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ABSTRACT - the changes in the Foraminifera1 assemblage across three Middle Turonian marl bands 
show a consistent pattern. with (a) very similar gross assemblage characteristics from the white chalk 
below and above the mads containing an approximately 60:40% planktor1ic:benthonic ratio, greater 
than 50%' non-keeled morphotype5 (within the planktonic assemblage) and with infaunal and 
epifaunal groups well represented but (b) from within the marls the assemblage is dominated by 
benthonics (30:70% p:b ratio), less than 20% non-keeled morphotypes (within the planktonic 
ajseniblage) and a benthonic assemblage dominated by the infaunal groups. Although there is 
evidence of some dissolution within the marl\, with the pitting of the thinner test walls. we propose 
the changes in the assemblage are not due to large scale post mortern diagenetic process. But are most 
likely due to environmental changes within the chalk sea, possibly caused by the ephemeral 
introduction into the surface waters of volcanic ash. 

INTKODUCTION 
Marl ban'ds are clay rich units which are found in parts of 

the Middle and Upper Turonian chalk of southern England. 
Brydone ( I9  14) recognised their potential for lithostratigra- 
phic correlarion because of their seemingly consistent repre- 
sentation over considerable areas. More recently these mark  
have f'ormetl the basis for the detailed correlations in the 
chalk of the North Downs (Robinson, 1986), the South 
Downs (Moirtirnore, 1986) and across the whole Anglo-Paris 
Basin {Mortimore & Pomerol, 1987). Despite their apparent 
great lithostlatigraphic value, relatively little is known about 
the origin of these marl bands. This study concern\ the 
analysis of the foraminiferid assemblages recovered from 
below, within and above three Middle Turonian rnarls (New 
Pit Marl I ,  New Pit Marl 2 and the Glynde Marl 1 .) 

LOCI'iTION OF SAMPLES 
The marl bands discussed here were all collected from a 

road cutting approximately 2 Km south of Burghclere, Berk- 
shire (SU 475589) (Fig. I j. It is unfortunately no longer 
exposcd. but lateral equivalents are readily available at other 
localities in the south of England (see Mortimore. 19x6; 
Robinwn,  1'986; Mortimore & Pomerol. I987 ). 

I,I'THIOS'IKATIC;RAPHY AND 
BIOSTRATIGRAPHY 

The sequence of rocks investigated are within the Ran- 
scombt: Member, ofI.he White Chalk Formation (Gale et ul., 
1987) and is contained within the top of the 7~,/.cht.(itlcliticl 
lutu Zone (Fig. 2 )  although this macrofaunal marker was not 
found in the microfaunal preparations. The preseilce of 
I f~~I~~~~t~~)~~1ohot l -u t ic~ui ic r  hc,lL,etic,u (Bolli) and Mut.gitiott~trt?- 
wriu .si,y:trli (Reichel) within the foraminifera1 assemblage 

-1 

! 
Fig. 1 Locality map 

places the sequence within the H .  hc1vctic.u total range zone 
of Robaszynski & Caron (1979); although the stratigraphic 
reliability of the distribution of some Turonian planktonic 
marker species in English sections has been questioned 
(Hart, I982 j. 
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SEDIMENTOLOGY 
A marl seam is defined here as a thin (2-20 cms), laterally 

extensive bed of chalk which contains a large percentage 
( 1  5-35%) of non-carbonate material. Up to 80% of the non- 
carbonate fraction is composed of clay minerals (smectite 
and illite), the remaining 20% is dominantly composed of 
quartz, iron oxides and apatite (Robinson, 1984). In contrast, 
the white chalk above and below the marl seam only contains 
between 0.5 and 3%’ non-carbonate material. The contact of 
a marl seam with white chalk can be either sharp or grada- 
tional. If the contact is sharp and well-defined, irregular 
fingers (“flasers”) of marly (non-carbonate rich) chalk are 
usually seen extending a few centimetres into the white 
chalk, these are believed to be a product of bioturbation 
(Wray, in prep.). The term marl band is used to define the 
complete unit, including both the marl seam and any other 
associated beds which contain marly chalk. 

New Pit Marl 1 contains an 8cm. thick seam of firm, 
medium,grey, marlychalk, which has whitechalk aboveand 
below it. The lower contact with the white chalk is flasered, 
with individual tlasers continuing downwards for up to 9 cm. 
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In contrast, the upper contact appears gradational. Within 
the mai-1 seam there is evidence of bioturbation with burrows 
including Chondr-itics and Thulussinoidrs. Occasional white 
intraclasts can also be seen within the seam (Fig. 2). 

