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ABSTRACT
Distinct trends occur in the clay mineralogy of fine-grained 

sediments from the Portlandian to Aptian in NW Europe. In 
many instances, these trends reflect variations in the weathe­
ring conditions that existed in the source-areas and can be 
used to help reconstruct the source-area environment. The 
following general trend in clay mineralogy can be recognised 
in most areas of NW Europe. From the Portlandian, through 
the Berriasian and into the Valanginian, kaolinite increases in 
abundance whilst the mixed-layer minerals decrease and 
change in composition. This reflects a transition in the sour­
ce-areas from low relief beneath a hot semi-arid climate, to­

ward relatively high (re-emphasised relief) beneath a warm 
humid-temperate climate. The soils and saprolites changed 
from alkaline and poorly-leached (‘pedocals’) to acid and 
well-leached (‘podsols’). From the Hauterivian, through the 
Barremian and into the Aptian, kaolinite gradually declines 
whilst the mixed-layer minerals increase and their composi­
tion again changes. This trend reflects gradual submergence of 
the land-masses beneath shallow shelf-seas which effectively 
lowered source-area relief, so making leaching less severe, and 
also perhaps in part a climatic amelioration.

KURZFASSUNG
In den feinkörnigen Sedimenten des Portland bis Apt in 

NW Europa lassen sich Unterschiede in der Zusammenset­
zung der Tonminerale feststellen. Solche Entwicklungsten­
denzen spiegeln öfters die Verwitterungsbedingungen in den 
Ursprungsgebieten wider und helfen bei der Rekonstruktion 
ihrer Umweltsbedingungen. Folgende Veränderungen und 
allgemeine Entwicklungstendenzen in der Tonmineralogie 
können in den meisten Gebieten NW Europas aufgezeigt 
werden: Vom Portland, während des Berrias bis in das Va- 
langin wächst der Gehalt an Kaolinit, während die Wechsel­
schicht-Minerale (“mixedlayer minerals”) abnehmen und 
ihre Zusammensetzung ändern. Die zeigt den Übergang von 
einem flachen Relief unter heißem semiariden Klima zu einem

relativ ausgeprägten Relief unter warmem, feuchttemperier­
tem Klima an. Die Böden und Verwitterungsdecken wechsel­
ten von alkalisch und schwach ausgelaugt (“pedocals”) zu 
sauer und stark ausgelaugt (“podsols”). Vom Hauterive, 
durch das Barreme bis in das Apt nimmt der Kaolit allmählich 
ab, während dieW echselschicht-M inerale zunehmen und 
auch in der Zusammensetzung sich verändern. Diese Ent­
wicklung zeigt stufenweises untertauchen vom Land unter ei­
nem flachen Schelfmeer an, dies hatte eine Verflachung des 
Reliefs im Ursprungsgebiet zur Folge; so wird die Auslau­
gung abgeschwächt. Vielleicht steht hiermit auch eine Kli­
ma-Verbesserung im Zusammenhang.

I N T R O D U C T IO N
Clay minerals that have recently been transported and de­

posited on continents, on continent margins and in the ocean 
basins frequently carry characteristics inherited from their 
source-areas. Often, there is a correlation between the sour­
ce-area weathering environment and clay mineral assemblages

*) C. P. Sladen, BP Petroleum Development (UK) Ltd., Aberdeen 
AB2 OPB, Scotland.

(W eir et al. 1975; F euillet & F leischer 1980; Scott 1975). 
The weathering environment (or type of leaching that occurs) 
is the interactive result of the climate (particularly tempera­
ture and rainfall), the topography, the types of vegetation and 
organisms, the parent rock composition and length of time 
involved. This paper examines the origins of clay minerals in 
the Early Cretaceous sediments of NW Europe with particu­
lar emphasis on the weathering environment in source areas. 
Due to a coincidence of features, the weathering environment

http://www.biodiversitylibrary.org/
http://www.zobodat.at


350 © Biodiversity Heritage Library, http://www.biodiversitylibrary.org/; www.zobodat.at

can be deduced for sediments supplied to many areas e. g. 
Lower Saxony, the Weald and Wessex.

