite,

1937) and " c h lo r i t e "  (B ra d le y , 1933) have b een  u sed  to  d e s c r ib e  them.

D e s p ite  th e se  c o m p lic a tio n s ,  i t  i s  p o s s ib le  to  q uo te  an "end-member" 

co m p o sitio n  by  th e  scheme o u t l in e d  i n  C h a p te r  4- and  d is c u s se d  above, and 

w e a th e r in g  ch anges i n  th e  T u n s ta l l  p r o f i l e  can  b e  d is c u s s e d  q u a n t i t a t iv e l y  

i n  t e r n s  o f  th e s e  end-member s .

6o3.9 Bulk m in era l com position  o f f in e r  s o i l  f r a c t io n s

T a b le s  44-""44 g iv e  th e  b u lk  m in e ra l co m p o s itio n  o f th e  f i n e r  s o i l  

f r a c t i o n s ,  d e r iv e d  from  th e  com bined r e s u l t s  o f  th e  X -ray  and chem ica l 

a n a ly s e s .

Q u a rtz . The p ro p o r tio n  of q u a r tz  d e c re a se s  w ith  d e c re a s in g  g r a in  s i z e .

As i t  o r ig in a l ly  formed m ainly san d -s ized  c r y s ta l s  in  igneous and 

metamorphic ro c k s , i t  i s  u s u a lly  most abundant in  th e  sand f r a c t io n s  o f 

sed im en ts . Hov,ever, i t  i s  the co arse  and medium s i l t  f r a c t io n s  o f the  t i l l  

t h a t  c o n ta in  most q u a rtz ; Kuenen (l 960) and Sm alley (l 966) have a sc r ib e d  

the  u n u su a lly  la rg e  p ro p o r tio n  o f s i l t - s i z e d  q u a rtz  in  t i l l s  to  th e  crush ing  

and g rin d in g  o f sand by g la c ia l  i c e .

Q uartz i s  r e s i s t a n t  to  te rq ie ra te  w eath erin g  (B arshad, 1964-), and any 

in c re a se  in  i t s  p ro p o r tio n  r e l a t i v e  to  o th e r  minerrJ-s in  a  g iv en  s iz e  

f r a c t io n  i s  l i k e l y  to  r e s u l t  from  w eathering  o f  idiese m in e ra ls . The 

p ro p o r tio n  o f  q u a rtz  v /ith in  each s iz e  f r a c t io n  in  ho rizo n s 3-6 i s  e s s e n t ia l ly  

c o n s ta n t, b u t  i t  in c re a se s  s u b s ta n t ia l ly  in  h o rizo n s  1 and 2, in d ic a t in g  th a t  

w ea thering  o f  th e  o th e r  m in e ra ls  i s  most in te n se  in  th ese  upperm ost h o riz o n s .

F e ls p a r . Chem ical d e te m d n a tio n s  in d ic a te d  rough ly  equal p ro p o r tio n s  o f 

p o ta s s ic  and so d ic  end-member f e l s p a r s  in  a l l  f r a c t io n s  an a ly sed ; th e  amounts 

o f c a lc ic  f e l s p a r  a re  imich s m a lle r . The l a r g e s t  amounts of t o t a l  f e l s p a r  

occur in  th e  co a rse  s i l t  f r a c t io n ,  which acco rd ing  to  D reim anis and Vagners
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( l 97l )  i s  tlie " te r a i in a l  g rad e"  f o r  f e l s p a r ,  i . e .  th e  f i n a l  p ro d u c t o f  f a c i a l  

coiïïrninution. iuaounts o f  t o t a l  f e l s p a r  a re  s im i la r  f o r  each  s i z e  f r a c t i o n  in  

h o r iz o n s  3- 6 , th e n  in c re a s e  i n  h o r iz o n s  1 and 2 , though to  a s l i ^ t l y  l e s s e r  

e x te n t  th a n  does q u a r tz .  T h is  c o u ld  in d ic a te  v e ry  s l i g h t  w e a th e r in g  o f  th e  

f e l s p a r s  i n  th e  upperm ost h o r iz o n s ,  h u t  may be o n ly  e x p e rim e n ta l e r r o r ,  as 

th e re  a re  no s i g n i f i c a n t  changes i n  th e  r a t i o s  o f  th e  th r e e  end-members 

th ro u g h o u t th e  p r o f i l e .

L ayer s i l i c a t e s .  R e la t iv e  am ounts o f  t o t a l  l a y e r  s i l i c a t e  m in e ra ls  in c re a s e  

w ith  d e c re a s in g  g r a in  s i z e ,  and c o n se q u e n tly  com prise  m ost o f  th e  c l a y  and 

f in e  s i l t  f r a c t i o n s .  N e v e r th e le s s ,  th e y  o ccu r i n  sm all q u a n t i t i e s  even  i n  

th e  f in e  sand  f r a c t i o n .  M ica, a s  d e te im in ed  c h e m ic a lly ,  i s  th e  m ost common 

la y e r  s i l i c a t e  i n  a l l  f r a c t i o n s  o f th e  d e e p e s t h o r iz o n s ,  w ith  th e  e x c e p tio n  o f  

th e  f in e  c l a y ,  i n  w hich expanding  la y e r  s i l i c a t e s  (m ain ly  v e rm ic u l i te )  

p i'ed o m in a te . In  a l l  f r a c t i o n s ,  m ica d e c re a se s  i n  p ro p o r t io n  up th e  p r o f i l e ,  

th e  change b e in g  a p p a re n t i n  th e  c l a y  f r a c t i o n s  as  deep a s  h o r iz o n  4 , w hich i s  

c a lc a re o u s .  However, in  th e  t o p s o i l  t h i s  t r e n d  i s  h a l t e d  o r  even r e v e r s e d .  

S e v e ra l w o rk e rs  ( e .g .  N e t t l e to n  e t  a l . ,l9 7 3 ) have a l s o  n o te d  an  a p p a re n t 

in c re a s e  o f  m ica i n  s u r fa c e  s o i l  h o r iz o n s , and have a t t r i b u t e d  i t  to  th e  a c t io n  

o f  p l a n t s ,  w hich  draw  t h e i r  s u p p l ie s  o f  p o ta ss iu m  p a r t l y  from  below  th e  s u r fa c e  

l a y e r ,  b u t  when th e y  d ie  r e t u r n  i t  o n ly  to  th e  s u r f a c e .  Y /eathered la y e r  s i l i c a t e  

c la y s  in  thu  to p s o i l  th e n  f i x  t h i s  p o ta ss iu m  in  expand ing  l a y e r s ,  w hich 

c o n seq u en tly  c o l la p s e  to  10 £ s p a c in g s . Some p o ta ss iu m  from  f e r t i l i s e r s  may 

a ls o  be f ix e d  i n  th e  t o p s o i l  c l a y ,  enhancing  th e  10 £  d i f f r a c t i o n  peak  (B e c k e tt ,

1970). B oth  p ro c e s s e s  c o u ld  have o p e ra te d  i n  th e  T u n s ta l l  p r o f i l e .

Only in  th e  c la y  f r a c t io n s  i s  the ap p aren t lo s s  o f m ica from  upper, h o rizo n s  

balanced  by an in c re a se d  p ro p o r tio n  o f o d ie r  la y e r  s i l i c a t e s  i n  the  same h o riz o n . 

In  the s i l t  f r a c t io n s  k a o l in i te  i s  a lso  d e p le ted  in  amount in  th e  upper h o riz o n s , 

b u t th e se  h o riz o n s  c o n ta in  an in c re a se d  p ro p o r tio n  o f c la y - s iz e d  k a o l in i t e .  

P ro p o rtio n s  o f v e rm ic u lite  in  th e  c la y  and s i l t  f r a c t io n s  of h o riz o n s  1 and 2
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a re  m im ila r to  th o se  i n  horigO na 5 and 6 , b u t a re  s i g n i f i c a n t l y  in c re a s e d  in  

h o r iz o n  3 * I ti e o n t r a s t ,  g m e c tite  te n d s  to  d ec re ase  i n  p ro p o r t io n  up th e  

p r o f i l é .  G h lô tit®  In  th e  a i l t  f r a c t i o n s  d e c re a se s  upw ards, b u t  i n  th e  

f in e  c l a y  i t  i s  more abundan t i n  h o r iz o n s  1 and 2 th a n  b e n e a th . The 

s ii i ip le s t  w e a th e r in g  sequence su g g e s te d  b y  th e s e  r e s u l t s  i s  th e  le a c h in g  o f  

p o ta ss iu m  from  m ica by  a c id  ground w a te r  to  p roduce expanding  m in e ra ls  o f 

th e  v e r m ic u l i te  ty p e ,  and  th e  d e c re a se  i n  s iz e  o f  k a o l i n i t e  p a r t i c l e s  by  

p h y s ic a l  w e a th e r in g . Ho^vever, the  r e l a t i v e  amounts o f  d i f f e r e n t  f r a c t i o n s  

in  each  h o r iz o n  must a ls o  be talcen in to  a c c o u n t, a s  m ust th e  p o s s ib le  

t r a n s l o c a t i o n  o f  c l a y ,  and i n  some in s ta n c e s  th e  ch anges i n  b u lk -c o m p o s itio n  

r e s u l t i n g  from  c o iip le te  rem oval o f  some com ponents ( e .g .  c a lc iu m  c a rb o n a te } . 

The changes i n  l a y e r  s i l i c a t e s  th ro u g h  th e  T u n s ta l l  p r o f i l e  a re  d is c u s s e d  

q u a n t i t a t i v e l y  i n  s e c t io n  6 . 4 . 2 .

A nom hous s i l i c a  and s lu r in a . . Amounts o f b o th  o f  th e s e ,  a s  d e te rm in ed  

c h e m ic a lly  ( T a l le 4 ^}, a re  sm a ll in  a l l  f r a c t i o n s  o f  a l l  h o r iz o n s ,  b u t  

in c re a s e  tv .o - fo ld  i n  th e  f i n e  c la y  f r a c t i o n  betw een  th e  ca lca r-eo u s  p a r e n t  

m a te r ia l  (HT i / 6) and th e  t o p s o i l  (HT l / l ) ,  s u g g e s tin g  t h a t  w e a th e rin g  h a s  

Caused s l i g h t  d e s i l i c a t i o n  o f  some m in e ra ls  and m o b ilis e d  some a lu m in a .

Zm o b ilisa tio n  and r e d e p o s i t io n  o f  a lum ina i n  th e  p r o f i l e  i s  a ls o  in d ic a te d  by  

th e  h in d e re d  ex p an sio n  and c o l la p s e  o f th e  c la y s  i n  th e  u p p er s o i l  h o r iz o n s ,  

a s  t h i s  p ro b a b ly  i - e s u l ts  from  d e p o s it io n  o f a lu v ln iu a  hydi-oxide in t e r l a y e r s  

in  th e  expandab le  • .lin e i'a ls .

I ro n  o x id e s . B oth c r y s t a l l i n e  and amorphous i r o n  o x id e s  a r e  p r e s e n t  in  

th e  c la y  and s i l t  f r a c t i o n s .  The X -ray d if f r a c to g ra m s  o f  h o r iz o n s  1 and 2  

a ia  th e  o n ly  ones shov-ing p ro m in en t l e p id o c r o c i t e  peaks*  and a lth o u g h  

g o e th i te  i s  p r e s e n t  th ro u g h o u t th e  p i o f i l e   ̂ th e  u p p er h o rizo n s , a g a in  g iv e  

th e  s t r o n g e s t  p e a k s . However, le p id o c r o c i te  h as  a  p l a t y  morphology,^ and 

o r i e n t s  b e t t e r  h ia n  g o e th i te  on tire g la s s  s l i p s  u sed  f o r  d if f ra c to ra e try ,^  

so t h a t  i t s  r e f l e c t i o n s  a re  enhanced com pared w ith  g o e th i te  (Brown, i 933 ^  

The r e l a t i v e  a^eounts o f th e s e  c r y s t a l l i n e  ccm ponents can n o t th s i-a fo re  be
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e s tim a te d  from  th e  d if f r a c to g ra m s  w ith  any c e r t a i n t y ,  and an a s t e r i s k  s c a le  

i s  u se d  i n  T ab les44 '4^to  show th e  r e l a t i v e  o rd e r  o f  m agnitude o f  th e  r e s p e c t iv e  

r e f l e c t i o n s .

The amounts o f  " f r e e  i r o n " ,  a s  d e te rm in e d  c h e m ic a lly  (T able 4 )  ) ,  a re  

l a r g e s t  i n  th e  f in e  c l a y s ;  th e y  in c r e a s e  tow ards th e  s u r fa c e  i n  t h i s  f r a c t i o n ,  

b u t  i n  c o a r s e r  f r a c t i o n s  th e y  in c re a s e  downwards. However, th e se  t r e n d s  

a ie  n o t r e f l e c t e d  i n  th e  rough  e s t im a te s  o f  c i y s t a l l i n e  i r o n  o x id e s  made 

from  th e  d if f r a c to g ra m s ,  even though  b o th  le p id o c io c i t e  and g o e th i te  

d is s o lv e  i n  d i t h i o n i t e - c i t r a t e  and a re  th e re fo re  in c lu d e d  i n  th e  " f r e e  iro n "  

f i g u r e s .  Much l e s s  c r y s t a l l i n e  m a te r ia l  i s  a p p a re n t i n  th e  c a lc a re o u s  

h o r iz o n s  th a n  in  d e c a l c i f i e d  o n es , y e t  th e  t o t a l  " f r e e  iro n "  c o n te n ts  a re  

n o t v e ry  d i f f e r e n t .  Zluch o f  th e  " f r e e "  i r o n  ox ide  i s  th e re fo re  amorphous 

to  X -ra y s , and th e  r a t i o  o f t h i s  am oiphous m a te i ia l  to  c r y s t a l l i n e  i r o n  

o x id e s  m ust d e c re a se  up th e  p r o f i l e .

As le p id o c r o c i te  r e f l e c t i o n s  ap p e a r o n ly  in  th e  d if f ra c to g ra m s  o f 

f r a c t i o n s  from  th e  tw-'O upperm ost s o i l  h o r iz o n s , t h i s  m n e r a l  i s  p ro b a b ly  

p e d o g e n ic . Brown (19 3 3 0 tlio u g h t th e  le p id o c r o c i te  he found  i n  b o u ld e r  c la y  

s o i l s  i n  L a n c a sh ire  was a ls o  p ed o g en ic ; i n  t h i s  and o th e r  s o i l s  th e  m in e ra l 

i s  a s s o c ia te d  w ith  o range  m o t t l in g  ( th e  p u re  m inei'a l i s  i t s e l f  o range i n  

c o lo u r ) ,  and i s  an o x id a t io n  p ro d u c t o f  f e i r o u s  compounds, p o s s ib ly  fo rm ing  

in  th e  p re se n c e  o f o rg a n ic  m a tte r  (Schwertmann and T a y lo r , l972c). I n  th e  

T u n s ta l l  p r o f i l e ,  th e  laost d i s t i n c t  brown m o ttlin g  occu i's  i n  h o r iz o n  2 , i n  

w hich l e p id o c r o c i t e  seems to  be m ost ab u n d an t; no m o t t l in g  was d e te c te d  i n  

h o r iz o n  1 , a lth o u g h  le p id o c r o c i te  i s  p r e s e n t ,  b u t h e re  th e  m o tt l in g  c o u ld  

have b een  d e s tro y e d  by  c u l t i v a t i o n  and m ixing o f  th e  s u r fa c e  s o i l .

A lthough  g o e th i te  o c c u rs  th ro u g h o u t th e  p r o f i l e ,  i t  was n o t d e te c te d  

in  th e  c l a y  from  sam ple FT 1 (u n o x id ise d  F tn p le  T i l l ) ,  and may th e r e f o r e  

be d e r iv e d  frojii th e  o x id a t io n  o f n y n i t e s  and s id e r i t e »  The s t r o n g e s t
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4 o13 £  p eak s  a re  in  d iff ra c to g ra m s  o f c la y s  from  th e  upperm ost h o rizo n s , 

where th e  g o e th i te  was p o s s ib ly  d e riv ed  from  some o f th e  le p id o c ro c i te ,  

which i s  th e  l e s s  s ta b le  polymorph o f PeO(OH). Summarising a s e r ie s  o f 

papers on sesq u io x id e  fo rm atio n  and tra n s fo rm a tio n . Van Schuylenborgh (l972) 

co n sid e red  th e  p resen ce  o f  le p id o c ro c i te  in  s o i l  h o rizo n s  depends on th e  

r e l a t iv e  r a t e s  o f  on th e  one hand, re d u c tio n  and o x id a tio n  re a c t io n s  

p roducing  so lu b le  fe r ro u s  io n s  and su b seq u en tly  p r e c ip i t a t in g  them as 

Y-PeO(OH) ( le p id o c ro c ite )  o r  amorphous Fe(OH)^, and on th e  o th e r  hand, 

ageing r e a c t io n s  whereby th e se  m in e ra ls  change to  c<-FeO(OH) (g o e th i te ) .
/  /  V  /

C ir ic  and S koric  (1972) showed th a t  ageing  re a c t io n s  p roceed  slow ly in  

s o i l s ,  v/hereas o x id a tio n -re d u c tio n  r e a c t io n s  a re  f a s t e r ,  th u s  ex p la in in g  

why le p id o c ro c i te  and amorphous iro n  hydrox ides predom inate over g o e th ite  

in  a c t iv e ly  hydromorphic s o i l s .

6 . 3.10 M icromorphology

Thin s e c tio n s  o f  h o riz o n s  2-6 were examined w ith  a p é tro g ra p h ie  

m icroscope, m ain ly  to  sea rc h  f o r  evidence, o f c la y  t r a n s lo c a t io n .  T ran slo ca ted  

c lay  i s  o r ie n te d ,  as c la y  p a r t i c l e s  a re  m ainly  of a  p l a ty  h a b i t .  Because 

th e  p a r t i c l e s  a re  sm a ll, u n o rie n te d  c la y  appears o p t ic a l ly  i s o t r o p ic ,  b u t 

o r ie n te d  c la y  i s  a n is o tro p ic  and can r e a d i ly  be reco g n ised  under the 

m icroscope by i t s  b ir e f r in g e n c e .

In  th e  th in  s e c tio n s  o f a l l  the h o riz o n s  examined th e re  was 

co n s id e ra b le  ev idence o f  o r ie n ta t io n  o f c la y  p a r t i c l e s  in  th e  s o i l  m a trix . 

However, a s  t h i s  o r ie n te d  c la y  i s  d i s t r ib u te d  throughout th e  s o i l  m a trix , 

i t  i s  p ro b a b ly  an o r ig in a l  f e a tu re  o f  th e  t i l l  i t s e l f ,  hav ing  developed 

in  response  to  sh ea rin g  s t r e s s e s  in  th e  p a re n t  ic e  s h e e t .  Some th in  la y e r s  

of o r ie n te d  c la y  a lso  l in e d p o r e s  and sm all f i s s u r e s  in  many o f the h o riz o n s .



7  2

b u t  th e s e  c o u ld  have r e s u l t e d  from  p r e s s u r e s  e x e r te d  by grow ing r o o ts  

i n  th e  ca se  o f  p o r e s ,  and from  p r e s s u r e s  due to  ex p an sio n  and c o n t r a c t io n  

d u r in g  w e tt in g  and d ry in g  c y c le s  i n  th e  ca se  o f  f i s s u r e s .  T hat i s ,  

th e y  ai*e p ro b a b ly  s t r e s s  c u t  an s .

True i l l u v i a t i o n  c u ta n s , t h a t  i s  c l a y  s e p a r a t io n s  c l e a r l y  a s s o c ia te d  

w ith  p o r e s ,  and showing s tro n g  c o n tin u o u s  o r i e n t a t i o n ,  w e ll  dev e lo p ed  

b an d in g , and w ith  no in c lu s io n s  o f  c o a rse  m a te r i a l ,  a re  r a r e .  T here i s  

th e r e f o r e  v e ry  l i t t l e  ev id en ce  o f  c la y  t r a n s lo c a t io n  in  th e  T u n s ta l l  

p r o f i l e .

6 .4  P edogen ic  S ig n if ic a n c e  o f  R e s u l ts

6 . 4.1 U n iform j.ty  o f  P a re n t  M a te r ia l

The m ain aim  o f  th e  s o i l  p r o f i l e  s tu d y  was th e  q u a n t i t a t iv e  

e s t im a t io n  o f  p ed o g en ic  ch an g es, b u t  b e fo re  t h i s  can  be a tte m p te d  i t  i s  

i n p o r t  a n t  to  e s t a b l i s h  s a t i s f a c t o r i l y  th e  u n ifo rm ity  o f  p a r e n t  m a te r ia l  

th ro u g h o u t th e  p r o f i l e .  B rew er ( 1964) gave t h i s  a s  th e  f i r s t  re q u ire m e n t 

o f  a  s o i l  p a r e n t  m a te r ia l  in  t h i s  ty p e  o f  s tu d y . H is second  was 

t h a t  th e  ro ck  o r  d e p o s i t  a n a ly se d  as  p a r e n t  m a te r ia l  sh o u ld  be u n a l te r e d  

in  any way by  th e  s o i l - fo rm in g  p ro c e s s e s  t h a t  one i s  t r y i n g  to  

e v a lu a te .  He em phasised  th e  d i f f i c u l t i e s  in  a t t a i n i n g  th e se  two 

re q u ire m e n ts ,  and a ls o  p o in te d  o u t th e  need  to  d i s t i n g u i s h  betw een 

p é d o lo g ie  w e a th e r in g  and  s o - c a l l e d  " g e o lo g ic  w e a th e rin g "  (Jen n y , 1 ) .  

"G eo lo g ic  w eath e i'in g "  in c lu d e s  p ro c e s s e s  ta k in g  p la c e  a t  d ep th  u n d er th e  

in f lu e n c e  o f  such  a g e n ts  a s  deep ground  w a te r .  How/ever, th e  i n t e r n a l  

V a r i a b i l i t y  o f  many ro c k s  o r  u n c o n s o lid a te d  d e p o s i t s  i s  such  t h a t  th e  

e x a c t  co m p o sitio n  o f  th e  o r i g i n a l ,  u n a l te r e d  p a r e n t  m a te r ia l  o f  many 

s o i l  p r o f i l e s  can  n e v e r  b e  d e te rm in e d .



U n fo r tu n a te ly ,  i t  was o n ly  a f t e r  much o f th e  s tu d y  had been  com pleted  

t h a t  many o f  tiv  im p l ic a t io n s  o f the  changes i n  te x tu r e  and m ineralogy'’ o f 

th e  s o - c a l l e d  H ess le  T i l l ,  and t h e i r  r e l a t i o n s h ip s  to  the  p r o p e r t i e s  o f  

th e  u n d e r ly in g  P u ip le  and Drab T i l l s ,  w ere f u l l y  r e a l i s e d .  Thus, in  C h ap te r  5 

i t  was su g g e s te d  t h a t  th e  H essle  T i l l  o r i g i n a l l y  c o n ta in e d  s im i la r  p ro p o r t io n s  

o f  s i d e r i t e  and p y r i t e s  to  th o se  in  th e  u n d s ily in g  t i l l s ,  and t h a t  o x id a t io n  

o f th e s e  m in e ra ls  was to  a la r g e  e x te n t  r e s p o n s ib le  f o r  th e  re d d is h  brown 

c o lo u rs  t y p i c a l  o f  th e  s u r fa c e  t i l l s  th ro u g h o u t th e  a r e a .  Over m ost o f  th e  

a re a  o ccu p ied  by  th e  D evensian  t i l l s ,  th e  H ess le  T i l l  i s  p ro b a b ly  th e  o x id is e d  

upper p a r t  o r  th i n  e x te n s io n  o f  th e  D rab , b u t  in  s o u th - e a s t  H o ld ern ess  i t  i s  

th e  o x id is e d  s u r fa c e  l a y e r  o f  tlie  P u rp le  T i l l .  In  ’the l a t t e r  a r e a ,  sam ples 

o f th e  o x id is e d  b u t  u n d e c a lc i f ie d  t i l l  (H essle  o f  Zone A) a re  s im i la r  i n  

te x tu r e  and c la y  m in e ra lo g y  to  -the u n d e r ly in g  P u rp le ,  and  d i f f e r e n c e s  in  

8"bone c o n te n t  and i n  sand  and s i l t  m in e ra lo g y  ( a p a r t  from  th e  com plete  o r  

p a r t i a l  la c k  o f o b v io u s ly  w e a th e ra b le  m a te r ia ls  in  th e  H e ss le )  a re  v e ry  s m a ll.  

A c c o rd in j ly ,  sajiiple PT i (u n o x id ise d  P u rp le  T i l l  from  8m below  th e  to p  o f  

T u n s ta l l  c l i f f )  and  sa n p le  HT 1 /6  a re  re g a rd e d  a s  th e  b e s t  ap p ro x im atio n  

to  th e  t r u e  p a r e n t  m a te r ia l  o f  th e  p r o f i l e  s irad ied  th e r e .

In  n o r th  N o rfo lk , no g re y  b o u ld e r  c la y  was seen  below th e  r e d d is h  brown 

H unstan ton  T i l l ,  a l th o u g h  on th e  fo re s h o re  a t  B ra n c a s te r  I h i t a k e r  and  Ju k e s  

Browne ( lo 9 9 ) re c o rd e d  brown c la y  " l i k e  t h a t  o f H unstan ton" p a s s in g  " b o th  

l a t e r a l l y  and v e r t i c a l l y  inbo  le a d -c o lo u re d ,  v e ry  c h a lk y  b o u ld e r  c l a y " , w hich 

may be u n o x id ise d  D rab T i l l ,  As no sam ple o f  t h i s  u n a l t e r e d  p a r e n t  m a te r ia l  

o f th e  Holkliam p r o f i l e  was a v a i l a b l e ,  h o r iz o n  2 /3  i s  u sed  i n  t h i s  s tu d y  as  

th e  c l o s e s t  ap p ro x im a tio n  to  i t .

B arshad  ( in  B e a r, 1964) gave s ix  methods f o r  e s t a b l i s h in g  u n ifo rm ity  

o f  p a r e n t  m a te r ia l  i n  a  s o i l  p r o f i l e :

1 . T o ta l m inei-a log ical a n a ly s is ,  w ith  p a r t i c u la r  a t te n t io n  to  th e  , 

heavy m inera l s u i t e .
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2c P a r t i c l e  s iz e  d i s t r i b u t i o n  o f  th e  r e s i s t a n t  m in e ra ls ,  heavy o r  l i g h t ,  

o f  th e  n o n -c la y  f r a c t i o n s .

3» The r a t i o  o f  two r e s i s t a n t  m in e ra ls  in  any one f r a c t i o n  c o a r s e r  th a n  

c la y ,  p r e f e r a b l y  th e  f i n e  sand  o r  c o a rse  s i l t .

if. P a r t i c l e  s iz e  d i s t r i b u t i o n  o f  th e  whole n o n -c la y  f r a c t io n »

3 . N a tu re  o f  c l a y  d i s t r i b u t i o n  w ith  d e p th .

6 . N atu re  o f  th e  change i n  ch em ica l co m p o sitio n  o f  th e  n o n -c la y  f r a c t i o n .  

In  th e  p r e s e n t  s tu d y , u se  was made o f  m ethods i , 2 , 3 , 4  and 3 .

6 .4 .1 .1  P a r t i c l e  s iz e  d i s t r i b u t i o n  a s  ev id en ce  o f  hom ogeneity

P a r t i c l e  s iz e  a n a ly se s  o f  th e  T u n s ta l l  and  Holkham p r o f i l e s  a re  g iv e n  

in  T a b le s  and  F ig u re s  . i n  b o th  th e  c l a y  c o n te n t  i s  g r e a t e s t

in  th e  d e e p e s t d e c a l c i f i e d  h o r iz o n , and d e c re a se s  above and below . I n  th e  

fiolkhain b r i c k p i t  a l i t h o l o g i c a l  d i s c o n t in u i ty  (a  seam o f  c la y e y  g ra v e l)  

p re v e n te d  s a r p l in g  o f  a l l  b u t th e  upperm ost c a lc a re o u s  h o r iz o n . A t T u n s ta l l ,  

the  c la y  c o n te n t  d e c re a s e s  th ro u g h  h o r iz o n  4 , th e  zone o f  secondary  c a rb o n a te  

acc u m u la tio n , b u t  does n o t f u r t h e r  d e c re a se  below  t h i s .

B ecause o f  th e  p rep o n d eran ce  o f  q u a r tz  and f e l s p a r s  in  th e  n o n -c la y  

f r a c t io n s  o f  m ost sedimentarw'' p a r e n t  m a te r i a l s ,  and th e  r e l a t i v e  r e s i s t a n c e  

o f th e s e  m in e ra ls  to  w e a th e r in g , B arshad  ( l 964) c o n s id e re d  t h a t  th e  p a r t i c l e  

s iz e  d i s t r i b u t i o n  o f  th e  whole ijo n -c la y  f r a c t i o n  can  be  u sed  a s  an i n d i c a to r  

o f p a r e n t  m a te r ia l  u n ifo rm ity .  T ab les  and F ig u re s  p r e s e n t  th e

r e s u l t s  f o r  th e  T u n s ta l l  p r o f i l e  and th e  Holkham p r o f i l e  on t h i s  b a s i s .

In  th e  T u n s ta l l  p r o f i l e ,  th e s e  in d ic a te  a  p ro g re s s iv e  upward d e p le t io n  i n  th e  

f in e r  s i l t  f r a c t i o n s ,  w ith  a  c o rre sp o n d in g  in c re a s e  in  th e  sand and c o a rse  s i l t  

c o n te n ts .  I f  such  a change ap p ea red  su d d en ly  a t  one p o in t  i n  th e  p r o f i l e ,  o r  

i f  d i s c r e t e  s e g re g a t io n s  o f  sandy o r  c o a rs e  s i l t y  m a te r ia l  v.ere p r e s e n t  in  th e  

upper p a r t  o f the  p r o f i l e  (a s  f o r  example i n  p r o f i l e s  on th e  L o w esto ft T i l l ) ,  

then c o n ta m in a tio n  o f  th e  u pper p a r t  o f  th e  p r o f i l e  w ith  co v ersan d  o r  lo e s s
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riD-ght be w uapected; hov.'sver, th e  change i s  g r a d u a l ,  and no sudden in c re a s e s  

in  any p a r t i c u l a r  p a r t i c l e  s iz e  g rade a re  a p p a re n t (see  P ig u ic  The

m in e ra lo g ic s l  d a ta  show t h a t  t h i s  g ra d u a l upward in c re a s e  in  the  sand and 

c o a rse  s i l t  r e l a t i v e  to  f in e  s i l t  r e s u l t s  from  w eathering»  The f in e  s i l t  

f r a c t i o n s  o f  th e  lo w e s t h o r iz o n s  c o n ta in  o n ly  abo u t 30 fo q u a r tz  + f e l s p a r ,  

b u t th e  uppei' h o r iz o n s  c o n ta in  43-30  ^  ; th e  c o a r s e r  f r a c t i o n s  show a 

s im i la r  ch an g e , b u t  t o t a l  am ounts in c re a s e  p r o g r e s s iv e ly ,  so t h a t  th e  f i n e  sand  

f r a c t i o n  c o n ta in s  o v e r  90 fo o f  th e se  m in e ra ls  in  th e  d e e p e s t h o r iz o n . As 

m in e ra ls  w hich a re  r e l a t i v e l y  s u s c e p t ib le  to  w ea th e rin g  make up th e  rem a in d er 

o f  th e se  f r a c t i o n s ,  th o se  w ith  l a r g e s t  am ounts o f  w e a th e ra b le  m in e ra ls  

( i . e .  th e  f i n e r  f r a c t io n s )  a re  m ost l i k e l y  to  d im in ish  i n  t o t a l  amount up th e  

p r o f i l e  c

T a b le s  2.9 G $ and F ig u re s  g iv e  th e  r e s u l t s  o f  th e  d e t a i l e d  s ie v e

a n a ly se s  o f  san d  f r a c t i o n s  from  th e  T u n s ta l l  and hblkham p r o f i l e s .  <^uartz 

and f e l s p a r  to g e th e r  com prise  th e  b u lk  o f  th e se  s iz e  g ra d e s ,  so t h a t  t h e i r  

p a i’t i c l e  s i z e  d i s t r i b u t i o n  i s  e s s e n t i a l l y  t h a t  o f  r e s i s t a n t  m in e ra ls  » I n  

th e  T u n s ta l l  p r o f i l e  some g ra d e s  o f sand a re  b e t t e r  r e p re s e n te d  th a n  o th e r s  

( ^ i g .7 & ) ,  th e s e  fo rm ing  a s e r i e s  o f p eaks i n  tiie d iagram , -which occupy 

th e  same p o s i t i o n s  and a re  o f  com parable h e ig h t  f o r  sam ples HT i / 2  to  HT i / 6  

in c lu s iv e  and  PT i , th e re b y  in d i c a t in g  t h a t  th e s e  h o r iz o n s  w ere d e r iv e d  from  

th e  same p a r e n t  m a te r ia l .  How.ever, th e r e  i s  a p ro g re s s iv e  d e p le t io n  in  

Biriounts o f  th e  c o a r s e r  san d s  and a c o ire sp o n o in g  in c re a s e  in  th e  f i n e r  san d  

f r a c t i o n s  to w ard s  Hie s u r fa c e  » The coai-se sand  f r a c t io n s  o f  low er h o r iz o n s  

c o n ta in  many fra g m e n ts  o f  s h a le ,  s i l t s t o n e  and san d sto n e  (T ab les  3 3<».-c ) ,

w hich a re  e a s i l y  d is a g g re g a te d  in to  -th e ir c o n s ti- tu e n t g r a in s  by w e a th e r in g ; 

t h i s  p ro c e s s  h as  a f f e c te d  th e  u p p er h o r iz o n s ,  as t h e i r  c o a r s e r  g rad es  c o n ta in  

f a r  few er f ra g m e n ts , and i s  p ro b a b ly  r e s p o n s ib le  f o r  -fche g ra d u a l change i n  

r e l a t i v e  am ounts o f  c o a r s e r  and f i n e r  sand  g ra d e s  -through th e  p r o f i l e .
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The T u n s ta l l  t o p s o i l  (BT i / i )  has ap p ro x im a te ly  th e  same d i s t r i b u t i o n  o f  

sand  a s  th e  lo w er h o r iz o n s ,  b u t  i s  s l i g h t l y  e n r ic h e d  i n  mediuim g ra d e s ,  230-  

300pun. T h is  c o u ld  have been  d e r iv e d  from  th e  modern b e a c h , as  c l i f f s  o f  

s im i la r  h e ig h t  in  E a s t  A n g lia  have a t  tim es  b een  co v e re d  by  blown sand from  

nea rb y  b eac h es  (G-reen ejk _ a l . ,  ̂9 33; Sanham, l 9 7 l ) ,  and t h i s  sand  i s  m a in ly  o f  

medium g ra d e . A l t e r n a t iv e ly ,  p h y s ic a l  d is a g g re g a t io n  o f  san d sto n e  frag m e n ts  

in  th e  to p s o i l  c o u ld  have in c re a s e d  th e  p ro p o r t io n  o f  medium sand; such  

frag m e n ts  a re  c e r t a i n l y  raore abundant in  h o r iz o n s  HT i / 2  arid below  th a n  in  

HT i / i  c The s l i g h t l y  d i f f e r e n t  p a r t i c l e  s iz e  d i s t r i b u t i o n  o f  th e  sand  i n  the  

to p s o i l  may th e r e f o r e  r e s u l t  s im ply  from  w e a th e rin g  o f  m a te r ia l  s im i l a r  in  

co m p o sitio n  to  th e  t i l l  a t  d e p th , and th e re  i s  no n eed  to  r e s o r t  to  th e  

s u g g e s tio n  o f  c o n ta m in a tio n  wdth blown sand .

In  th e  Holkliam p r o f i l e ,  th e  p a r e n t  m a te r ia l  was p ro b a b ly  l e s s  u n ifo rm , 

th a n  a t  T u n s ta l l ,  b eca u se  th e re  a re  c o n s id e ra b le  d i f f e r e n c e s  in  th e  p a r t i c l e  

s iz e  d i s t r i b u t i o n  o f  th e  sand f r a c t i o n s  betw een  s u c c e s s iv e  h o r iz o n s  (lig u r-e  7 7  ) 

The u pper h o r iz o n s  (HT 2 /i  and 2 /2 )  a re  s im i la r  to  th e  c a lc a re o u s  t i l l  (HT 2 /3 ) 

in  t h i s  r e s p e c t ,  b u t  the  in te rv e n in g  d e c a lc i f i e d  h o r iz o n s  (2 /3  and 2 /4 )  a re  

8i g n i f i c a n t l y  d i f f e r e n t ,  and th e  d i f f e r e n c e s  can n o t be  e x p la in e d  b y  w e a th e r in g  

o f th e  t i l l .

6 o 4 c j.2  T in e r a lo g ic a l  co m p o sitio n  as ev idence  o f  u n ifo rm ity

The d e t a i l e d  a n a ly s e s  oC heavy and l i g h t  f r a c t i o n s  o f  th e  f i n e  sand 

(33- 2 3 0 and co a i’se  s i l t  (2'0-33/^-iO f r a c t i o n s  from  a l l  h o r iz o n s  o f  th e  

T u n s ta l l  and Holkham p r o f i l e s  (T ab les  34"4"l;6y-7t) w ere u se d  i n  a  f u r t h e r  t e s t  

o f hom ogeneity  o f  th e  p a r e n t  m a te i l a l s .  In  t h i s  th e  heavy m in e ra ls  a re  Hie 

.nore u s e f u l ,  a s  th e y  c o n ta in  more m in e ra l sp ec ie s»  However, w e a th e r in g  has 

p a r t l y  removed b i o t i t e ,  c h l o r i t e ,  o u g ite  and a p a t i t e  from  th e  h ig h e r  h o rizo n s^  

so th e se  w e a th e ra b le  m in e ra ls  w ere exclu d ed  from  th e  c a l c u la t io n s .
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V ario u s  c l a s s i f i c a t i o n s  o f  m in e ra l s t a b i l i t y  have been  su g g e s te d , some 

based  on p e r s i s te n c e  in  s o i l s ,  o th e r s  on p e r s is te n c e  in  sed im en ts  ( e .g .

G oldich, 1932; P e t t i jo h n ,  1941; P ry  den and Pryden, 194-6; V/eyl, 1932;

Jackson  and Sherm an, 1933; P ie ld e s  and Sw dndale, 1934-) * The s p e c i f i c  

environm ent o f  w e a th e r in g  i s  p ro b a b ly  th e  m ost im p o rta n t a s p e c t  to  be  c o n s id e re d , 

as  th e  s t a b i l i t y  sequence in  t r o p i c a l  s o i l s ,  f o r  exam ple, i s  d i f f e r e n t  from  

t h a t  in  p o d z o l p r o f i l e s  (B rew er, 1964) .  N e v e r th e le s s ,  m ost w orkers  ag ree  t h a t  

th e  main m in e ra ls  u sed  i n  th e  hom ogeneity  t e s t  ( r u t i l e ,  a n a ta s e ,  b r o o k i te ,  

z i rc o n ,  to u rm a lin e , g a r n e t ,  e p id o te ,  k y a n i te  and s t a u r o l i t e )  a re  a l l  r e l a t i v e l y  

s ta b le  u n d e r  m ost c o n d i t io n s .

Tables4®'4* )73-74and F ig u re s  77, 81-^3  show th a t  th e  r e l a t i v e  p r o p o r t io n s  

o f th e se  s t a b l e  minei a l s  a re  f a i r l y  c o n s ta n t  tliro u g h o u t b o th  th e  T u n s ta l l  

and Holl-±Lam p r o f i l e s ,  th u s  in d i c a t in g  th e  u n ifo rm ity  o f  Hie r e s p e c t iv e  p a r e n t  

m a te r ia l s .  A t T u n s ta l l  th e  u n ifo rm ity  e s ta b l i s h e d  on t h i s  b a s i s  ex ten d s  down 

to  sam ples HT 1 /6  and PT 1 , and th e  v e r t i c a l  v a r i a b i l i t y  o f  th e  w hole p r o f i l e  

i s  no g r e a t e r  th a n  th e  l a t e r a l  v a r i a b i l i t y  o f  th e  same t i l l  o v e r a  k i lo m e tre  

a t  P ira lin g to n  (F ig u re s  Bl*8Z) .

6 . 4 . 1 .3  hom ogeneity o f p a re n t m a te r ia ls  -  co n c lu sio n s

The ev id en ce  p re s e n te d  above shows t h a t  th e  T u n s ta l l  s o i l  p r o f i l e  

developed  from  a p a r e n t  iu a te r ia l  un ifo rm  enough to  allow  r e l i a b l e  q u a n t i t a t iv e  

c a lc u la t io n s  to  be made o f  th e  pedogenic changes t h a t  have o c c u rre d  i n  i t .

The Plolldia:-.! p r o f i l e  i s  r e a s o n a b ly  u n ifo rm  m in e i-a lo g ic a lly , b u t  l e s s  so  

t e x t u r a l l y .  q u a n t i t a t iv e  c a l c u la t io n s  o f  pedogen ic  changes w ere n o t th e r e f o r e  

a tte - ip te d  on d a ta  from  t h i s  p r o f i l e ,  though a q u a l i t a t i v e  com parison  w ith  

the T u n s ta l l  p r o f i l e  v a s  made.
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6 . 4-0 2 q u a n t i t a t i v e  E v a lu a tio n  o f  S o i l  P r o f i l e  Developm ent and M in é ra lo g ie  a l

Changes

6 . 4 »2 . i C ho ice  o f  an Index  ï.ü n e i'a l

" S o i l  developm ent can  be e v a lu a te d  . . . .  a s  lo n g  a s  th e  i n i . t i a l  

s t a t e  can  be determ ined" (Barsha.d, 1 9 64 ). The i n i t i a l  s t a t e  o f  th e  m a te r ia l  

in  w hich  th e  T u n s ta l l  s o i l  developed  v/as e s ta b l i s h e d  in  s e c t io n  6 .4 .1 ,  and  

in  th e  p r e s e n t  s e c t io n  an  a tte m p t w i l l  be made to  d e term in e  th e  d eg ree  o f  

developm ent o f  th e  s o i l  p r o f i l e ,  m a in ly  on th e  b a s i s  o f  m in e ra lo g ic a l  

ch anges. B arsh ad  o u t l in e d  m ethods by  w hich  th e se  changes may be m easured ' 

q u a n t i t a t i v e l y ,  u s in g  m in e ra lo g ic a l  and ch em ica l d a ta .  The method ad o p ted  

h e re  i s  a la o d if ic a t io n  o f  th e  m in e ra lo g ic a l  te c h n iq u e , i n  w hich g a in s  and 

lo s s e s  w i th in  th e  p r o f i l e  a re  m easured a g a in s t  an  in d e x  m in e ra l .  T h is  te rm  

was p ro p o se d  by  LCa.rshall ( l 940) to  d e s c r ib e  a  m in e ra l t h a t  i s  r e s i s t a n t  to  

w e a th e r in g , and h n n o b ile . He recommended z i r c o n ,  to u rm a lin e , g a r n e t ,  a n a ta s e  

o r  r u t i l e  1 q u a i tz ,  a l b i t e  and m ic ro c lin e  a re  a d d i t i c n a l ly  recommended by 

B arsh ad . Z irc o n  h as  been  u sed  f r e q u e n t ly  (lih.seiman and H a r s h a l l , l9 4 5 ;

Adams and H a te l s k i ,  1953)> b u t  as  w ith  some o f  th e  o th e r  recommended in d e x  

m in e ra ls ,  th e  w eig h t p e rc e n ta g e  i s  d i f f i c u l t  to  d e te im in e  from  heavy m in e ra l 

c o u n ts . As th e  e lem en t z irco n iu m  o c c u rs  p red o m in an tly  i n  z i r c o n ,  chem dcal 

d e te rm in a tio n  o f  Z r h a s  been  u sed  in  p la c e  o f  th e  more te d io u s  m in e ra lo g ic a l  

deteiw LiiiStion o f z irc o n  ( e .g .  A lexander e t  a l . , l9 c 2 ; B eavers  e t  a l . , I9 b 3 ; 

Chapman a.nd H orn, 196o; Sudom and S t .  .m a u d ,  l 9 7 l ) .  now e v e r ,  F i tz P a  t r i c k  

( l9 7 l)  re g a rd e d  th e  ch em ica l m ethod as  l o s s  r e l i a b l e  th a n  th e  m in e ra lo g ic a l  

d e te rm in a tio n .

C hem ical d e te rm in a tio n  o f  t i ta n iu m  h a s  s iiT iila r ly  been  u sed  a s  an 

a l te r n a . t iv e  to  m in e ra lo g ic a l  d e te rm in a tio n  o f  a n a ta se  and r u t i l e ,  b u t  t h i s ' 

s u f f e r s  fro .n  even . e r e  draw backs a s  a w e a th e r in g  in d e x  th a n  z irco n iu m , as  

i t  i s  s u e je c t  to  m o b i l is a t io n  in  a l l  s iz e  f r a c t i o n s  (Sudom and S t .  A rnaud,

l9 7 l ) .  The u se  o f  s i l t  and sand s iz e d  z i rc o n s  i s  re g a rd e d  a s  f a i r l y  r e l i a b l e .
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b ecau se  o f  t h e i r  r e l a t i v e l y  la rg e  s iz e  and co n seq u en t s t a b i l i t y  ( P i tz P a t r ic k ,  

l9 7 l} *  However, a s  t h i s  m in e ra l i s  p r e s e n t  o n ly  in  r e l a t i v e l y  smai.1 aniounts, 

uneven d i s t r i b u t i o n  i n  th e  p a r e n t  m a te r ia l  and ex rje riu ien ta l e r r o r s  in  

dete r-iii.n a tio n  c o u ld  l e a d  to  in a .c c u ra c ie s  in  th e  c s d c u la t io n  o f  m in e ra lo g ica l. 

changes in  th e  p r o f i l e .  F o r t h i s  r e a s o n ,  a  r e s i s t a n t  m in e ra l p r e s e n t  i n  

l a r g e r  am ounts i s  p r e f e r a b l e  a s  an in d e x  m in e ra l.

Q uartz  i s  such  a m in e ra l ,  w id e ly  re g a rd e d  a s  ex tre m e ly  r e s i s t a n t  to  

v /e a th e rin g  in  te m p e ra te  r e g io n s ,  o c c u r r in g  p r e f e r e n t i a l l y  i n  th e  s i l t  and 

sand g ra d e s  o f  se d im e n ts , and fo rm ing  a  la r g e  p ro p o r t io n  o f  many s o i l -  

fo rm ing  m a te r ia ls  o I t s  s t a b i l i t y  and  u se  a s  an  in d e x  m in e ra l h a s  been  

d is c u s s e d  by  s e v e ra l  a u th o r s .  R aesid e  (l9 5 9 ) s t r e s s e d  th e  p o s s i b i l i t y  

o f  p h y s ic a l  breakdow n o f  q u a r tz  p a r t i c l e s ;  how ever, Sudom and S t .  A rnaud 

( l9 7 l )  u sed  q u a r tz  i n  th e  t o t a l  n o n -c la y  f r a c t i o n ,  th e re b y  e l im in a t in g  th e  

e f f e c t  o f  p h y s ic a l  breakdow n w ith in  th e  sand  and c o a r s e r  s i l t  f r a c t i o n s » 

R aes id e  a ls o  d is c u s s e d  tlie  s o l u b i l i t y  o f  q u a r ts  in  s o i l s ,  and co n c lu d ed  th a t  

on o ld  la n d  s u r fa c e s  in  t r o p i c a l  h ig h  r a i n f a l l  a r e a s  s u f f i c i e n t  tim e may 

have e la p se d  f o r  s i g n i f i c a n t  le a c h in g  o f  q u a r tz  from  th e  s o i l s  to  have 

o c c u rre d . Hov.ever, th e  p r e s e n t  s tu d y  i s  concerned  w ith  s o i l  developm ent 

on a co._p,.vnatively young la n d  s u r fa c e  and in  an a r e a  w ith  a  m oderate 

r a i n f a l l  and c o o l tem pera te  c l im a te ,  so th e  p o s s i b i l i t y  o f  s i g n i f i c a n t  

d i s s o lu t io n  o f  q u a r tz  can  be ig n o re d . Ho .evcig to  overcome th e  d i f f i c u l t i e s  

caused  b'y p o s s ib le  y s i c e l  d i s in t e g r a t i o n  o f q u a r tz  p a r t i c l e s ,  i t  was 

d e c id e d  to  use as an  in d e x  th e  an o u n ts  o f  q u a r tz  i n  a  f a i r l y  w ide p a r t i c l e  

s iz e  r a n g e .

b a rsh a d  (1964) ad v o ca ted  th e  use o f  Na- and K - fe ls p a r s  in  a d d i t io n  

to  q u a r tz  a s  an  in d e x . The f e l s p a r  a n a ly se d  in  th e  T u n s ta l l  p r o f i l e  i s  

o v e r  helmingl^^ o f  th e  so d ic  and p o ta s s i c  v a r i e t i e s ,  and th e re  i s  l i t t l e  

ev idcnc.; to  su g g e s t t h a t  i t  h a s  been  s i g n i f i c a n t l y  w ea th e red . Combined 

q u a r tz  and f e l s p a r  a n a ly s e s  w ere th e r e f o r e  u se d . C la y - s iz e d  p a r t i c l e s  of
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q u a r tz  and f e l s p a r  may be s u b je c t  to  w ea th e rin g  a n d /o r  t r a n s lo c a t io n  i n  

th e  s o i l ,  so to  s a fe g u a rd  a g a in s t  t h i s  p o s s i b i l i t y  q u a r tz  and f e l s p a r  i n  

th e  s iz e  f r a c t i o n s  g r e a t e r  th a n  5 /^rri o n ly  were u sed  in  th e  in d ex  m in e ra l 

c a lc u la t io n s o  However, th e  p h y s ic a l  breaJcdown o f s to n e s  (>2 ram) h a s  

p ro b a b ly  in c re a s e d  th e  amount o f  s a n d - s iz e d  q u a r tz  and f e l s p a r  i n  th e  

u p p er s o i l  h o r iz o n s .  I t  was n o t p o s s ib le  to  a llo w  f o r  t h i s  in  a  v e ry  

a c c u ra te  w sy, b ecau se  o f  th e  d i f f i c u l t i e s  in v o lv e d  in  d e a l in g  w ith  sam ples 

l a r g e  enough f o r  a c c u ra te  e s t im a t io n  o f  s to n e  ty p e s ,  b u t th e  l a r g e  sam ples 

o b ta in e d  from  B irn lin g to n  f o r  t h i s  a llo w ed  a  s e m i- q u a n t i ta t iv e  a sse ssm en t 

to  be made o f  th e  e f f e c t  o f th e  p h y s ic a l  breakdown o f  s to n e s  on p r o f i l e  

developm en t. A t th e  o p p o s ite  end o f  th e  s c a le ,  th e  breakdovm. o f  q u a r tz  and  

f e l s p a r  p a r t i c l e s  in to  frag m e n ts  < 5 a c ro s s  i s  th o u g h t to  be  an  u n l ik e ly  

p ro c e s s  i n  th e  T u n s ta l l  s o i l .  The q u a r tz  and f e l s p a r  p a r t i c l e s  <3/^ni i n  

s iz e  t h a t  a re  p r e s e n t  in  ihe  s o i l  a re  p ro b a b ly  d e r iv e d  d i r e c t l y  from  th e  

p a r e n t  t i l l ,  h av in g  b een  form ed by  g l a c i a l  ccm m inution. T h e re fo re ,  th e  

q u a n t i t a t iv e  c a l c u la t io n s  were b a se d  on th e  r e l a t i v e  c o n te n t o f  q u a r tz  and  

f e l s p a i ’ in  th e  3 -2 0 0 0 yAJii f r a c t i o n s .  These c a l c u la t io n s  a re  g iv e n  in  

T a b le s  -

6 .4 (2 .2  q u a n t i t a t iv e  C a lc u la t io n s  -  P a r t i c l e  S ize  A nalyses

T L ' l.e  4 7  g iv e s  t h :  b a s ic  c a l c u la t io n s  o f  changes in  co m p o sitio n  

o f th e  v a r io u s  h o r iz o n s  o f  the  T u n s ta l l  p r o f i l e ,  i n  te rm s 'o f  a  column o f  

s o i l  one squai'O c e n t im e tre  in  c r o s s - s e c t io n a l  a r e a .  L in s  6 , th e  w e i^ i t  

p e rc e n ta g e  o f  in d e x  m in e ra l i n  each  h o r iz o n , shows t h a t  th e  am ounts o f  

q u a r tz  and f e l s p a r  a re  s i g n i f i c a n t l y  in c re a s e d  i n  th e  two upperm ost 

h o r iz o n s ,  and in  h o r iz o n s  3 and 4  th e y  a re  s l i g h t l y  d e p le te d  com pared w ith  

h o r iz o n s  3 and 6 . In  l i n e  8 th e s e  in d ex  m in e ra l c o n te n ts  a re  u se d  to  

c a l c u la t e  th e  o r i g i n a l  w e ig h t o f  1g o f  th e  p r e s e n t  s o i l  m a te r ia l  from  each  

h o r iz o n , and in  l i n e s  10-12 th e se  w e ig h ts  a re  a d ju s te d  to  a llow  f o r  th e  

volume changes t h a t  seem to  have ta k e n  p la c e .  A lthough th e  p e rc e n ta g e
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changes in  h o r iz o n s   ̂ and 2 seem l a r g e ,  f ig u r e  Zj- p u ts  th e se  changes in to  

p e r s p e c t iv e ,  showing t h a t  a t o t a l  volume re d u c t io n  o f  o n ly  4 . 4  c c  p e r  square  

cm column o f s o i l  ( i . e .  abou t 3 h as  ta k e n  p la c e  down to  th e  to p  o f  h o r iz o n  5 -

T ab le  5"0 g iv e s  th e  changes in  am ounts o f  each s iz e  f r a c t i o n  t h a t  have 

o c c u rre d  w i th in  each  h o r iz o n , and T ab le  51 th e  same changes as p e rc e n ta g e s  

o f th e  o r i g i n a l  am ounts. H orizon  3 shows no o v e r a l l  change vd_th r e s p e c t  to  

h o r iz o n  6 (which v a s  talc en a s  th e  p a r e n t  m a te r ia l  f o r  th e  p u rp o ses  o f  th e se  

c a l c u l a t i o n s ) ,  b u t  does show d e t a i l e d  d i f f e r e n c e s  i n  p a r t i c l e  s i z e ,  some 

f r a c t io n s  v a ry in g  by  a s  much a s  9 ^  from  th e  amounts i n  h o r iz o n  6 , P e rc e n ta g e  

change o f  t h i s  o rd e r  a re  p ro b a b ly  due to  sm all random v a r i a t io n s  in  th e  

co m p o sitio n  o f th e  p a r e n t  m a te r ia l ,  and i t  i s  unw ise to  a t ta c h  f u r th e r  

s ig n i f i c a n c e  to  them  in  any o f  th e  s o i l  h o r iz o n s . However, th e re  a re  many 

p e rc e n ta g e  changes much l a r g e r  tlian  t h i s  f i g u r e ,  in  p a r t i c u l a r  th e  d e p le t io n  

o f  f r a c t i o n s  f i n e r  bhan 20 y^m in  h o r iz o n s  1 and 2 , th e  in c re a s e  o f  f i n e  c la y  

in  h o r iz o n s  3 end 4 , th e  in c re a s e  o f f in e  sand  and c o a rse  s i l t  i n  h o r iz o n  3 > 

and th e  d e p le t io n  o f  c o a rse  sand  in  h o r iz o n s  2-4- F ig u re  sum m arises th e s e  

ch anges.

The d e p le t io n  o f c o a rse  sand  i s  r e a d i ly  e x p l ic a b le  in  te rm s o f  th e

d is a g g re g a tio n  o f  th e  abundant lo c k  frag m e n ts  i n  t h i s  s iz e  f r a c t i o n .  However,

th e  f in e  o u t i l l a i  r e le a s e d  by  t h i s  d is a g .p 'e g à tio n  i s  i n s u f f i c i e n t  to  acco u n t

fo r  th e  in c io e s e  in  f i n e r  f r a c t i o n s  in  h o r iz o n s  3 and 4 , and ties c o n t r ib u t io n

to  f i n e r  f r a c t i o n s  iiade by d i s in t e g r a t i o n  o f  s to n e s  (> 2 mm) m ust a ls o  be ta k en

in to  a c c o u n t. Rough e s t im a te s  o f  t l i i s  c o n t r ib u t io n  (T ab les ’̂  ) show t h a t  in

h o r iz o n s  3 and 4 th e r e  h as  been  a  l o s s  o f  3 ®ig o f  s to n e s  from  a  c e n tim e tre

square  column, o f s o i l .  T h is  i s  much l e s s  th a n  th e  n e t  g a l i  o f  l7*4g  c f

<2 mm s o i l  m a te r i a l ,  so t h a t  d i s in t e g r a t i o n  o f s to n e s  in  s i t u  c a n n o t accoun t

fo r  tb.e x h o le  in c re m en t in  th e  <2 f r a c t i o n s  o f  h o r iz o n s  3 end 4 . I n

c o n t r a s t ,  th e r e  h a s  been  a. l o s s  o f  l 6 . 2g o f  ^ 2  mm m a te r ia l  and 1 «eg o f  s to n e s

from, a  c e n t i .u e tr e  squ are  column o f  h o r iz o n s  i and 2 . I f  a l l  th e s e  f ig u r e s  f o r  

h o r iz o n s  1 -4  a re  sum .ad, an o v e r a l l  n e t  lo s s  o f  3 . 3g o f  s o i l  i s  a p p a re n t.
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T his  fuaounts to  1 »4 /  o f  th e  o r ig i n a l  t o t a l  w e ig h t o f  c a rb o n a te - f r e e  s o i l  

in  th e se  h o r iz o n s .  As th e re  h a s  been  an o v e r a l l  l o s s  o f  11 . 2g o f  ca rb o n a te  

p e r  c e n tim e tre  sq u a re  column from  th e  p r o f i l e  ( s e c t io n  6 . 2 . 3 ) ,  th e  lo s s  o f  

c a rb o n a te  from  th e  p r o f i l e  i s  much more im p o rta n t q u a n t i t a t i v e l y  th a n  th e  

l o s s  o f  o th e r  m in e ra ls .

As th e re  seems to  have been  l i t t l e  o v e r a l l  change in  th e  t o t a l  c o n te n t 

o f  n o n -ca rb o n a te  m in e ra ls  in  th e  p r o f i l e  a s  a. w hole , th e  m ost re a so n a b le  

e:qpla n a tio n  o f  th e  r e l a t i v e l y  la rg o  l o s s  o f  m a te r ia l  from  h o r iz o n s  1 and 2 

and Hie a lm o st eq u a l g a in  in  h o r iz o n s  3 end 4  i s  t r a n s lo c a t io n  o f  m a te r ia l  

from  u pper to  lo w er h o r iz o n s .  T h is  a p p a re n tly  c o n t r a d ic t s  th e  m ic ro - 

m orp h o lo g ica l ev id en ce  ( s e c t io n  6 . 3 .IO ), w hich in d i c a te s  l i t t l e  o r  no 

t r a n s lo c a t io n  in  th e  T u n s ta l l  p r o f i l e .  However, lü ia l i f  a  . and B uol (l 963) 

su g g es ted  th a t  c u ta n s  o f t r a n s lo c a te d  c la y  i n  th e  3  h o r iz o n  o f  a  N orth  

C a ro l in a  s o i l  w ere e v e n tu a l ly  incozq«orated in to  th e  ped  m a tr ix  b y  a l t e m a t e  

w e tt in g  and d iy in g  and by b io tu r b a t io n .  The m icz-oscopic e s t im a t io n  o f  

i l l u v i a t i o n  c u ta n s  in  c l a y - r i c h  s o i l s  th e r e f o r e  may n o t be a  r e l i a b l e  method 

o f  q u a n t i t a t i v e l y  e s t im a t in g  t r a n s lo c a te d  c la y .

On tlie  b a s i s  o f  th e  q u a n t i t a t iv e  d a ta  p r e s e n te d  in  T ab les  

th e  fo llo w in g  changes in  the  T u n s ta l l  p r o f i l e  a re  p roposed :

1 . b i s i n t e g r e t i o n  o f  ro ck  frag m en ts  in  th e  c o a rse  send  and s to n e

f r a c t i o n s  in  the upper 140 cm o f  th e  p r  o f i l e ,  to  p ro v id e  an

in c re m en t o f sand , s i l t  and c la y  p a r t i c l e s .

2 . P h y s ic a l  and chem icad w e a th e rin g  o f th e  l e s s  r e s i s t a n t  m in e ra ls

(m ain ly  l a y e r  s i l i c a t e s )  in  th e  f i n e r  s o i l  f r a c t i o n s ,  g iv in g  an  

in c re a s e  e s p e c ia l ly  o f  f in e  c la y .

3 . T ra n s lo c a t io n  o f f in e  c lo y  dovnwards in to  h o riz o n s  3 and 4 .
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6 .4 .2 .3  muant i t  g .tive C a lc u la t io n s  -  H lner33.ogi.cal A nalyses

Tables^^-•S^shov,’ th e  q u a n t i t a t iv e  changes in  m in e i'a lo g ic a l co m p o sitio n  o f  

th e  v a r io u s  s iz e  f r a c t i o n s ,  c a l c u la te d  on th e  b a s i s  o f  un ifo rm  d i s t r i b u t i o n  

o f th e  q u a r tz  + f e l s p a r  in d ex ; th e s s  changes a re  most e a s i ly  v i s u a l i s e d  in  

g ra p h ic  form  in  F ig u re s  An im p o rta n t change i s  th e  g a in  o f  f in e  c la y

s iz e d  expand ing  m in e ra ls ,  m a in ly  v e r . i i c u l i t e , i n  h o r iz o n s  2-4= On a  t o t a l  

s o i l  b a s i s . f o r  h o r iz o n s  1 -4  (T a b le S i) ,  th e r e  seems to  have b een  s i g n i f i c a n t  

p ro d u c tio n  o f  v e r m ic u l i te  above th e  amount a l re a d y  p r e s e n t  in  th e  p a re n t  

m a te r ia l .  In  c o n t r a s t ,  m ica shows a s i g n i f i c a n t  o v e r a l l  d e c re a se  in  th e  

same h o r iz o n s .  T h is  in d ic a te s  t h a t  mica has in  p a r t  been  w ea th e red  to  

v e rm ic u l i te  th ro u g h o u t th e  s o i l  p j . o f i l e . A lthough  m ica o f  a l l  s iz e  f r a c t i o n s  

i s  d e p le te d  in  amount r e l a t i v e  to  th e  p a r e n t  m a te r i a l ,  th e  g a in  i n  v e rm ic u l i te  

i s  m ain ly  in  th e  f i n e  c la y  an d , to  a l e s s e r  e x t e n t ,  in  the  c o a rs e  c la y .