New Pit Marl 2 at this locality differs from N.P. 1 in that 
the seam is thicker (20cm.), and has a slightly plastic texture. 
Light to medium grey flasers pass downwards from the marl 
seam into white chalk to a depth of 6 cm.. the upper contact 
of the seam again appears gradational. The marl seam shows 
poor evidence of bioturbation (possibly Thu/assinoidr,s). I t  
is possible to recognise a tripartite subdivision of this seam 
where the middle portion is more plastic than the parts above 
and below and contains isolated white burrows (Fig. 2.) 

GIynde Marl 1 is thinner than the other two. It contains a 
3 cni. seam of dark-brown, plastic, marly chalk. Both 
contacts with the white chalk above and below appear 
gradational, although below the seam isolated flasers can bc 
seen extending to a depth of 5 cm. Above the seam proper, 
where the chalk is still a light grey in colour, i t  is possible to 
see occasional lighter burrows (Fig. 2). 

BENTHONIC ASSEMBLAGE 
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Fig. 2 Foraminaferal a\semblage\ acro55 the three marl bands 
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GENESIS OF THE MARL,S 
Previous modelling of Cretaceous marl development falls 

into two camps; primary (detrital) or secondary (due to 
dissolution of calcium carbonate). 
Primary Models: 

The possibility that marl seams represented airborne 
ashfalls was first suggested by Brydoqe (1914) as an expla- 
nation for their great lateral extent. More recently, Valeton 
(1959, 1960), Dorn and Brautigam (1959) and Seibertz and 
Vortis’ch (1979) described volcanic tuff horizons within the 
chalk of Germany, noting that they contained volcanic glass, 
clays (illite, Ikaolinite, illite/snnectite and Fe-beidellite), feld- 
spar, mica and heavy minerals. These horizons occur in both 
the Middle and Upper Turonian of northwestem Germany 
and some have been used in regional correlation (Emst, 
Schmid and Seibertz, 1983). Pacey (1984) proposed a 
similar (volcanic) origin for marl bands from the Chalk of 
Lincolnshire and Yorkshire, basing his argument on a com- 
bination of petrological and geochemical results. He sug- 
gested that the ashfalls were produced during the opening of 
the northeast Atlantic, possibly from the Anton Dohrn 
Seamount in1 the Rockall Trough. Although the Chalk of 
southern England does not contain marl seams with the 
“exotic” minerals found in Germany (possibly due to dis- 
tance from source or post-depositional alteration), geochemi- 
cal evidence (Wray, in prep.) shows that it is possible to 
recognise individual Turonian marl seams on their clay 
mineral trace element geochemistry. Each marl has a unique 
“fingerprint” which remains constant over large distances 
(Kent-Sussex-France). Whilst not clearly proving a volcanic 
origin for the mark, it is diffilcult to envisage an alternative 
process which could produce a similar result. 

In contrast to the above, Jefferies ( 1  963) suggested that 
current activity may be responsible for the formation of marl 
seams. Although dealing specifically with the Plenus Marl 
Formation (Cenomanian), he felt that his model of increased 
clastic input caused by river rejuvenation related to sea-level 
fall might be applicable to other marl seams as well. Alter- 
native inodels for the genesis of the Plenus Marls are avail- 
able elsewhere (Jarvis et ul”, 1988; Leary et ul., 1989). 
Robinson ( 1984) also suggested that current activity might 
be important in increasing the (extent of marl seams, although 
he believed that they were originally of volcanic origin. 
Secondary Models: 

Ernst ( 1978, 1982) has proposed that marl bands may be 
formed through selective dissolution of calcium carbonate 
during sedimentation. He carried out a quantitative analysis 
of foraminifera across a Maastrichtian marl band within the 
northGrermanChalk (marl layerMlOO),forwhich avolcanic 
origin had been previously proposed (Valeton, 1960). He 
found that t h e  parametres studied (including 
p1anktonic:benthonic ratio, degree of corrosion and percent- 
age of certain species) showed a systematic shift across the 
marl band which commenced some distance below it. He 
argued that his results showed a slow, but continuous, 
increase in the quality of nutrients being introduced into the 

system, reaching a peak within the marl seam. The decom- 
position of the organic matter increased the amount of CO, 
at the sediment water interface, causing a lowering of the pH 
and an increase in CaCO, dissolution. A similar model has 
been proposed by Curry (1982) for marl seams within the 
English Chalk. 

FORAMINIFERAL CHANGES ACROSS THE 
MARLS AND INTERPRETATION 

In general the Turonian benthonic assemblage is one of 
low diversity as a result of the slow recolonisation by the 
benthos after the extinctions during the late Cenomanian 
oceanic anoxic event (Owen, 1970; Woodroof, 1981; Horn 
ef nl., in press; Leary, in prep.) whereas the planktonic 
assemblage shows a more rapid proliferation during this 
interval (Leary, 1987). 