Samples of clays and fine-grained silts from each of the 
areas studied (Fig. 1) have been analysed using X-ray diffrac­
tion techniques which allowT a precise identification and 
semi-quantification of the clay minerals present (Sladen, 
19S0). Analysis of hundreds of samples coupled with the use

of trends in relative clay mineral abundances prevents overin­
terpretation of data which are known to be only semi-quanti­
tative. Careful, reliable analyses are required because varia­
tions in the assemblages, which are dominated by kaolinite, ¡1- 
lite and mixed-layer minerals, are often quite subtle. The 
techniques used were designed to recognise these variations.

TRANSPORT,  DEPOSITION,  DIAGENESIS AND RECENT WEATHERING

KEY TO NUMBERS

1 Moray Firth
2 Central North Sea
3 Yorkshire
4 East Midlands
5 Lower Saxony
6 Bornholm
7 Wessex
8 Weald
9 Boulonnais

10 Mons
11 Pays de Bray
12 Haute Marne

FIG. 1. SIMPLIFIED PALAEOGEOGRAPHY OF NW EUROPE IN THE 
EARLY CRETACEOUS AND AREAS WHERE THE SEDIMENTS HAVE 
BEEN STUDIED
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TABLE 1. DIAGENETIC GRADE OF EARLY CRETACEOUS FINE-GRAINED 

SEDIMENTS FOR VARIOUS AREAS OF OUTCROP IN NW EUROPE
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Unveiling the origins of clay minerals in clay sediments 
must proceed in a methodical order because they are extre­
mely sensitive to environmental changes. The first feature to 
consider is the effect of recent weathering. Borehole samples 
and fresh outcrop samples from similar horizons usually 
show similar assemblages even of very sensitive mixed-layer 
minerals and this indicates that there is little alteration occur­
ring near the surface (full discussion in Sladen, 1980).

The next effect to consider is diagenesis. Various parame­
ters of the illites and mixed-layer illite-smectites, together 
with organic maturation levels, indicate an immature diagene- 
tic grade and thus little alteration due to burial (Table 1). Cal­
culating a maximum burial depth also indicates that condi­
tions were not sufficient to alter the clay minerals (even with a 
high geothermal gradient). (Some alteration has occurred in 
the more deeply buried areas, particularly some parts of the 
North Sea, but these samples are not considered here). Early 
diagenesis has also left the clay minerals generally unaltered. 
Siderite ironstones formed prior to significant burial and hy- 
dromorphic gleys developed sphaeorsiderite and iron oxide

mottles but these horizons show little change in the clay mine­
rals (Sladen, 1980 & in press.). Rare volcanogenic horizons 
were transformed into smectite-rich bentonites (O’B K nox & 
F letcher, 1978).

The various clay mineral assemblages that are found all oc­
cur in fresh water, brackish and marine sediments and this in­
dicates that halmrolysis did not markedly affect them during 
transport and deposition. Also, size-grading of the clay mine­
rals during transport was very limited. This was because there 
were only small differences in the particle sizes of the kaolini­
te, illite and mixed-layer minerals and also, the distance of 
transport was often very short (less than 500 km in many in­
stances).

The discussion above indicates that, in many samples, the 
clay minerals survived transportation, deposition and diage­
nesis without significant modification to their structures or 
relative abundances. In these samples, the clay mineralogy 
must closely reflect the products of the weathering environ­
ment in their source areas.

ASSEMBLAGES AND TRENDS CREATED 
BY SOURCE-AREA WEATHERING

In this, and the following sections, only the clay minera­
logy of samples unaffected by transport, deposition and dia­
genesis is considered. This mineralogy is taken to be the pro­
duct of source-area weathering environments.