F u r t l ie r ,  a l th o u g h  th e  main l o s s  o f  m ica i s  from  th e  t?;o upperm ost h o r iz o n s , 

v e rm ic u l i te  p ro d u c tio n  i s  a p p a re n t ly  c o n c e n tra te d  in  so.mevhat lo v e r  h o r iz o n s ,  

e s p e c ia l ly  h o r iz o n  3* A ccording  to  Jack so n  (i 963) ,  n lc a  w e a th e r in g  p io c e e d s  

by r e le a s e  o f  p o ta ss iu m  io n s  from  t h e i r  i n t e r l a y e r  p o s i t io n s  s.t f l a k e  edges 

i n  th e  p re se n c e  o f  exchangeab le  Ca o r  llg; in  th e  T u n s ta l l  p r o f i l e ,  Ca and 

p ro b ab ly  a ls o  so-ae :fg x.ere a v a i la b le  th ro u g h  w e a th e r in g  o f c a l c i t e  and 

d o lo m ite . Raman and Jack so n  ( l9 b 4 ) shoT.el by  e le c t r o n  m ici'oscope s tu d ie s  

th a t  th e  -licu  f r h : e s  e v i l  l a t o  s c r o l l s  a t  t u i r  vdges as io n ic  I 'ap lacem en t 

o c c u rs . C o .ip le te  i o j l c  r e p la c e  u n t  w ith in  l a ig e  mica, f la k e s  p ro b ab ly , d id  n o t 

o ccu r e x te n s iv e ly  in  the T u n s ta l l  p r o f i l e ,  b u t  sm all f ra g .'ie n ts  o f  v e r a l c u l i t e  

must have b ro k e n  o f f  th e  m ica f l a k e s  as w e a th e r in g  p ro g re s s e d . In  t h i s  way 

mica o f  a l l  p a r t i c l e  s iz e s  vos red u ced  to  p re d o m in a n tly  f in e  c l a y  s iz e d  

v e i '. r lc u l i te .  Nov e v e r , t h i s  d id  n o t rem ain  a t  .the s i t e  o f fo rm a tio n , b u t was 

t r a n s lo c a te d  dox n tlio p r o f i l e ,  so t h a t ,  a lth o u g h  v e a th e i ln g  o f m ica v as  m ost 

p ro n o in ce d  in  th e  upperm ost h o r iz o n s ,  th e  w ea th e red  .n a te i l s l  i s  now c o n c e n tra te d  

lo v e r  in  th e  u r o f i l e .
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K a o l in i te  a ls o  seems to  have undergone s i g n i f i c a n t  w e a th e r in g  changes 

w ith in  th e  p i 'o f i l e ,  though t o t a l  amounts o f  i t  a re  v i r t u a l l y  u n a l te r e d  

com pared xxlth th e  p a r e n t  m a te r ia l  (Table 6 0 ) .  F ig u re  9% shov/s t h a t  th e re  

i s  much more f i n e  c l a y  s iz e d  k a o l i n i t e  i n  h o r iz o n s  1 -4  th a n  i n i t i a l l y ,  and 

t h a t  th e r e  h as  b een  a g a in  o f c o a rse  c l a y  s iz e d  k a o l in i t e  in  h o r iz o n s  2- 4 .

In  c o n t r a s t ,  th e  s i l t  f r a c t i o n s  a re  d e p le te d  in  k a o l in i t e  com pared w ith  

th e  p a r e n t  m a te r i a l .  T h is  s u g g e s ts  t h a t  w e a th e r in g  h a s  red u ced  th e  p a r t i c l e  

s iz e  o f th e  k a o l i n i t e ,  and t h a t  some f in e  c l a y  s iz e d  k a o l in i t e  h a s  been  

t r a n s lo c a te d  down th e  p r o f i l e .

C h lo r i te  o c c u rs  in  o n ly  sm a ll am ounts, b u t  from  f ig u r e  i t  seems a ls o  . 

to  have s u f f e r e d  r e d u c t io n  in  p a r t i c l e  s i z e ,  a s  a. d e p le t io n  i n  th e  s i l t  

g rad es  i s  accom panied by  in c re m e n ts  in  th e  f i n e  c la y  o f  upper h o r iz o n s .

T o ta l aijounts o f  a/norphous s i l i c a  and a lu o in a  are  a lso  sm all (Table 5’7 ) ,  b u t 

in  the u pper h o r iz o n s  th e re  a re  s ig n i f i c a n t  in c re m e n ts  o f  b o th  in  th e  f in e  

c la y  f r a c t i o n .  There has been  a sm all o v e r a l l  p ro d u c tio n  o f " f re e "  iro n  

o x id e s  in  the  p r o f i l e ,  most o f  which i s  in  h o r iz o n  p , the  h o r iz o n  o f 

maximum g le y in g ;  th e re  has a ls o  been  a  r e d u c t io n  in  g r a in  s iz e  o f  the  iro n  

o x id e s .

T a b l e  6o shows th e re  has been  an o v e ra ll  add itio .n  o f  q u a r t z . and f e l s p a r  

to  th e  < 2mm f r a c t io n  o f th e  s o i l ,  am xuiting  to  abo u t 3 /  o f t h a t  o r ig i n a l l y  

p r e s e n t .  T his presum ab ly  does no t in d ic a te  pedogen ic  fo r - ia t io n  o f  th e se  

m in e ra ls ,  e s p e c ia l ly  as  th e  inci'oment i s  co n fin ed  to  the  f i n e  sand  and 

c o a rse  s i l t  f r a c t i o n s  (F ig u re s  b u t  r e s u l t s  from  th e  d is a g g re g a tio n

o f >2 L i n  s to n e s ,  m ain ly  san d sto n e  fra g m e n ts , w hich w ere n o t in c lu d e d  in  

th e  c a lc u la t io n s .  Some d oub t m ust th e re fo re  be c a s t  on th e  v a l i d i t y  o f  

u s in g  q u a rtz  and f e l s p a r  as the  index  .m inera ls  i n  t h i s  s tu d y . How:e v e r , 

th e  in c rem en t o f  q u a r tz  and f e l s p a r  i s  f a i r l y  ev e n ly  sp re a d  th roughout 

h o riz o n s  1-4  (T ab le5 * 7 ), so th e  in t e r n a l  e r r o r s  in  th e  c a l c u la t io n s  a re  n o t 

g r e a t e r  th a n  ab o u t 3 p .  The m in e ra lo g ica l and t e x tu r a l  changes d isc u sse d
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above a re  much g r e a t e r  in  m agnitude th a n  t h i s  ( e . g .  74 /  l o s s  o f m ica from  

h o r i z o n  i  ; 74 ^  g a i n  o f  v e rm ic u l i te  and 39 /  g a in  o f  f in e  c la y  in  h o riz o n  j ) , 

so  th e  v a l i d i t y  o f  th e  main c o n c l u s i o n s  i s  n o t  a f f e c t e d .

6 .3  S o il  C la s s i f i c a t io n  and H o r i z o n  D esig n a tio n s

6 .3 .1  T u n s ta ll  P r o f i l e

T his  p r o f i l e  h as  a " d i s t i n c t  t o p s o i l " , t h a t  i s  an a p p re c ia b ly  darkened  

Ap h o riz o n  ( th e  p lo u g h  l a y e r ,  HT l / l ) ,  c o n ta in in g  a t  l e a s t  0 .6  ^  o rg a n ic  

carbon  i n  th e  u p p er 13 cm (A very , 19 73 ). I n  th e  te rm in o lo g y  o f th e  S eventh  

A pproxim ation  (S o il  Survey S t a f f ,  1 9 6 o ) , t h i s  h o r iz o n  i s  c l a s s i f i e d  a s  a n  

O chric E pipedon b ecau se  o f  i t s  c o lo u r  v a lu e  o f  4 .

The s u b ja c e n t d e c a l c i f i e d  h o r iz o n s  (HT l / 2  and HT l / 3 )  have a p p re c ia b ly  

more c la y  th e n  th e  t o p s o i l ,  i n  th e  r a t i o s  1 . 6:1 and 1 . 8:1 r e s p e c t iv e ly .  They 

a re  a ls o  r i c h e r  in  c l a y  th a n  th e  p r e s u m e d  p a r e n t  m a te r ia l  (HT i / o ) ,  th e  r a t i o  

f o r  HT 1 / 3  b e in g  1 . 2 : 1  . F o r s o i l  h o r iz o n s  w ith  l3 “ 40 ^  c la y  i n  t h e i r  f i n e  

e a r th  (<2 .in) f r a c t i o n ,  one c r i t e r i o n  f o r  th e  p re se n c e  o f an a r g i l l i c  

h o r iz o n  i s  t h a t  th e  I 'a t io  o f  th e  c la y  i n  th e  a r g i l l i c  h o r iz o n  to t h a t  i n  th e  

e lu v ia l  h o r i z o n  m ust be 1 . 2  o r  more (A very, 1973;* H orizon  2 (HT 1/ 2) c a n n o t 

be re g a rd e d  a s  th e  e l u v i a l  h o r iz o n , a s  i t  c o n ta in s  more c la y  th a n  tlie p a r e n t  

.m ate ria l, and a ry  e l u v ia l  h o r iz o n  o r i g i n a l l y  p r e s e n t  must now b e  i n c o r p o r a t e d  

■ in  th e  p lo ig h  l a y e r .  I f  th e  ’ h o le  o f  IE? 1/1 i s  conciA ered  to  r e p r e s e n t  th e  

e lu v ia l  h o r i z o n ,  th e n  the  c la y  r a t i o s  q uo ted  above w ould q u a l i fy  th e  

s u b ja c e n t h o r iz o n s  a s  i l l u v i a l  o r  a r g i l l i c  h o r iz o n s . However, two o th e r  

q u a l i fy in g  c r i t e r i a  a re  n e c e s s a ry  f o r  such  a d e s ig n a t io n , th a t  th e  r a t i o  o f  

f in e  c l a y  to  t o t a l  c l a y  i n  th e  a r g i l l i c  h o r iz o n  i s  g r e a t e r  th a n  in  th e  e l u v ia l  

H orizon b y  a t  l e a s t  30  and t h a t  c la y  s k in s  a re  p r e s e n t  in  th e  a r g i l l i c  

b o r iz o n . The f i r s t  c r i t e r i o n  i s  n o t m et, a s  th e  r a t i o  d e c re a se s  s t e a d i l y  

oown th e  q n o f i l e  ( T a b l e  2 .6 ) ^  and t h . i n  s e c t io n s  o f  HT l / 2  and HI 1 /3  showed 

rjo t r u e  c u ta n s  o f t r a n s lo c a te d  c la y .  These h o r iz o n s  can n o t th e re f o r e  be 

re g a rd e d  a s  a r g i l l i c ,  and do n o t q u a l i f y  f o r  a s u b s c r ip t  " t "  i n  t h e i r  h o rizo n
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d e s ig n a t io n s .  They may be re g a rd e d  a s  w ea th e red  B h o r iz o n s  (Bw)*

G ley ing  phenomena a re  a p p a re n t in  a l l  h o r iz o n s  from  HT i / 2  to  liT l / 6 ,  , 

and a s u b s c r ip t  "g" i s  added to  t h e i r  d e s ig n a t io n s .  In  HT i / 2  th e  g le y in g  

i s  l e s s  w e ll d ev e lo p ed  than  in  o th e r  h o r iz o n s , so in  accordance w ith  th e  

p r a c t ic e  o f  th e  S o i l  Survey o f  E ngland and T a le s  ( e .g .  Croup to n  a n d 'î.îatthe?;s, 

' ]970)f  th e  s u b s c r ip t  "g" i s  b r a c k e te d .  A part from  t h i s  m inor d i f f e r e n c e ,  

th e  h o r iz o n  n o m en cla tu re  adop ted  i s  i n  ac c o rd  w ith  th e  recom m endations o f  

th e  I n t e r n a t io n a l  S o c ie ty  o f  S o i l  S c ience  (1967) .

The upperm ost c a lc a re o u s  h o r iz o n  (HT i/4-) c o n ta in s  secondary  ca rb o n a te  

a s  c o n c re t io n s ,  c o a t in g s  on ped  f a c e s ,  and l i n i n g s  o f  p o re s ,  and i s  th e r e f o r e  

d e s ig n a te d  a  h o r iz o n .

The p i c f i l e p o s s e s s e s  some o f th e  v e r t i c  f e a t u r e s  o f  the  P e lo so l group 

(A very, l9 7 3 ) .  H orizons 2 and 3 have w e ll d ev eloped  p r is m a tic  p e d s , w hich 

a re  e s p e c ia l ly  n o t ic e a b le  on d ry  v e r t i c a l  p r o f i l e  f a c e s  (F ig u re  ) . I n  th e  

dry  s t a t e ,  'w ide c ra c k s  (>3-mm w ide in  many in s ta n c e s )  ex ten d  from  j u s t  below  

th e  p lough  l a y e r  to  th e  base  o f  th e  d e c a lc i f i e d  h o r iz o n s , and som etim es to  

even g r e a t e r  d e p th s .  The " c la y  s k in s"  re c o rd e d  i n  th e  f i e l d  p ro b a b ly  r e s u l t  

from  d i f f e r e n t i a l  movement o f  th e  peds d u rin g  w e t t in g  and d ry in g  c y c le s .  

P o te n t i a l  l i n e a r  e x t e n s i b i l i t y  was n o t m easured , so th e  p r o f i l e  can n o t be 

a s se s se d  a g a in s t  t h i s  c r i t e r i o n .  Hov.ever, th e  c r i t e r i o n  o f  >33 ^  c la y  f o r  

V dep th  o f  ? t  l e a s t  31 cm, s te i - t in g  a t  l e s s  th a n  23 cm d ep th , i s  n o t  q u i te  m et, 

as ho ri:,on  2 (20-33  cm ) c o n ta in s  o n ly  3i* 6 f  c l a y ,  though h o r iz o n  3 (33-69 cm) 

c o n ta in s  3 6 .2  Thus th e  s o i l  can n o t be c l a s s i f i e d  i n  th e  P e lo s o l  group o r  

P e lo -su b g ro u p s .

The g la y e d  h o r iz o n s ,  w hich  have g re y is h  m o t t le s  and p ed  f a c e s  w ith  

clrromas o f  i and 2 o c c u rr in g  w i th in  4-0 cm o f th e  s u r f a c e ,  a re  re g a rd e d  a s  

d ia g n o s t ic  o f th e  G ley s o i l s  g ro u p . The n o n - a l lu v ia l  n a tu re  o f  th e  s o i l  

m a te r ia l ,  th e  p re se n c e  o f a d i s t i n c t  to p s o i l ,  and th e  r e l a t i v e l y  im perv ious 

Bg and C h o r iz o n s  a re  d ia g n o s t ic  o f  th e  S tag n o g lsy  (Suirface-''..'atsr 0-ley) g roup .
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As th e  s o i l  h a s  no a r g i l l i c  h o riz o n , ha.s i n s u f f i c i e n t l y  developed  v e r t i c  f e a tu r e s  

to  be c l a s s i f i e d  i n  th e  p e lo -su b g ro u p s , and i s  n o t  sandy, i t  m ust belong  

to  the Gambie S teg n o g ley  subgroup (A very, i 973)•

6 . 3 .2  Holkham P r o f i l e

The Holkham p r o f i l e  i s  s im i la r  in  many r e s p e c t s  to  th e  T u n s ta l l  p r o f i l e ,  '

p o s s e s s in g  a  d i s t i n c t  t o p s o i l ,  w ea th e red  B h o r iz o n s ,  a C h o r iz o n  e n r ic h e d  |

i n  seco n d ary  c a rb o n a te  (HT 2/ 3 ) ,  and g le y in g  f e a t u r e s  i n  h o r iz o n s  below; th e  ,

t o p s o i l .  The m ost im p o rta n t d i f f e r e n c e  betw een  th e  two p r o f i l e s  i s  th e  |

deg ree  o f  g le y in g  shown i n  th e  d e c a lc i f i e d  h o r iz o n s .  Only i n  h o r iz o n  HT 2 /3 , j

a t  a dep th  o f  n e a r ly  a m e tre , a re  ped  f a c e s  w ith  cliromas lo w er th a n  2 a p p a re n t .  ' 

Thus th e  s o i l  c a n n o t b e  c l a s s i f i e d  in  th e  S tag n o g ley  g roup , b u t  b e lo n g s  i

in s te a d  to  th e  Brown B a rth  g ro u p . The p re se n c e  of g le y in g  a t  d e p th , and 

m inor ev idence  o f  i t  h ig h e r  i n  th e  solimi, p la c e s  th e  s o i l  in  th e  S tag n o g ley ic  

Bro’.'n F o r th  subgroup (A very, i 973) •
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GKiPIBR 7 CONCLUSIONS

7.1 T i l l  S trati,g;raphy

The combined f i e l d  and la b o ra to ry  work re p o r te d  and d iscu ssed  in  t h i s  

th e s i s  shows th a t  th e  D evensian g l a d  ad sequence d e p o s ited  in  Y orkshire 

soon a f t e r  1 8,500 y ea rs  B .P . c o n s is ts  o f two main t i l l s ,  and n o t three- 

as C a t t  and Penny (i 956) su g g ested . E lim in a tio n  o f  th e  H essle  T i l l  as  a  

s t r a t ig r a p h ie  u n i t  enab les  a c le a r e r  d i s t in c t io n  to  be drawn on l i th o lo g ic a l  

grounds betv/een th e  two rem aining t i l l s .  The upper (Puzple) t i l l  occupies 

an a rcu a te  a re a  in  so u th -e a s te rn  H o ld em ess , and i s  a lso  exposed in  F ile y  

Bay and o th e r  c o a s ta l  re g io n s  o f n o r th -e a s t  Y o rk sh ire , b u t does n o t o ccu r 

in  L in c o ln sh ire  o r  N orfo lk , The low er (Drab) t i l l  i s  much more e x te n s iv e , 

and i s  the  o n ly  D evensian t i l l  over much o f w este rn  H o ld em ess , on the 

e a s te rn  s lo p es  o f the Y orksh ire  7/‘o ld s , and in  L in c o ln sh ire  and no rth -w est 

N orfo lk .

The t h i r d  t i l l  reco g n ised  by C a tt  and Penny as  w e ll as by  alm ost a l l  

p rev io u s  w orkers ( th e  H essle ) i s  m erely a  deep P la n d r ia n  w eathering  p r o f i l e  

on w hichever o f  th e se  two t i l l s  occurs a t  the  s u rfa c e ; in  the  f i e l d  the  

most obvious e f f e c t  o f t h i s  w eathering  i s  a  redden ing  o f the  t i l l .  In  

L in c o ln sh ire , t h i s  w eathered  m antle was p re v io u s ly  a lso  r e f e r r e d  to  as the 

H essle T i l l ;  S traw  ( l 972) reco g n ised  i t s  t r u e  n a tu re  a t  South F e rr ib y , b u t 

th e re  a re  no r e s u l t s  of th e  p re s e n t work to  su p p o rt the  d i s t in c t io n  he drew’’ 

on m oipho log ica l grounds betw een h i s  Upper and Lower Marsh T i l l s  in  

L in c o ln s h ire . N ear the presum ed ic e  m argin ( e .g .  on the  e a s te rn  s lo p es  

o f the Y o rksh ire  and L in c o ln sh ire  W olda), th e  Drab T i l l  i s  th in  and 

W’ea th e red  th ro u g h o u t. In  th e  n o rth -w est N orfo lk  c o a s ta l  s t r i p  t h i s  m a te r ia l  

has p re v io u s ly  been c a l le d  th e  Huns’fcanton T ill*

I t  i s  n o t c l e a r  w hether th e  Drab and P u rp le  T i l l s  were d ep o sited  from 

one com posite ic e  s h e e t, as  C a rru th e rs  ( i 953) o r ig in a l ly  suggested  f o r  a l l
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th e  H oldem ess t i l l s .  Nor i s  i t  c l e a r  w hether th e  p re se n t e x te n t o f 

th e  P u rp le  T i l l  i s  the  same o r l e s s  than  th a t  a t  the tim e o f d e p o s it io n .

I f  subsequent e ro s io n  had removed the  P urp le  from  much o f Sa.st Y orksh ire  

and L in c o ln s h ire , some o u tly in g  rem nants m ight perhaps be expec ted , b u t 

none have been found during  the  p re s e n t  w ork. However, in  t h i s  connection  

i t  has been in te r e s t in g  to  examine the  d e ta i le d  n o te s  on H oldem ess geology 

made by L r .H .S .B isa t , which the  Y orksh ire  Museum have k in d ly  made 

a v a ila b le  th rough  D r. L .P .Penny s in ce  Dr. B i s a t ‘s d e a th . H is d e s c r ip t io n s  

and draw ings o f  th e  d e p o s its  exposed on th e  Y o rksh ire  c o a s t  show th a t  

he c l e a r ly  u n d erstood  th e  l im i te d  e x te n t o f the  P u rp le  T i l l  in  the  s e c tio n  

so u th  o f H ornsea, b u t  he a lso  re co g n ised  a sm all i s o la te d  mass over the 

Drab T i l l  a t  A tw ick. Tliis must have been  removed by c o a s t erO sion s in ce  

he sav; i t ,  because no P u rp le  i s  v i s ib le  th e re  to d ay . I t s  p resen ce  su g gests  

t h a t  some e ro s io n  has o ccu rred  between Hornsea and Atvmck, p o s s ib ly  along 

th e  e a s t-w e s t v a l le y  now occupied  by Hornsea Mere, and th a t  the  P u rp le  may 

have o r ig in a l ly  extended a few km beyond i t s  p re s e n t  l i m i t ,  b u t p ro b ab ly  

no f u r t h e r .

Also ajiTong B isa t* s  n o te s  were l e t t e r s  from D r.J.D .Solom on, who had 

assem bled n iin e ra lo g ic a l ev idence , r e g r e t ta b ly  nev er p u b lish e d , su p p o rtin g  

B isa t* s  c o r r e la t io n  o f the in la n d  H essle w ith  p a r t  o f the  Drab of. the 

c o a s t s e c t io n . B is a t  seems to  have based  t h i s  c o r r e la t io n  o r ig in a l ly  on 

in d ic a to r  e r r a t i c s ,  such as rhomb p o rp h y ry ,.an d  i t  has been confirm ed in  

th e  p re s e n t work by th e  d e ta i le d  p a r t i c l e  s iz e  a n a ly se s , th e  m in e ra lo g ic a l 

com position o f the  f in e  sand and co arse  s i l t  f r a c t io n s ,  and by th e  o v e ra l l  

com position  o f f r a c t io n s  > 2mm in  the  la rg e  sam ples taken  from D irnlington 

and E pplew orth. O ther sk e tch es  among B isa t* s  n o te s , p o s s ib ly  e a r ly  d r a f t s  

o f f ig u r e s  in te n d e d  to  accompany a paper c r i t i c i s i n g  C a rru th e rs  ( l9 4 8 ) , 

T/hich was a lso  never p u b lish e d , show th a t  he b e lie v e d  the  L in co ln sh ire  

H essle  and the H unstanton T i l l  o f N orfolk , to  be e q u iv a le n t to  th e  Drab,
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and a lso  th a t  the P u rp le  T i l l  extended in la n d  from  th e  H oldem ess c o a s t 

as a " b a s in ” co v erin g  alm ost th e  same a re a  as t h a t  o f H essle  Zones A and B 

in  F ig u re  •

The Basement T i l l ,  v/hich i s  exposed on the Y orksh ire  c o a s t in  F i le y  

Bay, on Plamborough Head, and a t  Sewerby, B r id lin g to n  and D irnlington 

(C a tt and Penny, 19^6), p ro b ab ly  ex tends b en ea th  the  Drab in to  L in c o ln sh ire , 

as  a t i l l  resem bling  i t  in  c o lo u r , t e x tu r e ,  and sand and s i l t  m ineralogy, 

o ccu rs  a t  W eiton-le-VJold. I t s  c o r r e la t io n  w ith  the  N orth  Sea D r i f t ,  which 

has been  suggested  by R eid  (i 885) and o th e r s ,  seems to  be ru le d  ou t by 

th e  W olstonian age in d ic a te d  a t  W e l  to n -1  e-Wold by Hoxnian mammals and 

A cheulian  implements in  the su b jacen t g ra v e ls .  U nless conv incing  evidence 

o f  V /olstonian g la c ia l  d e p o s its  i s  found in  E a s t A n g lia , th e  l im i t  o f th e  

Y Jolstonian g la c ia t io n  in  e a s te rn  England should  th e re fo re  be drawn 

so.Yiewhere in  sou th  L in c o ln s li ir e .

The r e la t io n s h ip  o f the  C a lce th o rp e , Wiragby, Belmont and Heath T i l l s  

o f  -L inco lnsh ire  (S traw , 1969!)) to  the  Basement T i l l  and the E a s t A nglian 

g la c i a l  su cce ss io n  i s  s t i l l  u n c e r ta in . At p re s e n t ,  i t  i s  o n ly  p o s s ib le  

to  s t a t e  t h a t  th ey  a re  lo c a l  f a c ie s  o f a  g la c i a l  c o v e r , which may be 

e i t h e r  s im ila r  in  age to  th e  Basement o f H oldem ess and Wei ton -1  e-Wol d 

( i . e .  p ro b ab ly  W olston ian ), o r e q u iv a le n t to  the  L o v e s to ft T i l l  ( i . e .  

A n g lian ). An A nglian age i s  perhaps favoured  s l i g h t ly  by the g e n e ra l 

l i t h o lo g i c a l  s im i la r i ty  o f  Hie Wragby T i l l  to  th e  Low estoft T i l l ,  and 

by i t s  e x ten s io n  southw ards to  the R. Witham, where i t  p a sse s  beneath  

th e  Fen land  and co u ld  emerge beyond a s  p a r t  o f th e  Lov/estoft T i l l .
art

i'll so , .o u tly in g  m asses o f Wragby T i l l  «tse- mapped as  f a r  n o rth  as B rigg 

(straw  , 1 9691, F ig . 3)^ on ly  3 -4  km w est o f  K irm ington, and may be 

re p re se n te d  in  th e  K irm ington boreho le  (S ta th e r ,  1905c) by the le a d -  

co lo u red  c la y  b en ea th  th e  Hoxnian I n te r g la c ia l  b ed s .
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7 .2  H is to ry  o f  S o i l  Development

S o il developm ent on the  D evensian t i l l s  cannot have s ta r t e d  u n t i l  

approxim ately  14 ,000 y e a rs  B .P . a t  the  e a n l i e s t ,  and p robab ly  occurred  

m ainly du ring  th e  P la n d ria n  p e r io d . The p r ism a tic  s t ru c tu re  of th e  s o i l s ,  

p a r t i c u l a r ly  e v id e n t down to about 1m d ep th , was p ro b ab ly  the  f i r s t  s o i l  

fe a tu re  to  d ev e lo p e , as a consequence o f th e  d ry in g  ou t o f th e  t i l l  

a f t e r  r e t r e a t  o f  the i c e .  This has subsequen tly  allow ed o x id a tio n  to  

o ccu r, a t  l e a s t  to  th e  depth o f the perm anent w a te r  ta b le  in  th e  t i l l .

P y r i te s  and s i d e r i t e  have b o th  been  com pletely  o x id is e d , and th e re  has 

been a co lo u r change from th e  7«51R 3 /2  o f the  P u rp le  and 10YR 3 /2  o f 

the  Drab T i l l  to  the  5ÏP 3 /4  o r  5YR 4 /4  to p ic a l  o f th e  uppermost few 

m etres o f  w hichever t i l l  occurs a t  the  s u r fa c e . Such reddening  i s  

reg ard ed  by some w orkers as evidence o f  s o i l  developm ent d u rin g  a warm 

p e r io d  b e fo re  th e  D evensian, b u t as th i s  i s  c le a r ly  n o t so in  e a s te rn  

England th e  c r i t e r i o n  must be u n re l ia b le .

Leaching o f th e  s o i l  has prom oted d é c a lc i f ic a t io n ,  ty p ic a l ly  to  a  

depth  o f  about 0 .7 ^  where th e  t i l l  i s  th ic k ,  b u t to  g re a te r  d ep ths in  

b e t t e r  d ra in ed  s i tu a t io n s ,  where th in  t i l l  o v e r l ie s  Chalk o r  g ra v e ls .  

D is so lu tio n  o f c h a lk  and lim estone  e r r a t i c s  to g e th e r  w ith  the  lim e in  

th e  s o i l  m atrix  has o ccu rred  in  upper ho rizo n s o f th e  s o i l s ,  and c a lc u la t io n s  

made on the  T u n s ta l l  p r o f i l e  show th a t  97 fc. o f the carbonate  i s  l o s t  in  

th e  ground w a te r , and only  3^ has been re  d e p o sited  low er in  th e  p r o f i l e  

to  form sm all p in k  secondary c o n c re tio n s .

G-rey (5GY 5 / l )  pod fa c e s  developed, most p rom inen tly  between 0 .3  and 

2.0m d ep th , by re d u c tio n  and le a c h in g  o f i ro n ,  and a lso  by re d e p o s it io n  o f 

a l i t f *  secondary  c a rb o n a te . The impeded dra inage  in  the s o i l  has a lso  

le d  to  developm ent o f the pronounced m o ttlin g  in  su b -su rface  h o riz o n s , 

and re d e p o s it io n  o f some o f th e  m ob ilised  iro n  has r e s u l te d  in  secondary 

fe rru g in o u s  c o n c re tio n s  in  s im ila r  p a r t s  o f th e  p r o f i l e .



D é c a lc i f ic a t io n  would have o r ig in a l ly  low ered the  b u lk  d e n s ity  o f 

th e  s o i l ,  b u t in  th e  upper p a r t s  o f the p r o f i l e  th e  p re s e n t  b u lk  d e n s ity  

o f < 2rnm c a rb o n a te -f re e  s o i l  i s  g re a te r  th an  t h a t  o f tlie p a re n t  t i l l .  

T herefo re  th e  vo id s  l e f t  by rem oval o f  carb o n ate  have e i th e r  been c lo sed  

by com paction o f  the  s o i l  o r f i l l e d  m t h  c la y  t r a n s lo c a te d  from  h ig h e r 

h o riz o n s .

The d e ta i l e d  p a r t i c l e  s iz e  d i s t r ib u t io n  o f n o n -c lay  f r a c t io n s  and the  

m in e ra lo g ic a l com position  o f heavy s e p a ra te s  from  th e  f in e  sand  and coarse  

s i l t  f r a c t io n s  showed th a t  th e  p r o f i l e  a t  T u n s ta l l  developed in  alm ost 

uniform  t i l l ,  so th a t  a l l  tlie  te x tu r a l  and m in e ra lo g ic a l d if f e re n c e s  

between h o riz o n s  can be a t t r i b u t e d  to  w eath erin g  and o th e r  p e d o lo g ic a l 

changes in  s i t u , and n o t to  adm ixture o f o th e r  m a te r ia ls  d e p o s ited  over the  

t i l l ,  Prom inent among the  e f f e c t s  o f w eathering  was th e  breakdown o f s to n es  

in  the  upper 1 Chalk and lim estone  fragm en ts w.ere d is so lv e d  from  the

h ig h e s t 7icm ; sh a le  and sandstone were d isag g reg a ted  in  th e  same ho rizons 

and to  a  l e s s e r  e x te n t in  h o rizo n  4  (7i - l 40 cm), th e reb y  in c re a s in g  th e  

th e  c la y  and sand c o n ten ts  o f  th ese  h o rizo n s ; many o f  th e  igneous and 

metarnorphic e r r a t i c s  were a lso  w eathered  and d isag g reg a ted  in  th e  upper 

h o riz o n s . The g r e a te s t  a l t e r a t i o n  o f s to n es  o ccu rred  in  th e  su rface  s o i l  

(0- 20cm d e p th ) .

'.e a th e r in g  of rock fragm ents in  s i t u  does n o t ,  however, account f o r  a l l

th e  t e x tu r a l  d if f e re n c e s  betw een the  v a rio u s  h o rizo n s  o f th e  T u n s ta ll

p r o f i l e  and the  p a re n t t i l l .  In  p a r t i c u l a r ,  th e re  lias been an o v e ra l l  lo s s
2o f l 6 . 2g o f  < 2mm c a rb o n a te -f re e  s o i l  p e r  cm"’ column o f the  h ig h e s t 

(amounting to  22 ^  o f th a t  o r ig in a l ly  p r e s e n t ) ,  and a g a in  o f  17*4 g o f  

the  same s iz e d  m a te r ia l in  a s im ila r  column th rough  the much g re a te r

th ic k n e ss  o f h o rizo n s  3 and 4 (33—140cm), which amounts to  a iO ^  in c re a s e .

T ran s lo c a tio n  o f c la y , e s p e c ia l ly  f in e  c la y ,  must have o c c u n e d  from the  

upper 33cm to  th ese  low er h o riz o n s , even though th e re  i s  l i t t l e
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m icroraorphological evidence fo r  re  d e p o s it  io n  o f  c la y . Much o f t h i s  c la y  

was produced in  th e  upper h o rizo n s by d isag g reg a tio n  o f shade fragm ents 

and o th e r  w eathering  p ro c e sse s . However, p ro d u c tio n  o f f in e  c la y  in  the 

upper h o rizo n s  must have outpaced  i t s  removal by é lu v ia t io n ,  as r a t i o s  

o f  f in e  c la y  to  t o t a l  c la y  in c re a se  c o n tin u o u s ly  up the  p r o f i l e ,  and no 

a r g i l l i c  h o rizo n  as d e fin e d  by Avery (1973) can be reco g n ised .

W eathering changes a f f e c t in g  the m ineralogy o f  f r a c t io n s  f i n e r  th a n  

2mm in c lu d e  the  com plete o x id a tio n  o f p y r i t e s  and s id e r i t e  down to  dep ths 

o f approx im ate ly  th e  removal o f  b i o t i t e ,  c h lo r i t e  and cham osite m ain ly  

from  th e  h ig h e s t 33cm b u t a lso  to  some e x te n t down to  140cm, and the almost, 

com plete d is s o lu t io n  o f a p a t i te  and co llophane and th e  p a r t i a l  w eathering  

o f pyroxenes in  th e  h ig h e s t  33cm. Layer s i l i c a t e s  have undergone b o th  

p h y s ic a l and chem ical w eathering  m a irly  in  th e  h ig h e s t  33cm, c o n tr ib u tin g  

th e reb y  to  the f in e  c la y  which was p a r t l y  tra n s lo c a te d  to  su b jacen t h o r iz o n s . 

Iv a c lin ite  seems to  have undergone sim ple p h y s ic a l d eg rad a tio n  and has 

been t r a n s lo c a te d .  Hov:ever, mica has in  a d d itio n  been chem ically  w e a th e re d , 

m ainly to  f in e  c la y  v e rm ic u li te , and much o f t h i s  was tra n s lo c a te d .  About 

30 ^  o f th e  o r ig in a l  co n ten t o f la y e r  s i l i c a t e s  has been removed from the  

h ig h e s t 33cm o f  th e  p r o f i l e .  H orizons 3 and 4  (33-140cm depth) have 

in c re a se d  th e i r  la y e r  s i l i c a t e  co n ten t by 14 which corresponds to  a l i t t l e  

l e s s  than  tlie  amount removed from the  h ig h e s t  33cm, and i s  alm ost th e  same 

as th e  g a in  o f f in e  c la y  in  h o rizons 3 and 4 ; t h i s  r e in fo r c e s  the  evidence 

f o r  t r a n s lo c a t io n  o f f in e  c la y  down the  p r o f i l e .
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TA8 LC 3  LOCATIONS OF SMPLE3

HT1 TUI'TSTALL TA 314318

S o il  p r o f i le  in  H essle  T i l l .  See C hapter f o r  f u l l  d e t a i l s .

HT 2 HOLKHAM TF 863428

S o il  p r o f i le  in  H unstanton T i l l .  See C hapter f o r  f u l l  d e t a i l s .

HT 3 STIFFKEY . TP 987441

Small bank exposure o f H unstanton T i l l  a t  w est s id e  o f R. S t i f fk e y .

0-45cm. F l in ty  c o l lu v ia l  m a te r ia l .

43-90cm. R eddish brov/n H unstanton T i l l ,  d e c a lc i f ie d .

90cm + (seen  to  135cm) W ell-rounded f l i n t  g ra v e l ( r a is e d  beach o f 

Solomon, 1932a., p . 257; Baden-Powell & W est, i960, p . 78).

T i l l  sampled a t  45-90cm below s u rfa c e .

HT4 BACTOH TO 333350

Pocket o f s i l t y  d r i f t  i n f i l l i n g  hollow  in  B a c t on V a l le y  G ravels a t  top  

o f c l i f f  a t  Gas Term inal S i t e .

"H essle T i l l "  o f Baden-Powell ( l9 4 4 ) .

HT5 KEYPTGHAM TA 235255

Lens o f re d d ish  brown H essle  T i l l  exposed above the  K elsey H i l l  G ravels, 

on th e  so u th  face  o f the  g ra v e l p i t .

HT6 KIRKBÏÏEN SE 975566

Shallow  s o i l  p r o f i le  p i t  dug in  c en tre  o f h a rv e s te d  b a rle y  f i e ld  on 

K irkbum  Manor Farm, a t  the  f e a th e r  edge o f the  t i l l  ou tc rop .

0 -1 5cm. Plough la y e r ;  s i l t y ,  v /ith  many ch a lk , f l i n t ,  and e r r a t i c

p eb b les . (iF/IFl )

l5~23/35cm. V a riab le  th ic lm ess  o f re d d ish  brown d e c a lc if ie d  H essle T i l l .  

(KMP2; HT6) .

23/35cm + S i l t y  chalky  head, p o ss ib ly  co n ta in in g  lo e s s .  (KHF3)*

T i l l  sampled a t  15-35cm below su rfa c e .
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BT7 JBILIHGTON TA 397403

C l i f f  exposu re , 350m n o r th  o f D irnlington Road Ends#

D irnlington c l i f f s  expose H essle  T i l l  over P u rp le , Drab and Basement T i l l s ,  

H essle  T i l l  sampled a t  180-210cm below the  s u r fa c e , below th e  zone o f 

secondary  ca rb o n a te , and j u s t  above a g ra v e l layer#

HT8 DDÆLINGTOH TA 393216

C l i f f  exposure , 350m so u th  o f  D im lington High Land#

H essle  T i l l  sampled a t  210cm below the  s u r fa c e , i n  th e  zone o f secondary 

carbonate#

HT9 DPÆLINGT0H TA 394215

C l i f f  exposure , 400m so u th  o f D im lington High Land#

H essle  T i l l  sampled a t  2lO-240cm below the  su r fa c e , j u s t  below the zone 

of secondary  carbonate#

HT 10 DIMLIMCTOH TA 392217

C l i f f  exposure , 200m so u th  o f D im lington High Land#

H essle T i l l  sampled a t  270cm below the  su rfa c e , 90cm below th e  zone of 

secondary ca rb o n a te .

HT11 WALEINCTOH SE 997385

Abandoned ch a lk  q uarry  a t  the c ro s s -ro a d s , 1 m ile  n o r th  o f  th e  v illa g e #

0 -1 70cm Reddish-brown d e c a lc if ie d  H essle  T ill#

170cm + Chalk,

T i l l  sampled a t  80-85cm,

HT12 EPPLEWORTH TA 021324

Abandoned chalk  quarry  h a l f  a m ile  n o r th - e a s t  o f  th e  v i l l a g e ,  on th e  

so u th ern  s id e  o f a  d ry  v a lley #

S uccession  a t  so u th ern  end of e a s t  f a c e ; -  

0-25cm Dark g rey  loamy f l i n t y  h i l l  wash 

25-55cm Reddish-brown d e c a lc if ie d  H essle  T i l l  

55-145cm Reddish-brown ca lca reo u s  H essle  T i l l

149-280cm Reddish-brov/n ca lca reo u s  H essle  T i l l ,  w ith  g leyed  f is s u r e s  

280- 300cm obscured by ta lu s#  •

300cm + Chalk#
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T i l l  sampled a t  160-170cm.

The t i l l  d ec rea se s  in  th ic k n e ss  tow ards the  n o rth e rn  end o f the  e a s t  fa c e , 

where th e  t i l l  i s  on ly  l 5- 30cm th ic k ,  and o v e r l ie s  a th in ly  bedded s i l t y  

d e p o s it c o n ta in in g  much comminuted ch a lk , v/hich i t s e l f  o v e r l ie s  s i l t y  

chalky  head (sample EPi) over s o l id  ch a lk ,

HT 13 and HT 14 WOODLiAITSEY TA 023383 ■

■Working ch a lk  q uarry  h a l f  a  m ile n o r th  o f V ic to r ia  B arrack s .

S uccession  a t  so u th ern  end o f e a s t  f a c e : -

0 -23cm Plough la y e r

25-95cm S trong  brown sandy loam

95-140cm Eeddish-brow n d e c a lc if ie d  H essle  T i l l

l40-320cm Reddish-brov/n ca lca reo u s  H essle  T i l l

320cm + Chalk

T i l l  sampled a t  190-200cm (HT13)

Sandy loam sampled a t  35-45cm (HT14)

HT 15 L0CIŒMGT0H SE 973464

Abandoned chalk  q uarry  a t  ju n c tio n  o f u n c la s s i f ie d  road from lo c k in g to n  

w ith  B1248 B everley  to  M alton road .

0 -1 50cm Reddish-brown d e c a lc i f ie d  H essle  T i l l  

I50om + Chalk

T i l l  sampled a t  80-85cm a t  s o u th -e a s t  end o f q u a rry , .

HT 16 KIUP7ICK SE 974499

"S u p erfin e  Chalks" H o m h ill  Works chalk  q uarry .

S uccession  a t  n o r th - e a s t  end o f q u a r ry :-  

0-25cm Plough la y e r

25-90cm Reddish-brov/n d e c a lc if ie d  H essle T i l l

90-300cm Reddish-brov/n ca lca reo u s  H essle  T i l l  

300 cm + Chalk

T i l l  sampled a t  140-150cm.
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HT17 RÏÏSTOH PARVA TA 070618

Eus to n  Limeworks chalk, q u arry , on n o r th - e a s t  s id e  o f M -SE dry  v a l le y ,  

S u ccession  a t  n o r th - e a s t  end o f q u a rry :-  

0 -25cm Plough la y e r

25- 200cm Reddish-brown d e c a lc if ie d  H essle  T i l l

200-350cm S i l t y  chalky  head

350cm + Chalk

T i l l  sampled a t  110-130cm

On th e  n o rth -w es t fa c e  o f the  q u arry  exposures showed the  t i l l  g rad ing  

p ro g re s s iv e ly , i n  a n o r th - e a s t  to  so u th -w est d i r e c t io n  ( i , e ,  towards the  

dry  v a lle y )  in to  sandy and g ra v e lly  beds o v e rly in g  the  chalky  head,

HT 18 POSTON TA 103571

Roadside tre n c h , Gembling Lane End, c u t in  H essle  T i l l ,

Trench a lre a d y  i n f i l l e d ,  sample tak en  from lo o se  b locks o f y e llo w ish  brown 

ca lca reo u s  t i l l  ly in g  on th e  su r fa c e , o r ig in a l  dep th  unlmown,

HT19 BEEPORD TA 122540

F oundation  tre n c h  f o r  new house, w est end o f v i l l a g e ,  cu t in  H essle  T i l l ,  

Trench a lre a d y  f i l l e d  in ,  sample tak en  from lo o se  b locks o f y e llo w ish  red  

d e c a lc i f ie d  t i l l  ly in g  on the s u rfa c e , o r ig in a l  dep th  unknown,

HT20 HUTTON CRAHS7/ICK TA 025529

Abandoned ch a lk  q u arry  a t  so u th  end o f H utton  v i l l a g e .

S uccessio n  exposed on e a s t  face  of q u a rry :-  

0 -1 80cm Reddish-brown d e c a lc if ie d  H essle  T i l l  

I80cm + Chalk

T i l l  sampled a t  120cm below su rfa c e . ‘

HT21 NAFFERTOH TA 060584

Bank exposure 5m from confluence o f sm all w est bank t r i b u ta r y  w ith  

N a ffe r to n  Beck, sou th  o f v i l l a g e .

About 2m o f brown (H essle?) t i l l  o v e rly in g  dark  brov/n (Drab) t i l l .

Sampled a t  150cm below su rfa c e , in  ca lca reo u s  t i l l .
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IIT22 HAüHIAH TA 082624

D rainage d itch , on verge in  n o r th - e a s t  co rn e r o f c ro ss-ro ad s#  ,
I

Brov/n c a lca reo u s  (H essle?) t i l l  sampled l80cm below su rface  a t  bottom of d i t c h . [ 

HT23 BRIDLINGTON TA 163670 

Abandoned challc quarry  a t  e a s t  end o f tov/n#

50- 100cm of chalky  h i l l  wash o v e rly in g  0- 30cm o f re d d ish  brown d e c a lc if ie d  

H essle  T i l l ,  on chalk# T i l l  sampled a t  i t s  th ic k e s t  development#

HT 24 HLROMB TA 177570 

C l i f f  exposure, 100m so u th  o f road ending# !

200cm o f re d d ish  brown H essle  T i l l  o v e rly in g  Drab T ill#

D e c a lc if ie d  t i l l  sampled a t  100cm from surface#  '

HT25 SKIPSEA TA 182553

C l i f f  exposure 20m n o r th  o f road ending#

60cm o f "made ground" o v e rly in g  re d d ish  brown H essle  T i l l ,  over Drab T ill#  ^

C alcareous t i l l  sampled a t  190cm below surface#

HT26 HORNSEA TA 212472 7

C l i f f  exposure 20m sou th  o f  end of sea  w all#

"Made ground" o v e rly in g  re d d ish  brov/n H essle  T i l l ,  over Drab T i l l .

C alcareous t i l l  sampled a t  130cm below base o f "made ground"#

HT27 ALDBROUGH TA 257396

C l i f f  exposure 20m so u th  o f road ending#

R eddish brown H essle  T i l l  o v e rly in g  P urp le  T i l l  over Drab T ill#

C alcareous t i l l  sampled a t  130cm from s u rfa c e .

HT 23 ElilNTON TA 230362

D rainage d i tc h  on so u th  s id e  o f B l238, exposing redd ish-brow n H essle T ill#  

C alcareous t i l l  sampled a t  170cm below surface#

HT29 SPROATLEY TA 203350

D rainage d i tc h  on n o r th  s id e  o f Bl 238, exposing reddish-brov/n  H essle T ill#  

C alcareous t i l l  sampled a t  I80cm below su rfa c e .

HT30 BILTON TA 156343

South bank o f sm all s tream , a t  e a s t  s id e  o f road , exposing brov/n (H essle?) t i l l #  

C alcareous t i l l  sampled a t  l 90cm below su rfa c e .



2 2 1

HT31 IiOHG RISTON TA 118428

D rainage d i tc h  a t  e a s t  s id e  o f Ai65j exposing about 300cm re d d ish  brown 

H essle  T i l l  over Drab T i l l .

C alcareous t i l l  sampled a t  250cm below s u r fa c e .

HT32 WAWNE TA 096364

Dutch auger sam ple, tak en  from th e  m iddle o f ploughed f i e l d ,  midway down 

slo p e  between farm  and s tream . Sandy s o i l  a t  top  o f s lo p e , Drab T i l l  

exposed in  bank o f  s tream . Reddish brown H essle  T i l l  ou tc rops along 

s te e p e s t  s e c tio n s  o f  âopes.

C alcareous t i l l  sampled a t  60-100cm (HT 32)

HT33 SOUTH SKIRLAUCrH TA 139393

D rainage tre n c h  on new housing  e s t a t e ,  so u th  s id e  o f Me aux ro ad , e a s t  o f 

v i l l a g e ,  exposing  re d d ish  brown H essle T i l l .

D e c a lc if ie d  t i l l  sampled a t  I05cm from su rfa c e .

HT34 SEATON TA 167476

Bank of ro ad s id e  s tream , h a l f  a m ile n o r th - e a s t  o f v i l l a g e ,  exposing 

brown (H essle?) T i l l .

C alcareous t i l l  sampled a t  150cm below s u rfa c e .

HT 35 TiARTON TA 179392

Bank o f stream , n o r th  s id e  o f road , exposing re d d ish  brown H essle  T i l l .  

C alcareous t i l l  sampled a t  150cm below su rfa c e .

HT36 EITLIHCr TA 249349

Bank o f d ra inage  d i tc h  on w est s id e  o f road  exposing re d d ish  brown H essle 

T i l l .

C alcareous t i l l  sampled a t  180cm below su rfa c e .

HT37 HOLME- HEXT-THE-SEA TE 706430

Foundation  tre n c h  on housing development exposing re d d ish  brown d e c a lc if ie d  

H unstanton T i l l .

T i l l  sampled at. 105cm below su rfa c e .

HT 33 EASIHCrTON TA 408188

C l i f f  exposure a t  road  ending , shov/ing brov/n (H essle?) t i l l  over Drab T i l l .  

C alcareous t i l l  sampled a t  150cm belov/ s u r fa c e .
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HT 39 GRr.STON HALL TA 288352

C l i f f  exposure a t  n o rth e rn  end of L a te -g la c ia l  d e p o s it  and la n d -s lip p e d  

a re a . Dark re d d ish  brov/n H essle  T i l l  exposed a t  c l i f f  to p ; u nderly ing  

s t r a t a  obscur’ed by t a lu s .  C alcareous t i l l  sampled a t  120 cm below s u rfa c e .

HT 40 HESSLE TA Oi326j

Abandoned ch a lk  quarry ; ty p e - s i te  of "H essle  T i l l " .  S uccession  i s  :

Made Ground 

0-115 cm Reddish brown d e c a lc i f ie d  t i l l

1 l5“ l60  cm Angular chalky  g rav e l

160-l90 cm F ra c tu re d  ch a lk

190 cm + Chalk

D e c a lc if ie d  t i l l  sampled a t  90-100 cm below "ma.de ground".

HT 41 DHvlIMGTON TA 40l 204

C l i f f  exposure a t  so u th ern  end o f D iin lington  Road Ends.

R eddish b i’ov.n c a lc a re o u s  t i l l  sampled a t  100 cm below c l i f f  to p .

HT 42 DBILIKGTON TA 402203

C l i f f  exposure sou th  o f D im lington  Road Ends.

Reddish brown c a lc a re o u s  t i l l  sampled a t  100 cm below c l i f f  to p .

HT 43 DIÎ ILINGTOH TA 403200

C l i f f  exposure south  o f DimJ-ington Road Ends.

Dark re d d ish  brown ca lc a re o u s  t i l l  sampled a t  100 cm below c l i f f  to p .

- HP DDZLIHGTCN TA 4031 99

C l i f f  exposure 50 m n o rth  o f boundary fence  to  Gas T erm inal.

Dark re d d ish  brown c a lc a re o u s  t i l l  sampled a t  100 cm below c l i f f  to p .

HT 45 EASĤ GTON TA 404196

C l i f f  exposure sou th  of Gas Term inal.

Dark re d d is h  bi-ovn c a lc a re o u s  t i l l  sampled a t  lOO cm below c l i f f  to p .

30 c,a sand la y e r  below t h i s  upper t i l l ,  u n d e r la in  by brown t i l l  (o x id ised  

Drab T i l l  ?) p a ss in g  down in to  u n o x id ised , very  dark  g re y ish  brown prab  T i l l
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occupying th e  rem ainder o f the  c l i f f .  Upper re d d ish  brown t i l l  p o ss ib ly  

re p re se n ts  th e  o x id ise d  f e a th e r  edge o f the  P u rp le  T i l l .

HT 46 EASH\GTON TA 407191

C l i f f  exposure c lo se  to  C oastguard  Lookout. Reddish brown t i l l  seems to  

grade down in to  u n o x id ised  very  dark  g re y is h  brovn Brab T i l l .  Between t h i s  

and HT 45 th e  Brab T i l l  i s  o v e r la in  by a complex o f g ra v e ls  and red d ish  brown 

t i l l .

Reddish brovn  c a lc a re o u s  t i l l  sairpled a t  100 cm below c l i f f  to p . Probably  

re p re se n ts  o x id ise d  Drab T i l l ,

HT 47 GREAT COYBEN TA 236427 

C l i f f  exposuz-e:

O-25 cm Plough la y e r

25-130 cm L a c u s tr in e  c la y s

13O- 4 50 cm Dark re d d ish  brovn t i l l

45O-5OO cm Sandy seams in  t i l l

500 cm + P urp le  T i l l

Base of c l i f f  Drab T i l l

Dark re d d ish  brown c a lc a re o u s  t i l l  sampled a t  170-1 80 cm below c l i f f  top 

HT 48 PjiTRn:GTOI\' TA 30721?

j^ugei' sample of m o ttled  re d d ish  brown c a lc a re o u s  t i l l  a t  70-90 cm below 

s u r fa c e .

HT 49 BOREAS HUD TA 1 82250

Abandoned g ra v e l p i t .  Reddish brovn c a lc a re o u s  t i l l  exposed on w est f a c e , 

sampled a t  100 cm dep th .

HT 50 TFLAiCK TA 342200

Auger sample o f m o ttled  y e llo w ish  re d  c a lc a re o u s  t i l l  a t  65-80 cm below 

s u rfa c e . ' ,

HT 5l YvDIAvICK TA 348217

D rainage d i tc h  exposure, 4OO m south of North Farm. Dark re d d ish  brovn 

c a lc a re o u s  t i l l  sampled a t  2m below s u rfa c e .
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HT 52 AT'-JCK TA -|975-lO

C l i f f  exposure; s lip p e d  b lo ck  ( s t i l l  w ith  t u r f  cover) u t i l i s e d  fo r  sam pling. 

0- 120 cm Bark re d d ish  bicv.n t i l l

120 cm + Reddish brovn c lay ey  sand, 2-3 m th ic k  in  lo c a l i s e d  pockets

c . 2m + Dark brown u n o x id ised  Drab T i l l

Dark re d d ish  brovn. c a lc a re o u s  t i l l  san p le s  a t  80-90 cm below s u r fa c e .

HT 53 ELSTROiniCK Tl 233313

Stream  exposure. Drab T i l l  exposed in  bed  o f s tream , 3“ 5 m below lan d  

s u rfa c e . M o ttled  brown c a lc a re o u s  t i l l  sampled a t  dep th  o f 2m in  bank o f 

s tream .

HT 54 MAPPLETON (ETTHBRIfvTCK ROAP) TA 222ji 7

Auger- sample o f y e llo w ish  re d  ca lca reo u s  t i l l  a t  8O-1O5 cm below su rfa c e .

HT 55 HOLÎ Yir TA 3V^245

D rainage d i tc h  exposure. Dark re d d ish  b rovn ca lc a re o u s  t i l l  sairpled a t  

1 50 cm d ep th .

HT 56 SPPLSV.'ORTH TA 021324

See ÎÎC 12 f o r  s t r a t ig ra .p h ic a l  d e t a i l s .  Bulk sample of brovn ca lca reo u s  t i l l  

a t  250 cm depth  f o r  stone a n a ly s is .

HT 57 DPDIHGION TA 398207

C l i f f  exposure bekveen D im lington Road Ends and D i:nlington Farm. Bulk 

sample of m o ttled  yellov i s h  brown d e c a lc i f ie d  t i l l  a t  30-50 cm depth f o r  

s tone  a n a ly s is .

HT 58 DlivXIIvGTON TA 398207

As f o r  HT 57; re d d ish  brovn m o ttled , d e c a lc i f ie d  t i l l  sarrpled a t  50-60 cm

depth

HT 59 Lli'PINCTON TA 398207

As f o r  HT 57; re d d ish  brovn ca lca reo u s  t i l l  sampled a t  130-170 cm d ep th . _
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FT 1 Tm:STyj% t a  3 i43 i8

C l i f f  exp o su re , shov.lng He y s i  e , P u rp le  and Drab T i l l s .

P u rp le  T i l l  sai'npled a t  8ra below su rfa c e .

PT 2 DH'TIl'CrTOP TA 3962-1 j -

C l i f f  exposure, showing H ess le , P u rp le , Drab and Basement T i l l s . .

P u rp le  T i l l  sainpled from s lip p e d  mass 600 m n o rth  o f Dhmlington Road Ends.

PT 3 DBILINGTON TA 3922j7

C l i f f  exposu re , n ea r D iinlington High Land.

P u rp le  T i l l  sampled from sli%)ped mass

FT 4 DIMLIHGTON TA 3922j7

C l i f f  exposu re , n ea r D iinlington High Land

P urp le  T i l l  sampled 8m below s u rfa c e , n ea r boundary between H essle  and 

P u rp le  T i l l s .

PT 3 Di:XII^CTON TA

C l i f f  exposure , bTOm n o rth  of D iinlington Road Ends 

P u rp le  T i l l  sampled 120 cm above Ju n c tio n  w ith  Drab T i l l .

PT 6 GFOrhSTCH HAIL TA 289332

C l i f f  exposure . P u rp le  T i l l  sampled yO cm below Zone I I  p e a t ,  from

s lip p e d  mass.

FT 7 GREAT CC ■DEN TA 236.L27

See HT H7 f o r  d e t a i l s  of s t r a t ig r a p h y ,

P u rp le  T i l l  sampled a t  7ni below su rfa c e .

FT 8 REIC-HTOK TA 149756 • .

C l i f f  exposure on New C loses C l i f f ;  a t  c l i f f  top above ex ten s iv e  la n d s lip p e d

a re a . P u rp le  T i l l  sanpled a t  8m depth  below  top  o f c l i f f .

FT 9 DLLIHCrTCN TA hOl 20h

C l i f f  exposure a t  sou th  end o f  D iinlington Road Ends. . , ■

Bulk sample o f P u rp le  T i l l  a t  8m dep th , f o r  s tone  a n a ly s is .
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DT 1 DILLir-iG-TON T A -3 9 7 2 1 0

C l i f f  exTiosure, n o rth  of D im lington Farm.

Drab T i l l  sampled 200 cm above ju n c tio n  w ith  Basement T i l l .

DT 2 KEYDICHAH TA 2^6254

Deep d ra inage  tre n c h  in  base o f g ra v e l p i t ,  exposing  Drab T i l l  below 

K elsey H i l l  G-ravels.

DT 3 DBDIHCrTOH TA 397210

C l i f f  exposure , bOOm n o rth  o f  D nnlington  Road Ends.

Drab T i l l  sampled 6m below ju n c tio n  w ith  P u rp le  T i l l .

DT 4 DBDIKCTON TA 396211

C l i f f  exposure , 34-0 ra n o rth  o f D im lington Road Ends.

Drab T i l l  sam pled lbO cm above ju n c tio n  w ith  Basement T i l l .

DT 3 DR.DINCTCN TA 396211

C l i f f  exposure , 370m n o rth  o f D im lington Road Ends.

Drab T i l l  sam pled 130 cm above ju n c tio n  w ith  Basement T i l l .

DT 6 D r LIHCTCN TA 396211

C l i f f  exposure , 600 m n o r th  o f  D im lington Road Ends.

Drab T i l l  sampled 230 cm above ju n c tio n  w ith  Basement T i l l .

DT 7 DRXirO-TON TA 395212

C l i f f  exposure , 63O m n o rth  o f D im lington Road Ends,

Drab T i l l  sampled i 20 cm above ju n c tio n  w ith  Basement T i l l .

DT 8 DIMLIECTOH TA 392217

C l i f f  exposu re , n e a r D im lington High Land.

Drab T i l l  sajnpled 180 cm above ju n c tio n  w ith  Easement T i l l .

DT 9 gŒ'ISTOK HALL TA 289532 

C l i f f  exposure a t  Zone I I  l o c a l i t y .

Drab T i l l  sampled 350 cm below ju n c tio n  wdth P u rp le  T i l l .
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DT jO KAFFEETON TA O60384

Bank exposure a t  confluence o f  sm all w est bank t r ib u ta r y  w ith  K affe rto n  

Beck, south  o f  v i l l a g e .

2m o f ?H essle  T i l l  over Drab T i l l .  Drab T i l l  sampled a t  s tream  le v e l ,  

3m below s u r f a c e .

DT FRAISTHOEPE TA 170625

C l i f f  exposure , 300m south  o f  Auburn House "P ic n ic  P la c e " .

G ravels over Drab T i l l .  T i l l  saiiipled a t  base  o f c l i f f .

DT 12 LOHG- RISTON TA 118428

D rainage d i tc h  on e a s t  s id e  o f  A 165. 3m of H essle T i l l  over Drab T i l l

Drab T i l l  sampled a t  350 cm below su rfa c e .

DT 13 ISAUX TA 095390

South banic o f H oldem ess D ra in  between o ld  and new; ro ad  b r id g e s .

Drab T i l l  sampled 350 cm below su rfa c e .

DT 14 SPiSTON TA 145760

C l i f f  exposuT'ej Drab T i l l  o v e rly in g  Speeton S h e ll Bed.

DT 15 SSvvFRBY TA 198683

F oreshore  exposure , 100m w est o f p i l lb o x , 4-OOm e a s t  o f B rid lin g to n  

promenade. Drab T i l l  o v e rly in g  chalk  ru b b le .

DT 16 SE7.BK5Y TA 198685

C l i f f  exposure. Drab T i l l  sa .ip led  a t  6.5m below c l i f f  to p , 1 .5m below 

c o n ta c t w ith  o v e rly in g  outwash g ra v e ls . D ir e c t ly  above th e  no tch  of

th e  b u rie d  c l i f f  v/here exposed i n  p re s e n t c l i f f .

DT 17 ATinCK TA 197510

See PH 52 f o r  d e t a i l s  o f s t r a t ig ra p h y .

Drab T i l l  sampled a t  8m below su rfa c e .

DT 18 DB'LIhCTOh TA AO-j 204

C l i f f  exposure, a t  so u th ern  end o f D im lington Road Ends.

Bulk sample o f Drab T i l l  from  base of c l i f f ,  f o r  stone a n a ly s is .
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C l i f f  exposure. S uccessive samples o f "H essle T i l l "  s o i l  p r o f i l e  a t  im 

depth  i n t e r v a l s  -  D$); g ra d a tio n a l boundary between o x id ise d  and 

u nox id ised  t i l l  a t  about 5m d ep th . D6 and D? ai'e u n o x id ised  P u rp le  T i l l  

samples a t  5 .5  and 6m depth  r e s p e c t iv e ly .

D8 -  P l6 DEILIHCTON TA 393215

C l i f f  exposure, D im lington High Land, base  o f c l i f f s .

D3 P u rp le  T i l l ,  O-iOcm above bedded c layey  f in e  sands, over Drab T i l l .

D9 Drab T i l l ,  AC-50cm below base  o f P u rp le  T i l l ;  Drab T i l l  merges g ra d u a lly

upwards in to  bedded s i l t s  and sands below  P u rp le  T i l l .