A subjective index of the degree of dissolution of the 
foraminiferid tests is included (* a little surface pitting, ** 
small holes, *** extensive damage) as the preservation of 
Upper Cretaceous foraminifera can be poor (Curry, 1982). It 
is worth noting that the effects of dissolution are not confined 
to marl seams. 

The foraminiferid assemblages across the three mark are 
shows in Fig. 2 and the results are summarised below - 

(a) the pre-marl and post-marl foraminiferid assemblages 
are dominated by the planktonic groups with planktonic 
specimens forming at least 55% of the total assemblages. In 
all but one sample (above N.P. 1 )  the planktonic assemblage 
is dominated by non-keeled morphotypes, but even here they 
form 40% of the planktonic assemblage. Within the ben- 
thonic assemblages the pre-marl assemblage is dominated by 
the gavelinellids with the lenticulinids, eggerelliniddare- 
nobuliminids and the tritaxids being reasonably represented. 
The post-marl assemblages show in two cases (N.P. 1 & G. 1 )  
assemblages with increases from the pre-marl percentages in 
the presence of the lenticulinids, eggerellinids/arenobulim- 
inids and tritaxids and a decrease in the relative percentage 
of the gavelinellids. In contrast the post-marl benthonic 
assemblage of N.P. 2 shows a slight increase in the relative 
percentage of the gavelinellids and reductions in the tritaxids 
and lenticulinids. The pre N.P. 1 marl and the post N.P. 1 and 
G. I samples exhibited low dissolution (Fig. 2). 

(b) intra-marl assemblages are dominated by benthonics 
with p:b ratios up the sequence of 30:70, 15% and 5 9 5  
respectively. The planktonic assemblage is dominated by 
the keeled forms in all cases. The benthonic assemblage is 
dominated each time by eggerellinids/arenobuliminds and 
trataxids but the gavelinellids and lenticulinids are still 
represented. In all three marl samples there was evidence of 
dissolution but the calcareous forms were still readily recog- 
nisable and there was no apparent size fractionation. 

The modelling performed on the function morphology of 
Cretaceous planktonic foraminifera suggests that keeled 
morphotypes underwent gametogenesis deeper in the water 
column than the non-keeled groups (Wonders, 1980; Hart, 
1980; Caron, 1983) and within the tests of the near surface 
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living extant forms light dependent symbionts are present. 
The modelling performed on the benthonic Cretaceous fo- 
raminifera suggests that the gavelinellids and lenticulinids 
were epifaunal dwelling and that the tritaxids, marssonellids 
and eggerellinids/arenobuliminids were infaunal dwelling 
groups (Corliss, 19x5; Jones, 1986: Jones & Charnock, 
1985 ). 

Thus the changes across the marl seams may be summa- 
rised as - 

( i )  the planktonic assemblage. particularly the 
surface dwelling forms, are severely affected. 

( i i )  the epifaunal dwelling groups are severely 
affected. These changes are consistent with the rapid intro- 
duction into the water column of volcanic ash which built up 
on the sea floor forming the marl seam (Fig. 3). The turbid 
ash laden surface waters severely affected the planktonic 
foraminifera (particularly the symbiont bearing near surface 
dwellers). In addition the clay drape severely disrupted the 
epifaunal groups (gavelinellids and lenticulinids) but had 
little affect on the infaunal groups. Ernst’s ( 1978), 19x2) 
observation that changes in the foraminifera commence 
before deposition of the marl seam, only peaking within the 
niarl (see Emst, 19x2. figs. 3 & 8). is likely to be a result of 
bioturbation. His diagrams suggest that flasers of marly 
chalk pass upwards and downwards from the M I 0 0  marl 
seam. Samples from these regions will therefore contain a 
mixture of white and marly chalk (from the marl seam), 
giving rise t o  more gradual variations. 

CONCLUSIONS 
The changes in the foraminiferid asemblage  across three 

Turonian marl seains of southern England are consistent 
with the affects of the introduction of volcanic ash into the 
surface waters. Although the marl seams of southern Eng- 
land lack some of the more exotic minerals found in the 
German niarls, this may simply be related to factors such as 
distance from source and/or post-depositional alteration. 
The most likely origin for the volcanic material is the mid- 
Atlantic Ridge; this will be discussed elsewhere (Wray, in 
prep.). We believe that other models for marl formation have 
placed undue emphasis on the partial dissolution of some of 
the foraminiferal tests. High turbidity in the surface waters 
would also curtail temporarily nannoplankton production 
and this would also help explain the low carbonate values 
recorded from the marls. 
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