GENERAL FEATURES
Upward, from the late Portlandian through to the early 

Aptian, a distinct trend in clay mineral abundances occurs. 
From the late Portlandian into the Berriasian, kaolinite in­
creases and mixed-layer minerals decrease. Kaolinite reaches a 
maximum during the late Berriasian and Valanginian and then 
from the Flauterivian onwards, kaolinite gradually declines 
and mixed-layer minerals increase. The decline in kaolinite 
content continues at least into the early Aptian. In areas where 
the sequence is fairly complete, the above trend is well-deve­
loped (Figs. 2-5). In other areas, where the sequences are in­
complete parts of the trend can still be recognised 
(Figs. 6-11).

At the same time that the abundance of clay minerals was 
changing, so too was the nature of many clay minerals, parti­
cularly the mixed-layers. Also, the various clay minerals ma­
king up an assemblage often varied slightly from area to area 
across NW Europe and so this creates an ‘identify’ to many 
areas. These are described in more detail below.

SOUTH OF THE ANGLO-BRABANT MASSIF
The increase in kaolinite and decrease in mixed-layers du­

ring the late Portlandian and Berriasian is very marked. The 
more complete sequences in the Wessex-Weald Basin show a 
rapid increase in kaolinite around the Jurassic-Cretaceous

boundary (Fig. 2). As kaolinite increases through the Berria­
sian, the mixed-layers decrease and change in character. In se­
diments where kaolinite is scarce, the mixed-layer mineral is 
typically a 10-14Â illite-smectite with fairly random inter­
stratification. Where kaolinite is common or abundant, the 
main mixed-layer mineral is Al-hydroxy vermiculite with 
some illite interlayering. These associations are also observed 
in the ensuing Cretaceous. Thus, as kaolinite decreases 
through the Hauterivian, Barremian and early Aptian, illite- 
smectites become more common and Al-hydroxy vermiculi- 
tes gradually disappear. The general trend in clay minerals oc­
casionally shows slight variations. Notably in the Weald, 
there are temporary reductions in kaolinite (and the reappea­
rance of illite-smectites) at those times in the Valanginian do­
minated by argillaceous sediments.

Apart from illite-smectite and Al-hydroxy vermiculite, ot­
her mixed-layer minerals are generally scarce. Occasionally, 
there is vermiculite-smectite and chlorite-vermiculite. In the 
Mons Basin, there are significant amounts of Al-rich smectite 
(beidellite) and also chlorite-smectite, whilst in Wessex, there 
are rare trace occurrences of rectorite. In the Pays de Bray, 
there is often traces of pyrophyllite and this also sometimes 
occurs in the Haute-Marne. Chlorite, also in trace amounts, 
occurs sporadically in the Berriasian of the Weald.

NORTH OF THE ANGLO-BRABANT MASSIF
Unlike sediments south of the massif, there is no sharp in­

crease in kaolinite and decrease in mixed-layer minerals where 
the Jurassic-Cretaceous boundary is conformable (e. g. Lo­
wer Saxony and Bornholm, Figs. 5 & 9). However, where 
there is considerable Portlandian and Berriasian missing, 
there are markedly higher amounts of kaolinite and less mi-
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xed-layers in the Cretaceous than in the Jurassic (e. g. the 
Yorkshire Basin and Moray Firth Basin, Figs. 4 & 6).

The mixed-layer minerals are dominated by fairly ran­
domly interstratified 10-14A illite-smectites everywhere ex­
cept Lower Saxony. In Lower Saxony, Al-hydroxy vermicu- 
lites, often with illite interlayering, are common from the Ber- 
riasian to late Barremian. They were both preceeded and suc­

ceeded by illite-smectites. Other mixed-layer minerals are ge­
nerally absent apart from an isolated, but noteworthy, occur­
rence of poorly interstratified kaolinite-smectite in the Bar­
remian Gravenhorst Sst. in Lower Saxony. Chlorite is also 
only found in Lower Saxony where it occurs in trace quanti­
ties.