D10 -  DiA Drab T i l l  sampled a t  ^m in te r v a l s  below ju n c tio n  w ith  P u rp le  T i l l  

0 1 0 ,  1m below; D l l ,  2m; D l2 , jm; D ip, tin; DiA, 5m).

Dl 5 Drab T i l l  9m below ju n c tio n  w ith  P u rp le  T i l l  (lam ina ted  s i l t y  beds and 

s lir jp ed  m a te r ia l 5 -9m below/ Pu.rple T i l l )  .

Dl 6 Drab T i l l  1 Cm below P u rp le  T i l l ,  lm above beach l e v e l .

S1 -  87 SKIPSSA TA 1865A1

C l i f f  exposure . S uccessive samples o f "H essle  T i l l "  s o i l  p r o f i l e . a t  Oo5m 

depth, i n t e r v a l s .  At 3 -5m (S ? ) , the  o x id ise d  t i l l  g rades in to  unox id ised  

Drab T i l l .

So -  S9 SriPSSA TA 1865AI

S ite  as f o r  Si -  3?. Drab T i l l  a t  6 . 5m and 9m depth  re s p e c t iv e ly .

A1 -  AA AHDBHOUG-H TA 259395

C l i f f  exposu re . Drab T i l l  a t  base  o f c l i f f .  Al a t  lm above beach l e v e l ;

A2 , 2m; A3, 3m; AA, Am. ■

A5 -  A6 ÆDBROUGH TA 259395

S ite  a s  f o r  A1 -  AA.

P urp le  T i l l  a t  A.Am and 5*Am r e s p e c t iv e ly  above beach le v e l .
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BT -I DE-XIKSTOK TA 3 9 l2 l8

C l i f f  exposure n e a r D im lington High Land.

The upper p a r t  o f th e  Basement T i l l  below the Drab T i l l  i s  fragm ented and

d isco lo u red  to  a d ep th  o f 69cm, th e  d is c o lo u ra t io n  fo llo w in g  th e  c rack s

between frag m en ts .

H orizons:

0-12 cm O live g rey  c la y , uniform  c o lo u ra tio n . Chalk e r r a t i c s  very  s o f t  

and e a s i ly  c ru sh ed  between the  f in g e r s .  Sample BT l / l .

12-43 cm O live g rey  c la y ,  l e s s  uniform  c o lo u ra tio n ; su b -h o riz o n ta l c rack s  

between l e n t i c u l a r  fragm en ts  o f c la y  a re  s l i g h t l y  browner than  

w ith in  the  le n s e s .  Chalk e r r a t i c s  l e s s  s o f t  th an  in  BT l / l ,  and 

sm all ones more common. Sample BT 1 /2 .

43-58 cm C liv e  g rey  c la y ; co lo u r d i f f e r e n t i a t io n  between c ra ck s  and peds 

more marked; ch a lk  e r r a t i c s  a l l  h a rd , Sa.mple BT 1/ 3 .

58-69 cm O live  g rey  c lay ; ped in te r io r s  g re y , c rack s  brown,- Chalk e r r a t i c s

a l l  h a rd . San p ie  BT i /A . '

69 cm + Basement T i l l ;  some tendency to  f r a g n e n ta tio n  and c ra ck in g , b u t no

o x id a tiv e  d is c o lo u ra t io n  along c ra c k s . Sample BT 1/ 5 »

BT 2 DL.dlKCTOH TA 597212

Foreshore exp;osi.ue o f Basement T i l l .

North o f DiimLington Farm

BT 3 DDÆIIiCTGN TA 393212

C l i f f  exposure, n o rth  o f D r ilin g to n  Farm.

Basement T i l l  sampled 5=:̂  below ju n c tio n  wdth Drab T i l l .
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BT5 DPJLIITGTOÏT TA 396211

C l i f f  exposure , 570m north, o f D im lington Road Ends#

Basement T i l l  sampled n e a r  ju n c tio n  v/ith. Drab T i l l#

BT6 DIMLINGTON TA 396211

C l i f f  exposure, 540m n o rth  o f D im lington Road Ends#

Basement T i l l  sampled 45cm below ju n c tio n  w ith  Drab. T ill#

BT7 DIMDIRGTOR TA 595212

C l i f f  exposure, 650m n o r th  o f D im lington Road Ends#

Basement T i l l  sampled n e a r  ju n c tio n  w ith  Drab T i l l#

BT8 DIMDINOTON TA -595212

C l i f f  exposure, 680m n o r th  o f D im lington Road Ends#

Basement T i l l  sampled 60cm below ju n c tio n  w ith  Drab T ill#

BT9 DIIÆnrOTOR TA 594215

C l i f f  exposure, 780m n o rth  o f D im lington Road Ends#

Basement T i l l  sampled 120cm below ju n c tio n  v /ith  Moss S i l ts #

SBC1 DIMLINGTON TA 596215

Foreshore  exposure midv/ay between D im lington Farm and D im lington High Land# 

Lens o f  f o s s i l i f e r o u s  Sub-Basement Clay (B rid lin g to n  Crag o f  C a tt & Penny, 

1966) w ith in  Basement T ill#

BTRG DIMLIHGTOH TA 593217

Foreshore exposure a t  D im lington High land#

E r r a t ic  o f  red  c lay  w ith in  Basement T ill#

DMSI DIMIIHCtTON TA 594215

C l i f f  exposure, 700m n o r th  o f D im lington Farm#

D im lington  Moss S i l t s  from low er s i l t y  beds f i l l i n g  b a s in  i n  u n d erly in g  

Basement T ill#

DMS2 DIMLINGTON TA 594215

C l i f f  exposure, 700m n o r th  o f D im lington Farm#

Sample o f  sands o v e rly in g  Moss S i l ts #  O v erla in  by Drab T i l l .

PTE TIMS TALL TA 514 318

C l i f f  exposure#

Very dark  g re y ish  brown c lay  le n s  w ith in  P urp le  T i l l#
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m i  and ICT2 KIBMIHGTOH TA 105118 

E a s t fa c e  o f abandoned e a s te rn  b r ic k -p it#

0 -1 30cm re d d ish  brown d e c a lc if ie d  t i l l  )
) Lower Marsh T i l l  o f Straw (1969b)

130-200cm re d d ish  brown ca lca reo u s  t i l l  )

Sampled a t  120cm (MTi ) and 145cm (MT2)#

MT3 MELTON ROSS TA 090117

Main ch a lk  qu arry  o f M elton Ross Lime Co#, between Al60 and railw ay#

E ast fa c e  o f q u a rry  exposes up to  2m re d d ish  brovm d e c a lc if ie d  low er 

Marsh T i l l  o v e rly in g  chalk#

Sampled a t  100cm below s u rfa c e , a t  e a s t  end o f so u th e rn  face#

IÆT4 GRIMSBY TA 238082

Low ro ad s id e  c u t t in g  on Laceby Acres housing  e s t a t e ,  exposing re d d ish  

brown ca lca reo u s  t i l l  (Upper Marsh T i l l  o f S traw , 1969b).

Sampled a t  50cm below surface#

MT5 BARU0LDBY-IÆ-3ECK TA 238033

C u ttin g  on so u th  s id e  o f road , e a s t  end o f v i l l a g e ,  exposing about 2#5m

of re d d ish  brown t i l l  (Upper Marsh T i l l ) #

C alcareous t i l l  sampled 2m below surface#

MT6 and MT7 WELTOU-LE-WOLB TF 282883

W elton g ra v e l q u a rry  o f Stephen To u ison & Sons L td .

S uccession  n e a r  e a s te rn  end o f n o r th e rn  f a c e : -  

2-3m h ig h ly  chalky  s i l t s ,  sands and g ra v e ls .

10-12m dark  g re y ish  brown t i l l  (Lower Marsh T i l l  o f  S traw , 1969b, p#92).

10m + f l i n t y  outwash sands end gravels#

T i l l  ( s  Drab T i l l ? )  sampled a t  75cm above base (MT6) and 200cm below

top  (MT7)#

MT8 SOUTH ELKIU0T0ÏÏ TF 285883

E lk in g to n  q u arry  (abandoned) o f Stephen Toulson & Sons Ltd#

S uccession  n e a r  w este rn  end of n o rth e rn  f a c e : -

2 -3m re d d ish  brown t i l l  (Lower Marsh T i l l ,  su rfa ce  a b la t io n  t i l l .

S traw , 1969b, p#92),

1-2m bedded s i l t s  and sands.



5-5m dark  g re y ish  brown t i l l  (low er Marsh T i l l ,  b a sa l t i l l ,  Straw , op#c i t . )

10m + f l i n t y  and chalky  sands and g ra v e ls .

C alcareous re d d ish  brown t i l l  ( = H essle  T i l l ? )  sampled 200cm below su rface#  

MT9 LOUTH TP 324876

Road c u t t in g ,  n o r th  s id e  o f Y/ragby Road, a t  en tran ce  to  new housing e s t a t e .

R eddish brown d e c a lc if ie d  t i l l  (Upper Marsh T i l l )  sampled a t  200cm below

surface#

MT10 MUCKTON TP 374815

Road c u t t in g ,  e a s t  s id e  o f road , in  v il la g e #

Brown c a lca reo u s  t i l l  (Lower Marsh T i l l )  sampled a t  l60cm below surface#

MT11 NORTH RESTOH TP 382840

Bank o f Long Eau stream , lOm e a s t  o f  new road bridge#

0-50cm "made ground"

50-150cm alluv ium

l50-220cm brown ca lca reo u s  t i l l  (Upper Marsh T i l l ) .

220cm stream  le v e l

T i l l  sampled a t  200cm below su rfa c e .

MTI2 FORTH RESTOH TP 382838

Abandoned g ra v e l p i t ,  sou th  of A157 ro ad .

0-50cm "made ground"

50-100cm re d d ish  brov/n d e c a lc if ie d  t i l l  )
) Upper Marsh T i l l  

100-120cm re d d ish  brown ca lca reo u s  t i l l  )

120cm + chalky  g ra v e ls

C alcareous t i l l  sampled a t  100-110cm below s u rfa c e .

MTI 3 IHOOLDMEIjLS POINT TP 574687

N orth  bank of r i v e r  on w est s id e  o f s lu ice#  R eddish bro\m ca lca reo u s 

t i l l  (Lower Marsh T i l l )  exposed a t  h ig h  t id e  le v e l#

MT14 UL.GEBY CROSS TP 412737

D rainage d i tc h  on n o rth -w es t s id e  o f roundabout.

Brovm d e c a lc if ie d  t i l l  (Lower Marsh T i l l )  sampled a t  40cm below surface#
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I.iT 15 K5AL COTES TF 367616

Bank o f sm all s tream , on e a s t  s id e  of Al 6 ro ad , n o rth e rn  end o f S tickney  

m oraine. Brown c a lc a re o u s  t i l l  (low er Marsh T i l l )  sampled 2m "below su rfa ce ; 

o v e r la in  by 1,5m o f  fe n  alluvium c 

MT 16 SOUTH FEKRIBY S3 995222

C l i f f  exposure 200m n o r th -e a s t  o f  fo rm er j e t t y .  5m brown t i l l  (Lov;er Marsh 

T i l l )  o v e rly in g  c .  5Ccm chalky  sh in g le  c o n ta in in g  e r r a t i c s  ( r a is e d  beach  o f 

B u ic h e ll, l 9 5 l ) ,  ov er Chalko C alca reo u s t i l l  sampled lAOcm above s h in g le ,

MT 17 SOUTH FEERI3Y SE 996223

C l i f f  e:cposure 3C0m n o r th - e a s t  o f form er j e t t y .  3m o f brown t i l l  over 2m very  

dark  g re y ish  brown t i l l  (Lower Marsh T i l l )  (= Drab T i l l ? ) .  Base o f t i l l  

obscured  by modern beach . Sampled 5C era below ju n c tio n  o f brown and g re y  

t i l l s .

18 Y.HLTOH-LZ-HOLD TF 282383 

For s t r a t ig r a p h ic a l  d e t a i l s  see MT 6 and MT 7»

Dark g re y ish  brown t i l l  (o f . Basement T i l l ) ,  sampled a t  9m below top o f 

n o rth  fa c e  o f q u a riy .

HT 19 SOUTH ELICBICHON OF 285883 

For s t r a t ig r a p h ic a l  d e ta i l s  see I.iT 8 .

Dark brown t i l l  ( c f .  Drab T i l l )  sampled 6ra below top  o f n o rth  fa c e  o f  q u a rry , 

1.5m below a g ra d a tio n a l o x id a tio n  f r o n t ,  the  o v e rly in g  t i l l  (ùT 8) b e in g  

re d d ish  brov-n.

IT 20 hFI.Fai-LF-vvCLD TF 282883

For s t r a t ig r a p h ic a l  d e t a i l s  see ;.T 6 and MT 7=

Brown t i l l  sanp led  6m below top  o f n o rth  fa c e  o f  q u a rry , ' above MT 18.

Dark g re y is h  brown t i l l  (l.T 18) seems to  grade up in to  brown t i l l  (MT 20)

V 'ith no obvious b re a k . • .

O verla in  by v a r ia b le  dep th  (2-3 a) o f  chalky  t i l l  (see  GT 1) .
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CT 1 EELTON-LE-EOLD T7 282833

For s t r a t ig r a p h ic a l  d e t a i l s  see 2.H 6 and 2.IT 7-

Chalky t i l l  (C alcethoxpe T i l l  ?) sampled a t  2m below top  of n o rth  face  

o f q u a rry .

LHH HIGH HUNSLEY SE 936533

Abandoned qu arry , now w a te r - f i l le d  (marked as i s o la te d  p a tc h  o f "bou lder clay" 

on G eo log ica l Survey Sheet 72 (B ev erley ).

Small excav a tio n  made a t  e a s t  s id e  o f qu arry  ira below  su rface  o f a d jac e n t 

f i e l d .  Very f in e  sandy o r  coai'se s i l t y ,  n o n -ca lca reo u s, f l i n t y  d r i f t  

sam pled.

Y -183/8 ASICHAH BRYAH SE 331432

S o il p r o f i l e  p i t  in  D eighton s e r ie s  (Crompton and M atthews, 1970, P» 112), 

developed on c a lc a re o u s , re d d ish  brown c lay ey  t i l l ;  sanp led  a t  l c3ni 

below su rfaceo

GH 1 GATS HYHdSL-HY SB 694362

Railway c u t t in g  (abandoned York -  M arket TJeighton b ranch ) t h r o u ^  York 

moi'aine. 30m e a s t  o f ra ilw ay  b r id g e , n o rth  s id e  o f c u t t in g .  Small hand- 

dug exposure 3m below  top of c u t t in g .  Dark b ro -n  c a lc a re o u s  t i l l . •

LT 1 SCRaTBY TG 316132

C l i f f  exposure. S o il p r o f i l e  developed in  Low estoft T i l l  (see p.- f o r  

f u l l  d e s c r ip t io n ) .

LT 2 CORTOK TM 34796?

C l i f f  exposure. For lo c a l  su ccess io n  see Banhain, 197l , P- 28l »

LT 3 EYE TM 147737

N a tu ra l gas p ip e l in e  tre n c h . S o il p r o f i l e  developed in  Low estoft T i l l  

(see p . f o r  f o i l  d e s c r ip t io n ) .
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P r o f i l e  No, 

L o ca tio n  

E le v a tio n  

Land Use 

H orizons 

cm 

0-10  

(l t i / i )

10-23

(LTi /2 )

23-56/76

(lTi /3 )

56/76-81/84  

(IT 1/4)

LTi

C l i f f  face  exposure, n e a r  C l i f f  House, S c ra tb y  (tG 5i 6152) 

15m 0,D , Slope and A spect Almost f l a t .

Lawn g ra s s .

L ark  g re y ish  brown ( 1OYH4/ 2) sandy loam;

s l i g h t l y  s to n y , an g u la r to  rounded g ra v e l and sm all s to n es , 

m ainly  f l i n t  and q u a r tz i te ;  w eakly developed medium sub - 

an g u la r b locky s t r u c tu r e ;  f r i a b l e ;  abundant f in e  p o re s , 

r a r e  f in e  f i s s u r e s ;  m oderate in tim a te  humus;, abundant 

f in e  g ra s s  r o o ts ;  earthworms common; narrow  even boundary. 

Y ellow ish  brown ( 1OYR5/ 4) loam, v /ith  common d i s t i n c t  medium 

s tro n g  brown (7*5YH5/6) m o ttle s  and dark  g rey  (N4/o) 

i n f i l l i n g s  of v/orm tu b e s ; s l i g h t l y  s to n y ; an g u lar to  

rounded f l i n t  g ra v e l and sm all s to n e s ;  s tro n g ly  developed 

co arse  su b -an g u la r b locky s t r u c tu r e ;  v e ry  firm ; abundant 

f in e  p o re s , few medium p o re s ; few f in e  f i s s u r e s ,  m ostly  

v e r t i c a l ;  in tim a te  humus in  worm tube i n f i l l i n g s ;  

abundant f in e  g ra s s  ro o ts ;  earthworms common; merging 

even boundary.

Y ellow ish  brown ( 10YH5/6) c lay  loam , w ith  common f a in t  f in e  

y e llo w ish  brown (lOYH5/4) m o ttlin g  and y e llo w ish  brown 

( 1OYH5/ 4) c lay  sk in s  on ped fa c e s ;  s l i g h t l y  stony ; 

an g u la r to  rounded f l i n t  g ra v e l;  s tro n g ly  developed coarse  

p r ism a tic  and columner s t r u c tu r e ;  v e ry  f irm ; abundant 

v e ry  f in e  p ro es ; common f in e  f i s s u r e s ,  m ostly  v e r t i c a l ;  

common f in e  g ra ss  r o o ts ;  earthworms common; sharp  i r r e g u la r  

boundary.

Y ellow ish  brown ( 1OYH5/ 6) c a lc a re o u s  c la y , w ith  common 

d i s t i n c t  f in e  pale  o liv e  ( 5Y6/ 3) m o ttle s  and 5mm wide d a r k ' 

g re y ish  brown ( 1OYH4/ 2) zones o f d é c a lc i f ic a t io n  along many
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81/84-150 + 

( m i /5 )

f in e  v e r t i c a l  and h o r iz o n ta l  f i s s u r e s ,  w ith  c lay  sk in s ; 

s to n y ; m ostly  rounded chalk  w ith  an g u lar to  rounded f l i n t  

g ra v e l and sm all s to n e s ; s tro n g ly  developed coarse  

p r ism a tic  s t r u c tu r e ;  ex trem ely  firm ; abundant ve ry  f in e  

and f in e  p o res ; few medium p o re s ; few f in e  f is s u r e s  

(m ostly  v e r t i c a l ) ;  few f in e  g ra s s  ro o ts ;  narrow boundary# 

Y ellow ish  brov/n ( 1OYR5/ 6 ) ca lca reo u s  c la y , w ith  many 

d i s t i n c t  medium grey  ( 1OY5/ 1) m o ttle s ;  s to n y ; m ostly 

rounded chalk  w ith  an g u la r to  rounded f l i n t  g rav e l and sm all 

s to n e s ; m oderately  developed coarse  an g u lar blocky 

s t r u c tu r e ;  v e ry  f irm ; common v e ry  f in e  po res; r a re  f in e  

f i s s u r e s ;  r a re  f in e  f ib ro u s  ro o ts#

0-150

(L Tl/6)

S trong  brov/n (T#5YR5/8) sand ex tend ing  as branching p ipes 

up to  25cm v/ide throughout the p r o f i l e ;  s l ig h t ly  s tony ; 

su b -an g u la r to  rounded f l i n t  g ra v e l and sm all s to n es ; 

s t r u c tu r e le s s ,  weakly co h eren t; v e ry  f r i a b l e ;  abundant 

f in e  and v e ry  f in e  p o res ; sharp  i r r e g u la r  boundaries#

IT 1 /7

P r o f i l e  No#

lo c a t io n

E le v a tio n

Brown ( 1OYR5/ 3) loam w ith  common d i s t i n c t  f in e  s tro n g  brown 

( 7#5YE5/ 8 ) m o ttle s ; f i l l i n g  d ep re ss io n , about 20m a c ro ss , 

up to  1#5m deep, in  su rfa ce  o f t i l l  20m n o rth  o f IT 1 p ro f i le ,  

IT 5

Gas p ip e lin e  tre n c h , n o r th  o f Eye (tM 147757)

43m 0#D#

Slope and A spect P la t  

Land Use A rable

H orizons
cm

0-25

( l T 5 / i )

Brown/dark brown ( 1OYR4/ 3) sandy loam; s l ig h t ly  s tony ; 

an g u la r to  su b -an g u lar g ra v e l and sm all s to n e s , m ainly 

f l i n t ;  weakly developed f in e  to  medium su b -angu lar blocky
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25 - 90/100

(LT5/2)

90/ 100-250  + 

(LT5/3)

25-200

(LT5/4)

s t r u c tu r e ;  f r i a b l e ;  abundant f in e  and v ery  f in e  po res;

conmon v e ry  f in e  and f in e  f i s s u r e s ;  low in tim a te  humus;

abundant f in e  f ib ro u s  ro o ts ;  earthworms common; narrow 

even boundary.

Y ellow ish  brown (lOYR5/6) c la y , v /ith  y e llo w ish  brown 

( 1OYR5/ 4 ) c lay  sk in s  on ped fa c e s ;  s l i g h t ly  s tony ; 

an g u la r to  su b -an g u la r g ra v e l and sm all s to n e s , m ainly 

f l i n t ;  s tro n g ly  developed coarse  p r ism a tic  s tru c tu re  ; 

v e ry  firm ; abundant v e ry  f in e  p o res; few f in e  f ib ro u s

ro o ts ;  earthworms common; narrow  i r r e g u la r  boundary# 

l i g h t  o liv e  brov/n (2#5Y5/4) ca lca reo u s  c la y , w ith  many 

d i s t i n c t  f in e  o liv e  g rey  ( 5Y4/ 2) and y e llo w ish  brown 

(iOYjR5/6) m o ttle s ;  s to n y ; su b -an g u la r to  rounded chalk  

and an g u la r to  su b -an g u la r f l i n t  g ra v e l and sm all s to n e s ; 

weakly developed coarse  su b -an g u la r b locky s t ru c tu re ;  

v e ry  firm ; abundant very  f in e  p o res ; few v ery  f in e  f is su re s#

S trong  brown (7.5YR5/6) sand ex tend ing  as p ip e s , le n se s , 

wedges and i r r e g u la r  la y e r s  deep in  the  p r o f i l e ;  v e ry  ra re  

f l i n t  g r a v e l ; s t r u c tu r e le s s ;  v e ry  f r i a b l e ;  abundant 

v e ry  f in e  p o res; sharp  v e ry  i r r e g u la r  boundaries.

T o ta l th ic k n e ss  of t i l l  i s  about 2#5m, u n d e r la in  b y :-

LT5 /7  Yellow ( 1OYR7/ 6) sands below t i l l ;  sm a ll-sc a le  low -angled

c ro ss-b ed d in g ; s l ig h t ly  s to n y ; rounded chalk  g ra v e l and 

sm all s to n e s , some f l i n t  and s h e l l  fragm ents ( =  Gorton 

Sands?)

PGTI GORTON- m  547967 

C l i f f  exposure.

F o r lo c a l  su cc e ss io n  see Banham ( l9 7 l ,  p # 2 8 l).

P le a su re  Gardens T i l l  sampled 30cm above Oulton Beds.

GBGI BOÏÏGHTON TP 693025

D rainage d i tc h  exposure o f Chalky B oulder Clay below Cover Sands#
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WB̂  CATTON TG 235117

Road c u t t in g ;  N ,C irc u la r  Rd (lIorvTich) betvæen Old C atton tu rn  and Sprowston# 

Nor\^/lch B r ic k e a r th , sampled 2m below surface#

NB2 BURLINGHAIÆ TG 366109

S o i l  p r o f i l e  p i t  in  Wickmere S eries#

Thin coverloam  ( lo e s s i a l ,  C a tt e t  a l ,  1971 ) over Norwich B rickearth#

Norwich B r ic k e a r th  sampled a t  65-75cm below s u r fa c e .

ITCI CORTON m  547967 

C l i f f  exposure-

See Banham ( l9 7 l ,  p#28l) f o r  succession#

Cromer T i l l  ( =  F i r s t  T i l l  o f N#E# N orfo lk?) sampled 150cm above ju n c tio n  

w ith  Cromer F o re s t Bed Series#

ITHI HAPPISBURGH TG 383511 

C l i f f  exposure i n  N orth Sea D rif t#

0-2m Second T i l l

5-6m In te rm e d ia te  Beds.

3m F i r s t  T i l l

F i r s t  T i l l  sampled 1m below ju n c tio n  w ith  In te rm e d ia te  Beds#

2m^ . MDNDESIEY TG 308373

C l i f f  exposure in  N orth  Sea D r i f t .

S u ccess io n , from top  of c l i f f

Gimingham Sands

T hird  T i l l

Mundesley Sands

Second T i l l

Cromer F o re s t Bed S e r ie s

Second T i l l  sampled lm below ju n c tio n  w ith  Mundesley Sands#

3TM1 l,TUNDESLEY TG 308373 

C l i f f  exposure in  N orth  Sea D r i f t  

(see  2TI/I1 ' f o r  su ccessio n )

T hird  T i l l  sampled 2m above ju n c tio n  w ith  Mundesley Sands.
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W01 GRUB'S G&WES TL 806902

S o il  p r o f i l e  trench, a t  Grime’s Graves Gun Area (dug f o r  B r i t i s h  S o c ie ty  

o f S o i l  S cience annual m eeting , 1970).

V /orlington S e r ie s ,  shallow  phase, and Methwold S e rie s  s o i l s  a l te r n a te  in  

a s t r i p e  p a tte rn #

W orlington  S e r ie s  sampled a t  50-60cm (W 0l/l; non -ca lca reo u s pale  ye llow - 

hrov/n sand) and 100-110cm (W 0l/2; sandy chalky  d r i f t ) #

WO2 SANTON BOYHTHAM TB 822841

S o il  p r o f i l e  tre n c h  a t  Downham H ighlodge Warren (dug f o r  B#S#S#S# m eeting,

1970)#

W orlington  S e r ie s ,  deep phase#

Sampled a t  50-60cm (W 02/l; non ca lca reo u s  sandy d r i f t ) ,  

and 75~80cm (WO2 /2 ; sandy chalky  d r i f t ) #

WO 3 MIBDENHAIL T1 741738

S o il  p r o f i l e  tre n c h  a t  Highlodge Farm (dug f o r  B#S#S#S# m eeting; 1970)# 

W orlington  S eries#

Sampled a t  70-75cm (W 03/l; n o n -ca lca reo u s sandy d r i f t )  

and 80-83cm (W03/2; sandy chalky  d r i f t ) #

BRI BRANDON TL 770832

S o il  p r o f i l e  tre n c h  a t  Brandon Park (dug f o r  B#S#S#S# m eeting, 1970)#

Brandon S eries#

Deep te r r a c e  sands (reworked a e o lia n  sand?) on which a  humus podzol has 

developed# Sampled a t  130-133cm from surface#

EP1 EPPLEÏÏORTH TA 021324

L o c a lity  as f o r  HTl2 (q#v#)

S i l t y  chalky  head u n d e rly in g  reddish-brow n ca lca reo u s  t i l l #

RP1 RÏÏSTON PARVA TA 070618 

L o c a li ty  as f o r  HTl7 (q#v#)

S i l t y  chalky  head u n d e rly in g  reddish-brow n d e c a lc if ie d  t i l l #

KMFl-3 KIRKBURN MANOR FABI'Æ SE 973366 

L o c a lity  as f o r  HT6 (q#v#)

S i l t y  chalky  head (KîvîF 3) u n d e rly in g  reddish-brow n d e c a lc if ie d  t i l l  (kMF2; HT6) 

KI.IF1 sampled from plough la y e r  above t i l l .



2 4 0

HSi HÏÏGGATE SB 874548

Abandoned, chalk  q u arry , w est o f v i l la g e

S i l t y  f l i n t y  d e p o s it  (up to  lm th ic k )  over ch a lk , exposed on w estern  face# 

Sampled a t  45-55cm below surface#

HCT/7 HIGH CALLIS WOLD SE 828360

P r o f i le  p i t  i n  s i l t y  loam over chalk# Sampled a t  25-30cm below surface#

SE1 and SE2 SEV/E.HBY TA 198684

O blique s e c t io n  o f th e  Eemian b u ried  c l i f f  and i t s  a s so c ia te d  d e p o sits  

(see  Q#R#A# F ie ld  Guide, E#Yorks and H#Lincs# (l972 ) p p . l6 - l7 # )

SEI -  loam sampled 30cm below base of chalky  head d e p o s it ,  40m

n o r th - e a s t  o f p i l l - b o x  a t  base o f c l i f f .

SE2 -  s i l t y  chalky  head sampled 20m n o r th - e a s t  o f p ill-b o x #

Bid BINBROOK TF 178936

P r o f i le  p i t  dug in  s i l t y  c la y  loam o v e rly in g  ch a lk  in  deciduous p la n ta tio n .

Sampled a t  23-40cm below surface#  Chalk a t  63cm below surface#

CHI CORTON TM 347967

C l i f f  s e c t io n  to  so u th  o f v i l l a g e .

S i l t y  loam u n d erly in g  modern blown sand, o v e rly in g  p la te a u  g ra v e ls  (see  

Banham, 1971, p#28l f o r  f u l l  succession)#

S i l t y  loam sampled 20cm below ju n c tio n  v/ith  blown sand#

SMI SHERIHGHAM TG 160416 

P r o f i le  p i t  dug in  "Old v/ood"

S i l t y  loam, sampled a t  lOOcm below su rfa c e , o v e rly in g  g la c i a l  sands#
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Sample C o lo u r, M o is t C o lou r, Dry

H T l/l 10YR4/2 Dark g re y ish  brown 10YR5/2 G reyish  brown
HT 1/2 10YR5/3 Brown 10YR6/3 Pale  brown

HT 1/3 5YH4/6 Y ellow ish  red 7#5YR5/4 Brov/n

H Tl/4 5YR4/6 Y ellow ish red 5YR5/4 R eddish brovm
HTl/5 5YR3/4 Dark re d d ish  brov/n 5YR5/4 Reddish brovm

HT1/6 5YH3/4 Dark re d d ish  brown 5YR5/4 Reddish brown
HT 1/8 5Y4/1 Dark grey 5Y7/1 l i g h t  g rey

HT 1/9 . 5YR4/4 Reddish brown 5YR5/4 R eddish brown
HT 2/1 10YR4/3 Brown/Dark brown 10YR5/4 Y ellow ish  brown
HT 2 /2 10YR4/3 Brown/Dark brown 10YR5/4 Y ellow ish  brown
HT2/3 7.3YH4/2 Brown/Dark brown 7.5YR5/6 S trong  brown

HT2/4 7. 5YR4/2 Brov/n/Dark brown 7#5YR5/6 S trong  brown
HT 2/5 5YH4/4 R eddish brown 7.5YR5/6 S trong brovm
HT 2/6 5YR4/4 R eddish brovm 7 . 5YR5/6 S trong  brovm

HT 3 5YR4/4 R eddish brown 5YR5/4 R eddish brown

HT4 10YR4/3 Brown/Dark brown 10YR5/3 Bro%vn

HT 5 5YR4/4 R eddish brovm 5YR6/4 L ig h t re d d ish  broi

HT 6 5YH4/4 R eddish brovm 7.3YR5/4 Brown

HT 7 5YH4/3 Reddish brown 5YR5/4 R eddish brown
HT 8 5YH4/3 R eddish brovm 5YR5/4 R eddish brovm

HT9 5YR4/4 R eddish brovm • 5YR5/4 R eddish brovm

HT10 5YH3/4 Dark re d d ish  brown 5YR5/4 R eddish brown
HT11 5YR4/4 Reddish brovm 7#5YR5/4 Brovm ,
HTl 2 5YR4/4 R eddish brown 7 . 5YR6/4 L ig h t bro\m

HT13 5YH4/4 Reddish brown 7.5YR5/4 Brovm

HT14 7.5ÏH 5/6 S trong  brovm 7 . 5YR6/4 L ig h t brovm

HTl 5 5YR4/4 R eddish brown 7.5YR5/4 Brovm

HTl 6 5YH4/4 Reddish brovm 7. 5YR6/4 L ig h t brovm

HTl 7 5YR4/4 Reddish brovm 7 . 5YR5/4 Brovm

HTl 8 10YR4/4 Dark y e llo w ish  brown 10YR5/6 Y ellow ish  brovm

HTl 9 5YR4/6 Y ellow ish red 7.3YR5/8 S trong  brovm

HT20 5YB4/4 R eddish bro\m 5YR5/6 Y ellow ish red

HT21 7.5YR4/4 Brown/Dark brovm 7.5YR5/6 S trong  brovm
HT 22 7.5YH4/4 Brown/Dark brovm 7.5YR6/4 L ig h t brovm

HT23 5YH4/4 Reddish brovm 5YR5/4 R eddish brovm

HT 24 5YH4/4 Reddish brown 5YR5/4 R eddish brovm

HT25 5YR4/4 R eddish brown 5YR5/6 Y ellow ish  red

HT 26 5YH4/4 Reddish brovm 5YR5/4 R eddish brown



2 42

Sample C o lo u r , m o ist C o lo u r , d ry

ITT 27 5TR 4 /4 R eddish brown 5ÏE k /6 Y ellow ish  red

IH 28 5IR 4 /4 R eddish brown 5ÏE 5 /4 R eddish brown

I-H 29 5YR 4 /4 R eddish brown 7.5ÏH  6 /4 L ig h t brown

HT 30 7.5YE 4 /2 Brown/Dark brown 7.5ÏH  5 /4 Brown

HT 51 5YR 4 /4 R eddish brown 7 .5 ÏE  5 /4 Brown

HT 52 5YR 4 /4 R eddish brown 5'£R k /6 Y ellow ish  re d

HT 53 5YR 5 /4 R eddish brown 7 .5  m  5 /6 S trong  brown

HT 54 7.5ÏR  4 /4 Brown/^ark brown 7 .5 ÏS  5 /4 Brown

HT 55 5YE 4 /4 R eddish brown 7 .5 ÏE  5/6 S trong  brown

HT 56 5YE 4 /4 R eddish  brown 5ÏR 5 /6 Y ellow ish  re d

HT 57 5YB 4 /4 R eddish brown 5ÏE 5 /4 R eddish  brown

HT 58 7.5TR 4 /2 Brown/Dark brown 7.5ÏR  6 /4 L ig h t brown

HT 59 5YB 5 /4 B alk re d d ish  brown 5ÏB 5 /4 R eddish brown

HT 40 5YR 4 /4 R eddish brown 7-5ÏE  5 /4 Brown

HT 4l 5YE 4 /4 R eddish brown 5YE 5 /4 R eddish brown

HT 42 5YE 4 /4 R eddish blown 7.5ÏIÎ 5 /4 Brown

HT 45 5YR 5 /4 Dark re d d ish  brown 5YH 5 /4 R eddish brown

HT 2A- 5YR 5 /4 Dark re d d ish  brown 51Tl 5 /4 R eddish brown

HT 45 5YR 5 /4 Dark re d d ish  brown 51T; 5 /4 R eddish brown

I-IT 46 5YR 4 /4 R eddish brown 5%a 5 /4 R eddish brown

HT 47 5YR 5 /4 Dark re d d ish  brown 51T: 5 /4  ■ R eddish brown

HT 43 5Y2 4 /4 R eddish brown 7.5YF: 5 /6 S trong  brown

HT 49 5YB 4 /4 R eddish brown 7 .5 ÏE  5 /4 Brown

HT 50 57E 4 /6 Y ellow ish  red 7.5YE 5 /6 S trong  brown

HT 5l 5YE 5 /4 Dark re d d ish  brown 5ÏR 5 /4 R eddish  brown

HT 52 5YR 5 /4 Dark re d d is li brown 7.5'iE 5 /4 Brown

HT 55 7.5YR 4 /4 Bro"n/Dark brown 7 .5 ÏE  5 /4 Brown

HT 54 5YB 4 /6 Y ellow ish re d 5ÏR 5 /6 Y ellow ish re d

FIT 55 5YR 5 /4 Dark re d d ish  brown 5XB 5 /4 R eddish  brown
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Samole C o lo u r , m o is t C o lo u r, d ry

HT 56 7.5YR 4 /4 Brown/Dark brown 7 .5 ÏE  6 A L ig h t brown

HT 57 1OYR 5 /4 Y ellow ish brown 1OÏH 6 /4 L ig h t y e llo w ish

HU 58 IOYR 4 /4 R eddish brown 5ÏE 5 /4 Reddish brown

HT 59 5YR 4/'4 R eddish brown 5ÏE 5 /4 R eddish brown

PT 1 7.5YR 3 /2 Dark brov/n 7.5ÏH  5 /4 Brown

PT 2 I t t t t t It

PT 3 It t t It t t

PT 4 It It 10Ï3 5/2 G rey ish  brown

PT 5 t t It 7.5YE 5 /4 Brown

PT 6 t f t t t t t t

PT 7 It t t t f t t

PT 8 t t II II I t

PT 9 It II t t It

DT 1 

DT 2

1OYR 3 /2
t t

Very dark  g re y ish  
brov/n

ft

IOYR 5 /2

II

G reyish  brown

t t

DT 3 t t ft It

DT 4 t t It I t It

DT 5 It It It

DT 6 It It II It

DT 7 It t t It

DT 3 It ft

DT 9 It It It

DT 10 1OÏH 3 /3 Dark brown 1OÏE 5 /3 Brown

DT 11 1OÏE 3 /2 Very dark  g re y ish  
brown

1OÏE 5 /2 G rey ish  brown

DT l2 It t t If

DT 13 If t t I t

DT 14 It t t It

DT 15 It ft I t

DT 16 t t t t It
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Sample C olour, m o is t C o lo u r, dry

DT 17 10YR 3/5 . Dark brown. lOYR 5 /5 Brown

DT l3  

D 1

lOYR 3 /2  

5YR V 4

Very  dark  g re y ish  
brown 

R eddish  brown

10YR 5 /2  

5YR 5 /4

G rey ish  brovn 

R eddish  brown

D 2 5YR 4 /4 R eddish brown 5YR 5 /4 R eddish brovn

D 3 5YR 5 /4 Dark re d d ish  brown 5YR 5 A R eddish brown

D 4 5YR 5 /4 Dark re d d ish  brown 5YR 5 /4 R eddish brown

D 3 5YR 3 /4 Dark re d d ish  brown 5YR 5A R eddish bi*own

D 6 7.5YR 5 /2 Dark brown 7.5YR 5 /4 Brown

D 7 7.5ÏR  5 /2 Dark brovn 7.5YR 5 /4 Brown

D 8 7.5YR 3 /2 Dark brown 7.5YR 5 /4 Brovn

D 9 

D 10

lOYE 3 /2  

1 OYR 3 /2

V ery  dark  g re y is h  
brown

II

lOYR 5 /2  

lOYR 5 /2

G rey ish  b rovn

If

D 11 lOYR 3 /2 If 10YR 5 /2 If

D i2 lOYR 3 /2 If lOYR 5 /2 II

D 13 10YR 3 /2 If 10YR 5 /2 f!

D i4 10YR 3 /2 If 10YR 5 /2 If

D 15 10YR 3 /2 If 10YR 5 /2 If

D 1 6 10YR 3 /2 If 10YR 5/2 ff

S 1 7.5YR 5 /6 S trong  brown 7.5YR 6 /4 L ig h t bi'own

S 2 7.5YR 4 /4 Bi'own/Dark brovn 7.5YR 5 /4 Brown

: 3  3 7.5TR 4 /4 If 7#5YR 5 /4 Brown •

8 4 5nc 4 /4 R eddish brown 7.5YR 5 A Brown

S 5 7c5YR 4 /4 Brown/dark brown 7.5YR 5 /4 Brovn

S 6 7.5YR 4 /5 Brown/Dark brown 7.5YR 5 /4 Brown

S 7 7.5YR 5 /2 Dark brown 7.5YR 5 /4 Brovn

8  8

3 9

10YR 3 /2  

lOYR 3/2

Very dark g re y ish  
brown

If

10YR 5 /2  ■ 

10YR 5/2

G rey ish  brown

It

A 1 10YR 3 /5 Dark brown 10YR 5/5 Brown

A 2 10YR 3/5 ff 10YR 5/5 Brovn
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Sample C o lo u r , m o is t C o lo u r , d ry

A 3 lOYR 3 /5 Dark brown 10ÏE  5 /3 Brown

A 4 lOYR 3/5 ri 10YE 5/3 Brown

A 3 7.5YR 5/2 Dark brown 7 . 5m  sA Brown

A 6 7.5YR 5/2 II 7.5ÏS  5A Brown

MI 1 5YR 4/4 Reddish brown 7.5ÏH 5 A Brown

m  2 5YR 4/4 II 7.5ÏE 6A L ig h t brown

3 5YR 4/4 II 7.5ÏE 5 A Bro’m

MT 4 7.5YR 4/4 Brovvn/'iDark brown 7.5ÏE 6 A L ig h t brown

MT 5 5YR 4/4 R eddish  brown 7.5ÏE 6 A It

in  6 1OYR 4 /2 Dark g re y is h  brown 1OYE 5 A Y ellow ish  brown

MT 7 lOYR 4/2 t t ^ a m  5 A t i

MT 8 5YR 4/4 Reddish brown 7.5ÏS 6A L ig h t brown

in  9 3YR 4 /4 II 7.5ÏE s A Brown

MT 10 7.5YR 4/4 Brown/Dark brown 7.5ÏE 6A L ig h t brown

MT 11 7.5YR 4/2 Brown/i)ark brown 7.5Ï1Î 5 A Brown

IT 12 5YR 4/4 R eddish brown 7.5ÏH 5A Brown

LT 13 5YR 4/4 II 7.5ÏH 6A L ig h t brown

IT  14 7.5YR 4 /4 Brown/dark brown 7.5ÏS 5 A Brown

IT  15 7.5YR 4/4 IT 1OÏE 5 /3 Y ellow ish  brown

MT l6 7 . 5IT1 V 4 II 7 . J in  6/4 L ig h t brown

: . T  17 10YR 3/2 Very dark  g re y ish  
brovv-n

-lOYH SA G reyish  brown

MT 18 2.5Y 4/2 Dark g re y ish  brown 2 .5 Ï 6 /2 L ig h t brow nish g rey

IT  19 IOYR 3 /5 Dark brown 1OÏE 5/3 Brown

IT 20 7.5YR 4/4 Brown/Dark brown 7.5ÏE 5/4 Brown

CT 1 10YR. 6 /4 L ig h t y e llo w ish  
brown

1OYH 7/3 Very p a le  brown

BTl/i 2.5Y 4/2 Dark g re y ish  brown 2 .5 Ï  6 /2 L ig h t brow nish g rey

DT1/2 2.5Y 4/'2 II 2 .5 Ï  6/2 If

3T  1/ 3 ' 2.5Y 4/2 II 2 .5 Ï 6 /2 If

BT 1 /4 2.5% 5 /2 Very dark  g re y ish  
brown

2.5T 5 /2 G rey ish  brown
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Sample C olour, m o ist C o lou r, d ry

BT 1/5 2 .5 Ï  3 /2 Very dark  g re y ish 2 . 5% 5/2 G rey ish  brown
brown

BT 2 2 .5 Ï  3 /2 ?! 2 . 5% 5/2 TT

BT 3 2.5% 3 /2 n 2 . 5% 5 /2 I t

BT 3 5% 3/1 Very dark g rey 5% 5/1 Grey

BT 6 2.5% 3 /2 Very dark g re y ish  
brown

2 . 5% 5 /2 G reyish  brown

BT 7 5% 3/1 Very dark g re y 5% 5/1 Grey

BT 8 5% 3/1 5% 5/1 Grey

BT 9 5% 3/1 11 5% 5/1 Grey

SBC 1 N 3 /0 Very dark  g rey K 5 /0 Grey

BTBG 7.5%R 3 /2 Dark brown 7.5%R 6 /2 P in k ish  g rey

DMS 1 10ÏE 4/1 Dark g rey 1OYE 5/1 G rey/L ight g rey

BMS 2 10%R 4 /3 Brown/Dark brovn 10 IE  5 /4 Y ellow ish brown

PTE 2.5% 3 /2 Very dark g re y ish 2 . 5% 5 /2 G reyish  b rovn

■LHK 7.5%E 4 /4 Brovn/'Dsrk brown 7.5%H 5 /6 Strong brown

GII 1 7.5%H 3 /2 Dark brown 7.5%E 5 /4 Brown
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Sample C o lo u r, M oist C o lo u r, Dry

Y185/8 5YR3/2 Dark reddish, brov/n 3YR5/4 Reddish brov/n

11# 1 10YR3/4 Dark y e llo w ish  brov/n 10YR5/4 Y ellov/ish brov/n
I l# 2 5YR4/4 R eddish brov/n 7.5YR5/4 Brown

KT#3 7.5YR4/4 Brown/Dark brown 7.5YR6/4 L ig h t brown

HCW7 7 . 5YR4/4 Brown/Dark brown 7.5YR5/6 Strong brown

m i 7.5YR4/2 Brov/n/Dark brown 10YR5/3 Brown
RPI 10YR5/4 Y ellow ish  brown 10YR7/3 Very pa le  brown
EP1 10YR4/4 Dark y e llo w ish  brov/n 10YR6/4 L ig h t y e llo w ish  brown

BEI 7# 5YR4/4 Brown/Dark brown 7#5YR5/4 Brown
CN1 10YR6/3 Pale brown 10YR8/3 Very p a le  brown
SMI 7.5YR4/4 Brown/Dark brown 7#5YR6/6 Reddish yellow

L T l/l 10YR4/2 Dark g re y ish  brown 10YR5/3 Brown
L T l/2 10YR5/4 Y ellow ish  brov/n 10YR5/6 Y ellow ish  brown

L T l/3 10YR5/6 Y ellow ish  brov/n 10YR5/8 Y ellow ish  brown

LTI A 10YR5/6 Y ellow ish brown 2#5YR6/4 L ig h t y e llo w ish  brown

L T l/5 10YR5/6 Y ellow ish  brown 2,5YR6/4 L ig h t ye llo v /ish  brown

L T l/6 7 . 5YR5/8 S trong  bro^/m 7.5YR5/8 Strong brown

L T l/7 IOYR 5/3 Brown 10YR6/3 Pale brov/n
LT2 5Y2/1 Black 10Y5/1 Grey

LT5/1 10YR4/3 Brown/Dark brov/n 10YR5/4 Y ellow ish brown

LT5/2 10YR5/6 Y ellow ish  brown 10YR5/6 Y ellow ish brown

LT5/3 2.5Y5/4 L ig h t o liv e  brov/n 2.5Y6/4 L ig h t y e llo w ish  brov/n

LT5A 7.5YR5/6 S trong brov/n 7.5YR5/8 Strong brov/n

LT5/7 10YR7/6 Yellow 10YR8/6 Yellow
PGTI 5Y3/1 Very dark  g rey 5Y6/1 G rey/L ight grey

CBC1 5Y2/1 Black 10Y5/1 Grey
KBI 10YR5/8 Y ellow ish  brov/n 10YR6/8 Brov/nish yellow
I'JB2 10YR5/8 Y ellow ish  brown 10YR6/6 Brownish yellow

ITCI 10YR3/2 Very dark  g re y ish  
brown

IOYR5/1 Grey

ITHI IOYR 3/2 Very dark  g re y ish  
brown

2.5Y5/2 G reyish  brown

2TM1 5Y4/1 Dark g rey 5Y6/1 G rey/L ight grey

3TM1 5Y3/1 Very dark  grey 5Y5/1 Grey
BRI 10YR5/6 Y ellow ish brov/n 10YR6/6 Brownish yellow

WOl/l 10YR4/3 Brown/Dark brown 10YR6/3 Pale brown
WOl/2 IOYR 5/4 Y ellov/ish brov/n 10YR6/4 L ig h t y e llo w ish  brown

W02/1 10YR4/3 Brown/Dark brov/n 10YR5/3 Pale  brown

WO 2/2 IOYR5/4 Y ellow ish  brown 10YR6/4 L ig h t y e llo w ish  brov/n

W03/1 10YR4/3 Brov/n/Dark brov/n 10YR6/3 Pale  brown

WO 3/2 10YR5/4 Y ellow ish brov/n 10YR6/4 L ig h t y e llo w ish  bro’/wi
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TABLE 3 CARBONATE ANALYSES

Sample /CaCO_ Sample ĉCaCO_ Sample ^aCO_ Sample /CaCO_ Sample /CaCO.

HT 1/6 8 .2 HT27 7 .3 DT8 17.6 BT5 7.0 NB1 • 0 .0

HT 2/5 4 .9 HT 28 14.4 DT9 21.7 BT6 6 .5 NB2 0 .0

HT 3 0 .0 HT29 17.9 DTIO 6.1 BT7 7 .4 1TH1 8.0

HT4 0 .0 HT 30 8 .3 LT11 6 .9 BT8 7 .3 2TM1 30.8

HT 5 10.2 HT 31 9 .8 DTl 2 10.6 BT9 9 .8 3TN1 10.9
HT 6 0 .0 HT 32 5 .3 DTl 3 10.0 SBCI 7 .9 BRI 0 .0

HT 7 8 .3 HT53 0 .4 DT14 6 .5 BTRC 6 .0 WOI/1 0 .0

HT8 7 .4 HT 34 8 .8 MT1 0 .0 DMSI 8 .5 WO2/1 0 .0

HT 9 9#1 HT35 10.8 MT2 16.4 DM32 0 .0 Y/0 3/1 0 .0

HT10 8 .8 HT 36 9 .5 MT3 0.1 PTE 4 .7 RP1 58.6

HT11 0 .0 HT 37 0 .0 MT4 15.0 LHH 0 .0 EPI 32.6
HTl 2 15.8 HT 38 18.7 MT5 11.6 Y185/8 8 .0 HGI 1.0

HTl 3 l4 .9 HT 39 8 .3 MT6 16.2 L T l/l 0 .0 H(T/Y7 0 .0

HT 14 0 .2 PT1 9.5 MT7 19.7 L T l/l 0 .0 BEI 0 .0

HT 15' 0 .2 PT2 10.4 MT8 15.0 LT l/3 0 .0 KI#1 0 .0

HTl 6 23.3 PT3 8 .5 MT9 0 .4 LT1/4 31.5 EMP2 0 .0

HTl 7 0 .2 PT4 9.0 MTIO 15.3 LTl/5 37.5 EMP3 24.4
HTl 8 6 .7 PT5 10.3 MT11 15.9 LT l/6 0 .0 CN1 0 .0

HTl 9 0 .2 PT6 8 .7 ÎÆT12 13.0 LT l/7 0 .0 SîÆl 0 .0

HT 20 0 .0 DTl 12.2 MT13 17.0 LT2 26.9 SEI 0 .0

HT21 7 .8 DT2 15.0 MT14 0 .0 LT5/1 0 .0 SE2 11.2

HT 22 13.8 LT3 17.0 MT15 13.8 LT5/2 0 .0 BT 1/1 7 .9
HT23 0 .0 DT4 16.4 MT16 11.3 LT5/3 27.5 BT1/2 8.1

HT 24 0 .0 DT5 8 .3 MT17 12.9 LT5/4 0 .0 BT1/3 8.1

HT25 7.1 DT6 19.9 BT2 6 .3 CBC1 20.8 BT1/4 8 .5
HT26 6 .2 DT7 15.5 BT3 5.9 PGTI 39.7 BTI/5 8 .9
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TABLE 6 P/iRTICLE SIZE ANALYSIS : HE3SLE TILL yj '

0  range -1 /0  0/1 1/2 2 /3 3/4 4 /5 5/6 6 /7 7 /8 8 /9 <9 Texture
C lass

HT 1/6 2.6 2 .4 3.6 8.1 8 .9 8 .8 8 .9 8 .9 9.1 8 .3 30.4 . CL

HT 5 0 .6 1.1 1 .7 3.4 4 .2 7 .8 9 .8 10.0 9 .3 8 .4 43.7 SiC
HT 6 0 .3 0 .4 1.3 4 .5 8 .0 19.5 11 .2 6 .7 5.3 4 .4 38.4 SICL

HT 7 1.4 1.5 2 .8 8 .5 11.7 11.1 9 .2 8 .9 7.1 7.2 30.6 CL
HT 8 1 .9 1.6 2 .9 8 .4 11.7 12.3 8 .2 8 .2 7 .9 6 .6 30.3 CL

HT 9 1 .7 1.8 3.1 8 .5 12.0 11.4 8 .2 8 .5 7 .5 7 .3 30.0 CL
HTIO 2.1 2.1 3 .4 8 .8 9 .9 8 .7 8 .7 9 .2 8 .8 7.0 31.3 CL
HT11 0 .4 1.0 2 .9 8 .9 11.9 10.6 8 .5 6 .7 6 .9 6 ,6 35.6 CL
HTl 2 0 .7 1 .2 3.4 10.2 11.4 16.0 6 .6 6 .0 5.9 6 .0 32.6 CL

ET13 1.1 1 .8 5.0 11.2 10.3 14.8 6 .3 6.6 6.1 5.3 31.5 CL

HT14 1.9 3.5 8.1 17.6 17.0 14.7 7.1 5.5 4 .7 4 .4 15.5 SaL

HTl 5 0 .7 1 .3 4 .4 13.4 12.9 13.1 6 .9 5 .3 4 .8 5.2 32.0 CL
HTl 6 0 .5 0 .8 2 .4 7 .3 10.6 16.7 6 .8 7 .3 7 .2 6 .4 34.0 CL

HTl 7 1.0 2 .0 6.1 14.6 13.4 11.3 7.1 6.1 6 .0 4 .7 27.7 CL

HT18 1 .3 2.1 5.5 13.5 14.0 13.0 6 .8 6 .0 5 .8 4 .9 27.1 CL

HTl 9 1 .3 2 .3 6 .3 15.6 14.0 12.0 5 .7 5 .4 4 .7 4 .3 28.4 CL .

HT 20 1.4 1.6 7 .3 15.6 14.1 13.2 7 .0 5.1 5.5 4 .4 24.8 L

HT21 1 .3 2.1 4 .9 11.6 11.4 11.6 8 .0 6 .9 6 .7 6 .5 29.0 CL

HT22 1.3 2 .0 5 .5 13.6 14.4 11.3 8 .0 5 .5 7 .4 5 .3 25.7 L

HT23 0 .7 1.4 4 .4 11.9 12.2 10.8 6.6 6 .7 7 .3 7.6 30.4 CL

HT 24 1 .3 2.1 5 .8 14.8 14.4 11.7 6 .3 5 .7 5.2 5.5 26.6 L

HT25 1 .8 2 .7 5 .9 13.8 12.2 12.1 7 .3 6 .8 5.6 5 .7 26.1 L

HT 26 1.6 1 .7 4 .4 5 .9 8 .3 13.8 9.1 8 .4 8 .3 6 .8 31.7 CL

HT 27 1.6 1 .7 2 .9 7.4 9 .2 13.0 10.0 8 .7 8 .2 7 .4 29.9 CL

HT 23 1.6 1.6 3.0 6 .5 9 .5 14.2 10.0 8.6 7.4 6 .8 30.8 CL

HT 29 1 .7 2.0 4 .0 9 .5 10.6 14.9 8 .5 7 .3 6.1 5 .9 29.5 CL

HT 30 1 .7 4 .6 5.6 12.1 11.7 12.0 7 .2 6 .3 5.5 6.1 27.2 CL

HT31 2 .3 2 .9 6 .6 15.9 14.2 12.3 6 .2 5 .5 4 .9 5 .0 24.2 L

HT 32 1.4 2 .4 6 .8 14.7 14.0 12.2 6 .7 5 .5 5 .8 4 .3 26.1 L

HT 33 1.0 1.9 5 .7 14.2 13.6 9 .8 6 .6 6 .3 5 .3 5.6 30.0 CL

HT 34 1.9 2 .7 5 .8 12.5 11.7 9.0 7 .6 7 .5 6 .6 5.6 29.1 CL

HT 35 1.6 2 .3 5 .4 12.5 12.0 8 .9 6 .6 7 .5 6 .5 6.1 30.6 CL

HT 36 0 .8 1.0 2 .0 4 .6 8 .0 11.6 9 .4 10.1 8 .7 7 .8 36.0 SiCL

HT 38 1 .3 1 .8 4 .0 9 .2 9.6 8.1 7 .4 7 .5 6.6 7 .4 37.1 CL

HT 39 1.6 1 .7 2 .8 7.0 9.1 8 .7 9 .4 9 .9 8 .7 7 .8 33.3 CL

4 3



25 0
TABU3 6 (C o n td ..)  PAHTICEE SIZE AtlALYSES : FOHELS TIEL

0  range - i / o  0/1 1/2 2 /3 3/4 4 /5 5/6 6 /7 7 /8 8 /9 <9 Texture
C lass

PT1 2 .0 2 .2 3.3 7 .3 8 .6 8.6 8 .6 8 .6 8 .6 8 .7 33.5 CL
PT2 1.5 1 .5 2 .3 4 .9 9 .3 11.5 9 .7 8 .9 8 .5 7 .5 34.4 CL

FJ?3 1 .7 1 .7 3 .0 8 .5 11.6 13.1 8 .7 8 .3 7 .9 6 .3 29.2 CL

PT4 0 .6 0 .7 1.4 4 .7 7 .6 11.8 7 .6 8 .9 8 .8 8 .0 39.9 SiCL

PT5 1.0 1.0 1 .7 4 .0 7 .2 11.6 8 .6 8 .8 9 .5 8 .0 38.6 SiCL

PT6 1.2 1 .5 2 .8 7-1 10.2 13.7 8 .9 8 .9 7 .9  7 .5  30.3
DRAB TILL

CL

DTI 1 .5 1.9 4 .9 11.5 9 .5 13.2 10.4 6.1 6 .2 6 .8 30.0 CL

DT2 2 .3 2 .7 5 .5 12.3 9 .5 11.9 10.8 5 .8 5 .8 6 .3 27.1 CL

DT3 1.6 2 .3 5 .4 13.1 12.5 17.4 5 .9 5 .4 5.1 4 .8 26.5 L

DT4 1.9 2 .3 5.5 12.9 12.2 15.9 6 .8 5 .5 5.1 5 .0 26.9 L

DT5 1.3 1 .8 4 .5 11.0 10.8 12.4 7 .0 6 .7 6 .4 6 .3 31.8 CL

DT6 1.5 1 .7 3.5 7 .9 8 .8 12.4 7 .4 7 .7 7 .0 6 .6 35.5 CL

DT7 1.8 2 .3 6 .0 14.2 12.6 16.1 6 .2 4 .8 5.0 4 .6 26.4 L

DT8 2*0 2.6 5 .7 14.0 12.2 14.1 5 .7 5 .2 4 .7 4 .9 28.9 CL

DT9 2.-2 2 .4 3.5 6.6 8 .7 12.0 8 .6 7 .4 7 .6 6 .8 34.2 CL

DT10 2.4 3 .3 8 .3 15.8 13.5 12.0 6 .9 6 .0 5 .7 4 .6 21.5 L

DT11 2 .2 3 .3 7 .3 14.9 12.6 8 .2 7 .2 7.1 5 .3 5.4 26.5 L

DT12 2.1 2 .7 6 .4 14.2 13.6 12.3 6 .8 5.6 5 .7 4 .9 25-7 L

DTI 3 2 .2 2 .9 6 .3 13.6 12.7 10.2 6 .7 6 .8 5.6 5-6 27.4 CL

DT14 1.1 1.4 3 .7 7 .7 5 .9 4 .8 5.6 7 .2 7 .6  7 .6 47.4
MARSH TILLS

c

MT1 0 .4 0 .9 3.4 9 .0 10.4 10.5 9 .2 9.6 7 .2 5.4 34.0 CL .

MT2 0 .3  0 .4 1.5 5.2 5 .3 8 .5 9 .3 12.4 10.0 7 .7 39.4 SiCL

MT3 0 .7 1.5 5 .3 12.9 12.3 11.3 8 .3 5 .5 5.6 5.6 31.0 CL

MT4 1 .3 1.6 4 .2 11.9 15.6 13.2 8 .4 6 .4 5-2 4 .9 27.3 CL

MT5 0 .5 1.0 3.1 13.4 25.2 10.7 7 .3 5.6 4 .5 4 .9 23.8 L

MT6 0 .9 1 .7 4 .8 12.7 16.4 10.9 5.6 4 .0 4.1 3 .7 35.2 CL

MT7 0.6 1 .2 5.4 18.8 17.9 11.4 5.1 4 .2 4 .9 3.8 26.7 SaCL

MT8 1.2 1.5 2 .7 6 .3 7 .4 11.2 8 .5 8 .7 8 .5 6 .8 37.2 CL

MT9 0 .3 0 .5 1.6 5 .2 6 .2 6 .4 5 .6 5 .3 8 .0 9 .0 51.9 c

MTIO 1 .3 1 .8 4 .8 12.4 12.0 9 .2 6 .5 5 .7 6 .2 6 .5 33.6 CL

MT11 1.1 1 .8 3.6 9 .4 10.4 9 .8 6 .6 6 .6 7.1 6.1 37.5 CL

LIT 12 1.7 2 .4 5 .8 12.3 14.0 10.9 6 .8 6 .4 5-0 5.1 29.6 CL

MT13 0 .4 0 .8 2.1 5 .0 23.3 19.0 7 .3 4 .2 4.1 4 .7 29.1 CL

MT14 0 .7 1.2 3 .0 6 .7 8 .8 18.3 11.1 6 .9 4 .8 4.1 34.4 CL

MT15 0 .7 1.3 3.1 7 .0 7 .4 10.3 7 .2 7.1 7 .5 6 .7 41.7 C

MT16 1 .8 2 .9 6 .7 16.1 14.0 13.7 7.1 5.1 5 .8 4 .3 22.5 L

MT17 2.4 3.0 7 .2 17.0 15.8 14.5 6 .5 5 .2 4 .3 4*6 19.5 L



2 5 1
TABLE é (C o n td ..)  PARTICLE SIZE AIIALTSES : HülISTAIfTOlT TILL

0  range - i / o  0/ i 1/2 2 /3 3/4 4 /5 5/6 6 /7 7 /8 8 /9 <9 Texture
C lass

HT 2/5 1.1 2 .2 6 .0 8 .9 7 .3 7 .9 8 .0 7 .7 7 .2 6 .9 36.8 CL

HT5 1.3 3-5 12.1 21.2 11.0 6 .8 5 .5 5.0 4 .7 4 .6 24.3 SaCL

HT 37 0 .7 1.6 4 .8 13.3 12.1 9 .7 5-5 5 .2 5 .5  6 .0
BASEÎMT

35.6
TILL

CL

BT2 0 .7 1.2 4.1 10.8 7 .9 8 .5 6 .7 3 .8 3 .8 6 .4 46.1 C

BT3 0 .7 1.2 4.1 10.8 8 .5 9 .3 6 .8 3 .2 2 .9 5.0 47.5 C

BT5 0 .8 1.4 4 .2 11.8 10.8 8 .6 4 .4 3.4 3 .8 4 .5 46.3 C

BT5 0 .7 1.2 3.5 10.9 11.8 8 .4 3-7 3.4 3 .7 4 .9 47.8 G

BT7 1.0 1 .7 5 .2 14.1 14.9 10.9 4 .2 3.4 3 .3 3.5 37.8 CL

BT8 1.2 1.6 4-4 11.2 10.5 10.1 3.4 2 .7 4 .3 4 .3 46 .3 C

BT9 1.0 1 .7 4 .5 12.1 11.8 11.6 3.1 3.4 3 .7  4 .9
LOESSlAL

42 .2  . C

SAÎ TPLES

RP1 0.1 0.1 0 .0 0.1 1.9 32.1 29.0 10.0 4 .5 2 .2 20.0 SiL

EP1 0.1 0 .2 0 .3 1.2 8 .4 31.2 24.6 10.2 4 .8 3.0 16.0 SiL

H&1 0 .3 0.1 0.1 0 .7 8.1 22.6 17.1 7.4 7 .0 5 .3 31.3 SiCL

HŒ77 1.1 0 .2 0 .2 0 .6 10.8 25.2 18.9 10.2 5.1 3 .9 23.8 SiL

3K1 0 .2 0 .3 0 .4 0 .8 8 .7 25.4 16.4 8.6 4 .6 4 .3 30.3 SiCL

Kî.'Œ'l 2 .3 1.6 4 .0 9 .2 12.7 18.8 13.3 6 .7 4 .6 2 .4 24.4 L

KI'.TP2 0.6 0 .6 1.5 4 .4 7.6 16.4 11.9 7 .2 5 .2 5 .3 39.3 SiCL

E2-.ÎP3 1.4 1.1 1.4 3.6 6 ,8 l6 .6 14.1 7 .9 5.9 5.6 35.6 SiCL

SE1 . 0 .4 0 .6 3.5 15.8 5.5 11.1 10.2 6 .0 4 .4 3.4 39.1 CL

SE2 0 .2 0 .4 2 .4 16.5 12.2 16.1 10.1 6 .7 4 .0 3.4 28.0 CL

CN1 0 .4 1 .7 7 .8 7 .2 4 .4 30.3 21.7 8 .5 3 .7 2.6 11.7 SiL

SMI 0 .6 1 .7 4 .2 6 .4 14-1 30.1 14.5 6 .3 4 .2 2 .8 15.1 SiL

L T l/7 0 .4 1.8 10.4 14.9 10.7 30.0 14.0 3.9 2 .0 1.3 10.6 L

HT4 0 .3 0 .6 1.9 5 .7 5 .3 25.1 31.4 5 .7 3.4 1 .7  18.9
COVER SARDS

SiL

WOl/l 2 .8 5.2 21.8 40 .2 21.3 2 .2 1 .5 0 .8 0 .7 0 .5 3.0 Sa

WO 2/1 2 .6 4.1 19.7 44 .2 17.7 3.0 2.6 1.4 1.1 0.6 3.0 Sa

W03/1 1.9 4 .0 17.1 38.3 23.8 3.2 2.1 1 .5 1.3 0 .9 5.9 LSa

BRI 0 .0 1.6 30.4 56.0 10.3 0 .2 0 .0 0 .0 0 .0 0 .0 1.5 Sa

LT l/6 1.0 5 .3 25.9 40.0 15.0 4 .4 1.1 0 .5 0 .5 0 .5 5 .8 Sa

IT 5 /4 0 ,0 0 .7 10.6 48.4 29-8 1.8 0 .2 0 .2 0.1 0 .3 7 .9 Sa



2 5 2
TABLE h ( c o n ta . . )  PARTICLE SIZE AMALYSES ! EAST AÎTGLIAII TILLS

0  range - 1/0 0/1 1/2 2 /3 3/4 4 /5 5/6 6 /7 7 /8 8 /9 <9
T exture
C lass

LTl/1 0 .4 1 .7 24.9 30.2 8 .2 8 .3 4 .5 3.6 2 .3 3.5 12.4 SaL
LT1/2 0 .5 1 .8 11.5 16.1 7 .7 20.4 12.0 4 .3 3 .3 3.1 19.3 L

LT1/3 0 .4 1.9 8 .3 14.0 8-3 8.6 6 .5 4 .3 5 .2 5.4 37.1 CL

L T l/4 0 .5 1.5 5 .7 8 .8 6 .7 3.5 7.1 6 .5 7 .7 7.1 44.9 C

LT1/5 0 .4 1 .3 4 .9 8 .0 5 .5 5.5 5.6 5 .4 7 .3 5 .9 50.2 C
LT2 0 .6 0 .7 0 .7 1.3 3.6 7 .0 5 .0 6 .5 8 .0 7 .9 58.7 C

LT5/1 0 .8 3 .5 23.1 33.6 12.6 4 .7 3 .3 3.1 1 .3 2.6 11.4 SaL

LT5/2 0 .3 0 .8 6 .3 10.9 5.1 2 .3 4.1 5 .5 6 .0 6 .2 52.5 C

LT5/3 0 .5 0 .5 1.5 3.1 3 .7 8 .7 6 .9 7 .9 7 .4 6 .9 52.9 C

PGT1 0 .6 1 .8 2 .8 4 .8 13.2 17.8 9 .8 8 .0 6 .4 4 .3 30.5 CL

CBC1 0 .8 0 .8 1.8 2 .0 4 .9 6.1 7 .6 6.1 7 .2 6 .4 56.3 C
1TH1 1.7 3.0 5.0 17.9 25.7 12.6 2 .9 3 .7 3.4 3.5 20.6 SaCL

2TM1 1.5 3.2 4 .9 14.0 22.7 16.8 5 .5 4.1 4 .3 2 .7 20.3 L

3TM1 2.4 3 .2 5.0 17-5 28-0 14.6 4 .2 3.6 3 .3 2.6 15.6 SaL

EB1 0 .4 2 .9 11.2 25.6 17.3 8 .6 4 .7 1 .4 2 .3 2 .0 23.6 SaCL

ÎÎB2 1.1 4 .3 18.4 21.5 9.1 7.1 5 .2 2 .5 2 .3  2 .0  26-5 SaCL 
MISCELLARE0Ü3 SAMPLES

Y185/8 0 .2 0 .3 0-6 2 .7 2.6 6 .2 3 .8 7 .3 8 .7 11.2 56.4 C

LHH 0 .8 0 .6 2.1 11.2 21.0 25.1 8.1 4 .6 2 .9 3 .3 20.3 L

PTE 2.4 2.1 3.6 11.8 10.9 10.9 9 .2 6 .5 6.1 7 .2 29.3 CL

SB01 0 .3 0 .6 2 .4 11.7 11.9 11.0 8-4 6 .3 5.4 5.6 36.4 CL

BTRC 0.1 0 .2 1.0 4-2 1 .3 3.4 5 .5 6 .7 9.1 23.2 4 5 .3 SiC

DMS1 0 .4 1 .3 3.6 8-6 11.9 16.2 5.6 4 .8 4 .3 5.0 38.3 CL

DM82 0 .0 0-5 8 .5 48-9 34.3 0 .5 0-3 0 .2 0 .3 0-3 6 .2 Sa

DT5/7 0.1 1 .2 11.3 54-6 19.1 9 .4 0 .6 0 .3 0 .2 0.1 3.1 Sa



2 5 3

TABLE 7  SMD/SAJTO + SILT RATIOS (x  lOO)

Sample R atio Sample R atio Sample R atio Sample R atio Sample R atio

HT1/6 40 HT27 37 DT1 45 MTl 41 HT 2 50

HT 2/5 43 HT 28 37 DT2 48 MT2 24 BT3 53

HT 3 67 HT29 44 DT3 58 MT3 52 BT5 57

HT4 20 HT 30 54 DT4 57 MT4 53 BT6 58

HT 5 22 HT31 60 DT5 48 MT5 61 BT7 64

HT 6 31 HT 32 58 DT6 43 LIT6 62 BT8 58

HT 7 42 HT 33 56 DT7 61 MT7 65 BT9 59

HT8 43 HT 34 51 DT8 58 MT8 36

HT 9 43 HT 35 52 DT9 40 MT9 32

HT10 42 HT 36 30 DT10 59 MTIO 53 SBC1 47

HT11 43 HT 37 55 r a i l 58 tIT ll 48 BTRC 14

HT12 50 HT 38 45 DT12 58 MT12 56 n,isi 58

HT13 54 HT 39 37 DT13 56 MT13 53 m 3  2 99

HT14 62 DT14 40 MT14 37 BTE 48

HT15 54 MT15 38 IHH 55

HT16 44 PT1 39 MTl6 59 Y185/8 18

HT17 56 PT2 35 •MT17 61 45

HT18 55 PT3 42 EME2 31

HT19 59 PT4 30 EME3 27

HT 20 58 PT5 29 HG1 20

HT21 48 PT6 37 RP1 8

HT 22 54 EPI 21

HT23 48 HCV/7 26

HT 24 56 BK1 23

HT25 54

HT 25 38



2 5 4

<2pm CLAY FRACTIONS OF TILLS X-RAY DETEMIRATIOl'T OF LAYER SILICATES 
(a d ju s te d  to  lOO/)

M ica K a o lin ite C h lo rite V erm icu lite Sm ectite

HT1/1 27 32 5 28 8

HTl/5 37 24 4 25 10

HT2/1 13 24 - 49 14

HT 2/5 17 22 - 45 16

HT 3 14 24 - 46 16

HT 5 31 16 2 34 17

HT 7 37 25 3 26 9

HT8 33 21 2 34 10

HT 9 34 25 3 27 11

HTIO 35 26 3 25 11

HT11 21 20 - 44 15

HT12 27 22 - 40 11

HT13 31 22 - 35 12

HTU 21 43 4 25 7

HT15 19 27 - 35 19

HTI6 24 22 - 35 19

HT 17 21 29 - 34 16

HT18 27 28 ■ " - 30 15

HT19 27 29 — 35 9



\2  5  5

TABLE 8 ( c o n U )

<2}m CLAY FRACTIONS OF TILLS X-RAY DETEmiNATION OF LAYER SILICATES 
(a d ju s te d  to  I00fa)

Mica K a o lin ite C h lo rite V erm icu lite Sm ectite

MT2 33 23 - 36 8

MT4 36 23 - 29 12

MT6 32 17 — 28 23

MT8 34 28 - 33 5

MT9 27 15 - 38 20

MT12 27 21 - 37 15

MTI 3 36 20 - 33 11

MT15 29 23 — 36 12

PT1 29 17 4 30 20

DT1 29 17 4 31 19

DT2 26 19 3 32 20

BT1/1 30 9 2 28 31

BT1/5 32 9 2 27 30

BT2 35 11 4 21 29

PTE 28 14 2 20 36*

BTRC 35 9 4 25 27

8BC1 36 8 3 29 24

* I n t e r s t r a t i f i e d  M ica-M ontm orillonite



2 5 6

TABLE 9 20-53pm : HEAVY (> 2 .9  S .G .) ERACTIOlIATIOîT

Sample /  H eavles Sample /  H eavies Sample /  Heavies

HT 1/6 1 .3 MT2 1.8 DTI 3.3

HT 2/5 0 .9 MT3 3.0 DT2 5.5

HT 3 2.1 MT4 2 .7 DT3 5.1

HT4 1.2 MT5 2 .9 DT7 5.0

HT 5 1.8 MT6 2.5 DT8 5.6

HT 6 2.9 MT7 3.4 DT9 5.5

HT 7 1.6 MT8 2 .3 HT 2 3.4

HT8 2 .7 MT9 2.6 BT6 3.1

HT 9 1.9 MTIO 2 .3 BT7 3.6

HTiO 2 .0 MT11 3.7 BT9 • 4 .4

HT11 2.4 MT12 3.0 SE1 2.8

HT12 3-2 MT13 3.2 SE2 3.5

HT13 3 .3 MT14 3.4 KMF3 2.0

HT14 1-8 MT15 1.7 EPI . 5.1
HT15 2-6 PT1 2 .8 HG1 2.0

HT16 2-3 PT2 4.6 • EPI 3.0

HT17 3.0 PT3 5.2 HCW7 2.2

HT 18 1.3 PT4 5 .7 BK1 1.7

HT19 1.3 PT5 5.1 SM1 0-9



2 5 7
TABLE lO 2 0 -5 3 p i LIGHT (< 2 .9  S .G .)  FRACTION MINERALOGY ( ^ )

HT 1/61 HT2/5 HT3 HT5 HT6 HT7 HT8 HT9 HTIO HTlI HTl2 HT13 HTl4

Q uartz 84 86 87 81 83 83 84 86 85 81 80 81 82

A lk a li
F e ld sp a r 10 9 9 2 13 10 9 9 10 12 13 12 15

M uscovite 3 1 2 13 1 4 3 4 2 2 3 3 2

F l i n t 2 2 1 1 2 2 3 1 3 4 3 4 <1

G lau co n ite <1 2 1 3 <1 <1 <1 <1 <1 1 1 <1 <1

HT 15 HTi 6 HT17 HTl8 HT 19 MT2 MT3 MT4 MT5 MT6 MT7 MT8 MT9 MTiO

Q uartz 82 85 80 82 81 82 80 83 85 84 85 82 82 87

A lk a li
F e ld sp a r

12 10 13 12 14 10 13 10 10 11 13 11 12 9

M uscovite 2 2 3 3 3 4 2 2 2 2 1 3 2 1

F l i n t 3 2 3 2 1 4 4 4 2 2 1 3 3 2

G lau co n ite 1 1 1 1 1 <1 1 <1 1 1 <1 1 1 1

MT11 MTI 2 MTI 3 MTI4 MTI5 FT1 IT2 PT3 PT4 FT5 DTI DT2 DT3 DT7

Q uartz 84 84 84 82 85 86 86 86 88 86 83 84 86 87

A lk a li
F e ld sp a r 11 11 12 14 10 10 9 9 7 10 11 11 11 10

M uscovite 2 2 1 1 3 1 3 2 2 2 2 2 1 1

F l i n t 3 2 2 2 2 3 2 3 3 2 3 : 3 2 2

G lau co n ite <1 1 1 1 <1 <1 - <1 <1 <1 1 <1 <1 <1

A lk a li
F e ld sp a r

DT8 DT9 BT2 BT6 BT7 BT9

Q uartz  85 87 84 85 84 84

12 10 12 13 12 14

M uscovite 1 1 2 1 1 1

F l i n t  2 2 2 3 3 1

G lau co n ite  <1 <1 -  <1 <1 <1



2 5 8
TABLE n  2 0 -5 3 p i HEAVY (> 2 .9  S .G .)  OPAQUE MINERALS' ( /o )

HT 1/6 HT2/5  HT3 HT5 HT6 HT7 HT8 HT9 HTiO HTll HTl2 HT13 HTl4
Limonit e /  
H aem atite 612 460 579 724 621 641 705 457 608 643 684 694 170

M a g n e tite /
I lm e n ite 163 280 312 159 218 170 59 220 218 145 117 113 234

Leucoxene 225 260 209 117 l6 l 189 236 323 174 2 i2  199 193 596

P y r i te
T o ta l
Opaques* 690 526 644 665 639 712 701 693 668 621 628 656 667

HT15 HTl6 HT17 HT18 HT19 MT2 MT3 IÆT4 MT5 MT6 MT7 MT8 IÜT9 MTIO
Limonit e /  
H aem atite 662 612 660 6 i 9 496 608 573 634 627 535 552 6l1 622 649

M a g n e tite /
I lm e n ite 147 179 173 214 246 209 226 242 153 286 228 175 250 170

Leucoxene 191 209 167 167 258 183 201 124 220 150 l69 214 128 174

P y r i te - - - — — -  -  -  -  29 51 - — — '

T o ta l
Opaques* 673 681 693 676 693 626 720 635 662 587 669 696 576 627

MTlI I,TT12 MT13 MT14 tIDl5 PT1 ÎT2 PT3 PT4 PT5 LT1 DT2 LT3 LTV
Lim onit e /
tt +.4- 584 660 694 645 508 522 330 697 703 652 450 481 481 487Haematiue

I lS n i te ^ " ^  162 215 132 207 308 105 115 46 117 155 256 272 118 150

Leucoxene 254 125 174 148 184 123 134 180 149 125 196 143 131 168

P y r i te  -  -  -  -  -  250 36-1 77 31 68 93 104 270 1 95

T o ta l  ̂ 652 600 659 727 694 629 492 678 467 582 694 701 563 642Opaques^__________________________________  _̂______-

DT8 DT9 BT2 BT6 BT7 BT9
L im o n ite /
H aem atite 497 546 369 263 293 82

M ag n e tite /
I lm e n ite 139 116 476 498 541 649

Leucoxene 160 88 128 202 146 235

P y r i te 204 250 27 37 20 34
T o ta l
Opaques* 602 601 670 611 657 577

* As foQ o f Heavy F ra c tio n



2 3

TABLE IZ  20-53nm FRACTIOII : HOH-OPAQÜE ÎJEATÏ MIIIEHALS

HT 1/6 HT 2/5 HT 3 HT4 HT5 HT6 HT7 HT8 HT9 HTIO HT11 HT12

G am et 36 70 67 44 38 85 60 54 71 43 87 81

E p id o te 82 217 286 320 82 302 59 46 39 82 258 187

Z o i s i t e /
C lin o a o is i te 9 22 19 51 16 21 11 13 8 14 17 16

Z irco n 124 155 209 73 139 122 159 144 129 207 135 128

R u t i le  (brown) 5 10 8 9 9 9 5 9 5 9 7 5

R u t i l e (yellow ) 25 44 54 35 20 27 15 18 19 28 24 13

R u t i l e (red ) 2 2 5 3 3 2 4 1 2 1 4 2

A natase 11 27 19 3 9 16 8 7 26 15 21 17

B ro o k ite - - - - 3 4 4 5 6 5 9 5

Tourm aline 39 39 27 47 22 40 55 42 78 34 37 34

A ugite 34 44. 32 9 19 13 46 24 28 38 6 28

H ypersthene

Hornblende 16 126 113 288 75 2i4 28 31 26 37 176 199

S ta u r o l i t e 2 - - - 5 6 8 10 4 6 4 10

K yanite 2 10 24 32 1 4 - 3 1 5 1 -

A p a tite 58 85 35 13 28 - 42 33 40 40 1 25

C ellophane 5 2 3 - - - - - - 1 - -

C h lo r i t e /
Chamosite 325 99 75 60 335 127 251 336 356 294 182 204

B io t i t e 225 48 24 13 136 8 245 226 162 144 31 46

S id e r i t e



2 6 0

TABLE 12 W i )  20-53fm  FRACTION : NOII-OFAQUE HEAVY KIHERALS

HT13 HT14 HT15 HT16 HT17 HT18 HT 19

G am et 84 55 93 74 80 104 66

E p id o te 2 l2 254 243 235 253 ' 202 212

Z o i s i t e /
C lin o z o is i te 13 14 30 21 14 26 18

Z irco n 114 350 113 129 243 213 324

R u t i l e (brown) 6 13 12 7 14 6 13

R u t i l e (yellow ) 21 23 16 12 34 19 24

R u t i l e (red ) 1 3 1 1 8 3 3

A natase 9 45 9 14 13 9 20

B ro o k ite 2 10 4 4 3 4 1

Tourm aline 37 21 39 26 21 35 39

A ugite 23 15 36 30 34 26 8

H ypersthene - - - - - . - -

H ornblende 2 i7 I l l 221 220 170 178 110

S ta u r o l i t e 6 7 7 4 5 5 6

K yan ite 1 1 4 1 3 1 4

A p a tite 26 3 1 26 9 23 7

Collophane - - - - - - -

C h lo r i te /
Chamosite 186 67 141 156 83 107 84

B io t i t e 42 8 30 40 13 39 61

S id e r i t e — — — —



2S

TABLE/Z 20-53)m  PaACTIOH : ITON-OPAQUE HEAVT MIHERAIS

MT2 KT3 MT4 MT5 MT6 MT7 MT8 MT9

G a m e t 83 90 67 78 49 58 72 70

E p i d o t e 268 235 223 2l6 194 215 223 164

Z o i s i t e /
C l i n o z o i s i t e 25 13 23 26 16 29 20 19

Z i r c o n 70 139 90 144 115 111 74 118

R u t i l e ( b r o w n ) 11 5 9 6 4 6 9 8

R u t i l e ( y e l l o w ) 17 14 14 20 7 11 19 22

R u t i l e ( r e d ) 5 3 1 2 2 2 4 3

A n a t a s e 10 18 13 15 13 5 19 3

B r o o k i t e 3 6 2 7 3 1 7 3

T o u r m a l i n e 24 37 34 22 22 11 30 16

A u g i t e 5 15 28 20 8 2 12 19

H y p e  r<J t b e n e

H o r n b l e n d e 168 199 197 176 318 274 114 275

S t a u r o l i t e 3 4 8 6 7 2 6 7

K y a n i t e 2 1 2 5 3 3 2 5

A p a t i t e 2 - 23 22 18 21 12 52

C o l l o p h a n e 1 - - - - - 3 -

C h l o r i t e /
C h a m o s i t e

240 204 182 169 115 168 274 180

B i o t i t e 63 17 82 66 25 21 100 36

S i d e r i t e 83 60



2 - ^U À*

TABLE 2 0 -5 3;m FRACTION : NON-OPAQUE HEAVY MINERALS

m io ÎÆT11 MTI 2 MTI 3 MTI 4 MTI 5

G arnet 75 54 73 68 29 76

E pidote 219 119 190 201 290 213

Z o i s i t e /
C lin o z o is i te 16 21 17 17 21 16

Z irco n 114 100 141 104 198 97

R n tile (b ro w n ) 12 7 5 4 15 7

R u t i l e (yellow ) 21 11 16 9 23 29

R u t i l e (red ) 2 1 3 2 3 2

A natase 15 4 9 13 23 18

B ro o k ite 4 3 3 2 3 5

Tourm aline 29 31 40 50 43 20

A ugite 23 14 24 23 . 2 9

H ypersthene - - - - - -

Hornblende 205 237 225 236 156 153

S ta u r o l i t e 10 2 10 8 5 4

K yanite 2 1 2 6 6 2

A p a tite 34 27 37 55 5 10

C ollophane - - - - - 3

C h lo r i t e /
Chamosite 180 282 166 151 162 270

B io t i t e 39 86 39 51 16 66

S id e r i t e



TABLE llfconW.) 2 0 -53pn FRACTION : NON-OPAQUE HEAVY MINERALS

PT1 IT2 PT3 PT4 PT5

G am et 19 23 27 23 29

E p id o te 100 56 66 80 91

Z o i s i t e /
C lin o z o is i te 7 9 9 8 6

Z irco n 92 36 48 55 57

R u ti le  (brov/n) 4 4 1 3 2

R u tile (y e llo w ) 12 4 7 5 6

R u t i l e (red ) 1 - - 1 -

A natase 7 5 4 8 3

B ro o k ite 2 2 2 7 2

Tourm aline 8 15 19 21 22

A ugite 9 9 20 13 7

H ypersthene - — - - -

H ornblende 27 28 20 42 48

S ta u r o l i t e 3 2 8 1 7

K yanite 1 1 - - 2

A p a tite 24 17 12 25 19

C ollophane - - - - -

C h lo r i te /
Chamosite 389 473 471 398 436

B io t i t e 143 198 164 168 167

S id e r i t e 152 118 122 142 96



26 4

TABLE IZ (coM.) 20-5 3 p i EHACTIOH : NOIT-OPAQUB HEAVY MEISRALS

LT1 BŒ2 m 3 DT7 DT8 BT9

G a m e t 69 44 88 56 50 28

E p i d o t e 155 112 135 136 112 76

Z o i s i t e /
C l i n o z o i s i t e 13 13 17 9 7 7

Z i r c o n 86 80 65 72 53 54

R u t i l e ( b r o w n ) 6 5 4 9 7 5

R u t i l e ( y e l l o w ) 5 6 4 4 7 10

R u t i l e ( r e d ) 1 1 - 1 1 2

A n a t a s e 9 6 5 5 6 6

B r o o k i t e 6 5 3 1 2 3

T o u r m a l i n e 14 15 19 15 14 10

A u g i t e 42 16 26 11 12 8

H y p e r s t h e n e - - - - - -

H o m b l e n d e 145 169 211 203 199 56

S t a u r o l i t e 4 3 7 5 6 5

K y a n i t e 1 2 2 3 2 1

A p a t i t e 25 20 11 15 17 15

C o l l o p h a n e - - - - -

C h l o r i t e /
C h a m o s i t e 275 274 269 286 276 323

B i o t i t e 87 88 76 76 100 109

; S i d e r i t e 57 141 58 93 129 282



2  6 5

TABLE 2 0 -5 3 p i PRACTIOM : NOir-OPAQUE HEAVY MINERALS

BT2 BT6 BT7 BT9

G am et . 79 120 84 64

E pido te 209 210 192 184 '

Z o i s i t e /
C lin o z o is i te 29 25 28 24

Z irco n 82 109 72 59

R u t i l e (brown) 5 3 7 3

R u t i l e (yellow ) 6 7 3 6

R u t i l e (red ) 2 1 - 1

A natase 1 6 4 4

B ro o k ite 1 2 1 1

Tourm aline 8 6 10 5

A ugite 46 39 30 19

H ypersthene - - - 1

Hornblende 261 316 289 306

S ta u r o l i t e 3 1 4 5

K yanite - 3 1 2

A p a tite 8 19 12 12

C ollophane - - - -

C h lo r i te /
Chamosite 183 86 163 213

B io t i t e 36 18 36 46

S id e r i t e 41 29 64 45



TABLE lZ ^ ..u )2 0 -5 3 p m  FRACTION : ÎIOII-OPAQFE HEAVY MINERALS

2S6

' KMF2 KTÆF3 RP1 HGI EPI HŒY7 SE1 SE2 BK1

G am et 86 66 71 50 39 40 69 92 54

E p id o te 302 325 234 298 270 346 392 306 298

Z o i s i t e /
C l in o z o is i te 21 25 23 20 26 17 21 13 26

Z irco n 122 100 72 131 112 99 100 93 108

R u ti le  (brovwi) 9 7 9 14 7 13 9 8 4

R u t i l e (yellow ) 27 11 11 31 26 18 33 24 15

R u t i l e (red ) 2 7 1 2 2 2 3 1 3

A natase 16 17 6 24 20 24 21 11 19

B ro o k ite 4 4 4 12 4 3 1 3 4

Tourm aline 40 21 22 63 23 55 26 34 41

A ugite 13 3 6 14 4 - 8 3 3

H ypersthene - - - - - - - - -

Hornblende 214 172 340 224 151 202 206 254 219

S ta u r o l i t e 6 13 2 5 6 8 5 8 4

K yanite 4 4 4 3 3 6 3 3 6

M onazite - - - - - - - — . 1

A p a tite - 9 18 5 8 - 4 7 2

C ollophane - - - - - - - . - ' -

C h lo r i te /
Chamosite 127 190 169 89 284 156 90 118 180

B io t i t e 8 26 8 15 15 11 9 22 13

S id e r i t e — — — ' — —



9A U /

TABLE a ^ » U )2 0 -5 3 p i FRiVGTION : NON-OPAQUE HSA^n: MDÏERALS

SMI Ain HT4 BMl CN1

G am et 53 65 44 48 58

E p id o te 454 431 320 502 306

Z o i s i t e /
C lin o z o is i te 34 30 51 33 46

Z irco n 89 104 73 109 111

R u ti le  (b ro m ) 8 15 9 19 12

R u t i l e (yellow ) 20 32 35 35 41

R u t i l e (red ) 4 5 3 3 2

A natase 22 15 3 14 15

B ro o k ite - 2 - 3 -

Tourm aline 12 25 47 12 10

A ugite 4 2 9 7 7

H ypersthene - - - 3

H ornblende 226 228 288 175 312

S ta u r o l i t e 10 7 - 3 3

K yanite 14 3 32 9 9

M onazite - - - - -

A p a tite - - 13 - -

Collophane - - - - -

C h lo r i te /
Chamosite 36 33 60 23 62

B io t i t e 14 3 13 5 3

S id e r i t e CM
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9Q n>V -\J ’J

TABLE /4- 2 0 -5 3pn FRACTION : NON-OPAQUE "RESISTANT" HEAVY MINERALS

HT 1/6 HT2/5 HT3 HT4 HT 5 HT6 HT7 HT8 HT9 HTIO HT11 HT12

G am et 94 92 78 48 86 98 130 133 161 82 111 112

E p id o te 212 284 333 351 187 349 128 114 88 157 327 258

Z o i s i t e /
C lin o z o is i te 24 28 22 55 36 24 24 32 18 27 22 22

Z irco n 521 202 242 80 316 141 343 357 292 396 172 176

R u ti le 81 73 77 51 72 43 52 68 59 73 45 28

A natase 28 35 22 3 20 19 17 17 59 29 27 23

B ro o k ite - - - . - 7 5 9 7 14 6 11 7

Tourm aline 102 51 31 52 50 46 119 104 176 65 47 47

Pyroxene 89 57 37 10 43 15 100 59 63 73 8 39

Amphibole 41 165 130 315 170 248 61 77 59 71 224 274

S ta u r o l i t e 4 - - - 11 7 17 25 9 11 5 14

K yanite 4 13 28 35 2 5 - 7 2 10 1 -

HT13 HT14 HTI5 HT16 KT17 HT18 HT19 EDI PT2 ED3 IT4 ED5

G am et 113 60 112 95 89 125 78 65 119 117 86 103

E p id o te 284 276 295 303 282 243 250 343 289 287 299 323

Z o i s i t e /
C lin o z o is i te 17 15 36 27 16 31 21 24 46 39 30 21

Z irco n 155 379 137 166 272 257 382 315 186 208 206 202

R u t i le 37 42 34 25 63 34 47 58 42 34 34 28

A natase 12 49 11 18 15 11 24 24 26 17 30 11

B ro o k ite 3 11 5 5 3 5 1 7 10 9 26 7

Tourm aline 50 23 47 33 23 42 46 27 77 82 79 78

. Pyroxene 31 16 43 .39 38 31 9 51 46 86 49 25

Amphibole 291 120 267 283 190 214 130 93 144 86 157 170

S ta u r o l i t e 8 8 8 5 6 6 7 10 10 35 4 25

K yanite 1 1 5 1 3 1 5 3 5 — M 7



2 7  0

TABLE 2 0 - 5 3 ^  FRACTION : NOR-OPAQÜS "RESISTANT" HEAVY Î.ÎIMEHAL3

MT2 MT3 MT4 MT5 MT6 MT7 MT8 MT9 MTIO MT11 MTI2 MTI3

G am et 120 115 94 105 65 79 118 96 101 89 96 92

E p ido te 387 303 316 291 256 294 364 224 292 196 251 270

Z o i s i t e /
C lin o z o is i te 36 17 32 35 21 40 33 26 21 35 22 23

Z irco n 101 178 126 193 149 152 121 161 153 165 186 139

R u ti le 47 28 34 38 17 26 53 45 47 32 32 20

A natase 14 23 18 20 17 7 31 4 20 7 12 18

B ro o k ite 4 8 3 9 4 1 11 4 5 5 4 3

Tourm aline 35 47 48 30 29 15 49 22 39 51 53 68

Pyroxene 7 19 39 27 11 3 20 26 31 23 32 31

Amphibole 242 256 276 237 418 376 187 375 275 392 296 317

S ta u r o l i te 4 5 11 8 9 3 10 10 13 3 13 11

K yanite 3 1 3 7 4 4 3 7 3 2 3 8

MTI 4 MTI 5 DTI DT2 DT3 DT7 DT8 DT9 BT2 BT6 BT7 BT9

G arnet 35 117 124 92 150 106 104 103 108 142 116 94

E pido te 356 526 278 235 230 257 234 281 286 248 265 270

Z o i s i t e /
C lin o z o is i te 26 25 23 27 29 17 15 26 40 29 39 35

Z ircon 243 149 155 168 111 136 111 200 112 129 99 86

R u ti le 50 59 22 25 14 27 32 62 18 13 14 14

A natase 28 28 16 13 9 9 13 22 1 7 6 6

B ro o k ite 4 8 11 10 5 2 4 11. 1 2 1 1

Tourm aline 52 31 25 31 32 28 29 37 11 7 14 7

Pyroxene 2 14 76 34 44 21 25 29 63 46 41 29

Amphibole 191 234 261 355 361 382 416 207 356 372 399 448

S ta u r o l i t e 6 6 7 6 12 9 13 18 4 1 5 7

K yanite 7 3 2 4 3 6 4 4 — 4 1 3



2 7 1

TABLE 20-53|pm FRACTION;: NON-OPAQUE "RESISTANT" HEAVY MINERALS

KMP3 RP1 EP1 HGI EŒ77 SE1 SE2 BK1 SMI CHI At'II BMl

G am et 85 88 56 56 48 77 108 67 56 62 67 49

E pido te 420 291 390 334 415 436 359 370 478 327 448 516

Z o i s i t e /
C lin o z o is i te 32 29 28 22 20 23 15 32 36 49 31 34

Z ircon 129 89 162 147 119 111 109 134 94 119 108 113

R u ti le 32 26 41 53 40 50 38 28 33 59 54 59

A natase 22 7 29 27 29 23 13 24 23 16 16 14

B ro o k ite 5 5 6 13 4 1 4 5 - - 2 3

Tourm aline 27 27 33 71 66 29 40 51 13 11 26 12

Pyroxene 4 7 6 16 - 9 4 4 4 10 2 7

Amphibole 222 424 218 252 242 229 298 272 238 334 236 181

S ta u r o l i t e 17 2 9 6 10 6 9 5 11 3 7 3

K yanite 5 5 4 3 7 3 4 7 15 10 3 9

M onazite 1



272
TABLE IS 5 3 -2 50pm FRACTION : HEAVY (> 2 .9  S .G .) FRACTION

Sample
^  Heavy 
M inerals

foQ Opaque 
M inerals

HT 1/6 HT2/5 HT5 HT5 HT6 HT? HT8 HT9 HTIO HTll HT12 HT13

0 .9  1.1 0 .7  0 .8  0 .7  0 .7  0 .4  0 .5  0 .6  1.0 0 .7  0 .9

534 488 679 647 826 742 803 735 673 806 665 745

Sample
00 Heavy 
M inerals

0OQ Opaque 
M inerals

HT14 HT15 HT16 HT17 HT18 HT19 HT 20 HT21 HT22 HT25 HT 24 HT25

0 .2  0 .5  0 .8  0 .9  0 .5  1*4 1.1 0 .9  0 .7  . 1*3 0 .5  1.0

747 792 561 741 550 719 661 610 680 700 597 755

Sample
00 Heavy 
M inerals

/o  Opaque 
M inerals

HT26 HT27 HT 28 HT29 HT 30 HT 31 HT 32 HT33 HT 34 HT35 HT 36 HT 37

0 .6  0 .6  0 .3  0 .4  1 .0 0 .7  0 .6  0 .3  0 .9  0 .9  0 .4  0 .5

684 745 830 763 552 743 801 532 479 540 491 693

Sample

00 Heavy 
M inerals

0OQ Opaque 
M inerals

HT 38 HT 39 MT1 MT2 MT3 MT4 MT5 MT6 IÆT7 MT8 MT9 MIT.10

0 .8  1.1 0 .9  1.1 1.2 1.0 0 .9  0 .7  0 .8  0 .7  0 .7  0 .6

432 489 672 642 715 585 640 551 498 766 677 673

Sam ple

00 Heavy 
M inerals

MT11 MTI 2 MTI 3 Î>ÎT14 MTI 5 MTI 6 MTI 7 PTI PT2 PT3 PT4 PT5

0 .6  0 .5  0 .7  1.6 0 .7  1.1 1*4 2 .2  1 .3  1*5 1 .2  1 .2

/o  Opaque 
M inerals 630 673 712 901 774 621 691 445 528 625 640 572

Sample PT6 DTI DT2 DT3 DT4 DT5 DT6 DT7 DT8 DT9 DT10 DT11

00 Heavy 
M inerals 0 .9 2.1 1*9 1*7 1.8 1*7 1*6 1*2 1*4 2.2 0 .8 1.8

/o  Opaque 
M inerals 522 487 571 565 485 487 493 545 562 474 . 770 579

Sample
00 Heavy 
M inerals
/vQ Opaque 
M inerals

DT12 DT13 DT14 BT2 BT3 BT5 BT6 BT7 BT8 BT9 DMSI DMS2

1.6 2 .0  2 .2  1 .8  1 .8  1.0 1.1 1.1 1 .4  1*3 1*4 0 .8

528 485 591 432 425 411 380 359 359 300 330 476

Sample
(0 Heavy 
M inerals

/:Q Opaque 
M inerals

SBC1 BTRC PTE IHH Y18 5 /8  ITG1 ITH1 2TM1 3TM1 35B1 HB2 lT l /6

2.1 1 .2  1 .4  0 .4  0 .4  0 .4  0 .7  0 .9  0 .5  0 .4  , 0 .8  0 .6

164 644 725 618 857 226 278 355 330 6 5 2 ,7 6 .1  544

Sample
00 Heavy 
M inerals

ÿo Opaque 
M inerals

IT 2 IT 5/2  IT 5/3  IT 5/4  LT5/7 PGT1 WOl/1 W0%/1

4.6  1.1 1 .7  1.1 1.1 1.0 2 .4  2 .2

385 683 792 778 795 485 750 740



2 7 3

ÎAEIE ;5 ( C o n t . ) .  55-250 pra FRACTION : HSAVÏ ( 2 .9  S .G .) FRAOTIOl!

Sairp)le HT4.0 HT41 HT42 HT43 HT44 HT45 HT46 HT47 HT48 HT49 NT50
/  Heavy 
l l in e ra ls 1 .4 H.D. 0 .6 0 .6 0 .4 0 .5 0 .6 0 .7 0 .5 1 .3 0 .3

00 Opaque 
M inerais 62i K.D. N.D. H.D. 623 709 363 N.B. 656 339 344

Sample HT 51 HT52 HT53 HT54 HT55 FT 7 PT 8 FT 9 BT15 BT16 BT17
00 Heavy 
M inerals

0 .5 0 .6 0 .8 0 .4 0 .4 1 .1 0 :9 2.1 1 .4 2ol 1 .3

00 Opaque 
M inerais 677 582 H.D. N.D. N.D. N.D. N.B. N.B. N.B. N.B. N.B.

Sample D 1 D 2 D 3 D 4 D 5 D 6 B 7 D 8 D 10 D 12 B 14
0  Heavy 
M inerais

0 .4 O06 0 .9 0 .8 0 .8 1 .2 1 .4 1 .9 2 .2 2 .4 2.3

0j Opaque 
M inera is 670 552 473 469 668 363 488 493 N.B. 444

Sa.-nple D 16 A 1 A 2 A 3 A 4 A 5 A 6 S 1 8 2 S 3 S 4
00 Heavy 
M inerals 1 .9 2 .6 2 .6 2 .9 2 .7 1 .8 1.9 0 .9 0 .8 1 .0 1 .0

00 Opaque 
M inerals i:.D . N.B. 439 H.L. 486 375 602 N.B. ■N.B. N.B. N.B.

Sample s 5 3 6 S 7 S 8 S 9 IZD18 MTi9 MT20 CT 1 OH 1

0o Heavy
: I n e r a l  s 1.1 1 .2 1.3 1 .8 1 .9 1 .0 1.1 . 1 .2 1.1 0 .9

/  Opaque 
M inerais Il •  J.9 • î: i . B . il • jj • 1 « j - /  • i .B . I: . 3 . I\ ,B « TA 7,.
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TABLE lb 53 -2 50pm FRACTION : OPAQUE HEA’/Y HIHERALS

Magne t  i  t  e /llm e n i te Leucoxene H aem atite Lim onite P y r ite

HT 1/6 168 90 305 437 -

HT 2/5 106 136 251 507 -

HT 3 90 76 262 572 -

HT 5 172 115 293 419 1

HT7 71 71 474 384 -

HTll 158 46 483 313 -

MT6 11 67 368 462 2

FT1 71 44 212 487 186

FE6 49 61 398 252 240

DT1 63 35 182 588 133

DT2 42 84 156 617 102

HT 2 119 94 315 370 24

HT 3 246 75 349 302 28

SBC1 310 140 220 30 300

BTRC 58 73 219 650 -

FTE 13 59 98 595 235

1TC1 365 212 270 141 12

1TH1 356 192 246 192 14

2TM1 171 120 188 231 290

3TM1 338 176 176 204 108

HB1 174 87 134 605 -

HB2 114 34 126 726 ■ —

PGT1 89 73 173 15 650

LT2 25 11 29 25 910



27 5

TABLE /7 53-250yuin PRACTIOH : PYRITE and SIDERITE

P y r i te S id e r i te P y r ite S id e r i te

HT 2/5 - 1 DT7 102 102

HT 3 - 1 DT8 113 115

HT 5 1 4 DT9 63 345

HT 9 1 DT10 - 5

HT21 - 7 DT11 52 176

HT 22 - 3 DT12 41 69

HT 27 2 - DT13 68 206

HT 28 1 - DT14 17 22

HT 31 — 10 BT2 10 21

HT 36 - 1 BT3 12 9

HT 37 - 2 BT5 9 15

LIT 6 1 4 BT6 2 16

MT7 9 4 BT7 17 20

MT17 73 9 BT8 13 22

PT1 83 192 BT9 11 22

PT2 196 218 DLÎS1 10 8

PT3 111 152 8B01 49 4

PT4 100 141 BTRC - 2

PT5 104 186 PTE 170 76 •

PT6 125 309 1TC1 3 3

DT1 65 72 1TH1 4 24

LT2 58 101 2TÎ.Î1 103 54

DT3 91 105 3TI'/I1 36 78

DT4 66 123 LT2 350 517

DT5 51 99 PCtTI 315 130

HT 6 224 152 of t o t a l  heavy m in e ra ls)



2 7 s

TABLE 17 (Conte) . 53-250 FRACTION : PYRIT:E AID SIDERITE

P y r i te S id e r i te P y r i te Sidei

D 1 - - A 2 226 360

D 2 - - A k 293 367

D 3 — - A 5 266 244

D 4- — 13 A 6 236 202

D 5 183 4-2 GH 1 49 2

D 7 164- 14-1

D 8 132 123

D ^0 155 183

D 14. 262 272



9 7 r*

TABLE 19 5 3 -2 50pm EEAOTIOL : NON-OPAQUE HEAVY MINERALS

w HT 1/6 HT2/5 HT 3 HT5 HT6 HT7 HT8 HT9

G arnet (C lear) 74 165 181 87 219 102 99 54

G arnet (Pinlc) 8 81 50 14 65 20 17 9

E p id o te 26 121 147 56 127 58 72 49

Z o is i te /C l in o z o is i te 10 38 35 9 14 19 8 8

Z irco n 44 74 106 50 61 58 72 62

R u ti le  (brov/n) 5 8 3 5 7 4 6 1

R u t i le  (yellow ) 7 17 12 29 51 28 33 25

R u t i le  (red ) 4 11 3 2 7 13 6 6

A natase 1 2 3 . 9 3 - 8 10

B ro o k ite 4 6 6 - 3 - 3 1

Tourm aline 36 83 79 38 34 48 61 52

A ugite 87 59 62 127 87 164 173 113

H ypersthene - 19 15 7 20 2 3 1

H ornblende (Dark Green) 13 147 204 99 127 37 39 44

H ornblende (P ale  Green) 6 34 32 22 17 6 8 14

H ornblende (Brov/n) 1 10 6 13 10 - 6 5

S ta u r o l i t e 1 2 - 5 3 9 3 4

K yan ite 2 6 6 2 4 - 1

A n d a lu s ite - - - - - - 3 1

S i l l im a n i te - - - - - - - -

M onazite - - - - 3 - - -

A p a tite 86 78 3 70 20 88 129 95

C ellophane 11 4 3 30 3 9 28 19

C h lo rite /C h am o site 232 27 29 188 95 126 116 161

B io t i t e 342 6 12 128 24 203 107 265

G lau co n ite - - - - - 2 - -

S id e r i t e 2 3 10 « — — ' —



273

TABLE 5 3 -2 5 0 p i EEACTION : HON-OPAQUE HEAVY ÏJIHERA1S

( t ) HTiO HT11 HT12 HT13 HT14 HT15 HT16 HT17 HT18

G arnet ( c le a r ) 83 189 119 205 176 184 219 156 161

G arnet (p ink) U 55 15 30 49 54 46 26 36

E p ido te 28 217 92 135 146 126 136 101 108

Z o is i te /C l in o z o is i te 9 • 27 9 30 26 16 38 29 24

Z irco n 44 60 33 56 180 49 28 75 78

R u ti le  (brown) 1 5 - - 7 - 3 13 6

R u ti le  (yellow ) 23 15 6 46 62 8 20 33 30

R u t i le  (red ) 7 10 — 7 10 - 8 26 6

A natase 4 - 3 3 3 3 3 7 6

B ro o k ite - - 3 3 - - ■ - - -

Tourm aline 48 50 56 33 49 44 33 42 42

A ugite 117 55 109 63 65 145 62 78 135

H yperstliene 1 - 6 3 10 11 2 3 3

H ornblende (d a rk  g reen) 23 186 249 166 173 184 255 175 170

H ornblende (p a le  green) 10 25 62 20 19 57 40 33 33

H ornblende (brown) 1 2 6 13 13 5 7 3 6

S ta u r o l i t e 7 2 15 3 3 3 5 10 15

K yanite 1 12 6 7 3 5 5 10 3

A n d a lu site - - - - 3 3 - - -

S i l l im a n i te - - - - 3 - - - -

M onazite - - - - - - - 3 -

A p a tite 96 - 65 63 - - 40 65 54

C ellophane 6 - 18 16 - 5 8 7 12

C h lo rite /C h am o site 120 75 84 46 - 81 35 98 51

B io t i t e 357 15 44 49 - 14 20 7 21

G lau co n ite - - - 3 - 3 7 - -

S id e r i t e



27 3
TABLE IS 53-250fmi FRACTION : riON-GPAQUE HEAVY KIÏÏERALS

( 0 HT19 HT 20 HT21 HT 22 HT 2 3 HT 24 HT25 HT 26 HT 27

G arnet ( c le a r ) 178 198 176 139 186 180 140 125 89

G arnet (p ink) 42 55 46 30 26 31 29 13 13

E pido te 150 135 99 134 104 139 123 84 28

Z o is i te /C l in o z o is i te 17 29 25 20 13 12 10 13 9

Z irco n 102 106 67 85 79 71 93 88 59

R u t i le  (brown) 5 10 4 5 3 2 7 2 2

R u ti le  (yellow ) 35 29 18 25 23 24 38 19 37

R u t i le  (red ) 2 3 11 10 3 7 12 6 9

A natase 6 16 11 10 8 9 17 13 28

B ro o k ite - - - - - - - 2 2

Tourm aline 60 26 39 20 37 49 43 46 71

A ugite 127 106 113 124 99 132 81 156 142

H ypersthene 10 6 4 5 10 - 7 4 4

H ornblende (dark  green) 169 133 169 193 183 141 158 104 26

Hornblende (p a le  g reen) 31 32 39 55 57 56 33 31 7

Hornblende (brov/n) 6 6 18 25 10 7 10 13 4

S ta u r o l i t e 6 6 11 - 10 5 - 4 —

K yanite 4 10 4 10 5 9 2 8 2

A n d a lu site - - - - 3 - 2 2 -

S il l im a n i te - - - - - 2 - - -

M onazite - 6 - - - 2 - - -

A p a tite - 16 53 40 60 73 100 109 137

C ellophane 8 10 7 - - 2 14 13 17

C h lo rite /C h am o site 37 38 . 6.1 45 57 33 57 106 171

B io t i t e 4 19 7 15 21 , 12 17 35 141

G laucon ite - 3 - — 3 2 7 4 2

S id e r i t e 18 10 — — «MB —



280

TABLE 13 t -W j 53-250pm FRACTION : H01Î-0PAQUE HEAVY MINERALS

w HT 28 HT29 HT 30 HT31 HT 32 HT 33 HT 34 HT35 HT 36

G arnet ( c le a r ) 146 253 256 175 189 242 181 189 132

G arnet (p ink) 25 52 29 47 69 77 43 37 25

E p id o te 57 85 131 92 118 128 162 104 70

Z o is i te /C l in o z o is i te 10 9 6 22 11 17 20 15 15

Z irco n 67 50 79 44 55 57 101 57 105

R u ti le  (brown) 2 2 - 6 2 10 14 2 -

R u t i le  (yellow ) 45 26 25 13 22 34 37 25 38

R u t i le  (red ) 5 12 6 3 13 3 3 7 8

A natase 25 14 10 6 7 13 9 7 19

B ro o k ite - - 2 - - - 3 2 -

Tourm aline 47 33 35 28 42 27 46 32 53

A ugite • 140 113 79 109 104 115 84 92 147

H ypersthene 10 2 2 6 2 - 9 - 8

Hornblende (d a rk  green) 90 118 150 165 189 121 139 201 91

Hornblende (p a le  green) 30 21 37 57 27 34 26 52 25

H ornblende (brov/n) 7 12 8 16 16 10 12 10 8

S ta u r o l i t e - - 2 3 2 7 3 5 11

K yanite 10 5 4 9 7 7 9 7 8

A n d a lu site - 2 - - - - 3 - 2

S i l l im a n i te - - - - - - - - -

M onazite - - - - 2 3 2 -

A p a tite 87 52 73 68 51 47 78 47 80

C ellophane 22 31 4 19 13 17 - 2 11

C h lo rite /C h am o site 125 82 33 60 53 3 12 55 102

B io t i t e 45 24 27 16 2 7 6 40 34

G lau co n ite 5 2 2 - 4 - - ■ 10 6

S id e r i t e ... 38 _ — 2



2 8 1

TABLE 18 53-250fJm FRACTION: ÏÏ0N-0PAQÜ3 HEA’/T HDIEPALS

( e ) HT 37 HT 38 HT 39

G arnet ( c le a r ) 159 163 51

G arnet (p ink) 48 34 6

E p id o te 164 102 20

Z o i s i t e /C l in o z o i s i t e 26 27 4

Z irco n 48 32 40

R u ti le  (brovn) - 10 4

R u ti le  (yellow ) 11 19 13

R u t i le  (red ) 5 - 3

A natase - 10 6

B ro o k ite - - -

Tourm aline 58 46 40

A ugite 122 119 72

H ypersthene 26 5 1

H ornblende (d a rk  green) 174 160 14

H ornblende (p a le  green) 37 41 5

Hornblende (brov/n) 16 12 3

S ta u r o l i t e 11 5 -

K yanite - 5 4

A n d a lu site 5 - 1

S i l l im a n i te - - ""

M onazite 5 2

A p a tite - 41 93

C ellophane 5 22 15

C h lo rite /C h am o site 59 90 235

B io t i t e 16 53 370

G lau co n ite - 2 -

S id e r i t e 5



TABLE 18(<o«w 3 53-250/W-m FRACTION : NON-.0PA:tU3 HEÂ /Y ilHERALS

2 Q 9
V  W

( f ) HTAO Î-IT44 HT45 HT46 HT48 HT49 HT50 HT51 HT52

G arnet (c le a r ) 235 185 121 199 252 209 274 222 292

G arnet (p ink) 17 48 12 18 45 25 34 23 38

Epidote 136 45 61 78 117 130 i45 9l 103

Z o is i te /C l in o z o is i te 13 11 10 15 16 37 14 11 17

Z ircon 83 78 97 85 117 65 138 1O9 114

R u tile  (brown) 7 6 10 5 11 6 7 4 9

R u ti le  (yellow ) 23 34 49 47 56 28 57 53 50

R u tile  (red ) 7 3 2 5 8 6 11 15 12

Anatase 7 3 6 21 11 17 14 15 9

B rook ite - “ - - - - - 3

Tourmaline 33 25 46 41 27 31 34 45 26

Augite 119 134 125 1O6 104 113 68 147 96

Rypersthene 17 11 8 3 19 11 2 11 3

Hornblende (dark  g reen) 142 95 42 126 93 155 66 49 96

Hornblende (pa le  gi-eenj 43 17 10 49 24 48 11 19 17

Hornblende (brown) 7 3 10 5 5 14 16 11 . 6

S ta u ro l i te 7 3 2 5 5 3 2 - 3

Kyaniüs - 3 8 3 - 11 2 4 3

A n d a lu site - - 2 - - - -

S illli'iian i ee 7 - - - - ~ - - 3

H onazite 3 - - - - "* - -

A p a tite 36 20 53 67 37 34 50 72 47

C ellophane 3 11 14 13 27 6 9 26 6

C h lo r  i  te /C  hamo s i  te 40 118 129 60 13 31 32 38 33

B io t i te 13 143 182 47 8 20 14 34 6

G lauconite - 6 - 3 - - — - -

S id e r i te 3 - - - - - -



TABLE 5 3 -2 5 0 /un FRACTION : NON-OPAQUE HEAVT LIINERALS

( 3 ) D1 D2 D3 14 D5 ' D7 D8 D1(

G am et (c le a r ) 123 105 100 90 134 105 125 124

G arnet (pink) 5 7 11 13 26 10 11 15

E pido te 47 27 25 21 19 16 70 50,

Z o is i te /C l in o z o is i te 7 9 7 4 9 5 17 7

Z irco n 88 57 46 43 47 36 62 37

R u tile  (brown) 7 9 2 4 4 2 4 4

R u tile  (yellow ) 49 18 14 13 11 IO 11 7

R u ti le  (red ) 5 2 .7 2 4 3 2 1

A natase 15 16 9 6 9 7 2 1

B rook ite - - 2 2 - - 1

Tourmaline 61 18 25 24 30 21 43 19

A ugite 103 102 i 16 99 145 109 89 73

xljpers thene 7 5 7 6 2 5 2 3

Hornblende (dark  green) 57 59 43 63 62 38 85 92

Hornblende (p a le  green) 10 14 9 21 11 12 21 23

Hornblende (brown) 2 2 - 2 2 3 6 3

S ta m 'o lite 10 2 5 9 4 3 2 3

k y an ite 2 - - 2 2 3 2 . 4

J.ndaluo lte - 2 - - — 2 - 3

S il l im a n ite - - - - - - 1

ilo n az ite - - - - - - - -

A p a tite 79 55 39 56 43 28 51 33

C ellophane 15 7 ■ 7 7 6 7 8 5

C blorite /C hüJiiosite 145 146 132 122 59 55 70 55

B io ti te 162 337 385 36 D 237 190 66 57

G lauconite - - 5 2 6 3 6 15

b id e r i te — — — 24 126 3% 244 362



22 4

TjŒLE ISioAi)  33-250 A® FE.10II0Ï: : HON-OPAQIIS HEAVY MIIiEEiiS

« A 2 A 4 A 5 A 6

G arnet (c le a r ) 49 40 47 59

G arnet (p ink) 6 3 7 7

E pidote 23 16 12 21

Z o i  s i  t  e/C 1 ino  zo i  s i  t  e 2 5 3 6

Z irco n 15 22 45 43

R u ti le  (brown) 3 1 1 1

R u ti le  (yellow ) 4 6 5 11

R u ti le  (red ) - 1 - 2

Anatase 1 - 1 1

B rook ite - - - -

Tourmaline 3 8 10 27

A ugite 37 33 65 65

Hyp e r s the ne 4 3 3 8

Hornblende (dark  green) 40 21 33 30

Hornblende (p a le  green) 4 5 5 8

lb rn b len d e  (brown) 1 2 1 1

S ta u r o l i te 1 2 2 1

x-yanite 2 3 - 2

.n d a ln s i  u 5 - 1 - -

Six.lijiLaiLite - - - 1

M onazite 1 ~ — -

A p a tite 17 14 23 34

Collopha.ne 6 8 6 4

G h i 0 rd  te/Charno s i t e 55 43 49 58

B io t i te 43 40 99 96

G lauconite 18 9 7 4

S id e r i te 665 714 574' 5O8



9 P r:

TABLE \î(conU) 33-250ym FRACTION : NON--OBAQUE HEAVY MILIERALS

(0 MT1 MT2 MT3 MT4 MT5 MT6 MT7 MT8 MT9

G arnet ( c le a r ) 147 202 158 137 99 98 143 68 103

G arnet (pinlc) 22 45 32 33 8 16 19 13 49

E pidote 165 147 167 92 122 158 135 112 143

Z o is i te /C l in o z o is i te 41 32 18 23 28 21 19 13 20

Z irco n 79 50 121 47 38 37 49 64 25

R u ti le  (brov/n) - 10 7 9 3 5 8 6 2

R u ti le  (yellow ) 33 20 41 21 30 18 19 26 14

R u ti le  (red ) 6 7 7 9 - 2 3 13 —

A natase 2 2 2 2 3 2 3 - -

B ro o k ite - - - 2 - - - - -

Tourm aline 43 45 41 52 58 68 46 64 33

A ugite 53 92 88 82 96 25 30 142 110

H ypersthene 4 5 4 - 5 - - 6 ' -

Hornblende (d a rk  green) 214 170 147 140 221 326 315 139 255

Hornblende (p a le  green) 41 15 45 14 38 32 43 23 41

Hornblende (brov/n) 8 7 9 14 5 5 11 3 8

S ta u r o l i te 4 7 2 2 5 5 5 10 6

K yanite 4 15 4 5 5 4 11 16 6

in d a lu s i te - - 2 2 - 4 - 3 -

S il l im a n ite - - - - - - - - -

M onazite - - - - - - - - -

A p a tite 53 25 2 54 91 48 32 51 78

C ellophane 4 12 - 16 23 12 3 10 10

C h lo rite /C h am o site 65 65 81 99 56 68 76 109 43

B io t i t e 12 22 22 143 63 28 11 103 41

G laucon ite - 5 - 2 3 9 11 6 8

S id e r i te — 9 8 — —



9 P

TABLE 53-250jJJTL FRACTION : NON-OPAQUE HEAVY MINERALS

0 ) MT10 MT11 MT12 MT13 MT14 MT15 MT16 MT17

G am et ( c le a r ) 139 112 136 140 132 152 146 125

G arnet (p ink) 40 29 24 29 27 25 27 19

E p ido te 98 101 126 99 103 100 166 100

Z o is i te /C l in o z o is i te 13 16 21 18 27 30 27 15

Z irco n 51 31 64 51 35 30 113 75

R u ti le  (brov/n) - 3 3 4 3 3 5 6

R u ti le  (yellow ) 35 10 33 40 27 15 44 24

R u ti le  (red ) 8 5 2 2 3 3 8 4

A natase 7 - 12 4 14 3 7 8

B ro o k ite 2 - 2 2 - • 3 3 4

Tourm aline 45 57 33 53 86 57 39 60

A ugite 119 106 123 62 57 110 81 115

H ypersthene 5 3 5 2 8 3 5 -

H ornblende (dark  green) 176 198 150 173 130 127 150 119

H ornblende (p a le  g reen) 43 52 39 37 32 22 22 24

Hornblende (brovm) 3 8 8 9 8 5 8 9

S ta u r o l i t e 5 3 6 . 11 11 3 3 4

K yanite 3 5 3 2 3 3 7 4

A n d a lu site - - - - 3 3 2 2

S i l l im a n i te - - - - - - - -

M onazite - - - - - - - -

A p a tite 69 26 85 79 - 30 57 70

C ellophane 20 10 23 29 11 42 10 23

C h lo rite /C h am o site 71 80 67 66 261 127 52 96

B io t i t e 45 145 35 81 19 67 15 53

G lau co n ite 3 - - 7 - 37 3 11

S id e r i t e 30



TABLE 5 3 -2 5 0 p i FRACTION ; NON-OPAQUE HEAVY MINERALS

2 8 7

w PT1 PT2 PT3 PT4 PT5 PT6

G am et ( c le a r ) 12 43 36 22 36 24

G am et (p ink) 2 3 5 4 5 -

E p id o te 6 23 32 44 23 25

Z o is i te /C l in o z o is i te 1 4 7 6 5 6

Z irco n 11 31 43 39 22 26

R u ti le  (brov/n) 3 1 2 4 - 1

R u t i le  ( y e l l 07/) 2 8 18 4 3 2

R u t i le  (red ) 1 - - 2 - -

A natase 1 1 11 6 3 4

B ro o k ite 1 - - - - 1

T ourm aline 11 22 45 37 19 15

A ugite 23 63 83 78 62 56

H ypersthene 1 4 5 4 5 -

Hornblende (d a rk  g reen) 8 36 34 43 35 12

Hornblende (p a le  green) 1 12 7 7 14 1

H ornblende (brov/n) 1 1 2 4 1 1

S ta u r o l i t e - 1 2 2 3 1

K yanite 1 1 - 6 - 1

A n d a lu s ite - 2 - - - -

S i l l im a n i te - - - - - -

M onazite - - - - - -

A p a tite 37 45 74 83 59 20

C ellophane 12 11 7 9 5 4

C h lo rite /C h am o site 198 74 82 96 111 61

B io t i t e 321 137 94 104 151 87

G lau co n ite - 15 4 4 3 5

S id e r i t e 346 462 407 392 435 647



TABLE l?(^onU.) 5 3 -2 5 0 p i FRACTION : NON-OPAQUE HEAVY MINERALS

S3

( t ) DT1 DT2 DT3 DT4 DT5 DT6 DT7

G am et (c le a r ) 131 87 80 148 152 138 117

G am et (p ink) 13 9 20 25 36 26 23

E p ido te 104 114 120 68 93 58 100

Z o is i te /C l in o z o is i te 15 12 16 10 18 6 13

Z irco n 35 40 36 40 23 36 30

R u ti le  (brov/n) - 2 - 3 8 2 5

R u ti le  (yellow ) 10 7 7 13 15 10 10

R u ti le  (red ) - - - - - - -

A natase 3 2 - 3 8 4

B ro o k ite - - - - - - -

Tourm aline 20 19 11 18 18 16 18

A ugite 94 71 102 98 121 80 113

H ypersthene 3 - 2 8 10 12 2

H ornblende (d a rk  g reen) 137 129 146 138 147 90 136

H ornblende (p a le  g reen) 43 38 36 30 36 30 33

H ornblende (brov/n) 5 2 16 8 5 4 8

S ta u r o l i t e 5 2 5 3 2 2

K yanite 5 - 7 - 5 - 2

A n d a lu site - - - - - - -

S i l l im a n i te - - - - - -

M onazite - 2 — 3 - - -

A p a tite 55 31 56 40 23 32 43

C ellophane 17 17 2 3 3 6 -

C h lo r i t e /Chamosite 71 59 62 58 41 50 50

B io t i t e 80 111 27 35 26 84 60

G lau co n ite 14 10 13 8 15 14 10

S id e r i t e 140 236 241 238 194 300 225



T/lBLE 1 8 5 3 - 2 50pn FRACTION : NON-OPAQUE MINERALS

(m ) DT8 BT9 DT10 DT11 DT12 DT13 DT14

G am et ( c le a r ) 86 19 143 81 183 75 161

G am et (p ink) 15 4 35 19 21 15 28

E p id o te 118 18 101 65 118 71 116

Z o is i te /C l in o z o is i te 12 2 14 12 26 20 17

Z irco n 27 8 67 43 52 48 60

R u ti le  (brown) - 1 3 2 9 6 3

R u t i le  (yellow ) 12 2 14 7 21 12 20

R u ti le  (red ) 2 - - - - 3 -

A natase - 2 9 2 9 11 3

B ro o k ite - - - - 2 2 -

Tourm aline 27 5 35 22 32 29 42

A ugite 104 47 125 86 114 68 102

H ypersthene - 1 14 5 4 3 14

Hornblende (d a rk  green) 126 39 133 93 110 72 165

H ornblende (p a le  green) 37 5 26 19 26 31 71

H ornblende (brov/n) 2 5 9 2 4 9 20

S ta u r o l i t e 2 2 - - 4 6 8

K yanite 5 1 9 7 6 3 3

A n d a lu site - 1 3 2 2 2 —

S il l im a n i te - - - - - - -

M onazite 2 - - - - 2 -

A p a tite 22 25 53 41 62 38 45

C ellophane 5 12 14 12 4 5 6

C h lo rite /C h am o site 59 54 101 38 23 34 51

B io t i t e 59 66 67 19 13 29 8

G lau co n ite 15 25 - 5 9 5 3

S id e r i t e 263 656 20 418 146 401 54



T/lBLE 5 3 -2 5 0 p i FRACTION : NON-OPAQUE HEAVY MINERALS

2 SO

BT2 BT3 BT5 BT6 BT7 BT8 BT9

G a m e t  ( c l e a r ) 153 170 195 117 182 225 197

G a m e t  ( p i n k ) 18 40 54 47 35 30 55

E p i d o t e 165 139 110 140 127 147 175

Z o i s i t e / C l i n o z o i s i t e 21 29 18 21 20 19 26

Z i r c o n 76 32 26 21 29 51 36

R u t i l e  ( b ro v /n ) 6 3 3 - 3 - -

R u t i l e  ( y e l l o w ) 3 8 10 12 9 12 10

R u t i l e  ( r e d ) - - - - - 2 -

A n a t a s e 6 3 5 3 3 2 -

B r o o k i t e - - - - - - -

T o l î r m a l i n e 15 24 13 9 17 12 26

A u g i t e 73 77 120 112 145 112 97

H y p e r s t h e n e 18 5 10 3 3 16 6

H o r n b l e n d e  ( d a r k  g r e e n ) 169 213 233 305 223 204 227

H o r n b l e n d e  ( p a l e  g r e e n ) 73 67 56 68 52 47 49

H o r n b l e n d e  (b ro v /n ) 15 11 18 18 12 9 10

S t a u r o l i t e 3 8 8 12 3 9 3

K y a n i t e 6 14 3 3 6 - 3

A n d a l u s i t e - - - - 3 - -

S i l l i m  a i i t e - 3 - - - - -

M o n a z i t e 3 - 3 3 - -

A p a tite 70 64 28 41 44 35 26

C e l l o p h a n e 3 11 - 3 - - 3

C h l o r i t e / C h a m o s i t e 43 45 33 30 26 19 19

B i o t i t e 21 16 13 3 14 9 -

G l a u c o n i t e 3 3 18 3 9 5 -

S i d e r i t e 37 16 26 26 32 35 32



9 0 1
.-V  u  XL

TABLE I^fcortU.) 53-250pn FRACTION : NON-OPAQUE HEAVY MINERALS

PTE SBC1 BTRC DMS1 DMS2 Y185/8 LHH GH1

G am et ( c le a r ) 18 104 154 192 115 21 53 55

G am et (p ink) - 28 51 31 43 7 - -

E p id o te 18 215 79 124 161 28 160 74

Z o is i te /C l in o z o is i te 5 23 9 19 23 - 38 3

Z irco n 120 14 84 48 33 84 395 222

R u ti le  (brown) 5 3 - 2 — — 15 13

R u ti le  (yellow ) 18 2 9 7 3 42 133 63

R u ti le  (red ) 5 “ - - - — 4 , 3

A natase 5 14 2 3 - 26 29

B ro o k ite 3 3 - - - -

T ourm aline 59 20 144 17 43 63 84 113

A ugite 74 19 84 97 154 35 8 63.