FIG.2. WESSEX-W EALD FIG.3. EAST MIDLANDS

ka o  U n i te

I 1 i l l i t e

i t x e d - l a y e r s

ch l o r i t e

FIG.4. YORKSHIRE FIG.5. LOWER SAXONY

FIGS.2 -5 .  TRENDS IN RELATIVE ABUNDANCES OF CLAY 
MINERALS FOR AREAS OF NW EUROPE
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FIG.6. MORAY FIRTH

kaolm ite 1 1 ¡Hi te

FIG.7. PAYS DE BRAY

m ixed -lay ers chlorite

FIG.8. BOULONNAIS FIG.9. BORNHOLM

FIGS. 6 -9 .  TRENDS IN RELATIVE ABUNDANCES OF CLAY 
MINERALS FOR AREAS OF NW EUROPE

FIG.10. MONS FIG.11. CENTRAL NORTH SEA

mixed -la y e rs chlorite

FIGS. 10 & 11. TRENDS IN RELATIVE ABUNDANCES OF CLAY 
MINERALS FOR TWO AREAS OF NW EUROPE
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EARLY CRETACEOUS SOURCE-AREA WEATHERING ENVIRONMENTS 
DEDUCED FROM CLAY MINERAL ASSEMBLAGES AND TRENDS

INFLUENCE OF PARENT ROCK COMPOSITION
Reconstruction of the palaeogeology in the Early Cretace­

ous indicates that the source massifs surrounding the sedi­
mentary basins had cores of Palaeozoic sediments flanked by 
Mesozoic sediments (Allen 1967, 1975, 19S1). Igneous and 
metamorphic rocks were mostly confined to the cores of the 
massifs. The mineralogy of these rocks has been described by 
Sladen (1980 & in press) and A llen (1967). They show that 
the cores were dominated by illite (mostly the 2M poly­
morph) and chlorite, whilst the flanks comprised mixtures of 
illite, kaolinite, mixed-layer minerals and chlorite. All clastic 
sediments were rich in quartz and fairly low in feldspar; car­
bonate rocks were scarce.

Sedimentological and stratigraphic studies indicate that, in 
general terms, the massifs were rapidly uplifted during the 
Berriasian and then gradually submerged, particularly in the 
Hauterivian, Barremian and Aptian (Allen, 1967, 1975, 
1981; K emper 1973 a, b & c; Kaye, 1964). The submergence of 
the massifs resulted in overstepping of the earlier Mesozoics, 
with the Cretaceous slowly coming to lie upon older Palaeo­
zoic rocks. Gradually then, the extent of kaolinite-bearing 
source rocks would have diminished. This change in source 
rock mineralogy cannot however produce the trends (and as­
semblages) of clay minerals because:
1. the content of 2M illite throughout the late Portlandian to 

early Aptian sediments is always very low or often zero, 
whereas the source rocks, in particular the Lower Palaeo­
zoic, had considerable 2M illite.

2. chlorite is usually absent or, if present, it only occurs in 
trace amounts, whereas chlorite is fairly common in nearly 
all the possible source rocks.

3. kaolinite-rich sediments occur in areas where kaolinite- 
rich sources would have been either very minor or 
non-existent e. g. the Mons Basin which was surrounded 
by mostly Lower Palaeozoics rich in illite and chlorite.

4. the late Portlandian and very early Berriasian contain 
much less kaolinite than the earlier Mesozoics which, at 
the time, were the main source rocks according to H owitt 
(1964) and A llen (1967, 1975).

The lack of correlation between the clay mineralogy of 
source massifs and that of the sediments indicates that exten­
sive changes in clay mineralogy occurred in the soils and sa- 
prolites that covered the massifs. The nature of this mineralo- 
gical change between source rocks and their soils and saproli- 
tes can be used to provide considerable insight into the we­
athering environment, as shown below.