HyperstHena' - 5 9 10 43 - -

Hornblende (dark  g reen) 3 268 159 232 240 7 15 34

H ornblende (p a le  g reen) - 50 46 73 62 7 8 11

Hornblende (brown) - 28 — 24 26 - 4 -

S ta u r o l i t e 3 2 9 10 13 - 26 —

K yanite 3 3 9 5 3 - - 8

A n d a lu s ite - 5 5 - - — - 5

S i l l im a n i te - - “ — - - 4 -

M onazite - - - - - - - -

A p a tite 69 26 56 . 48 39 133 — ■ 161

C ellophane 18 - 14 2 3 21 — 5

C h lo rite /C h am o site 143 70 37 26 16 538 23 63

B io t i t e 149 107 23 17 7 14 4 53

G lau co n ite 5 - - 2 - - - 8

S id e r i t e 277 5 5 12 3



TABLE J^fcnU.) 53-250pm FRACTION : NON-OPAQUE HEAVY MINERALS.

9 q 9

( f j  1TG1 1TH1 2TM1 3TM1 NB1 NB2 PGT1 LT2 LT5/2 LT5/3 LT5/4 LT5/7

G-amet ( c le a r ) 172 153. 110 119 17 100 72 20 270 188 278 190

G am et (p ink) 68 49 53 31 11 34 29 11 32 23 26 43

E pido te 229 194 163 180 446 316 83 19 166 176 155 157

Z o i s i t e /
C lin o z o is i te 38 39 47 51 82 59 18 6 37 45 35 33

Z irco n 42 48 20 34 70 53 40 3 181 131 146 65

R u ti le  (brov/n) 4 9 6 2 3 8 7 1 5 - . 9 3

R u t i l e (yellow ) 13 11 2 7 28 42 4 1 55 15 46 33

R u ti le  (red ) 8 - - - 6 17 - 1 11 4 7 11

A natase - - - - 3 - 4 - 3 4 - 3

B ro o k ite 4 5 6 2 9 2 1 - - - -

Tourm aline 101 60 88 90 114 82 61 17 74 38 96 89

A ugite 2 16 12 19 3 2 11 1 18 15 13 24

H ypersthene 6 - 2 3 - - 4 - - - 2 5

H ornblende(d ark  
g reen) 216 266 300 235 76 161 179 29 87 116 124 141

H om blende (p a le  
g reen) 27 39 35 25 46 32 15 2 16 19 13 35

H om blende
(brov/n) 8 7 10 8 - 11 14 1 - 4 7 5

S ta u r o l i t e 8 7 4 2 23 28 7 1 13 11 13 16

K yanite 11 7 4 3 40 32 22 2 11 19 11 11

A n d a lu site 2 11 2 8 6 2 ~ - - 8 - 8

S i l l im a n ite 2 5 - 3 6 6 . - - - - - -

M onazite - 2 - 3 - - 22 2 13 53 17 19

A p a tite 27 19 14 24 - - 51 28 5 60 2 76

Collophane 2 5 8 3 - - 76 6 — 26 - -

C h lo r i te /
Chamosite 4 14 16 24 11 13 7 3 - 34 - -

B io t i t e - 2 6 5 - - 22 3 3 11 - 33

G laucon ite 2 — 8 2 - - 252 842 - - - -

S id e r i te 4 32 84 117



2 9 3

TABLE IS(c.Hfa.) 53-250pm PE/ÆTIOH : HON-OPAQUB HEAVY KnfERALS

( i )
W01/1 W02/1 IT 1/6 IT 5/4

G am et (c le a r ) 179 205 169 278

G am et (p ink) 29 35 15 26

E p id o te 94 85 198 155

Z o is i te /C l in o z o is i te 11 13 19 35

Z ircon 365 272 160 146

R u t i le  (brov/n) 5 - 2 9

R u t i le  (yellow ) 80 56 42 46

R u t i le  (red ) 5 11 8 . 7

A natase - - 2 -

B ro o k ite - - - -

Tourm aline 97 155 65 96

A ugite 38 19 23 13

H ypersthene - - 8 2

H ornblende (dark  green) 46 90 177 124

H ornblende (p a le  green) - 11 34 13

H om blende (brov/n) - 3 13 7

S ta u r o l i t e 21 16 17 13

K yan ite 3 16 19 11

A n d a lu s ite - - 4 -

S il l im a n i te - - - -

M onazite - - 2 -

A p a tite 24 13 15 17

C ollophane - - - 2

C h lo rite /C h am o site 3 - 8 -

B io t i t e - - - -

G lau co n ite - - - -

S id e r i t e —



2.  9 4
T.ABLB 19 53-250/am PHACTIOH : MOII-OPAQUE HEAVY MIHERAÉ3 ( e x c l .S id e r i t e )

HT 2/5 HT5 HT5 HT21 HT22 HT31 HT36 HT57 MT6 m i MT17

G am et ( c le a r ) 166 182 88 179 141 182 132 160 99 144 130

G am et (p ink) 81 50 14 47 30 49 25 48 16 19 20

E p id o te 121 148 57 102 135 96 70 165 160 156 105

Z o i s i t e /C l in o z o i s i t e 38 35 9 26 20 23 15 26 21 19 15

Z irco n 74 106 51 68 86 46 104 48 37 50 77

R u ti le  (b ro m ) 8 3 5 4 5 6 - - 5 8 6

R u t i le  (yellow ) 17 12 29 18 25 14 38 11 18 19 25

R u ti le  (red ) 11 3 2 11 10 3 8 5 2 3 4

A natase 2 3 9 11 10 6 19 - 2 3 8

B ro o k ite 6 6 - - - - - - - - 4

Tourm aline 83 79 38 40 20 29 53 59 69 47 62

A ugite 59 62 128 115 125 113 147 125 25 30 119

H ypersthene 19 15 7 4 5 6 8 26 - - -

H ornb lende(dark  green) 148 205 100 172 195 171 91 175 330 319 124

H om blende (p a le  g reen) 34 32 22 40 56 59 25 37 32 43 25

H om blende (brown) 10 6 13 18 25 17 8 16 5 11 9

S ta u r o l i t e 2 - 5 11 - 3 11 11 5 5 4

K yanite 6 6 2 4 10 9 8 - 4 11 4

A n d a lu s ite - - - - - - 2 5 4 - 2

S i l l im a n i te - -

M onazite - - - - - - - 5 - - -

A p a tite 78 3 71 54 41 71 80 - 49 32 72

Collophane 4 3 30 7 - 20 11 5 12 3 24

C h lo r i t e /  Chamosite 27 29 190 62 ■ 46 62 102 59 69 77 99

B i o t i t e 6 12 130 7 15 17 34 16 28 11 55

G lau co n ite — _ — 6 — 9 11 11



9IrJ \J o

TABLE n(cf>»U.) 53~250pi FRACTION : NON-OPAQUE HEÂ /Y MINERALS ( e x c l .S id e r i t e )

PT1 PT2 PT5 PT4 PT5 PT6 DTI DT2 DT5 DT4 DT5

G am et ( c le a r ) 18 80 61 56 64 67 152 114 105 193 188

G arnet (p ink) 3 6 8 7 9 - 15 12 26 33 45

E p ido te 9 44 54 72 41 70 ■ 121 148 159 89 115

Z o is i te /C l in o z o is i te 2 8 12 10 9 18 17 16 21 13 22

Z irco n 17 57 75 64 39 75 41 52 47 53 29

R u t i le  (brown) 4 2 3 7 - 3 - 3 - 4 10

R u t i le  (yellow ) 3 15 50 7 5 7 12 9 9 17 19

R u t i le  (red ) 2 - - 3

A natase 2 2 19 10 5 11 3 3 - 4 10

B ro o k ite 2 - - - 3 - - - - -

Tourm aline 17 42 76 61 34 42 23 25 14 24 22

A ugite 35 117 140 127 110 155 109 93 154 129 150

H ypersthene 2 8 8 7 9 - 3 - 3 10 12

H ornblende (dark  green) 12 66 57 71 62 35 160 168 193 181 182

H ornblende (p a le  green) 2 25 12 12 25 3 50 50 47 39 45

H ornblende (brown) 2 2 3 7 2 3 6 3 21 10 6

S ta u r o l i t e - 2 3 3 5 3 6 3 - 7 4

K yan ite  . 2 2 - 10 - 3 6 - 9 - 6

A n d a lu s ite - 4

S i l l im a n i te

M onazite - - - - - - - 3 — 4 .

A p a tite 57 85 125 136 104 56 64 41 74 53 29

C ollophane 18 21 12 15 9 11 20 22 3 4 4

C h lo rite /C h am o site 305 136 158 158 196 173 83 77 82 77 51

B i o t i t e 492 252 159 170 267 248 93 145 36 46 52

G lau co n ite 28 7 7 5 14 16 13 17 10 19



TABLE l‘f{c^nU) 5 5 -2 5 0 p i FRACTION : NON-OPAQUE HEAVY MINERALS ( e x c l .S id e r i t e )

DT6 DT7 DT8 DT9 DÎ10 LT11 DT12 DT15 DT14

G am et (c le a r ) 197 151 117 55 147 139 215 126 171

G am et (p ink) 57 50 20 12 36 55 25 26 50

E p id o te 85 129 160 52 105 111 158 118 125

Z o is i te /C l in o z o is i te 9 17 17 6 14 20 30 33 18

Z irco n 51 59 37 24 68 74 60 80 65

R u ti le  (b ro m ) 5 6 - 3 5 4 10 10 3

R u ti le  (yellow ) H 15 17 6 14 12 25 21 21

R u t i le  (red ) - - 3 - - - - 5 -

A natase 6 - - 6 9 4 10 18 3

B ro o k ite - - - - - - 3 3 -

Tourm aline 25 25 57 15 56 57 38 49 45

A ugite 114 145 140 156 128 148 133 113 108

H ypersthene 17 5 - 3 14 8 5 5 15

H ornblende (d a rk  green) 128 175 169 112 136 161 128 121 172

H om blende (p a le  green) 45 45 ■ 50 15 27 35 30 51 75

H ornblende (brown) 6 10 ■ 5 15 9 4 5 15 21

S ta u r o l i t e 5 5 5 6 - - 5 10 9

K yan ite - 5 7 5 9 12. 8 5 3

A n d a lu s ite - - - 3 5 4 3 5 -

S i l l im a n i te - - - - - - - -

M onazite - - 5 - - - - 5 -

A p a tite 46 56 30 73 59 70 73 64 48

C ollophane 9 - 7 56 14 20 • 5 8 6

C h l  0 r i  t  e/Ch.amo s i  t  e 71 64 80 157 105 65 28 56 54

B io t i t e 120 77 80 189 68 53 15 49 9

G lau co n ite 20 15 20 75 ». 8 10 8 3
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TABLE lî(c«nW) 53-250)Jm ERACTIOH : KOH-OPAQÜE HEAVY KHTESALS (ExoI .S i d e r i t e )

BT2 BT3 BT5 BT6 BT7 BT8 BT9 DM31 m s  2 SBC1 BTRC PTE

G am et ( c le a r ) 159 173 200 120 188 234 204 195 115 105 154 25

G am et (p ink) 19 41 55 48 36 31 57 31 43 28 51 -

E p ido te 170 140 113 144 132 152 181 126 161 217 80 25

Z o is i te /C l in o z o is i te 22 29 19 22 21 20 27 19 23 23 9 7

Z ircon 79 33 27 22 30 53 37 47 33 14 85 167

R u ti le  (brown) 6 3 3 - 3 - - 2 - 3 - 7

R u t i le  (yellow ) 3 8 10 12 9 12 10 7 3 2 9 25

R u t i le  (red ) - - - - - 2 - - - - - 7

A natase 6 3 5 3 3 2 - 2 3 - 14 7

B ro o k ite 3 - 4

Tourm aline 16 24 13 9 18 12 27 17 43 20 143 82

A ugite 76 78 123 115 149 116 100 98 154 19 85 106

H ypersthene 19 5 10 3 3 17 6 10 13 5 9 ' —

H om blende (d a rk  green) 175 216 240 313 230 212 234 235 240 271 159 4

H om blende (p a le  g reen) 76 68 57 70 54 49 51 72 62 50 46 -

H 0 m b l  end e ( b r  own ) 16 11 19 19 12 9 10 24 26 28 - -

S ta u r o l i te 3 8 8 12 3 9 3 10 13 2 9 4

K yanite 6 13 3 3 6 - 3 5 3 3 9 4

A n d a lu site - - - - 3 - - - - 5 5 -

S i l l im a n i te - 3

M onazite 3 - - 3 3

A p a tite 73 65 29 42 46 36 27 47 39 26 .56 96

Collophane 3 11 - 3 - - 3 2 3 - 14 25

C h lo rite /C h am o site 45 46 34 31 27 20 20 26 16 70 37 199

B io t i t e 22 16 13 3 15 9 - 17 7 108 23 206

G laucon ite 3 3 19 3 9 5 2 7



T.ABLE Zo 53-250).Lm "RESISTANT'' NON-OPAQUE HEAVY MINERALS
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H T  1 / 6 61 109 249 109 64 134 265 9

H T  2/5 217 180 279 94 49 84 88 9

HT 3 255 192 243 83 28 112 81 6

HT 5 233 114 176 66 78 88 233 12

HT 6 179 163 328 40 84 71 127 8

HT 7 75 134 215 85 79 101 288 23

HT 8 84 129 188 98 88 116 289 8

HT 9 138 123 137 113 93 135 248 13

HTIO 82 86 230 113 85 103 281 20

HT11 235 268 267 55 32 66 60 17

HT12 401 128 169 71 16 41 147 27

HT13 241 201 286 40 72 68 80 12

HT14 205 172 225 49 82 180 75 12

HT15 274 159 266 48 12 55 174 12

HT16 315 196 298 37 39 32 71 12

HT17 256 158 221 51 96 91 99 28

HT 18 244 153 229 49 56 90 159 20

HT19 217 175 230 63 53 107 144 11

HT 20 186 180 275 28 65 117 124 25

mr2i 266 145 262 46 49 79 137 16

HT22 307 173 190 22 56 95 146 11

HT 23 292 136 247 43 42 91 128 21

HT 24 233 171 239 56 49 80 150 22

HT 25 249 166 210 53 92 115 109 6

HT 26 201 133 189 63 58 120 218 18

HT 27 70 69 193 134 145 112 274 3



TABLE Zo (canU) 53-250pm "RESISTANT" NON-OPAQUE HEAVY MINERALS
209
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HT 28 177 94 238 66 108 94 209 14

HT 29 187 117 374 41 68 61 143 9

HT 30 226 159 333 40 49 92 94 7

HT31 296 143 276 36 36 55 142 16

HT 32 262 147 293 48 51 63 122 14

HT 33 182 160 354 30 67 63 126 18

HT 34 194 200 248 51 76 112 103 16

HT 35 309 141 266 38 53 67 108 18

HT 36 163 110 205 69 86 136 203 28

HT 37 247 208 225 64 18 52 162 24

HT 38 270 163 249 58 48 40 157 15

HT 39 76 85 201 138 89 138 256 17

MT1 304 237 195 49 47 92 66 10

MT2 220 205 283 51 46 57 112 26

MT3 224 206 211 45 64 136 103 11

MT4 244 167 248 75 65 68 120 13

MT5 344 199 139 76 ■ 46 50 132 14

MT6 443 218 137 82 31 45 30 14

MT7 431 179 18-9 53 37 57 35 19

MT8 228 174 112 89 63 89 206 39

MT9 372 199 192 40 19 30 134 14

HT 10 282 140 226 56 64 65 157 10

MT11 349 158 190 77 25 42 148 11

MT12 251 186 203 42 65 80 161 12

MT13 298 , 158 229 71 72 68 86 18

I/IT14 240 183 226 122 65 50 91 23



TABIE 2,0 53-250pm "EESISTA1ÎT" HOII-OPAQDE HEAVY HIÎÎSRAIS
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MT15 221 187 254 83 38 43 162 12

MT16 209 223 199 45 79 131 100 14

MT17 215 160 202 84 62 105 159 13

PT1 116 84 162 129 76 129 291 13

PT2 188 107 177 87 40 119 266 16

PT3 130 119 124 135 91 131 265 5

PT4 174 162 84 120 48 126 262 24

PT5 212 120 178 80 22 91 286 11

PT6 84 175 133 84 49 147. 314 14

DTI 297 192 232 32 20 57 154 16

DT2 313 234 182 35 21 75 132 8

DT3 331 226 167 19 11 60 175 11

DT4 286 126 282 29 28 65 172 12

DT5 269 159 270 26 44 33 188 11

DT6 241 125 319 31 31 70 179 4

DT7 287 184 231 29 24 49 188 8

DT8 285 225 175 47 25 47 179 17

DT9 302 122 141 32 32 51 295 25

DT10 227 157 . 239 47 36 90 188 16

DT11 246 163 214 46 25 92 194 20

DT12 188 194 273 43 56 69 159 18

DT13 230 186 187 60 69 98 145 25

DT14 307 160 229 51 30 71 139 13
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TABLE Zo 53- 2 5 0 "RSSISTilTT” NOE-OPAQUE HEAVT MINERALS (
(Ctfntdl.)
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NT h-0 21 2 165 278 37 47 92 149 17

NT 44 163 GO 330 36 64 111 207 8

NT 45 100 113 214 75 107 156 2 i4 19

NT 46 224 115 268 51 96 1 06 134 9

NT 48 134 147 328 29 94 129 134 6

NT 49 24.0 183 258 34 62 71 136 15

NT 50 104 177 3Vf 38 99 154 79 6

UT 51 96 123 295 55 1O5 132 19l 5

NT 52 I3 l 133 364 29 91 126 109 9

D i 114 . 90 212 102 127 147 184 20

D 2 165 80 245 40 1OO 125 235 10

D 3 121 74 258 53 79 105 284 11

D 4 205 58 243 58 61 102 247 26

B  5 143 53 307 57 52 90 282 12

B 7 137 53 294 53 57 92 .291 22

E 3 202 157 245 77 35 111 165 8

D 10 25i 1 2i 294 40 32 78 161 24

D 14 251 I5 l 254 32 32 77 18O 22

A 2 226 129 279 16 40 77 2lO 20

A 4 165 127 254 44 f̂4 127 210 32

A 5 1 63 62 225 43 29 186 282 I O

A 6 134 91 224- 91 54 144 247 16



3 0

im iJS  loHcM)  5 3 -2 5 0 p i "RE3ISTMT" HOS-OPAQDE HEAAVY MIMERAIS (
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BT2 311 226 207 19 18 93 111 15

BT3 345 197 250 28 16 38 97 . 29

BT5 348 145 282 15 21 29 148 12

BT6 438 181 185 10 16 23 128 19

BT7 329 169 249 20 16 . 33 168 16

BT8 289 185 284 13 19 57 143 10

BT9 309 218 274 28 11 39 113 8

DM81 367 161 249 19 14 54 120 16

DM82 350 196 169 46 3 35 178 18

SBC1 437 301 166 26 10 18 30 12

BTRC 236 102 236 167 27 97 108 27

PTE 8 68 53 174 106 355 220 16

LHH 28 203 55 86 184 405 8 31

Y185/8 48 95 96 214 143 285 119 • -

GH i 6lf 109 79 162 154 3 i 6 90 19
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TABLE 21 53-250pm ERACTIOH MINERAL RATIOS (A m phi’o o l e / P y r o x e n e  ;

E p i d o t e / Z i r c o n )

Sample HT 1/6 HT2/5 HT 3 HT5 HT6 HT7 HT8 HT9 HTIO HT11 HT12 HT13

A/A+P X 100 19 71 76 50 58 21 23 36 23 80 73 75

E/+Z X 100 45 68 63 56 70 57 53 48 46 80 76 75

Sample HT14 HT15 HT16 HT17 HT18 HT19 HT20 HT21 HT22 HT23 HT24 HT25

A/A+P X 100 73 61 82 72 61 60 60 66 68 70 61 70

E/E+Z X 100 49 74 86 63 63 62 61 65 65 60 68 59

Sample HT 26 HT27 HT28 HT29 HT30 HT31 HT32 HT33 HT34 HT35 HT36 HT37

A/A+P X 100 48 20 46 57 71 68 68 59 65 74 45 60

E/E+Z X 100 53 38 50 66 63 72 70 72 64 68 45 80

Sample HT 38 HT 39 MT1 m 2  MT3 ÎÆT4 MT5 MT6 MT7 MT8 MT9 MT10

A/A+P X  100 63 23 82 66 69 67 72 94 92 53 74 64

E/E+Z X  100 80 38 72 78 60 71 80 83 76 66 87 68

Sample MT11 MT 12 MT 13 MT 14 MT 15 MT 16 MT 17 PT1 ÏT2 PT3 PT4 IT5

A/A+P X 100 70 61 78 73 58 68 57 29 41 33 40 43

E/E+Z X  100 79 70 70 79 81 63 60 39 47 48 56 57

Sample PT6 DT1 DT2 DT3 DT4 DT5 DT6 DT7 DT8 DT9 BT10 DT11

A/A+P X  100 21 66 70 65 62 59 57 60 61 51 55 56

E/E+Z X 100 54 77 76 79 66 83 64 79 83 71 64 64

Sample DT12 BT13 DT14 BT2 BT3 BT5 BT6 BT7 BT8 BT9 HiSI BMS2

A/A+P X 100 54 61 69 74 78 70 77 66 67 73 75 66

E/E+Z X 100 74 66 69 71 84 ■ 83 89 84 77 85 75 85

Sample 8BC1 BTRC PTE LHH Y185/8 GHi1 A2 Alj- A5 a6

A/A+P X  100 93 69 4 78 29 4l 52 44 37 35

E/E+Z X  100 94 51 16 33 25 26 63 50 25 39

Sample Dl D2 . D3 D4 D5 D7 D8 DiC> Dl4

A/A+P X 1 00 38 41 30 45 34 32 55 61 58
E/E+Z X 100 38 39 •'+1 36 37 36 59 61 66

Sample HT40 HT44 HT+5 HT46 HT4B HT49 HT50 HT51 HT52

A/A+P X 100 59 32 63 50 64 57 33 55
E/E+Z X 100 ü-i- ;+2 42 ,52 72 . 53 48 . 52



3 0 4

TABLE Z I TUNoTALL PROFILE, DESCRIPTION

S i t e  D e s c r i p t i o n

P r o f i l e  N o .

D a te

G r i d  R e f e r e n c e

L o c a l i t y

E le v a tio n

R e l i e f

S u rfa c e  D ra inage

P a r e n t  M a t e r i a l

HT1

1 0 .1 2 .1 9 6 9

TA314318

S e c t i o n  d u g  a t  t o p  o f  c l i f f - f a c e ,  10  ra e a s t  o f  

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

T u n s ta l l .  O .S . S h ee t 99i H u ll.

17 m O.D.

G en tly  u n d u la t in g  b o u ld e r  c la y  p la te a u ,  bounded to

th e  e a s t  by an a c t iv e ly  re c e d in g  c l i f f .  P r o f i l e

s a m p le d  i s  a t  h i g h e s t  p o i n t  i n  t h e  v i c i n i t y ,  i n

c e n t r e  o f  f l a t  a r e a  a t  c l i f f  e d g e .  L a n d  s u r f a c e

s l o p e s  g e n t l y  aw ay  f ro m  t h i s  a r e a  i n  a l l  o t h e r  d i r e c t i o n s ,

t h e  s l o p e s  b e i n g  s h a l l o w  c o n v e x - c o n c a v e .  F l a t

m i c r o - r e l i e f .

Normal s i t e .  A r t i f i c i a l l y  d ra in e d  in  s u r fa c e  

h o riz o n s  by in v e r te d  U -shaped t i l e  d r a in s  a t  40 -  

45 cm d e p th , spaced  10 m a p a r t .  Care ta k e n  to  

en su re  t h a t  th e  sam ple s i t e  was rem ote from th e  

d is tu rb e d  ground around th e s e  d r a in s .

H essle  T i l l ,  U pper D evensian . R eddish-brow n b o u ld e r 

c la y ;  c a lc a re o u s ,  w ith  a  few ch a lk  p e b b le s ; T r i a s s i c  

and C a rb o n ife ro u s  san d s to n e  e r r a t i c s  abu n d an t; s h a le ,  

f l i n t ,  v e in  q u a r tz  and m isc e lla n e o u s  ig n eo u s and 

m etam orrh ic e r r a t i c s  a l s o  p r e s e n t .



3 0 5

V e g e ta tio n

W eather C o n d itio n s

H o ld ern ess  i s  m ostly  a r a b le ,  la r g e ly  fo r  c e r e a ls  

(b a r le y ,  w h e a t) . T re e s  a re  n o t abundan t, none 

n e a r  th e  p r o f i l e  s i t e .  The im m ediate a r e a  i s  

covered  w ith  a s h o r t  .g ra ss  sw ard, and h as  p ro b ab ly  

n o t been p loughed  f o r  s e v e r a l  y e a rs  p a s t ,  s in c e  th e  

edge o f  th e  c l i f f  i s  b u t 10 m from th e  fen ce  o f  th e  

ch icken  farm , and c o a s ta l  r e c e s s io n  a v e ra g e s  1 .5  m 

a  y e a r  in  t h i s  a r e a .  The p re sen ce  o f  t i l e  d ra in a g e , 

and o f  a  few sm a ll p ie c e s  o f  b r ic k  a t  a  fev/ cms d ep th  

in d ic a te  p a s t  c u l t i v a t i o n .  The upperm ost h o riz o n  

r e p r e s e n ts  th e  p lough l a y e r .

S e v e ra l in c h e s  o f  snow re c o rd e d  a  few days b e fo re  sam pling  

took  p la c e ,  b u t t h i s  had by th e n  m e lte d . The autumn 

was u n u su a lly  d ry , though more norm al r a i n f a l l  had 

fo llow ed  d u rin g  November and December, P r o f i l e  

m o ist th ro u g h o u t.

P r o f i l e  D e s c r in t io n

x'iorizons

IITl/1

0 to  20 cm

Dark g re y is h  brown (lO  YR 4 /2 ) loam; m o tt l in g  a b s e n t .  

S l i g h t ly  s to n y ; su b -a n g u la r  to  rounded g ra v e l  and 

sm all s to n e s ,  m ain ly  f l i n t .  M oderate ly  developed  

medium s u b -a n g u la r  b locky  s t r u c t u r e .  C o n s is ten c e  

when w et: s t i c k y ,  p l a s t i c ;  m o is t: f r i a b l e ;  d ry : h a rd . 

Common f in e  p o re s ; slow to  m oderate p e rm e a b il i ty .  Low 

in t im a te  humus; abundant f in e  f ib ro u s  r o o t s ,  m ostly  

l i v in g ;  much earthworm  a c t i v i t y .  M erging even 

boundary . Sampled a t  10 -  l8  cm.



SOI)

HT 1 /2  Brown (IO YR 5 /3 )  c la y  loam; common d i s t i n c t  f in e

diO to  33 (28 38) cm m o tt le s ,  m ain ly  s tro n g  brown (7 .5  YR 5/ 8) ,  some 
B l \ /g )

l i g h t  y e llo w is h  brown (IO YR 6 /4 ) ,  some m o ttle s  due 

to  r o t t e n  s to n e s .  S l ig h t ly  s to n y ; s u b -a n g u la r  to  

rounded g ra v e l  and sm a ll s to n e s ,  ty p e s  a s  f o r  p a re n t 

m a te r ia l  (e x c e p t c h a lk ) ,  many th o ro u g h ly  r o t t e d .

M odera te ly  developed  c o a rs e  a n g u la r  b lo ck y  s t r u c tu r e

where a f f e c t e d  by earthworm  a c t i v i t y ;  w e ll  developed

p r is m a tic  s t r u c t u r e  on d r i e r  p a r t  o f  c l i f f - f a c e .

C o n s is te n c e  when w et: s t i c k y ,  p l a s t i c ;  m o is t:  f irm ; 

d ry : very  h a rd . Common to  abundan t, f in e  to  medium 

p o re s ;  slow  to  m oderate p e rm e a b il i ty .  Low in t im a te  

humus in  earthworm  c h a n n e ls ; common f in e  f ib ro u s  r o o t s ,  

m ostly  l i v i n g .  C lay s k in s  in  p o re s , r o o t  and worm c h a n n e ls , 

and on many ped f a c e s .  S harp , u n d u la tin g  boundary .

T h ick n ess  v a r ie s  from 8 -  18 cm; sam pled a t  20 -  30 cm.

HT 1 /3  Y e llo w ish  re d  (5  YR 4 /6 )  c la y  loam; common f a i n t  f in e

p5 (28 38) to  71 cm o l iv e  g rey  (5  Y 5 /2 )  m o t t le s ;  few d i s t i n c t  f in e  brown

m o tt le s ,  due to  r o t t e n  s to n e s ;  ped fa c e s  m ain ly  brown 

( 7 .5  YR 5/ 4 ) due to  c la y  s k in s ,  some d a rk  g rey  (5 Y 4 /1 ) 

to  n e u t r a l  g rey  (N 4 /1 ) .  S tony ; g ra v e l and sm all 

s to n e s ,  ty p e s  a s  f o r  p a re n t  m a te r ia l  (e x c e p t c h a lk ) , 

many in  v a r io u s  s ta g e s  o f  d eco m p o sitio n . Weakly 

developed  medium p r is m a tic  to  s t r u c t u r e l e s s ,  becoming 

m o d e ra te ly  developed  c o a rse  a n g u la r  b locky  on d ry in g . 

C o n s is te n c e  when w et: s t i c k y ,  p l a s t i c ;  m o is t: f irm  

(h a rd e r  th a n  H TI/2 ) ;  d ry : very  h a rd . Common to  •

abundan t, v e ry  f in e  to  medium p o re s , few f in e  f i s s u r e s ;  

slow  to  m oderate  p e rm e a b il i ty .  Rev/ f in e  f ib ro u s  r o o ts ,

2tvg
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m o stly  l i v in g ;  r a r e  earthw orm s. M erging boundary . 

T h ick n ess  v a r ie s  from 33 -  43 cm; sam pled a t  46 -  

38 cm.

1TJ1/4 Y ellow ish  re d  (3  YR 4 /6 ) c a lc a re o u s  c la y  loam;

71 140 cm common f a i n t  f in e  o l iv e  g rey  (5 Y 3/ 2) m o t t le s ;  few
G1gca

d i s t i n c t  f in e  brown m o t t le s ,  due to  r o t t e n  s to n e s ,  

v e ry  p rom inen t g rey  (3  GY 3/ 1) c o a t in g s  on s t r u c t u r e  

f a c e s ;  b o th  v e r t i c a l  and h o r iz o n ta l .  A few i r r e g u l a r  

sm a ll (up to  1 cm) l i g h t  r e d d is h  brown (3  YR 6 /4 ) 

n o d u la r  c a rb o n a te  c o n c re t io n s .  B tony; g ra v e l  and 

sm a ll s to n e s ,  ty p e s  a s  f o r  p a re n t m a te r ia l ,  many in  

v a r io u s  s ta g e s  o f  d eco m p o sitio n . Weakly developed  

c o a rse  p r is m a tic  s t r u c t u r e ,  b re a k in g  down in to  

c o a rse  a n g u la r  b locky  s t r u c t u r e  when d ry . C o n s is ten c e  

when w et: s t i c k y ,  p l a s t i c ;  m o is t: v e ry  f irm ; d ry : very  

h a rd . Abundant f in e  p o re s  and f in e  f i s s u r e s ;  slow  to  

m oderate p e rm e a b il i ty .  Rare f in e  f ib ro u s  r o o ts ,  many 

dead; no earthw orm s. M erging boundary . Sampled a t  

84 -  96 cm.

HT 1 /3  D a rk  r e d d i s h  b ro w n  (5  YR 3 / 4 )  c a l c a r e o u s  c l a y  lo a m ;

1 4 0  t o  213  cm few  f a i n t  f i n e  o l i v e  g r e y  (5  Y 3/ 2 ) m o t t l e s ;  p r o m in e n t

grey  (3 CY 3/ 1/ c o a t in g s  on s t r u c t u r e  f a c e s .  . No 

c o n c re t io n s .  D tony; g ra v e l  and sm all s to n e s ,  ty p e s  a s  

fo r  p a re n t m a te r ia l ,  some s l i g h t l y  r o t t e n .  Weakly 

developed  c o a rse  p r is m a tic  s t r u c t u r e ,  b re a k in g  down in to  

medium to  c o a rse  a n g u la r  b lo ck y  s t r u c t u r e  when d ry . 

C o n s is ten c e  when w et: s t i c k y ,  p l a s t i c ;  m o is t :  f irm ; 

d ry : h a rd . Few f in e  p o re s  and f i s s u r e s ;  slow 

p e rm e a b il i ty .  R oots a b s e n t .  M erging boundary .

C a m p le d  a t  19O -  2 0 2  cm.

C2
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HT 1 /6  Dark re d d is h  brown (3 YR 3 /4 )  c a lc a re o u s  c la y  loam;

213 cm + m o ttl in g  a b s e n t;  s to n y ; g ra v e l  and sm a ll s to n e s ,
C3

ty p e s  a s  f o r  p a re n t m a te r ia l .  Weakly developed

c o a rse  p r is m a tic  s t r u c t u r e ,  b re a k in g  do’/m in to

medium to  c o a rse  a n g u la r  b locky  s t r u c t u r e  when d ry .

C o n s is te n c e  when w et: s t i c k y ,  p l a s t i c ;  m o is t: f irm ;

d ry : h a rd . R are f in e  p o re s  and f i s s u r e s ;  slow

p e rm e a b il i ty .  R oots a b s e n t.  Sampled a t  244 -  270 cm.

RT1 U nox id ised  P u rp le  T i l l .  Dark brown (7 .3  YR 3/ 2)

(HT1/ 7) c a lc a re o u s  c la y  loam ; m o t t l in g  a b s e n t;  s to n y ; g ra v e l
3 m +

and sm a ll s to n e s ,  ty p e s  a s  f o r  p a re n t m a te r ia l .  Almost 

s t r u c t u r e l e s s .  C o n s is te n c e  when w et: s t i c k y ,  p l a s t i c ; ■ 

m o is t: f irm ; d ry : h a rd . R are f in e  f i s s u r e s ;  very  

slow  p e rm e a b il i ty .  R oots a b s e n t .  Sampled a t  8 m. 

D ra in ag e  o f  P r o f i l e : im p e r fe c t ly  to  p o o rly  d ra in e d  s o i l ,  w ith  im pedance due

t o  h e a v y  t e x t u r e d  s u b - s u r f a c e  h o r i z o n s .  D r a in a g e  

a i d e d  b y  p r o m in e n t  v e r t i c a l  f i s s u r e s .

HT1/8  Dark g rey  (3 Y 4 / l )  c a lc a re o u s  c la y  loam ; m a te r ia l

130 cm l i n i n g  a  p rom inan t v e r t i c a l  f i s s u r e ,  10 m n o r th  o f

p r o f i l e  on c l i f f - f a c e .  S l ig h t ly  s to n y ; g ra v e l  and 

sm all s to n e s ,  ty p e s  a s  f o r  p a re n t m a te r ia l .  Medium 

p la ty  s t r u c t u r e .  R eddish  brown (3 YR 4 /4 )  i n t e r i o r s  

to  some o f  th e  l a r g e r  p la ty  p eds.

HT 1 /9  R eddish  brown (3 YR 4 /4 )  c a lc a re o u s  c la y  loam;

m a te r ia l  from i n t e r i o r  o f  l a r g e  p r is m a tic  ped 

a d ja c e n t to  HTI/8 . O th e r d e t a i l s  a s  f o r  HTI/3 .



TABLE 2.3
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TUNSTALL PRO FILE: MISCELLANEOUS ANALYSES

S a m p le pH
C a lc iu m

C a r b o n a te
(%)

O r g a n ic
C a rb o n

B u lk  D e n s i t y  
o f  S o i l  
( g / c c )

B u lk  D e n s i t y  
o f  A n a ly s e d  

M a t e r i a l  ( g / c c )

HT1/1 7 .8 4 0 .5 1 .7 9 1.77 1.71

HT 1 /2 7 .6 4 0 .0 0 .6 4 1 .80 1 .78

H Tl/3 8 .0 2 0 .1 0 .5 8 1 .9 0 1 .8 6

HT 1 /4 8 .4 6 8 .7 N .D , 1 .99 1 .7 6

H Tl/5 8 .2 6 8 .2 N .D . 1 .99 1 .72

HT1/6 8 .2 0 8 .2 N .D . 1 .99 1 , 7 2 .

PTI N .D . 9 .5 N .D . N .D . N .D .

HTI/8 N.D_ 11 .6 N.D. N .D . N .D .

HT1/9 N.D, 8 .1 N. D = N .D . N .D .
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TABLE Z 4- TUNSTALL PROFILE: PARTICLE S IZ E  AiLVLYSES {% v / t . )

0  range NT 1/1 H Tl/2 H Tl/5 HT 1/4 H Ti/5 H Tl/6 FTi HTl/8 HT 1 /9

- 1 /0 1 .2 0 .4 0 .8 1 .5 2 .3 2 .6 2 .0 2 .2 2.1
0 /1 2 .9 1 .0 1 .0 1 .6 2 .2 2 .4 2 .2 2 .6 2 .0
1 /2 8 .8 3 .8 2 .8 2 .9 3 .5 3 .6 3 .3 3 .5 3 .3
a /3 13 .6 10 .7 8 .6 8 .5 8 .1 8 .1 7 .3 7 .9 8 .1
3 /4 12 .4 11 .7 9 .8 9 .0 9 .6  ■ 8 .9 8 .6 9 .4 9 .0
4 /5 1 5 .6 12.1 10.5 8 .4 10 .0 8 .8 ; 8*6 10.1 10.1
3 /6 1 1 .8 1 0 .8 9 .2 8 .5 9 .3 8 .9 8 .6 9 .2 9 .8
6 /7 6 .5 7 .6 7 .6 9 .3 9 .0 8 .9 8 .6 8 .4 9 .2
7 /8 4 .9 5 .7 7 .1 8 .9 8 .8 9.1 8 .6 8 .1 8 .4
8 /9  . 4 .1 4 .6 6 .4 7 .7 7 .4 8 .3 8 .7 7 .9 8 .2
9 /12 6 .2 1 0 .5 1 3 .3 14 .5 13 .8 1 4 .2 ) 33 .5 12 .9 13 .3

< 12 l 4 .0 21.1 2 2 .9 19 .2 16 .0 1 6 .2 ) 17 .8 16 .5

’ABLE 15" TUNSTALL PROFILE: PARTICLE S In E  SEPARATES (% w t . )

Aim HTI/1 HT 1 /2 HTI/ 3 HT1/4 HT 1 /5 HT 1 /6 PTI HT1 /8 HT1 /9

250-2000 1 2 .9 5 .2 4 .6 6 .0 8 .0 8 .6 7 .5 8 .3 7 .4
5 3 - 250 2 9 .4 2 5 .4 2 1 .3 19 .7 20.1 1 9 .3 18 .0 19 .7 19 .6
20 - 53 1 9 .0 1 7 .4 14 .4 12 .6 14,4 13 .2 13 .0 1 4 .8 14 .9

5 -  20 13 .2 14 .5 15.4 18 .0 18.1 17 .9 17 .2 1 6 .7 1 8 .0
2 - 5 5 .3 5 .9 8 .1 10 .0 9 .6 1 0 .6 10 .8 9 .8 1 0 .3

0 . 25-2 6 .2 1 0 .5 13 .3 14.5 13 .8 1 4 .2 } 3 3 .5 1 2 .9 13 .3
< 0 .2 5 l4 .o 21.1 2 2 .9 19.2 1 6 .0 16 .0 ) 17 .8 16 .5

TABLE 1 6 TUNSTALL PROFILE: FIN E CL.^i/TOTAiL CLAY RATIO

HT 1 /1 HT1 /2 'r ïn /3
— --- -------

HT1 /4 HTI/5 HT1 /6 ! P T i
7-------- ---------

HTl/ 8
1
1 H T 1 /9  
( -

0 .6 9 0 .6 7 0 .6 3 0 .5 7 0 .5 4 1 0 .5 3 1 N .D . 0 .5 8 0 .5 5

TABLE 1 7  TUNSTALL PROFILE: TEXTURE CLASS

H T I /I HT 1 /2 HTI/3 HT 1 /4 H T I/5 HT1 /6 M l H T l/8 HT-1 /9

Loam

.

C la y
Loam

C la y
Loam

C la y
Loam

C la y
Loam

C la y
Loam

C la y
noara

C la y
Loam

C la y
Loam
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TABLE TUNSTALL PROFILE : PARTICLE SIZE DISTRIBUTION (CLAY-FREE BASIS)
(w e ig h t fj)

0  range HT i / l ^ 1 /2 BT 1 /3 NT 1 /4 BT 1 /3 BT 1 /6 PT 1

- 1 /0 i «3 O06 1 .2 2 .3 3 .3 3 .7 3 .0

0/1 3 .6 1c3 1 .6 2 .4 3.1 3 «4 . 3 .3

i / 2 1 1 .0 3 .6 4-c4- 4 .4 . 5 .0 3 .2 3 . 0 .

2 /3 1 7 .0 l5 .6 1 3 .3 1 2 .8 1 1 .3 1 1 .6 11.1

3/ 4. 1 3 .3 17.1 15-4- 1 3 .6 1 3 .7 - 1 2 .8 12 .9

4 /3 1 7 .0 1 7 .7 16 .5 1 2 .7 1 4 .2 1 2 .7 1 2 .9

3 /6 l4 o 8 1 3 .8 14-.4 1 2 .8 1 3 .2 1 2 .8 1 2 .9

6 /7 3 .2 11.1 1 1 .9 1 4 .0 12 .9 1 2 .8 1 2 .9

7 /8 6 .2 8 .3 11.1 1 3 .4 1 2 .6 13.1 1 2 .9

3 /9 3 .2 6 .7 1 0 .0 1 1 .6 1 0 .5 ,1 1 .9 13.1



TABLjij Z 9_______ TUNSTALL PROFILE: D e ta i le d  P a r t i c l e  S iz e  A n a ly s is  o f

Band F ra c t io n s  by Dry S ie v in g  a t  j: /  I n te r v a l s  (% w t.)

9 1 no 1 w

yCm HT1/1 HT1 /2 HTI/3 HT1 /4 HTI/5 HT1 /6 PTI HTI/8 HT1 /9

1680-2000 0 .7 0 .2 . 1 .4 1 .9 2 .5 2 .8 2 .9 2 .1 2 .9
1400- 1680 0 ,6 0 .4 0 .8 1 .6 2 .5 2 .9 1 .9 2 .6 2 .2
1200-1400 0 .7 0 .2 0 .7 1 .3 2 .0 2 .1 1 .9 1 .9 1 .7
1000-1200 0 .8 0 .4 0 .7 1 .2 1 .8 2 .0 1 .9 1 .8 1 .3

850-1000 1 .0 0 .4 0 .8 1 .3 1 .8 2 .0 2 .2 2 .3 1 .7
710-  850 1 .6 0 .8 1 .0 1 .7 2 .1 2 .4 2 .5 2 .7 2 .1
600-  710 2 .3 1 .3 1 .3 2 .0 2 .6 2 .7 2 .9 3 .0 2 .4
500-  600 2 .0 1 .0 1 .0 1 .3 1 .7 1 .9 1 .9 1 .8 1 .6
420- 500 5 .4 2 .8 2 .5 2 .5 3 .2  , 3 .3 3 .3 3 .2 3 .0

333- 420 3 .3 2 .8 2 .3 2 .5 2 .9 3 .0 3 .1 3 .0 2 .9
300-  353 4 .6 2 .9 2 .5 2 .5 2 .7 2 .9 2 .9 2 .7 2 .8
250-  300 6 .6 4 .9 4.5 4 .4 4 .4 4 .3 4 .2 4 .2 4 .3
210-  250 7 .9 7 .7 7 .0 7 .0 6 ,6 6 .4 6 .5 6 .2 6 .4
180-  210 6 .2 7 .3 7 .1 7 .0 6 .3 6 .2 6 .0 6 .2 6 .4

150-  180 11.8 13 .6 12 .7 12.1 10.5 10.1 9 .7 10 .0 10 .0

1 2 5 -1 5 0 7 .6 8 .8 8 .9 8 .3 7 .4 7 .5 7 .9 7 .3 8 .8

105-  125 9.1 10.1 10 .3 10 .4 9 .7 9.1 9 .3 9 .6 10 .6

90 - 105 6 .7 8 .4 8 .4 7 .8 6 .6 6 .7 7 .0 6 .9 6 .8

7 3 - 90 9 .8 13 .3 13 .0 12 .4 11 .9 11 .6 12.1 11.6 11 .5
63-  75 9.1 12 .3 12 .7  jlO .8

1
10.8 10.1 9 .7 10 .9 1 0 .6



TABLE 3 0  STONES; SIZE FRACTIONATION ( /  w t. o f  t o t a l  sam ple)

3 1 3

S iz e  F ra c t io n  
(mm) HT 1/1 HT57

(=H Tl/2)
HT58

(=HTl/3)
HT59
(=H Tl/5) PT9 DT18 ET56

> 25 N.D. 0 .2 0 .2 0 .6
1 6 - 2 5 N . D . 0 .2 0 .3 0 .7 0 .9 1 .2 0 .5

6 -  16 N.D. 0 .2 0 .8 1 .8 1 .6 1 .8 1 .3
2 -  6 N.D. 0 .8 1 .0 2 .7 2 .7 2 .7 2 .1

T o ta l  P 2 ram 3 .3 1 .2 2 .3 5 .2 5 .4 6 .5 3 .9

TABLE 3 / STONES: LITHOLOGICAL FRACTIONATION w t. o f  t o t a l  s to n e s )

HTI/1 HT57 HT58 HT59 PT9 DT18 HT56

S andstone 3 0 .6 4 2 .7 6 4 .6 3 9 .8 2 7 .5 3 7 .6 2 2 .2
F l i n t ,  C h ert 12 .0 0 .9 2 .7 1 .5 1 .8 4 .0 9 .9
V ein Q u a rtz ; 
Q u a r tz i te 34.1 3 .3 2 .3 2 .1 0 .7 4 .2 4 .9
Ig n eo u s  ; 11 .0 13 .8 22 .6 14.1 9 .0 1 3 .6 10 .9M etam orphic
S h a le ,  S i l t s t o n e 0 .3 1.1 3 .4 16 .2 2 6 .0 3 .7 4 .1
I ro n s to n e 2 .5 6 .5 2 .7 0 .9 0*5 0 .7 1 .4
SecomltLf j  X-tot\
O xide C o n c re tio n s 2 .3 3 1 .4 1 .6 - - - -

C oal 0 .5 0 .1 0 .1 0 .3 0 .6 0 .6 0 .1
C halk 3.1 - - 6 .8 5 .0 9 .3 3 3 .8
L im esto n es  o th e r

15 .9 28 .8 2 4 .2 12 .8th a n  C halk
S econdary
C arbonate — - - 2 .5 ■ — -
C o n c re tio n s
" C lin k e r" 3 .6 - - - - - -



TABLE 3 2 STONES; R e l a t i v e  P r o p o r t i o n s  o f  E a c h  L i t h o l o g i c a l

T y p e  C o m p ared  w i t h  t h e  A m o u n ts  P r e s e n t  i n  t h e

C a l c a r e o u s  T i l l ,  HT59

314

HTI/1 HT57 HT58 KT59

S a n d s t o n e s 1 9 .4 9 .9 2 8 .6 3 9 .8

F l i n t , C h e r t 7 .6 0 . 2 1 . 2 1 .3

V e in  Q u a r t z ,  Q u a r t z i t e 2 1 .6 0 .8 1 .0 2 .1

I g n e o u s ,  M e ta m o rp h ic 7 .0 3 .2 1 0 .0 l 4 . 1

S h a l e ,  S i l t s t o n e 0 . 2 0 . 3 1 .3 16 .2

I r o n s t o n e s 1 . 6 1 .5 1 . 2 0 . 9

S e c o n d a r y  I r o n  O x id e  
C o n c r e t i o n s 1 .5 7 .3 0 .7 -

C o a l 0 .3 < 0 .1 < 0 .1 0 .3

C h a lk 2 . 0 - - 6 .8

L i m e s t o n e s  o t h e r  t h a n  
C h a lk

- - - 1 3 .9

S e c o n d a r y  C a r b o n a t e  
C o n c r e t i o n s

- - - 2 .5

" C l i n k e r " 2 .3 - - -

T o t a l 6 3 .3
1 ..... .......

2 3 .2 4 4 .2 1 0 0 .0
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TABLE 3 3 TUNSTALL PROFILE: COARSE SAND FRACTIONS: LITHCLGGY

(/b w t.)

(a )  250 -  50c

H TI/I H TI/2 h t i/ 3 HTi/4 H Tl/5 H Tl/6

Q u a rtz /S a n d s to n e N.D. N.D. 92 N.D. N.D. 66
S h a le /S i l t s t o n e N.D. N.D. 2 N.D. N.D. 29
I r o n s to n e / I r o n  C o n c re tio n s N.D. N.D. 6 N.D. N.D.
C oal N.D. N.D. — N.D. N.D. 1
Igneous/M etarao rph ic N.D. N.D. - N.D. N.D. —
L im estone N.D. N.D. - N.D. N.D. 4

(b ) 500 -  1000 m

HT1/ I HTI/2 HTI/3 HTl/4 h t i / 5 HTl/ 6

Q u a rts /S a n d s to n e 92 93 79 63 64 33
S h a le /S i l t s t o n e - 1 4 22 28 30 ■
I r o n s to n e / I r o n  C o n c re tio n s 7 3 13 1 1 1
C oal 1 - 1 1 2 3
I  gn e ou s /  e t  amo rph  i  c - 1 1 3 2 4
L im estone - - - 3 3 3
S econdary  C arbonate  
C o n c re tio n s - - 3 - -

(c )  1000 -  2000 .m

HTI/1 HTI/2 1 HT 1 /3 HT 1/4 HT 1 /5 H Tl/6

Q u a rts /S a n d s to n e N.D. N.D. 38 N.D. N.D. 43
o h a l e /S i l t s t o n e N.D. N.D. 3 N.D. N.D. 43
I r o n s to n e / I r o n  C o n c re tio n s i'l. D. N.D. 32 N.D. N.D. -
C oal N.D. N.D. - N.D. N.D. -
Ig n e ous/ metam orph ic N.D. N.D. 7 N.D, N.D. 3
L im estone N.D. N.D. - N.D. ■ N.D. 7



TABLI TUNSTALL PROFILE: 53 -  250 /jsn FRACTION: HEAVY

MINERAL ANALYSES

3 !

HTl/1 HTI/2 H TI/5 H Tl/4 HT1/5 HTl/ 6 PTI

% Heavy M in e ra ls ,
> 2 .9  S.G .

%o Opaque M in e ra ls  
‘}oo Non-Opaque M in e ra ls

1 .15

654
546

0 .5 5

608
392

0 .4 9

622
378

0 .6 9

627
373

0 .7 5

496
504

0.91

534
466

2.20

445
333

TABLE 3 S  OPAQUE MINERALS (a s o f t o t a l  opaque heavy m in e ra ls )

HT 1/1 HTI/ 2 HT1 /5 H Tl/4 HT 1 /5 HTl/ 6 PTI

L im o n ite 476 465 332 517 459 437 487
H aem atite 250 138 182 239 264 305 212
I lm e n ite /M a g n e t i te 161 154 151 129 170 168 71
Leucoxene 115 244 133 95 107 90 44
P y r i t e - - - - - 186

TABLE 3  6 LIGHT MINERALS (< 2 ,9  S .G . )  ( a s  o f  t o t a l  l i g h t  m in e ra ls )

HT 1 /1 HTI/ 2 HT1 /5 H T l/4 HTI/ 5 H T l/6 PTi

Q u a r t z 913 873 824 770 820 806 N .D .
F l i n t . 14 8 17 30 30 29 N .D .
O r t h o c l a s e 43 74 71 76 34 31 N .D .
M i c r o c l i n e 7 11 17 19 10 1 4  . N .D .
S o d ic  P l a g i o c l a s e l 4 19 37 3 7 21 2 2 N.D.
C a l c i c  P l a g i o c l a s e 4 3 3 12 6 11 N .D .
M u s c o v i t e - 3 26 33 4 i 4 6 N .D .
O p a l i n e  S i l i c a - - - 7 6 11 N.D.
C o a l 4 6 6 l 4 12 13 N .D .
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TABLE 3 r  TUNoTALL PROFILE: 53 -  230 /ùn FRACTION: NON-OPAQUE

IIEATZ MINERALS (Q o f  t o t a l  N o n -O p a q u e  H eav y  M i n e r a l s )

HT1/1 H Tl/2 H TI/5 H Tl/4 HTI/5 HTl/ 6 PTI

G arn e t ( c l e a r ) 217 250 148 120 72 74 12
G arn e t (p in k ) 94 47 31 38 7 8 2
E p id o te 112 131 58 48 29 26 6

Z o i s i t e / C l in o z o i s i t e 19 34 16 12 8 10 1
Z irc o n 110 1l8 71 78 4 i 44 11
R u t i le  (brown) 13 12 7 . 15 6 3 3
R u t i le  (y e llo w ) 45 34 33 28 18 7 2

R u t i le  ( re d ) 21 19 18 13 7 4 1

A natase 11 9 7 7 4 1 1
B ro o k ite 3 3 - 3 2 4 1

T ourm aline (b row n /yellow ) 40 44 33 25 11 13 3
T ourm aline  (b ro w n /g reen ) 4o 37 30 30 20 21 7
T ourm aline  (b lu e ;  c l e a r ) 8 6 2 ■ — 3 2 1

A ug ite 124 154 148 170 85 '  87 23
H ypersthene 37 16 12 10 - - 1

H ornblende ( dark  g reen ) 45 65 27 18 13 13 8

H ornblende (p a le  g reen ) 11 12 2 7 3 6 1

H ornblende (brown) 3 6 2 3 1 1 1

S t a u r o l i t e - 3 3 - 1 1 -

K y an ite 3 - 2 - 1 2 1

A p a ti te - - 93 70 66 86 37

C ello p h an e - - 2 12 13 11 12

C h lo r i te /C h a m o s ite  (g reen ) 19 22 61 93 187 174 136

C ham osite (brown) 8 6 l4 o 122 46 38 62

B i o t i t e 13 12 30 72 334 542 321

S i d e r i t e -
' ..

- - - 346
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TUNSTALL PROFILE: 20 -  53 /m  FRACTION: HEAVY

MINERALS ( w t ,  %)

i H T1/1
i

H T l/2 H T 1 /5 H Tl/4 H T 1/5 H Tl/6 PT1

/u H e a v y  M i n e r a l s 1 1 .1 8
1

0 .6 l 0 .5 3 0 .7 9 1 .08 1 .3 0 2 .8 0

TABLE 3 9 TUNSTALL PRO FILE: 2 0  -  5 3  gm FRACTION: NON-OPAQUE HEAVY

MINERALS ( ^ a o f  t o t a l  N o n -O p a q u e  H eav y  M i n e r a l s )

HTl/1 H Tl/2 HT 1 /3 H Tl/4 HTl/5 H Tl/6 PT1

G arn e t 103 83 92 63 39 36 19
E p id o te 133 179 120 119 92 82 100
Z o i s i t e / C l i n o z o i s i t e 4 13 6 7 8 9 7
Z irc o n 240 323 220 243 154 124 92 ■

R u t i le  (brown) 12 13 9 2 10 5 4
R u t i le  (y e llo w ) 103 87 71 36 4 i 25 12
R u t i le  ( re d ) 4 8 6 3 2 2 1
A natase 12 21 18 17 16 11 7
B ro o k ite - - - - - - 2
T ourm aline 99 63 74 31 27 39 8
A u g ite 130 83 71 61 33 34 9
H ypersthene 4 - - - - -
H ornblende 32 33 25 17 16 16 27
S t a u t o l i t e - - - 2 2 2 3
K y an ite 12 8 3 2 2 2 1
A p a ti te 24 13 132 94 74 38 24
C ellophane 8 8 3 2 4 3 -  ,

C h lo r i te /C h a m o s ite 44 42 86 143 274 323 389
B i o t i t e 36 21 64 1 l4 204 225 143
S i d e r i t e 132
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TABLE fo  TUNSTALL PROFILE : 53 -250 / ljîi FRACTION, "RESISTANT" NON-OPAQUI

HEAVY MU'ÎSRALS ( /u )

0-p•H 0w W q 00 ■H •H 0 qH 0 0 O 1 0 -p q 0 wO -P -P N -P 0 0 •H o X qrO Q -H O
G I

H d ft G s q'H rd CO d •H -P O ftA •H *H•H -P cd o •H -p
ft O H d O d q ft Opq N Ü 54 ft pq

HT 1/1 62 137 324 92 97 115 i 68 5

HT l / 2 87 172 288 91 80 123 156 3

HT i / 3 46 iiO 266 129 99 105 238 7

HT i / 4 48 95 250 87 111 124 285 0

HT i / 5 51 112 238 102 111 124 256 6

rzD i / 6 6i 109 249 IIO 64 134 264 9

PT i i i o 81 163 i2 8 93 128 279 12

TABLE 41 TUNSTALL PROFILE ; 2 0 - 5 :^  m FRACTION, "RESISTANT" NON-OPAQUE

0 
0 
1—1
0

•H

1

0-P•H
00

•H
0  0  04J> 40 f-
q  -H q  

'd  00 q
•H "H 'H
cq 0 ft ft ft 0

-p

g
d
cd

•H

10
[4

0
0 -P 

0  0 -Hft q ft 'H -P 0

a  9  a

§
q  ■

•Hft
q
N0

4

0q

c

HT i / i 36 154 116 11 2 147 270 l5 i 14

HT i / 2 36 209 91 69 141 354 91 . 9

HT i / 3 35 176 129 104 146 307 99 4

HT i / 4 26 195 lOi 79 124 375 94 6

HT i / 5 36 : 225 . 88 6i ■ 155 347 79 9

HT i / 6 41 235 93 lOi 111 321 88 10

PT i 93 366 65 27 89 315 , 31 14
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TABLE 42- TUNSTaLL PROFILE: X-RAY DET'ERMINATIONS OF LAYER

SILICATE MINERALS (a s  % o f  t o t a l  la y e r  s i l i c a t e s )

(a )  < 0 .2 5  /(m

Mica* K a o l in i te C h lo r i te V e rm ic u lite S m e c tite

HT1/1 19 23 4 42 12
H TI/2 19 22 4 41 l4
HTI/ 3 25 13 2 45 13
HTI/ 4 27 12 2 43 16
HTI/5 36 11 2 37 14
HTl/ 6 37 10 2 36 15
HTI/ 8 31 11 1 4 l 16
HT1 /9 30 11 2 38 19

(b ) 0 .2 5  -  2 m

Mica* K a o l in i te C h lo r i te V e rm ic u lite S m e c tite

HTI/1 28 42 4 25 1
HT1 /2 21 30 5 22 2
HTI/ 5 28 28 3 33 8
HT 1 /4 29 29 4 26 12
HT1/5 37 26 4 19 l4
HT 1 /6 36 24 4 21 15

(c )  2 - 5

Mica* K a o lin i te C h lo r i te V e rm ic u lite S m e c tite

HT1/1 34 26 4 28 8 .
HT 1 /2 32 37 4 22 3
HTI/ 3 32 24 3 27 l4
HT 1 /4 36 29 4 21 10
HT 1 /5 36 33 5 11
HT1/6 35 33 3 13 10

(d) ^ - 20 /im

Mica* K a o l in i te C h lo r i te V e rm ic u lite S m e c tite

HTI/1 25 33 9 22 11
HTI/ 2 30 38 9 15 8
HT 1 /5 29 32 7 . 12 20
H Tl/4 38 32 6 8 16
H Tl/5 40 33 7 11 9
HTl/ 6 40 31 7 12

L..... .. .  _____________  ...
10

M ica p e rc e n ta g e  from po tass ium  d e te rm in a tio n .
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TABLE 4 3 TUNSTALL PROFILE: CHEMICAL DETERMINATIONS (w t. / )

HT 1/1 HTI/2 HTI/3 H Tl/4 HTl/ 5  HTl/6 HTI/8 HTI/ 9

Amorphous S i l i c a
< 0 .2 5  /.cm 2 .9 2 .1 1 .6 1 .7 1 .3 1 .5 N.D. N.D.
0 .2 5  -  2 /ira 1 .6 0 .9 0 .8 0 .8 0 .7 0 .6 N.D. N.D.
2 - 5  /cm 0 .4 0 .4 0 .4 0 .4 0 .4 0.-5 N.D. N.D.

Amorphous A lum ina
< 0 .2 5  /&ra 2 .1 2 .2 1 .8 1 .2 0 .9 0 .8 N.D. N.D.
0 .2 5  -  2 /era 0 .6 0 .5 0 .5 0 .4 0 .5 0 .4 N.D. N.D.
2 - 5  /Cm 0.1 0 .1 0 .1 0 .1 0 .1 0 .1 N.D. N.D.

"F re e "  I r o n  O xides
(a s  16283)
< 0 .2 5  /i-ra 10 .4 8 .9 8 .4 7 .7 7 .9 7 .6 N.D. N.D.
0 .2 5  -  2 /an 3 .6 3 .3 4 .0 4 .0 4 .4 4 .4 N.D. N.D.
2 - 5  /Wm 2 .2 1 .9 2 .3 2 .3 2 .5 2 .4 N.D. N.D.
< 2 mm 2 .4 2 .8 3 .6 3 .4 3 .0 3 .0 2 .0 3 .0

Mica
< 0 .2 5  /ü,ra 16,1 16 .3 2 2 .3 2 4 .3 32 .3 33 .2 30 .5 29 .9
0 .2 5  -  2 pM 21 .3 16.1 22.1 2 3 .7 50 .2 29.0 N.D. N.D.
2 - 5  /“Cm 16 .7 16.1 20.1 2 2 .7 2 4 .0 2 2 .7 N.D. N.D.
5 -  20 /era 5 .8 7 .8 12 ,4 1 6 .3 17 .2 17.5 N.D. N.D.
20 -  53 ,/Ura 2 .1 2 .5 5 .1 5 .5 6 .5 6 .2 N.D. N.D.
53 -  250 /%m 0 .4 0 .6 3 .2 2 .4 3 .0 4 .8 N.D. N.D.

Q u artz  
< 0 .2 5  ,um N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
0 .2 5  -  2 ,ura 11.5 12.8 9 .7 9.1 8 .5 8 .6 N.D. N.D.
2 -  5 36.5 3 6 .2 25.5 2 5 .6 25.2 2 4 .0 N.D. N.D.
5 - 2 0  /cm 5 6 .7 55.2 4 2 .5 4 1 .7 4 1 .5 4 1 .9 N.D. N.D.
20 -  53 /cm 7 4 .2 73 .4 65.3 6 4 .4 64 .4 6 4 .4 N.D. N.D.
53 -  250 /era 85.1 85.1 80.8 79 .6 7 9 .8 79.8 N.D. N.D.

K -  F e ld s n a r
< 0 .2 5  ,ura N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
0 .2 5  -  2 #ra 3 .4 2 .3 2 .2 2 .2 1.9 2 .3 N.D. N.D.
2 - 5  /c m 5 .4 5 .0 3 .6 3 .5 3 .5 3 .2 N.D. N.D.
5 - 2 0  .ftra 8 .6 7 .5 5 .7 5 .6 5 .7 4 .9 N.D. N.D.
20 -  53 .(era 8 .8 8 .5 7 .7 7 .7 7 .2 7 .6 N.D. N.D.
53 -  2 5 0 /%ra 6 .7 6 .7 6 .6 6 .7 6 .7 6 .8 N.D. N.D.

Na -  F e ld s p a r
< 0 . 25 Am N.D. N.D. N.D, N.D. N.D. N.D. N.D. N.D.
0 .2 5  -  2 /era 2 .6 2 .1 2 .3 2 .1 2 .4 2 .4 N.D. N.D.
2 -  5 /era 6 .0 5<2 4 .2 4 .4 4 .2 4 .1 N.D. N.D.
5 -  20 /era 10 .9 10.5 8 .8 8 .5 8 .9 8 .8 N.D. N.D.
20 -  53 Am 9 .9 9 .8 9 .9 9 .8 10.4 10.0 N.D. N.D.
53 -  250 Am 4 .7 4 .7 5 .1 5 .2 4 .9 4 .9 N.D. N.D.

C a - F e ld s p a r  
< 0 .2 5  /era N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
0 .2 5  -  2 Am 0 .1 0 .1 0 .1 0 .1 0 .2 0 .2 N.D. N.D,
2 -  5 /cm 0 .6 0 .5 0 .4 0 .4 0 .4 0 .4 , N.D. N.D.
5 -  20 Am 0 .8 0 .7 0 .6 0 .6 0 .6 0 .6 N.D. N.D.
20 -  53 Am 0 .5 0 .5 0 .3 0 .3 0 .3 0 .3 N.D. N.D. :
53 -  2 5 0 /Am . 0 .3 0 .3 0 .3 0 .4 0 .5 0 .3 N.D. N.D.
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TABLE 4-3 (C o n t.)  TUNSTZLL PROFILE: CHEÎ4ICAL DETERMINATIONS (w t. %)

HT1/1 HTI/ 2 HT1 /5 HT1 /4 HT1 /5 HTl/ 6 HTI/8 HT1 /9

Q u artz  + F e ld s u a r
(N a - B is u lp h a te  R esidue)

8 9 .9 9 7 .0 8 8 .7 8 8 .0 7 6 .6 8 2 .0 N.D. N.D.250 -  200 0 /era

KTI/I HT 1 /3 HT1 /8 HT1 /9 FT1

T o ta l  I r o n  a s  % 
L'eRO^

< 2 mm 3 .6 3 5 .4 6 4 .2 5 5 .3 2 5 .2 4
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TABLE TUNSTALL PROFILE: MINERALOGY OF FINE AND COARSE CLAYS (^ )

< 0 .2 5  /.cm HTl/1 : H TI/2 HT 1 /3  ' HTi / 4 HTl/ 6 H Tl/7

K a o l in i te 20 19 11 11 10 9
C h lo r i te 4 4 1 2 2 1
V e rm ic u lite 35 36 40 38 34 33
S m e c tite 10 12 14 14 12 l4
M ica 16 16 22 24 32 33
Amorphous S i l i c a 3 2 2 2 1 1
Amorphous Alumina 2 2 2 1 1 1
"F re e  I ro n " 10 9 8 8 8 8
L e p id o c ro c i te ** *** - - -
G o e th ite * * ** * * * *

0 .2 5  -  2 /hn HTI/1 HT1 /2 ET1 /3 H T l/4 HTl/ 6 HT1 /7

K a o l in i te 32 39 23 23 21 19
C h lo r i te 3 4 2 3 3 3
V e rm ic u lite 19 17 27 21 16 17
S m e c tite 1 2 6 10 11 13
M ica 21 16 22 24 30 29
K -  F e ld s p a r 3 2 2 2 2 2
Na -  F e ld s p a r 3 2 2 2 2 2
Ca -  F e ld s p a r - - - - - -
Q u a rtz 11 13 10 9 9 9
Amorphous S i l i c a 2 1 1 1 1 1
Amorphous Alumina 1 1 1 1 1 1
"F ree  I ro n " 4 3 4 4 4 4
L e p id ro c ro c i te * *** - - - -
G o e th i te * * ** ** * * ♦

E s tim a te  o f  abundance, in  a scen d in g  o rd e r ,  b ased  on r e l a t i v e  
h e ig h ts  o f  6 .2 7  ^ and 4 ,1 8  X p eak s .
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TABLE 4-5" TUNSTALL PROFILE: MINERALOGY OF FINE AND MEDIUM SILTS ( / )

2 -5  NT l / i  i / 2  NT i / 5  NT l / 4  NT i / 5  NT l / 6

K a o l i n i t e 13 19 15 19 22 23

C h l o r i t e 1 2 2 3 3 3

V e r iT i ic u l i t e 14 11 18 11 10 10

S m e c t i t e 4 3 9 8 7 . 7

I lie  a 17 l 6 20 23 . 24 23

K - f e l s p a r 5 5 4 4 4  . 3

N a - f  e l s p t a r 6 5 4 4 4 4

G a - f e l s p a r 1 1 - - -

Q uartz 37 36 26 26 23 24

" F r e e  i r o n " 2 2 2 2 3 3

L e p id o c ro c i te - ** - - - -

G o e t h i t e * * * * * - -

5 -20 /tern

K a o l i n i t e 8 10 14 14 • 14 14

C h l o r i t e 2 2 3 3 3 3

V e r m i c u l i t e 5 4 5 4 5 5

"S m ec tite " 2 2 8 6 4  . 4

h i e  a 6 <-■ 1-' l6 17 17

i ^ f e l s p a i - 3 u 6 6 6 5

N a - f e ls p a r 11 10 9 8 9 , 9

C a - f  e l s p a i ' 1 1 1 1 1 1

Q u a r tz 57 55 42 42, 41 42

" F r e e  i r o n " N.D. N.D. N.D. L ,D. N.D. . N.D.

L e p i d o c r o c i t e - * - -  ■ - -

G o e t h i t e - * * - - -  '
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TA3L3 TUX’STALL PROFILE ; MIMERALO01 OP COAPSE SILTS AND FINE 3 Aims

20-53,'^^ in? i / i m  l / 2 HT l / 3 in? i / 4 HT l / 3 NT i / 6 '

M ica 2 2 5 3 7 6

K -f e lsp a i- 9 9 8 8 7 8

XTa-f e l s p a r 10 10 10 10 10 IQ

C a -fe lsp a a ’ 1 1 - - - —

i u a r t z 74 73 63 63 63 63

”? re e  i r o n " x:.D. N.D. R.D. N.B. N.B. N.B.
*

Rem ainder 4 3 12 12 11 11

53-230/^m

Mica - - 3 2 3 3

R - f e ls p a r 7 7 7 7 7 7

i .a - f  e l s p a r 3 3 3 3 3 3

C a -f  e l s p a r - - - - - —

^uai'ts 33 33 Ol 80 80 80

"F ree  iro n " X:.D. N.D. ÎMD. N.B. n .b 'I N .B.
#

Rem ainder 3 3 4 6 3 3

*
I n c lu a i s  l a \ e r  s i l i c a t e s o th e r  th a n m ica , do s tro y e d  by th e  h is n ip h a te

fu s io n ,  a l s o  5-I'on o x id e s . R .L . : Xo t  d e te i rained.
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TABLE 47 B/iSIC DATA FOR QUANTITATIVE ESTBIATION OF LEA.TEERINO CliAITGSS IN  

TIE TLESTALL PROFILE

ffl? l / l NT l / 2 HT 1/3 NT 1 /4 HT 1 /3 NT lA

1 . B ulk D e n s ity  o f s o i l  (g /c c ) 1 .7 7 1 .8 0 1 .9 0 .1 .9 9 1 .99 1 .9 9

2 . Bulk D e n s ity  o f  A nalysed  

s o i l  (g /  c c )
1.71 1 .7 8 1 .8 6 1 .76 1 .72 1 .7 2

3 . T h ick n ess  o f  H orizon  (cm) 20 13 38 69 73 213

4 .
2

P re s e n t  vo lu m e/h o rizo n /cm  

o f  su i'fa c e  a r e a  (cc)
20 13 38 69 73 213

3 . P re s e n t  v /e ig h t o f  s o i l  

under u n i t  s u r fa c e  a r e a  (g)
3 4 .2 23.1 7 0 .7 1 2i 06 123 .3 3 66 .4

6 . 7/e ig h t  ^  o f  In d ex  M in era l 62 .9 36 .3 4 4 .7 4 3 .9 4 6 .3 46 ,3

7 . Veight o f In d ex  M in era l in  

h o r iz o n  (g)
2 1 .3 1 3 .0 3l .6 33 «4 38J4 170 .3

8 . O r ig in a l  w e ig h t o f  ig  o f  

p r e s e n t  s o i l  from  h o riz o n
1 .3 3 1«2i 0 .9 6 0 .9 3 1 .0 0 1.0C

9 . O r ig in a l  w e ig h t o f s o i l /

h o rizo n /cm ^  su rfa c e  a re a 46 e 3 2 7 .0 6 2 .8 112.1 1 23 .3 3 6 6 .4

(s)
10. O r ig in a l  V o lu m e/h o rizo n / 

cm o f  s u rfa c e  a r e a  (cc ) 27 .0 1 3 .7 3 6 .3 63 .2 73 .0 213 .0

11. Change in  volume (cc) -7 .0 - 2 .7 + 1 :3 +3 .8 0 .0 OcO

12. /  Ch.nige in  volume -2 3 .9 -1 7 :2 +•’-!- e 1 +3 .8 0 .0 0 . 0
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ÏAi3.LE4? TUHSTAIL EfiOFILE, HS3ENT 'ffîlC-HTS 0? PARTICLE SIZS PRACTIOIio
2

(g /h o riz o n /c m  s u r fa c e  a re a )

HT 1/1 HT 1 /2 HT 1 /3 HT 1 /4 HT 1 /5 HT 1 /6

< 0 .2 3  /LÜ3. 4»8 4 .9 1 6 o2 2 3 .3 20.1 3 9 .4

0 .2 5  “  2 yum 2.1 2 .4 9 .4 1 7 .6 17 .3 32.1

2 - 5  >wii 1 08 1 .4 5 .7 1 2 .2 12.1 3 8 .8

3-20  /Am 4«3 3 .3 IO .9 2 1 .9 22 .7 6 3 .7

20-53 ŷ m 6 .5 4 .0 1 0 .2 1 3 .3 18.1 4 8 .4

53-250 y%l 1 0 ,1 3 .9 13«1 2 4 c 0 25.2 7 0 .8

230- 2000 /Am 4 ,4 1 .2 3 .2 7 .3 1 0 .0 3l .3

T o ta l 3 4 .2 23.1 7 0 ,7 I2 i .6 123 .3 3 6 6 .4

TxVBLSf? 'tüNSTAJX- PROFILE, OIIGINAL WEIGHTS OF PARTICLÏÏ SIZE FRACTIONS

(g /'h o rizo n /cm  s u r fa c e  a re a )

HT 1/1 HT 1 /2 HT 1 /3 HT 1 /4 HT 1 /5 HT 1 /6

< 0 0 25 7 ,6 4 .4 1 0 .2 l8 c 2 20 .3 3 9 .4

0 .2 3  -  2ywm £ ,6 3 .8 8 ,9 1 3 .9 1 7 .8 32.1

-  ~ 5/^-- 4 .9 2 ,9 6 ,7 1 1 ,9 13 .3 3 3 .8

V— 2 3 7 -̂1 3 c3 4= 0 11 c2 20,1 22 .5 63.7

20-33 /tni 6 oi 3 .6 8 .3 14«8 16 .6 4 8 .4

33-250 /A_m 9 .0 3 .2 12.1 2i .6 24 .2 7 0 .8

2 5 0 -2000 /Am 4 .0 2 .3 3 .4  ’ 9 .6 1008 ■ 31.3

T o ta l 4 6 ,3 27 .0 6 2 .8 112.1 123.3 3 6 6 .4
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TABLE 5*0 TUNoTALL PROFILE, CHANGE PC AJ.'DUNTS OF PAItTIGLE SIZE FRi'DTIONS 

(g /h o rizo n /cm ^  s u r fa c e  a re a )

HT 1/1 HT 1 /2 HT 1 /3 HT 1 /4 HT 1 /3 HT 1/6

< 0 * 25 /A-m. —2 c8 +0 .3 +6 .0 +3 ol - 0 .2 0 .0

0 .2 3  -  2 /un - 4 .3 -1 °4 +0 .3 +1 .3 - 0 .3 0 .0

2 -  3 - 3.1 - 1 .3 -1 oO +0..3 —1 .2 0 .0

3 - 2 0 /un - 3 .8 -1 c3 - 0 .3 + 1 .8 +0.2 0 .0

20-33 /An +0 .4 +0 .4 +1 o9 +0 .3 +1.3 0 .0

33-230 /Ujn + 1 e1 +0 .7 +3 .0 +2 .4 +1 .0 0 .0

230-2000 /Ain +0 c4 -1 «1 - 2 .2 - 2 .3 —0 08 0 .0

T o ta l change - 1 2 .3 - 3 .9 +7 .9 + 9 ,3 0 .0 0 .0

TABLE S ’! TUNSTALL PROFILS, CHANGE IN I 'RACTIONS AS ^  OF ORIGINAL AMOUNT OF

EACH FRACTION HX HORI:zoN

HT 1/1 HT 1 /2 ET 1 /3 HT 1 /4 HT 1 /5 HT 1 /6

< 0 0 25 -3608 +11 c4 +38 c 8 +28.0 - 1 .0 —

Oc23 -  2 /Ain -6 8 .2 —36 0 8 +3 .6 + 9 .4 - 2 .8 -

2 - 3  /«-H: - 63 .2 -31c 7 - l 4 '9 +2 .3 - 9 .0

3-20  /*in —4 t  c 8 -3 1 .2 - 2 .7 +9.0 +0 .9 -

20-33yum + 6 .7 +11 *1 +22.9 +3 .4 + 9 .0 -

33-230 /un + 12.2 +13»4 +24 .8 +11.1 +4*1 -

230- 2 0 0 0 /wn +IO.O —47 « 8 —40 c 7 -24*0 —7 .4 -

T o ta l  change - 23 .6 - 1 4c4 +1 2c6 +8 .3 0 .0 -
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TABLE Sx  TLUSLiLL PEDPIL3: WEIGHTS OP FRACTIONS AS n g /c c  CP SOIL

HT 1/1 EC 1 /2  HT 1/3 HT 1 /4  HT 1/3 HT 1/ 6 *

<■0.23 /Will 2 4 0 377 426 338 273 279

0 ,2 3  -  2 yWn 103 183 247 233 237 244

2 - 3  yum 90 1O8 130 177 166 182

3 -  20 /Ajn 223 234 2 8 7 3 1 7 311 . .  308

20 -  33 3 2 3 308 . 268 222 248 227

3 3 - 2 3 0  /K ix 3 0 3 4 3 4 3 9 7 3 4 8 3 4 3 332

230- 2000yKm 2 2 0 92 8 4 106 137 148

f ig u r e s  f o r  MC l / 6  r e p re s e n t a ls o th e  o r ig i n a l  w eig h t (m g/cc) o f  th e

f r a c t i o n  in  o th e r h o r iz o n s .

TABLE 5"3 TULSTALL PROFILE: TOTAL .fÎIGHT (g) OF FRACTIONS IN HORIZONS 1 -4

P r e s e n t
W eight

O r ig in a l  
7/e ig h t

Change
(g)

Change a s  ^  o f  
o r ig i n a l  w e ig h t 
o f  s o i l

< 0 .2 3 4 9 . 2 4 0 .4 + 3 . 8 + 3 .3

O e23 '“  2 3 1 .3 3 3 .2 - 3 .7 -1 .3

2 -  3 /uii 21 .1 2 6 .4 . - 3.3 - 2.1

3 -  20 /un 4 0 .6 4 4 '4 - 3 ' - - 1 .3

20 -  33 36 .0 3 2 .8 + 3 .2 +1 .3

3 3 - 2 3 0 / t m 33.1 4 7 .9 +7 .2 ; +2o9

2 3 0 - 2 0 0 0 / A m 16.1 21 .3 - 3 .2 -2 .1

T o ta ls 249.6 24 8 .4 +1.2 ■ +0 .5
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TiABIS S>J- TUMSTALL PIÎDPILE : ESTBaTES OP Cît'JiGES Dî AB0UNT8 0? STOÎES (>2'nm)

NT i / l NT l / 2 HT l /3 NT i / 4 NT 1/5 NT i / 6

P re s e n t w eigh t o f 
m a te r ia l  (g) 1 . 2 0 .3 1 .6 5 .2 6 .8 19.8

O rig in a l w eight o f  >2mra 
m a te r ia l  (g) 1 .9 1 .2 3 .5 6 . 4 6 . 8 19.8

Change in  >2mm m a te r ia l 
(g)

-0 .7 -0 .9 - 1 .9 -1 .2 0 .0 0 .0

Change in  <2rnm m a te r ia l  
(g)

-1 2 .5 - 3 .9 +7.9 +9.5 0 .0 0 .0

N et Change in  T o ta l 
s o i l  (g) -1 3 .0 —4 .8 +6 c 0 +8.5 0 .0 0 .0
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TABLE 5'if TUNSTAIL PROFILE: VfEIGHL’S (mg) OF imERAL.S PER HORIZON PER C lf

COLUI.IN

HT 1/1 HT 1/2 HT- 1/3 NT 1 /4 itr 1//3 HT 1/6

<0*25 yLun F ra c tio n

K a o lin ite  PW 960 931 1782 2563 2O1O 3346

OW 684 396 918 1658 1827 5346

Change +276 +333 + 864 +925 +183 -

C h lo r i te  PW 192 196 162 466 402 594

O'/V 76 44 102 182 203 594

Change +116 +132 +60 +284 +199 -

V erm icu lite  P7V 1680 1764 6480 8854 . 6834. 19602

OW 25O8 1432 3366 6006 6699 19602

Cliange -828 +312 +3l l4 +2848 +133 -

S.mactite PW 480 388 2268 81262 2412 8316

OW IO64 616 1428 2548 2842 8316

Change -584 -28 +840 +714 -430 -

Mica PW 768 784 3364 3392 6432 19602

OW 2508 1432 3366 6006 6699 19602

Change -1740 —668 +198 -4 i4 -267 -

iimoi’phous s i l ic a .  PW 139 103 239 396 261 891

OW 114 66 133 273 305 891

Cha.nge +25 +37 +106 4H25 -4 4 -  .

iLmorphous alumina. P7X IO1 1O8 292 . 280 181 475

OW 61 33 82 146 162 473

Charge +40 +73 +2l 0 +134 +19 -

"Free" iro n  oxides PW 499 436 1361 . 1794 1588 45l 4

OW 378, 334 773 1383 1343 4314

Change -7 9 4H02 +386 -h4ll +43 -

PW = P re se n t w eigh t; 07/ = Grig in a l  v e ig h t
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L'AELE 5 5  ( C o n t . ) .  TUE STALL PROFILS: 'WEIGHTS (iig) OF LŒISRAL3 PER HORIZON

PER CM COLUI.FI

HT 1/1 HT 1/2 H3? I //3 I-F 1 /4 I® 1 /5 HT 1/6

0o25-2 F r a c t i o n

K a o l i n i t e  P,V 672 935. 2l&2 4048 3633 9899
OW 1254 722 1591 3021 3382 9899

C h a n g e -582 +2l4 +471 +IO27 +231 -

C h l o r i t e  P.V 63 96 188 528 319 -1563
OW 198 1 l4 257 477 334 1563

C h a n g e -133 -18 -79 +31 -13 -

V e r m i c u l i t e  FIS 399 408 2538 3696 2768 8857
OW 1122 646 I3 l3 2703 5026 8857

C h a n g e -723 -233 +1023 +993 -R39 —

S m e c t i t e  FIS 21 48 564 1760 1903 6773
OW 858 494 1137 2067 2314 8773

C h a n g e -837 -445 -393 -307 -4 l 1 —

M ic a  PW 44l 384 2068 4224 fH90 I3 l0 9
OW I9 l4 I 102 2581 4611 fH52 13l 09

C h a n g e -1473 -7 l8 -3 l 3 -387 +23 —

A n o rp h o u s  s i l i c a  FK 34 22 73 l4 l l2 i 313
. OW ■ 40 23 53 93 1O7 313

C h a n g e —6 -1 +22 +45 +14 —

A m o rp h o u s  a lu m in a  PW 13 12 47 70 87 203
OW 26 15 36 64 71 208

Change -13 ■ -3 +11 +5 +16 —

" F r e e "  i r o n  o x i d e s  P,V 76 79 375 704 75l 2292
OW 290 167 392 700 783 2292 .

C h a n g e - 214 -88 —16 +4 -22 -

K - f  e l s p a r  F.',' 71 33 207 387 329 ii9 8
CW 132 W7 203 366 409 : 1 <98

C h a n g e -81 -32 -r2 +2l -30 -■

L e - T e l s o a r  F» 33 30 2i 6 370 • 413 1230
OW 133 91 214 382 1250

C h a n g e -103 -4 l +2 -12 -1 2

C a - f e l s p a r  PW 2 2 9 18 33 104
OW 13 3 18 32 35 104

C h a n g e - F — b -9 -1 4 -1 . -

^ u a r t z  PW 242 307 912 1502 1471 4J4S1
■ OW 558 327 753 1357 1331 4481

C h a n g e ■ -324 -20 +147 +233 -60 -

' PW = P r è s e n t  v e i g ih t ;  OW = O r i g i n a l v . e i ^ h t
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TABLE 55  ( C o n t . ) .  TUNSTALL PROFILE: WEIGHTS (rng) OF MINERALS PER HORIZON

PER. CM COLUÎMÎ

HT 1/1 HT 1/2 HO? I //3 HT 1 /4 HT 1/3 HT 1/6

2 - 3  AUX F ra c tio n
K a o lin ite  FW

OW
Change

234
1127
-893

266
667

-401

833
134i 
—686

2318
2737
-419

2662
3039
-397

8924
(#24

C h lo r i te  FvV 18 28 114 366 363 1164
07/ 147 87 2O1 337 399 1164

Change -M29 -39 -87 +9 -36 —

V e n a ic u l i t e  F7 232 134 1O26 1342 I2 l0 3880
07/ 490 290 670 1190 1330 3880

Change -238 -136 +336 +132 —120 -

S m ectite  F7 72 42 313 976 847 2716
OW 343 203 469 833 931 2716

Change -271 - 161 +44 +143 -8 4 . -

Mica PW 306 224 1140 2806 2904 8924
OW 1127 667 1 34l 2737 3039 8924

Change -821 -443 -401 +69 -133 -

Amorphous s i l i c a  F7 7 6 23 49 ' 43 116
OW 13 9 20 36 40 116

Change -8 -3 +3 +13 +8 —

Amorphous alum ina FW 2 1 6' 12 12 39
OW 3 3 7 12 13 39

Change -3 -2 -1 - “ 1 —

"Free" iro n  ox ides PW 40 27 l3 l • 281 303 931
OW 118 70 161 ' 286 319 931

Change -78 -43 -30 -3 ” 16 -

iv -fe lsp s r  PW 97 70 203 427 424 1242
OW 137 93 214 426 1242

Change -60 -23 -9 +46 -2 -

l a - f e l s p a r  PW 1O8 73 239 337 , 3 0 8 ' <:)9l
OW 2O1 119 . 273 438 343 i3 9 l .

Change -93 —46 -36 +49 -37 —

C a-fe1su 3 r  PW 11 7 23 49 48 133
OW 20 12 27 48 ■ 53 135

Change -9 -3 - 4 +1 -3 -

.^uartz . PW 537 307 1434 3123 2807 9312 :
OW 1176 696 1603 2836 jH92 931 2 :

Change -3 1 9 . -189 -< 34 ■ +267 —183 -

F', = Pre se n t v.ei,gh t; OW = O rig in a l vei^h t
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TABLE S S  ( C o n t , ) .  TUNSTALL PROFILE: WEIGHTS (mg) OF MINERALS PER HORIZON

PER ClIL COLmXN

HT 1/1 HT 1/2 HT 1 /3 HT 1 /4 HT 1 /5 HT 1/6

5 - 2 0  jLA-in F ra c t io n

K a o lin ite PW 360 330 1526 3066 3178 9l98 .
OW 1162 672 1 568 28i4 3150 9198

Change -802 -342 -42 +252 +28 —

C h lo r i te PW 90 66 327 657 681. 1971
OW 249 144 336 603 675 1971

Change -159 -7 8 -9 +54 +6 -

V erm icu lite PW 225 132 545 876 1135 3283
OW 4l 5 240 560 1005 1.125 3283

Change -190 - 1O8 -15 -129 +1O —

S m ectite PW 90 66 872 I3 i4 908 2628
OW 332 192 448 804 900 2628

Change -242 -126 +424 +510 +8 —

Mica PW 270 264 1308 3504 3859 11169
OW 1411 816 1904 3417 3823 11169

Change -114l -552 -596 +87 +34 -

K -fe lsp a r PW 387 248 621 1226 1294 3219
OW 407 235 549 983 1103 32i9

Change -20 +13 +72 +24l + l9i —

N a -fe lsp a r PW 491 347 959 1862 2020 5781
OW 730 422 986 1769 1980 5781

Change -239 -75 -2 7 +93 +40 -  ■

C a - fe ls p a r PW 36 23 65 131 136 394
OW 50 29 67 121 135 394

Change -1 4 —6 -2 +10 +1 —

^ u a rtz PW 2552 1822 4611 9132 9375 27528
OW 3478 2O11 4693 8422 9428 27528

Change -926 -189 -82 . +710 -53

P»V = P re se n t v ;eight; OW = O rig in a l w eight
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TABLE 5 5  ( C o n t . ) .  TUNSTALL PROFILE: WEIGHTS (mg) OF MINERALS PER HORIZON

PER CM̂  COLLW

HT 1/1 HT 1/2 HT 1/3 HT 1 /4 HT 1 /5 HT 1 /6

20 -  53 /um F ra c tio n

Mica PW 137 100 520 842 1177 3001

OW 378 223 5l5 918 1O29 3001

Change —241 -123 +5 -76 +l48 -

K -fe ls p a r PW 572 340 785 1178 1303 3678

OW 464 274 631 1125 1261 3678

Change +108 +66 +154 +53 +42

N a -fe lsp a r PW 644 392 1O1O 1499 1882 4840

OW 6i 0 360 830 l4o0 'l 660 4840

Change +34 +32 +180 +19 +222 -

C a - fe lsp a r PW 33 20 31 46 54 145

OW 18 11 25 44 50 145

Change +15 +9 +6 +2 +4 -

q u a r tz PW 4823 2936 6569 9853 11656 31170

OW 3928 2318 5345 9531 10690 31170

Change +895 +618 +1224 +322 +966 -

Remainder PW 260 200 1224 1836 1991 5324

OW 671 396 913 1628 1826 5324

Change -4 l -t - 196 +311 +208 +165 -

PvV = P re se n t v e ig h t;  OV/ = O rig in a l v e ig h t



TABLE 5 5  (C o n t.) .  TUNSTALL PROFILE: WEIGHTS (mg) OF MINERALS PER HORIZON

CI\ 2
1 COLUX#

HT 1/1 HT 1/2 HT 1/3 HT 1 /4 HT 1/5 HT 1/6

53-250 Km F ra c t io n

Mica PW 40 35 483 634 759 3 3 ^

OW 432 250 581 IO37 1162 3398

Change -392 - 215 -98 -403 -403 -

K -fe ls p a r  P;Y 677 395 997 1769 1695 4814

OW 6i2 354 823 1469 1646 4814

Change +65 +4l +174 +300 +49

N a - f  e ls p a r  PW 475 277 770 1373 1240 3469

OW 441 255 593 1058 1186 3469

Change +34 +22 +177 +315 +54 -

C a-f e ls p a r  P7 3-0 18 45 106 76 21 2

OW 27 16 36 65 73 21 2

Change +3 +2 +9 +41 +3 - ,

Q uartz F/V 8595 5021 12201 19l 04 20189 56498

OW 7182 4150 9656 17237 19312 56498

Change +1413 +871 +2545 +1867 +877 -

Remainder PW 303 177 604 1584 1265 2124

OW 270 156 363 648 726 2124

Change +33 +2i +241 +936 +539 -

PI' = P re se n t w e ig h t, 07/ = O rig in a l w eigh t
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table 5 6  TUTATALL PROFILE: WEIGHTS (ms) OF ImiEIALA PER cc OF SOIL

HI 1/1 HT i / 2 KT 1/3 HT 1 /4 HT 1/5 HT i /6 *

< 0 ,2 5  F ra c tio n

K a o lin ite 48 .0 71 .6 46 .9 37.1 27.5 25.1

C h lo r i te 9 .6 I5c1 4 .3 6 .8 5 .5 2 .8

V erm icu lite 84.0 135.7 170.6 128.3 93.6 91.9

Sm ectite 24 .0 45 .2 59 .7 47 .3 33.0 3 9 ^

Mica 38 .4 60.3 93 .8 . 81 cO 88.1 91.9

Anorphous s i l i c a 7 .0 7 .9 6 ,8 5 .7 3 .6 4 .2

Amorphous alum ina 5.1 8 .3 7 .7 4«1 • 2 .5 2 .2

"Free" iro n  ox id es 25.0 33.5 35.8 26.0 21.8 2.1,2 .

0 .2 5  -  2/^m F ra c tio n

I a o l in i t e 33.6 72 .0 56.9 58.7 49 .8 4 6 .4

C h lo r ite 3 .2 7 .4 4 .9 7 .7 7.1 7 .3

V erm icu lite 20.0 31 .4 66.3 53.6 37.9 4l .5

Sm ectite 1 cl 3 .7 14 .8 25.5 26.1 31 .8

h ie  a 22.1 29,5 54 .4 61 .2 71.1 70.9

Anorphous s i l i c a 1 .7 1 .7 2.0 2 .0 1 ,7 1 ,5

Anorphous a l v:-nina 0 .7 0 .9 1:2 1 .0 1 .2 1 .0

"Free" iro n  ox ides 3 .8 6.1 9.9 10.2 10.4 10,7

- - - fe lsp a r 3 .6 4 .2 5 .4 5 .6 4 .5 3 .6

h a - fe ls p a r 2 .8 3 .8 5 .7 5 .4 5 .7 5 .9

C a -fe lsp a r 0.1 0 ,2 0 .2 0 ,3 0 .5 0 .5

puartz 12.1 23.6 24 .0 23,2 20.2 21.0

♦
re p re s e n ts  th e  c r ip i n a l  w eight of the mine:val in  a l l  ho id s o n s .



338

TABLE 5 6  (C o n t,) . TUNSTALL EROFILE: .WEIGHTS (mg) OF Î4LNEEAL3 PER cc 1

Î® i / i % T l/2 HT 1/3 HT 1 /4 HT 1/5
*

HT 1/6

2 -5  jtun F ra c t io n

K a o lin ite 11 c7 20.5 22.5 3 a .6 36.5 41.9

C h lo r i te 0 .9 2 .2 3 .0 5 .3 5 .0 5 .5

V erm icu lite 12.6 1 1 .8 27.0 1 9 .4 1606 18.2

Sm ectite 3 c6 3 .2 13.5 14.1 11.6 12.7

liiica 15 .3 17.2 30.0 4 0 . 7 . 39 .8 41 .9

Anorphous s i l i c a 0 ,4 0 .5  , 0 .6 0 .7 0 .7 0 .5

Amorphous alum ina 0.1 0.1 0 .2 0 .2 0 .2 0 .2

"Free" iro n  ox ides 2 .0 2.1 3 .4 4.1 4 .2 4 .4

K -fe lsp a r 4 .9 5 .4 5 .4 6 .2 • 5 .8 5 .8

K a-fe l spar 5 .4 5 .6 6 .3 7 .3 7 .0 7 .5

C a -fe lsp a r 0 .6 0 .5 0 .6  . 0 .7 0 .7 0 .7

^ p a rtz 32.9 39.0 38.3 45 .3 33.5 43:7

5 -  20 /tm F ra c tio n

K a o lin ite 18.0 25.4 40.2 4 4 .4 4 3 .5 43.1

C h lo r i te 4 :5 5:1 c .6 9 .5 9 .3 9 .2

Ver T iicu lite 11.3 10.2 14.3 12 .7 15:5 15:4

Sm ectite 4 .5 5:1 23.0 19.0 12. 4 . 12 .3

Mica 13.5 20.3 04 . '-i- 50 .8 52.9 52 .4

K -fe lsp a r 19 .4 19.1 16 ,3 17.8 17 .7 l5 :1

N a -fe lsp a r 24.6 26.7 25 .2 27.0 27.7 27.1

C a -fe lsp a r 1 .8 1 .8 1 .7 1 .9 1 «9 1 cS

Quartz 127.6 14 0 . 1 121 .4 132.3 128.4 129.1

*re p re s e n ts  the o r ig in a l  r e ig h t of the m ineral in  a l l  horiziens e
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'ABLE S b  ( C o n t . ) .  TUTBTiXL ESCBILE, T,BICEPS (mg) OP laitSHALS ÎSH cc CP SOIL

HT 1/1 HT 1/2 HT 1 /3 HT 1/4 HT 1/5 HT 1/ 6 *

20 -  33 KHi F ra c t io n

Mica 6 .9 7 .7 13 .7 12.2 1 6.1 14.1

K -fe ls p a r 28.6 26.2 20 .7 1 7.1 17.9 17.2

I'l a - f  e ls p a r 32 .2 30.2 26.6 21.7 25.8 22.7

Ca^f e lsp a r 1 :7 1 .5 0 .8 0 .7 0 .7 0 .7

Quartz %M.2 225.8 172.9 142.8 159.7 146.2

Remainder 13 .0 1 5 .4 32.2 26 06 27.3 25.0

53 -  250 F ra c tio n

Mica 2 .0 2 ,7 12 .7 9 .2 10 .4 15.9

K -fe lsp a r 33.9 30 .4 26.2 25.6 23.2 22.6

K a -fe lsp a r 23.8 21.3 20.3 19.9 17.0 16.3

C a -fe lsp a r 1 c5 1 .4 1 .2 1 c5 1 .0 1 .0

p u a rtz 429.8 386.2 321.1 276.8 276.6 265.0

Remainder 15 .2 13.6 16.0 23.0 17.3 10.0

250-2000 F ra c tio n

.^uarts -t- F e lsp a r 197.7 89.6 74: 7 93.2 104.9 121.3

Remainder 22,2 2.6 SI 5 12 ,7 32.0 26.6

< 2  mm FRACTION

"Free" iro n  ox ides 41 .0 49.8 67.0 59.9 5l « 6 51.6

* re p re se n ts  the  o rig i:na l r e i .sh t o f t he miners 1 in  a l l h o rizo n s .
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TiiBLE s r  TOî.oT^ilI. FfiCPIIE : CVEIi/JX imBll/iLOGICilL COiiPOSITIOK
(g/cm^ su rface  a re a /h o rizo n )

I F? < /l HT l /2 HT l / 3 IH? i A 13 l / 5 HT i / 6

F I 20.1 11 c5 28.0 47.9 5l .6 149.7
Quartz

CM 19.0 11 oO 25.6 45 .7 51 .2 149.7

F I 4»4 2.5 6 .7 12.3 13 .0 37.3
F e ls p a r

OW 4 .7 2 .7 6 .4 11.4 12 .8 37.3

PW 2.0 1 .8 9.1 17.6 20.3 6i .2
Mica

OW 7 .8 4 .5 10 .5 18 .7 20.9 61.2

FW 2.6 2.5 1 0 .6 . l4 .8 11.9 35.6
V erm icu lite

07/ 3 .5 2 .6 6.1 10.9 12.2 35.6

PW 0 .7 0 .7 4 .2 7 .3 6.1 20^r
Sm ectite

OW 2.6 lo5 3 .5 6 .3 7 .0 20.4

F / 2 .2 2.5 6 .3 12.0 11.5 3 3 .4
'-•'aolin ite

OW 4 .2 2 .5 5 .7 10.2 1 1 .4 33 .4

BY 0 .4 0 .4 0 .8 2 .0 2 .0 5:3
C h lo r ite

07/ 0 .7 0 .4 0 .9 1 .6 1 .8 5.3

FW 0 .8 0 .6 2 .5 4.1 3 .8 11.0
"Free" I ro n  Oxides

OW 1 .4 0 .8 1 .9 3 .4 3 .8 11.0

F / 0 .2 0.1 0 .4 0 .6 0 .4 1 .3
Auoiphous s i l i c a

CM 0 .2 0.1 0 .2 0 .4 0 .5 1 .3

0:1 0.1 0 .3 0 .4 0 .3 0 .7
..>:.ioiphous alum ina

OW 0.1 0.1 0.1 0 .2 0 .2 0 .7

FW 0 .8 0 .3 1 .5 2 .9 4 .5 9 .9
Remainder

OW 1 .3 0 .7 1 .7 3 .0 3 :4 9 .9

M ate ria l ■ no t .-analysed in  20-2000/Am f r a c t io n s ,  m ainly la y e r  s i l ic ac a te s
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TiJÎLS S S  l'UI'ÏSaViIl PROFILS : O'/TiRi'iL iinrEÏALOGICii COllPOSITIOK fe)

HT l / l ^ l / 2 HT l / 5 r a  i A 13 1/5 HT 1/6

^ u a rtz 58.9 49 .9 . 39 .8 3 9 .3 41.2 40 .9

F e ls p a r 12.9 10 .9 9 .5 IO .I IO.5 IO.2

Mica 5 .7 7 .8 12.9 14 .4 16.2 16.8

V erm icu lite 7 .5 10 .6 15.0 12.1 9 .5 9 .7

S m ectite 1 .9 3 .2 6 .0 6 .0 4.8 5 .6

K a o lin ite 6.5 1 0 .7 9 .0 9 .8 ' 9 .2 9.1

C h lo r ite 1.1 1 .7 1.1 1 .7 1 .6 1 .4

"Free" I ro n  Oxides 2 .4 2 .8 3 .6 3 .4 3.1 3 .0

Anorphous s i l i c a 0 .5 0 .6 0 .5 0 .5 0 .3 0 .4

Anorphous a lu n in a 0 .5 0 .5 0 .5 0 .3 0 .2 0 .2
*

Ke.mainder 2 .5 1 .3 2.1 2 .4  • 3 .6 2 .7

*
M ateria l, n o t analy s,ed in  20-•2000 yum f r a c t io n s . m ainly la y e r  s i l i c a t e s .



TABLE 5*7 MINËRALQGICAL CHANGES IN HORIZONS 1 - 4  (mg)

I < 0 . 25/im 0 , 23- 2/im : 2- 3/im 3- 20/xra 20- 53/Xm 33- 230yOm '230- 2000/tm

K a o lin ite  PW 
. OW 

Change

6236
3636

+2600

7818
6688

+1130

3673
6072

-2399

3282
6216
-934

N.D. N.D. • I

i
■ N.D.

C h lo r ite  PW 
OW 

Change

1016
4o4

+612

876
1056
-180

326
792

-266

1l40
1332
-192

N.D. N.D. N.D.

V erm icu lite  PW 
OW 

Change

18778
13332
+3446

7041
5984

+1037

2774
2640
+134

1778
2220
-442

N.D. N.D. N.D.

S m ectite  PW 
OW 

Change

6398
3656
+942

2393
4576

-2183

1603
1848
-243

2342
1776
+366

N.D. N.D. N.D.

Mica PW 
OW 

Change

10708
13332
-2624

7117
10208
-3091

4476
6072

-1396

3346
7348

-2202

1599
2034
-433

1192
2300

-1108

N.D.

Amorphous PW 
S i l i c a  OW 

Change

897
606

+291

272
211
+61

83
80
+5

N.D. N.D. N.D. N.D.

Amorphous PW 
Alumina OW 

Change

781
324

+487

142
l4 l
+1

21
27
-6

N.D. N.D. N.D., N.D.

"Free" I ro n  PW 
Oxide OW 

Change

4090
3070

+1020

1235
1549
-314

479
635

-136

N.D. N.D. N.D, N.D.

K -F eldspar FW 
OW 

Change

N.D. 720
810
-90

799
843
-46

2482
2176
+306

2873
2494
+381

3838
3238
+380

N.D.

N a-Feldspar PV/ 
OW

Change

N.D. 691
843

-154

957
1083
-126

3639
3907
-248

3545
3280
+265

2895
2347
+548

N.D.

C a-F eldspar PW 
CW

Change

N.D. 31
71

—40

90
107
-17

235
267
-12

130
98

.+32

199
144
+55

N.D.

Q uartz PW 
OW 

Change

N.D. 3063
3027

+36

3741
6336
-595

18117
18604

-487

24i 8 i
21122
+3039

44921
38223
+6696

N.D.

Q uartz and P'W 
F e ld sp a r OW 

Change

- - — — — . — 14382
17466
-3084

Remainder P'W 
OW 

Change

— — 3520
3608

-88

2668
1437

+1231

1718
3834

-2116

PW = P rese n t Weight OW =' O rig in a l V/eight
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TABLE 6o TUX',STALL PROFILE : OVSRilL IvIHiEPdLC 
FOUR HORIZONS

:GICi\L COIvnPOSITION OP UPPERMOST

P re se n t O rig in a l fo o f p re s e n t fa o f o r ig in a l

V eight heigh t* s o i l  m a te r ia l s o i l  m a te r ia l ' -

^ u a rtz 107.5 101 .3 43 .0 40.9

F e ls p a r 25.9 25.2 10.4- 10.2

Mica 30.5 41 .5 12.2 16.8 ■

V erm icu lite 30.5 23.1 12.2 9 .7

Sm ectite 12.9 13.9 5 .2 5.6

K a o lin ite 23.0 22.6 9 .2 . 9.1

C h lo r ite 3 .6 3 .6 1 .4 1 .4

"Fi'ee" Iro n  Oxides 8 ,0 7 .5 3 .3 3 .0

/anoiphious s i l i c a 1 O 0 .9 0 .5 0 .4

amorphous a l u , lina 0 .9 0 .5 0 .4 0 .2

Remainder 5c 5 6 .7 2 .2 2 .7

2
as g /cm ' su rfa c e  a re  a/ho i.lzon

M ate ria l no à analysed  in  20-2000y/_.i f r a c t io n s ,  m ainly la y e r  s i l i c a t e s
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TÆLa 61 HOLKI-K,: HIOFILE ■■ DESCRIPTION ‘

S ite  D e sc rip tio n

P r o f i l e  ho . ET 2 '

D ate 27-7-1970

G rid  R eference TF 865428

L o c a li ty  S e c tio n  dug a t  so u th ern  end of e a s t  fa c e  o f d isu sed  c la y  p i t ,

inm edia.tely  n o r th  o f l i n e  o f o ld  ra ilv /ay , Eclkhairi "brickyard, sou th  of 

P e te rs to n e  Farm. O.S. Sheet l2 5 , Fakenham

E le v a tio n  l4ia O.D.

R e l ie f  Almost f l a t ,  convex s lo p e  o f  1-2° to  so u th

Sui’fa c e  d rainage Shedding s i t e

Pai-ent m a te r ia l H unstanton T i l l ,  D evensian. Reddish "brovvn b o u ld e r c la y , 

c a lc a re o u s , v a r ia b le  l a t e r a l l y  from c la y  loaim to  v e ry  stony sandy c lay  

loam a t  20m n o rth  o f p r o f i l e  p i t .  E r r a t i c  s to n es  s im ila r  to  those  in  

H essle  T i l l  a t  T u n s ts ll  (HT 1) .

V eg eta tio n  ""^a.iley f i e l d  lm to  e a s t  of p i t  f a c e . G rass grox.ing on headland 

a round top  o f  p i t  fa c e .

'■■Veathei- c o n d itio n s  Rain in  l a s t  6 h o u rs; m ostly  d ry  in  p rev io u s  tvo  months 

P r o f i le  d ry  in  top 55 cm; m oist below t h i s ,

P i 'o f i le  D e sc rip tio n

izons

HT 2/1 O-25 cm 3row n/dark brovm (1OYR 4 /5 ) loam; m o ttlin g  a b s e n t . . S l ig h t ly

stony ; an g u lar to  su b -an g u lar g ra v e l and sm all s to n e s , m ostly  

f l i n t ,  some d ia lk .  -O o ily  to  m odera tely  developed f in e  to  

medium su b -an g u lar b locky s t r u c tu r e ;  m oderately  developed 

f in e  angu lar b locky  s tru c tu re  on exposed face  o f b r ic k p i t .  

C onsistence  ; f r i a b l e .  Extrem ely abundant ve ry  f in e  p o re s , 

few  f in e  f i s s u r e s ;  moderate p e rm e a b il i ty . Low in tim a te  

humus, abundant f in e  and few üiediun f ib ro u s  r o o ts ,  m ostly
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l iv in g :  abiuidant earthworm s. Narrow, even boundary,

(Spmipled a t  5-20 cm)

NT 2/2  23-36 cm 3rox.n/dark broxxn (l OYR 4 /3 ) loam; co. n o n  f a i n t  medium brown

4 2 (g) (7 . 5ÏR 5/ 4 ) m ottleso  S l ig h t ly  s to n y ; angu lar to  rounded

g ra v e l and sm all s to n e s , m ainly  f l i n t ,  some c h a lk , a few 

r o t t e n  sandstone fragm en ts . M oderately  developed medium 

su b -an g u lar b locky  s t r u c tu r e . C onsistence  : h a rd . Abundant 

f in e  to  very  f in e  p o re s ; r a r e  f in e  f i s s u r e s ,  m ostly  v e r t i c a l ;  

m oderate p e rm e a b il i ty . Low in tim a te  humus; common f in e  and . 

few sm all f ib ro u s  r o o ts ,  m ostly  l iv in g ;  abundant earthworms. 

Sharp), s l i g h t ly  u n d u la tin g  boundary.

(Saapled a t  23-35 cm)

:'T 2/3 36-69 cm Brown/dark brown (7 .5ÏR  4 /2 ) c la y  loam to  s i l t y  c la y  loam;

(g) common f a i n t  medium to  f in e  re d d ish  brown (5LR 4 /4 ) m o ttle s .

S l ig h t ly  s tony ; an g u la r to  rounded g rav e l and sm all s to n e s , 

m ostly  f l i n t ,  some r o t t e n  sandstone fragm ents , no ch a lk . 

S tro n g ly  developed co arse  p r is m a tic  s t ru c tu re .  C onsistence ; 

f irm  to  very  f irm . • Abundant f in e  to  very  f in e  p o re s ; few 

f in e  f i s s u r e s ,  m ostly  v e r t i c a l ;  slow  to  moderate pe im ieab ility . 

Common f in e  f ib ro u s  ro o ts ;  few earthworm s. C lay sk in s  on 

ped fa c e s . Kair-o, even boundary.

(Sampled a t  42-60 cm)

NT 2 /4  69-96 cm Brown/dark brown (7.51R 4 /2 ) s i l t y  c la y  loam to  c lay  loam;

B2(g) many f in e  to  extrem ely f in e  f a i n t  re d d ish  brown (52R 4 /4 )

m o ttle s . S l ig h t ly  s tony ; an g u la r to  rounded g ra v e l and sm all 

s to n e s , m ostly  f l i n t ,  a few very  sm all chalk  p e l l e t s ,  some 

r o t t e n  sandstone fragm ents . M oderately  developed medium 

p r is m a tic  s t r u c tu r e .  C o n sis tence  : f irm . . Abundant f in e  to  

verw'- f in e  p o re s , rane  f in e  f i s s u r e s ,  m ostly  v e r t i c a l :  slow  

to  m oderate p e rm e a l 'i l i ty . Few. t le s h y  ro o ts  ( t h i s t l e )  on M
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ped fa c e s ;  r a r e  earthworm s. C lay  sk in s  on ped fa c e s . 

M erging, even boundary. (Sampled a t  75-90 cm) 

liT 2 /5  96-125 cm R eddish brown (5YR 4 /4 ) c a lc a re o u s  c la y  loam; common f in e

Cg^^ to  extrem ely f in e  g rey  (1O1R 5 / l )  m o ttlin g ; d i s t i n c t  grey

(1OYR 5/ 1) c o a tin g s  on ped f a c e s ,  along ro o t ch an n e ls , and 

around s to n e s . S l ig h t ly  stony ; an g u lar to  rounded g ra v e l 

and sm all s to n e s , m ostly  f l i n t  and c h a lk . M oderately 

developed medium su b -an g u lar b lock  s t r u c tu r e .  C onsistence: 

f irm . Abundant f in e  to  very  f in e  p o res ; r a re  f in e  f ib ro u s  

and f le s h y  r o o ts  on ped  fa c e s .  Few sm all l i g h t  re d d ish  

brown (3YR 6/ 4) n o d u la r carbonate  c o n c re tio n s ; few  very  

sm all b lack  m anganiferous c o n c re tio n s . C lay sk in s  on 

ped fa c e s . (Sampled a t  100-123 cm) Base o f p i t  a t  125 cm.

D iainage of p r o f i l e  : im p e rfe c tly  d ra in ed  s o i l ,  w ith  impedance due to  heavy

te x tu re d  su b -su rfa ce  h o riz o n s . Di'ainage a ided  by prom inent 

v e i 't i c s l  f i s s u r e s .

HT 2/6  150 cm Reddish brown (pYR 4 /4 ) ,  very  s to n y  sandy c la y  loam,

u n d erly in g  c a lc a re o u s  c la y  loam a t  northern '^end o f face  

o f b r ic k p itc
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TTlBLE 6 1 HCIZilLuI PROFILE : PARTICLE SIZS DISTRIBUTION (w eight f )

0  Range HT 2/1 HT 2/2 HT 2/3 HT 2 /4 HT 2/5 m? 2/6

- i / o 1 .0 1 .0 0 .4 0 .3 1.1 1 .7

0/1 2 .4 2 .4 0 .9 0 .6 2 .2 3 .4

i /2 10 .0 1O.2 3 .2 2 .6 6 .0 16.6

2/3 17 .2 17.0 6 .7 5 .5 3 .9 22.6

3 /4 1 2 .5 11.8 6 .8 7 .6 7.3 13.6

4 /5 1 1 .4 11 .5 9 .7 12.6 7 .9 7 .0

5 /6 8 .5 9.1 10.0 12 .4 8 .0 4 .3

6/7 6 ,4 5 .9 7 .7 8 .8 7 .7 3 .2

7 /8 4 .8 5.1 6 .9 6 .7 ' 7 .2 3 .3

8/9 3 .8 4 .2 6 .4 5 .8 6 .9 3 .8

9 /l2 11 c6 11.1 16.9 14.5 l 5 d 1
(2 0 .5

< 1 2 10o4 10.7 24 .4 22.6 21.7

TABLE 63 HOLKHA'T PROFILE ; PARTICLE SIZE SSI:*ARATE3 Cw eight

/xm FÜ? 2/1 HT 2/2 HT 2/3 HT 2 /4 HT 2/5 HT 2/6

250-2000 13*4 13.6 4 :5 3 .5 9 .3 21.7

55-250 32 .8 32.1 15.9 16 .0 l8c2 33.6

14 .9 I5c4 14-.6 19.2 12.2 7 :9

5-23 I2c1 11.3 15 .7 18.0 15.1 I3c7

2-5 4 .3 5 .3 8 .0 6.2 8 .4 7.6

0 . 25-2 11 .6 11.1 16 .9 14 .5 15.1
Y20c5

<  0 .25 1O.4  ' 10 .7 24 ,4 ,22 .6 21.7 J
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TABLE 6 4  HOnvrüU'I PROFILS ; PARTICLE SIZS DISTRIBUTION, CLAY-FREE BASIS ( f )

jZf Range HT 2 /l HT 2/2 HT 2/3 HT 2 /4  HT 2/5 HT 2/6

- i /0 1 .3 1 .3 0 .7 0 .5 1 .7 2 d

0/ i 3 d 3 d 1 .5 1 .0 3 .5 4 .3

1/2 12 .8 13.0 5 .5 4 d 9 .5 20.9

2/3 22.0 21.8 11*4 8 .8 l4o1 28.4

3 /4 16.0 l 5 d 11.6 12.1 . 11.6 17.1

4 /5 l4c6 14.7 16 .5 20.0 12 .5 8 .8

5 /6 10 .9 11.6 17.0 19.7 12.6 5 .4

V 7 8 .2 7 .5 l 3 d 14.0 12 .2 4 .0

7/3 6 .2 6 .5 11.8 11.6 11.4 4 .2

8/9 4 .9 5 .4 10 .9 9 .2 10.9 • 4 .8
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TABLE 65 IRLKHAM PROFILE ; DETAILED PARTICLE SIZE DISTRIBUTION OF SAND

FRACTIONS AT i  jZf BITERVALS

/ura HT 2/1 HT 2/2 HT 2/3 HT 2 /4 HT 2/5 HT 2/

1680-2000 Oo5 0 .5 0 .7 0 .4 1.1 0 .8

1400-1680 0 .7 0 .7 0 .6 0 .6 1.2 0 .8

1 200—14-00 0 .6 0 .5 0 .5 0 .4 0 .9 0 .6

1000-1200 0 .7 0 .5 0 .5 0 .4 1.1 0 .6

85O-1OOO 0 .7 0 .8 0 .7 0 .6 1 «1 0 .7

710-850 1 =1 1.2 0 .9 0 .9 1 .8 1.1

600-710 1 .8 2 .0 1 .6 1 .2 2 .8 2.1

500-600 1:9 1 .6 1 .6 1 .0 2 .3 1 .9

420-500 4 . 4 4 . 5 3 .7 2 .7 5 .2 5 .3

355-420 5 .2 5 . 3 1 «4 3 . 2 5 . 4 6 .3

300-555 5 .7 5 . 5 5 .0 3 .6 5 .2 6 . 4

250-500 7:9 8 . 3 7:8 5 . 7 7 .3 10 .2

21O-250 11.1 10.9 10.0 7 .7 9 .0 11 .3

180-210 8 ,7 8 .7 8 .3 6.8 7 .5 8 .5

150- 180 12 ,5 12.3 11 . 4 10.2 11 .2 11 .3

12 5 -1 5  0 7 . 6 7 . 4 7 .8 7:3 6.8 7 .0

1 O p-/ 25 7 < 8 8 ci 3 . 7 9:2 3:1 8.2

90-105 5: V 5:1 6.1 6.8 5.2 , 4 .9

75-90 6 .5 8 .0 11.1 1 5 . 3 9 . 3 7.1

63-75 9 .5 8.1 11.6 1 6.0 7 .5 4 . 9



TABLE U  TIOLICILL.T PLCFILE : TEZI'ELE CLASSES

TABLE 6 7  KOLrLBiU.f PROFILE ; FILE CLAY/TOTiVL CLAY RATIOS

HT 2/1 PT 2/2  HT 2/3 HT 2 /4  HT 2/5  

0 .4 7  0 .49  0 .59 0 .6 i 0 .59

3 5  0

HT 2 /i HT 2 /2  HT 2/3 HT 2 /4  HT 2 /5  HT 2/6

Loam Loara Cia,y S i l t y  c la y  C lay loam Sandy c la y
loam loam
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TABLE HCLKBAM PROFILE : 20-53 /wm FRACTION, HEAVY I/HNERAL AIPALYSES

HI 2 /l HT 2 /2 HT 2/3 HT 2 /4 HT 2/5

/  Heavy H in e ra ls 1.03 0.90 0 o63 0.95 0.91

NOH-OPA^UE HEAVY MIHERi\LS (a s  o f t o t a l  non-•opaque îavy mins r a i s )

HT 2 /i HT 2 /2 HT 2 /3 HT 2 /4 HT 2/5

G am et 100 123 79 84 70

Epidote 278 273 254 227 217 '

Zoi s i t e /C l in o z o is i t e 24 27 26 25 22

Z ircon 187 175 199 157 155

F u t i l e  ("brov/n) 20 17 15 12 10

R u ti le  (yellow ) 64 43 67 34 44

R u ti le  (red) 3 3 3 2 2

Anatase 24 13 23 20 27

Tourmaline 67 73 A4 A4 39

A ugite 27 33 26 27 A4

Eypersthene - - 3 2 -

Hornblende 127 145 105 115 126

G ta u ro li te - - - - -

H yanite 13 20 9 12 10

A p a tite 17 26 47 96 85

Colloph.ane 3 3 3 5 2

C h lo  r  i  t  e/C hamo s i  t  e 33 20 79 91 99

B io t i te 13 6 18 47 43
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TABLE 69 HOLKimi PROFILE ; 5 3 -2 5 0 / m  FRACTION, HEAVY HRIFIAL Ax̂ ALYSES

HT 2 /l HT 2/2 HT 2/3 HT 2 /4 HT 2/5

/■j Heavy L iinerals  (>2,9 S.G .) 0 ,75 0.83 0.67 0 .6 4 1 .0 9

^O p aq u e  m in e ra ls 487 503 546 570 488

/<? Non-opaque H inei-als 513 497 434 430 31 2

TABLE 7o HOIIHLYI PROFILE : 53-250 /on FRACTION, OPAQUE LIINERiiLS 
(a s  /w o f  t o t a l  opaque heavy m in e ra ls )

HT 2/1 HT 2/2 HT 2/3 HT 2/4 HT 2/5

Lii'rionite 394 390 476 1 4 3 307

H em atite 22i4 354 289 284 231

Ilm enite /A Pagnetite 183 143 106 139 106

Leucoxene 179 113 129 129 136

TABLE 7/ FOLKHA: PROFILE ; 53- 250/ ^  FRACTION, LIGHT HIÎFRAL 

(a s  /o  o f t o t a l  l i ^ h t  m inera ls)
ANALYSES

HT 2/1 HT 2/^2 HT 2/'3 HD 2 /4 HT 2/5

y a a r ts 326 886 368 cAi- 882

F l i n t 29 17 23 25 26

O rth o c lase 59 60 62 81 38

H ic ro c lin e 15 23 14 17 12

Sodic P la g io c la se 12 11 20 19 12

Galc ic  PIa g io c l a se - - - .3 3

Lius CO v i te — 3 14 11 3
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TABLE 72 HOnifWvI PBDFILE ; 33-250//.m FRACTION, N0N-0PA:jlT2 HEAVY imiERALS

(  a s  fo j  o f  t o t a l  n o n - o p a q u e  h e a v y  m i n e r a l s )

HT 2/1 HT 2/2 HT 2 / j  HT 2 /4  HT 2/5

G a r n e t  ( c l e a r ) 2 2 5 208 1 6 8 1 8 2 1 6 5

G a r n e t  ( p i n l c ) 7 6 6 7 3 6 3 2 81

E p i d o t e 151 194 177 133 1 2 1

Z o i s i t e / C l i n o z o i s i t e 5 0 41 3 6 1 8 38

Z i r c o n 89 94 8 8 6 9 74

R u t i l e  ( b r o w n ) 3 7 6 11 8

R u t i l e  ( y e l l o w ) 1 6 2 2 1 8 39 17

R u t i l e  ( r e d ) 7 1 2 15 11 11

A n a t a s e 3 2 3 4 2

B r o o k i t e 3 7 3 4 6

T o u r m a l i n e  ( b r o w r i / y e l l o w ) 53 26 4 6 39 3 0

T o u r m a  1 i n e  ( b r o v , n / g i ' e  e n ) 33 34  . 3 6 39 . 53

T o u r m a l i n e  ( b l u e / c l e a r ) - 2 3 4 -

A u g i t e 59  ■ 58 49 68 59

H y p te r ■ b h e n e  / E n s t a t i t e 10 14 6 7 19

H o r n b l e n d e  ( d a r k  g r e e n ) 1 6 7 1 5 2 219 2 0 7 147

u o r r . b l e n a e  ( p a l e  g r e e n ; 20 3 9 43 3 6 34

; ' o r n b l  e n d :;  ( b r o v.t i) 3 6 14 10

S t a u r o l i t e 13 5 Q 4 2

K y a n i t e 13 7 .9 1 8 6

S i l l i m s n i t e 3 - - - -

A p a t i t e - - 6 1 8 78

C o l l o p h a n e - - - - 4

C l a l o r i t  e / 'b  ’ 1 r m o s i t e 3 5 1 8 2 5 27

B i o t i t e - - - 14 - 6

S i d e r i t e 4 2
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TABLE 7J HOLKHiUvI PROFILE : 5 3 -2 5 0 /Aza FRACTION, "RESISTANT" NON-OPAQUE

HSA.VY imiERALS ( ^  )

CD
- r

w •H CD
(U CO 0

H •H "H 0 CD
O O 0  O H CD P 0 CO

rO -P  ^  N p CD to •H 0 0 0
-H p  .H  Q 0 rH cd o M . CD
X! •O £0 0

g
U •H P O Ü O rd

04 •H . r |  -H P P g O H h P
d O P

■§
U •H o

CÎJ E4 « pq CnJ P4

NT 2 /i 191 202 302 86 32 89 69 29

NT 2/2 i 96 236 277 62 50 95 72 12

NT 2/3 273 219 209 87 46 90 56 18

HT 2 /4 274 16i 228 87 74 73 80 23

HT 2/5 2i6 18O 279 94 50 84 88 ■ 9

TABLE 7 f  H0LT3AH PROFILE ; 20-53 ^  FRACTION, "RE;3ISTAIH?" NON-OPAQUE

HEAVY IvTNFRALS (

CO
0

rH
0rQ

•H

î

0
p
•H
CO

•H
CD 0 0 

P  P  Nq-H gnd 0 0
04 0 rHH N 0

p
g
cb

CD

•S

1E4

00 p
0  CO -HH rf x; 

•H P  0

I I I

P0
S

•HN

0q

1

ai

&
30

NT 2 /i 136 323 107 72 119 200 29 14

HT 2/2 134 318 130 77 . 80 185 35 21

HT 2/3 123 328 93 52 127 233 3 4 10

HT 2 /4 151 332 110 58 89 206 38 16

HT 2/5 i 65 313 91 51 . 103 202 , 57 13



TABLE 7 5  HOLiLHAL PROFILE : X-RAl DETERZŒATIONS CE LAYER SILICATES

(as  ^  o f  t o t a l  la y e r  s i l i c a t e s  in  each f r a c t io n )

Mica Iv a o lin ite  C h lo r ite  V errriiculite Sm ectite

< Oc25

iH 2 /l 6 , l 4 - 59 21

HT 2/2 8 16 55 21

HT 2/3 11 13 - 52 ■ 24

HT 2 /4 10 10 — 56 24

HT 2/5 9 9 - 55 27

0 0 25—2 /A. ni 

HT 2 /i 18 38 36 8

HT 2/2 i8 33 - 35 9

HT 2/3 17 31 - 40 12

iiT 2 /4 14 23 - 46 17

HT 2/5 17 24 - 43 16

2-5

HT 2 /i 32 35 4 21 8

HT 2/2 26 30 2 31 11

HT 2/3 27 31 • 3 32 7

HT 2/4 24 30 2 . 38 6

HT 2/5 31 30 2 32 5

5-20 

HT 2 /i 55 17 5 15 8

HT 2/2 48 22 4 17 9

HT 2/3 45 23 4 21 7

HT 2/4 43 31 4 17 5

HT 2/5 47 29 4 16 4
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TABLE 76 ÎÎOLIvPIi’iM PROFILS : SSTLLVTS OF PLIuVTIVS iŒUITLALGS OF CRYSTALLUS

"FELE" IRON OXIDES FROM X-RAY DIFFRACTOGRAiAS

HT 2 /i HT 2/2 HT 2/3 HT 2 /4  HT 2/3

L ep id o c ro c ite

< 0 ,2 3 /%  * * ** -  , -

O o 23 — 2 y u m  *  *  * * * * *  *  —

2 -3  /Ain — * *** ■— • —

5 -  20jü̂ m * * *  — — .