WEATHERING ENVIRONMENTS IN LATE PORT­
LANDIAN AND EARLY BERRIASIAN SOURCE 

AREAS
Most of the late Portlandian and early Berriasian contains 

less kaolinite and chlorite and more illite-smectite and illite 
than the main source rocks which were mostly earlier Meso­

zoics. This difference could be the result of (a) disintegration 
of muscovite flakes into smaller-sized particles of illite and, 
(b) neoformation of illite-smectites and illites. Although the 
breakdown of muscovite must have been occurring, the pro­
cess could not have been of great importance because it was il­
lite-smectites, not illites, that were major products. The evi­
dence therefore suggests considerable neoformation of illite- 
smectites and possibly illites, in soils and saprolites in the 
source-areas.

Today, the neoformation of illite-smectites and illites is 
commonly recorded in warm, arid and semi-arid areas e. g. S 
Europe and N & NE Africa (D ixon & W eed, 1977). In these 
regions, the rainfall is under 1000 mm, soil moisture moves 
mainly upwards and cations are retained and accumulate crea­
ting alkaline profiles (‘pedocals’). Carbonates become con­
centrated close to, and often at the surface, whilst organic 
matter is oxidised and as a result, organic acid production is 
low. Similar conditions can be envisaged in the late Port­
landian and early Berriasian source-areas and they agree well 
with other environmental evidence which indicates very low 
relief around the basins and a warm semi-arid ‘subtropical’ 
environment with very high evaporation, at times sufficient 
for evaporites to form (H owitt 1964; Schott 1950; W est 
1975). The gradual increase in kaolinite through the late Port­
landian and early Berriasian can be interpreted as a reflection 
of decreasing aridity and increased leaching in source-areas 
which were gradually being uplifted. These changing condi­
tions slowly introduced a weathering environment in which 
kaolinite was more likely to be both produced, and preserved.

WEATHERING ENVIRONMENTS IN SOURCE 
AREAS BETWEEN THE LATE BERRIASIAN AND 

EARLY APTIAN
Over large areas of NW Europe, weathering in this period 

occurred on rocks dominated by illite and containing lesser 
amounts of kaolinite, chlorite and mixed-layer minerals. The 
products of the weathering environment were soils and sapro­
lites containing higher amounts of kaolinite, less illite and 
usually no chlorite. Mixed-layer minerals were usually cha­
racterised by the development of either Al-hydroxy vermicu- 
lites or fairly randomly interstratified illite-smectites.

The mineralogical changes which took place require acidic 
and leaching environments. The quantity and type of mixed- 
layer minerals produced indicates that they were the weathe­
red products of illite, chlorite and other mixed-layer minerals. 
The weathering of chlorite must have contributed some mi­
xed-layer minerals but most of the Al-hydroxy vermiculite is 
acid insoluble and therefore formed from illite and ‘illitic’ mi­
xed-layer minerals as opposed to chlorite (R istori et al. 1974). 
Al-hydroxy vermiculite and illite-smectite develop from illite 
in soils by leaching of interlayer potassium. The abundance of 
random interstratifications and similarity in particle size of 
the mixed-layer minerals and illite indicates that leaching of 
potassium occurred along certain layers of the illite lattice 
(‘layer weathering’).
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On many areas of the massifs, the conditions favoured the 
formation of Al-hydroxy vermiculite e. g. the Anglo-Brabant 
and Rheinische Massifs which sourced much of the Weald and 
Lower Saxony. Field studies and laboratory experiments have 
shown that fairly intensive acid leaching conditions are requi­
red to form this mineral with a pH around 5 and frequent wet­
ting and drying (R ich 1958, 1968;D ouglas 1965;Feigenbaum 
Sc Shainberg 1975; V icente et al. 1977). The present-day soils 
where these conditions prevail are podzols and Al-hydroxy 
vermiculite is frequently found in them (Klages & W hite 
1957; J ackson 1959; M illot 1970; D ixon & W eed 1977). Si­
milar podzolic profiles can be envisaged covering large areas 
of the massifs particularly during the late Berriasian and Va- 
langinian when Al-hydroxy vermiculite was most common.