•Qoethite

<  0 e 2 3  / * - i n  — — — — —

0  c 25 “  2  yA.ni * * . * *

2 -  3 / A i n  * *  *  *

3 “  20  yxin — — * — —
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TABLE 77rDLKrI/d;I PROFILE : CHEMICAL LETVmilHATIONS (:^)

HT 2/1 HT 2/2 HT 2/3 HT 2 /4 HT 2/3

Ajnoi'phous s i l i c a

< 0 .2 3  /^rn 3 06 3 .6 3 .0 2 .7 2 .6

0 , 23-2 yuLm 1 c6 Ic3 0 ,9 0 .8 0 .8

2-3 ywn 0 ,4 0 ,4 0 .4 0 ,4 0 ,4

Amorphous alum ina

< 0 .2 3  yWm 1 .8 1 .7 1 .8 1 .3 1 .5

0.23  -  2 0 .9 0 .8 0 ,7 0 ,6 0 .6

2 -  3/M.n 0.1 0,1 0.1 0,1 0,1

"Free" Iro n  Oxides (as F

< 0 ,2 3  yb.m 6 ,4 6 .7 6 ,4 7.1 7,1

0 ,2 3  -  2 p-m. 3 .0 4 .3 5 .2 3 .8 3 .7

2 - 3  /A.m 2,2 2.2 2 ,4 2 ,7 2.6

< 2 mm 1.9 1 ,8 3 .5 3 .3 2 .9

C arhonate (as OaOC-)

< 2mill 0 .3 0 ,0 0 ,0 0 ,0 4 . 9
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D is c u s s io n

In  welcoming the paper as a notable and novel contribution 
the P r e s i d e n t  asked w hether the generalization in the abstract 
lim iting English loess deposits to the new records and to those of 
east K ent and County D urham  was wholly true. In  particular, had 
not some of the m ueh more widespread deposits, often termed 
brick-earths, been elaimed to be loessic in origin?

Professor J . E. H e m i n g w a y  commented on the orange-brown, 
ealcareous loess preserved in gulls in the limestones of the H am bleton 
Hills. He asked if the “ red-lands” north of Pickering owed their 
character to an addition of loess, or was it a weathering product of 
one of the sandstones of the Corallian.

Dr. L. F. P e n n y  joined in congratulating the authors on their 
im portant contribution to the Q uaternary history of East Yorkshire 
and asked whether the till overlying the loess, which Dr. C att had 
referred to as Devensian, could be more precisely defined in terms 
of the Holderness sequence.

Dr. I. J .  S m a l l e y  rem arked that the paper presented results of 
considerable local interest bu t a t least one point, that concerning 
the selective deposition of loess (or its selective retention) on lime
stone could be of consequence wherever there were loess deposits. 
Various aspects of loess deposit formation had been investigated at 
great length bu t surprisingly little attention had been paid to the 
actual mechanics of the deposition process. There had crept into 
the loess folklore an idea th a t grass or some similar vegetation was 
needed to “ trap ” the silt particles and yet there was no proof for 
this. The only investigations of the actual deposition process 
appeared to have been those carried out by Cegla in Poland (J. 
Cegla, 1972. Sedymentacja Lessow Polski, Acta Univ. Wratislav., 
No. 168) and he dem onstrated the critical part played by ground 
moisture. I t  m ight be th a t limestone surfaces possessed the correct 
moisture characteristics for optim um  loess deposition.

Paradoxically we m ight be at some advantage in Britain with 
our thin, newly appreciated loess deposits. Observed differences in 
depositional style m ight be obscured in areas where there was a 
m uch greater volume of loess m aterial, and  loess investigations in 
East Yorkshire and Lincolnshire m ight shed useful light on the 
Cegla hypothesis. O f course it was impossible to ascribe the special 
distribution of the loess solely to selective deposition; as the authors 
pointed out, the possibility of cem entation existed and their results 
m ight help to resolve one of the great continuing problems associated 
w ith loess Ethology and genesis— the nature of the initial carbonate. 
Did loess deposits form w ith carbonate particles distributed among
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the predom inant quartz particles or was all the carbonate introduced 
as a secondary deposit? The loess rem nants on limestone bases 
could suggest tha t the second of these possibilities was more likely 
since only in those areas had the stability-giving chemically deposited 
carbonate occurred. The loess described had obvious and undeniable 
glacial connections; it was a cold loess. This seemed a  convenient 
point to propose that in this it fell into line with the overwhelming 
majority of the loesses of the world. A nother element of the loess 
folklore was the belief tha t hot or desert loess was a significant 
m aterial ; it was very difficult to disperse those beliefs once they had 
become established and we should be proposing that Yorkshire 
loess and Chinese loess were more similar than their geographical 
separation and difference in volume might suggest—and that they 
were formed in the same m anner.

In  a w ritten contribution M r. J . A. L e a c h  said tha t he was a 
little concerned by the authors’ use of expressions of the type “ the 
deposit contained % per cent of loess” . Surely loess was not defined 
in that m anner and tha t type of expression m ight be confusing. 
W ould it not be better, if  the size distribution of a deposit suggested 
a loessic nature and  yet departed from the classic loess distribution, 
for one of the m any additional loess descriptive terms to be used. 
For example, the sandy m aterial could be Sandloss (the Germans 
had all these terms in use and we could reasonably adopt them) 
and the well-known Schwemloss m ight be distinguished. Now that 
the IN Q U A  m ap of the European loess deposits was nearly completed 
we m ight begin to look for a  usable international terminology and 
the G erm an terms were the obvious ones to use; we could probably 
do w ithout Luvloss, Sump floss and Flusswinkelloss but the names in 
general use could easily be adopted.

In  reply, the A u t h o r s  thanked the President and members of 
the society for their interest in the paper, and explained tha t m any 
of the points raised in the discussion reflected the lack of universally 
accepted definitions for loess and related deposits. M any workers 
restricted the term  “ loess” to a yellow or buff, virtually stone-free, 
porous, calcareous, silt-rich deposit, which was unusually strong and 
hard  when dry or moist, and had a strong prismatic jointing, so 
tha t it tended to m aintain near vertical faces in natural and artificial 
exposures. A strong concensus of opinion attributed  most of such 
loess to wind transportation of the finer fractions from accumulations 
of glacial debris, m ainly outwash plains. In  this sense, it was 
probably restricted in Britain to areas adjacent to the Tham es 
estuary and the isolated occurrence near Easington, Co. D urham  
(Trechm ann, 1920), to which the President referred. However,
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w eathering in situ, reworking of the deposit, and mixing with other 
materials resulted in the loss of some of these characteristic properties, 
and could impose various others. The extensive classifications of 
loess, such as the G erm an system to which M r. Leach referred, were 
based partly  on these secondary properties and partly  on the 
geomorphological situation of the deposits. For the IN Q U A  loess 
m ap of Europe, m any of the Germ an terms had been grouped into 
larger subdivisions, but even these were difficult to apply with 
confidence. The authors consequently preferred, for the present, to 
group under the single heading “ loess” all the deposits in Britain 
that could be shown from laboratory and other studies to contain a 
m oderate or large proportion of silt (4-9^), the presence of which 
reflected an aeolian phase a t or towards the end of the transpor- 
tational history of the sediment. However, this was not entirely 
satisfactory, because one needed a term  for the well-sorted aeolian 
silt component of the mixed deposits, and “ loess” was then often 
used again, bu t with a meaning slightly different from the two 
already given. There was clearly a  need for rationalization of 
terminology in aeolian as well as in other superficial deposits, bu t it 
m ight not be right to attem pt this until more was known about the 
exact origins of different types.

W ithin the somewhat broader definition used by the authors 
would indeed be included m any of the deposits m apped as brick- 
earth  by the Institute of Geological Sciences and others. M any 
were evidently alluvial or colluvial accumulations of reworked 
aeolian silt, others loess w eathered in situ w ithout appreciable 
reworking or transportation. However, some of the deposits 
corresponding to brick-earth as defined by H ull and W hitaker 
(1861, The geology of parts of Oxfordshire and Berkshire. Mem. 
geol. Surv.U.K.), for example, on the Chilterns, either contained no 
loess or incorporated small quantities in their uppermost horizons 
only. The lack of a widely accepted definition was again a cause of 
difficulty.

The authors agreed w ith Dr. Smalley in condemning the idea 
th a t a vegetational cover was necessary to stabilize the loess on 
certain surfaces, bu t felt th a t there was no evidence in the Yorkshire 
and Lincolnshire deposits to support the suggestion tha t loess 
accum ulated only on limestone surfaces because only they possessed 
the correct moisture characteristics. They felt th a t preferential 
erosion of loess after its deposition on all substrata explained its 
present distribution better than  preferential accum ulation on 
certain rock types, because cem entation w ith secondary carbonate 
derived from abundant chalk or limestone fragments commingled
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with aeolian silt in the head deposits provided a positive means of 
stabilizing loess for a fairly long period (possibly several thousand 
years) on the limestone surfaces. Stabilization with secondary 
carbonate was probably im portant m ainly during the wettest part 
of the Flandrian, the Postglacial Atlantic period; since that time, 
décalcification of the head deposits had  been completed, except 
where they were covered by a protective layer of till, and the 
diminished precipitation and run-off had  failed to complete the 
removal of silt.

Some of the carbonate in loess outside northern England must 
have been w ind-transported, because in southern England and 
m any other European countries the loess commonly rested on 
surfaces other than  periglacially disturbed limestone plateaux. 
However, the almost ubiquitous occurrence of carbonate in  un 
weathered loess was surprising. In  the South Island of New Zealand, 
where there was little limestone, the loess was virtually non- 
calcareous (J. D. Raeside, 1964. Loess deposits of the South 
Island, New Zealand, and  soils formed on them. New Zealand 
J .  Geol. Geophys., 7, 811-38), so tha t the widespread occurrence of 
carbonate elsewhere m ight reflect features such as the general 
abundance of limestones in areas subjected to Pleistocene glaciations, 
the ease with which limestone was physically disintegrated in 
glacial and periglacial environments, and its relative chemical 
stability under the same conditions. The occurrence of derived 
Chalk foraminifera in the calcareous loess of south-east England 
showed that a t least part of the carbonate there was detrital in 
origin, and not a secondary deposit.

In  reply to Dr. Penny, the authors explained th a t the Devensian 
till which the loess resembled most in mineralogical composition 
was the D rab. The till overlying the silty head deposits near the 
eastern m argin of the Wolds had previously been referred to as the 
Hessle, a nam e which had also been applied by most workers 
except W. S. Bisat to the topmost layer of till throughout Holderness. 
However, mineralogical analyses suggested th a t near the Holderness 
coast the Hessle Till was a weathered form of the Purple Till, and 
tha t in other parts of East Yorkshire and Lincolnshire it was 
w eathered D rab Till. In  view of this it seemed best to discontinue 
using the nam e “ Hessle” , and  to regard the Devensian till sequence 
of Holderness as bipartite ra ther than tripartite.

The authors finally thanked Professor Hemingway for reporting 
the occurrence of calcareous loess in the gulls o f the H am bleton 
Hills. Similar modes of occurrence of loess were fairly common— 
for example, on the H ythe Beds in K ent—and probably indicated
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that the form ation of gulls in a periglacial environment was ap
proxim ately contemporaneous with loess deposition. They thought 
tha t the reddish soils north of Pickering probably contained no 
loess, and tha t the colour resulted from w eathering of the sandstones, 
possibly under similar interglacial conditions to those which P. 
Bullock, D. M. Carroll and R . A. Jarvis suggested were the cause of 
red rinds and mottles in soils elsewhere on the N orth Yorkshire 
Moors (1973, Palaeosol features in northern England, Nature Lond. 
(Phys. Sci.), 242, 53-54).
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LOESS IN THE SOILS OF NORTH NORFOLK

J. A. CATT, W. M. CORBETT, C. A. H. HODGE, P. A. MADGETT,
W. TATLER, AND A. H. WEIR

(Rothamsted Experimental S ta tion , Harpenden, Herts.)

Summary
Thin silty deposits cover large areas of north-east Norfolk, occurring mainly on 

gently sloping and flat plateau sites and on the floors of valleys cut in the glacial 
deposits. Particle size and geographic distribution of the deposits suggest that the 
silt is windblown. The mineralogical composition of the silt fraction resembles 
that of the silt of Hunstanton Till, suggesting that most of the deposit was derived 
as loess from outwash of tlie Weichselian glacier. However, at some localities the 
sand and clay components of the deposits were derived, at least partly, from 
subjacent glacial sediments of pre-Weichselian age. The distribution of the silty 
deposits strongly affects the pattern of soil types and sometimes the growth of 
crops.

Introduction
D e t a i l e d  soil mapping of Ordnance Survey Sheets T G  13  (Barning- 
ham), T G  1 4  (Sheringham), and T G  31  (Horning) showed widespread, 
thin, silty deposits in  north Norfolk, overlying glacial sediments of 
Elsterian and Saalian age. Similar silty deposits occur in soils east of the 
Waveney valley near Somerleyton, Suffolk (Corbett and Tatler, 1 9 7 0 ), 
and also along the Norfolk and Suffolk coastline almost continuously 
from Cromer to Lowestoft, capping the cliff sections. Reconnaissance 
of near-by areas showed that the deposits are restricted in eastern Norfolk 
and north-eastern Suffolk to the  area shown in Fig. i . W ithin this area 
the  silty drifts form a blanket-like cover up to  2 m  thick, though they 
are absent locally on steeper slopes, such as valley sides. In  this respect 
they resemble the coversands of the Netherlands, and we therefore refer 
to  them  collectively as coverloam. They probably include the ‘loamy 
drift’ of Tansley ( 1 9 3 9 ) in the Norfolk Broads district, bu t are much 
more extensive.

Distribution of coverloam
On the coastal plain between Cromer and W eybourne the coverloam 

occurs only on the  floors and lower side-slopes of valleys that cut back 
into the north-facing slope of the Cromer ridge, bu t to the south of this 
area it covers interfluves as well as valley floors. Just south of the crest of 
the  Cromer ridge the deposit is 0-4-0-7 m  thick over glacial gravel, but 
it is slightly thicker in  shallow concave sites at the heads of dry valleys. 
T he  deposits in a few of these dry valleys are linked via saddles across 
the ridge to the valley deposits on the coastal plain. Further south, the 
dissection of the gravels gives a local relief of 15-20 m, and the landscape 
consists of four distinct facets. T he  flat interfluve crests, which slope 
gently to the  south, and the gentle, flat or shghtly convex, northern and 
eastern slopes, are both covered by 0 4-0  7 m  of silty drift. T he  narrow 
valley floors are linked by shallow re-entrants to concave upland sites and
Journal of Soil Science, Vol. 22, No. 4,1971
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saddles; these areas have o*7-2-o m  of silty drift, w ith the thickest layers 
on the floors of the re-entrants. T he  convex southern and western 
slopes, which are the  steepest in the area, carry little or no coverloam. 
Towards the southern boundary of the Cromer ridge gravels, the  inter
fluves are narrower, and the coverloam occurs mainly along valley floors 
and on the lower slopes of valley sides.

Sheringham

East Dereham

NORW ICH
Great
Yarmouth

Beccles ■ Lowestoft

lOMIIes

20 Kilometres10

F i g .  I .  The distribution, of coverloam and location of sampling 
sites in Norfolk and Suffolk.

On the tills south and east of the gravel outcrop, the extensive flat or 
gently sloping interfluves have up to o-y m  of coverloam. Thicker 
accumulations occur on valley floors, concave upland sites and on re
entrants, bu t on the steeper slopes, which generally occur to the  west 
of gravel outliers, the  coverloam is th in  or absent. A similar pattern of 
distribution occurs on Norwich Brickearth and gravels east and north
east of Norwich (Sheet T G  31), and also on the Lowestoft T ill between 
Beccles and Lowestoft (Sheet T M  49) in the extreme south-east of the 
coverloam area.
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Soils
In  all the soils on the silty drifts (Table i)  there is a distinct and usually 

abrupt textural change at the junction of the coverloam and the substrata. 
Below this junction the soils range in texture from sandy clays and stony

T able i

Soil series recognized on the silty drifts*
S o i l  d e s c r ip tio n s S o i l  ser ies

1. T h in  coverloam  (0 4-0-7 m ) overlying glacial gravel o r sand
2. C overloam  deeper th a n  i , som etim es w ith  sligh t gleying a t

d ep th
3. As for 2, b u t w ith  clay accum ulation  in  B t horizons

4. D eep  coverloam
5. T h in  coverloam  overlying N orw ich  B rickearth
6. D eep  coverloam
7. T h in  coverloam  overlying N orw ich  B rickearth
8. Shallow  coverloam  over gravels w ith  a very organic surface

horizon
9. T h in  coverloam  overlying fine-tex tu red , chalky Low estoft

T ill

H all
S heringham

Sheringham
varian t

A ylsham
W ickm ere
S ustead
G resham
H anw orth

B row n earths

G leyed b row n earths 

G round -w a ter gley soils 

H um ic  gley soils

Beccles S urface-w ater gley soils
(Loam y phase)

•  F u lle r  descrip tions o f th e  soils a re given by  C o rb e tt and  T a tle r  (1970) and  th e  legend o f th e  soil m ap of 
sheet T G  13/14 (B am ingham /S heringham ).

clays to sands and stony sands, bu t the coverloam horizons are silt loams, 
loams, or fine sandy loams with only a few stones. Throughout most of 
north-east Norfolk, the  surface horizons of soils are thus texturally more 
uniform  than would be expected from the known distribution of tills 
and gravels. They are m uch more valuable agriculturally than soils 
w ithout coverloam horizons, because many (Hall, Wickmere, Aylsham, 
and Sheringham series, and Sheringham variant) have large available 
water capacities, do not need draining, are easily worked, and have 
moderate or large reserves of many plant nutrients. T he mean summer 
rainfall deficit for Norfolk is about 150 mm, though there is m uch 
variation from year to year. Soils developed on glacial sands with no 
overlying. coverloam (e.g. Freckenham series) have a water-holding 
capacity of 100 mm or less, so that crops suffer drought in most summers. 
However, drought is very rare on the deep coverloam soils, such as the 
Sheringham series, which have a water-holding capacity of about 200 
mm. D uring dry summers the pattern of coverloam distribution is often 
seen in the uneven crop growth in some fields, and partial crop failure 
commonly occurs on the steeper slopes which have no coverloam.

Particle size distribution
T he particle size distribution and mineralogical composition of the 

coverloam were studied in  samples from :

1. Gorton Cliffs (T M  543982) near Lowestoft ; overlying Lowestoft T ill 
and 0 2 m  below recent blown sand.

2. Old W ood (T G  160416) near Sheringham ; overlying glacial gravel 
and O'l m  below the surface (Sheringham variant).
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3. Aylmerton (T G  173400); overlying glacial gravel and 0-35 m below 
the surface (Hall series).

4. Burlingham (T G  366109) ; overlying Norwich Brickearth and 0-35 m 
below the surface (Wickmere series).

ç. Costessey (T G  i c z iz i)  near Norwich; overlying glacial gravel and 
0-45 m  below the surface.

Fig. I  shows the approximate location of the sites.
Each sample was dispersed in an aqueous solution of sodium hexa- 

metaphosphate (o 05 per cent w :v) by mild ultrasonic treatm ent. Sand 
fractions ( >  50 /xm) were removed by sieving; the clay ( <  2 /xm) and two 
silt fractions (2-20 /xm and 20-50 /xm) were separated by repeated settling 
in dilute suspension. T he detailed particle size distribution of fractions 
> 5 0  /xm was determined by dry sieving at quarter <f> intervals =  
—\0g2d, where d  is the particle size in mm), and the distribution at 
quarter <f> intervals in the 8-105 range was obtained from two stag
gered sets of measurements at half <f> intervals, taken w ith the sedimenta
tion apparatus described by Stairmand (1950).

All five particle-size distribution curves (Fig. 2) show a large peak at 
approximately 40 /xm, and all except sample 2 (Old Wood) have a sub
sidiary peak at various positions in the sand fraction. T he sand was 
either d ^ o s ite d  with the silt as part of the original coverloam, or was 
derived from sandy beds below by frost heaving or other mixing pro
cesses after deposition of the silt. Some post-depositional mixing may 
have occurred at the  Burlingham site, where th in  coverloam rests on 
Norwich Brickearth. T his sample contains more clay than the other four 
(Table 2) ; addition of clay as well as sand would be expected here, as the 
Norwich Brickearth is a sandy clay loam. T he Corton and Costessey 
samples have very similar distribution curves, bu t the substrata at these 
two sites are texturally very different, which suggests that the sand here 
was part of the original coverloam.

Mineralogical composition
T he sand fractions ( >  50 /xm) were sieved to extract the material at 

the subsidiary peak of each particle size distribution curve. These sands 
and the coarse silts (20-50 /xm) from each sample were then separated 
into light and heavy fractions w ith bromoform (s.g. 2 9), and analysed 
mineralogically with a petrological microscope. T he fine silt (2-20 /xm) 
and clay ( <  2 /xm) fractions were analysed mineralogically by X-ray 
diffractometry, using lightly compressed powders and oriented aggre
gates. Portions of the  coarse and fine silt fractions were fused with 
sodium bisulphate to remove layer silicate minerals (Kiely and Jackson, 
1964), and amounts of felspars (in terms of end members) and quartz 
were estimated by chemical analysis of the residues. Potassium felspar 
was also m easured by the m ethod of Reynolds and Lessing (1962).

T he  coarse silt fractions of the five samples have almost the same 
mineralogical composition (Table 3), which suggests that most of the 
coverloam material in north-east Norfolk came from only one source. 
W eir et a/. (1971) reported a similar mineralogical composition for coarse
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Fig. 2 . Detailed particle size distribution of coverloam samples.
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silt fractions from weathered horizons of the brickearth at Pegwell Bay, 
K ent; this deposit was recognized as loess by Pitcher et al. (1954), and 
was tentatively dated by Kerney (1965) as late M iddle Weichselian 
(equivalent to U pper Pleniglacial of van der Hammen at al., 1967). This 
mineralogical similarity is evident not only in the heavy mineral assem
blages and relative amounts of quartz, total felspar, and flint but also in 
the overall composition of the felspars. T he O r:A b :A n  ratio^ in the 
coarse silt of the Pegwell Bay loess is approximately 4 :4 :1 , and that of 
the Norfolk coverloam is approximately 6:5:1 (Table 4).

T a b l e  2

Particle size distribution of Norfolk coverloam samples
S ize  Fractions

Corton Sheringham
3

Aylm erton
4

Burlingham
5

Costessey

Range

txm <t> equivalent

Gravel >  3000 >  —t o o 0-5 1-5 3-7 0-9

Sand 1000—2000 0 00 to  —I-GO 0-4 0-6 2-6 0-8 0-4
500-1000 +  1-00 to  0 00 1-7 1-7 8-4 2-8 1-9
250-500 4-2-00 to  4-1-00 7-8 4-1 13-3 10-9 Ï0-1

50-250 4-4-25 to  4-2-00 16-0 27-3 22-2 23-8 30-2

S ilt 20-50 4- 5-75 to  4-4-25 43-5 34-3 25-4 23-9 34-S
5-20 4-7-50 to  4-5-75 15-1 lo-S
2 -5 4-9-00 to  4-7-50 3 4 3-6 3-0 6-4 3-8

Clay <  2 <  4-9-00 8-8 13-0 11-4 18-1 7-0

T o ta l 9 7 2 98-2 100-0 99-8 99-4

M any workers (including Rutten, 1954) suggest that loess is derived 
ultimately from glacial sources, mainly by deflation of silt from the sur
faces of proglacial outwash plains. As the Pegwell Bay loess may be 
contemporaneous with the Weichselian glacial invasion of eastern Eng
land, which occurred late in the U pper Pleniglacial (Penny et a/., 1969), 
we analysed the coarse silt fractions from two samples of Hunstanton 
Till, the only representative of the Weichselian glacial succession in 
Norfolk. T he results (Tables 3 and 4) show that the Weichselian glacial 
sediment is indeed mineralogically similar to the Norfolk coverloam and 
the loess of East Kent, bu t contains slightly less potash felspar. Silts 
from all pre-W eichselian glacial deposits in Norfolk that we have 
studied contain different heavy mineral assemblages from the coverloam; 
many lack abundant garnet, chlorite, and green hornblende, and so can
not have contributed m uch material to the coverloam. U ntil m ore is 
known about the silt mineralogy of English Pleistocene deposits, we 
therefore regard the Weichselian glacier as the most probable source of 
the  silt in the coverloam.

T he sands giving the subsidiary peaks of the particle size distributions 
are mineralogically more variable than the coarse silts, and so are prob
ably derived from several sources. They contain less felspar ( i - i o  per 
cent) and heavy minerals than the coarse silt bu t more quartz. T he

1 Or =  orthoclase; Ab =  albite; An =  anorthite.
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heavy sand mineral assemblages of the Corton, Sheringham, and 
Costessey samples resemble in many ways the heavy fractions of the 
coarse silt, though the proportions of many minerals are different, bu t 
those of the  Aylmerton and Burlingham samples contain fewer minerals, 
and are evidently from deposits other than  the coverloam.

T a b l e  4

Percentage felspars {in terms of end members) in the coarse and fine silt 
fractions of the Norfolk coverloam

I
Corton

3
Sheringham

3
Aylm erton

4
Burlingham

5
Costessey Hunstanton T ill

Coarse S il t  (3 0 -5 0

K  F elspar 9-8 9-4 9 5 9 6 9-9 7-7
N a F elspar 8 z 8-0 7-3 7-6 7-9 7-8
C a F elspar 1-6 1 -5 1-4 1 6 1-4 1 -3

T o ta l 19 6 18 9 18 2 18 8 19-2 16 8

Fine S il t  ( 3 - 2 0  ixnt)
K  F elspar 11-5 1 1 9 II-Z 10 1 11-5
N a F elspar 10-3 1 0 7 10 4 9 -1 10 4 * ,

Ca F elspar 1 -7 1 - 7 1-4 1-5 » «
T o ta l 23-S 24-3 23 0 20-2 23-4

T he fine silt fractions of the coverloam contain 54-62 per cent quartz, 
21-3 per cent felspar (see Table 4) and 17-24 per cent layer silicate 
minerals (mainly mica with small amounts of kaolinite, chlorite, vermi- 
culite, and interstratified mica-vermiculite). T he fine silt of the Pegwell 
Bay loess is similar in composition (Weir et al.., 1971, Table III), bu t 
contains slightly more quartz and felspar bu t less chlorite and vermi- 
culite.

T he  clay ( <  2 ju.m) fractions are composed mainly of layer silicates 
w ith only a little quartz and felspar. In  the Corton, Aylmerton, and 
Costessey samples the layer silicates are composed of about equal 
amounts of kaolinite, mica, and chlorite. However, the  Sheringham and 
Burlingham samples contain larger amounts of expanding minerals; 
smectite, vermiculite, and interstratified smectite-vermicuUte together 
form  at least 40 per cent of the clay fraction, and the remaining layer 
silicates are mainly mica and kaolinite with small amounts of chlorite 
and interstratified chlorite-mica. T his difference reflects either various 
degrees of weathering in the loess or the  original inhomogeneity of the 
clay mixed with the coverloam. However, we need to study several 
complete soil profiles before deciding the cause of the  difference.

Conclusions
T he deposits described are all composed mainly of silt that is minera

logically similar to silt in  the  loess at Pegwell Bay, Kent, and the 
H unstanton Till of north Norfolk. W e suggest that the silt was derived 
from Weichselian glacial outwash sediments by deflation, and is part of 
a th in  deposit of U pper Pleniglacial loess in eastern England. Further 
evidence for the aeolian origin of the silt is provided by its distribution
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over north-east Norfolk and Suffolk. This shows that it originally formed 
a cover, about 0-7 m  thick, over almost the  entire landscape, though 
somewhat thicker layers accumulated in lee positions or have been built 
up  on valley floors by downslope soil movements since the U pper 
Pleniglacial. W ind is the only agency capable of spreading such a cover. 
Some of the  silt was probably secondarily transported by streams, 
because the floodplain alluvium of the major rivers in north Norfolk (the 
Bure, Ant, T hurn , and W ensum) is very silty.

T he coverloam also contains small amounts of sand and clay, both  of 
which are more variable in composition than  the silt component. A t 
some places the sand could have come from the same source as the silt, 
but elsewhere the sand and possibly also some of the clay were incor
porated from the subjacent glacial sediments (Norwich Brickearth, 
Lowestoft Till, and others). M ixing probably accounts also for the 
stones in the coverloam, which are mainly flints with a few far-travelled 
erratics. Because it contains these other materials, the  coverloam cannot 
be described simply as loess. T he deposit lacks most of the characteristic 
features of loess listed by Russell (1944) and others, such as the presence 
of concretionary and disseminated carbonate. However, we are sure that 
loess, which has lost some characteristics by weathering and other soil- 
forming processes, is the  main constituent of the coverloam.
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ABSTRACT

T his paper re p o rts  the m ineralogy, m icrom orphology and p a rtic le  
size  d istribu tion  of seven horizons in a buried  so il developed in W eichselian 
loess  at Pegw ell Bay in southeast England. The rad iocarbon  date of the 
so il organic m a tte r is 6,120 ± 250 y e a rs  B .P ., and the profile  was buried  
by colluvium in la te  p reh is to ric  tim es. M ost of the profile  developm ent 
probably occu rred  in a few thousand y e a rs , m ainly during the P o stg lac ia l 
c lim atic  optimum. The com position of sand (> 5 0  /i)  and s ilt (2-50 jU ) 
frac tions suggests that only 1 0 - 2 0 % of the loess was derived  from  the local 
Thanet Beds (Palaeogene). The rem ainder is m ineralog ically  s im ila r  to 
loess in o ther p a r ts  of south and ea s t England, and is probably fa r- tra v e lle d .

A fter décalcification  of the lo ess , the m ain so il-fo rm ing  p ro cess  was 
translo ca tio n  of fine and medium clay (< 0 .5  ju) from  the highest 45 cm of 
the p rofile  into low er horizons. However, the horizons of clay accum ulation 
contain m ore fine clay ( < 0 .1  /i ) than could have been derived  from  the 
upper 45 cm. T h is apparen t gain of fine clay re su lts  partly  from  the 
w eathering of glauconite in the h ighest 45 cm of the profile .

INTRODUCTION

The cliffs in the no rthern  p a r t of Pegw ell Bay (TR 3564)1 near 
R am sgate , Kent, expose approxim ately 4 m of b rick ea rth  overlying the 
T hanet Beds and Upper Chalk. W hite (1928, p .6 6 ) described  the section  a t 
C liffsend, which is  s till  v isib le  behind the hoverport, but P itc h e r  et al.
(1954) w ere the f ir s t  to recogn ise  the b rick ea rth  as lo ess . E as t of the 
d isused  b rickyard  shown in W hite’s cliff section  (ibid., p .50), the lo ess  is 
overlain  in p laces by 1—2 m of silty  hillw ash containing Neolithic flint 
flakes. The base  of the hillw ash is m arked  by a black organic horizon, 
which is  asso c ia ted  with a  so il p ro file  developed in the lo ess . In th is  paper 
we re p o rt a detailed  pétrograph ie  study of th is buried  p rofile , and attem pt 
to reco n stru c t the so il-fo rm ing  p ro c e sse s  that o ccu rred  in it. S im ilar p ro 
ce sse s  probably occu rred  in many m odern su rface  so ils  developed in lo e ss , 
which a re  common in south and e a s t England. However, th e ir  effects in

1 National Grid R eference  (Great Britain).
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these so ils  have been largely  obscured e ith er by the changes re su ltin g  from  
m ore  recen t na tu ra l p ro c e sse s  or by m odern ag ricu ltu ra l p ra c tic e s . A 
study of buried  so ils  developed in the sam e paren t m a te ria l as p resen t-d ay  
so ils  can th e re fo re  help the pedologist to reco n stru c t the often com plex 
h isto ry  of geological and pedological changes that many m odern so ils  have 
undergone.

ANALYTICAL METHODS

Sam ples from  each horizon recognised in the buried  profile  w ere 
tre a te d  with 2 A'^acetic acid  to rem ove calcium  carbonate and with 1 2 % 
hydrogen peroxide to rem ove organic m a tte r , and w ere then d isp e rsed  in 
0.05% w /v  sodium  hexam etaphosphate solution by m ild u ltrason ic  agitation. 
The sam ples w ere  suspended in th ick  g lass beak ers  in a 5-1 tank ag ita to r 
ra ted  a t 200 W a t 25 kHz. Sand frac tions w ere  rem oved with a 50 /i sieve , 
and the clays (< 2  ju) and two s ilt  frac tions (2-20 p. and 20-50 ii) w ere 
sep ara ted  by repea ted  sedim entation  in dilute suspension. The fine sands 
(50-250 p )  and co a rse  s ilts  w ere sep ara ted  into light and heavy frac tions 
with brom oform , and analysed m ineralogically  with a pe tro logical m ic ro 
scope. The clay frac tions w ere fu rth e r divided by centrifugation into 
co a rse  (0.5-2 ji ), m edium (0.1-0.5 /i) and fine (<  0.1 jU ) clays.

The fine s il ts  and th ree  clay frac tions w ere analysed m ineralogically  
by X -ray  d iffrac tom etry  of lightly com pressed  pow ders and oriented  
ag g reg a tes , and by chem ical m ethods. P o rtio n s of each w ere  fused with 
sodium bisulphate to rem ove lay e r s ilic a te  m in era ls  (Kiely and Jackson , 
1984), and the am ounts of quartz  and fe ld sp ars  (in te rm s  of end m em bers) 
w ere e stim ated  by chem ical an a lysis  of the re s id u es . Amounts of m ica  and 
in te rs tra tif ie d  m ica la y e rs  w ere calculated  from  the quantities of non
fe ld sp ar po tassium  in the orig inal s ize  frac tions, assum ing that m ica 
contains 10% K2O (Jackson, 1956). The com position of fe ld sp ars  in the 
co a rse  s il ts  was determ ined  from  the am ounts of po tassium , sodium and 
calcium  in the light frac tions a f te r  allowing for the potassium  in m ica and 
glauconite. F re e  iro n  oxide in frac tions <  50 M was determ ined  by ex traction  
with sodium  dithionite in a c itra te  buffer, and am ounts of am orphous s ilica  
and alum ina in the fine clays w ere estim ated  by sodium  hydroxide ex traction  
(Hashim oto and Jackson , 1960). The percentage of lay e r s ilic a te s  o ther than 
m ica in the clay and fine s il t  frac tions was obtained by sub tracting  am ounts 
of quartz , fe ld sp ar, m ica, free  iron  oxide and am orphous s ilic a  and alum ina 
from  1 0 0 %, and th e ir  re la tiv e  p roportions w ere calcu lated  from  th e ir  b asa l 
reflec tion  in ten sitie s . C arbonate and organic carbon w ere determ ined  by a 
m odification of Shaw’s (1959) method.

P a r tic le  s ize  d istribu tion  was determ ined  by separa ting  the sand 
frac tions (> 5 0  M) a t ^ 0  in te rv a ls  with s iev es , and by taking two staggered  
se ts  of m easu rem en ts  a t& ^  in te rv a ls  from  5 to 150 jU with the sed im ent
ation appara tus d escribed  by S tairm and (1950). The m icrom orphology of 
the so il horizons was studied in thin sec tions, and the morphology of clay 
p a r tic le s  was exam ined with an e lec tron  m icroscope. Soil pH was m easu red  
with a labo ra to ry  m e te r , using a m ix tu re  of 10 g so il and 25 m l d istilled  
w ater.
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FIELD DESCRIPTION OF THE PROFILE AND SITE

The p rofile  studied was exposed beside the sloping pathway to the 
beach (National Grid re fe ren ce  TR 353643), approxim ately 100 m eas t of 
the viking ship; F ig .l  shows its  re la tionsh ip  to the surrounding deposits. 
The p rofile  is  overlain  by 1.3 m of hillw ash, in which the m odern soil is  
developed. C onsiderable erosion  of the loess occu rred  before the buried  
so il developed, because the loess is  much th inner here  than on the opposite 
(w estern) side of the old brickp it. The soil form ed in a broad hollow or

to p  of cliff
p ro file  sam p led  h e re

chalky hillwash

0£9anic nnm o n m i

buried
soil p ro file

disturbed
Thanet Beds

•ap p ro x im a te  
b e a c h  level

too
_ J _

no 
__L

H orizonta l sc a le  in m etres 

D is tan ce  a lo n g  b e a c h  from  c o n c re te  s te p s  b e tw e e n  th e  H o v erp o rt an d  th e  Viking Ship

F ig .l .  C liff section  n ear C liffsend (Kent), showing re lationsh ip  of the 
buried  so il p ro file  to surrounding deposits.

channel cut in the lo e ss , which was la te r  partly  filled with the hillw ash. At 
the p ro file  s ite  the loess is 1.5 m thick, and re s ts  on a thin solifluction 
gravel com posed of angular flint fragm ents, chalk pelle ts  and Thanet Beds 
sand, and th is in tu rn  re s ts  on d istu rbed  Thanet Beds.

Seven horizons w ere recognised  in the buried  profile:

Depth (cm) Horizon D escrip tion
0-19 1 V ery dark  brown (lOYR 2 /2 )  to black (lOYR 2 /1 )

hum ose s ilt  loam; organic m a tte r in tim ate and 
largely  am orphous to the naked eye; s tru c tu re le ss ; 
very  friab le  when m oist, but b rittle  when dry; 
abundant fine and very  fine pores; a few locally 
concentrated  fine fibrous living roots; a few c a lc a r
eous concretions; pH 8.0. A m erging boundary with 
the hillw ash above and narrow  undulating boundary 
below.

19-29 2 V ery dark  brown (lOYR 2 /2 )  hum ose s ilt  loam , with
many s tre a k s  and patches of light grey (lOYR 7 /2 )  
s il t  loam; very weakly developed sub-angular
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Depth (cm) H orizon D escrip tion  (continued)

29-45

45-69 4

60-103

103-130

130-152

152+

blocky s tru c tu re ; p o res  and roo ts as  in horizon 1 ; 
pH 8.0. F a ir ly  sharp  boundary at base.
Light grey (lOYR 7 /2 )  s ilt loam , with horizontal 
s tre a k s  of light yellowish brown (lOYR 6 /4 )  and 
dark  brown (7.5YR 3 /2 )  s ilt  loam , and many d istinc t 
v ery  dark  brown (lOYR 2 /2 )  organic speckles; 
s tru c tu re le s s , but the horizontal lam inae give a 
weak horizontal parting; p o res  as  in horizon 1 ; 
few er roo ts  than above; very  friab le; pH 7.8. Sharp 
boundary a t base.
Brown (7.5YR 4 /4 )  s ilt  loam , with many yellow ish 
brown (lOYR 5 /8 )  and a few grey ish  brown (lOYR 
5 /2 )  m o ttle s , and som e d a rk e r (5YR 2 /2 )  s tru c tu ra l 
faces; organic speckles as in horizon 3; weakly 
developed co a rse  p rism a tic  s tru c tu re , breaking  to 
c o a rse  sub-angu lar blocks; abundant very  fine pores; 
f irm  consistence; r a r e  fine fibrous living roo ts 
along s tru c tu ra l faces; pH 7.4. M erging boundary at 
base .
G reyish  brown (lOYR 5 /2 )  s ilt  loam , with many 
s trong  brown (7.5YR 5 /8 )  m ottles and som e d a rk e r 
(5YR 2 /2 )  s tru c tu ra l faces; organic speckles as in 
horizon 3; s tru c tu re , p o re s , consistence and roo ts 
a s in horizon 4; pH 7.5 M erging boundary a t base. 
G reyish  brown (lOYR 5 /2 )  s ilt  loam , with many 
strong  brown (7.5YR 4 /6 )  m ottles; organic speckles 
a s in horizon 3; very  weakly developed co arse  p r i s 
m atic s tru c tu re ; friab le  consistence; few er roo ts 
than in horizons 4 and 5; p o res  a s  in horizon 4; pH 
7.5. M erging boundary at base.
G reyish  brown (lOYR 5 /2 )  s ilt  loam , with many 
strong  brown (7.5YR 4 / 6 ), brow nish yellow (lOYR 
5 / 8 ) and pale brown (lOYR 6 /3 )  m ottles; organic 
speckles as in horizon 3, but slightly le s s  common; 
s tru c tu re , consistence and roo ts as in horizon 6 ; 
slightly  few er p o res  than in horizon 6 ; pH 7.9.
Sharp boundary at base.
A ngular flinty gravel.

U naltered loess  does not occur in the p ro file , because even in the 
low est horizon the so il is  m ottled and decalcified. L oess that is  a lm ost 
com pletely unaffected by so il-fo rm ing  p ro c e sse s  occurs w est of the old 
b rick p it a t depth below the m odern so il p ro file  (D alrym ple, 1969); th is 
deposit is  strongly  ca lcareous and has an alm ost uniform yellow -brow n 
(lOYR 5 /4 )  colour.

RADIOCARBON DATING

A 500 g sam ple of horizon 1, containing originally  1.2% organic C, 
w as tre a te d  with 2 N hydroch lo ric  acid  to rem ove calcium  carbonate , and
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the residue  was washed many tim es with d is tilled  w ater. The fibrous roo ts 
that penetra te  the profile  from  the m odern so il on the hillw ash w ere r e 
moved by handpicking and by centrifuging a fte r  each w ater wash. C en trifu 
gation a lso  sep ara ted  much of the colloidal organic m a tte r from  the sam ple. 
The carbon in the m a te ria l subm itted for dating th e re fo re  occu rred  alm ost 
en tire ly  in re la tive ly  in e rt organic p a rtic le s  ranging from  2  to 1 0 0  ju, so 
that contam ination with m odern organic m a tte r  o r calcium  carbonate was 
m inim ised.

The date obtained was 6,120 ± 250 y e a rs  B .P . (sam ple no. 1-3538).
T his does not give the tim e of b u ria l of the p ro file , because much of the 
organic m a tte r  in the so il would a lready  be quite old when that happened. 
The date is equivalent to that of a homogeneous sam ple of organic m a tte r 
with the sam e 6 value as the heterogeneous sam ple analysed, so that 
the d ifference between th is and the date of bu ria l depends m ainly on the 
ra te  of renew al of organic m a tte r  during so il form ation. At p re sen t the best 
e stim a tes  of th is d ifference a re  based  on rad iocarbon  dating of the organic 
m a tte r in the h ighest 20-30 cm of m odern so il p ro files  developed wholly or 
partly  in lo ess . Scharpenseel et al. (1968) repo rted  equivalent ages of 
1,210 ± 70 and 1,340 ± 80 y e a rs  for the organic m a tte r  a t a depth of 10-20 
cm in two chernozem s, and Jenkinson (1969) gave 1,280 + 125 and 1,385 ± 
140 y e a rs  for the equivalent ages of organic m a tte r in the h ighest 23 cm 
of two so ils  from  R otham sted F a rm  (Harpenden, England). T hese suggest 
that the Pegw ell Bay p rofile  was buried  about 5,000 y e a rs  B .P ., which 
ag ree s  approxim ately with K erney’s suggestion (1965) that the overlying 
colluvium re su lted  from  soil erosion  following fo re s t c learance  during 
la te  p re h is to ric  (i.e .,Subboreal) tim es. The period  of so il form ation th e re 
fore included the A tlantic period  (approxim ately 5,000-7,000 y e a rs  B .P .), 
which was the P o stg lac ia l c lim atic  optimum, a tim e of w arm  and probably 
ra th e r  wet conditions.

PARTICLE SIZE DISTRIBUTION

The detailed  p a rtic le  size  d istribu tion  of sam ples from  horizons 1—7 
(Table I) shows that th e re  a re  only a few sm all tex tu ra l v aria tions in the 
pro file . H orizon 7 contains slightly  m ore sand than higher horizons, probably 
because som e Thanet Beds sand was incorporated  in the basa l la y e rs  of the 
lo ess . The s ilt  and co arse  clay frac tions show no significant varia tions 
through the pro file . However, horizon 3 contains ra th e r  le ss  fine clay than 
horizons 1, 2 and 7, and considerably  le ss  than horizons 4, 5 and 6 ; the 
sam e is tru e , but to a le s s e r  extent, of the medium clay frac tions. T his 
suggests that som e fine and m edium clay was eluviated from  horizon 3 and 
redeposited  in horizons 4, 5 and 6 .

The m ean p a rtic le  s ize , standard  deviation, skew ness and k u rto sis  of 
the frac tions c o a rse r  than 1.0 (p (8  /i) in each horizon w ere calculated  by 
m om ent sum m ation. T h is elim inated the d ifferences between horizons 
caused by m ovem ent of the finest so il p a r tic le s  through the p ro file , and 
allowed a fu rth e r quantitative g ranulom etric  com parison to be made between 
the skele ta l components of each horizon. The low er lim it of 7.0 0 was 
im posed by the lack of data a t i 0  in te rv a ls  in frac tions finer than th is. The 
ranges of calcu lated  values for the four m om ents a re  extrem ely  sm all. The
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TABLE I

D etailed  partic le  s iz e  d istribution of sa m p les from  horizons 1—7 of buried so il  
p rofile  in lo e s s  at P egw ell Bay, Kent

0
d iv ision s

/I
equivalent

1 2 3 4 5 6 7

Sand >  1.25 >  420 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1 .5 0 -1 .2 5 355-420 0.0 0.0 0.0 0.0 0.0 0.0 0.1
1 .7 5 -1 .5 0 300-355 0.1 0.0 0.0 0.0 0.0 0.1 0.2
2 .0 0 -1 .7 5 250-300 0.1 0.0 0.0 0.0 0.0 0.1 0.3
2 .2 5 -2 .0 0 210-250 0.1 0.1 0.0 0.0 0.0 0.1 0.3
2 .5 0 -2 .2 5 180-210 0.1 0.1 0.1 0.0 0.0 0.1 0.3
2 .7 5 -2 .5 0 150-180 0.1 0.1 0.1 0.1 0.1 0.1 0.3
3 .0 0 -2 .7 5 125-150 0.1 0.1 0.1 0.1 0.1 0.2 0.4
3 .2 5 -3 .0 0 105-125 0.3 0.2 0.3 0.2 0.2 0.2 0.4
3 .5 0 -3 .2 5 90-105 0.5 0.4 0.6 0.4 0.3 0.4 0.6
3 .7 5 -3 .5 0 7 5 -  90 1.2 1.3 2.0 1.4 1.0 1.1 1.2
4 .0 0 -3 .7 5 6 3 - 75 3.0 3.6 5.0 3.1 2.6 2.8 2.7
4 .2 5 -4 .0 0 5 3 -  63 6.5 7.5 9.1 7.8 6.3 6.8 7.1

Silt 4 .5 0 -4 .2 5 4 4 -  53 8.5 9.6 10.2 9.7 9.3 9.1 9.2
4 .7 5 -4 .5 0 3 7 -  44 9.3 10.6 11.6 9.9 10.0 10.8 10.6
5 .0 0 -4 .7 5 3 1 -  37 9.2 9.6 10.4 9.5 9.2 9.7 10.2
5 .2 5 -5 .0 0 2 6 -  31 7.8 8.2 8.7 7.8 7.4 7.8 8.4
5.50—5.25 2 2 -  26 6.0 6.7 7.0 6.3 6.1 6.3 6.8
5 .7 5 -5 .5 0 1 5 -  22 5.1 5.2 5.5 5.0 4.7 5.0 5.3
6 .0 0 -5 .7 5 1 6 - 19 4.2 4.2 4.3 4.0 3.7 3.7 4.0
6 .2 5 -6 .0 0 1 3 -  16 3.4 3.3 3.4 3.2 3.2 2.9 3.0
6 .5 0 -6 .2 5 1 1 -  13 2.7 2.8 2.7 2.6 2.5 2.4 2.3
6 .7 5 -6 .5 0 9 -  11 2.2 2.2 2.1 2.1 2.1 1.9 1.7
7 .00 -6 .75 8 -  9 1.8 1.9 1.8 1.8 1.7 1.5 1.5
9 .0 0 -7 .0 0 2 -  8 7.0 6.0 5.9 4.4 4.9 4.3 4.7

Clay 1 1 .00-9 .00 0 .5 -2 3.9 4.0 3.5 3.3 2.9 2.5 2.3
13 .00 -11 .00 0 .1 -0 .5 4.1 3.3 1.3 4.4 5.1 4.9 4.0

<  13.00 <  0.1 9.4 7.2 2.8 12.7 16.1 15.1 9.9

m ean g ra in  s ize  ranges from  4.92 to 5 .010  (31-33 ji), and the range of 
standard  deviation is 0.52-0.75 0  , o r 0.62-0.70 0 if horizon 7 is excluded. 
T h e re  is a  sligh t (but probably insignificant) positive skew ness in horizons 
1-6 (0.08—0.42), but a  sm all negative skew ness (-0.32) in horizon 7. K urtosis 
ranges from  2.7 to 3.6 in horizons 1—6, and is 4.3 in horizon 7. T hese 
values indicate that no significant d ifferences a re  detectab le by p a rtic le  
s ize  an a lysis  a t |  0  in te rv a ls  between the skele ta l com ponents of horizons 
1-6, but that horizon 7 d iffers  slightly  from  these , because it contains a 
little  m ore fine sand.

MICROMORPHOLOGY

Thin sections of the soil horizons provide fu rth e r evidence for the 
éluviation of clay in the p ro file . A ll the horizons have a mainly a rg illa sep ic  
porphyroskelic  m icro fab ric  (using the term inology of B rew er, 1964, chapter
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14). In horizons 4 and 5 a ll the soil voids a re  thickly lined with oriented , 
b iré fringen t clay. S im ilar a rg illan s  occur in horizons 6 and 7, but they 
becom e th inner and le s s  common downwards, so that in horizon 7 the 
am ounts of redeposited  clay a re  very sm all. The m ain horizons of illuvial 
deposition a re  th ere fo re  4 and 5. In horizon 4 som e m asses  of oriented  clay 
a re  embedded in the soil m atrix ; these probably orig inated  as void a rg illan s , 
but w ere la te r  red is trib u ted , possibly by soil fauna.

A rg illans do not occur in horizon 3, which is the m ain eluvial horizon 
in the p rofile . However, a few thin cutans do occur in horizons 1 and 2. It 
is  unlikely that these  resu lted  from  so il form ation in the buried  p ro file , 
because horizons 1 and 2 a re  separa ted  from  the zone of clay deposition 
by horizon 3, which has no cutans. As they occur mainly in channels form ed 
by roo ts  penetra ting  from  the p resen t so il, they probably orig inated  during 
the m ore recen t period of so il form ation a fte r the hillwash was deposited. 
The carbonate concretions, which form  0.53% of the a ir -d r ie d  so il in h o ri
zon 1 and 0.14% in horizon 2, a lso  originated from  m a te ria l transloca ted  
from  the m odern soil.

The yellow ish brown m ottles in horizon 4 and the strong  brown ones 
in horizons 5—7 a re  seen in thin sections as a re a s  of iron concentration, 
which a re  dense in the low est two horizons and becom e p ro g ressiv e ly  m ore 
diffuse upw ards. They re su lt from  the local m ovem ent of iron  in reducing 
conditions caused by poor drainage in the p rofile . M ottling is not v isib le  in 
horizons 1—3 in the field, but poor drainage is  indicated in thin sections by 
diffuse a re a s  of iron concentration. However, evidence of poor drainage is 
lacking in the overlying hillw ash, which has no m ottles and shows in thin 
section an a lm ost even d istribu tion  of iron  compounds. T his suggests that 
the p resen t s ite  drainage is good, and that the poor drainage in the buried  
p ro file  occu rred  before the hillw ash was deposited.

SAND MINERALOGY

The sand frac tions from  a ll horizons of the buried  p rofile  a re  com 
posed of 85-87% quartz , 6-12% fe ld spar, 2% flint fragm ents, 1-4% m usco
v ite , 0-2% glauconite and sm all am ounts of heavy m in era ls . P itch e r et al. 
(1954, p .24) and Kerney (1965) noted the m inera log ica l s im ila rity  of 
c o a rse r  frac tions in the Pegw ell Bay loess  to those of the underlying Thanet 
B eds. Our analy ses of the Thanet Beds (Weir and C att, 1969) and the loess 
show that the sam e sand m in era ls  occur in both deposits, but that the 
re la tiv e  am ounts of som e species a re  significantly different. In p a r tic u la r , 
the loess contains approxim ately th ree  tim es as much fe ld spar, epidote 
and am phibole, and a t le a s t ten tim es as  much ch lo rite  and m uscovite as 
the Thanet B eds, but has le ss  quartz and flint. T his suggests that, although 
som e of the sand in the loess was derived  from  the Thanet B eds, a la rge  
proportion (probably >  50%) cam e from  another source. T his source  was 
probably quite d istan t, because we know of no deposit older than the loess 
in ea s te rn  Kent that contains la rg e  am ounts of sand -sized  fe ldspar, m usco
v ite , ch lo rite , epidote and am phiboles. Horizon 7 contains slightly m ore 
Thanet Beds sand than the h igher horizons of the p ro file , because its  con
tent of fa r- tra v e lle d  sand (feldspar e tc .) is  sm a lle r.

S m all am ounts of opaline s ilica  occur in horizons 1 and 2; this is
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m ainly in phytoliths derived  from  the s tem s of p lants that grew  in the soil. 
A lm ost a ll the glauconite in the pro file  is partly  a lte red  to iron  oxide 
(lim onite), but in horizons 1—3 th is a lte ra tio n  has proceeded so fa r that 
little  or no recogn isab le  glauconite rem ain s. Sam ples of the le a s t a lte red  
glauconite w ere  sep ara ted  e lec trom agnetically  from  the fine sand and 
co a rse  s ilt  frac tions of horizon 7, then d isaggregated  by violent u ltrason ic  
trea tm en t (the p a r tic le s  w ere suspended within 1 0  mm of the top of an 
u ltraso n ic  probe ra ted  a t 60 W a t 20 kHz), and exam ined by X -ray  d iffrac t
om etry of o riented agg reg a tes . Both consisted  of m ica giving a broadened 
1 0  Â b asa l re flec tio n , and poorly c ry s ta llise d  in te rs tra tif ie d  m in era ls  
com posed of com plex m ix tu res of ch lo ritic , v e rm icu litic  and m ontm orillo - 
n itic lay e rs .

COARSE SILT MINERALOGY

The co a rse  s ilt  frac tions contain 75-77% quartz , 21-23% fe ld spar,
1-3% flin t, 0.6-2% m uscovite, 0-2% glauconite and <  0.3% to tal heavy 
m in e ra ls . The heavy m inera l su ite  re sem b le s  that of sand frac tions in the 
lo e ss , but epidote, am phibole and ch lo rite  a re  slightly  m ore abundant. The 
co a rse  s ilt  of the Thanet Beds y ields 5—20 tim es as  la rg e  a heavy fraction  
as the co a rse  s ilt  of the lo ess . Both contain the sam e heavy m in e ra l species 
(W eir and C att, 1969, p .21), but the heavy fraction  of the loess co a rse  s ilt 
has 2—3 tim es a s  much ch lo rite  a s  that of the T hanet Beds co a rse  s ilt , and 
epidote and am phibole a re  as much as  20 tim es m ore common. T his 
suggests that the amount of T hanet Beds derived  co a rse  s ilt  in the loess  is 
ce rta in ly  <  10%, and may be <  5%.

The com position of light frac tions a lso  ind icates that m ost of the 
co a rse  s ilt  in the loess is not derived  from  the Thanet B eds. The quartz 
p a r tic le s  in the loess  a re  much m ore  angular than those in the Thanet 
B eds, and flint is approxim ately  5 tim es m ore  abundant in the Thanet Beds 
than in the lo e ss . A lso, fe ld spar is a t le a s t tw ice a s  abundant in the loess 
a s  in the T hanet B eds, and its  overa ll com position in te rm s  of end m em bers 
is  different; in the loess  the ra tio  Or;Ab:An is  approxim ately 4:4:1 (Table 
II), w hereas the ra tio  in the Thanet Beds is  13:12:1. The m ineralog ical 
com position of fa r- tra v e lle d  m a te ria l in the co a rse  s ilt  fraction  of the 
lo e ss  is s im ila r  to that in the fine sand, except that am ounts of m uscovite 
a re  sm a lle r . In both frac tio n s, the fa r- tra v e lle d  component contains 
m odera te  am ounts of fe ld spar and a little  m uscovite, epidote, am phibole, 
and ch lo rite , but co n sis ts  m ainly of angular quartz . Sm all am ounts of other 
heavy m in era ls  m ight a lso  have come from  d istan t so u rces , but the s im ila 
r ity  of these m in e ra ls  to the heavy frac tions of the Thanet Beds suggests 
that they a re  m ainly local in origin. As in the sand frac tio n s, the glauconite 
is  partly  oxidised in low er horizons of the p ro file , and has been a lm ost com 
pletely  rem oved from  horizons 1—3.