The less common mixed-layer minerals that developed also 
indicate acidic and leaching conditions. Vermiculite-smectite 
can be found in present-day podzols (G jems 1963). Beidellites 
and complex chlorite-smectites are found today in poorly- 
drained acid soils on rocks containing illite and chlorite (D i­
xon & W eed 1977). In the Early Cretaceous, these would 
have formed on areas of poorly-drained Lower Palaeozoic 
e. g. around the Mons Basin. Kaolinite-smectite which is pre­
sent in Lower Saxony is also found forming today in acid pro­
files (pH 6.5-5.0) under a warm humid climate (Altschuler 
et al. 1963) and this suggests that these conditions existed on 
part of the Rheinische Massif. The few recent reports of pyro- 
phyllite forming in soils are from podzolic profiles on rocks 
rich in primary aluminium silicates in areas that are humid 
with hot summers (D ixon & W eed 1977). These conditions 
may be envisaged for parts of the Armorican Massif and the

Vosges. The pyrophyllite that developed then found its way 
into the sediments of the nearby Pays de Bray and Haute- 
Marne.

The development of acid and leached ‘podzolic’ profiles 
over large areas of the source massifs seems certain and the 
climatic implications that this has can be compared to other li­
nes of evidence on the climate. Palinspastic reconstructions 
indicate a position about 30-35°N whilst palaeobotanical, 
geochemical and sedimentological studies indicate a warm 
humid-temperate climate (equivalent to humid subtropical of 
some authors). Sound evidence exists to show that conditions 
were warm, frequently with high humidities, and seasonably 
wet, although the seasons could have lasted for very different 
periods than todays (e. g. A llen et al. 1973; A llen 1975; A l­
vin et al. 1981; Batten 1975; Saks 1975, Vachrameev 1978). 
Podzols can be found forming today in warm humid-tempe­
rate climates that exist in mid-latitudes near the edges of con­
tinental land masses that are close to large oceans (e. g. Brid­
ges 1970). The conditions in these areas can be summarised as 
follows: hot humid summers and short mild winters, rainfall 
1250-1500 mm per annum and fairly evenly distributed, 
average temperature of coldest month around 5°C and war­
mest month around 25°C. The existence of similar conditions 
to these satisfies both the clay mineral features observed here 
and the climatic evidence of earlier studies (op. cit.). Clearly, 
NW Europe lay close to large ‘oceanic’ water masses with Te­
thys to the south, the opening Atlantic to the west and the Bo­
real ocean to the north. The high rainfall would have offset the 
effects of évapotranspiration in the warm temperatures and 
maintained a leaching environment in the soils and saprolites.

late Portlandian /  early Berriasian
Low h i l ls  a round  bas ins are  peneplam ed rem nants Of 

m a s s ifs . C lim a te s  w a rm  s e m i- a r id  s u b tro p ic a l.  H igh 
e va p o ra tio n  and lo w  ra in fa ll cause s o il m o is tu re  to 

m ove  upw ard  c re a tin g  a lka line  'p e d o c a ls ' r ic h  in  i l l i t e  

and ill i te -s m e c t ite .  G radual re -e m p h a s is  o f m a ss ifs  and 
a change to  m ore  tem pe ra te  c lim a te  leads to  g re a te r 

leach ing  and the  p ro d u c tio n  and p re se rva tio n  o f m o re  

kao lim te .

late Berriasian /  Valanginian
H igh  h ills  a ro un d  b as in s  re s u lt  fro m  re ju ven a tion  o f 

m a s s ifs . C lim a te  '  w a rm  h u m id - te m p e ra te . E vapo ra tion  

fa ir ly  h igh  b u t ra in fa ll a lso  h igh . E x te n s iv e  le ach in g  

c re a te s  ac id  s o ils  r ic h  in k a o lim te  { ‘ p o d z o ls ') .

Hauterivian /  Barremian /  early Aptian
H ills  around bas ins g ra d u a lly  e roded  and subm erged  
benea th  sha llow  s h e lf - s e a s .  C lim a te '• w arm  h u m id -  

tem pera te  p o s s ib ly  a m e lio ra tin g  as seas sp re a d . Acid 

le ach in g  'p o d z o l '  c o n d itio n s  p re v a il in  so ils  bu t the  

in te n s ity  o f leach ing  g ra du a lly  d ec line s  due to  the  
lo w e rin g  o f th e  m a s s ifs . T h is  re s u lts  m a g ra d u a l 

re d u c tio n  o f  k a o lim te  and in c re a s e  in  i l l i t e  and 

m ix e d - la y e r  m ine ra ls .

FIG. 12. SUMMARY OF CHANGES IN CONDITIONS ON SOURCE-AREAS 

DURING THE EARLY CRETACEOUS IN NW EUROPE
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(At the same time, the high évapotranspiration would have 
created the high humidities that have been recognised). The 
abundance of coniferous foliage that grew, together with sili­
ceous parent rocks, would have helped to establish acidic 
conditions in the leached profiles. Gibbsite and other alumi­
nium hydroxides which form in intensively leached soils have 
not been found. Their formation seems unlikely because they 
favour parent rocks low in silica and tropical climates.

Studies of recent podzolic profiles have shown that Al-hy­
droxy vermiculite is characteristic of more intensively leached 
profiles than illite-smectites and smectites and also that kaoli­
nite is more likely to form from mixed-layer minerals as the 
intensity of leaching increases (Bkown & J ackson I95S; G jems 
1963; Ross & M ortl and 1966). Consequently, high contents 
of kaolinite, together with Al-hydroxy vermiculite, indicate 
more intensely leached podzols than those with illite-smectite 
and lower contents of kaolinite. This feature is clearly relevant 
to Early Cretaceous source massifs because, from the Haute- 
rivian to early Aptian kaolinite content declined and Al-hy­
droxy vermiculites gradually disappeared whilst illite-smecti­
tes occurred more frequently. These changes must therefore 
reflect gradually less intensive leaching on the massifs. Now,

at the same time, the massifs were gradually being submerged 
and this suggests that their topography and elevation was si­
gnificant in determining the extent of leaching. It follows that 
during the late Berriasian and Valanginian, when massifs were 
relatively high, leaching was fairly effective and so kaolinite 
and Al-hydroxy vermiculite formed fairly easily. From the 
Hauterivian to early Aptian, the massifs were being transgres­
sed and lowered. Leaching became less effective and so illite- 
smectites tended to develop together with smaller amounts of 
kaolinite (Fig. 12). However, there may also have been some 
climatic amelioration during this period caused by the spread 
of the oceans and the general lowering of the massifs.

The correlation between kaolinite content and type of mi­
xed-layer mineral with leaching intensity on the massifs can 
also explain some of the local changes in clay minerals. For 
example, in the Weald during the Valanginian, the occurrence 
of illite-smectite and low kaolinite is seen to correlate with the 
argillaceous sequences which A llen (1975) has showed were 
deposited when the massifs were relatively low. Conversely, 
Al-hydroxy vermiculite and high kaolinite correlates with the 
more arenaceous sequences which developed when the mas­
sifs were relatively high and therefore more easily leached.

CONCLUSIONS
The clay minerals in many Early Cretaceous fine-grained 

sediments in NW Europe have often remained unaltered since 
transportation from their source massifs. They closely reflect 
the composition of soils and saprolites in the source-areas and 
can be used to reveal features of the source-area weathering 
environment.

The trends and assemblages of clay minerals reinforce other 
geological data on the nature of the source-areas. They indi­
cate that Irom the late Portlandian through the Berriasian and 
into the Valanginian the block-and-basin topography that 
existed was gradually re-emphasised and NW Europe ‘drif­
ted’ from a warm semi-arid subtropical climatic zone into a 
warm humid-temperate zone. Then, from the Hauterivian to 
the early Aptian, the relief was gradually lowered and large 
parts of the massifs were submerged beneath shallow seas.

The climate essentially remained warm humid-temperate but 
may have suffered some amelioration due to the development 
of large areas of open sea.
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