FINE SILT MINERALOGY

The fine s ilt  frac tions contain 58—66% qu artz , 23—25% fe ldspar (Table 
II), 8—16% lay er s ilic a te  m in era ls  and 0.6—1.0% iron  oxides. The lay er
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TABLE II

O verall com position  (in te rm s of end m em bers) of fe ld spar  in the co a rse  
s i lt ,  fine s i l t  and co a rse  c lay  fraction s of sa m p les from  horizon s 1—7 of 
buried so il p rofile  in lo e s s  at P egw ell Bay, Kent

1 2 3 4 5 6 7

C oarse s ilt  (20-50 M)
% K feld spar 9.1 9.1 9.5 8.7 10.0 10.0 10.0
% Na fe ld spar 9.5 9.5 9.5 9.5 9.5 10.0 10.0
% Ca fe ldspar 2.3 2.3 2.5 2.5 2.5 2.7 2.8

Total 20.9 20.9 21.5 20.7 22.0 22.7 22.8

Fine s i lt  (2-20 ji)
% K fe ld spar 11.8 12.0 11.9 11.5 12.0 12.3 12.9
% Na fe ldspar 11.6 11.1 10.7 10.3 10.2 10.3 10.7
% Ca fe ldspar 1.4 1.6 1.5 1.5 1.5 1.6 1.8

Total 24.8 24.7 24.1 23.3 23.7 24.2 25.4

C oarse c lay  (0.5—2 p.)
% K fe ld spar 8.3 7.1 8.0 6.4 6.8 7.3 8.2
% Na feldspar 5.8 5.1 4.3 3.9 3.8 3.8 4.1
% Ca fe ld spar 0.5 0.5 0.6 0.6 0.5 0.5 0.6

Total 14.6 12.7 12.9 10.9 11.1 11.6 12.9

s ilic a te s  a re  m ica , verm icu lite , ch lo rite , kaolinite and random ly in te r 
s tra tif ied  m ix tu res  of m ica -ch lo rite , v e rm icu lite -ch lo rite  and v e rm icu lite - 
m ontm orillon ite . T hese m in era ls  give sh a rp e r and m ore intense basa l 
X -ray  re flec tions than lay er s ilic a te s  in the clay frac tions. T h e ir diffraction  
in ten sities  a re  enhanced by d ifferen tia l settling  in the oriented aggregates 
used for d iffrac tom etry , in which the lay e r s ilic a te s  form  w ell-o rien ted  
skins covering the su b -equant quartz and fe ldspar g ra in s. The sharpness 
of th e ir  d iffraction  reflec tions suggests that they occur largely  in tru e  
s ilt-s iz e d  p a r tic le s , and not as s ilt-s iz e d  aggregates of clay p a rtic le s . T his 
is  a lso  indicated by the fact that the kaolinite is  therm ally  stab le to 550^C, 
w hereas the kaolinite in the clay fractions is stab le only to 500°C. O ptical 
exam ination of the fine s ilts  confirm ed the p resen ce  of m ica-like  flakes as 
la rg e  a s  15 jU a c ro s s , but a lso  showed that glauconite-like aggregates occur 
in horizons 4-7 . However, the aggregates probably account for only sm all 
am ounts of the lay e r s ilic a te s . At le a s t two types of m ica flakes w ere 
recognised. Some w ere co lou rless and slightly b iré fringen t, but o thers w ere 
b row nish-green  and alm ost iso tro p ic , with re frac tiv e  indices in the basa l 
plane ranging from  1.59 to 1.61. Amounts of the f ir s t  type, which is probably 
m uscovite, seem  to be constant through the p ro file , but th e re  is an evident 
upward d ec rease  in am ounts of the b row nish-green  m ica. T his m inera l is 
probably an iro n -r ic h  verm icu lite , but som e of the flakes, which have 
re frac tiv e  indices g re a te r  than is  usual for verm icu lite , may contain in te r 
s tra tif ie d  ch lo ritic  lay e rs .

The fine s ilt  frac tions of the Thanet Beds (Weir and C att, 1969, p .23) 
d iffer from  those of the loess  in containing m ontm orillonite and m ore m ica, 
but le ss  quartz  and fe ldspar. As in the co a rse  s i l ts ,  the fe ld spars as a  whole 
(Table II) a re  slightly  m ore calcic than those of the Thanet B eds. A lso,
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som e of the lay e r s ilic a te s  in the lo ess  a re  absent or r a r e  in the Thanet 
B eds, and c linop tilo lite , which occurs abundantly in fine s ilt  frac tions of 
the basa l T hanet Beds (Brown et a l,,  1969), was not detected in the buried  
p ro file . T hese  d ifferences suggest that the amount of Thanet Beds derived 
fine s ilt in the loess is  very  sm all, probably even le ss  than the amount of 
co a rse  s ilt  from  that source.

The d ifferences in am ounts of m ost lay er s ilic a te s  in the fine s ilt 
frac tions through the p rofile  a re  sm all, and probably re flec t only the range 
of m inera log ica l com position of the orig inal lo ess . However, the upward 
d ec rea se  in am ounts of expanding m in era ls  (Table III) m ight have been 
caused by w eathering. T his d ec rease  re su lts  partly  from  the sm a lle r  
am ounts of verm icu lite  in h igher horizons, which could be traced  by the 
lessen ing  of the 14 A basal X -ray  reflec tion  as well as  by optical exam i
nation, and partly  from  the absence of in te rs tra tif ie d  v e rm icu lite -m o n t
m orillon ite  from  horizon 1 .

CLAY MINERALOGY

The co a rse  clay frac tions (0.5-2 p ) contain 23-28% quartz and 11-15% 
fe ld spar, and the medium clays (0.1—0.5 p )  8-13% quartz and 2-5% fe ld sp ar, 
but ne ither m in era l was detected  in the fine clay frac tions (< 0 .1  p). The 
am ounts of free  iron  oxides in c rea se  with d ecreasing  p a rtic le  size  as fa r 
as  the m edium clay frac tions (Table III), and a re  generally  g re a te r  in lower 
horizons, especially  4, 5 and 6 , than in higher. L epidocrocite was detected  
by X -ray  d iffraction  in the fine s ilt  and a ll clay frac tions of horizons 4-6, 
and th e re  was a b road , weak goethite reflec tion  in the fine clays of horizons
3—7, but the natu re  of the rem ain ing  iron  oxides is  unknown.

In the co a rse  clay frac tions the am ounts of lay e r s ilic a te  m in e ra ls  in 
c re a se  from  a to tal of 53% in horizon 1 to 58% in horizon 6 . T hese m in era ls  
a re  fa irly  well c ry s ta llise d  and o rien t s trongly , giving m oderately  in tense 
b asa l X -ray  re flec tio n s. M ost of the potassium  in the lay er s ilic a te s  occurs 
in the phase that has a 10 A basa l spacing, but a little  is in in te rs tra tif ie d  
m ica -ch lo rite . N everthe less, m ica is  the m ost abundant lay er s ilic a te  in 
the co a rse  clays.

The expanding m in era ls  in the co a rse  c lays a re  com plex, and change 
slightly  with depth in the pro file . M g-satu ra ted , a ir -d r ie d  specim ens from  
a ll horizons give an in tense X -ray  reflection  corresponding to a basa l 
spacing of 14.5—14,7 A and a lso  an a re a  of continuous sca tte rin g  between
14.5 A and the m ica reflec tion  a t 1 0  A. Glycollation of the co a rse  clay from  
horizon 1 d im in ishes both the intensity  of the 14.5 A reflec tion  and the 
sca tte rin g  between 1 0  A and 14.5 A, and gives a sm all reflec tion  c o r r e s 
ponding to spacings of 15-16 A (F ig .2). In horizon 2 glycollation produces 
a sm all broad  reflec tion  corresponding to^an 18 A b asal spacing, and also  
an a re a  of continuous sc a tte r  between 18 A and 14.5 A. In horizons 3—7 the 
sca tte rin g  between 1 0  A and 14.5 A d e c re a ses  a lm ost to background level 
a f te r  glycollation, and the in tensity  of the 18 A reflec tion  in glycollated 
specim ens gradually  in c re a se s  with depth (F ig .2). The expanding m in e ra ls  
in co a rse  c lays from  a ll horizons collapse to a 1 0  A in te rla y e r spacing 
when heated to 335°C. K -sa tu ra tio n  a lso  co llapses the expanding m in era ls  
of horizons 1 and 2  to 1 0  A, but in low er horizons th is collapse is only
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F ig .2. X -ray  d iffrac to m eter tra c e s  of glycollated fine s ilt ,  co a rse  
clay and fine clay from  horizons 1 , 3 , 5  and 7 of the buried  so il p ro file .

p a r tia l and subsequent glycollation causes a little  re-expansion . The ex
panding m in e ra ls  in the co a rse  clay of horizon 1 a re  th e re fo re  v erm icu lite  
and in te rs tra tif ie d  v e rm icu lite -m ica  and verm icu lite -m on tm orillon ite . 
Lower horizons contain verm icu lite  and m ontm orillonite , and the proportion  
of m ontm orillonite in c re a se s  with depth. H orizons 2-4 a lso  contain in te r 
s tra tif ie d  verm icu lite -m o n tm o rillo n ite , which gives a continuous sc a tte r  
of X -ray s  between the 18 Â and 14.5 Â re flec tions. The expanding m in era ls  
in the low est horizon of the pro file  a re  th e re fo re  a lm ost en tire ly  free ly - 
expanding, but those in h igher horizons becom e p ro g ressiv e ly  le ss  free ly - 
expanding upw ards, and horizon 1 has no freely-expanding co arse  clay 
m in e ra ls . Although it  is  convenient to use d ifferen t m in era l nam es, a ll the
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expanding m in era ls  in th is and other size  fractions a re  probably genetically 
re la ted  m em bers of a single s e r ie s ,  which extends from  freely-expanding 
m ontm orillonite  through in te rs tra tif ie d  verm icu lite -m ontm orillon ite , 
verm icu lite  and in te rs tra tif ie d  verm icu lite -m ica  tow ards pure , non-ex
panding m ica.

L ayer s ilic a te  m inera ls  a re  m ore abundant in the medium clay f ra c t
ions than in the co a rse  clays (Table III). The expanding m in era ls  in h o ri
zons 1 and 2  a re  v erm icu lite  and in te r s tra tif ied  verm icu lite -m ontm orillon ite  
and v e rm icu lite -m ica . The in te rs tra tif ied  verm icu lite -m ontm orillon ite  is  
m ore freely-expanding than that in the co a rse  clay from  horizon 1 , a s  it 
expands on glycollation to 16.5 A. In horizon 3 th e re  is  much verm icu lite , 
som e in te rs tra tif ie d  v e rm icu lite -m ica , and a m ontm orillonite that expands 
to 17 A, but no in te rs tra tif ie d  verm icu lite -m ontm orillon ite . In lower 
horizons the am ounts of verm icu lite  and in te rs tra tif ie d  ve rm icu lite -m ica  
d ec rease  downwards, and m ontm orillonite in c rea se s . As in the co a rse  clays, 
the expanding m in era ls  thus expand le ss  freely  in higher horizons than in 
low er.

In the fine clay fractions kaolinite ^ives a sm all broad reflection  
corresponding  to a basa l spacing of 7.2 A, and m ica gives a sm all 10 Â 
reflec tion , which is  b roader in higher horizons than in low er. The only 
expanding m in era l in the fine clay of horizons 4-7 is  m ontm orillonite , but 
in h igher horizons th ere  is a lso  som e in te rs tra tif ied  verm icu lite -m o n t
m orillon ite , which has a b asa l spacing a fte r glycollation of approxim ately 
15 A. In horizon 3 the reflec tion  from  th is in te rs tra tif ied  m inera l is  a 
prom inent shoulder on the m ain m ontm orillonite d iffraction peak (F ig .2); 
in horizon 2  it is a sm a lle r  shoulder, and in horizon 1 the two m erge into 
a single broad reflection  covering spacings of 15-17 Â. The m ontm orillo 
nite in horizon 7 expands to a lm ost 18 Â, and that in horizons 5 and 6 ex
pands to 18.5 Â (Fig.2). The expanding m inera ls  from  all horizons collapse 
to a 10 À b asa l spacing at 335°C and to 9.7 Â at 525°C. K -sa tu ra tion  
co llapses the la y e rs  to 10 Â and 12.5 Â; subsequent glycollation causes 
little  or no re-expansion  in the fine clay of horizon 1 , but gives increasing  
am ounts of re -expansion  to 15 Â in horizons 2—4. The m ontm orillonite in 
horizon 5 re-expands to a lm ost 17 A, but that in horizons 6 and 7 re-expands 
to only 15 A. The m ost freely-expanding fine clay m inera ls  th e re fo re  occur 
in horizon 5 , w here th e re  is  the maximum accum ulation of transloca ted  
clay, and not, a s  in the medium and co arse  clay frac tions, in the lowest 
horizon.

T able III gives the am ounts of am orphous Si0 2  and AlgOg in the fine 
clay frac tio n s. T hese dec rease  slightly with depth in the p ro file , but the 
SiOg/AlgOg ra tio  is  approxim ately 1.4 throughout. T his suggests that sm all 
am ounts of am orphous m a te ria l w ere form ed by breakdown of alum ino- 
s ilica te  m in e ra ls  in the higher horizons of the profile .

DISCUSSION AND CONCLUSIONS 

The soil  parent m ateria l

M ineralogical com parison of d ifferen t s ize  frac tions >  2 ju from  the 
buried  p ro file  and the Thanet Beds (W eir and Catt, 1969) shows that only a
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sm all p a r t of the so il m a te ria l was derived  from  the Thanet B eds. A large  
p roportion  of the sand is  m ineralog ically  s im ila r  to the Thanet Beds sand, 
but sand co m p rises  only 10-14% of the to tal so il. In finer frac tions (2-50 p) 
the amount of m a te ria l derived  from  the local Thanet Beds is  much le s s , 
and we estim a te  that only 1 0 - 2 0 % of the to tal so il m a te ria l was so derived. 
The source  of the rem ain d er is  unknown, but is  probably d istan t from  
southeast England.

The d ifference in am ounts of m a te ria l derived  from  Thanet Beds in 
the sand and s ilt frac tions suggests wind tran sp o rta tio n , because sand is 
ra re ly  c a rr ie d  fa r  by wind and th e re fo re  should be m ainly local in orig in , 
w hereas s ilt can be c a rr ie d  much fu rth e r. A lso, the m inera log ica l com po
sition  of the m a te ria l not derived  from  the Thanet Beds is  s im ila r  to that 
of a silty  deposit found in so ils  of the C h ilterns (Avery et a l., 1959; W eir 
et a l., 1969) and the South Downs (Hodgson et a l.,  1967), and the pétrographie  
uniform ity of such w idespread sup erfic ia l deposits occurring  in various 
geom orphic situations is consisten t only with wind tran sp o rta tio n . We th e re 
fo re  ag ree  with P itc h e r  et al. (1954) and T illey  (1961) that the b rick ea rth  
deposits in no rtheast Kent a re  p a rt of the European P le istocene  loess  cover.

The clay (<  2 p ) in the lo ess  is probably derived  from  the sam e 
so u rces  as the s ilt. T h ere  a re  sm all d ifferences between size  frac tions, 
but they a re  gradational. F o r exam ple, the ra tio  of lay e r s ilica te  m in era ls  
to quartz  and fe ld spar in c re a se s  with d ecreasing  p a rtic le  s ize , and the 
assem blage  of lay e r s ilic a te s  a lso  changes slightly from  fraction  to fraction; 
how ever, these  changes a re  gradual and re su lt p a rtly  from  w eathering in 
the p ro file  and partly  from  the na tu ra l inclination of som e m in era ls  to occur 
in p a r tic le s  of a lim ited  s ize  range determ ined  by th e ir  physical and che
m ical s tab ilitie s . T here  a re  no sharp  d iscontinu ities between s ize  frac tions 
that would indicate d ifferen t sou rce  m a te ria ls . However, it  is  not c lea r 
w hether the clay was c a rr ie d  by the wind as d isc re te  p a r tic le s , as  s ilt-s iz e d  
ag g reg a tes , o r as coatings on s il t  p a rtic le s .

The rad iocarbon  date of the soil organic m a tte r  defines the age of the 
loess  m erely  as  o lder than the P o stg lac ia l c lim atic  optimum. However, the 
unw eathered natu re  of m ost of the loess  w est of the old b rickp it suggests 
it is  not p re-W eichselian , and K erney’s suggestion (1965) of a la te  M iddle 
W eichselian  age (approxim ately 14,000-30,000 y e a rs  B .P .), based on a 
com parison  with the aeolian  deposits of continental E urope, seem s the 
m ost likely.

P r o f i l e  d e v e l o p m e n t

The p rofile  was buried  approxim ately 5,000 y e a rs  B .P ., and th is  event 
probably caused m ost of the so il-fo rm ing  p ro c e sse s  in it to cease . How
ev er, the s ta r t  of so il form ation in the buried  pro file  is  m ore difficult to 
date. At le a s t 2-3 m of loess  w ere rem oved before the pro file  developed to 
its  p re sen t form , but som e so il-fo rm ing  p ro c e sse s  affecting the lowest
1.5 m of loess  m ight have s ta rte d  before  e ro sion  ceased . The e a r lie s t  
phases of p ro file  developm ent could th e re fo re  be a s  old as M iddle W eichsel
ian. However, it is  ex trem ely  unlikely that such a w ell-developed and un
d istu rbed  p ro file  could e ith e r a tta in  anything like its  p re sen t form  during 
the M iddle or L ate W eichselian cold periods, or survive unaltered  the
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p e rig lac ia l so il activity  of those tim es. A lso, as th e re  a re  no im pervious 
deposits n ear the buried  soil and the s ite  is  now w ell-d rained , the poor 
drainage conditions indicated by m ottling m ust have occu rred  during a much 
w ette r period  than the p resen t. The rap id  growth and decay of p lants leading 
to form ation of a  thick organic horizon a lso  depended on a wet and re la tive ly  
w arm  clim ate . Taken together, these fea tu res suggest that m ost of the 
p rofile  developm ent occurred  during the 5,000-6,000 y e a rs  a fte r  the younger 
Dry as period  (Late G lacial zone III), and that som e of the so il-fo rm ing  
p ro c e sse s  depended largely  on the m ore oceanic clim ate of the A tlantic 
period (P ostg lac ia l zone Vila).

Although décalcification  was an im portant so il-fo rm ing  p ro cess , no 
evidence of it rem ains in the buried  pro file , because it was fully d eca lc i
fied. E arly  in the developm ent of the pro file , carbonate was probably r e 
deposited in low er p a rts  of the lo ess , but la te r  the dissolved bicarbonate 
was c a rr ie d  into the underlying deposits. The p resen t pH is  no indication 
of the pH during so il form ation, because the ra te  of leaching would have 
dim inished grea tly  a fte r  the p ro file  was bu ried , and because horizons 1 and 
2 a re  now w ithin the zone of carbonate redeposition  of the m odern soil.

T ransloca tion  of fine and medium clay from  horizons 1-3 to low er 
horizons is indicated by the d ifferences in p a rtic le  size  d istribu tion  of 
these  horizons and by the cutans of oriented  clay in horizons 4-7 . T his p ro 
cess  could not occur until a t least the higher p a rts  of the profile  w ere de
calcified , because the deflocculation n ecessa ry  to move the finer clay 
p a r tic le s  (Soil Survey Staff, 1967, p .11) is inhibited by calcium  ions. The 
exact amount of clay rem oved from  horizons 1—3 cannot be determ ined , 
because horizons 1 and 2  have received  som e clay from  the m odern so il 
p ro file  developed in the hillw ash, and because a little  clay was lo st from  
the p ro file  as  a whole by éluviation into the underlying solifluction g ravel 
and Thanet B eds. However, these gains and lo sses  w ere quite sm all, and 
the m agnitude of clay translocation  can be estim ated  approxim ately by 
com paring the to ta l am ounts of fine and medium clay in the illuv ial and 
eluvial horizons with those in unaltered  lo ess . No unaltered  loess  is  p resen t 
in the p ro file , but the com position of horizon 7 is  c lose enough to that of 
unaltered  loess  for th is calculation, because it  contains only sm all am ounts 
of redeposited  clay.

A ssum ing that the orig inal loess  was s im ila r  to horizon 7, the eluvial 
horizons of the p ro file  (1-3), which a re  together 45 cm thick, would have 
contained approxim ately 9.9 • 45 = 445 cm% fine clay before so il form ation 
began. T hese  horizons now contain (9.4 • 19) + (7.2 • 10) + (2.8 • 16) =
295 cm% fine clay, and have th e re fo re  lo st 150 cm%, or 35% of th e ir  
assum ed  orig inal fine clay content. B efore so il form ation began, horizons
4-6 (the m ain illuvial horizons) would have contained 9.9 x 85 = 840 cm% 
fine clay, but they now contain (12.7 • 24) + (16.1 • 34) + (15.1 • 27) =
1,260 cm%. H orizons 4-6 have the re fo re  gained 420 cm%; as  only 150 cm% 
could have been derived  by translocation  from  horizons 1-3, approxim ately 
270 cm% is  evidently from  other so u rces . A s im ila r  calculation for the 
m edium  clay frac tions shows that the amount rem oved from  horizons 1-3 
(25% of the orig inal) is  approxim ately the sam e as the excess in horizons 
4r-6 , so that th e re  is  no gain of medium clay com parable to that of fine clay.

The la rg e  gain of fine clay could be a ttribu ted  to: (1) clay form ing 
within the p ro file  by w eathering of m in era ls  in c o a rse r  fractions; (2 )
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v e rtic a l tran slo ca tio n  of clay from  horizons originally  much th icker than 
45 cm , the upper lay e rs  of which w ere subsequently rem oved by erosion;
(3) horizontal translo ca tio n  of clay from  decalcified  loess a t slightly  higher 
levels  n ea r the edge of the hollow in which the p rofile  is situated; and (4) 
inhomogeneity of the orig inal lo ess . H orizontal transloca tion  was probably 
unim portant, because the p ro file  occurs on a very  gentle slope, and th e re  
is  no im perm eable  horizon in or beneath the loess  to encourage la te ra l 
m ovem ent of groundw ater. Inhomogeneity of the loess is a lso  unlikely, 
because we detected  no d ifferences between horizons in the p a rtic le  size  
d istribu tion  of frac tions not norm ally  tran slo ca ted , and because th e re  a re  
no sharp  m inera log ica l d iscontinu ities in the profile .

E xcessively  la rg e  am ounts of clay occur a lso  in the illuv ial horizons 
of som e m odern so ils (e.g. Soil Survey Staff, 1960, p .76), but explanations 
for the phenomenon a re  ra re ly  offered. However, Glenn et al. (1960) 
a ttrib u ted  a clay gain in a loess  so il of W isconsin to the form ation of m ont
m orillon ite  by w eathering of s i l t- s iz e d  ferrom agnesian  m ica and other 
m in e ra ls , and Bouma et al. (1968) suggested that a s im ila r  in c rease  of 
clay in a loess so il p rofile  in southern  L im burg (The N etherlands) resu lted  
from  w eathering. We have th e re fo re  exam ined the evidence for w eathering 
of s ilic a te  m in era ls  in the Pegw ell Bay p ro file  to see  if th is can account 
for the observed  gain of fine clay.

A s  w eathering begins in the highest horizons of the so il and gradually  
p roceeds downwards, it usually re su lts  in an upward d ec rease  in the 
am ounts of w eatherab le  m in era ls . The only m in era ls  in the buried  p ro file  
that show th is effect a re  glauconite in the sand and s ilt  frac tions and 
v erm icu lite  and in te rs tra tif ie d  v erm icu lite -m on tm orillon ite  in the fine s ilts . 
The f i r s t  v isib le  stage in the a lte ra tio n  of glauconite p e lle ts  is  the fo rm a
tion of abundant iron  oxide g ranu les, which change the pelle ts  from  green 
to yellow -brow n and ren d er them  opaque. T his has a lready  occu rred  in 
much of the glauconite in horizons 4-7 . F u rth e r  a lte ra tio n  d isagg rega tes 
the p e lle ts , and probably re le a se s  the constituent m ica and expanding 
m in era l p a r tic le s  into finer s ize  frac tions. T hese may rem ain  unaltered  in 
the sam e horizon, or may be fu rth e r m odified by w eathering, o r may be 
tran slo ca ted  to low er horizons.

A ssum ing that the percentage of s ilt  (2—50 ju) plus sand (>  50 ju.) in the 
unaltered  loess was s im ila r  to that of horizon 7 (81.6%), and that the fine 
s il t  contained as much glauconite as the co a rse  s ilt  and sand frac tions of 
horizon 7 (approxim ately 2%), then the to ta l amount of glauconite in h o ri
zons 1—3 would have been 81.6 • 45 • 2 /1 0 0  = 73.4 cm%. Making s im ila r  
assum ptions, the to ta l amount of v erm icu lite  in the fine s ilt  of horizons
1—3 would have been 17.2 • 45 • 6 /1 0 0  = 46.4 cm%. T hus, even if a ll the 
glauconite and verm icu lite  in horizons 1-3 (totalling approxim ately 120 
cm%) had been converted to fine clay, which was then e ith e r tran slo ca ted  
to horizons 4—6 or rem ained  in horizons 1—3 to rep lace  fine clay previously  
tran slo ca ted , it would account for le ss  than half the e stim ated  gain of fine 
clay (270 cm% ). The actual amount of fine clay so produced was probably 
m uch le s s  than 120 cm%, because only p a r t of the verm icu lite  has been r e 
moved from  horizons 1—3, and it is  unlikely that e ith er m inera l was a lte red  
en tire ly  to fine clay. We th e re fo re  conclude that only a sm all p a rt (probably 
<  30%) of the fine clay gained by the p ro file  as a whole was form ed by 
w eathering of these  m in era ls  in horizons 1—3. The rem ain d er was probably
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derived by v e r tic a l translocation  from  an overlying lay e r of lo ess , which 
was la te r  rem oved by erosion . B efore this erosional phase in the h isto ry  
of p rofile  developm ent, the horizons now form ing the highest 45 cm w ere 
within the zone of clay redeposition .

The m ain m ineralog ical difference between the clay frac tions of 
d ifferen t horizons in the p rofile  is  in the expanding m in era ls , which a re  
freely-expanding at depth but le ss  freely-expanding in h igher horizons. St. 
Arnaud and M ortland (1963) describ ed  a s im ila r  change with depth in the 
clay frac tions of so ils  developed on till , and a ttribu ted  it to the form ation 
of m ica from  expanding m in era ls  by the fixation of potassium  derived  from  
decaying plant m a te ria l. However, th is cannot account for the upward 
d ec rea se  in am ounts of freely  - expanding lay e rs  in the clay frac tions of the 
Pegw ell Bay so il, because the p lants in tu rn  would have obtained th e ir  
potassium  only from  the so il c lays. M ore probably, the poorly-expanding 
m in era ls  in the h igher horizons w ere obtained at le a s t partly  from  the 
w eathering of glauconite, because they a re  s im ila r  to the com plex in te r 
s tra tif ied  m in era ls  in the glauconite. A lso, the slight upward in c rea se  in 
am ounts of am orphous s ilic a  and alum ina in the p ro file  suggests that sm all 
quantities of a lu m ino -silica te  m in era ls  w ere broken down during w eathering. 
The alum inium  re lea sed  in this way is commonly redeposited  as  com plex 
hydrated  ions in the in te rlay e r spaces of expanding m in era ls  to form  pedo- 
genic ch lo rite  (T am ura et a l., 1956; Glenn et a l., 1960; Jackson , 1963; 
Paw luk, 1963), and in the h igher horizons of the buried  p ro file  th is would 
help to make the clays le ss  freely-expanding.

None of the le ss  freely-expanding m in era ls  typical of h igher horizons 
w ere detected  in e ith e r the fine or medium clay frac tions of the m ain 
horizons of clay accum ulation (4—6), and the fine clay m in era ls  in horizon 
5 a re  even m ore  freely-expanding than those of horizon 7. However, h o ri
zons 1-3, in which chem ical w eathering made the clay m in era ls  le s s  free ly - 
expanding, w ere  the main source  of the transloca ted  clay. T his suggests 
that m ost of the clay translocation  occu rred  before the breakdown of 
a lu m in o -silica te  m in era ls .

We su m m arise  below the sequence of events a t Pegw ell Bay; the 
dating is ten tative (see T able IV).

Classification o f  the profile

In the system  of c lassifica tion  cu rren tly  used by the Soil Survey of 
England and W ales (Avery, 1965), the buried  so il would be c la ssified  as a 
gleyedbrow n earth  (soZ lessivé).. D istinc t m ottles caused by gleying occur 
in horizons below 450 m m , and the ra tio  of % clay (<C 2 p ) in the m ain 
horizon of clay accum ulation (5) to that in the horizon which has lo st m ost 
clay (3) is  2 4 .1 /7 .6  = 3.2. In the F rench  system  of c lassifica tion  (Aubert, 
1965), which is  s im ila r  to the English in so ils  affected by clay éluviation, 
the p rofile  would th e re fo re  be described  as a  sol le ss ivé  fa ib lem ent  
podzolique hydromorphe.
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TABLE IV

Sequence of events at P egw ell Bay

Event T im e (years)

1 deposition  of lo e s s

2 ero sio n  of 2—3 m of lo e s s

3 d éca lc ifica tion  of rem aining lo e s s ,  
and éluviation of som e c lay

4 further erosion  of lo e s s

5 further éluviation  of c lay  and 
developm ent of the present 
organic horizons

6 w eathering of glauconite and 
a lu m in o -s ilica te  c la y  m inerals; 
le s s  éluviation of clay; poor 
drainage conditions

7 burial of p rofile  by deposition  of 
overly in g  h illw ash

8 m odern so il  developm ent in the 
hillw ash; som e c lay  and carbonate  
deposited  in horizon s 1 and 2 of 
the buried profile

Late M iddle W eichselian  
(30 ,000-14 ,000  B .P .)

Late M iddle W eichselian  or  
Late W eichselian  
(14 ,000-10 ,000  B .P .)

Late W eichselian  or early  
P o stg la cia l  
(10 ,000-7 ,000  B .P .)

Late W eichselian  or  early  
P o stg la c ia l

ea r ly  P o stg la c ia l and 
A tlantic period  
(7 ,000-5 ,000  B .P .)

A tlantic period

Subboreal period  
(5 ,000-2 ,500  B .P .)

S u b b orea lto  the p resen t
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A B S T R A C T  : The construction is described of a heating stage for examining oriented 
clay specimens in a Philips’ diffractometer. The stage, which is simple and cheap to 
make, is interchangeable with standard specimen holders, operates over the range 20-  
265°C and does not require the diffractometer to be specially modified. The maximum 
temperature attained at the surface of the specimen collapses freely-expanding Mg- 
saturated vermiculite and prevents re-expansion of layer silicate minerals once they 
have been collapsed.

IN T R O D U C T IO N

Changes in X-ray diffraction patterns produced by chemical and thermal treatments 
are often used as diagnostic tests for identification of clay minerals. Rehydration 
after heating, which can occur rapidly, may lead to errors. Milne & Warshaw (1956) 
recommended the use of dry air in the specimen chamber of a diffractometer to 
prevent rehydration. We have used a heated specimen stage for the same purpose.

Many devices have been described that allow specimens to be examined by X-ray 
diffractometry at temperatures above ambient (for examples, see Goldschmidt, 1964) 
but none satisfied our requirements. We needed a device that : (i) would allow the 
examination of specimens at temperatures ranging from room temperature to about 
250°C; (ii) could be used interchangeably with conventional specimen holders without 
realignment of the diffractometer; (iii) incorporated the excellent radiation protection 
shielding provided in the Philips’ instrument; this set a maximum size of about 
5 X 5 X 1  cm for the whole stage. For routine identification of clay minerals in 
our laboratory, oriented films of clay are prepared on the surface of glass slips 
3-8 X T27 X 012 cm (see Appendix) that are laid on the stepped surface of a 
duralumin specimen holder to align the clay surface with the reference surface of 
the diffractometer. The heating stage described below supplements the duralumin 
holder by holding similar clay-coated glass slips in the diffractometer for examina
tion at elevated temperature. The dimensions of the completed heated stage are
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4 0X3 2X0 6 cm. It uses a small electrical heater set in a duralumin block, which 
is in contact with the glass slip, but otherwise supported by asbestolite. Thus, for 
a given temperature at the clay specimen surface, heat reaching the stage and 
transferred to the goniometer is minimized and special modifications for cooling 
are unnecessary.

Although the heating stage described is specifically made for clay mineral studies 
using a Philips’ PW 1050/25 diffractometer, little modification in design would be 
needed to make a stage for use with other diffractometers or with other kinds of 
specimens.

D E S C R IP T IO N

Figure 1 shows the components of the heating stage*.
The insulating block, (1) is formed from Asbestolitef. Its reference face (S), which 

is held against the reference surface of the goniometer shaft, is ribbed to minimize 
heat transfer to the shaft.

The metal block, (2) is made of duralumin. When components 1 and 2 have 
been permanently fixed together, surface (S) is machined parallel to, and 0-050 in. 
(1-27 mm) above, surface (P). The specimen slips are prevented from sliding on 
surface (P) by the small phosphor-bronze bracket (9).

The heating coil, (14) is positioned in the cylindrical hole in block 2 inside a 
double insulating sleeve of woven glass fibre (12) and protected by a steel outer 
cover (11). This cover is held in position by two screws that also attach the mica-filled 
P.T.F.E. insulating block (4) to block (2).

The heating coil is formed from a soldering iron element, 15 W, 240 V, Type CN 
manufactured by A.N.T.E.X. Ltdf.

As supplied, the ceramic tube former of the heater is too long to fit the sample 
holder. It is therefore removed from its stainless steel sheathing tube and woven 
glass fibre cover and shortened to give a total length of 4-3 cm. The leads connecting 
the heating coil to the supply have to be re-attached following this operation. The 
ends of the wire of the heating coil are twisted on to 0 25 mm-diameter nichrome 
wires and then welded using an electric arc from a pointed carbon electrode and a 
40-50 V battery. The modified heating coil is then resleeved in its glass fibre and 
steel covers, secured in block (2), and the leads, cut to about 3 cm and insulated 
with silicone rubber sleeving, are soldered to the terminal pins (6), in block (4). A 
control unit conveniently supplies power from the 240 V mains supply through a 
small auto-transformer to give 0-270 V to the heating coil. Figure 2 shows a suitable 
circuit. Thin insulated flexible leads from XY (Fig. 1) connect the heating stage to 
the transformer unit. The heating stage leads are brought into the specimen chamber 
of the diffractometer through the removable cover. We have modified a replacement

* Working drawings for construction may be obtained from the authors, 
t  Asbestolite is a composite of asbestos and cement. 
t  A.N.T.E.X. Ltd., Mayflower House, Plymouth, Devon.
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F ig .  I, Diagram showing components o f  the heating stage. 1. Insulating and support 
unit; 2. Heating unit; 3. Brass screws 10 B.A. C.S.H.; 4. Insulating block; 5. Brass 
screws 8 B.A. R .H .; 6. Terminal pins; 7. Pick-up tags ; 8. Soldered connections from 
heater; 9. Slide retaining bracket; 10. Brass screw 10 B.A. R .H .; 11. Steel outer 
cover; 12. Woven glass-fibre insulation (2 layers); 13. Ceramic tubular heater support; 
14. Heater winding (0-003 mm diam.); 15. Ceramic cement; 16. Nichrome connecting 

wires (0-254 mm diam.); 17. Silicone rubber sleeving.
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Fig. 2. Circuit diagram for the control unit of the heating stage. 1. Mains, 240 V; 
2. ON/OFF switch; 3. Mains ON, neon; 4. Autotransformer, 2 A rating, input 240 V, 
output 0-270 V; 5. Fuse, 200 niA; 6. Heater ON, filament lamp, 6 V, 0 I A; 7. Stage

heating element.
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2

Fig. 3. Diagram showing components of the modified specimen chamber cover. 
1. Modified cover plate; 2. Movable sector; 3. Lead lining; 4. Knurled securing knob; 

5, Brass washer 6 B.A : 6 Brass screw 6 B.A C.H

cover by cutting a 12 X 6 mm slot through the periphery of its inner and outer 
components (Fig. 3). To prevent scattered radiation escaping through this slot, a 
55° sector of lead-lined duralumin is added, pivoted about the central locking screw. 
When the cover is in position the sector is rotated to cover the slot and is then 
clamped. The leads emerge from the radiation shielding via the 12 X 6 mm slol
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and the 3 mm gap between the perimeter of the cover and the flange of the sector. 
With the sector in position scattered radiation could not be detected outside the 
radiation shielding.

T E M P E R A T U R E  C A L IB R A T IO N
The temperature of the specimen is controlled by varying the voltage applied to 
the heating coil. Equilibrium at each temperature is attained in about 10 min and 
a calibration curve of temperature versus applied voltage is given in Fig. 4. The 
temperature of the clay specimens was determined by observing the melting of 
powdered crystals of pure substances of known melting points in contact with the 
clay surface. The temperature range over the surface of the specimen does not exceed 
the error in measurement, estimated to be about ± 2°C.

2 7 0
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2 30

210

190
2

170

150

130

90

70

50
8 0  100 120 140 160 ISO 200 220  240 260 280

Volts across heating coll 

F ig. 4. Calibration curve of specimen; surface temperature against applied voltage.

M.P.°C M.P.°C
p-dichlorobenzene 53 citric acid (anhyd.) 153
stearic acid 68 5 salophene 190
citric acid 100 dicyandiamide 210
phenacetin 135 silver nitrate 212
cholesterol 149 tin 232

phenolphthalein 254

D *
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M E A S U R E M E N T  O F 29

Because the heated stage is a composite of different materials, tests were made to 
discover whether heating caused the position of the specimen surface to change. 
Measurements of 29 from a specimen of diamond powder, which has a very small 
coefficient of thermal expansion (Skinner, 1957), showed that over the temperature 
range 20-250°C changes in 29 caused by thermal expansion of the instrument do 
not exceed 0 01° 29.

The only aberration introduced by replacing conventional specimens with those 
we use for examination of clay films occurs because the glass slips, which are cut 
from 7 62 X 3 81 cm microscope slides, may range in thickness between 1.17 mm 
and T35 mm. The surface of the clay film is therefore usually displaced from the 
reference plane of the goniometer causing shifts in the position of reflections, to 
larger angles if the specimen surface is inside the focussing circle and to smaller 
angles if the surface is outside, by

S29 =  2S cos 9 /R  radians,

where S is the distance between the specimen surface plane and the reference 
plane, and R  is the radius of the goniometer (Wilson, 1950). For unheated speci
mens an internal standard can be used for correction, but because of changes in 
spacings caused by thermal expansion, it is difficult to use internal standards to 
correct the observed 29 values of heated specimens. For both unheated and heated 
specimens of the kind described here, a correction can be made conveniently for 
routine work by measuring the thickness of the slip +  clay film with a micrometer 
and reading the corresponding A29 from a graph or table.

U SE F O R  C L A Y  S T U D IE S

Plate 1 gives examples of diffractometer patterns made using the heating stage. 
The sample was a Mg-vermiculite, AP3, c.e.c. =  190 meq/100 g, prepared by 
Newman (1967) by removing potassium from phlogopite. The sample was heated 
to various temperatures on the heating stage and chart recordings made of the first 
order basal reflection at each temperature. At room temperature (Plate la), the 
reflection has 29 =  617°, d =  14 3 A corresponding to the two-layer water 14-36 A 
phase of Walker (1961). Heating at 100°C for 20 min produces the one-layer water 
phase d =  11-59 A (Plate lb) and heating to 265°C, the maximum attainable tem
perature, for 30 min gives a spacing of 10-1 A (Plate Ic). Further heating at 265°C 
for 2-5 hr causes little change in the position of the reflection (Plate Id). Heating 
the same sample at 700°C for 4 hr in an electric furnace followed by cooling to almost 
250°C and transfer to the heating stage at 265°C, produced a further small collapse 
giving a spacing of 9-9 A.

In routine analysis of clays, samples are heated on the glass slips in an electric 
furnace at 300°C and 500°C to collapse expanding minerals and destroy kaolinite. 
The heating stage is then used to prevent rehydration during X-ray examination.



P late 1

as

t

Ü

<D
(N

• H 00

"O

Diffractometer traces of basal reflections of Mg-saturated vermiculite AP3 held at various 
temperatures on the heated stage, (a) specimen at 20°C; (b) specimen at 100°C for 20 min;

(c) specimen at 265"C for 30 min; (d) specimen at 265°C for 2 5 hr.
General conditions. Specimen; a slurry of vermiculite in water was dried to give a very thin 
oriented film, which with the glass slip measured 40 x 10 x 1 27 mm. Tube: CuK radiation, 
40 kV, 20 mA. Goniometer: scan speed T/min, divergence slit 1/4°, receiving slit 01  mm, anti
scatter slit 1°, 0-178 mm Ni filter. Proportional counter: full scale deflection (a) 1 x 10  ̂c.p.s., 

( b ) ,  (c), ( d )  4 X lO-* c.p.s. Chart speed: 1200 mm/hr.

{Facing p . 412)
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A J IG  F O R  C U T T IN G  G LA SS SL IPS  U SE D  IN  X -R A Y  
D IF F R A C T O M E T R Y  O F C LA Y S

p. A. MADGETT AND B. S. EDWARDS 

Rothamsted Experimental Station, Harpenden, Herts.

As noted above, the specimens for X-ray diffractometry were formed by drying a 
slurry on 3 81 X 1-27 X 0T2 cm (1 5 X 0 5 X 0 5 in.) glass slips. These slips are 
conveniently made by cutting standard 7 62 X 3 81 cm (3 X 15 in.) microscope 
slides in the jig in Fig. A5. Slides 0T27 cm (0 05 in.) thick are selected, placed in the 
jig, and scored with a standard laboratory tungsten carbide glass knife which has had 
its point sharpened to subtend an angle of not more than 30°. A laboratory diamond 
glass knife is unsatisfactory for this purpose as slivers of glass catch under the 
diamond mount and give a jagged cut that breaks unevenly.

The slide is placed in the slot (Fig. A5) in the body (A) and under the bridge (B), 
and pushed against the stop of the head (C) which has first been adjusted to give 
the correct breadth of slip. The glass is scored using B as a straight edge and the 
slip broken along the score by depressing C.
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w

Front view Side view Bock view

Section A A

Fig. A5. Details of construction. A. Body, aluminium; B. Bridge, mild steel, cad
mium plated; C. Head, aluminium; D. Pad, rubber; E. Springs, 0-290" x 0-012" 
tempered spring steel; F . Clamp, i "  x Y  mild steel, cadmium plated; G. Screws, 
6 BA X I"  RD. H D ., brass; H. Washers, 6 BA brass; J. Screw, 6 BA x f '  CH. HD.,

brass.
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All the samples contain a large proportion of coarse silt (6-4<j5>, 
16-63jam), and most of them resemble loess in overall particle size 
distribution (Table 1). However, the amounts of clay and coarse 
sand in some samples are slightly greater than in typical loess, 
suggesting that small quantities of other detritus are mixed with 
the windblown silt. The Sewerby sample also contains some fine 
sand, which may result from contamination with the blown sand 
that underlies the chalk head there.

IV. M i n e r a l o g y

Coarse silt fractions (6-4^), separated from the samples by 
repeated settling in water, were divided into heavy (specific gravity 
greater than 2-9) and light components by centrifuging in bromo- 
form, and then analysed mineralogically with a petrological 
microscope. All are composed mainly of quartz and feldspar, with 
small amounts of flint, muscovite, glauconite, iron ores and non
opaque heavy minerals. The amounts of iron ores are small but 
variable (between 0*05 and 0-4 per cent of total coarse silt), and are 
probably determined mainly by weathering and changing drainage 
conditions within the deposits. The remaining assemblage of silt 
minerals (Table 2) is the same in each sample, which suggests that 
the silt has a common origin, despite its widespread occurrence. 
Also, as in the Norfolk coverloams (Catt et al., 1971), the 6-4^ silt 
is mineralogically similar to the same size fraction of the Devensian 
till (represented in Table 2 by the means of twelve samples from 
Lincolnshire and seven from Yorkshire), so that the debris brought 
by this glacial advance was probably the main source of the wind
blown silt. In  the till, epidote is more abundant and chlorite less so 
in Norfolk than in Lincolnshire and Yorkshire. A similar change 
in mineralogy also occurs in the loess of these counties, suggesting 
that much of the silt was carried a relatively short distance by 
winds blowing from approximately north or north-east off the ice 
sheet.

Almost all the coarse sand (greater than 500jam) in the samples 
from Kirkburn, Huggate and Callis Wold is composed of flint 
fragments, which have been derived either from frost cracking of 
flint nodules or from the residue left on dissolution of chalk within 
or beneath the deposits. Similarly, the coarse sand in the M ur ton 
Common sample consists mainly of chalcedony, which is probably 
derived from the underlying Corallian oolitic limestone, because the 
acetic acid insoluble residue of a sample of the limestone contained 
similar microcrystalline silica.
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V. D i s c u s s i o n  a n d  C o n c l u s i o n s

The uniformity of both particle size distribution and silt 
mineralogy of the drift deposits under consideration strongly 
suggests that they are all derived from the same source by the same 
means of transport. The widespread occurrence as a thin layer in 
various physiographical situations is consistent with aeolian 
deposition, and the similarity in particle size distribution and silt 
mineralogy to known loess deposits supports this conclusion. 
Glacial outwash plains have been recognized as sources of loess in 
many parts of the world. Their braided streams sort the glacial 
debris and spread the finer components over large areas, where they 
are subject to wind erosion in drier periods (Rutten, 1954). Further 
sorting of silt from sand and clay is achieved during this aeolian 
phase, as sand cannot be carried far even by the strongest winds, 
and clay particles are easily lifted into the upper atmosphere. 
Clouds of mainly silt particles are blown tens or hundreds of kilo
metres from the outwash plain, and are deposited where air currents 
weaken or rain falls. This type of origin for the deposits we have 
studied is indicated by their strong similarity in silt mineralogy to 
the Late Devensian glacial deposits in Yorkshire and Lincolnshire. 
In the Late Devensian (i.e. after approximately 25,000 years B.P.) 
the North Sea basin, left dry by eustatic fall of sea level, would 
certainly have contained the extensive outwash deposits that are a 
potential source of loess.

A Late Devensian age for the silty drifts would explain why 
they seem to be older than the Devensian till on the Yorkshire 
Wolds, yet still form an almost continuous cover. The actual 
arrival of the ice sheet at Dimlington in south-east Holderness was 
in the later part of the Late Devensian, shortly after 18,500 B.P. 
(Penny et al., 1969), but the North Sea basin would have been 
largely above sea level and partly covered by the slowly advancing 
glacier for a long period before this date. Loess derived from the 
proglacial outwash would therefore have been deposited mainly 
before the ice surmounted the abandoned Ipswichian cliff at the 
foot of the Chalk dip-slope. Once the ice reached its limit, the 
supply of outwash and of loess could have been diminished by 
stagnation and slow melting in situ. Preservation of the thin but 
almost continuous cover on the Wolds may be attributable to the 
lack of any prolonged cold period since Late Devensian deposition 
of the loess. During long cold periods the chalk becomes impervious 
because of deep permafrost, and superficial layers are then extensively 
removed even from gently sloping surfaces by gelifluction, and by 
mudflows and streams during periods of temporary thaw, In
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contrast, during warmer periods, such as the post-Devensian, the 
chalk is more permeable and surface erosion is less widespread.

After weathering in the Ipswichian Interglacial, the older 
glacial and other drifts on the Yorkshire Wolds were probably 
removed by gelifluction, mudflows and temporary surface streams 
during earlier Devensian cold periods, so that only a few erratic 
stones and deposits preserved in solution pipes and hollows were 
left. During the Late Devensian the loess was consequently deposited 
on a bare chalk surface, virtually devoid of drifts other than remanié 
stones, and exposed to frost shattering and disturbance. The 
resulting mixture of silt and broken chalk and flint fragments has 
been weathered and decalcified in post-Devensian times, leaving 
the flinty silty drifts as a residue. Some of the mixture moved 
downslope during the Late Devensian, and accumulated in small 
hollows and on the floors and lower side slopes of valleys as a chalky 
head or coombe deposit. Also, before the ice arrived considerable 
quantities had accumulated in the lee of the Ipswichian cliflT. 
Within the Devensian glacial limit, the head has been protected 
from post-Devensian weathering by the subsequent till cover, and 
thus retains its chalk component. Some post-Devensian erosion 
from steeper slopes is suggested by the relatively thick accumulations 
of less stony colluvial debris on foot-slopes.

The residue from dissolution of chalk within and beneath the 
silty deposits is perhaps partly responsible for their large clay 
content compared with typical loess, as the insoluble residue from 
chalk is clay-rich. However, the increased clay content may also 
result from subsoil concentration beneath an eluvial surface horizon 
later removed by erosion. The fact that the silty drift on the 
Hambleton Hills is restricted to the outcrop of the Corallian 
limestones could be taken as evidence for its purely residual origin. 
However, the particle size distribution and mineralogy of the acetic 
acid insoluble residue from samples of the limestones show this 
cannot be so. I t  contains mainly fine sand (4-20) and fine silt 
(9-60), fractions which are only minor constituents of the drift, and 
its coarse silt fraction (6-40) is mineralogically unlike that of the 
drift, as it contains approximately 50 per cent chalcedony, only 4 
per cent feldspar, and few of the non-opaque heavy minerals found 
in the drift.

An aeolian origin does not explain why the silty drifts seem to 
be restricted to limestone outcrops, because windborne material 
would surely have been deposited to some extent in other areas as 
well. Apart from the small areas of thin aeolian silt on the Bunter 
Sandstone of Nottinghamshire (Robson and George, 1971), the
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association with limestone surfaces seems to be true throughout 
northern England, for loess-like drifts have otherwise been reported 
only on the Carboniferous Limestone of Derbyshire (Pigott, 1962), 
West Yorkshire (Bullock, 1971) and Westmorland (Furness and 
King, 1972), and the loess of the Durham coast described by 
Trechmann (1920) partly overlies Magnesian Limestone. Clearly, 
the loess that fell on deposits other than limestones was (a) never 
stabilized at the time, or (b) removed by subsequent widespread 
surface erosion, or (c) so deeply intermingled with those deposits by 
cryoturbation or other soil mixing processes that it has been diluted 
beyond recognition. Surface run-off may have removed the loess 
deposited on substrata less permeable than limestone (e.g. clays), 
but this does not explain the absence of loess on other permeable 
rocks, such as sandstone. For a large part of post-Devensian time, 
complete removal of the loess over limestones was possibly prevented 
by partial cementation of the head deposits with secondary 
carbonate. However, the loess deposited on other substrata would 
have been incorporated in a head containing insufficient carbonate 
for significant cementation, and this would have been eroded more 
easily.

The loess in County Durham (Trechmann, 1920) could be 
coeval with the silty superficial deposits in Yorkshire, as it lies 
between the W arren House Till and the Blackball Till, which 
Francis (1970) has correlated with the Wolstonian and Late 
Devensian glacial phases respectively. However, he suggested the 
loess there is Wolstonian because its upper layers contain crystalline 
boulders, which seem to have been weathered in a warm, possibly 
interglacial period, before deposition of the Blackball Till. 
Unfortunately, the deposit is no longer exposed, and we have not 
been able to compare its composition with that of the Yorkshire 
deposits, so its exact age must remain a m atter of conjecture.
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S u m m a r y

Thin, silty, superficial deposits cover parts of the Yorkshire and Lincolnshire 
Wolds outside the Late Devensian glacial limit, and also occur on the Hambleton 
Hills. Their particle size distribution and mineralogy suggest that they are 
composed mainly of loess derived from the Devensian glacial debris. On the 
Yorkshire Wolds the loess was deposited before the ice reached its extreme limit, 
as it is incorporated in a chalky, flinty head beneath the till. The silty deposits 
are probably the decalcified residues of similar head deposits formed extensively 
in Late Devensian times.

I .  I n t r o d u c t i o n

Loess with many of the characteristics listed by Russell (1944) 
and others occurs only locally in eastern England (Trechmann, 
1920; Pitcher et al., 1954). However, soil mapping and profile 
studies in the last twenty-five years have shown that a thin silty drift 
is widespread in south and east England, and many workers have 
suggested this is loess that has been weathered and partly mixed with 
subjacent deposits. In  particular, it occurs on the Cornish serpentine 
(Coombe et al., 1956); the Carboniferous Limestone of Somerset 
(Findlay, 1965), Derbyshire (Pigott, 1962) and other areas; the 
Upper Chalk and Clay-with-flints of the Chiltern Hills (Avery et al., 
1959, 1969, 1972) and South Downs (Hodgson et al., 1967) ; the 
tills and glacial gravels of north Norfolk (Catt et al., 1971) ; the 
Bunter Sandstone of Nottinghamshire (Robson and George, 1971), 
and probably many other deposits.

Beyond the western limit of the Devensian glacial deposits 
(Fig. 1), the Chalk in Yorkshire and Lincolnshire is covered by 
several thin superficial deposits. Some are remnants of older 
glacial drifts (Bisat, 1939; Straw, 1957, 1969) or Tertiary Beds
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(Versey, 1938), but others seem to be more recent. For example, 
patches of windblown sand on the north Lincolnshire Wolds are 
probably Devensian or younger (Straw, 1963), and many of the 
flinty valley gravels may be similar in age. On the Yorkshire 
Wolds the most widespread of these younger drifts is very silty, and 
resembles some of the loess-containing deposits on the Chalk of 
southern England. Reid (1885, p. 119) suggested that this material 
is wind-blown dust derived from the Holderness plain. In  this 
paper we report the distribution and petrography of the silty deposits 
in eastern Yorkshire and Lincolnshire, and discuss their age and 
origin.

II. G e o g r a p h i c a l  D i s t r i b u t i o n

The largest single area of silty drift is on the Yorkshire Wolds 
(Fig. 1), where it is 0-3 to 1*5 metres thick on most of the flat or 
gently sloping upland surfaces, locally thicker over solution and 
other irregular hollows in the chalk surface, but generally less than 
0 3 metre thick on steeper slopes, such as valley sides. The thicker 
deposits are brown or yellowish-brown beneath dark brown 
ploughed topsoil, and a slightly more clay-rich yellowish-red 
horizon frequently occurs immediately above the chalk. Angular 
flint fragments are common throughout, especially where the 
deposit is thin. Less stony colluvial accumulations of brown or 
yellowish-brown silty material, commonly more than 1*5 metres 
thick, occur on the less steep footslopes and on the floors of some 
valleys. This type of blanket distribution on the Wolds suggests 
deposition by wind, as this is the transporting agent most likely to 
leave a thin deposit over almost the entire landscape.

The thickest of these deposits were once worked locally for 
brickearth, as at High Hunsley (SE 955353) and Huggate (SE 
889551). The deposit at High Hunsley is shown as a boulder clay 
outlier on Sheet 72 (Beverley) of the Institute of Geological Sciences, 
and J . L. Rome suggested that the Huggate deposit is an outlier of 
the “ Purple Clay of Holderness” (in Bisat, 1939, p. 145). However, 
both are lithologically unlike any of the Yorkshire boulder clays ; a 
glacial origin was perhaps inferred from the presence of occasional 
far-travelled erratic stones, but these could have been derived from 
a  remanié of pre-Devensian glacial drift.

O n the dip-slope spurs of the Yorkshire Wolds the silty drift is 
continuous down to the feather edge of the Devensian till, and 
commonly extends eastwards beneath it as a discontinuous layer of 
silty, chalk and flint gravel. In  the area between the Devensian 
limit and the buried Ipswichian cliff (Fig. 1), this gravel can often
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Fig. 1.—Distribution of loess-containing superficial deposits in eastern Yorkshire 
and Lincolnshire.

be found by angering through the till, and sections showing pockets 
of the gravel up to 0-8 metre deep penetrating disturbed chalk 
beneath one to two metres of till are exposed in quarries at Epple- 
worth (TA 021324) and Ruston Parva (TA 069617). The silty 
material was therefore deposited before the Devensian ice reached 
its extreme limit in Yorkshire, but its almost ubiquitous occurrence 
on the Yorkshire Wolds suggests that it is not older than the last 
major phase of valley formation and landscape development.

The chalk “rubble” or head, which buries the Ipswichian
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Interglacial cliff and beach deposits at Sewerby (Catt and Penny, 
1966, fig. 2) and is overlain by Devensian till, also contains 
abundant yellowish-brown silty material, both dispersed throughout 
and locally concentrated in lenticular inclusions. On the seaward 
side of the buried cliff, this bed is often exposed either in the present 
cliff (TA 198684) above the Late Ipswichian-Early Devensian 
blown sand, or nearby on the foreshore, where it is up to 8 metres 
thick. The silty lenses contain terrestrial molluscs (Lamplugh, 
1903) indicative of an open habitat, and a similar head deposit at 
Hessle, also between the buried cliff and the Devensian till, has 
yielded remains of horse and possibly other mammals (Boylan, 
1967). An Early Devensian age was suggested by Catt and Penny 
(1966), but the head could have been deposited at any time between 
the Ipswichian Interglacial and the arrival of the Devensian glacier.

Silty drifts up to one metre thick also occur over Upper 
Jurassic Corallian oolitic limestone on M urton and Dale Town 
commons, which are parts of the plateau surface of the Hambleton 
Hills north-east of Thirsk. In  some areas a podzol profile is developed 
in the silty sediment beneath a thin (0*10 to 0-15 m) peaty layer. 
The drift thins rapidly and disappears at the edge of the plateau; 
it is also absent from the plateau surface farther north, where grits 
and sandstones rather than limestones crop out.

On the Lincolnshire Wolds the silty drift is less widespread 
than in Yorkshire. We found 0*5 to 0 8 metre of silty clay loam on 
flat and gently sloping surfaces near Binbrook, but elsewhere very 
thin, flinty, and usually sandy soils predominate in the areas not 
covered by till. The Lincolnshire Limestone outcrop is also free of 
silty drift.

H I. P A R T IC L E  S i z e  D i s t r i b u t i o n

Samples for laboratory study were taken from suitable exposures 
or soil profile pits near Binbrook (Lincolnshire) ; at two localities 
(Huggate and Callis Wold) on the Yorkshire Wolds outside (west 
of) the Devensian limit; at four sites (Eppleworth, Kirkburn, 
Ruston Parva and Sewerby) where silty chalk gravel or head 
underlies Devensian till, and at M urton Common on the Hambleton 
Hills. The samples were decalcified where necessaiy by treatment 
with acetic acid buffered at pH5 with sodium acetate, and were 
dispersed by overnight shaking in a 0*5 per cent solution of sodium 
hexametaphosphate. Their particle size distribution at 0 intervals 
(^ =  -loggd, where d is the equivalent spherical diameter of 
particles in millimetres) was then determined by sieving and the 
pipette sampling technique.



I
I
s

T3

tnmSiag‘suuuauox
‘ssaog

■(n9>i
‘p jo j  ‘ssaog

qidap 
tnoC.o-Sz.o (‘CsaSoS 3S) 

■SJIJOX 
‘oouiinoQ 

uo jjn jï 
i n :  m ?;sn 9 A 3 (i

puB pUBS 
U A \o iq  i e i 3 e i 3  

-« :u i U 99.\i:aq
(>89861 V i)  

•s^IJOX ‘A qj9M 9S

in: Mopq 
( ^ 1 9 6 9 0  V I) 

•S H JO i ‘BAJEg uo:sng

in: A\oi9q (99S£̂6 as) ■SJIJOA 'ujnq̂ ma

nn Mopq 
(>eEizo V i) 

■SVOA 'q:J0.w9idda
q:d9p 

rao£.o-£z.o 
( o ç S g z s  3 5 )•SJiJOi 'PPM SHIBO

q:dgp mÇ.o-t.o (g>£SZg as) ■S5110X ‘9:Eâ3nH

q:d9p mZ.0-9 .0  
(9568^1 V i)  

■ so u ii  ‘qocjquia

V

I
I

Q

- e -

0 0 0 0 0

Cvj CO O  (D

O  O  O  r-^

CM i n  M
Ô  Ô  <M Ô  (M

'Ÿ' cs ^ 
Ô  o  O  CO

-  ^  (N  CS ( p  CO
-L  Ô  Ô  Ô  Ô

Ô  Ô  CO

CO cp
Ô  Ô  Ô  Ô  CO

04 o  r - '  o

O O CO

T" ^ 
CO (Ô

—< o CO m COCO

CO —' O  O  CO CO O' to 1Ô

CM CO CM CO

04 CT) CM 01

04 f" f" to —I

CD CO CO 
t o  CO CO T f

o o S S 
^  i n  CM - 7
O  O  t o  CO 
O  ^  CM CO

I O  —t CM CO

 ̂ I I I I
A  ^  CM CO T f

CO CO CO CO -I 00
d CO CO -ij* CM

'i* t o CO CO

t o CO CO C31



c  bo

aj O.

a  bp

M

g '§
.2 % g

>©-.2
a  &

I I

•sqjoA‘ssaujapioHUJS:S8AV‘sajduaES nn tiBisu3A9a L }0 UE9M
•soun ‘sajdiuES in: uEisu9A9a 

ZI ;o UE9H

saidOTBS 
SS30I qsi:U9>I 

L JO UE9H

(E
9 i q E :  ' i ^ G i  ' ' \ v  %3 ::b3) suiEoi 
-J9A03 >nO}JO>I s } 0  U E 9],\[  

q:dap 
uloÇ.o-Sz.o 
(ZggSoS 3 S) 

■sqjoA
‘UOlUtUOO

T I O I J I I H  
in : UBISU9A9C1 

pUE pUES 
U A tO iq  IB IO E lS  

-J9:ui U99M:9q
(>89861 vx)•sqjOA ‘Xqj9A\9S

in : Acopq 
(iÇ 19690 vx ) 

•sqjoA ‘eajej tioisng

in : ACopq 
(998SZ6 a s )  

•sqaoA 
■ u j n q q j i x

in : M opq 
(i tE izo V i) 

•sqjoA ‘q:J0AA9idda
q:d9p 

tiioE.o-Sz.o 
(«9K8Z8 a s )

•sqjoA
‘PPM sniBD

q:d9p
nioÇ.o-S>.o
(s>ss/8 as)

•sqjoA
'9:B33nH

q:dap mZ.0-9.0 
(9568^1 V i)

‘qooaqnig

1T5 o :  CO CM '

_ E.» (J) CM '
^  "  V

CO CO CM —
^  -  V

_ co a i  -H CM "^  V

-  CO CO CM —^  ^  V

-  (J1 CO CM —SS :---------V V

“ I

i l u i i



CO o  CM CO

cocMiommeo-’#<cDmu-)toCT)omco
T f L O — ' M - t O — < C O — ' CM f—I

CO 03 CO CO

CT) CO CM rf< CO CO

t^O-^t'-r^r^TfcOTh'cooi

o  Tf< CO CO ij* CO

C O O — < c o C T > m o o t ' ' i ' > — ' O C M C O C O C O - ^ l O C O - H C M C O CM^^^mco'4<io I I

o o c o c o - ^ o c o T ^ c o  — C M c n c O ' f O T t ' T f c o e o c M ' — I 
a i c M O M - c o —i i o c o c M c o —< I

Î
M

n
.'5 0 2 ^ « S ;S

§ 1  i


